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Abstract 

Introduction: Fly-in fly-out (FIFO) work is a regular employment arrangement in the 

resources industry in Australia involving relatively long periods rotating between being at 

work or home. There is mixed evidence on the impact of such work arrangements on the 

health and well-being of workers and their partners, with evidence relatively absent on 

physical health, health-related behaviours, and its impact on work productivity. In addition, it 

is well-known that occupational stress, psychological states, and health-related behaviours 

can vary day-to-day, yet there are few studies examining within-person dynamics of the FIFO 

lifestyle during on- and off-shift days. This thesis aimed to address the following objectives: 

1. Synthesise the existing evidence identifying common health outcomes and 

behaviours in FIFO workers and their families; 

2. Examine the psychological well-being, physical health and health-related 

behaviours of FIFO workers and their partners during on and off-shifts periods of a 

FIFO roster cycle; 

3. Evaluate the work productivity loss cost associated with the common health and 

related health behaviours of FIFO workers; 

4. Examine changes in affective states and health-related behaviours in FIFO workers 

and their partners over the course of a FIFO roster cycle and examine within-

person work-related determinants. 

Methods: The research approaches employed multimethod designs in three phases. Phase 

1, involved undertaking three systematic reviews using a narrative synthesis approach to 

address objective 1. Phase 2 consisted of a series of three cross-sectional surveys to address 

research objectives 2-3. Phase 3 employed ecological momentary assessment (EMA) and 

multilevel modelling to examine daily assessments of theoretical determinants of 

occupational stress and health outcomes to address research objective 4. 
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Results: Findings from phase 1 suggested a higher prevalence of psychological 

distress in onshore FIFO workers than in offshore FIFO workers and the general population. 

Workers generally perceived their physical health status as good with high physical activity 

levels. However, there were relatively high rates of overweight and obesity. They had more 

sleep problems, poorer nutrition and higher levels of smoking during work periods; and 

higher alcohol intake during off-site days. The findings also suggested that the impact of 

FIFO work on the mental health and well-being of partners and children of workers were 

mixed, but shows a tendency towards negative impact. 

Phase 2 results confirm the higher prevalence of psychological distress, smoking and 

alcohol consumption and low consumption of fruits and vegetables, perceived good physical 

health, and sufficient physical activity among FIFO workers and partners. In FIFO workers, a 

high risk for poor health outcomes was associated with 3.87% more productivity loss and 

accounted for an annual additional productivity loss cost of AUD 20.96 million per 1000 

workers. 

Phase 3 findings indicated that workers showed significantly lower positive affect, 

poorer sleep quality, and consumed less alcohol during on-shift compared to off-shift days. 

Partners reported higher depressed affect during on-shift days and higher alcohol 

consumption during off-shift days. The research found that within-person job demand was 

associated with higher anxiety and within-person job control was associated with lower 

anxiety and depressive affect, higher positive affect, and increased physical activity and 

alcohol consumption among FIFO workers. Similarly, in partners, findings suggested daily 

increases in job demands were associated with high anxiety, whereas daily increases in job 

control and social support were associated with lower depressed affect and positive affect. 

Discussion/conclusion: The research presented in this thesis makes a substantive 

contribution to the existing body of evidence examining the health impact of FIFO work on 
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workers and their families. This work demonstrates that psychological distress, smoking, 

alcohol intake, sleep problems and overweight/obesity are recurrent and ongoing concerns 

among many FIFO workers and their partners and their important impact on productivity 

loss. The research provides evidence of important daily variability in potentially modifiable 

aspects of FIFO work that could be targeted in future interventions to help alleviate its impact 

on health and well-being. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

COVID-19 Statement 

The original intention was to conduct a comparative study between onshore FIFO 

mining workers in Western Australia and offshore FIFO oil and gas workers in Aberdeen, 

Scotland. Unfortunately, due to the COVID-19 pandemic and the accompanying restrictions, 

I could not travel to Scotland to engage companies, recruit and conduct the study among 

offshore FIFO workers, and as such the comparative aspect of the research had to be 

abandoned. Furthermore, due to COVID-19 restrictions in Western Australia we were unable 

to work/collaborate with several FIFO mining organizations during the data collection stage 

as initially intended as several of these companies limited their operations and/or there were 

restricts on access to offices, worksites and workers and that may have resulted in the lower 

number of participants recruited in the research.  

Additionally, COVID-19 restrictions occasioned changes in FIFO work arrangements 

including prolonged FIFO rosters and restricted workers travelling back home. These 

measures and increases in stress caused by COVID-19 have been potentially associated with 

the negative impact on the health outcomes variables assessed in the research including 

psychological distress (and affective states) and health behaviours (alcohol intake, smoking, 

fruits and vegetable intake, and physical activity) and could/will have impacted the results of 

this research. However, the pandemic allowed us to extend some of our research activity to 

conduct two additional systematic reviews to the one initially intended. It also provided an 

opportunity for additional work on the impact of COVID on the FIFO workforce, which was 

not initially planned.  

 

 

 

 



x 
 

Financial support 

The PhD project was funded by the Aberdeen-Curtin Alliance International 

Postgraduate Research Scholarship and Research Stipend Scholarship of the University of 

Aberdeen, Scotland and Curtin University, Australia (Curtin ID: 17619778; Aberdeen ID: 

51987326).  

The Mineral Resources Limited, Australia also supported this PhD project by 

providing shopping vouchers to the winners of a raffle draw as reimbursement for study 

participation in the project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

 

 

Authorship attribution statements 
 

 Conception and 

Design 

Acquisition 

of 

Data and 

Method 

 

Data 

Conditioning 

and 

Manipulation 

 

Analysis and 

Statistical 

Method 

 

Interpretation 

and 

Discussion 

Co-Author 1 

Prof Suzanne 

Robinson 

√    √ 

Co-Author 1 Acknowledgment: Chapters 2-9 

I acknowledge that these represent my contribution to the above research output and I have approved the final 

version. 

Signed:  03.05.2023 

Co-Author 2 

Dr Dominika 

Kwasinicka 

√    √ 

Co-Author 2 Acknowledgment: Chapters 2-9 

I acknowledge that these represent my contribution to the above research output and I have approved the final 

version. 

Signed:  01.05.2023  

Co-Author 3 

Dr Daniel Powell 

√   √ √ 

Co-Author 3 Acknowledgment: Chapters 2-9 

I acknowledge that these represent my contribution to the above research output and I have approved the final 

version. 

Signed:  01.05.2023 

Co-Author 4 

Dr Marshall 

Makate 

√    √ 

Co-Author 4 Acknowledgment: Chapter 4 

I acknowledge that these represent my contribution to the above research output and I have approved the final 

version. 

Signed: 03/05/2023 
Note: The contribution presented above stands for each paper the contributor was involved. 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

Peer-reviewed publications included in the thesis 

1. Asare BY, Kwasnicka D, Powell D, Robinson S. Health and well-being of rotation 

workers in the mining, offshore oil and gas, and construction industry: a systematic 

review. BMJ Global Health. 2021;6(7):e005112. doi: 10.1136/bmjgh-2021-005112 

 

2. Asare BY, Robinson S, Powell D, Kwasnicka D. Health and related behaviours of 

fly-in fly-out workers in the mining industry in Australia: a cross-sectional study. 

International Archives of Occupational and Environmental Health. 2022;96:105–120. 

doi: 10.1007/s00420-022-01908-x 

 

3. Asare BY, Makate M, Powell D, Kwasnicka D, Robinson S. Cost of Health-Related 

Work Productivity Loss among Fly-In Fly-Out Mining Workers in Australia. 

International Journal of Environmental Research and Public Health. 

2022;19(16):10056. doi: 10.3390/ijerph191610056 

 

4. Asare BY, Powell D, Robinson S, Kwasnicka D. Rotation work in the resources 

sector: a systematic review of the impact on workers’ families. Psychology and 

Health. 2023. 1-30. doi: 10.1080/08870446.2023.2190348. 

 

5. Asare BY, Kwasnicka D, Robinson S, Powell D. Health and related behaviours of 

partners of fly-in fly-out workers in Australia: a cross-sectional study. Community, 

Work & Family. 2022:1-20. doi: 10.1080/13668803.2022.2100741 

 

6. Asare BY, Robinson S, Kwasnicka D, Powell D. Application of Ecological 

Momentary Assessment in studies with rotation workers in the resources and related 

construction sectors: A systematic review. Safety and Health at Work. 2022;14(1): 

10-16. doi: 10.1016/j.shaw.2022.10.004 

 

Articles under consideration for publication and included in the 

thesis 
 

1. Asare BY, Robinson S, Powell D, Kwasnicka D. Impact of Fly-in Fly-out work on 

health behaviours and affective states: a daily diary study. Stress and Health. 

[Manuscript under review]. 

 

2. Asare BY, Robinson S, Kwasnicka D, Powell D. Impact of Fly-in Fly-out work on 

health behaviours and affective states of partners of workers: a daily diary study. 

Coomunity, Work and Family. [Manuscript under review]. 

 

 

 

 

 

 

 

file:///F:/10.1136/bmjgh-2021-005112
file:///F:/10.1007/s00420-022-01908-x
file:///F:/10.3390/ijerph191610056
doi:%2010.1080/08870446.2023.2190348
file:///F:/10.1080/13668803.2022.2100741
file:///F:/10.1016/j.shaw.2022.10.004


xiii 
 

Additional peer-reviewed publications relevant to the thesis 

1. Asare BY, Thomas E, Affandi JS, Schammer M, Brown P, Pilbeam M, Harris C, 

Ellison C, Kwasnicka D, Powell D, Reid CM. Mental Well-Being during COVID-19: 

A Cross-Sectional Study of Fly-In Fly-Out Workers in the Mining Industry in 

Australia. International journal of environmental research and public health. 

2021;18(22):12264. doi: 10.3390/ijerph182212264 

 

2. Asare BY, Thomas E, Affandi JS, Schammer M, Harris C, Kwasnicka D, Powell D, 

Reid CM, Robinson S. Multiple health-related behaviours among Fly-In Fly-Out 

workers in the mining industry in Australia: A cross-sectional survey during the 

COVID-19 pandemic. PLoS One. 2022;17(10):e0275008. doi: 

10.1371/journal.pone.0275008 

 

3. Perski O, Keller J, Kale D, Asare BY, Schneider V, Powell D, Naughton F, Ten Hoor 

G, Verboon P, Kwasnicka D. Understanding health behaviours in context: A 

systematic review and meta-analysis of Ecological Momentary Assessment studies of 

five key health behaviours. Health psychology review. 2022;16(4):576-601. doi: 

10.1080/17437199.2022.2112258 

 

4. Perski O, Kwasnicka D, Kale D, Schneider V, Szinay D, Ten Hoor G, Asare BY, 

Verboon P, Powell D, Naughton F, Keller J. Within‐person associations between 

psychological and contextual factors and lapse incidence in smokers attempting to 

quit: A systematic review and meta‐analysis of Ecological Momentary Assessment 

studies. Addiction. 2023. doi: 10.1111/add.16173 

5. Kwasnicka D, Kale D, Schneider V, Keller J, Asare BY, Powell D, Naughton F, Ten 

Hoor GA, Verboon P, Perski O. Systematic review of ecological momentary 

assessment (EMA) studies of five public health-related behaviours: review protocol. 

BMJ open. 2021;11(7):e046435. doi: 10.1136/bmjopen-2020-046435 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

doi:%2010.3390/ijerph182212264
doi:%2010.1371/journal.pone.0275008
doi:%2010.1371/journal.pone.0275008
doi:%2010.1080/17437199.2022.2112258
doi:%2010.1080/17437199.2022.2112258


xiv 
 

Conference presentations 

1. Asare BY, Kwasnicka D, Powell D, Robinson S. Health and well-being of rotation 

workers in the mining, offshore oil and gas, and construction industry: a systematic 

review. Presented at the 35th Annual Conference of the European Health Psychology 

Society, Virtual event. 2021. Oral presentation. URL:https://osf.io/jytvx/ 

 

2. Asare BY, Kwasnicka D, Powell D, Robinson S. Rotation work in the resources 

sector: A systematic review of the impact on workers’ families. Psychology and 

Health. Presented at the Australian Public Health Conference 2021, Canberra, 

Australia. Poster presentation (Virtual). 

 

3. Asare BY, Kwasnicka D, Robinson S, Powell D. Health and related behaviours of 

partners of fly-in fly-out workers in Australia: a cross-sectional study. Presented at the 

36th Annual Conference of the European Health Psychology Society, Bratislava, 

Slovakia. 2022. Poster presentation (Virtual). 

 

 

  

https://osf.io/jytvx/


xv 
 

Table of Contents 
 

Declaration ................................................................................................................................. ii 

Acknowledgements .................................................................................................................. iii 

Acknowledgement of Country ................................................................................................... v 

Abstract ..................................................................................................................................... vi 

COVID-19 Statement................................................................................................................ ix 

Financial support ........................................................................................................................ x 

Authorship attribution statements ............................................................................................. xi 

Peer-reviewed publications included in the thesis ................................................................... xii 

Articles under consideration for publication and included in the thesis .................................. xii 

Additional peer-reviewed publications relevant to the thesis ................................................ xiii 

Conference presentations ........................................................................................................ xiv 

Table of Contents ..................................................................................................................... xv 

List of Figures ...................................................................................................................... xxiii 

List of Tables ........................................................................................................................ xxiv 

List of Abbreviations ............................................................................................................ xxvi 

Chapter 1: Introduction .............................................................................................................. 1 

Preface........................................................................................................................................ 1 

1.1 Introducing Fly-In Fly-Out (FIFO) work ......................................................................... 1 

1.2 FIFO work challenges and benefits .................................................................................. 2 

1.3 Research problem statement............................................................................................. 3 

1.3.1 Limited and conflicting evidence on the impact of FIFO work on health ................ 3 

1.3.2 Limited empirical research on the impact of FIFO work on work productivity ....... 5 

1.3.3 Limited research examining within-person processes in FIFO work ........................ 5 

1.4 COVID-19 pandemic and FIFO work .............................................................................. 6 

1.5 Significance of this research ............................................................................................ 7 

1.6 Research Aim and Objectives .......................................................................................... 8 

1.7 Research Overview .......................................................................................................... 9 

1.8 Structure of the Thesis.................................................................................................... 11 

PART ONE: FIFO workers ..................................................................................................... 14 

Preface .................................................................................................................................. 15 

Study One: Health and well-being of rotation workers in the mining, offshore oil and gas, and 

construction industry: a systematic review .............................................................................. 16 

2.1 Abstract .......................................................................................................................... 17 



xvi 
 

2.2 Background .................................................................................................................... 19 

2.3 Method ........................................................................................................................... 22 

2.3.1 Study design ............................................................................................................ 22 

2.3.2 Eligibility criteria ..................................................................................................... 22 

2.3.3 Data sources and search procedure .......................................................................... 23 

2.3.4 Study screening and selection .................................................................................. 24 

2.3.5 Assessment of methodological quality .................................................................... 24 

2.3.6 Data extraction and Strategy for data synthesis and analysis .................................. 25 

2.4 Results ............................................................................................................................ 26 

2.4.1 Characteristics of studies ......................................................................................... 26 

2.4.2 Mental health and well-being .................................................................................. 28 

2.4.3 Predictors of mental health outcomes ...................................................................... 33 

2.4.4 Physical health and well-being ................................................................................ 39 

2.4.5 Predictors of physical health outcomes ................................................................... 41 

2.4.6 Sleep problems and fatigue...................................................................................... 44 

2.4.7 Predictors of sleep and fatigue ................................................................................. 47 

2.4.8 Lifestyle behaviours ................................................................................................ 50 

2.4.9 Predictors of lifestyle behaviours ............................................................................ 55 

2.5 Discussion ...................................................................................................................... 57 

2.5.1 Main findings ........................................................................................................... 57 

2.5.2 Work-related factors associated with health outcomes of rotation workers ............ 63 

2.5.3 Strengths and limitations ......................................................................................... 64 

2.5.4 Limitations of the assessed iterature ........................................................................ 65 

2.5.5 Implications for policy and future research ............................................................. 66 

2.6 Conclusions .................................................................................................................... 67 

2.7 Summary and link to other Chapters .............................................................................. 68 

Chapter 3: Study Two .............................................................................................................. 69 

Preface...................................................................................................................................... 69 

Study Two: Health and related behaviours of fly‑in fly‑out workers in the mining industry in 

Australia: a cross‑sectional study............................................................................................. 70 

3.1 Abstract .......................................................................................................................... 71 

3.2 Introduction .................................................................................................................... 72 

3.3 Materials and methods ................................................................................................... 74 

3.3.1 Study design and participants .................................................................................. 74 

3.3.2 Study procedure ....................................................................................................... 75 



xvii 
 

3.3.3 Data collection tool and outcome measures ............................................................ 76 

3.3.4 Data analysis ............................................................................................................ 80 

3.4 Results ............................................................................................................................ 80 

3.4.1 Background characteristics of the study participants .............................................. 80 

3.4.2 Lifestyle behaviours of FIFO workers during on-and off-shift FIFO work periods82 

3.4.3 Physical health and psychological distress .............................................................. 83 

3.4.4 Personal and FIFO work-related characteristic associations with physical health 

and psychological distress ................................................................................................ 84 

3.5 Discussion ...................................................................................................................... 88 

3.5.1 Main findings ........................................................................................................... 88 

3.5.2 Strengths and limitations of the study ..................................................................... 97 

3.6 Conclusion ...................................................................................................................... 99 

3.7 Summary and link to other chapters ............................................................................... 99 

Chapter 4: Study Three .......................................................................................................... 101 

Preface.................................................................................................................................... 101 

Study Three: Cost of health-related work productivity loss among Fly-In Fly-Out mining 

workers in Australia. .............................................................................................................. 102 

4.1 Abstract ........................................................................................................................ 103 

4.2 Introduction .................................................................................................................. 104 

4.3 Materials and methods ................................................................................................. 107 

4.3.1 Study design and participants ................................................................................ 107 

4.3.2 Survey instruments and measures .......................................................................... 108 

4.3.3 Data analysis and cost estimation plan .................................................................. 112 

4.4 Results .......................................................................................................................... 115 

4.4.1 Background characteristics of study participants .................................................. 115 

4.4.2 Prevalence of risk of health conditions .................................................................. 117 

4.4.3 Productivity loss in individuals with high health risks .......................................... 118 

4.4.4 Productivity loss in individuals with high health risks .......................................... 122 

4.4.5 Sensitivity analysis ................................................................................................ 124 

4.4.6 Health and work-related factors associated with productivity loss measures ....... 126 

4.5 Discussion .................................................................................................................... 127 

4.5.1 Main findings ......................................................................................................... 127 

4.5.2 Study limitations .................................................................................................... 133 

4.6 Conclusions .................................................................................................................. 134 

4.7 Summary and link to other chapters ............................................................................. 136 



xviii 
 

PART TWO: Workers’ families ............................................................................................ 137 

Chapter 5: Study Four ............................................................................................................ 138 

Preface.................................................................................................................................... 138 

Study Four: Rotation work in the resources sector: a systematic review of the impact on 

workers’ families ................................................................................................................... 139 

5.1 Abstract ........................................................................................................................ 140 

5.2 Introduction .................................................................................................................. 141 

5.2.1 Definition of Rotation work and the impact on families ....................................... 141 

5.2.2 Theoretical frameworks ......................................................................................... 142 

5.2.3 Aim of the present study ........................................................................................ 146 

5.3 Methods ........................................................................................................................ 147 

5.3.1 Eligibility criteria ................................................................................................... 147 

5.3.2 Data sources and search procedure ........................................................................ 148 

5.3.3 Study screening and selection ................................................................................ 148 

5.3.4 Assessment of methodological quality .................................................................. 149 

5.3.5 Data extraction ....................................................................................................... 150 

5.3.6 Strategy for data synthesis and analysis ................................................................ 150 

5.4 Results .......................................................................................................................... 151 

5.4.1 Characteristics of studies ....................................................................................... 151 

5.4.2 Psychological health and well-being of partners ................................................... 152 

5.4.3 Mental health and well-being of children .............................................................. 157 

5.5 Discussion .................................................................................................................... 160 

5.5.1 Impact of rotation work arrangement on mental health and well-being of partners

 ........................................................................................................................................ 160 

5.5.2 Impact of rotation work arrangement on mental health and well-being of children

 ........................................................................................................................................ 165 

5.5.3 Strength and limitations of the study ..................................................................... 167 

5.5.4 Implications for policy and research ..................................................................... 169 

5.6 Conclusion .................................................................................................................... 170 

5.7 Summary and link to other chapters ............................................................................. 171 

Chapter 6: Study five ............................................................................................................. 172 

Preface.................................................................................................................................... 172 

Study Five: Health and Related Behaviours of Partners of Fly-in Fly-out Workers in 

Australia: A Cross-sectional Study. ....................................................................................... 173 

6.1 Abstract ........................................................................................................................ 174 

6.2 Introduction .................................................................................................................. 175 



xix 
 

6.3 Methods ........................................................................................................................ 178 

6.3.1 Participants and recruitment .................................................................................. 178 

6.3.2 Data collection instrument and measures .............................................................. 179 

6.3.3 Data analysis .......................................................................................................... 181 

6.4 Results .......................................................................................................................... 182 

6.4.1 Socio-demographic and partner’s FIFO work characteristics ............................... 182 

6.4.2 Lifestyle behaviours of partners during on-and off-shift FIFO work periods ....... 186 

6.4.3 Physical health and psychological distress ............................................................ 188 

6.4.4 Personal and FIFO work-related characteristics associated with physical health and 

psychological distress ..................................................................................................... 188 

6.5 Discussion .................................................................................................................... 188 

6.5.1 Main findings ......................................................................................................... 188 

6.5.2 Sleep and lifestyle behaviours ............................................................................... 189 

6.5.3 Physical Health and Psychological Distress .......................................................... 192 

6.5.4 Strength and limitations ......................................................................................... 195 

6.6 Conclusions .................................................................................................................. 196 

6.7 Summary and link to other chapters ............................................................................. 197 

PART THREE: EMA/daily studies ....................................................................................... 198 

Chapter 7: Study Six .............................................................................................................. 199 

Preface.................................................................................................................................... 199 

Study Six: Application of Ecological Momentary Assessment in studies with Rotation 

workers in the resources and related construction sectors: a systematic review ................... 200 

7.1 Abstract ........................................................................................................................ 201 

7.2 Introduction .................................................................................................................. 202 

7.3 Method ......................................................................................................................... 205 

7.3.1 Eligibility criteria ................................................................................................... 205 

7.3.2 Literature sources and search strategy ................................................................... 206 

7.3.3 Study screening and selection process ................................................................... 206 

7.3.4 Data extraction and data items ............................................................................... 207 

7.3.5 Data synthesis ........................................................................................................ 207 

7.4 Results .......................................................................................................................... 208 

7.4.1 Study selection ....................................................................................................... 208 

7.4.2 Characteristics of studies ....................................................................................... 208 

7.4.3 Sampling and measures ......................................................................................... 208 

7.4.4 EMA design/strategy and assessment schedules ................................................... 209 



xx 
 

7.4.5 EMA delivery method - technology and administration ....................................... 210 

7.4.6 Response and compliance ...................................................................................... 210 

7.4.7 Analytical methods ................................................................................................ 212 

7.5 Discussion .................................................................................................................... 212 

7.5.1 Sampling, EMA design/strategy, and assessment schedules ................................. 212 

7.5.2 EMA delivery method - technology and administration ....................................... 215 

7.5.3 Protocol compliance and analytical methods ........................................................ 216 

7.5.4 Lessons/good practices for EMA in rotation work setting .................................... 217 

7.5.4 Strengths and limitations ....................................................................................... 218 

7.6 Conclusion .................................................................................................................... 218 

7.7 Summary and link to other chapters ............................................................................. 219 

Chapter 8: Study Seven .......................................................................................................... 220 

Preface ................................................................................................................................ 220 

Study Seven: Impact of fly-in fly-out work on health behaviours and affective states: a daily 

diary study .............................................................................................................................. 221 

8.1 Abstract ........................................................................................................................ 222 

8.2 Introduction .................................................................................................................. 223 

8.3 Methods ........................................................................................................................ 226 

8.3.1 Study design and participants ................................................................................ 226 

8.3.2 Procedure ............................................................................................................... 229 

8.3.3 Measures ................................................................................................................ 230 

8.3.4 Data analysis plan .................................................................................................. 232 

8.4 Results .......................................................................................................................... 234 

8.4.1 Descriptive statistics .............................................................................................. 234 

8.4.2 Main effects of shift period on affects and health behaviours of FIFO workers ... 237 

8.4.3 Main effects of within-person and between-persons job demand and control on 

health outcomes of FIFO workers .................................................................................. 242 

8.4.4 Interaction between job demand and job control in predicting health outcomes .. 246 

8.5 Discussion .................................................................................................................... 250 

8.5.1 Variability of daily variables over and across FIFO work periods (on-and off-shifts)

 ........................................................................................................................................ 250 

8.5.2 Job demand, job control and affects ...................................................................... 251 

8.5.3 Job demand, job control and health behaviours .................................................... 252 

8.5.4 Interactions between demand and job control on affect and health behaviours .... 254 

8.5.5 Implications for practice and research ................................................................... 255 

8.5.6 Strengths and limitations of the study ................................................................... 256 



xxi 
 

8.6 Conclusions .................................................................................................................. 257 

8.7 Summary and link to other chapters ............................................................................. 258 

Chapter 9: Study Eight ........................................................................................................... 259 

Preface ................................................................................................................................ 259 

Study Eight: Health behaviours and affective states of partners of workers: a daily diary 

study. ...................................................................................................................................... 260 

9.1 Abstract ........................................................................................................................ 261 

9.2 Background .................................................................................................................. 262 

9.3 Methods ........................................................................................................................ 264 

9.3.1 Study design, sample and procedures .................................................................... 264 

9.3.2 Measures ................................................................................................................ 267 

9.3.3 Data analysis .......................................................................................................... 269 

9.4 Results .......................................................................................................................... 271 

9.4.1 Descriptive statistics .............................................................................................. 271 

9.4.2 Effect of FIFO partner’s shift periods on affect and health behaviours ................ 274 

9.4.3 Within and between-person effects of job demand, job control and social on affect 

and health behaviour ....................................................................................................... 279 

9.4.4 Interaction between job demand, job control, social support and roster phase in 

predicting health outcomes ............................................................................................. 280 

9.5 Discussion .................................................................................................................... 284 

9.5.1 Summary of main findings .................................................................................... 284 

9.5.2 Variability in psychological states and health behaviours across FIFO work cycle 

(on-and off-shifts) ........................................................................................................... 284 

9.5.3 Workload, job control and social support on affects and health behaviours ......... 285 

9.5.4 Interactions between workload, job control, social support and roster phase on 

affect and health behaviours ........................................................................................... 287 

9.5.5 Strengths and limitations ....................................................................................... 288 

9.6 Conclusion .................................................................................................................... 289 

9.7 Summary and link to other chapters ............................................................................. 289 

Chapter 10: General discussion and conclusion .................................................................... 290 

10.1 Overview of the chapter .......................................................................................... 290 

10.2 Summary and discussion of key findings of the research program ............................ 292 

10.2.1 Worldwide evidence on the key health outcomes related to FIFO work among 

workers and their families .............................................................................................. 292 

10.2.2. Psychological well-being, physical health and behaviours of FIFO workers and 

their partners over the course of a FIFO roster cycle ..................................................... 292 



xxii 
 

10.2.3 Cost of health-related work productivity loss among FIFO workers in the mining 

industry in Australia ....................................................................................................... 293 

10.2.4 Within-person effects of job demands and resources on affective states and health 

behaviours of FIFO workers and their partners across the FIFO work cycle ................. 294 

10.3 Implications ................................................................................................................ 296 

10.3.1 Policy and practice ............................................................................................... 296 

10.4 Strengths and limitations of the research ................................................................... 301 

10.4.1 Strengths of the research ...................................................................................... 301 

10.4.2 Limitations of the research .................................................................................. 302 

10.4.3 Future research directions .................................................................................... 304 

10.5 Conclusions ................................................................................................................ 306 

References .............................................................................................................................. 307 

Appendices ............................................................................................................................. 336 

Appendix A: Ethical approval ............................................................................................ 337 

Appendix B: Related studies .............................................................................................. 339 

Appendix C: Supplementary files in Chapter 2 ................................................................. 341 

Appendix D: Data collection tools ..................................................................................... 379 

Appendix E: Supplementary files in Chapter 4 .................................................................. 414 

Appendix F: Supplementary files in Chapter 5 .................................................................. 423 

Appendix G:  Supplementary files in Chapter 7 ................................................................ 436 

Appendix H: Sample of daily survey personal report ........................................................ 446 

Appendix I: Supplementary files in Chapter 8 ................................................................... 455 

Appendix J: Supplementary files in Chapter 9................................................................... 490 

 

  



xxiii 
 

List of Figures 

Figure 1. Overview of the research program .......................................................................... 10 

Figure 2. Flow diagram of thesis structure ............................................................................. 11 

Figure 3. Average percentage productivity loss for each level of health risk ....................... 122 

Figure 4. Scatter plot for probabilistic sensitivity analysis to examine the uncertainty of 

parameters in estimating absenteeism cost using Monte Carlo simulation to replicate the 

estimated cost in 1,000 samples.. ........................................................................................... 125 

Figure 5. Scatter plot for probabilistic sensitivity analysis to examine the uncertainty of 

parameters in estimating presenteeism cost using Monte Carlo simulation to replicate the 

estimated cost in 1,000 samples.. ........................................................................................... 125 

Figure 6. Scatter plot for probabilistic sensitivity analysis to examine the uncertainty of 

parameters in estimating total productivity cost using Monte Carlo simulation to replicate the 

estimated cost in 1,000 samples.. ........................................................................................... 126 

Figure 7. Flow of participants into the present study (workers) ........................................... 227 

Figure 8. Boxplots of the average daily alcohol intake, fruit and vegetable intake, and sleep 

quality of FIFO workers during on-shift days and off-shift days. ......................................... 238 

Figure 9. Boxplots of the average daily physical activity time, positive affect, anxious affect 

and depressive mood of FIFO workers during on-shift days and off-shift days. .................. 239 

Figure 10. Flow of participants into the present study (partners). ........................................ 266 

Figure 11. Boxplots of the average daily alcohol intake, fruit and vegetable intake, and sleep 

quality of partners of FIFO workers during on-shift and off-shift days. ............................... 275 

Figure 12. Boxplots of the average daily physical activity time, positive affect, anxious affect 

and depressive mood of partners of FIFO workers during on-shift and off-shift days. ......... 276 

Figure 13. Overview of the key findings relevant to each research objective and  implications

................................................................................................................................................ 291 



xxiv 
 

 

List of Tables 

Table 1. Summary of characteristics of included studies ........................................................ 27 

Table 2. Distribution of demographics and work-related characteristics of FIFO workers .... 81 

Table 3. Health status and lifestyle behaviours of FIFO workers ........................................... 83 

Table 4. Logistic regression models of demographic and work-related characteristics 

predicting high/very high psychological distress and physical health in workers ................... 86 

Table 5. High- and low risk classification for health conditions .......................................... 111 

Table 6. Distribution of demographics and work-related characteristics of FIFO workers  . 116 

Table 7. Prevalence of risk of health conditions ................................................................... 117 

Table 8. Work productivity loss measures in study participants........................................... 118 

Table 9. Average percentages of absenteeism, presenteeism and total productivity loss and 

annual excess cost attributed to health risks per worker ........................................................ 119 

Table 10. Estimates of loss in productivity per year by health indicators per 1000 FIFO 

workers ................................................................................................................................... 123 

Table 11. Multiple logistic regression of personal and FIFO work-related characteristics 

associated with psychological distress and physical health status ......................................... 183 

Table 12. Health status and lifestyle behaviours of partners of FIFO workers ..................... 187 

Table 13. Background characteristics of study participants (FIFO workers) ....................... 228 

Table 14. Between-person correlations of daily variables in FIFO workers  ....................... 236 

Table 15. Multilevel models of the effect of shift period on affects and sleep quality in FIFO 

workers ................................................................................................................................... 240 

Table 16. Generalised linear mixed models of effects of shift periods on behaviours of FIFO 

workers ................................................................................................................................... 241 



xxv 
 

Table 17. Multilevel linear models of within- and between-person fixed effects of job 

demand and control of affect and sleep quality in workers ................................................... 244 

Table 18. Generalised linear mixed models of within- and between-person fixed effects of 

job demand and control on health behaviours of FIFO workers ........................................... 245 

Table 19. Multilevel linear models of within- and between-person fixed effects of 

interactions between job demand and control on affect in workers....................................... 247 

Table 20. Multilevel linear models of within- and between-person fixed effects of 

interactions between job demand and control on affect and sleep quality of workers .......... 248 

Table 21. Generalised linear mixed models of within- and between-person fixed effects of 

interactions between job demand and control on behaviours of workers .............................. 249 

Table 22. Background information on study participants (partners)  ................................... 267 

Table 23. Between-person correlations of daily variables in partners .................................. 273 

Table 24. Multilevel linear models on the effect of shift period on affects and sleep quality in 

partners ................................................................................................................................... 277 

Table 25. Generalised linear mixed models of fixed effects of shift period on behaviours in 

partners ................................................................................................................................... 278 

Table 26. Multilevel linear models of within- and between-person fixed effects of 

psychosocial factors on affects and sleep quality in partners ................................................ 282 

Table 27. Generalised linear mixed models of within- and between-person fixed effects of 

psychosocial factors on health behaviours of partners .......................................................... 283 

 

 

 

 



xxvi 
 

List of Abbreviations 

ANOVA: Analysis of variance 

AUD: Australian dollars 

AUDIT-C: Alcohol Use Disorders Identification Test-Concise 

AWST: Australian Western Standard Time 

BIBO: Bus-In Bus-Out 

BMI: Body Mass Index 

CI: Confidence Interval 

COVID-19: Coronavirus disease 

DIDO: Drive-In-Drive-Out 

TAFE: Technical and Further Education 

FIFO: Fly-In Fly-Out 

ICCs: Intraclass Correlation Coefficients 

IPAQ: International Physical Activity Questionnaire  

IQR: Inter Quartile Range 

JBI: Joanna Briggs Institute 

JDR: Job Demand and Resources 

LDC: Long Distance Commuting 

MET(s): Metabolic Equivalent Minute(s) 

MVPA: Moderate Vigorous Physical Activity 

PANAS-X: Positive and Negative Affect Schedule - Expanded Form 

PCS: Physical Component Summary 

PSA: Probabilistic Sensitivity Analyses 

OR: Odd Ratio 

SCM: Spillover-Crossover Model 



xxvii 
 

SISO: Ship-In Ship-Out 

SMS: Short Messaging Service 

WA: Western Australia 

WPAI-GH: Worker Productivity and Activity Impairment-General Health  

VIF: Variance Inflation Factor



1 
 

Chapter 1: Introduction 

Preface  

This chapter introduces the concept of Fly-In Fly-Out (FIFO) work, provides an overview 

of the research problem addressed in this thesis, and the significance of this research. It 

outlines the research aim and objectives, provides an overview of the research approach, and 

concludes by outlining the structure of the thesis.     

1.1 Introducing Fly-In Fly-Out (FIFO) work  

Globally, Fly-In Fly-Out (FIFO) work is increasingly used in the natural resources sector 

(1), including onshore mining in Australia, oil sands mining in Canada, offshore oil and gas 

in the North Seas of Norway and the UK, the Gulf of Mexico in the USA, and oil/gas 

extraction in the Arctic/Far North (1–4). Initially designed to staff operations in remote 

offshore oil fields in the Gulf of Mexico (1), FIFO work has become a common practice in 

onshore mining sectors. FIFO work in onshore mining sectors has primarily been driven by 

improved flexible and low-cost transportation and communication systems (2,3) compared to 

the cost associated with developing, maintaining, and decommissioning of ‘single-industry 

communities’ (3,5), and the associated comparative simplicity of start-up, closure, build-up 

and scale-down (1).  

FIFO work involves travelling long distances to work in isolated areas, with schedules 

made up of a continuous period working (and living) onsite followed by another period spent 

at home on days off (2). FIFO work is characterised by a ‘rotational work schedule’ (referred 

to as a roster system), e.g., eight days at work followed by six days at home (5–7), 

transportation paid for by the employer and the provision of onsite accommodation (1). 

Typically, FIFO shifts are relatively long, with a standard of 12 hours per day (5), and have 

various shift patterns with rotations including regular day shifts, regular night shifts, or a mix 

of days and nights (7). 
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FIFO work practices in the oil sands in Canada are similar to those in Australia (1). 

Offshore workers in Norway and the UK and oil/gas extraction workers in the Arctic/Far 

North are mostly on longer rotations than onshore FIFO workers in Australia. A typical 

rotation for offshore workers may include two weeks at work followed by two weeks at 

home, two weeks at work followed by three weeks off, or four weeks at work followed by 

four weeks at home (8) with up to 7.4 weeks (52 consecutive days) at work (4). Workers are 

also more likely to work overtime (9), have their accommodation shared by two workers and 

have leisure activities facilities confined to the work installations (8,10).  

In Australia, Fly-In-Fly-Out (FIFO) is the most common arrangement for rotation work in 

the onshore mining sector (7,11). It is estimated that 50% of all natural resources and 

construction work sectors have some form of work requiring long-distance commuting (12), 

accounting for about 17% of all employment in the regional areas (13,14). In Australia, a 

typical rotation can include eight days at work followed by six days at home or two weeks at 

work followed by one week at home (2,7,8). Onshore mining onsite accommodation and 

recreational facilities are often not confined and could be nearby the worksites (1). 

1.2 FIFO work challenges and benefits 

FIFO work involves a unique lifestyle primarily dictated by the working pattern. 

Given these FIFO rotation cycles, workers usually would have to step away from at-home 

domestic responsibilities and commitments to the family (15–17). However, when workers 

are home, again for a prolonged period, they have time to focus on family commitments.  

While managing a FIFO lifestyle may be difficult, the work arrangements may also 

benefit workers and employers. FIFO work arrangements usually attract relatively high 

salaries (18,19), provide relatively long periods of leave for workers to be with family and 

friends (3), keep work and home commitments separate, and offer the chance for families to 

continue living urban lives and maintaining social connections (3,20). Organisations rely on 
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FIFO work arrangements to supply skilled labour to operations in remote areas where there is 

a labour shortage (1,2,21) and as ways of moving workers during construction phases and 

between short-life mining sites (3). Over the last decade, the mining industry has increasingly 

preferred FIFO working due to flexible and cost-effective FIFO work arrangements (11). 

FIFO work arrangements are not limited to the resources sector (5), with similar approaches 

in  Australia's health and education sectors (22). However, there are challenges associated 

with the FIFO lifestyle, including the social and health impact on workers and their families 

(23–25), with calls for more research on the health impact of FIFO work (25). 

1.3 Research problem statement 

1.3.1 Limited and conflicting evidence on the impact of FIFO work on health 

The impact of FIFO work on the physical and mental health, and health behaviours, of 

workers and their families, has become a concern in Australia (7,25,26). A government 

investigation has highlighted the impact of FIFO work, particularly on workers' mental 

health, as an ongoing concern in Australia (25). Studies have demonstrated that the FIFO 

lifestyle may be a source of stress that is over and above what one would expect to see in the 

general population (7,23,27,28). Data has shown higher levels of psychological distress (27–

29) and health-risk behaviours such as high alcohol intake (7,23,30,31), and suicide risk (32). 

However, there are mixed findings across mental health and well-being outcomes and 

relatively few studies on physical health and health-related behaviours.  

 (25)(25)(25)The FIFO lifestyle of consistently separating workers from their families 

is indicated to increase physical and emotional demands on at-home partners; it can be a 

potential source of distress for workers' families (15,22). FIFO work arrangements are 

indicated to directly impact FIFO workers' families (27), including at-home partners and their 

children. Studies have documented a higher prevalence of psychological distress (7,33) and 

loneliness (34) and alcohol intake (7,35) in partners than in the general population. Similar to  
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FIFO workers, there are mixed findings across mental health and well-being outcomes and 

relatively few studies on physical health and health-related behaviours in partners of workers. 

Furthermore, the impact of FIFO work on workers and their families has not been 

contextualised within available theories and theoretical frameworks (7,36).  

The Job Demands and Resources (JD-R) model is used as the wider theoretical 

framework to explain the impact of FIFO work-related characteristics on the health of FIFO 

workers and their partners throughout the thesis. The JD-R model suggests that job-related 

strains are caused by factors broadly classified as job demands (aspects that need persistent 

mental and/or physical exertion or abilities and so related to physical and mental costs) and 

job resources (job features that support attaining work objectives, lessen demands of the job 

and the related physical and mental consequences) (37,38).  

Some FIFO work characteristics are pertinent to the JD-R model. For instance, the 

emotional demands of dealing with living away from families, loneliness and social isolation, 

concerns about keeping family and social relationships, and absence from significant family 

occasions during extended work periods (15,39). The workload inherent within FIFO roles 

with high demands of compressed rosters, and long shift hours, are indicated as important 

stressors among FIFO workers (40). On the other hand, FIFO workers often earn higher 

wages relative to similar occupations (2), have long leave periods and, during work periods, 

are not involved in domestic commitments (15). The JDR is applied to synthesize available 

evidence, explain the findings of primary studies and its constructs assessed to explain the 

within-person health of workers and their partners in several chapters of the thesis. Other 

theories and models have also been highlighted, including Work-Family Conflict Theory (41) 

and the Spillover-Crossover Model (42) to explain how the pressures of rotation work 

demand impact the well-being of workers and their families; and Attachment Theory (43) and 
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Social Ecological Theory (44) to explain the potential effects on partners and children of 

temporary separations due to FIFO work. 

1.3.2 Limited empirical research on the impact of FIFO work on work productivity 

Work productivity, related to work impairment, is an essential determinant of 

efficiently accomplishing an organisation’s workplace tasks and goals (37). The level of work 

impairment indicates how much health problems make it challenging to complete duties at 

work (37). Health problems that cause work impairment relate to absenteeism (i.e., absences 

of a worker from work) and presenteeism (i.e., present at work but not able to function fully) 

(38). Work impairments provide a strong indication of the health status of workers (45), and 

are associated with work productivity loss, a valuable economic indicator, providing 

significant evidence of the economic consequences of health problems (45).  

Studies have shown that psychological distress (46) and multiple chronic and 

modifiable health behaviours (47) are associated with high indirect productivity loss costs 

from absenteeism and presenteeism. Economic evidence on the impact of work impairments 

and productivity is essential for organisations planning and rationalising investments into 

health interventions (39). Available studies are limited to Australia's general mining 

population where there may be differences in health outcomes between FIFO workers and 

other mining work groups (30,32,48);  the only available study specifying work productivity 

loss cost for FIFO mining workers is limited to job stress outcome (49).  

1.3.3 Limited research examining within-person processes in FIFO work 

Health-related behaviours, as well as many psychological processes, vary day-to-day 

and even moment-to-moment. However, the current evidence examining the impact of FIFO 

work arrangements on health (7) has limited exploration of how within-person fluctuations 

(dynamics) in FIFO work and workload over time and between contexts impact the health of 

the worker and the partner (50). Examining within-person factors across time will allow for a 
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deeper understanding of FIFO work lifestyles and provide evidence to inform the 

management and support offered to FIFO workers and their partners (7,51).  

The existing within-person studies in FIFO work have shown that there are daily 

variations in health behaviours (13), sleep (52,53), emotional exhaustion, and work 

engagement (51) throughout the FIFO work cycle. The only known within-person design 

study examining the effects of FIFO job stress indicated that day-to-day variations in job 

demands, including higher daily workload and emotional demands, were associated with 

higher emotional exhaustion. In contrast, day-to-day variations in job resources, such as 

higher daily job autonomy, were associated with higher daily engagement (51). Previous 

research examining the effects of FIFO job demands and resources has been limited to on-

shift work periods and construction FIFO workers in Australia. At the time of writing, no 

studies have explored FIFO mining workers over a complete FIFO work cycle in Australia. 

The lack of evidence is a concern and limitation given the variety in work patterns and 

conditions and the impact this can have on workers and their families (15). 

1.4 COVID-19 pandemic and FIFO work 

Common health outcomes of FIFO workers may be impacted by stressful events such 

as infectious outbreaks (54). In early 2020, the COVID-19 pandemic reached Australia, with 

the country recording its first case in January (55), prompting various public health measures, 

including social distancing, lockdowns, self-isolation or quarantine, and changes to work 

arrangements intended to reduce the spread of the virus (56). Western Australia (WA) at the 

time the research was conducted had the lowest COVID-19 infection rates in Australia. It 

also had very strict border controls and government policies around testing, contact tracing 

and quarantine for infectious individuals and those arriving in the state. These measures 

meant extended FIFO work periods for workers, prolonged separations from their families, 

and increased onsite solitude (57). The findings from the research have been considered 
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within the context of the COVID-19 pandemic and the implications in terms of strengths and 

limitations are considered within the thesis. The pandemic allowed us to extend some of our 

research activity and provided an opportunity for additional work on the impact of COVID on 

the FIFO workforce. Evidence of the negative emotions, distress experiences, and risky 

behaviours among the vulnerable groups could inform and help provide practical support to 

lessen these negative experiences in FIFO work populations during stressful global events. 

The findings from these related studies are published online (58,59) and are included in 

Appendix B.  

1.5 Significance of this research  

This research is one of the first to present a broad overview of health-related 

outcomes in both FIFO workers and their families. From a within-person perspective, it is 

one of the first studies to examine job stress factors in FIFO work related to health and well-

being outcomes in workers and their partners across the FIFO work roster cycle (on-and off-

work periods). This research is also the first in Australia to test the moderation (buffering) of 

job resources on the effect of job demands on health outcomes, as proposed by the job 

demands-resources model (37,38) using within-person design in the FIFO mining context. 

The job demands-resources model is a popular model for considering occupational stress and 

informing interventions owing to its generality and flexibility (60), and organisations can use 

it to enhance the well-being of workers and motivation while also enhancing a number of 

organisational goals (38). In addition, this research is one of the few in Australia to provide 

insight into the productivity loss cost from absenteeism and presenteeism explicitly 

associated with the health outcomes of FIFO workers. 

 The research in this thesis addressed psychological and economic perspectives 

around FIFO work, with inputs from industry partners. The collaborations with the industry 

sector allowed for the generation of findings that could help inform future FIFO-related work 
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and health policies. The present thesis builds on existing research and addresses current 

research gaps, including calls by Government investigations in Australia for more studies into 

the health impact of FIFO work arrangements (25,26) to clarify the key FIFO health 

outcomes in workers and their partners. This research has the potential to guide policy 

processes and practice, contributing to the understanding of within-person processes in FIFO 

job engagements (51) and guiding occupational health/health promotion practitioners’ 

understanding of the mechanisms that support and impair daily job-related well-being of 

FIFO workers and their partners to guide interventions. This research also presents a financial 

justification for workplace health interventions.  

1.6 Research Aim and Objectives 

This research aimed to examine the health and cost of health-related work productivity 

loss in FIFO workers and their partners in Australia. This thesis aims to address the following 

objectives: 

1. Synthesise the existing evidence identifying common health outcomes and behaviours 

in FIFO workers and their families;  

2. Examine the psychological well-being, physical health, and health-related behaviours 

of FIFO workers and their partners during on-and off-shift periods of a FIFO roster 

cycle; 

3. Evaluate the work productivity loss cost associated with the common health and 

related health behaviours of FIFO workers;  

4. Examine changes in affective states and health-related behaviours in FIFO workers 

and their partners throughout a FIFO roster cycle and examine within-person work-

related determinants. 
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1.7 Research Overview  

This research contains three main elements, including 1) a series of literature reviews 

of health-related outcomes in both FIFO workers and their families that identified gaps in the 

existing literature; 2) a series of cross-sectional studies, including studies investigating the 

associations between aspects of FIFO work and health-related outcomes in workers and 

partners; and an economic costing study that focused on work productivity loss (absenteeism, 

presenteeism and both) among FIFO workers; and 3) the use of Ecological Momentary 

Assessment (EMA) methodology and within-person designs to explore within-person 

perspectives on job stress factors in FIFO work related to health and well-being outcomes in 

workers and their partners. An overview of the research focus and approach is outlined in 

Figure 1.
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Figure 1. Overview of the research program
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1.8 Structure of the Thesis 

The thesis consists of 10 chapters divided into three parts that align with the above-

mentioned phases (see Figures 1 and 2). Information on the content and focus of these 

chapters will be outlined below. The thesis begins with an introductory chapter (Chapter 1) 

that sets the context for the research, including an introduction to the FIFO work 

arrangements, an overview of the existing research and knowledge gaps, and the research 

objectives and significance.  

Part 1 comprises three chapters (2-4) that explore the health and well-being of FIFO 

workers and economic analysis of FIFO work productivity costs. Part 2 includes Chapter 5, 

which focuses on the health and well-being of FIFO workers’ families. Chapter 6 focuses on 

the psychological distress, physical health and related behaviours among the partners of FIFO 

workers. Part 3 (Chapters 7-9) explores the individual perspective of the health and well-

being of FIFO workers and their family members, presenting evidence from the EMA/within-

persons studies on the affect states, sleep and health behaviours of FIFO workers and 

partners. Chapter 10 provides a detailed discussion and conclusions of the key research 

findings. Below is a summary of each chapter: 

 

Figure 2. Flow diagram of thesis structure 
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Part One 

Chapter 2 (published: (40)). Presents a systematic review of quantitative and 

qualitative studies of the impact of FIFO work on workers' health and well-being. The review 

identified the most prevalent issues, including distress, sleep, smoking, alcohol consumption, 

and potentially important theoretical determinants such as job demand and control. The 

review identified inconsistencies in psychological well-being and a need for more evidence in 

findings on the physical health and related behaviours of FIFO workers. 

Chapter 3 (published: (61)). Reports on a cross-sectional questionnaire study among 

workers, analysis of the prevalence of psychological distress and poor physical health status, 

and inferential analysis showing their FIFO work-related predictors. The study (measuring 

sleep and health behaviours for two time-points) further identified the differences in the 

health behaviours of workers during on-and off-shift periods of the FIFO work cycle. 

Chapter 4 (published: (62)). Presents a cross-sectional study of the work productivity 

loss costs associated with workers' key health and behavioural outcomes. The study estimated 

the cost due to work productivity losses through absenteeism and presenteeism, and assessed 

their FIFO work-related predictors. 

Part Two 

Chapter 5 (published: (63)). Provides a systematic review of the evidence relating to 

the impact of FIFO work on the health and well-being of families of FIFO workers. The 

review identified inconsistencies and a dearth of evidence in findings on the psychological 

well-being, physical health and behaviours of partners of FIFO workers. The review 

identified the most-prevalent issues, including psychological distress, sleep, and alcohol 

consumption.  

Chapter 6 (published: (64)). Presents a cross-sectional study of the prevalence of 

psychological distress and poor physical health status and inferential analysis of FIFO work-
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related predictors in partners of workers. Furthermore, the study (measuring sleep and health 

behaviours for two time-points) identified the differences in sleep, physical activity, smoking, 

and alcohol consumption across on-and off-shift periods of the FIFO work cycle. 

Part three 

Chapter 7 (published: (65)). Presents a systematic review of EMA studies that 

assessed the health outcomes of FIFO workers. The review highlighted the critical 

methodological characteristics/features for a successful EMA/daily diary design in the FIFO 

work context.  

Chapter 8 (under review). Presents the first EMA/daily diary study incorporating a 

multilevel analysis of the daily variations of affective states and health behaviours of FIFO 

workers and job-stress determinants across on-and off-shift periods. The study identified the 

within-person job demand and control determinants of daily health outcomes.  

Chapter 9 (under review). Presents the first EMA/daily diary study that utilises 

multilevel analysis of daily variations of affective states and health behaviours in partners of 

FIFO workers and job-stress determinants across on-and off-shift periods. The study 

identified the within-person job demand and resources (control and social support) 

determinants of daily health outcomes. 

Chapter 10. Provides a discussion of the key research findings. The chapter outlines 

the strengths and limitations of the research and concludes by providing implications for 

policy, practice and future research in FIFO work arrangement. 
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Chapter 2: Study One 

Preface  

This chapter presents the first published study included in this thesis and is cited as: 

Asare BY, Kwasnicka D, Powell D, Robinson S. Health and well-being of rotation 

workers in the mining, offshore oil and gas, and construction industry: a systematic 

review. BMJ Global Health. 2021;6(7):e005112. doi: 10.1136/bmjgh-2021-005112 

The paper’s content here is as it appears in print, however, it has been formatted to be in 

keeping with the rest of this thesis. This review was an important initial step in the thesis, to 

identify key mental health outcomes, physical health outcomes, and health-related behaviours 
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2.1 Abstract  

Introduction. Rotation work, characterised by travelling long distances to work in 

isolated areas where workers typically rotate consecutive days working and living on-site 

with periods at home, is increasingly used in the resources and construction sectors globally. 

Such employment practices may have an impact on workers’ health and well-being. This 

systematic review explores the impact rotation work has on mental and physical outcomes in 

rotation workers in the resources and construction sectors.  

Method. The PubMed, Medline, EMBASE, CINAHL, PsycINFO, and Scopus 

databases were systematically searched on 1 May 2020 to identify quantitative, qualitative 

and mixed-method studies addressing the health of rotation workers published in peer-

reviewed journals. Findings from the studies were summarised narratively.  

Results. Of 6268 studies retrieved, 90 studies were included in the review. Studies 

suggested a higher prevalence of psychological distress in onshore rotation workers and 

higher overweight/obesity rates among rotation workers as compared with the general 

population. We found more sleep problems and higher levels of smoking during work periods 

compared with off- site days; and higher alcohol intake during off-site days compared with 

on-site days. Workers generally perceived their physical health status as good. High-

perceived job demands (such as workload, and repetitive work) were associated with mental 

distress and exhaustion, sleep problems and perceived poor physical health status, while high-

perceived job resources (such as job clarity/control, and support) were associated with low 

mental distress and exhaustion, less smoking and alcohol intake, and better sleep.  

Conclusion. Rotation work is associated with several poorer health behaviours and 

outcomes, such as sleep problems, smoking, alcohol consumption and overweight/obesity. 

Interventions needed to improve rotation workers’ health should include maximising 

available job resources and reducing job demands. Further longitudinal studies are needed to 
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explore the long-term health effects of rotation work and the short-term contextual effects of 

the different aspects of rotation work. 

Keywords: rotation work, FIFO, long-distance commute, offshore oil and gas, mining, 

construction, systematic review  

Key questions 

What is already known? 

• Rotation work arrangements of rotating consecutive days working and living on-site 

with periods at home are increasingly used in the resources and construction sectors 

around the world. 

• Rotation employment is reported to be associated with several health and well-being 

issues among workers. 

What are the new findings? 

• Prevalence of psychological distress varied between onshore and offshore rotation 

workers; onshore rotation workers showed a higher prevalence than offshore workers 

and the general population. 

• Studies suggested both onshore and offshore rotation workers had poorer sleep and 

more fatigue during on-shift days; smoked more, consumed more alcohol, and were 

more overweight and obese than the general population.  

• Job demands of rotation work were associated with poor physical and mental health 

outcomes while available job resources were associated with better physical and 

mental health outcomes of workers. 

What do the new findings imply? 

• Studies are needed to identify the causal determinants of poorer health outcomes in 

rotation work, and investment in interventions to minimise their impact.  
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• There is a need for creating workplace environments that minimise the negative 

aspects of rotation workstyle and maximise the positive aspects to support rotation 

workers to reduce job stress and promote health. 

2.2 Background 

Rotation work is characterised by travelling long distances to work in isolated areas: 

workers typically rotate consecutive days working and living on-site with periods at home 

(2). Rotation work is commonly referred to as Long Distance Commuting due to the distance 

between work-site and home, which could be more than 100km. Other terms used to describe 

this type of work are: Fly-In-Fly-Out (FIFO), Drive In Drive Out (DIDO), Bus In Bus Out 

(BIBO) or Ship-In Ship-Out (SISO) based on the means of transport used (1,66). Rotation 

work differs from other mobile work arrangements by its ‘rotational work schedule’ of pre-

specified consecutive days of work followed by leave periods, known as roster systems, 

which vary and can be even or uneven periods; e.g. 2 weeks work/2 weeks home, or 8 days 

work/6 days home (67). Other typical characteristics of rotation work are: extended working 

hours ranging between 10 to 14 hours (5) with an average of 12 hours per shift considered as 

standard (1,68); provision of accommodation at or near the worksite; living without families; 

and transportation arrangements between the worksite and home, commonly paid for or 

subsidised by companies (1,2). Working days are compressed into day and/or night shift 

patterns described as fixed/regular day shift or night shift and irregular/swing/rotational shift 

of day and night (68). 

Rotation work is increasingly practised around the world in the resources sector, 

originally in the offshore oil and gas sector (5,66) where daily commuting is practically 

impossible (1) and, more recently, within onshore mining and related construction sectors, 

particularly in Australia and Canada (21,66). Rotation work is increasingly used as a result of 

resources boom leading to high demand for skilled labour; to staff operations in remote areas 
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where labour is in shortage (1–3,21); and as a way of moving workers during construction 

phases and between short-life extraction sites (3) and cutting down the cost associated with 

developing, maintaining and decommissioning of ‘single-industry communities’ (3,5). 

Furthermore, the increasing use of rotation work in the onshore mining and related 

construction sectors has also been attributed to the lack of social amenities in remote 

communities preventing families from relocating nearby (1,3), and the improved flexible and 

low-cost transportation and communication systems (2,3). 

However, the employment practices of workers differ between onshore sites and 

offshore installations. Offshore workers are mostly on more extended rosters; for example, 

typically 2 weeks on/2 or 3 weeks off in the UK (8) or 4 weeks on/4 weeks off in China (69) 

and work overtime (averaging more than 16 hours per week) (9), whereas onshore mining 

and construction-related sites mostly work shorter and asymmetric rosters (22); for example, 

8 days on/6 days off in Australia (6,7). Offshore rotation workers typically share their on-site 

accommodation with another worker,  leisure activities and facilities are normally confined to 

the work sites (with limited space, reduced illumination and aeration) (8,70) and are exposed 

to varying weather conditions such as strong wind and cold (68,71). Onshore rotation 

workers have typically not shared onsite accommodation, recreational facilities are often not 

confined and could be nearby worksites (1), and workers may be faced with dry and hot 

temperatures (72).  

Working in a FIFO job usually attracts relatively high salaries with relatively long 

periods of leave to be with family and friends (3). Nevertheless, rotation employment is often 

associated with several health and well-being issues among workers (67,73). A narrative 

review of 26 studies has documented high levels of occupational stress, poor mental well-

being, high body mass index (BMI, overweight and obese), musculoskeletal disorders, poor 

diet, limited physical activity, high rates of smoking and alcohol intake in offshore oil and 
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gas workers (74). Another review of 53 studies to examine the impact of FIFO work on 

mental health and well-being highlighted higher levels of mental health problems among 

FIFO workers (mostly onshore) compared to the general population in Australia (7). Another 

review highlighted sleep disruptions and accumulated fatigue among rotation workers (67). 

The high risk of health problems among rotation workers has been associated with rotation 

work characteristics (67) including long work hours and shift patterns (68), demanding 

workload or tasks and occupational and environmental stressors (68), such as the lack of 

social support from supervisors and work colleagues (74). Two reviews that focused on 

offshore oil and gas workers (68,75) found offshore night shift workers experienced more 

sleep problems than dayshift workers, and that adaption to night work was faster than re-

adaption to daytime work or at home. In the review by Parkes (68), offshore shift patterns 

were found to be associated with gastric complaints and impaired mental health. The research 

outlined suggests several possible psychosocial and health effects associated with rotation 

work. Although previous systematic reviews have highlighted the health impact of rotation 

work on workers, these reviews have focused on the effects of shift pattern arrangement on 

specific health outcomes (68,75), general health issues (19,74), and impact on mental health 

and well-being (7). 

Meanwhile, these reviews were limited to specific working populations in the 

resource industry (e.g., offshore oil and gas workers) (19,68,74,75), and specific geographical 

settings (e.g. Australia and the North Sea, UK) (7,68). This current systematic review covers 

all the occupational populations in the resource (mining and offshore oil/gas) and 

construction sectors and is not limited to any geographical setting or specific health 

condition, to give a broad overview of the health impact of rotation work globally. 

The objectives of this review are to synthesise: 1) the reported physical and mental 

health outcomes and health-related behaviours of rotation workers in the resource and 
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construction sectors, and 2) work-related factors associated with the physical and mental 

health and health-related behaviours of the rotation workers.  

2.3 Method 

2.3.1 Study design 

This study is a narrative systematic review of literature conducted following the 

guidelines of Joanna Briggs Institute (JBI) for quantitative and qualitative reviews (76) and 

reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (77). The protocol of this review was pre-registered on 

PROSPERO (ID=CRD42020167649). 

2.3.2 Eligibility criteria 

The review included quantitative, qualitative and mixed-method studies, original 

articles, and published in peer-reviewed journals and English Language. The review included 

studies with participants who were rotation workers or Long Distance Commuting (LDC), or 

Fly-In Fly-Out (FIFO) or Drive-In-Drive-Out (DIDO) or Bus-In Bus-Out (BIBO) or Ship-In 

Ship-Out (SISO) and worked in the resource (offshore oil and gas, and mining) and 

construction industry. Rotation workers were defined as those who travel long distances to 

work in remote areas, operate long work hours (mostly for 12 hrs) and work shift patterns for 

a specified number of days, after which they come back home to spend another specified 

number of days. Studies which drew data from rotation workers, comparing them with other 

groups were included. Studies with more than 50% of participants classified as LDC, DIDO, 

FIFO, BIBO, SISO workers in the resources (mining and oil and gas) were also included.  

Quantitative studies were included in the review if they measured and reported physical and 

mental health outcomes, health-related behaviours and/or work-related factors associated 

with health outcomes among rotation workers. Qualitative studies that discussed the impact 

of rotation work arrangement on the physical and mental health and well-being of rotation 
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workers and the perception of the rotation work characteristics that influence their health and 

well-being were also included. Mental health is defined as a condition of mental well-being 

that allows  individuals to deal with life's stressors, recognise their potential, pursue education 

and employment productively, and bring value to their society (78). The study considered the 

common indicators of mental health including psychological distress, depression, anxiety, 

stress, emotional exhaustion and burnout, suicide and psychological well-being. 

We excluded studies that were reviews, research reports, editorials, book chapters, 

letters, conference proceedings, laboratory studies, study designs not clearly defined, or used 

proxy data (medical records or administrative data) as opposed to recruited participants' data. 

Studies that reported on adaption and re-adaption of circadian rhythm and cancers were 

excluded. The quantitative or qualitative components of mixed-method studies which do not 

report on participants’ characteristics, data collection and analysis methods were excluded. 

Grey/unpublished literature was excluded due to time and resource constraints. Laboratory 

studies were also excluded so as to consider studies that reflected measures in the free-living 

population. 

2.3.3 Data sources and search procedure  

Six electronic databases including PubMed, Medline, EMBASE, CINAHL, 

PsycINFO, and Scopus were searched for peer-reviewed relevant publications with no 

restrictions on study designs, date of publication and geographical location. The search 

strategy used included two groups of terms related to health and rotation work. Health 

included search terms such as sleep, anxiety, depression, stress, fatigue, alcohol, smoking, 

“physical activity”, exercise, overweight, obesity, “body mass index”, diet, “mental health”, 

“psychological distress”, “physical health”, sick*, ill*, well-being. Rotation work included 

search terms such as “Fly-in fly-out”, FIFO, “long-distance commuting”, “rotation shift”, 

“rotation work shift”, “Drive-in Drive-out”, and offshore. The two main groups of terms were 
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combined with ‘AND’ and the search terms within each group were combined with ‘OR’. 

Full search strategy including key terms and subject headings for each of the databases used 

are presented in Appendix C:  Supplementary Information S1. Hand-searching for other 

relevant articles was done by reviewing the reference list of the included articles. Searches 

were conducted on 1st May 2020. 

2.3.4 Study screening and selection 

The citations identified were uploaded into Endnote and later to the Covidence 

software (79) and all duplicates were removed. Two of the authors (BYAA and DK) then 

screened the titles and abstracts of articles for eligibility. Full texts for all potentially eligible 

studies were retrieved and screened again for eligibility against the inclusion criteria. 

Differences that arose were resolved through the discussion, and suitable articles were 

included in the systematic review. Articles excluded at the full-text screening were recorded 

and the reasons that informed the exclusion of studies per the inclusion criteria were reported 

(Appendix C: Supplementary Information S2; Figure S1). 

2.3.5 Assessment of methodological quality 

The articles included in the review were evaluated for methodological quality 

independently by two of the reviewers (BYAA and DK). The tools for appraisal of 

quantitative descriptive studies in the Joanna Briggs Institute Meta-Analysis of Statistics 

Assessment and Review Instrument (JBI-MAStARI) and Joanna Briggs Institute Qualitative 

Assessment and Review Instrument (JBI-QARI) (80) were respectively used to assess the 

quantitative and qualitative studies included in the review. Issues of any differences that arose 

were resolved through discussion. Each tool has a checklist of items rated 'Yes', 'No', 

'Unclear' and 'Not applicable' and was assigned a score of 1 for 'Yes', 0 for 'No' and 'Unclear', 

and not applicable items were excluded from the scoring. Studies were rated against the items 

on the checklists; tools for analytical cross-sectional and cohort studies included 9 to 11 items 
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with possible scores between 0 and 11 while the tool for qualitative study assessment 

included 10 items and a study score ranged between 0 and 10. Scores were subsequently 

converted to give a percentage score (81) with scores below 50% considered low quality, 50-

69% considered medium quality, and scores above 70% representing high quality. The 

quality assessment was not used to exclude studies from the review (82) and as stipulated by 

Luca et al (83) strictly using quality criteria for exclusion may exclude relevant studies based 

on not conforming with a specific reporting criterion. The quality assessment results were 

recorded and reported in the review to inform the interpretation of the findings. 

2.3.6 Data extraction and Strategy for data synthesis and analysis 

Standardised data extraction sheets (Appendix C) were developed based on the 

templates from the JBI-MASt ARI data extraction tool for quantitative data and JBI-QARI 

for the qualitative studies and piloted specifically for this study and were used to extract data 

from selected studies. For quantitative studies, the key information extracted included 

authors, year of publication, study design, aims/objectives, study setting and participants’ 

characteristics, health outcomes, mode of measurement, and key findings. For qualitative 

studies, together with the study characteristics, perceptions of the physical and mental well-

being and work-related characteristics that influence their well-being were extracted. One 

reviewer (BYAA) did data extraction and another researcher (DK) crosschecked 10% of the 

data. Any differences that arose were resolved through discussion. 

Quantitative and qualitative data were extracted in terms of the studies’ characteristics 

and key findings and table summaries were presented. The review aimed to explore health 

outcomes and related behaviours reported among rotation workers, and as such thematic 

analysis was done. Based on previous literature (7,67,68,74,75), we expected that studies 

would fit into four broad themes: mental health outcomes, physical health outcomes, sleep, 

and broadly defined “lifestyle” behaviours. Studies were narratively reviewed within these 
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themes and further organised into subthemes as they emerged from the reviewed literature. 

Meta-analysis was not performed due to the high heterogeneity of study designs and 

assessment of health outcomes. We report effect sizes in-text where this was possible to do so 

briefly and meaningfully (for example, standardized effect sizes, were reported) and further 

methodological and statistical details can be found in Appendix C: Supplementary 

Information S3. 

2.4 Results 

2.4.1 Characteristics of studies 

The initial searches retrieved 6,268 studies, of which 269 full texts were screened for 

eligibility, and 90 studies (76 quantitative, 10 qualitative and 4 mixed method studies) were 

included in the review (Figure S1). Included studies (Appendix C: Supplementary 

Information S3); published between 1987 and 2020, were conducted in several countries 

around the world: 25 in the United Kingdom (UK), 23 each in Australia and Norway, 6 in 

China, 3 in Iran, 4 in the Netherlands, 2 in Brazil, and 1 each in Sweden, the United States, 

Croatia and Canada. Forty-two of the studies examined outcome data on mental health and 

well-being, 38 studies on sleep problems and fatigue, 20 on BMI, 15 on perceived physical 

health status, and 14 studies each on alcohol intake and smoking, 11 each on physical activity 

and musculoskeletal disorders, 7 on diet/nutrition and 6 on gastric problems.  

The majority of studies (n=64) were conducted with offshore oil and gas workers, 16 

studies with mining workers, 5 with FIFO workers predominately from mining sectors, 3 

with construction rotation workers, 1 with onshore oil workers and 1 with mining and 

construction workers. The majority of participants in the studies were males (average 91.2%), 

and all were aged between 16 and 68 years (mean of study means= 39.31±9.44 years). The 

majority (89.25%) of studies were rated medium-to-high on the JBI Quality Rating Scale: 58 
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of 90 studies e.g.,(13,29,32,51,84–94) rated ≥70% (high), 23 studies e.g., (73,95–100) rated 

50-69% (medium), and 9 studies e.g.,(10,28,72,101–106) rated < 50% (low) (Table 1).  

Table 1. Summary of characteristics of included studies 

Characteristics  Number of studies Reference  

Study design   

Quantitative studies   

  Cross-sectional studies 53 (9,10,27–29,32,69–73,84,93,94,96,97,99,101,103–105,107–

138) 

Longitudinal studies  23 (13,51–53,85–87,89–92,98,139–147) 

Qualitative studies  10 (15,39,100,148–153) 

Mixed method  4 (33,88,154,155) 

Country    

United Kingdom 25 (9,92,96,97,100,101,104,105,107,109,112,113,120–

125,127,133,134,142–144,147) 

Australia 23 (13,15,27–29,32,33,39,51–53,72,73,84,98,99,110,131,132,148–

151,153) 

Norway 23 (71,89–91,93,94,103,114–118,126,128–

130,139,141,145,146,154–156) 

China  6 (69,70,135–138) 

The Netherland 4 (85–88) 

Iran  3 (108,111,140) 

Brazil  2 (10,102) 

Sweden  1 (95) 

United States 1 (106) 

Croatia  1 (119) 

Canada  1 (152) 

Industry    

Offshore oil and gas 64 (9,10,69–71,90–94,96,97,100–109,111–130,133–147,153–156) 

Mining  14 (29,32,39,52,53,72,84,89,98,110,148–151) 

Construction  3 (28,51,95) 

Mining & construction 1 (27) 

Onshore oil workers 1 (152) 

FIFO/DIDO* 5 (13,15,99,131,132) 

Health outcomes    

Mental health and well- 42 (13,15,27–
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being 29,32,33,39,51,71,73,84,88,89,92,99,101,102,104,107,109,110,

114,115,119–123,127,129,131,132,135–

137,140,145,151,152,154,155) 

Physical health   

Perceived physical 

health and complaints 

15 (13,88,90,91,93,94,109,110,115–117,128,130,139,146) 

Gastric problems 6 (69,90,93,94,118,123) 

Musculoskeletal 

disorders 

11 (70,88–90,93–95,108,123,152,155) 

Sleep problems and 

fatigue 

38 (9,10,13,39,52,53,85–89,91,93–95,98,102,107–

111,113,118,121,122,124–126,128,140–144,146,148,156) 

Lifestyle behaviours   

Alcohol 14 (13,29,39,72,88,98–100,104,105,109,132,138,149) 

Smoking  14 (13,52,88,91,98–100,104,109–113,138) 

Illicit drugs 2 (29,109) 

Physical activity 11 (13,72,98–100,108–110,138,149) 

Diet  7 (13,88,99,100,103,106,109) 

BMI* 20 (10,52,85,87,88,96–99,108–

110,112,133,134,140,142,143,147,156) 

Quality rating*    

High  58 (9,13,15,27,29,32,33,39,51,52,69–71,84–90,92–94,113–

138,145,146,148,150–153,156) 

Medium  23 (53,73,91,95–100,108–111,139–144,147,149,154,155) 

Low  9 (10,28,72,101–106) 

*BMI=Body mass index; DIDO=Drive-in Drive-out; FIFO=Fly-in Fly-out 

*High:scores≥70; medium: scores=50-60%; low: scores<50% 

 

  Based on their findings, studies were categorised into four main themes of health 

outcomes and related behaviours; (1) mental health and well-being, (2) physical health, (3) 

sleep, and (4) lifestyle behaviours. Below, findings for each theme are summarised in terms 

of outcomes and predictors for each theme.  

2.4.2 Mental health and well-being  

Psychological distress. Studies examined prevalence using cut-offs on validated 

scales. Prevalence rates of psychological distress varied across eight studies: onshore workers 
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(10.0-36.3%, n=6 studies) (27–29,33,73,110) and offshore workers (8.0-14.0%, n=2 studies) 

(123,145). No study recruited a general population comparison group, only comparing these 

rates to secondary data sources reflecting the general population (typically ranging from 

7.6%-13%) in five studies (27–29,33,145). 

Depression. Studies showed mixed findings for depression and depressive symptoms 

in rotation workers. Studies employed a mixture of methods to identify cases of depression 

within rotation workers, including cut-offs on validated scales (32,73,84,101,114,119) and 

symptoms checklist (110,131,132,140). Six studies examined the prevalence of depression 

among rotation workers: onshore workers (28.3-32.3%, n=3 studies) (32,73,84); offshore 

workers (16.7-28.0%, n=3 studies) (101,114,119). No general population comparison groups 

were recruited in any study, though two studies(32,84) made reference to a secondary source 

(157) reporting a prevalence of depressive episodes (4.1%) and affective disorders (6.2%) in 

Australia. One study recruited both offshore rotation workers (16.7% prevalence) and 

onshore non-rotation petroleum workers (22.8%) but statistical comparisons were not 

performed (114).  

Seven studies examined the levels of depressive symptoms among rotation workers 

using a symptoms checklist (32,73,101,110,131,132,140). Using the cut-offs belonging to the 

scales used, the sample means suggested that, on average, rotations workers had minimal 

depressive symptoms in four studies (1 offshore, 3 onshore) (110,131,132,140) and moderate 

in 1 study (73). Two studies with a comparison group compared fathers with onshore rotation 

jobs to other fathers in cross-sectional surveys, but the difference was not statistically 

significant (131,132). Two other studies with comparison groups compared rotation workers 

to onshore non-rotation workers and found depressive symptoms to be statistically 

significantly lower in rotation workers in one study (marginal mean scores 15.5;95%CI=14.3-

16.6 vs 19.7;95%CI=17.0-22.4), p=0.01) (32) but no differences in the other study (101). 
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Anxiety. Studies regarding anxiety among rotation workers also showed mixed 

findings. Studies employed a mixture of methods to identify cases of anxiety within rotation 

workers using cut-offs on validated scales (73,101,114,119) and symptoms checklist 

(110,120,127,132). Four studies examined the prevalence of anxiety among rotation workers 

(73,101,114,119): 22.3% among onshore rotation workers (73) and 11.4-15% among offshore 

rotation workers (101,114,119). Only one study recruited and compared offshore rotation 

workers (11.4% prevalence) to onshore non-rotation petroleum workers (13.9%) but 

statistical comparisons were not performed (114). 

Furthermore, nine studies examined the level of anxiety symptoms among rotation 

workers using a symptoms checklist (101,110,120–122,127,129,131,132). Of these studies, 

seven reported low levels of anxiety symptoms: one study described their samples as having 

low levels of anxiety symptoms based on their sample means being below some threshold on 

the scale used (110) and the remaining studies also reported sample means below any 

threshold for normal/mild anxiety (120–122,129,131,132).  

No study recruited a general population comparison group, only comparing the mean 

scores to secondary data sources and reported comparable scores among onshore rotation 

workers in one study (110) but higher scores among offshore rotation workers in another 

study (127). Four studies with comparison groups compared rotation jobs to non-rotation 

workers in cross-sectional surveys: one study found offshore rotation had a higher level of 

anxiety symptoms than onshore non-rotation petroleum workers (3.62±3.42 vs 2.43±2.18, 

p<0.01) (120), but no statistically significant differences were reported in three studies 

(101,131,132). 

Stress. Six studies examined levels of stress symptoms among rotation workers using 

a symptoms checklist (73,89,107,110,131,132). Using the cut-offs and scores based on the 

scales used, the sample means suggested rotation workers had low levels of stress symptoms 
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in five studies (73,89,107,110,132) and moderate in one study (131). Two cross-sectional 

studies with comparison groups compared fathers working onshore rotation jobs to fathers 

working non-rotation jobs, but the differences were not statistically significant (131,132). No 

study recruited a general population comparison group; one study only compared mean 

scores on a DASS-21 scale to secondary data sources in the non-clinical general population 

and reported comparable scores among onshore rotation workers but no statistical 

comparison was done (110). 

Emotional exhaustion and worn-out. Four studies examined emotional exhaustion 

and feeling “worn-out” among rotation workers using a symptoms checklist 

(51,117,154,155). Both emotional exhaustion and “worn-out”, defined by “symptoms of 

emotional liability, tiredness, and cognitive confusion”, have been operationalized by the 

same Worn-out scale from the General Well-being Questionnaire (GWBQ) (117,154,155). 

Based on the mean scores and cut-offs of scales used, the sample means suggested rotation 

workers had low emotional exhaustion and low “worn-out” in three studies (117,154,155). 

One longitudinal study documented a daily increase in emotional exhaustion and a decrease 

in work engagement over the course of up to 28 days onshore rotation work period, but there 

was no comparison group (51). Only one study with a comparison group compared offshore 

rotation workers to onshore non-rotation petroleum workers, and found statistically lower 

worn-out levels than in onshore non-rotation oil workers (mean score 13.82 vs 15.11, 

p<0.001) (154). No study recruited a general population comparison group; two studies only 

compared mean scores to secondary data sources in factory workers and reported comparable 

scores among offshore rotation workers but no statistical comparison was done (154,155). 

Qualitative evidence suggested offshore rotation workers experienced mental exhaustion due 

to the long shift hours associated with rotation work (88). 
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Suicide risk. Only two studies examined suicide risk among rotation workers, but 

both utilized the same sample (onshore rotation workers in Australia). In these studies, 

suicide risk was determined using the Beck Hopelessness Scale, with scores above 9 

indicating elevated risk for suicide intentions and behaviour. Here, suicide risk prevalence 

was reported as 26.7% (32,84). One of these studies found suicide risk was lower among 

onshore rotation mining workers (26.7% prevalence) than onshore non-rotation mining 

workers (27.4%) (p=0.02)1 (32). No general population comparison groups were recruited, 

though both studies made reference to a secondary source reporting a prevalence of one in six 

of the general population (32,84). There was no study that examined suicide intention or 

behaviour among offshore rotation workers. 

Psychological well-being. Studies showed inconsistent findings. Studies employed a 

mixture of methods to examine the levels of psychological well-being within rotation workers 

using symptoms checklist (104,115,120,127,137), cut-points on validated scales (88,109) and 

self-reported diagnosis of mental health problems (13,99). Sample mean scores suggested 

good mental well-being among offshore rotation workers in three cross-sectional studies 

(115,120,137) and a daily diary study also reported low daily use of medication for mental 

health problems among onshore rotation workers across on-shift and off-shift days (13).  

Five studies compared the psychological well-being of rotation workers to other work 

groups (99,104,115,120,127). Three of the studies with comparison groups compared rotation 

workers to non-rotation workers and found the prevalence of mental health problems to be 

statistically significantly lower in rotation workers in one study (7.7%; 95%CI=4.4–11.0 vs 

13.0%; 95%CI=12.1–13.9, p<0.01) (99), higher mean scores (i.e., high levels of poor mental 

health symptoms) among rotation workers in one study (8.75±3.76 vs 7.64±2.94 ; p<0.05) 

(120), but comparable psychological health complaints in the other study (no statistical 

 
1 The percentages are unadjusted percentages do not relate to the reported p-value, which was obtained from an 

adjusted model 
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analysis was done) (115). Two studies did not recruit a comparison group, but compared 

sample mean scores to secondary data sources in non-rotation industrial workers and reported 

comparable levels of mental health well-being among offshore rotation workers but no 

statistical comparisons were done (104,127). No study recruited a general population 

comparison group, two studies compared mean scores to secondary data sources and reported 

higher mental functioning and mental well-being in offshore rotation workers than in the 

normative population (88,109), but no statistical comparisons were done. 

Similarly, qualitative evidence was also mixed. Eight qualitative studies reported that 

onshore rotation workers experience high mental distress due to the demands and challenges 

of rotation work lifestyle (15,39,88,102,150–153); for instance experiencing isolation and 

loneliness (15,153), work-home conflicts (15,88,151,152), family and social disruptions 

(15,39,152,153), worries of delegating house chores to partners (15,39) and ‘pre-boarding 

stress syndrome’ characterised by symptoms including anxiety and bad mood in the last days 

of leave periods (102). However, four of the qualitative studies also reported onshore rotation 

workers expressed job and life satisfaction with their work, highlighting financial rewards, 

enough quality time to spend with family/friends on leave periods, freedom from home 

stressors/chores and less effect on their mood (15,39,88,153). 

2.4.3 Predictors of mental health outcomes 

Job demands. Five studies showed high job demands were associated with poor 

mental health outcomes (27,51,71,114,136,154). For instance, one cross-sectional study 

reported an increase in job demands was associated with an increased level of mental distress 

(114). Bowers et al in another cross-sectional study also found workers who were stressed by 

job tasks were more likely to experience higher mental distress than those who were not 

stressed at all by their job task (OR=6.2; 95%CI =1.8-21.2) (27). A daily survey study found 

that increases in workload and emotional demands were associated with a daily increased 
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level of emotional exhaustion (51). Another longitudinal study also found high job demands 

to be correlated with increased symptoms of work-stress worn-out (indicative of poor well-

being) (r=-0.382; p<0.001) (154). 

Two cross-sectional studies identified job types/categories as a predictor of 

psychological health (115,120). Parkes reported working in higher roles such as supervisory 

or managerial roles was associated with a high level of anxiety (120). 

Job control and clarity. Four studies found a significant association between job 

control/autonomy and better mental health outcomes (51,114,115,154). For instance, a daily 

diary study reported an increase in job autonomy was associated with increased levels of 

engagement (51). Further, a cross-sectional study found increase in job control was 

associated with a decreased level of mental distress (114). Bergh et al in another cross-

sectional study found rotation workers’ control over their job was also correlated with less 

work-stress worn-out (r=-.472; p<0.001) (154).  

Two cross-sectional studies also found job clarity was associated with better mental 

health outcomes (114,154). One study showed an increase in job clarity was associated with a 

decreased level of mental distress (114). The other study found rotation workers’ clarity on 

their jobs was also correlated with less work-stress worn-out (r=-.415; p<0.001) (154).  

Roster characteristics. Three cross-sectional studies found significant associations 

between roster type/length and shift length with mental health (27,29,119). One study found 

that the odds of high psychological distress, defined by a score of 22-50 on a scale of 10-50, 

was higher in workers with 2 weeks on/1 week off roster (OR=2.4; 95%CI=1.7-3.4; p<0.001) 

and 1 week on/1 week off roster (OR=1.6; 95%CI=1.00-2.5; p=0.039) compared to a 4-weeks 

on/1 weeks off roster (27). Another study in offshore workers on a long roster cycle found the 

odds of higher-level of anxiety symptoms (defined by a higher score on a scale of 0-21) were 

higher in those on 56 days on/ 28days off than those on 28 days on/28 days off roster cycle 
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(OR=1.53; 95%CI=1.15–2.04) (119). Additionally, one study found workers who were 

stressed by the length of their shifts had increased odds of high psychological distress 

(OR=2.4; 95%CI=1.2-5.1; p=0.017) than workers who were not (27). Another study reported 

workers on longer shifts (>12 hours) had higher odds of high psychological distress (scores 

of 22-50 on a scale of 0-50) than those on shorter shifts (<12 hours) (OR=1.61; 95%CI=1.17-

2.30) (29). Similarly, evidence from a qualitative study indicated workers experience 

mental exhaustion following long shift hours (88). 

Work-home interference. Four cross-sectional studies have also established high 

work-home interference (undesired interaction between work and home domains/roles) was 

associated with poor mental health outcomes (71,92,127,136). For instance, Ljosa et al. 

established that an increase in levels of shift work–home interference was associated with 

increased mental distress among offshore rotation workers (71). Similarly, one study found 

that an increase in stress from work-home interference was associated with increased poor 

mental well-being (92). Another study also reported that feeling socially isolated while on-

site was strongly related to high psychological distress (r2= 0.61) (28).  

Similarly, qualitative evidence showed psychological/emotional strain due to social 

life disruptions (15,39,88,102,151,152): six studies noted many rotation workers had 

difficulties balancing work and home/social life, leading to social and domestic conflicts 

(15,88,102,151,152), and difficulties in maintaining family and social relationships 

(15,39,152). Another qualitative study indicated absence from family made rotation workers 

feel isolated and lonely, and the ‘physical and psychological distance’ caused tension and 

distrust which put a strain on the relationship with partners (15). Three qualitative studies 

again indicated rotation workers experience the worries of delegating their domestic 

responsibilities to their partners (15,39) and missing out on family events (15,39,88). 
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Financial situation. Two cross-sectional studies found an association between 

workers’ finances and psychological distress. One study found workers experiencing 

financial stress were more likely to report high psychological distress (OR=6.0; 95%CI=2.7-

13.1) (27) than those who were not stressed at all by their financial situation. Another study 

also found that working primarily for financial reasons was associated with increased odds of 

high psychological distress (OR=1.34; 95%CI=1.12-1.61) (29). 

Evidence from three qualitative studies also documented that rotation workers’ 

relatively high income had become a source of stress due to a perceived lack of control or 

autonomy over their work and career, but being forced or 'trapped' into work rotation due to 

the financial gain (15,88,152). 

Remoteness and living conditions. A cross-sectional study found workers stressed by 

the remoteness of the living environment were more likely to have high psychological 

distress than those who were not (OR=3.7; 95%CI=1.6-8.6) (27). Another cross-sectional 

study found an increase in stress from living in a remote environment (including factors such 

as sharing accommodation, disturbance in living accommodation and lack of privacy) was 

associated with increased levels of anxiety and poor mental well-being (127). 

Similarly, qualitative evidence showed that sharing accommodation at work made workers 

experience stress from the lack of privacy (88). 

Social support. Five cross-sectional studies found social support was associated with 

better mental health outcomes (32,71,123,135,154). For instance, one study documented that 

perceived support from supervisors was associated with a lower risk of psychological distress 

(RR=0.76; 95%CI=0.63-0.92, p<0.01) (123). Likewise, another study found increased social 

support was associated with lower suicidal risk, and lower levels of depression (32). 

Similarly, one study found an increase in social support was also associated with a decrease 

in worn-out from work stress (r=-.457; p<0.001) (154).  
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Similarly, two qualitative studies explored ways of improving the mental well-being 

of rotation workers and discussed the provision of social support (15,151). Ebert et al further 

noted the availability of confidential, trustworthy and proactive chaplaincy support on the 

worksite helped break the ‘culture of masculinity’ or stigma attached to seeking help for 

health, and effectively promoted the mental health of rotation workers (151). Workers 

identified support from employers, colleagues and emotional support from family and other 

rotation families as ways to improve their mental well-being (15).  

Stigmatization and bullying. Five cross-sectional studies identified workplace 

bullying to be associated with poor mental health outcomes (28,32,84,129,145). Two studies 

documented that workers who experienced workplace bullying were more likely to have high 

levels of suicide risk (OR=2.38; 95% CI=1.40–4.05), clinical depression (OR=2.38; 95% 

CI=1.40–4.05),(84) and psychological distress (OR=1.49; 95%CI=1.07–2.10) (145) than 

those who did not. Likewise, one study found an increase in workplace bullying was 

associated with an increased level of anxiety (129). Two other studies reported workers 

stressed by the fear of workplace stigma attached to mental health problems were much more 

likely to have high/very high mental distress (OR=23.5; 95%CI=7.5-73.2) than those not 

stressed at all (27), whereas workers with a high perception of the organisation’s commitment 

to mental health were less likely to have high psychological distress than those who had low 

perceptions (OR=0.69; 95%CI=0.55-0.85) (29).  

Evidence from two qualitative studies similarly highlighted that onshore rotation 

workers are faced with workplace stigma attached to mental health (15), public stigmatisation 

of rotation work as being ‘dirty’ and ‘substance abusers’ (152), and an under-appreciation of 

how hard rotation work is, which contribute to worse psychological well-being (15,152). 

Furthermore, three qualitative studies reported rotation worksites were characterised by the 

‘culture of masculinity’ which frowns on weakness but upholds hard work, leading to the 
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uptake of behaviours and bullying, and the reluctance to seek help for health and well-being 

by workers in order to fit in the work environment (15,88,152). 

Leadership style of managers. Evidence from four studies showed that the leadership 

style of managers and supervisors is associated with mental health outcomes among workers 

(27,114,136,145). One longitudinal study identified workers exposed to laissez-faire 

leadership style; a style where managers or supervisors are ‘passive and avoidant’ had higher 

odds of psychological distress among rotation workers than those who were not exposed 

(OR=1.69; 95%CI=1.12–2.54) (145). Similarly, one cross-sectional study reported an 

increase in the experience of fair and empowering leadership was associated with a decrease 

in mental distress (114). Another cross-sectional study identified workers who were stressed 

by their immediate supervisors were associated with increased odds of poor mental health 

(OR=4.3; 95%CI 1.6-11.3) than those who were not stressed at all (27). Chen et al in a cross-

sectional study also identified an increase in stress from management problems was 

associated with increased poor mental health among workers (136).  

Other occupational stressors. Occupational stressors were identified to significantly 

predict poor mental health outcomes in five studies (69,92,136,144). One cross-sectional 

study found an increase in risk perception was associated with increased levels of anxiety 

among offshore rotation workers (129). Two other cross-sectional studies found an increase 

in stress from safety concerns was associated with increased poor mental health (92,136). 

Another cross-sectional study found the motion of offshore platforms had a positive 

relationship with feelings of depression and anxiety (144). An additional cross-sectional 

study also identified increase in perceived job dissatisfaction was associated with reduced 

mental well-being (92). Another cross-sectional study found workers satisfied with rotation 

work had reduced odds of psychological distress (OR=0.33; 95%CI=0.25-0.43) than workers 

who were not satisfied (29). 
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Job insecurity has also been found to be associated with mental distress. One cross-sectional 

study reported that rotation workers with increased concerns about job loss were more likely 

to have high psychological distress (OR=3.17; 95%CI=1.96-5.16) than those who were not 

concerned about losing their jobs (29).  

Likewise, evidence from two qualitative studies showed that rotation workers are 

reluctant to report or seek help for their mental health problems due to the fear of losing their 

jobs (15,152).  

2.4.4 Physical health and well-being 

Perceived physical health and subjective health complaints. Studies showed 

generally good/very good perceived physical health status among rotation workers. Nine 

studies examined perceived physical health complaints among rotation workers using self-

ratings (88,90,91,93,110,139,146), self-reported use of medication for physical health 

problems (13) and scores cut-offs (88,109). Seven studies reported high proportions (73.4-

92.0%) of rotation workers perceived their general physical health as good or very good 

(88,90,91,93,110,139,146). Additionally, one longitudinal study found low daily use of 

physical health medication across on-shift days and off-shift days among onshore rotation 

workers (13). No study recruited a general population comparison group; two studies 

compared mean scores to secondary data sources and reported higher physical health 

functioning in offshore rotation workers than in the norm-based population (88,109), but no 

statistical comparisons were done. 

Eight studies examined subjective health complaints among rotation workers using 

the Subjective Health Complaints Scale (90,91,93,94,115,117,128,145), all within offshore 

workers. Based on the mean scores on the scale used, the sample means suggested low/some 

subjective health complaints in seven studies (90,91,94,115,117,128,145). One of these was a 

longitudinal study, reporting no significant changes in the level of subjective health 
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complaints from the start to the end of a two-week work period (91). However, one cross-

sectional study reported a high prevalence of subjective health complaints based on one or 

more complaints in the last 30 days among offshore rotation workers, and that was 

significantly higher among workers with shift work disorder (condition of excessive 

sleepiness and insomnia) than workers without shift work disorder (100% vs 89.9%; p< 

0.001) (93).  

Gastric problems. Studies examining gastric problems reported mixed findings. Six 

studies examined gastric problems among rotation workers using a symptoms checklist. Two 

cross-sectional studies documented prevalence (31%) of general gastric problems including 

indigestion, heartburns and stomach pains (123) and prevalence of poor appetite (56.8%) and 

localised epigastric pain (52.3%) (69) in offshore rotation workers. Another cross-sectional 

study reported a high prevalence of gastrointestinal complaints based on one or more 

complaints in the last 30 days among offshore rotation workers, and that was significantly 

higher among workers with shift work disorder than workers without shift work disorder 

(87% vs 50.6%; p<0.01) (93). However, based on the mean scores of scales used, sample 

means suggested in two other cross-sectional studies (94,118) and one longitudinal study 

(90), low scores on complaints of gastric problems (i.e., low levels) among offshore rotation 

workers.  

Musculoskeletal disorders. Ten studies examined musculoskeletal disorders among 

rotation workers using a symptoms checklist and the findings were mixed. Seven of these 

studies reported a prevalence of musculoskeletal disorders: among offshore rotation workers 

(10.0-56.3%) (70,88,108,123,155) and onshore rotation workers (ranging from 1% headache 

to 5% pain in the legs) (89). Another cross-sectional study reported a high prevalence of 

musculoskeletal pain based on one or more complaints in the last 30 days among offshore 
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rotation workers, and that was significantly higher among workers with shift work disorders 

than workers without shift work disorders (90.9% vs 69.6%; p=0.04) (93). 

Three other studies, based on the sample mean scores of scales used, reported few 

subjective musculoskeletal complaints (90,94,95). But, one of these studies compared 

musculoskeletal complaints among age groups and reported high levels of musculoskeletal 

complaints among offshore rotation workers aged above 50 years compared to younger 

workers (16.93±45.19 vs 1.71±5.61, p<0.001) (94). Another of the studies found complaints 

of musculoskeletal pain symptoms increased across a 1 year working period (95). The knees, 

neck, lower back, and shoulder were the commonly reported locations of musculoskeletal 

problems among rotation workers in four studies (70,95,108,155). 

Qualitative evidence similarly showed that onshore rotation workers frequently 

experienced physical pain and commonly reported muscle and joint pains, neck and back 

pains, and leg and feet pains (152). 

2.4.5 Predictors of physical health outcomes 

Job demands. Two studies reported job demands were associated with perceived poor 

physical health status and health complaints (115,118). One cross-sectional study reported an 

increase in physical workload was associated with an increased level of physical strain (118). 

Another cross-sectional study found an increase in job demand of repetitive work was 

associated with decreased perceived good physical health status (115).  

Job and roster type. Four cross-sectional studies documented job types to be 

associated with perceived physical health status and complaints (108,115,116,123). For 

instance, Parkes identified working in managerial (Relative risk (RR)=1.88; 95%CI=1.21-

2.91, p<0.01), construction (RR=1.84; 95%CI=1.17-2.89, p<0.01) and drilling (RR=1.64; 

95%CI=1.11-2.42, p<0.05) roles were associated with high risk of headache complaints 

compared to working in maintenance roles (123). Workers in drilling roles (RR=1.68; 
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95%CI=1.14-2.47, p<0.01) were also at increased risk of muscular complaints while working 

in catering roles (RR=0.50; 95%CI=0.28-0.89, p<0.05) was associated with less muscular 

complaints compared to working in maintenance roles (123). Another study found working in 

maintenance and modification role was related to perceived poor general health while 

working accommodation role was related to high symptoms of ill health compared to other 

work groups (116). 

Two cross-sectional studies found rotation work roster type to be associated with 

physical health complaints (108,123). One of the studies reported working a swing shift 

(nights-to-days shift) roster was associated with a high risk of gastric problems (RR=1.36; 

95%CI=1.00-1.84, p<0.05) compared to working on a day shift (123). The other study found 

working tour-scheduling jobs (without regular work hours) to be related to more muscular 

complaints (108). 

Social support. One cross-sectional study found an increase in social support was 

associated with a decreased level of physical strain (118). Another cross-sectional study 

further identified workers with perceived high support from their supervisors were at lower 

risk of gastric problems (RR=0.82; 95%CI=0.72-0.94; p<0.01) (123) and complaints of 

headaches (RR=0.83; 95%CI=0.73-0.94, p<0.01) (123). 

Leadership style. One cross-sectional study found management prioritisation of safety 

issues (r =-.21; p< 0.01) and authentic leadership style (r=-.21; p<0.01) to be associated with 

fewer subjective health complaints among workers (130). 

Other occupational stressors. Experiences of occupational stress were also identified 

to be associated with perceived physical health status and health complaints. Two cross-

sectional studies identified perceived poor safety climate (perceived importance placed on 

safety in an organization) to be associated with subjective health complaints (70,128). For 

instance, one of the studies identified workers who experienced high stress from safety 
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concerns were identified to be more likely to have more muscular pains in the low back 

(OR=1.29; 95%CI=1.05–1.59), neck (OR=1.53; 95%CI=1.26–1.93), knees (OR=1.59; 

95%CI=1.24–2.06), and shoulder (OR=1.54; 95%CI=1.20–1.99) compared to those who did 

not (70).  

Further two cross-sectional studies identified risk perception to be associated with 

physical health complaints (118,130). One study found an increase in risk perception was 

associated with increased physical strain (118). Likewise, the other study also reported stress 

from risk perception was positively related to more health complaints (r=.24; p<0.01) (130).  

Similarly, one cross-sectional study reported an increase in stress from communication and 

participation in work decisions was associated with increased physical strain (118). 

Additionally, another cross-sectional study found an increase in occupational stress was also 

associated with increased complaints of ulcer-like symptoms (69).  

Two cross-sectional studies identified stress from the physical work environment was 

associated with muscular pain complaints (70,123). For example, one of the studies reported 

workers who experienced high stress from the physical work environment were more likely 

to complain of muscular pains in the low back (OR=1.37; 95%CI=1.11–1.69), neck 

(OR=1.43; 95%CI=1.14–1.79) and shoulder (OR=1.32; 95%CI=1.03–1.68) compared to 

those who did not (70). 

One cross-sectional study also found workers who experienced stress from the 

interface between job and family/social life were more likely to have muscular pains 

including in the low back (OR=1.46; 95%CI=1.18–1.82) and shoulder (OR=1.35; 

95%CI=1.02–1.71) compared to those who did not (70). Furthermore, one cross-sectional 

study found an increase in workers’ satisfaction with employee relations and extrinsic 

satisfaction with working conditions was associated with increased levels of strain (118). 
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2.4.6 Sleep problems and fatigue  

Perceived sleep problem. Studies’ findings were inconsistent. Seven studies examined 

the levels of perceived sleep problems using self-rating (93,110,123) and checklists 

(89,107,118,128). Of these, three cross-sectional studies reported a prevalence ranging from 

45-79.4% for perceived sleep problems during work periods (93,110,123). Based on the 

sample mean scores of scales used, three studies reported scores below the threshold for 

subjective sleep problems (i.e., low levels) (89,107,128) whereas one study reported 

moderate levels for sleep difficulties (118) during work periods. Similarly, one longitudinal 

study also reported workers show no sleep deterioration over a 2-year period (89). 

Evidence from a qualitative study showed offshore workers experience poor sleep 

during the first and the last 2-3 days of the leave periods (102). 

Sleep duration. Evidence from the studies was mixed but generally suggested short 

sleep duration in rotation workers during work periods. Fourteen studies examined sleep 

duration among rotation workers (52,53,85,87,98,108,113,121,122,124,125,140,142,143). Of 

these, two cross-sectional studies reported that 33.1-51.2% of workers slept for less than 6 

hours during work periods (108,140). Four longitudinal studies (87,98,142,143) further 

reported shorter sleep duration of less than 7hrs during work periods; with offshore rotation 

workers reporting an average acute sleep loss of 1.32 hrs per day (95%CI: 88.6–94.9mins), 

and chronic sleep loss of 21.20 hrs (SD=08.10hrs) per rotation or work period (87). Seven of 

the studies compared and found shorter sleep duration during on-shifts than on off-shifts, for 

both day and night shifts (52,53,85,113,121,122,124,125). For instance, one longitudinal 

study found ‘total sleep time’ for days off (7.0±1.9hrs) was longer than day (6.0±1.0hrs) and 

night (6.2±1.6hrs) shifts (p<.001) (52). Another longitudinal study reported short ‘total sleep 

time’ during work periods for both day (6.1±1.0 hrs) and night (5.7±1.5 hrs) shifts than days 

off (7.3±1.2 hrs) (p<.0001) (53). However, in two of the studies comparing sleep among 
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offshore rotation workers and non-rotation onshore oil workers, one cross-sectional study 

showed longer sleep duration among offshore workers than onshore petroleum workers 

during day-(6.84±1.00 hrs vs 6.58±0.96 hrs) and night- (6.57±1.38 hrs vs 5.62±1.33 hrs) 

shifts (p<.001) (113), while another showed long sleep duration on night shifts (7.20±1.3 hrs 

vs 5.86±1.26 hrs) but shorter on day shifts (6.99±1.18 hrs vs 7.07±0.82 hrs) than onshore 

petroleum workers (p <.0001) (124). 

Sleep quality. Studies’ findings were mixed but generally suggested poor sleep 

quality in rotation workers during work periods. Thirteen studies examined sleep quality 

among rotation workers. Using cut-points on validated scales, three studies found a 

prevalence (67-72%) of poor sleep quality among offshore rotation workers (109,111,140). 

Ten of the studies examined sleep quality during work and leave periods. In eight of the 

studies, sample means based on the scales used, suggested generally poor sleep quality on 

both day-shifts and night-shifts compared to leave periods (13,85,91,113,121,122,124,125). 

For instance, one longitudinal study found sleep quality was lower (on a scale of 1-5) during 

on-shift periods (3.3±0.8) compared to pre-on-shift (3.5±0.8) and post-on-shift (3.5±0.8) days 

(p<0.001) (85). 

However, two studies showed better sleep quality during work periods (52,95). For 

example, one longitudinal study found no significant differences in sleep quality during on-

shifts (both day and night shifts) and off-shift days among onshore rotation workers (52). The 

other longitudinal study among onshore rotation workers found high sleep efficiency and 

good sleep quality but decreased towards to end of the work period (95). Furthermore, two 

cross-sectional studies compared sleep quality and found better sleep quality among offshore 

workers than onshore petroleum workers during day shifts (113) and night shifts (113,124). 

Sleepiness and insomnia. Studies show sleepiness and insomnia among rotation 

workers. Five studies examined sleepiness and insomnia among rotation workers using cut-
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points (91,93,140) and symptoms checklist (85,91,93,95,140). Two of these studies found a 

23.3-27.0% prevalence of Shift Work Disorder characterised by excessive sleepiness and 

insomnia (93,140), and one of the studies reported 67% of offshore rotation workers had 

insomnia (140). Based on the mean scores of scales used, the sample means suggested high 

levels of sleepiness and insomnia during work periods in three studies (85,91,95). For 

example, one longitudinal study found more insomnia complaints (higher score on a scale of 

0-42) at the end of work periods compared to the start of a two-week work period (13.8±9.6 

vs 7.1±6.8; p<0.0005) (91). Another longitudinal study reported complaints of insufficient 

sleep increased across 1 year period while severe sleepiness accumulated across the work 

period and was highest on the last morning shifts during work periods (95). Additionally, 

another longitudinal study found morning sleepiness levels was highest during work periods, 

whilst evening sleepiness also increased during offshore work periods and decreased during 

post-offshore work period (85). 

Fatigue. Findings from studies suggested high fatigue during work periods. Seven 

studies examined fatigue among rotation workers using cut-points (88), self-ratings 

(86,87,95) and symptoms checklist (53,98,107). Based on the mean scores of the scale used, 

the sample means suggested high levels of fatigue during work periods in five studies 

(53,86,87,95,98) and generally low fatigue in one study (107). Another cross-sectional study 

reported 73% of offshore rotation workers indicated experiencing prolonged fatigue during 

on-shift periods (88). A longitudinal study reported fatigue was lower during pre-shift than 

post-shift periods, but increased and accumulated faster by 0.03 points per day (on a 1-9 

scale) (95%CI: 0.00–0.07; p=0.037) in post-shifts compared to pre-shift periods (87). A 

similar longitudinal study found that daily subjective post-shift fatigue increased by 0.05 

points per day (on a 1-9 scale) (95%CI=0.02-0.08, p=0.004) and over a 2-week offshore work 

period (86), though daily objective fatigue (e.g., performance on a reaction time task 



47 
 

measured by reaction times) was stable (1.00; 95%CI=0.99-1.00) over the course of the 

offshore work period (86). Another longitudinal study reported among onshore rotation 

workers critical levels of fatigue at the end of day 1 to 3 of night shifts and after the 7th day of 

a day shift (98). Furthermore, onshore rotation workers reported higher pre- and post-sleep 

fatigue and significantly higher post-sleep fatigue ratings during onsite days for both day and 

night shifts than days off in another longitudinal study (53). 

Similarly, two qualitative studies reported onshore and offshore rotation workers 

indicated fatigue as one of their main occupational health and safety issues (88,148). Another 

qualitative study reported fatigue among some onshore rotation workers which was indicated 

to affect their mood and social life at home (39). 

2.4.7 Predictors of sleep and fatigue 

Shift/roster pattern. Evidence showed working night shift and/or swing/rotation shift 

was likely to be associated with more sleep problems than working day shifts. Four studies 

examined the relationship between general sleep problems and roster/shift patterns 

(10,123,141). Three of the studies found night/swing shifts to be related to sleep problems 

(10,123,141). One cross-sectional study found workers on night/swing shifts were at 

increased risk of more sleep problems compared to day workers (RR=1.81; 95%CI=1.36-

2.42, p<0.001) (123). Additionally, one longitudinal study reported sleep efficacy was higher 

among offshore day shift workers than night (93% vs 88%; p<0.001) and swing shift workers 

(93% vs 88%; p<0.05) (141). However, a longitudinal study reported subjective sleepiness 

did not differ between day-, night- and swing shift work periods (156). 

Four studies examined the relationship between sleep duration and roster/shift 

patterns. Three studies found night- and/or swing- shifts to be related to short sleep duration 

(10,121,141). For instance, one cross-sectional study found workers on a fixed-day shift 

reported significantly longer sleep duration than those on a swing shift (nights-to-day 
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shift;7N/7D) (121). Another cross-sectional study found more night/swing shift workers to 

have short sleep episodes than day shift workers (44.1% vs 16.3%; p<0.01) (10). However, a 

cross-sectional study among offshore rotation workers documented longer sleep duration in 

swing-shift workers than day shift workers (94). 

Eight studies examined the relationship between sleep quality and roster/shift patterns 

and evidence was unclear. Three of the studies reported night and/or swing shift was related 

to poor sleep quality (121,126,146). For instance, one longitudinal study found night shift and 

swing shift workers reported poor sleep quality throughout the 14 days of leave periods than 

day shift workers (146). In contrast, two studies found better sleep quality working night and 

swing shifts (124,141). One of the studies showed better sleep quality (higher score on a scale 

of 0-6) in night shift workers than day shifts workers (3.66±1.03 vs 3.20±1.84; p<0.01) (124). 

The other longitudinal study reported better sleep quality (higher score on a scale of 1-5) 

during swing shifts than during day (3.40±0.49 vs 3.37±0.61; p<0.01) and night (3.40±0.49 

vs 3.32±0.62; p<0.05) shifts for the first week of work period (141).  

Three other studies found no significant relationship between sleep quality and shift 

schedules (52,91,111). For example, one longitudinal study reported no significant 

differences in the proportion of workers with better sleep quality at the start (27.8% vs 

26.9%; p=0.96) and end (33.3% vs 44.1%; p=0.09) of the work period between day and 

swing shifts (91). Another cross-sectional study reported no differences in the proportion of 

workers with impaired sleep quality working fixed day (66.1%), fixed night (66.6%) and 

swing (83.3%) shifts (p=0.34) (111). 

Only two studies examined the relationship between fatigue and shift/roster pattern. A 

longitudinal study found pre-sleep fatigue was higher in working night shifts compared to 

day shifts, but recovery of sleep on night shift was higher than on day shift (53). In contrast, 

another longitudinal study reported no significant differences in fatigue measures such as 
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physical and mental tiredness during night shift, and swing shift compared to day shift 

workers (146).  

Qualitative evidence study showed perceived high fatigue among onshore rotation 

attributed to roster patterns and sleep difficulties which improved after a change of roster 

from a rapid swing roster of 7 nights on/7 days on/ 7 days off to a longer swing roster of 8 

days on/ 6 day off/ 8 night on/ 6 days off (148). Another qualitative study suggested high 

perceived fatigue was attributed to the long shift hours of rotation work (88).  

Job demand and control. Two studies reported job demands and control were 

associated with sleep problems (9,125). One cross-sectional study reported an increase in 

workload was associated with decreased sleep duration (125). Furthermore, an increase in job 

demands among older rotation workers was associated with decreased sleep quality than in 

their younger counterparts (125). Similarly, Parkes in a cross-sectional study reported an 

increase in job demand was associated with reduced sleep duration in rotation workers who 

work overtime (9). One cross-sectional study reported an increase in job control was also 

associated with increased sleep quality (125).  

Three cross-sectional studies reported working overtime was associated with short 

sleep duration and poor sleep quality (9,121,122). For instance, one of the studies found 

offshore rotation workers working overtime of >16 hrs per week during night shifts were 

associated with short sleep duration than those not working overtime (121). Another study 

found an increase in working overtime was associated with decreased sleep quality among 

day-shift workers (9). 

Social support. Two cross-sectional studies found social support was associated with 

longer sleep duration and better sleep quality (9,125). One of the studies found an increase in 

social support was related to increased sleep quality and sleep duration in day-shift rotation 
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workers (125). The other study reported an increase in support from supervisors was 

associated with increased sleep duration in day shift workers working overtime (9).  

Other occupational stressors. One cross-sectional study found an increase in risk 

perception to be associated with reduced sleep quality (126). Further, the study reported an 

increase in perceived safety climate was associated with increased subjective sleep quality 

(126).  

Three cross-sectional studies reported adverse physical environment was associated 

with sleep problems (9,123,125). For instance, one of the studies reported workers with a 

high perception of adverse physical environment had an increased risk of sleep problems 

(RR=1.16; 95%CI=1.01-1.33, p<0.05) (123). Two of the studies reported an increase in 

perceived adverse physical environment was associated with decreased sleep quality among 

offshore rotation workers (9,125).   

A longitudinal study also found the increase in motion of offshore platforms was 

related to a high incidence of physical tiredness, mental tiredness, poor sleep quality, and 

short sleep duration (144). Similarly, qualitative evidence showed that rotation workers 

perceived sleep disturbances to be caused by work environmental stressors such as motion 

and noise of platforms, and accommodation arrangements (88). 

2.4.8 Lifestyle behaviours 

Alcohol consumption. Studies showed higher alcohol consumption among rotation 

workers on off-shift days than in other workgroups and the general population. Eight studies 

described the regular alcohol intake of rotation workers (13,72,88,92,105,109,138): the 

proportion of consuming ‘any’ alcohol ranged from 22.1-84.1% across three studies 

(72,88,138) and the proportion consuming alcohol above recognized safe limits ranged from 

16.0-54.3% across four studies (72,92,105,109). One longitudinal study found alcohol 



51 
 

consumption was typically within the healthy consumption limit (average 1.05 standard 

drinks/day) among onshore workers across both on and off-shift days (13).  

Furthermore, two longitudinal studies reported inconsistent drinking among rotation 

workers during on-shift days; one documented that drinking on on-shift days was at high-risk 

levels [median 3.0 (inter-quartile range (IQR) 2.0-6.0) standard drinks per session] (72) while 

the other reported daily drinking of average: 2(1.7-2.8 units/day) during day shifts and 

1(median 0.6-1.4 units/day) during night shifts (98). Similarly, two other longitudinal studies 

compared drinking on on-shift days to off-shift days (13,98); and one of the studies reported 

drinking was less during on-shift days compared to off-shift days (13). Muller et al also 

reported rotation workers on off-shift days engage in high-risk drinking with a median of 6 

(IQR 3–10) standard drinks per session and a median of 4 (IQR 2–6) standard drinks per 

session during on-shift (98).  

Additionally, three cross-sectional studies compared drinking in rotation workers with 

non-rotation workgroups and the general population and found drinking to be consistently 

higher among rotation workers (99,105,132). One study with a comparison group compared 

rotation workers to onshore non-rotation workers and found more rotation workers drink 

alcohol at levels that have a high risk for both short-term health (more than four alcoholic 

drinks per day) [29.8%; 95%CI=22.8–36.8 vs 21.5%; 95%CI=20.2–22.9] and long-term 

health (more than two alcoholic drinks per day) [64.7%; 95%CI=57.5–71.9 vs 50.9%; 

95%CI=49.4–52.4] harm (p<0.01) (99). Another study did not recruit a comparison group, 

only comparing the means of alcohol intake per week among offshore rotation manual 

workers to secondary data sources in onshore non-rotation manual industrial male workers, 

and reported statistically significantly higher mean units of alcohol intake per week among 

offshore rotation workers (49.3 units vs 21.4 units, p<0.005) (105). 
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One study recruited a general population comparison group, compared onshore 

rotation workers to non-rotation fathers and found higher alcohol intake scores on an AUDIT 

scale (i.e., high alcohol intake) in rotation workers drink than in non-rotation work fathers 

(5.52±3.97 vs 3.50±2.86, p<0.05) (132). Another study did not recruit a general population 

comparison group, only comparing the prevalence of drinking among offshore rotation 

workers to secondary data source among the general male population, and reported a higher 

prevalence of heavy drinkers among offshore rotation workers (approx. 30% vs 10% heavy 

drinkers) (105).  

Similarly, two qualitative studies (39,149) described onshore work camps as having a 

strong 'culture of drinking’ (149), and another qualitative study (100) noted some offshore 

workers indicated that the high levels of alcohol consumption among offshore workers should 

change.  

Illicit drug use. Studies examining drug use among rotation workers were limited. 

Only two cross-sectional studies examined drug use and reported mixed findings: one cross-

sectional study found 33% of onshore mining rotation workers were illicit drug users with 4% 

being previous drug users (29); however, another cross-sectional study reported 5.2% of 

offshore rotation workers were illicit drug users (109). 

Smoking. Studies examining smoking suggested high smoking among rotation during 

on-shift days than off-shift days and non-rotation workgroups. Fourteen studies described 

regular smoking in rotation workers and of these, twelve studies showed a prevalence of 

smoking ranging from 17.7-47.1% across onshore and offshore rotation workers 

(52,88,91,92,98,99,109,111–113,138,147). One cross-sectional study reported a low 

proportion (3.3%) of smokers among onshore rotation workers (110). Two studies examined 

the number of cigarettes smoked and reported rotation workers smoked on average 
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13.22±8.46 cigarettes per day across both on-and off-shift days in a daily diary study (13) and 

a mean pack of 3.03±1.9 per day during on-shift days in a cross-sectional study (88).  

Two cross-sectional studies with comparison groups, compared smoking among 

rotation workers to other non-rotation workgroups and reported smoking prevalence to be 

consistently higher among rotation workers than onshore non-rotation petroleum workers 

(33.6% vs 20.6%; p<0.001) (113) and other employment arrangements (26.7%; 

95%CI=20.5–33.0 vs 17.4%; 95%CI=16.3–18.5, p<0.01) (99). One daily study examined 

smoking during on-shift days and off-shift days and reported rotation workers during on-shift 

days significantly smoke more cigarettes compared to off-shift days (13).  

Likewise, evidence from two qualitative studies showed smoking was common on-

shift days but not a behaviour accepted by all workers (88), with some workers suggesting 

smoking behaviour should change (100). 

Physical activity. Studies reviewed suggested rotation workers engage in physical 

activity. Six studies examined the prevalence of physical activity among rotation workers 

(72,108–110,138,139): five studies reported proportions ranging from 46.7-97.0% to engage 

in regular physical activity/exercise (72,108–110,139) but one other study reported a high 

proportion (63.1%) of offshore rotation workers do not engage in any leisure-time exercises 

after work (138). Four studies examined physical activity/exercise during either on-shift days 

(72,98,108) or off-shift days (98,139), and documented high levels of physical activity/leisure 

time exercises at least 2 or more days per week. Two longitudinal studies compared physical 

activity on on-shift days to off-shift days (13,98). Rebar et al reported workers during on-

shift days engage in less minutes of exercises and relaxations compared to off-shift days (13), 

but Muller et al reported rotation workers engaged in >30 min of vigorous exercise for more 

days on on-shift days (median 5 days per week) against median 4 days per week during off-

shift days (98). 
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One cross-sectional study with comparison groups examined physical 

activity/exercise among the rotation work and non-rotation workgroups and reported the 

proportion of rotation workers who engaged in inadequate physical activity/exercise during 

leisure time or work (<30 minutes of physical activity) was not statistically different from 

that of other employment arrangements (40.4%; 95%CI=33.5–47.4 vs 46.2; 95%CI=44.8–

47.6, p>0.05) (99).  

Qualitative evidence was mixed for onshore and offshore workers. A qualitative study 

reported that most onshore rotation workers engage in sporting activities more than once a 

week (149). However, another qualitative study discussed how some offshore rotation 

workers emphasised the need for a change in behaviour toward increasing physical activity 

(100).  

Diet/nutrition and BMI. Studies suggested poor nutrition or eating behaviour among 

rotation workers at worksites. Four studies reported perceived poor food/diet quality during 

work periods (13,88,103,106). Oshaug et al reported high consumption of fats and 

carbohydrates at offshore worksites (103). Another cross-sectional study found a large 

proportion of offshore rotation workers (45.1%) did not meet the dietary requirement of 

healthy eating of fruits and vegetables (5 per day fruit and vegetable intake) during on-shift 

days (109). A cross-sectional study compared nutrition intake on-shift to the general dietary 

recommendations and reported offshore workers’ diet may in the long term predispose them 

to coronary artery disease (103). One longitudinal study compared onshore workers’ 

perception of nutrition on on-shift days to off-shift days and reported workers during on-shift 

days perceived their nutritional intake to be poorer compared to off-shift days (13). One 

cross-sectional study examined the diet among the onshore rotation workers and other 

workgroups and reported high proportions of workers consuming insufficient fruits (48.9% vs 
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47.7%) and vegetables (87.7% vs 87.9%) but there were no differences between rotation 

workers and other non-rotation employment (99).  

Similarly, two qualitative evidence (88,100), also highlighted the unhealthy eating 

behaviours of offshore rotation workers and workers indicated the unhealthy behaviour 

should change (100). 

Sixteen studies reported an average BMI of 26.6±3.1kgm-2 (range 22.7-28.9) 

(10,52,85,87,88,96–98,108,112,133,140,142,143,147,156) indicating rotation workers are 

usually overweight. Eight studies further reported a large proportion (40.0-76.0%) of rotation 

workers as being overweight (88,97,99,109,110,112,134,147). Six studies also reported a 

large proportion (5.5-30.0%) of rotation workers as being obese (88,97,109,112,134,147).  

Three studies compared the BMI of rotation workers to other populations (97,99,134). 

One cross-sectional study compared onshore rotation workers with non-rotation workgroups 

and found a higher proportion of overweight and obesity among rotation workers than in non-

rotation workgroups (79.3%; 95%CI=73.2–85.5 vs 68.0%; 95%CI=66.7–69.4, p<0.01) (99). 

No study recruited a general population comparison group, only comparing BMI to 

secondary data sources of the general population, found a statistically significantly higher 

prevalence of overweightness/obesity in offshore rotation workers than in the general 

population (97,134). For instance, one of the studies found a higher prevalence of 

overweightness among rotation workers aged 40-49 years compared to the same age group in 

the general population (66.2% vs 50.0%, p<0.05) (97). 

2.4.9 Predictors of lifestyle behaviours  

Social support. One cross-sectional study found offshore rotation workers who lack 

social support from supervisors were less likely to smoke (OR=0.34; 95%CI=0.18-0.65), and 

those who lack support from friends were less likely to consume alcohol (OR=0.54; 

95%CI=0.32-0.96) compared to those who had support (138). Further, the study found 
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workers who do have support from both supervisors (OR=1.74; 95%CI=1.113-2.65) and 

friends (OR=1.68; 95%CI=1.06-2.42) were more likely to engage in leisure-time physical 

activities (138).  

Evidence from two qualitative studies (39,149) suggested alcohol consumption in 

onshore mining rotation workers at work camps was promoted by a ‘culture of drinking’ that 

influences workers to take part in drinking if they were to fit in the social work environment 

(39). 

Occupational stress. One cross-sectional study found workers who were stressed 

from the interface between job and family/social life (OR=1.32; 95%CI=1.02-1.70) and 

organizational structure (OR=1.35; 95%CI=1.06-1.74) were more likely to be current 

consumers of alcohol compared to those who were not stressed (138). Further, the study 

found workers who experience high stress from safety concerns were less likely to smoke 

(OR=0.74; 95%CI=0.58-0.94) and more likely not to undertake leisure-time physical 

activities (OR=1.44; 95%CI=1.16-1.79) compared to those who did not (138).  

Job type. One cross-sectional study demonstrated job type, i.e., working as a manual 

worker was significantly related to higher alcohol consumption than those in executive roles 

(49.3 vs 29.5 mean units per week; p<0.005) (105).  

Other working conditions. Qualitative evidence also cited improvement and 

maintenance of exercise facilities (100,149) and other work-related characteristics including 

time constraints due to ‘long shift hours and travels times’ as barriers to engaging in physical 

activities/exercises (149). Two other qualitative studies explored rotation workers’ perception 

of a healthy diet (88,100) and indicated workers perceived unhealthy eating of rotation 

workers to be connected to the availability of unhealthy food or easy access to unhealthy 

foods at worksites.  
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2.5 Discussion 

2.5.1 Main findings 

This review summarised studies investigating the health and well-being outcomes 

associated with rotation work. The findings of this review may guide and inform policy and 

strategies aimed at improving the health of rotation workers. Ninety studies with outcome 

data on mental health and well-being, physical health, sleep problems and lifestyle health-

rated behaviours among rotation workers in the offshore oil and gas, mining and construction 

sectors were included. Evidence from the studies included in the review was unclear 

concerning rotation workers’ mental health status. However, many studies suggested poor 

mental health and well-being of rotation workers and particularly onshore rotation workers 

being more likely to experience psychological distress and suicide risk than the general 

population (27,28,33,158). This finding mirrored that of a previous review of studies with 

onshore rotation workers where findings, although inconsistent, pointed to a negative impact 

of rotation work on the mental health of onshore rotation workers (7). The differences in 

measurement tools including differences in measures used and the length of recall of 

measurement between the included studies could potentially account for the inconsistent 

study findings. Some studies have employed mental health outcome measures based on recall 

over the last 30 days whereas others have used a recall over the last 7 days or recent 

experiences. These differences may reflect inconsistencies in the experiences of mental health 

and/or capturing of the general mental health of workers across the work phases (on and off-

shifts) of rosters, as has been demonstrated that retrospective studies employing different 

recall periods are often not comparable (159). It is worth noting for future studies that studies 

using particularly Kessler psychological distress (K10) scale demonstrated consistent 

findings of high mental distress among rotation workers compared to others, and in line with 
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previous suggestions, may well be possible to record the mental health of workers in general 

and across a complete roster cycle (7). 

Evidence from the qualitative studies highlighted rotation workers are faced with 

distress from, for instance, the difficulties of balancing work and home/social life 

(15,88,102,152) and maintaining family and social relationships, loneliness and social 

isolation (15,39,152), and worries of overburdening partners with domestic chores (15,39). 

These point to difficulties for workers in adjusting and maintaining balance in life 

contributing to negative mental health and well-being, concurring with another review in a 

general population showing that working irregular shift work schedules was associated with 

poorer mental health (160). These findings suggest the need for interventions aimed at 

helping the worker to adapt and maintain balance in life, which may include improved 

communication with families and social support (15). 

There was evidence to show that rotation workers perceived their general physical 

health as good or very good, with suggested few subjective health complaints and of better 

physical quality of life. Rotation workers are indicated to be a self-selected population in that 

those who can adapt to the demands and challenges of rotation work remain in the workforce 

(68). Generally, rotation workers are a physically healthy population (68), but there was 

limited information on mental health as most surveys relied on single items, which could not 

capture the complexities and dimensions of mental health. However, included studies 

suggested offshore rotation workers have a high prevalence of musculoskeletal disorders, and 

finding on gastric problems was unclear. The findings on gastric problems suggest the need 

for more studies as a previous review has found evidence suggesting an association between 

offshore rotation work shift pattern and gastric complaints (68). Furthermore, there is 

available evidence that links shift work to gastric problems as shift work disrupts the 

connection between eating times and diurnal stages of digestive functions such as secretion of 
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gastric juice (161) and the job and environmental stress associated with rotation work 

propagates smoking, alcohol intake and less physical activity which promote gastric problems 

(69). Evidence on musculoskeletal disorders is in accordance with the findings reported by a 

previous review among offshore rotation workers (74). Musculoskeletal pain has been 

indicated to be a consequence of work-related activity and stress (70,154) and rotation work 

regarded as a stressful workplace and demanding lifestyle (162) could account for the 

reported musculoskeletal disorders among rotation workers.  

There was evidence that suggests that rotation workers during work periods or on-

shift days experience sleep problems, particularly short sleep duration, poor sleep quality and 

sleepiness. Similarly, earlier reviews have identified sleep as a concern for onshore rotation 

workers (7) and highlighted sleep problems among offshore rotation workers (74). This is 

similar to other sectors such as healthcare workers with studies suggesting that long work 

hours (12 hrs or more) negatively affect sleeping patterns (163). A systematic review has also 

found working shifts, particularly night and early morning shifts to be associated with sleep 

disturbances (164). With rotation workers in the resources sector engaged in long work hours 

typically 12 hours per shift (1,68) and working days compressed into day and/or night shift 

patterns (68), could explain the associated sleep problems. Shift work and long shifts are 

indicated to unsettle the ‘circadian rhythm’ (165) leading to sleep disturbances (166). 

Furthermore, a prevalence of 23.3-27% of Shift Work Disorder (SWD) was found in the 

current review. Working shift is indicated to be associated with the risk of shift work 

disorder, and a previous review found an estimated prevalence of 10-23% of SWD among 

rotating shift and night shift workers (166). Differences observed could be due to the 

differences in methods used by studies (68,75). 

We found rotation workers working day shifts to have better sleep outcomes, 

particularly longer sleep duration than those working on night and swing shift patterns. This 
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is in agreement with the findings from previous reviews among petroleum rotation workers 

(68,75) where working night and swing shifts were associated with sleep disruptions. Night 

work disrupts the normal sleep-wake periods (167) and night shifts have been associated with 

sleep loss and other health consequences such as obesity, cancer diabetes and coronary heart 

disease (164). McKenna and Wilkes have documented unimpeded morning sleep ‘before the 

first shift’ coupled with afternoon naps could reduce sleep debt prior to starting a roster of 

night shifts (167). Organizations could encourage workers to take uninterrupted sleep the day 

before commuting to worksites (167); and look at instituting long changeovers of possibly 

more than a 24-hour change window, particularly for workers on swing shifts who may 

change from day shifts to night nights to allow for enough sleep (52). Furthermore, 

organizations could create an enabling environment such as reducing noise and light, and 

competing social activities (53) at campsites to promote sleep after a night shift to enable the 

necessary recovery of sleep. 

The evidence reviewed showed a high level of fatigue among rotation workers, which 

increases and accumulates over the course of work periods. Findings from a previous review 

have also highlighted increased fatigue among offshore rotation workers (68). Fatigue among 

rotation workers has been indicated to be due to the long work hours (68,88), roster length 

(98) and sleep disturbances (39,148). Working long hours (>12 hrs) (168) and shifts (169) 

have also been found to be associated with high fatigue among other work populations. A 

high level of fatigue is detrimental to performance and safety (98), particularly in a critical 

safety risk resource industry. Strategies aimed at training workers could include ways to 

identify and mitigate fatigue and allow for breaks and enough periods between shifts for rest 

and recovery (52) amongst others as ‘successive days-on-shift and chronic sleep loss’ 

increase the risk of fatigue (87). 
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Studies reviewed showed a high intake of alcohol in rotation workers during off-shift 

days. Studies provided information on the pattern of drinking of rotation workers as high 

above safe limits (72,88,105,109), and very high on off-shift days (13,72,98), and higher than 

other workgroups(99) and general male population (105,132). These findings are in 

accordance with the findings of previous reviews on onshore rotation workers (7) and 

offshore rotation workers (74), which reported high alcohol consumption. Men typically 

drink more alcohol than women; with per capita consumption of ‘19.4 litres’ compared to 

‘7.0 litres’ of undiluted alcohol among women drinkers (170), and with rotation workers 

being predominately males (7,68,162) could explain the high level of alcohol intake among 

this working group. Furthermore, the social environment of rotation worksites, particularly 

onshore sites (e.g., in Australia) has been reported as supportive of alcohol drinking as 

workers take up drinking to socially fit at the worksite (39,149). Alcohol consumption, 

particularly among offshore workers during off-shift days has also been indicated to be an 

expression of freedom from the worksite (171). Given that risky alcohol consumption is a 

major cause of disability and poor health and contributes to several deaths (172), and as 

suggested by Rebar et al interventions should target both on-site and off-site drinking among 

rotation workers taking into account personal, social and environmental factors that promote 

the intake of alcohol at risky levels (13). This may include the restriction of the availability of 

alcohol at onshore worksites and increasing awareness of the negative health consequences of 

risky alcohol intake (172).  

Evidence on illicit drug use was limited with findings not showing any clear direction 

of use among rotation workers; therefore, further research examining the use of illicit drugs 

among rotation workers is required. 

Smoking among rotation workers was high (99,109,138) and suggested to be higher 

than in other workgroups (99,113) and during on-shift days than off-shift days (13). 
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Similarly, a narrative review has also highlighted a high prevalence of smoking among 

offshore rotation workers (74). It has been documented that smoking and the desire to smoke 

are associated with experiencing high levels of stress (173) as such the stressful work 

conditions associated with rotation work arrangement (74,162) could be driving rotation 

workers to smoke. Smoking is recognised as a major cause of several health conditions and 

premature death, and with no safe limits (174). Therefore, evidence from the review suggests 

the need to provide health interventions that are aimed at the cessation of smoking such as 

group behaviour therapy and individual counselling (175), which could include stress 

management for rotation workers (13). 

The main findings from included studies regarding physical activity suggested a large 

proportion of workers engage in regular leisure-time physical activity/exercise (72,108–

110,139), during either on-shift days (72,98,108) or off-shift days (98,139). A previous 

review also reported offshore rotation workers engaging in physical activity mostly on off-

shift days (74). Rotation worksites usually provide recreational facilities (68,149), which may 

have encouraged rotation workers to engage in physical activity/exercise and help maintain 

fitness (39). Nonetheless, engaging in physical activities/exercises on-site has been indicated 

to be restricted by long working hours and fatigue/tiredness from work (149). Long working 

hours are one of the many negative aspects of rotation work arrangements. 

The studies reviewed on nutrition/diet reported findings that suggest poor nutrition 

among rotation workers at worksites. This is in line with the findings of a previous review 

where offshore rotation workers perceived their diet as unhealthy (74). Easy access to or 

availability of unhealthy food at worksites has been noted to promote the unhealthy eating 

behaviour of workers (88,100). The unavailability of healthy food has been identified as a 

barrier to healthy eating in workers (176) and one study has demonstrated that providing shift 

workers with healthy foods effectively improved their dietary intake during working days 
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(177). Only one study (13) examined nutrition during off-site in relation to on-site days as 

such not much is known about rotation workers' nutrition during leave periods. Furthermore, 

studies found high levels of overweight and obesity among rotation workers compared to the 

general population. A similar finding was reported in a previous review among offshore 

rotation workers (74). The intake of unhealthy foods has been indicated to be linked to 

obesity (178). The unhealthy eating behaviour among rotation workers is likely to explain the 

findings on overweight and obesity. Evidence, therefore, suggests the need to provide healthy 

food options at rotation worksites which could improve the dietary intake of rotation workers 

(177). 

2.5.2 Work-related factors associated with health outcomes of rotation workers 

The evidence reviewed suggested a wide range of work-related factors determining 

mental health outcomes in rotation workers. These included job demands (job task, workload 

and emotional demands), roster and shift length, occupational stressors, work-home 

interference, leadership style, job control/autonomy, role clarity, workplace bullying, and 

social support. 

Evidence on factors determining physical health, sleep problems and lifestyle 

behaviours were scarce to make firm conclusions, but potentially suggest perceived physical 

health and complaints to be associated with job type, job demands and occupational stressors; 

shift pattern (swing shift), social support and occupational stressors to be associated to gastric 

problems while job type, shift pattern, and occupational stressors (physical 

environment/workplace) to be associated with musculoskeletal disorders. Furthermore, sleep 

problems were associated with shift/roster patterns (night/swing shifts), job demands and 

control (workload, working overtime, long shift hours), environmental stressors (safety 

climate, risk perception, adverse physical environment) and social support; and lifestyle 

behaviours were associated with social support, occupation stress from work-home 
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interference and safety climate, job type, long work hours, availability of unhealthy food, and 

management of recreational facilities. Although most of the factors identified sit either within 

the JDR model or are FIFO specific work design factors, it may be suggested that more 

pronounced demands/less support are most consistently associated with the health outcomes 

of FIFO workers, particularly in the explanation of worse mental health outcomes. 

The findings from the review align with the Job Demands-Resources (JD-R) Model 

(37,162). The JD-R Model stipulates two different categories of intrinsic occupational risk 

factors: job demands and resources which through “two underlying psychological processes 

play a role in the development of job strain and motivation” (p313) to influence the well-

being of workers (37). These risk factors are the physical, psychological, social, or 

organisational components of a job. Job demands such as job tasks, workload, emotional 

demands, high work pressure, harsh physical environment etc. necessitate sustained mental, 

emotional or physical effort or skills to deal with and contribute to job strain (37). Job 

resources such as job control/autonomy, role clarity, job security, and social support help in 

attaining work goals and/or reduce job demands and the associated negative (physiological 

and psychological) effects, arouse personal learning, and development, and contribute to 

motivation (37,162). Vojnovic et al have discussed similar work-related factors and have 

stated rotation work is inherent with several job demands and as such available job resources 

are particularly significant and should be maximised to mitigate employee strain, and 

subsequent health (162). More research is needed to further examine the work-related factors 

associated with the health indicators particularly the physical health outcomes, sleep 

problems and lifestyle behaviours of rotation workers.  

2.5.3 Strengths and limitations 

This systematic review has several strengths; it provided a comprehensive overview 

of factors associated with the health and well-being of rotation workers in the resources 
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industry, assessing the literature across different work sectors, countries and all relevant 

health indicators (covering factors associated with mental and physical health). The inclusion 

of quantitative and qualitative findings was also a strength as qualitative findings support 

quantitative evidence by giving in-depth insights into the health outcomes of rotation work, 

and mixed evidence synthesis has been indicated to enrich the effectiveness of findings and 

decision-making. 

This review is not without limitations that should be acknowledged. The review 

included only published research and as such, the results of the study might be subject to 

publication bias. Only studies published in English were included which may have limited the 

scope, but there is evidence that suggests no systematic bias in reviews where only studies 

written in English are included (179). The review did not include other health behaviours 

(e.g., sedentary behaviours), which may be relevant to the FIFO work population. For 

instance, many of the FIFO roles may entail sitting/driving for most of the 12 hour shift and 

as such sedentary behaviours may be worth considering in future studies. The review only 

reviewed significant work-related factors determining health outcomes and health-related 

behaviours. However, there is evidence of socio-demographic characteristics that are 

associated with health outcomes and also moderate the associations between work-related 

factors determining health outcomes (162), which could be explored by future reviews. 

2.5.4 Limitations of the assessed iterature 

There are few longitudinal studies on health outcome measures, however, the 

available cross-sectional studies assessed extensively mental health outcomes with a few 

investigating physical health and health-related behaviour outcomes. Furthermore, most of 

the studies have used cross-sectional designs and as such making causal interpretations of the 

findings from these studies is limited.  
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Studies included had a greatly varied number of participants; quantitative studies 

included participants ranging from n=19 (90) to n=9,945 (116), with several studies including 

small sample sizes (33,110,132,140), which affect their conclusions. The qualitative studies 

included study participants ranging from n=7 (149) to n=68 (88), and while the sample is 

suitable for the kind of method used, it does not reflect the entirety of the rotation work 

population (7).  

A vast majority of the studies selected study participants using a non-probability 

convenience sampling technique which has been indicated to be a suitable way to draw 

responses from a mobile population such as rotation workers (110). This may, however, 

result in the non-representativeness of the recruited sample. It is also possible that certain 

characteristics of participants may influence their participation, thus those most negatively 

impacted by rotation work may be more likely to take part in the survey or equally may be 

more likely not to take part in the study (7). Some of the studies particularly those that 

examined health-related behaviours also used non-validated measures which affect the rigour 

in methods (7). Again the findings of some of the studies were descriptive, e.g.,(105,108,116) 

and as such interpretations and drawing of general conclusions from the findings of these 

studies should be done with caution. 

2.5.5 Implications for policy and future research 

Addressing health challenges faced by rotation workers should be a key task for 

policymakers and resource industry management. In this regard, organisations should support 

interventions that identify, prioritise and mitigate mental and physical health problems and 

promote behavioural changes. Such interventions should also create workplace environments 

that minimise the negative aspects of rotation workstyle and maximise the positive aspects to 

support rotation workers to reduce job stress and promote health. 
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There is clear evidence that considerable efforts are being made in understanding the 

well-being of rotation workers. However, there is still inconsistency in the findings, 

particularly on mental health outcomes such as psychological distress (depression, anxiety, 

and stress) and well-being that require further research to clarify. There are limited rigorous 

studies that explore physical health problems and health-related behaviours and as such, there 

is a need for further studies to examine the work-related factors associated with the physical 

health problems and lifestyle behaviours of rotation workers. There are also limited 

interventional studies; interventional studies are therefore needed to improve health in this 

population and the cross-sectional research gives nice foundations for understanding factors 

that should be addressed in these interventions. Generally, there are limited longitudinal 

studies that explore the long-term health effects of rotation work and the short-term variations 

of health outcomes of rotation workers to give insight into how rotation workers experience 

health issues and their significant predictors change over time and across context.  

2.6 Conclusions  

Evidence from both qualitative and quantitative studies have suggested psychological 

distress and suicide risk among onshore rotation workers at higher levels than the general 

population; and more sleep problems (short sleep duration, poor sleep quality and sleepiness) 

and fatigue, smoking and poor nutrition during work periods among rotation workers in the 

offshore oil and gas, mining and construction industries. Evidence has also suggested rotation 

workers consume higher levels of alcohol during off-shift days and are more overweight and 

obese than the general population. Rotation workers reported perceived good physical health 

and engaged in leisure-time physical activity. Job demands of rotation work arrangements 

were associated with poor physical and mental health outcomes while the job resources 

available were associated with better physical and mental health outcomes. Hence, 

interventions could target minimising job demands and maximising the available job 
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resources to support rotation workers to adapt and maintain balance in life, and to reduce job 

stress to promote health. 

2.7 Summary and link to other Chapters 

This chapter summarised the key mental and physical health outcomes and related 

behaviours that arose from the systematic review of the health and well-being of the global 

rotation FIFO work population. The review identified research gaps regarding inconsistencies 

in psychological well-being, a dearth of evidence on physical health status and related 

behaviours of FIFO workers and longitudinal studies to examine within-person health 

processes. The subsequent chapters offer empirical studies to test further the inconsistencies 

and research gaps in the evidence. In Chapter 3, we examined further the inconsistencies in 

psychological well-being and evidence on physical health status and related behaviours of 

FIFO workers using a cross-sectional study. In Chapter 4 the productivity loss cost associated 

with the key mental and physical health outcomes and related behaviours was evaluated using 

cross-sectional study design. In Chapter 8, the within-person variability of short-term health 

outcomes (psychological states and health behaviours) were tested using multilevel analysis. 

Applying multiple methods and carrying out a series of studies, the health (psychological 

well-being, physical health and related health behaviours) and their associated economic 

impacts among FIFO workers were explored. 
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Chapter 3: Study Two 

Preface  

This chapter presents the second published study included in this thesis and is cited as:  

Asare BY, Robinson S, Powell D, Kwasnicka D. Health and related behaviours of 

fly‑in fly‑out workers in the mining industry in Australia: a cross‑sectional study. 

International Archives of Occupational and Environmental Health. 2022:1-6. doi: 

10.1007/s00420-022-01908-x 

The content of the article presented here exactly appears as in print, but formatted to be 

consistent with the rest of this thesis. Having identified potential research gaps including 

inconsistent findings on psychological well-being and limited rigorous studies that examined 

physical health and related behaviours in the systematic review, this article assessed the 

psychological distress, physical health status and related behaviours, and their work-related 

determinants among FIFO workers. The study highlights cross-sectional/between-persons 

differences in health behaviours across on and off-shift FIFO work periods and is limited in 

assessing the within-person differences which could be addressed in later chapters within the 

thesis. 

Author contributions: BYA: conceptualization; methodology; investigation; data curation; 

formal analysis; visualization; project administration; writing—original draft preparation. SR, 

DP and DK assisted in conceptualization; funding acquisition; resources; supervision; 

writing—review & editing. The final manuscript was read and approved by all authors. 
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3.1 Abstract  

Background: Fly-In Fly-Out (FIFO), which entails travelling mostly from the urban 

areas to stay and work in remote areas for designated periods and travel back home to spend 

designated days of leave, has become a common work arrangement in the mining sector 

globally. This study examined the mental and physical health of FIFO workers and described 

their health-related behaviours during on-and off-shift periods.  

Methods: A cross-sectional study was conducted with FIFO workers (N = 216) in the 

mining industry in Australia who completed an online survey. Paired t-test and McNemar’s 

analysis examined the differences in health-related behaviours during workers’ on-and off-

shift days. Logistic regression examined the predictors of physical health and psychological 

distress status of FIFO workers.  

Results: Workers reported longer sleep duration (7.5 ± 1.5 h vs 6.3 ± 1.2 h, p < 

0.001) and better sleep quality (78.2% vs 46.3%, p < 0.001) during off-shift nights than on 

on-shift nights. Smoking prevalence was 26.4%, and workers reported smoking a similar 

number of cigarettes per day during on-and off-shift days. Most workers reported drinking 

alcohol (86.1%) and more often at risky levels during off-shift than on-shift days (57.9% vs 

34.3%, p < 0.001). Fruits and vegetable consumption was low but with higher vegetable 

intake during off-shift days (2.8 ± 1.4 vs 2.3 ± 1.3 serves, p < 0.001). Workers had good 

physical health status (91.2%), but 71.4% were overweight/obese and 33.4% indicated high 

levels of psychological distress. Working on long shifts (OR 6.63, 95% CI 1.84–23.91) and 

smoking (OR 7.17, 95% CI 2.67–19.26) were linked to high psychological distress.  

Conclusions: The prevalence of psychological distress and risky health behaviours 

was high. Interventions should aim to reduce psychological distress and support multiple 

behaviour changes, considering FIFO work-related characteristics including long shift hours. 
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Australia. 

3.2 Introduction 

Rotation work arrangements, which entail travelling mostly from the urban areas to 

stay and work in remote areas for designated periods and travel back home to spend 

designated days of leave (2,21), have in recent times become common in the mining sectors 

(21). Originally designed to staff the remote offshore oil and gas fields (2), rotation work 

arrangements, frequently denoted as Fly-in Fly-out (FIFO), have come to be a standard 

practice in the onshore mining industry worldwide, particularly in Australia (2), where the 

mining operations usually take place in rural and remote areas (21). 

Typically, FIFO jobs are associated with comparatively high earnings and lengthy 

periods off work to spend with families (1,23). But, other features of FIFO work, including 

recurrent separations from families for a period, long and compressed roster and shift patterns 

and increased workloads (162), are deemed stressors that could impact negatively the health 

and well-being of workers (40,162). Workers experience isolation and loneliness (15,110), 

inability to meet the demands at home when away (15,151) and family and social relationship 

disruptions (15,39). Workers are also presented with two (work and home) lives, which come 

with different ways of living, roles and tasks, requiring the assumption of distinct social roles 

and behavioural patterns (15). 

According to the work-family theory (41), interference between the discharge of work 

and family roles arising from the demands of these roles could result in stress-related 

problems, such as misuse of substances and mental distress (180), at levels dependent on the 

significance of the unaccomplished task (41). Again, the Job Demands-Resources (JD-R) 

Model (37) stipulates that high job demands contribute to strain, including psychological 

distress. 
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Mental health problems and suicide concerns (23,181), and risky health behaviours, 

such as risky alcohol consumption (181), have been highlighted among FIFO workers in 

Australia. Studies have reported higher levels of psychological distress in FIFO workers than 

in the general population in Australia (27,29). High rates of depression (32,73), anxiety (73), 

stress (73) and suicide (32) have also been found among FIFO workers in Australia. 

However, inconsistent observations have been made on mental health in FIFO workers (40);  

with other studies reporting a lower prevalence of mental health problems than found in other 

workgroups in Australia (99) and statistically similar levels of depression and anxiety in 

FIFO workers and non-FIFO populations in Australia (131,132). Another study has found 

higher levels of depression and suicide risk among residential/non-FIFO mining workers than 

in FIFO workers (32).  

Additionally, studies have also reported sleep problems such as short sleep duration 

and poor quality of sleep (52,53), high prevalence of overweight and obesity (99,110), higher 

alcohol consumption, and smoking rates (99) among FIFO workers compared to other 

workgroups (99) and the normal population (132) in Australia. A high proportion of FIFO 

workers engage in insufficient physical activity in Australia (35,99). In contrast, other studies 

have reported FIFO workers had moderate alcohol consumption (98) and low smoking rates 

(110) and documented no significant differences in engaging in physical exercise and 

consuming fruits and vegetables between rotation workers and other employment types in 

Australia (99). 

FIFO work-related characteristics are associated with health issues (181). For 

instance, studies have demonstrated shift length (27,29), e.g., working shifts of more than 12 

hours (29), roster patterns, e.g., 2 weeks on/1 week off (27) and day/night shift rotation (182) 

as predictors of high psychological distress among FIFO workers in Australia. Shift patterns 

(day and night shift) (40,68) and working longer shift hours (121) have also been identified to 
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be linked to reduced sleep duration and poorer sleep quality in FIFO workers. Other studies 

have also found FIFO/rotation job roles/types as predictors of physical health complaints 

such as musculoskeletal pains (115).  

A recent review examining the health and well-being of FIFO workers reported 

inconsistent findings regarding the impact of FIFO work on mental health outcomes, as well 

as very few studies examining its impact on health-related behaviours and physical health 

outcomes (40). There are also limited studies of any work-related factors that may be 

associated with the health and well-being of FIFO workers (40). More research is suggested 

to examine the physical and mental health needs of FIFO workers and examine the work-

related factors associated with their health outcomes (40). Understanding the health status, 

lifestyle behaviours during on-and off-shift days and factors that contribute to the health and 

well-being of FIFO workers is critical for developing interventions to support and improve 

their health and well-being. The study aimed to examine the lifestyle behaviours of FIFO 

workers during on-and off-shift days. Secondly, the study aims to assess self-reported mental 

and physical health and identify the FIFO work-related determinants of mental and physical 

health outcomes. 

3.3 Materials and methods 

3.3.1 Study design and participants  

A cross-sectional study was carried out among mining workers aged 18 years and 

above who worked on FIFO schedules in Australia. Participants reported at the same time 

their sleep and health behaviours separately for both on-and off-shift periods and the overall 

psychological distress and physical health status in the last 30 days. The sample size needed 

to detect a small effect size (d = 0.20) difference between on-and off-shift days in a paired 

samples t-test, with 80% power, was 199 participants. Secondly, we also wanted to estimate 

the likely prevalence of health outcomes: using psychological distress as an example, we 
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assumed at least 21% of our study participants would experience distress – as the midpoint of 

estimates from previous studies of FIFO mining workers suggesting prevalence ranging from 

10% to 31.6% (27–29,33,110). Using Cochran’s sample size formula; n=Z2p(1-p)/e2  to 

capture at least 21% (p) of psychological distress, with a 95% confidence interval (z=1.96), 

and 5% margin of error (e), we needed 255 participants. Using this larger number, and 

assuming a 10% dropout rate, we aimed to recruit 280 participants. Data collection was 

conducted from July to December 2021. During that period, 326 FIFO workers were 

recruited through a non-probability convenient sampling technique, of which 299 (giving a 

participation rate of 91.7%) consented to take part in the study.  

3.3.2 Study procedure 

Recruitment of study participants was done in two ways; first, a large mining 

company, with multiple mine sites and an estimated FIFO or Drive-in Drive-out (DIDO) 

work population of 2600 in Western Australia was approached for consent and the 

advertising materials of the study were sent through the company’s intranet weekly 

communications to invite their workers. Second, the advertising materials of the study were 

also posted in FIFO work support groups on the social media platform Facebook to recruit 

general FIFO mining workers in Australia. FIFO workers interested in taking part in the 

study were directed to use a URL link or QR code to access the online participants’ 

information and a consent form. The participants completed an online questionnaire, 

administered through the Qualtrics XM online survey software (www.qualtrics.com/au/). All 

the participants confirmed that they worked in FIFO work. Qualtrics was not set up to record 

where participants were referred from to determine the proportion of study participants that 

were recruited through the mining company and/or from Facebook posts. Data collected was 

done between July and December 2021. 

http://www.qualtrics.com/au/
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3.3.3 Data collection tool and outcome measures 

The study included the following outcome variables: psychological distress, physical 

health, alcohol use, smoking, physical activity, weight/obesity and fruit and vegetable intake, 

and the measures are described in detail below. The full questionnaire is presented in 

Appendix D. 

Psychological distress 

The Kessler Psychological Distress Scale (K10) (183) was employed to measure the 

current level of psychological distress of FIFO workers. The scale, consisting of 10 items, 

measures the negative emotional states in the last 30 days (e.g., In the last 30 days how often 

did you feel….nervous, depressed, hopeless, restless or fidgety). The responses were rated on 

a 1 (none of the time) to 5 (all of the time) Likert scale. The K10 scale has been validated 

with an internal consistency high (α=0.93) (183) and its sensitivity has been established in the 

Australian population (184). The reliability of the scale was also high (α=0.91) in this study. 

With the possible scores of 10-50, the psychological distress of participants was characterised 

as low (10–15), moderate (16–21), high (22–29) and very high (30–50) levels.  

Physical health 

Physical health status was measured using the Physical Component Summary (PCS) 

of the SF-8 Health Questionnaire (185). The SF-8 has 8 items measuring the quality of life in 

the last 4 weeks, with a PCS subscale. The PCS subscale has 4 items (e.g., How much bodily 

pain have you had during the past 4 weeks?) and is scored on a 5 and/or 6-point Likert scale 

and the scores were transformed to generate a total score ranging from 0 to 100)as per the SF-

8 scale, with a higher score suggestive of better physical quality of life (185).  The test-retest 

reliability for the subscale PCS-4 has been demonstrated as adequate at 0.73, comparable to 

0.78 in this study. 
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Sleep and lifestyle behaviours  

Sleep measures. Participants recalled their sleep duration and sleep quality in the past 

30 days for both on-and off-shift days using single items adapted from the Pittsburgh Sleep 

Quality Index (PSQI) (186). Sleep duration was assessed by the item “How many hours of 

actual sleep did you get at night during on (or off)-shift days?” and sleep quality with 

“During on (or off)-shift days, how would you rate your sleep quality overall?”  scored on a 

4-point Likert scale from 0 (very good) to 3 (very bad) (186). As indicated, separate 

questions were asked for on-and off-shift days. Single items were chosen for brevity and the 

use of single items for sleep duration and sleep quality is consistent with a previous study 

(121). 

Alcohol intake. The current alcohol use and related behaviours in the last 1 year were 

assessed during on-and off-shift days with the Alcohol Use Disorders Identification Test-

Concise (AUDIT-C) (187). AUDIT-C is a brief validated tool consisting of 3 items: “How 

often do you have a drink containing alcohol?”; “How many standard drinks containing 

alcohol do you have on a typical day when drinking?”; “How often do you have six or more 

standard drinks on one occasion?” Each item was scored on a 5-point scale (0 to 4) for 

screening for risky alcohol consumption. Separate questions were asked for on-shift days and 

off-shift days and total scores on alcohol use were generated for each shift period. A score of 

≥4 among men (sensitivity 0.86, specificity 0.89) and ≥3 among women (sensitivity 0.73, 

specificity 0.91) were classified as risky alcohol drinking (187).   

Smoking. Smoking status was assessed using 3 items. Participants were asked “Do 

you smoke?” and “Have you ever smoked?” (Yes, No). Participants were then classified as 

current smokers, ex-smokers or never smoked. Current smokers were then asked to report the 

number of cigarettes typically smoked per day separately during on-and off-shift days.  
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Physical activity. The International Physical Activity Questionnaire (IPAQ)-short 

form (188) was used to measure participants’ physical activity during on-and off-shift days. 

The IPAQ measures the frequency (in days) and duration (in minutes) of mild, moderate-and 

vigorous-intensity physical activities that lasted for at least continuous 10 minutes in the last 

7 days. In this study, we assessed physical activities during leisure time, and separate 

questions were asked for on-shift days and off-shift days. Moderate physical activities were 

indicated as activities making one breath to some extent tougher than usual (e.g., lifting 

lighter weights, biking at moderate speed, or playing tennis in pairs) whereas vigorous 

activities were activities making one breath considerably tougher than usual (e.g., lifting 

heavy weights or strenuous exercises). Mild physical activities included walking (188).  

The weekly metabolic equivalent minutes (MET minutes) were computed for the 

various activities by multiplying the minutes and days by their established intensity (in 

METs): walking=3.3, moderate=4.0 and vigorous=8.0 METs (189). The overall weekly 

physical activity was then estimated by adding mild, moderate and vigorous MET minutes. 

Using the criteria “5 or more days of any combination of walking, moderate-intensity or 

vigorous-intensity activities achieving a minimum of at least 600 MET-min/week” (189), 

which has been deemed sufficient physical activity for health benefits (190), participants’ 

physical activity measures were classified into two categories as insufficient physical 

activity: scores <600 MET-min/week and sufficient to high physical activity: scores of >600 

MET-min/week (191). The test-retest reliability for the IPAQ-short form scale is indicated as 

high (α<.80) (188). 

Fruits and vegetable intake. Fruits and vegetable intake during on-and off-shift days 

were assessed using the items: “How many serves of vegetables do you usually eat each day 

during on-shift days?” and “How many serves of fruit do you usually eat each day during on-

shift days?” and scored on an 8 point response scale (1 serve, 2 serves, 3 serves, 4 serves, 5 
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serves, 6 serves or more, 7 less than one serve, 8 Don’t eat fruit/vegetables) (192). Using the 

Australian daily dietary guidelines on minimum daily recommended serves of 2 or more 

fruits combined with 5 or more serves of vegetables, participants’ intake was classified as 

either adequate or inadequate intake by whether they usually do (adequate) or do not 

(inadequate) achieve these guidelines (193). 

Overweight and obesity. Participants self-reported their height in meters and weight in 

kgs. Body Mass Index (BMI) was calculated and categorised as underweight (BMI < 18.5), 

normal weight (18.5–24.9), overweight (25–29.9) and obese (BMI ≥ 30) (194). 

Exploratory variables 

Socio-demographic characteristics. The socio-demographic characteristics collected 

included participants’ age, sex, ethnic background, relationship status and duration, number 

of children, and highest educational level. 

FIFO work-related measures. This study focused on exploring FIFO specific work 

design factors highlighted in the previous review chapter. These factors are more likely not to 

vary day-to-day and therefore we decided to explore them in cross-sectional study design. 

Work-related measures included current occupational role (management, administrative, 

services, professional, maintenance, technician, production, drilling, construction, labourer, 

machinery operator and driver, catering and others), and duration of working in FIFO. Others 

were regarding their work schedules, including normal FIFO shift pattern (regular fixed day, 

regular fixed night and rotating shift), the usual number of hours of their normal shift 

(length), the typical number of consecutive days away at work, and the typical number of 

consecutive days at home. Previous studies have highlighted these work-related measures as 

significant factors in exploring the health outcomes of FIFO workers.  
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3.3.4 Data analysis  

STATA version 13 software (StataCorp LP, College Station, Texas, USA) was used to 

analyse the data. Continuous variables were presented in means and standard deviations and 

the categorical variables in frequencies and proportions for descriptive purposes. The paired 

t-test and McNemar’s analysis were done to examine the difference in sleep outcomes, 

alcohol consumption, smoking, physical activity, weight/obesity and fruit and vegetable 

intake over workers’ on-and off-shift days. Univariate and multiple logistic regressions 

(adjusting for sociodemographic, health behaviours and FIFO work-related factors) were 

conducted at a p<0.05 statistical significance level to examine the sociodemographic, health 

behaviours and FIFO work-related predictors of physical health status and psychological 

distress of FIFO workers. The existence of multi-collinearity in the model was checked using 

the tolerance test by estimating the Variance Inflation Factor (VIF) value and the results, 

(VIF ranging from 1.13 to 1.88) showed no multi-collinearity. 

3.4 Results 

3.4.1 Background characteristics of the study participants 

The characteristics of the participants are outlined in Table 2. Of the 299 participants 

who consented to take part in the study, 216 fully completed the survey (giving a completion 

rate of 72.2%) and were included in the analysis. The mean age of the participants was 

39.9±11.6 years, with more than half (62.0%) aged above 34 years. The majority of the 

participants were males (66.2%) and of Caucasian/White ethnic background (84.7%). About 

one-third of the participants had primary/secondary education or equivalent (32.4%). More of 

the participants were married (43.0%) or in De-facto/co-habiting /Civil partnership (25.5%) 

and more than half had at least 1 child (57.9%). 

Most of the participants have worked in FIFO work arrangements for 5 years or more 

(59.7%), spending 8 days or more (80.1%) at the worksite and less than 8 days at home 
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(86.6%) in a FIFO roster cycle. Furthermore, most of the participants indicated working on 

rotation shifts of a mixture of day and night (56.0%) or regular fixed day shifts (42.6%), and 

most of them reported working 12 hours per day or more (86.1%). One-fourth of the 

participants (25.0%) reported working in management/administrative/services roles (see 

Table 2). 

Table 2. Distribution of demographics and work-related characteristics of FIFO workers 

Personal characteristics  Frequency Percent  

Age in years    

   ≤24 12 5.6 

   25-34 70 32.4 

   35-44 67 31.0 

   45+ 67 31.0 

Sex    

   Male  143 66.2 

   Female  73 33.8 

Ethnicity    

   Caucasian/White 183 84.7 

   Other 33 15.3 

Relationship status   

   Single/never married 43 19.9 

   Married  93 43.0 

   Separated/Divorced/Widowed 25 11.6 

   De-facto/co-habiting/Civil partnership/Other 55 25.5 

Number of children   

   None  91 42.1 

   1 27 12.5 

   2 51 23.6 

   3+ 47 21.8 

Educational status   

   Primary/Secondary education and equivalent 70 32.4 

   Trade/Apprentice 45 20.8 

   TAFE/College 60 27.8 

   Bachelor degree 30 13.9 

   Postgraduate degree 11 5.1 

FIFO role   

   Management Administration/services 54 25.0 

   Professional  27 12.5 

   Maintenance/Technician  39 18.1 

   Production/Drilling/Construction/Labourer 45 20.8 

   Machinery operator and driver 35 16.2 

   Catering/Other  16 7.4 

Shift pattern   

   Rotation shift (mixture of day/night shift) 121 56.0 

   Regular shift (fixed day/fixed night) 92 42.6 

   Other  3 1.4 

Shift hours   

   <12 hrs 30 13.9 

   12 hrs 129 59.7 
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   >12 hrs 57 26.4 

Consecutive days spent at work   

   <8 days 43 19.9 

   8-14 days 156 72.2 

   15+ days 17 7.9 

Consecutive days spent at home   

   <8 days 187 86.6 

   8-14 days 29 13.4 

FIFO duration   

   <5 yrs 87 40.3 

   ≥5 yrs  129 59.7 
TAFE= Technical and Further Education   

 

3.4.2 Lifestyle behaviours of FIFO workers during on-and off-shift FIFO work periods 

Sleep duration and quality  

During on-shift days, the participants self-reported shorter sleep duration (6.3±1.2hrs) 

compared to off-shift days (7.5±1.5hrs) (p<.001). More of the participants reported sleeping 

for 7 or more hours during off-shift days compared to on-shift days (78.2% vs 46.3%, 

p<.001). About 2 in 5 of the participants (40.3%) self-reported poorer sleep quality during 

on-shift days compared to 15.7% who self-reported poorer sleep quality on off-shift days 

(p<.001). 

Smoking and alcohol intake 

About 1 in 4 of the participants (26.4%) were current smokers and 29.2% were ex-

smokers. The average number of cigarettes smoked per day was similar during on-shift days 

and off-shift days (11.7±6.9 vs 11.2±7.5, p=.718).  

The majority (86.1%) reported consuming alcohol in the last month. More consumed alcohol 

at risky levels (AUDIT-C scores ≥3 for females and 4 for males) during off-shift days 

compared to on-shift days (57.9% vs 34.3%, p<.001). 

Fruits and vegetable intake  

During off-shift days, the participants self-reported consuming more serves of 

vegetables per day (2.8±1.4 serves) compared to 2.3±1.3 serves during on-shift days 

(p<.001). A higher proportion reported consuming the recommended 5 or more serves per 
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day during off-shift days compared to on-shift days (9.3% vs 4.2%, p=.013). However, the 

amount of fruits intake reported was similar during on-shift and off-shift days (1.7±1.2 vs 

1.7±1.3 serves per day, p=.583); with similar proportions of FIFO workers consuming 2 or 

more serves per day for the period of the on-and off-shift days (52.8% vs 48.6%, p=.262). 

Physical Activity and Body Mass Index 

The study participants reported more MET minutes of mild/moderate/vigorous 

physical activities per week during on-shift days than on off-shift days (3531.6±4973.2 vs 

2762.6±3385.2, p=.018). However, the same proportion of FIFO workers was found to 

engage in sufficient to high mild/moderate/vigorous physical activity per day during the on-

and off-shift days (73.1% vs 74.5%, p=.755). 

The study participants reported an overall average body mass index (BMI) of 

28.4±5.9Kg/m2 and 71.4% of them were classified as overweight or obese.   

3.4.3 Physical health and psychological distress  

The majority of participants were classified as having good physical health status 

(91.2%).  About one-third of the study participants (33.4%) reported a high to very high risk 

of psychological distress. The distribution of physical health and risk of psychological 

distress is presented in Table 3. 

Table 3. Health status and lifestyle behaviours of FIFO workers 

Lifestyle behaviours On-shift days, 

n(%)/mean±sd 

Off-shift days,  

n(%)/mean±sd 

p-value 

Sleep duration  6.3±1.2hrs 7.5±1.5hrs <0.001ƞ 

   <7 hrs 116(53.7) 47(21.8) <0.001¥ 

   7+ hrs  100(46.3) 169(78.2)  

Sleep quality   <0.001¥ 

   Fairly good/very good 129(59.7) 182(84.3)  

   Fairly bad/very bad 87(40.3) 34(15.7)  

Alcohol intake    

   Non-risky  142(65.7) 91(42.1) <0.001¥ 

   Risky  74(34.3) 125(57.9)  

Smoking     

   Non-smokers 96(44.4) 

   Ex-smokers 63(29.2) 

   Current smokers 57(26.4) 

Number of cigarettes smoked 11.7±6.9 11.2±7.5 0.592ƞ 
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per day 

Vegetable intake per day 2.3±1.3 2.8±1.4 <0.001ƞ 

   <5 serves  207(95.8) 196(90.7) 0.013¥ 

   5+ serves 9(4.2) 20(9.3)  

Fruits intake per day 1.7±1.2 1.7±1.3 0.583ƞ 

   <2 serves  102(47.2) 111(51.4) 0.262¥ 

   2+ serves 114(52.8) 105(48.6)  

Mild/moderate/vigorous 

physical activities (MET-

n=mins/week) 

3531.6 ±4973.2 2762.6±3385.2 0.018ƞ 

   Insufficient 58(26.9) 55(25.5) 0.755¥ 

   Sufficient to high 158(73.1) 161(74.5)  

Body Mass Index    

   Underweight 7(3.2) 

   Normal/Healthy weight 55(25.4) 

   Overweight 77(35.7) 

   Obese  77(35.7) 

Physical health status   

   Poor  19(8.8) 

   Good  197(91.2) 

Psychological distress  

   Low risk  85(39.3) 

   Moderate risk  59(27.3) 

   High risk 44(20.4) 

   Very high risk 28(13.0) 
ƞp value from paired t-test; ¥Exact McNemar significance probability; Bolden significant at p<0.05 

 

3.4.4 Personal and FIFO work-related characteristic associations with physical health 

and psychological distress  

The results of bivariate and multiple variable logistic regression are outlined in Table 

4. At the bivariate level, the results showed FIFO workers aged over 44 years compared to 

those less than 35 years  (OR=0.49, 95%CI=0.25-0.99) were at reduced odds of 

psychological distress. Higher odds of distress were evident in workers who had no children 

compared to workers with children (OR=2.09, 95%CI=(1.18-3.72), were current smokers 

compared to those who did not smoke (OR=3.64, 95%CI=1.82-7.28), and those whose shifts 

lasted for 12 hours or more compared to those on shift less than 12 hours (OR=2.82, 

95%CI=1.03-7.70).  

However, the odds of poor physical health status were lower in FIFO workers whose 

shifts lasted for 12 hours or more compared to those on shifts less than 12 hours 
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(OR=0.35(0.12-0.99). The odds of poor physical health status were higher in current smokers 

compared to those who did not smoke (OR=3.41, 95%CI=1.08-10.75).  

 In the multiple logistic regressions adjusting for socio-demographic characteristics 

(age, sex, ethnicity, marital status), health behaviours and work-related factors, the odds of 

high psychological distress were higher in those whose shifts lasted for 12 hours or more 

compared to those on shifts less than 12 hours (OR=6.63, 95%CI=1.84-23.91) and in workers 

who were current smokers compared to those who did not smoke (OR=7.17, 95%CI=2.67-

19.26). On the odds of poor physical health, FIFO workers whose shift lasted for 12 hours 

compared to those on shifts less than 12 hours (OR=0.18, 95%CI=0.04-0.75) and reported 

inadequate physical activity (OR=0.19, 95%CI=0.04-0.99) had lower odds, whereas current 

smokers had higher odds compared to non-smokers (OR=5.65, 95%CI=1.13-28.32) (see 

Table 4).  
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Table 4. Logistic regression models of demographic and work-related characteristics predicting high/very high psychological distress and 

physical health in workers 

FIFO work characteristics  High/very high psychological distress Poor physical health 

 Unadjusted OR(95%CI) Adjusted OR(95%CI) Unadjusted OR(95%CI) Adjusted OR(95%CI) 

Age in years     

   <35 1 1 1 1 

   35-44 0.53(0.27-2.30) 0.53(0.20-1.40) 1.02(0.30-3.51) 2.44(0.38-15.53) 

   >44 0.49(0.25-0.99)* 0.37(0.13-1.06) 2.22(0.76-6.47) 4.99(0.76-32.71) 

Sex      

   Male  1 1 1 1 

   Female  1.17(0.64-2.11) 0.83(0.35-1.94) 1.54(0.62-3.83) 2.53(0.60-10.59) 

Ethnicity      

   Caucasian/White 1 1 1 1 

   Other 0.60(0.25-1.40) 0.66(0.22-1.99) 0.56(0.12-2.51) 0.18(0.02-1.61) 

Relationship status     

   Married 1 1 1 1 

   Single/never married 1.76(0.83-3.74) 1.15(0.36-3.70) 0.40(0.08-1.93) 0.24(0.03-1.85) 

   Separated/Divorced/Widowed 0.61(0.21-1.79) 0.41(0.11-1.52) 1.13(0.29-4.47) 0.58(0.09-3.60) 

   De-facto/co-habiting/Civil  

   partnership/Other  

1.63(0.81-3.29) 1.04(0.38-2.84) 1.02(0.35-2.97) 0.81(0.19-3.54) 

Have children     

   Yes 1 1 1 1 

   No 2.09(1.18-3.72)* 1.84(0.70-4.81) 0.83(0.33-2.09) 1.84(0.43-7.82) 

Educational status     

   Primary/Secondary education 

    or equivalent 

1 1 1 1 

   Trade/Apprentice 1.09(0.50-2.37) 1.06(0.40-2.81) 0.93(0.21-4.09) 0.98(0.16-6.11) 

   TAFE/College 0.90(0.44-1.86) 0.70(0.27-1.83) 2.60(0.84-8.09) 3.35(0.82-13.72) 

   Bachelor/postgraduate degree 0.58(0.24-1.38) 0.55(0.16-1.86) 1.03(0.23-4.54) 1.29(0.15-10.96) 

Alcohol intake      

   No  1 1 1 1 

   Yes 1.00(0.44-2.27) 0.57(0.19-1.68) 0.96(0.27-3.50) 1.09(0.21-5.59) 

Smoking status     

   No smoker 1 1 1 1 
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   Ex-smoker 0.89(0.42-1.86) 1.34(0.54-3.31) 2.28 (0.69-7.52) 2.05(0.42-9.98) 

   Current smoker 3.64(1.82-7.28)*** 7.17(2.67-19.26)*** 3.41(1.08-10.75)* 5.65(1.13-28.32)* 

Physical activity     

   Adequate  1 1 1 1 

   Inadequate  1.79(0.96-3.33) 1.92(0.86-4.32) 0.42(0.12-1.50) 0.19(0.04-0.99)* 

Body Mass Index     

   Normal weight 1 1 1 1 

   Underweight  1.42(0.29-7.02) 0.92(0.11-7.98) 2.89 (0.26-32.35) 5.33(0.28-10.78) 

   Overweight  0.86(0.41-1.79) 1.24(0.50-3.05) 2.29(0.59-8.90) 3.07(0.50-18.97) 

   Obese  0.97(0.47-2.00) 1.45(0.58-3.63) 2.01(0.51-7.95) 2.51(0.42-15.05) 

FIFO role     

   Management /Administration/services 1 1 1 1 

   Professional  1.33(0.47-3.74) 1.37(0.38-5.00) 0.38(0.04-3.40) 1.50(0.09-24.70) 

   Maintenance/Technician  1.58(0.63-3.93) 1.63(0.53-5.04) 1.12(0.28-4.47) 3.47(0.55-22.04) 

Production/Drilling/Construction/Labourer 2.10(0.89-4.98) 1.53(0.54-4.38) 1.82(0.53-6.14) 2.05(0.44-9.61) 

   Machinery operator and driver 2.37(0.95-5.91) 0.73(0.22-2.45) 0.59(0.11-3.25) 0.66(0.06-6.84) 

   Catering/Other  1.43(0.42-4.89) 1.57(0.35-7.05) 1.40(0.24-8.01) 0.82(0.09-7.47) 

Shift pattern     

   Rotation shift/others 1 1 1 1 

   Regular shift   0.61(0.34-1.10) 0.76(0.34-1.67) 1.25(0.51-3.09) 1.59(0.46-5.55) 

Shift hours     

   <12 hrs 1 1 1 1 

   ≥12 hrs 2.82(1.03-7.70)* 6.63(1.84-23.91)** 0.35(0.12-0.99)* 0.18(0.04-0.75)* 

Consecutive days spent at work     

   8-14 days 1 1 1 1 

   <8 days 0.94(0.46-1.93) 0.72(0.29-1.78) 1.04(0.32-3.34) 1.21(0.27-5.39) 

   15+ days 0.81(0.27-2.42) 1.60(0.36-7.11) 2.17(0.55-8.49) 3.29(0.53-20.57) 

Consecutive days spent at home     

   <8 days 1 1 1 1 

   8-14 days 0.48(0.19-1.23) 0.48(0.16-1.49) 0.65(0.14-2.97) 0.54(0.08-3.60) 

FIFO duration     

   ≥5 yrs 1 1 1 1 

   <5 yrs 1.19(0.67-2.11) 0.89(0.41-1.94) 0.90(0.36-2.28) 1.33(0.32-5.52) 
*p<0.05; **p<0.01; ***p<0.001; Reference category: used largest category for age, sex, ethnicity, marital status, education, have children, job, shift pattern, days spent at work and at 

home, and FIFO duration; and normative category for alcohol, smoking, physical activity, BMI and shift hours;  TAFE= Technical and Further Education  
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3.5 Discussion 

3.5.1 Main findings 

The FIFO lifestyle of working on and off-shift periods presents workers with two 

different contexts, characterised by different roles and lifestyles, which demand the taking on 

of diverse social roles and behaviours (15). Our study investigated the self-reported mental 

and physical health and lifestyle behaviours of FIFO workers during on-and off-shift days.  

The study found longer self-reported sleep duration and better sleep quality during 

off-shift days than during on-shift days. Several studies have also made similar findings of 

shorter sleep duration during on-shift days than during off-shift days in FIFO workers 

(16,52). Specifically, sleep duration reported during on-shift days (6.3±1.2hrs) was lower 

than the recommended 7 or more hours of sleep (195). This aligns with the observations 

made by previous studies, which reported between 5.7 and 6.7 hours of night sleep during 

work periods (52,53). Furthermore, the study found FIFO workers reported better sleep 

quality during off-shift days than during on-shift days. Consistent findings have been 

documented in previous studies (13,16).  

Sleep problems in rotation (FIFO) workers in the resources sector have been 

highlighted in several reviews (40). FIFO workers typically work long hours (mostly 12 

hours) and day or night shifts and swing shifts (a mix of day and night shifts) patterns (21), 

with early start times for day shifts. Working long hours (163) and shift patterns, particularly 

night and early morning shifts (164) and swing shifts, which require mid-roster shift changes 

(from day to night or night to day) (125) have been linked with sleep disorders due to 

disruptions to the circadian rhythm (196). Early start times for day shifts require that workers 

sleep early to be up early and ready to catch a bus for work, but early evening hours bedtime 

is deemed frustrating and does not certainly result in early sleep onset as such the early start 

times to shifts may truncate sleep periods (53). Our findings suggest FIFO workers may 
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accumulate sleep debt during on-shift days whereas there is an indication of recovery during 

off-shift days. Sleep duration during on-shift periods was lower than that recorded during off-

shift periods (7.5 hrs), which is consistent with the broader literature (40), and comparable to 

the standard average sleep duration indicated for a normal adult sleep (around 7 hours or 

more) (195) and may not suggest oversleeping sleep during days off. FIFO campsite or 

village accommodations are designed to create sleep conditions such as a quiet environment 

(197) and limited room lighting during daytimes, but competing personal and social activities 

during non-work times at campsites are deemed to also interfere with sleep (53) and may 

need to be limited to promote sleep at worksites. Additionally, adjusting early start times to 

shifts (53) and allowing enough days off (between consecutive rosters) and longer 

changeover widow among workers on swing shifts, possibly greater than 24 hours or days 

could allow for sufficient sleep recovery (52). For instance, a qualitative study has suggested 

that FIFO workers perceived a reduction in fatigue and a positive impact on their general 

health and well-being when a roster pattern of 7 day-shift/7 night-shift/7 days off changed to 

10 day-shift/5 days off/8 night-shift/5 days off, and the latter to 8 day-shift/6 days off/8 night-

shift/6 days off (198). Enabling adequate sleep could help address the negative effects that 

may accompany accumulated sleep loss such as fatigue and impaired performance and related 

work accidents that can occur as a result of poor sleep or lack of sleep.  

Our study showed that 26.4% of the FIFO workers self-reported as current smokers. 

This is comparable to the findings previously published among FIFO workers (99) and the 

general mining workers (182) in Australia. These rates are higher than the 11.6% reported 

among adults in Australia (199). FIFO workers work under stressful conditions such as 

extended separations from family, working long periods and on compressed shifts with 

increased work demands/workload (24,162) and report severe distress levels (27,29,73). 

Increased stress levels are connected with the urge to smoke and more cigarette smoking 
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(200), and could account for more of the FIFO workers engaged in smoking. Stressors 

associated with FIFO work may be profound during work periods, and as found in a previous 

daily diary study, FIFO workers smoked more cigarettes during on-shift days than on off-

shift days (13). In contrast, our study found FIFO workers smoked a similar average number 

of cigarettes per day during on-shift and off-shift days and the number of cigarettes smoked 

per day during on-shift days and off-shift days in our study was comparable to the 12.9 

cigarettes per day reported in the general smoking population in Australia (199). 

Consistent with the findings reported in previous studies (7,35), a high proportion of 

the FIFO workers were found to consume alcohol. The rates of self-reported alcohol intake in 

the FIFO workers (86%) are higher than the reported rate (77%) of alcohol intake in the last 

year in the broad Australian populace (201). Again, consistent with other previous studies 

(35,99), the current study found more FIFO workers consume alcohol at risky levels during 

on-and off-shift days. Alcohol intake at higher levels among FIFO/rotation workers (40), and 

in the general mining population in Australia (30,31) has been previously documented. 

Studies have documented that FIFO workers consume alcohol at higher levels than the 

general population (132) and other workgroups (99).  

FIFO work population are largely men (162) and with men known to typically 

consume more alcohol (202), this could account for the higher levels of alcohol consumption 

in FIFO workers. Additionally, FIFO work characteristics such as working rotating shifts and 

shift lengths of more than 12 hours, and the experience of high levels of psychological 

distress among the mining work population have been linked to risky/harmful levels of 

alcohol consumption (31). FIFO workers experience high levels of psychological distress 

(27,29) as they face increased emotional demands, for instance, dealing with the ‘physical 

and psychological distance’, loneliness and isolation due to their absence from families (15), 

which could also account for the high level of alcohol consumption in this workgroup. The 
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presence of ‘wet mess’ at campsites and workplace culture which support social drinking 

(39,203) is indicated to foster drinking at risky levels (23). However, in line with previous 

studies (13,16), our study found a high proportion of FIFO workers consumed alcohol at 

risky levels during off-shift days than on-shift days. The level of alcohol consumption during 

on-shift days may be related to some level or full alcohol restrictions at some worksites (16) 

and also the common requirements at almost all worksites for pre-shift breath tests for 

alcohol and unplanned substances/drugs testing before being allowed to work to ensure 

workplace safety (17). Such mandatory requirements do not extend to non-work times or off-

duty at the campsites, where in places with no or some restrictions workers could engage in 

risky levels of alcohol intake (204). But, recent industry guidelines require companies to 

implement campsites measures including limiting the number of drinks taken in a 24-hour 

window and serving varied strength of alcohol options including 0% alcohol strength 

beverages to ensure psychological and physical safety (205). Whereas at home, there may be 

more alcohol available and drinking among workers is seen as a sign of freedom from the 

worksite restriction (171). Experiencing boredom during off-shift days is also indicated to 

foster drinking (203).  

Interventions and strategies, including stress management (206), limiting the 

availability and access to alcohol on-site during shift days, for example through restrictions 

on sales or replacing with non-alcoholic and promoting awareness of the harmful effects of 

drinking and smoking (170) could help to address the relatively high levels of smoking and 

alcohol intake among the FIFO workers. 

The self-reported daily intake of fruits and vegetables among FIFO workers in the 

current study was low. However, a comparable proportion of FIFO workers achieved the 

nationally recommended intake for fruits (52.8% on on-shift days and 48.6% on off-shift 

days) to that reported in the general adult (51.3%) Australian population (193). More FIFO 
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workers met the daily requirement for vegetable intake during off-shift periods (9.3%) than is 

typical for the general Australian population (7.5%) (193). A similar study has also reported a 

high proportion of FIFO workers consuming insufficient fruits and vegetables but was not 

different from other workgroups in Australia (99). FIFO workers in our study consumed more 

vegetables during off-shift days than during on-shifts. A daily diary study also found FIFO 

workers perceived their nutritional intake during off-shift days to be of a higher quality than 

during on-shift days (13). FIFO workers potentially engage in more unhealthy eating 

behaviour (consuming food of poorer nutritional quality) (40,74) and that has been attributed 

to the readily accessible food that may be unhealthy at workplaces (88). However, we did not 

assess unhealthy intake and meal quality/regularity. Eating during on-shift days is more 

structured compared to home periods and this could be considered in subsequent future 

studies. High stress can be associated with unhealthy eating behaviours (207), including a 

high intake of food high in calories (208) and less intake of foods low in calories such as 

fruits and vegetables (209). With FIFO workers engaged in stressful work (15,39) and 

indicated to experience distress at high levels (27,29), this could also explain the low intake 

of fruits and vegetables among the workers, particularly when on shift. 

Furthermore, more than half of participating FIFO workers (71.4%) were classified as 

overweight or obese based on self-reported height and weight, somewhat higher than the 

proportion of the broad adult Australian populace (67%) reported as overweight or obese 

(194). Our finding compares favourably with those reported in the literature, which shows 

that FIFO workers have a higher prevalence of overweight and obesity than reported in 

groups working non-FIFO schedules in Australia (99) and the general population (40). There 

could be fewer healthy food options available at work sites (88) or less priority on healthy 

food choices among workers. For instance, Sibbel et al. (197) have found FIFO workers to be 

less satisfied with the variety of food options and healthy food options available at campsites. 
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Also, the potential of stress-induced eating due to high distress (40) seen in FIFO workers is 

known to contribute to overweight and obesity (210). Organizations should provide more 

healthy food options at worksites (177), educate workers to choose healthy food options and 

assist workers to cope better with the stressors inherent within the FIFO ‘lifestyle’ and reduce 

stressors wherever possible. This may help to improve the eating behaviours of workers and 

reduce the associated risks including non-communicable diseases and reduce productivity 

losses (211). 

The study found that most FIFO workers engage in sufficient to high self-reported 

mild/moderate/vigorous physical activities per week. This reflects the findings from the 

extant literature, which suggests high levels of leisure-time physical activities among rotation 

workers (40). Furthermore, FIFO workers were found to engage in more MET-mins/week on 

on-shift days, but similar proportions of workers engaged in sufficient to high physical 

activities during both on-and off-shift days. This contradicts the finding of a previous daily 

diary study where FIFO workers reported less exercise time during on-shift days than off-

shift days (13). The differences between the measurements and designs used in our study 

using one-off measures and the previous study using daily measures, which are less prone to 

recall errors, should be noted. The presence and accessibility of recreational facilities (149) 

such as gyms or wellness centres with health and well-being officers, basketball and tennis 

courts, swimming pools, and the organisation of sporting and other recreational activities 

including basketball, soccer and group fitness activities at worksites may have encouraged 

workers to engage in physical activities during on-shift days (212). Further, taking part in 

recreational activities on-site is indicated to promote social interactions and a sense of 

belonging (149) that support workers to manage separations from their families (15). The 

closeness of camps limits the commute to and from work sites, allowing for some free time, 



94 
 

and on-site recreational facilities are maintained and promoted, which encourages physical 

activities (212). 

The higher level of self-reported physical activities observed in the current study 

could reflect the high proportion of FIFO workers (91.2%) being classified as having good 

physical health status. This finding is in line with the extant evidence, where  FIFO workers 

indicate having good to very good overall physical health status (40), and the use of 

medications for physical health impairments as unusual (13).  

However, the study shows that 33.4% of FIFO workers reported a high to very high 

risk of psychological distress higher than reported in the Australian population (13.0%) (213). 

Similar previous studies have also reported a higher prevalence of high to very high 

psychological distress among FIFO workers than documented in the Australian general 

population (27,28,33). FIFO work arrangements mean workers may be absent from their 

families for a long period and may not be able to carry out their family duties and miss some 

important family events. In line with the work-family theory (41,180), the demands of being 

absent from home interfering with the accomplishment of family duties could result in stress-

related outcomes at levels dependent on the significance of the unaccomplished task  (41). It 

has been highlighted that the difficulties of balancing work and home life (15), not being able 

to attend to family emergencies and missing out on important family events (15), and worries 

about maintaining family and social relationships (15,39) are all potential sources of distress 

for FIFO workers. Again, FIFO work comes with high demands of long/compressed roster 

patterns and shift hours (typical of 12 hours), FIFO roles/workload, living away from families 

and dealing with loneliness and social isolation (emotional demands), and work-home 

interference (162), which have been highlighted in the extant literature to be associated with 

psychological distress among FIFO workers (40). Furthermore, workers travel long distances 

between worksites and home during their days off, which may take off some time spent at 
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home (reducing the available time for recovery and to spend with families), particularly 

among drive-in drive-out (DIDO) workers and those who FIFO into the city but live a 

considerable distance from the airport or other states but need to drive or fly to their 

home/locations, which can potentially add to workers’ distress levels (7,23).  In line with the 

Job Demands-Resources Model (37), high job demands contribute to strain including 

psychological distress. Current regulations in Australia require FIFO organizations to provide 

support for workers experiencing distress (214). There are on-site support programs and 

services (39,151) such as counselling services (151). However, it has been indicated that 

some workers are reluctant to seek mental health support (15,39) for fear of losing their jobs, 

being regarded as weak (display of ‘macho’ culture) and lack of awareness of when to seek 

help (15). On-site support programs, such as on-site chaplaincy, have been suggested in a 

qualitative study to help workers overcome the fear of losing their jobs and workplace culture 

of masculinity associated with seeking help for mental health issues promoting the mental 

health and well-being of workers, with service provision related to active outreach, trust-

building, availability and confidentially thought to be crucial in its effectiveness (151). 

In the current study, FIFO workers who worked on shifts 12 hours or more were at 

increased risk of experiencing high to very high psychological distress. A similar finding has 

been documented among mining workers in Australia (29). Again, smoking could be 

propagated by increased stress (200) and was associated with the health status of workers in 

this study. Specifically, workers who were current smokers had a high risk of experiencing 

high to very high psychological distress and poorer physical health status compared to 

workers who were not current smokers. This finding aligns with that of a previous study 

among mining workers in Australia, where workers who were daily smokers were more 

likely to experience a high level of psychological distress (215). Other personal and work-

related factors including gender, employment type, length of FIFO experience and shift 
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patterns were found not to be associated with physical health and psychological distress, 

similar to the findings noted in a previous study (29). Contrary to previous studies in the 

mining industry (27,29,182), factors including age, marital status, educational status, alcohol 

use and days spent away at work and at home (roster length) were not associated with 

physical health and psychological distress in adjusted models. The differences in the sample 

sizes of the studies, where previous studies involved larger sample sizes compared to our 

study, should be noted. Our findings suggest the experience of poor physical health and 

psychological distress may be widespread across the different groups of the study sample. 

However, the demands of work-related factors are indicated to be significant determinants of 

the health of workers (40,162), and such factors have the potential to be modified within the 

work settings and could be the focus for interventions aimed at improving the health and 

well-being of FIFO workers (29,215). As such, studies with larger sample sizes and 

longitudinal designs may be needed to further examine the short and long-term impact of 

personal and work-related factors on health outcomes in FIFO workers. The findings of this 

study suggest that a change towards reducing the shift length, a key aspect of FIFO work, 

could reduce distress experienced by workers and in effect address a mirage of the sleep and 

health behaviour issues highlighted in the study, which as demonstrated above could mostly 

be linked to the experience of high stress. 

The current COVID-19 pandemic and accompanying social/travel restrictions have 

been found to negatively influence lifestyle behaviours (216,217) including smoking, alcohol 

intake, physical activity and sleep (217) and given rise to an upsurge in psychological distress 

(218) in the general population. COVID-19 restrictions, border closures and quarantines 

across the states in Australia prompted prolonged FIFO rosters and restricted workers 

travelling back home and thus, further prolonging the separations and isolation of FIFO 

workers from their families and friends. Again, COVID-19 restrictions and quarantines/self-
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isolation on-site may limit socialization and other social activities on sites, causing further 

isolation and loneliness (219). Although the mental well-being levels of FIFO workers were 

found to be within normal limits during the pandemic (58), it has been documented that 

prolonged rosters, restrictions on travelling back home and prolonged separations from home 

and families necessitated by COVID-19 restrictions were concerns for high levels of 

psychological distress reported among FIFO workers (219). Increases in stress caused by 

COVID-19 and its associated restrictive measures could have fostered increases in risky 

lifestyle behaviours (216). During this study (data collected between July and December 

2021), there were still COVID-19 restrictions, border closures and quarantines in place in 

Australia. This could also have contributed to the high prevalence of psychological distress 

and risky lifestyle behaviours reported in FIFO workers in this study.  

3.5.2 Strengths and limitations of the study 

 The study contributes to evidence on the physical and mental health and their work-

related predictors and has provided an overview of the lifestyle behaviours of FIFO workers 

during the on-and off-shift periods. The study employed multiple recruitment sources and 

validated scales to present “snapshot” differences in lifestyle behaviours across the two 

distinct components of the FIFO lifestyle – on-shift and off-shift periods – which could then 

be compared to the population norm data.  

However, recruiting from multiple sources has the potential to present a diverse 

sample (possibly from different organizations) with differences in work arrangements and 

practices, which may need further study to explore the impact of such differences on the 

health and well-being of FIFO workers. The use of a cross-sectional design excludes any 

causal interpretation of findings. The non-random sampling technique to recruit participants 

may be an appropriate approach to recruiting from an unstable population such as FIFO 

workers is also acknowledged as a limitation. However,  our sample profile reflects that of a 
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previous large study, where the FIFO work population is mostly males, middle-aged, 

married/in a form relationship, with Technical and Further Education (TAFE)/college 

education, and spent 8 days at work (7). Due to a larger rate of incompletion than expected, 

our analytic sample was below the number we set out to achieve for estimating the rate of 

distress with the desired precision. However, the analytic sample was sufficient to test small 

on-shift versus off-shift differences, which was the primary aim of this study. Online surveys 

are indicated to have high dropout rates, where not being able to meet the researcher 

(anonymity) may lead to a higher risk of dropout (220). It should be noted that, besides the 

negative impact of COVID-19 on the lives of individuals, the pandemic has also brought 

several changes in work arrangements including lockdowns and restricted access to mining 

sites, further exacerbating the already existing problems of limited chance to meet workers 

which is characteristic of research at mining sites (27). However, recruitment was also done 

through the social media platform Facebook to recruit general FIFO mining workers in 

Australia. Additionally, while this study explored the difference in health behaviours during 

on-and off-shift days, further studies could consider examining the influence of workers’ 

personal and work-related characteristics such as sex, age, and FIFO roles on their health 

behaviours across the FIFO roster cycle. Sleep and health behaviours were measured for two 

time-points (on-and off-shift periods) at the same time using a cross-sectional design, which 

is limited by recall biases as well as anchoring effects depending on the order with which 

questions are asked. This study considered number of days spent at home and on-site 

separately, which may only capture half of what makes a roster in each instance as could be 

done via roster types or roster ratio. Data on whether FIFO workers were engaged as full-time 

employees or as contractors were not collected. However, contractors compared to full-time 

employees may be treated differently by operating companies, such as having fewer statuary 

protections including sick or annual leave and compensation, and may face arbitrary 
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dismissal without redress. With contractor employment on the rise, suggested further studies 

could explore the differences in the health and well-being of these two FIFO work groups.  

3.6 Conclusion 

FIFO workers participating in this study reported good physical health status but 

higher levels of psychological distress compared to the Australian normative data. Our results 

further highlighted more of the FIFO workers were overweight or obese, smoked more, drink 

more alcohol at risky levels than in the general Australian population, and consumed fewer 

fruits and vegetables as compared to recommended guidelines. More of the FIFO workers 

also engaged in sufficient physical activity. The study also indicated that, during on-shift 

periods, FIFO workers had shorter sleep duration and poorer sleep quality, lower 

consumption of vegetables, and higher levels of alcohol consumption, but spent spend more 

MET minutes per week in physical activities. No substantial differences in smoking or fruit 

intake between on-and off-shift days of the FIFO roster cycle were found. The study 

identified working long shifts of 12 or more hours and being a smoker to be associated with 

high to very high psychological distress. Interventions should attempt to alleviate 

psychological distress and support multiple health behaviour changes among FIFO workers. 

Such interventions could consider FIFO work-related characteristics including long shift 

hours. Additional studies exploring how behaviour change interventions could positively 

influence the health and well-being of FIFO workers are required. Furthermore, longitudinal 

research is also warranted to investigate how day-to-day variations in psychological and 

contextual variables change over time. 

3.7 Summary and link to other chapters 

This chapter summarised a cross-sectional study assessing psychological distress, 

physical health status and related behaviours, and their work-related determinants. The next 

Chapter 4 presents the productivity loss (arising from absenteeism, presenteeism and total 
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work impairment), the cost associated with psychological distress, physical health status, and 

related behaviours using a cross-sectional study design. Subsequent Chapter 8 will describe 

the within-person variability of the psychological states and health-related behaviours tested 

using multilevel analysis and address the limitations associated with the cross-sectional 

design applied in this Chapter. 
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Chapter 4: Study Three 

Preface  

This chapter presents the third published study included in this thesis and is cited as;  

Asare BY, Makate M, Powell D, Kwasnicka D, Robinson S. Cost of Health-Related 

Work Productivity Loss among Fly-In Fly-Out Mining Workers in Australia. 

International Journal of Environmental Research and Public Health. 

2022;19(16):10056.  

The content of the paper presented here exactly appears as in print, but the formatting is 

consistent with the rest of this thesis. The high psychological distress, poor physical health 

and related behaviours including high alcohol intake identified in the previous chapters have 

been indicated to be associated with high work productivity losses in the general population, 

but evidence is limited in the FIFO context. This study addressed this research gap and 

evaluated the productivity loss (arising from absenteeism, presenteeism and total work 

impairment), the cost associated with psychological distress, physical health status and 

related behaviours in FIFO workers. This study is based on the same sample and data as in 

study 2. 

Author contributions: B.YA., Conceptualization, methodology, investigation/data collection, 

software, validation, formal analysis, data curation, visualization, project administration, 

writing—original draft preparation. M.M., D.P., D.K. and S.R. assisted in conceptualization, 

funding acquisition and provided resources and supervision, and writing—review and editing. 

M.M. assisted in methodology and formal analysis. All authors have read and agreed to the 

published version of the manuscript. 
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4.1 Abstract 

Sufficient knowledge on the work productivity impact of the health of fly-in fly-out 

(FIFO) workers in the mining sector in Australia is lacking. This study examined the impact 

of health and lifestyle behaviours on the work productivity of FIFO workers in the mining 

industry in Australia. FIFO workers (N=216) completed an online questionnaire on health 

and work productivity loss measures. Linear regressions were used to model annual work 

productivity losses through absenteeism, presenteeism and total productivity loss. Workers 

with a high risk for health conditions were, on average, associated with 3.87% more 

productivity loss (absenteeism: 1.27% and presenteeism: 2.88%) than those with low risk. 

Workers who had multiple health risks classified as medium (3–4 health conditions) and high 

(5 or more health conditions) reported 1.75% and 7.46% more total productivity loss, 

respectively than those with fewer multiple health risks (0–2 health conditions). Health 

conditions were estimated to account for an annual additional productivity cost due to 

absenteeism of AUD 8.82 million, presenteeism of AUD 14.08 million and a total 

productivity loss of AUD 20.96 million per 1000 workers. FIFO workers with high health 

risks experience more absenteeism, presenteeism and overall productivity loss. These 

measures provide strong economic justifications that could support the need for targeted 

workplace health interventions. 

Keywords: FIFO; health, absenteeism, presenteeism, productivity loss, mining. 
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4.2 Introduction  

The mining industry is a significant contributor to the Australian economy and a 

significant proportion of the workforce work in fly-in fly-out (FIFO) work arrangements (46). 

Under FIFO work arrangements, workers travel to work at remote places for a period and 

travel back to spend leave periods at home (2). Workers generally work compressed day 

and/or night shifts and long hours of a standard 12 h (1), often separated from their families. 

They earn fairly higher wages than workers in other types of employment and/or industry (3). 

FIFO work arrangements are also practised in the offshore oil and gas industry around the 

world, notably in countries including Norway, the United Kingdom and Canada. The 

demands of FIFO work arrangements are indicated to contribute to a high prevalence of 

several health conditions and risky behaviours (40,162). Specifically, FIFO workers report 

higher levels of psychological distress, poorer sleep, and more fatigue, smoke more, consume 

more alcohol, and are more likely to be overweight and obese than the general population 

(40). 

Productivity losses are indicated as major economic consequences of such health 

problems on employers and employees (221,222), besides the associated direct medical and 

pharmaceutical costs/claims (222,223). Productivity loss caused by health problems denotes 

output loss due to reduced labour input as a result of absenteeism (absences of a worker from 

work or the number of working times a worker is absent from work due to sickness) and 

presenteeism (present at work but limited by illness and not able to fully function) (224–226). 

Several studies have documented physical health problems such as musculoskeletal disorders 

(227–230) and mental health disorders such as psychological distress, depression and anxiety 

disorders (227–231) to have high absenteeism, presenteeism and/or productivity loss costs. 

For instance, a study in the United States has documented that workers with poor physical 

health reported 1.9% more productivity loss compared to those with good physical health 
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(232). Among employees in Australia, psychological distress has been found to be associated 

with a 22% increased risk of absenteeism and an over 300% increased risk of presenteeism 

(227), and it is estimated to account for AUD 5.9 billion (Australian dollars) in reduced 

productivity in a year (233). Fatigue and sleep-related problems have also been demonstrated 

to account for $15.3 billion and $21.5 billion, respectively, in productivity loss due to 

presenteeism per annum among workers in Japan (228). Several studies have identified 

health-related behaviours, including smoking, alcohol consumption, physical activity, eating 

behaviours, overweight and obesity and relaxation time, as significant predictors of work-

related absenteeism and/or presenteeism (223,232,234–238). For instance, workers who are 

current smokers compared to non-smokers and physically inactive compared to physically 

active were found to report 2.8% and 1.9% reduced productivity, respectively, in the United 

States (232). 

Furthermore, evidence suggests that the co-occurrence of health and risky behaviours 

are important contributors to productivity loss (50,223,232,239,240) and future medical 

claims, thereby imposing a high financial burden on employers (223). Individuals with more 

health behaviours experience higher levels of absenteeism and presenteeism than those with 

fewer risk behaviours (239,240). A study among workers in a large company in the United 

States has reported workers with five or more co-occurring health risks such as smoking, 

alcohol use, and physical inactivity were 12.2% less productive than workers with low (0 to 

2) health-risky behaviours, and the occurrence of every extra health risk accounted for a 2.4% 

reduction in productivity (232). There is a limited number of studies that have evaluated the 

economic impact of the healthy and unhealthy behaviours of workers in the mining sector in 

Australia (46,47,49). A cross-sectional study of mining workers in Australia estimated an 

annual cost of AUD 22 million in lost productivity in every 1000 workers attributable to 

seven health conditions, including stress, depression, anxiety, sleep problems, alcohol use and 
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poor nutrition (47). Similarly, Ling et al. established that psychological distress is associated 

with an annual cost of loss of work time of AUD 4.9 million in mining workers, with AUD 

2.7 million due to absenteeism and AUD 2.3 million due to presenteeism (46). Studies 

examining health-related productivity in the mining industry tend to focus on the entire 

mining workforce rather than workers on FIFO work arrangements, which are increasingly 

becoming the standard form of employment in the mining industry in Australia (2). FIFO 

workers may differ in mental health and health-related behaviours from their counterpart 

mining workers who are not FIFO (30,32,48). For instance, local non-FIFO miners are 

indicated to experience worse mental distress compared to FIFO mining workers (32,40) and 

could be driving the attributed work productivity loss cost in the general mining population. 

Current studies have largely focused on a single health condition (e.g., psychological distress 

or stress) (46,49) and are limited in examining the economic impact of multiple health 

conditions (47) and their co-occurrence among workers. Additionally, the health risk profile 

of workers may change over time, which will require the regular evaluation of workers’ 

health and accompanying economic impact. For instance, a study by Nielsen et al. found a 

decrease in the prevalence of psychological distress from 9% to 8% over a 6-month period 

among FIFO offshore oil and gas workers (145). Furthermore, limited studies have examined 

the health and FIFO job characteristics that predict productivity loss. The high prevalence of 

health problems and risk of unhealthy behaviours (40) reported among FIFO workers requires 

better workplace health and safety interventions and policies. 

However, it has been suggested that employers may be reluctant to uptake or support 

such interventions unless an economic impact on the health and safety of workers has been 

demonstrated (47). Employers seek to regularly measure the financial gains workplace health 

interventions bring to their organizations (223) as they look to improve the health of workers 

and enhance work productivity. One way of demonstrating this financial benefit is to examine 
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the impact of the health risk of workers on work productivity outcomes and/or the associated 

productivity cost (47,241). Furthermore, providing a comprehensive examination of the 

work-related factors that promote work productivity losses may be particularly beneficial to 

profiling which workers are at higher risk of experiencing productivity losses and where 

interventions could be targeted. For this, obtaining the essential information on the health and 

work-related predictors of productivity outcomes is of high economic and societal 

significance. This cross-sectional study aimed to examine the self-reported health and 

lifestyle behaviours of FIFO workers and the impact of this on work productivity in people 

working in FIFO work in the mining industry in Australia. Specifically, the study examined: 

(1) productivity losses attributable to the health and lifestyle behaviours of FIFO workers; (2) 

the relationship between health and lifestyle behaviours and productivity losses; (3) health 

and work-related predictors of productivity loss (absenteeism, presenteeism and total 

productivity loss); and (4) the annual cost of absenteeism, presenteeism and total productivity 

loss among FIFO workers. 

4.3 Materials and methods  

4.3.1 Study design and participants  

A cross-sectional study was conducted among FIFO workers in the mining industry in 

Australia. The resources industry in Australia employed an average of 264,700 people in 

2021 (242), and around 90,000 to 11,000 have been estimated to work in FIFO roles (243). 

FIFO work arrangements are predominant in Western Australia and Queensland (22), 

accounting for an estimated 17% of employment in the regional areas of Australia (13,14,25). 

Workers travel (commonly by plane) from the cities to regional, remote areas; for instance, in 

Western Australia, workers travel from Perth to work in the remote areas of Pilbara, 

Kimberly, Goldfields-Esperance and Central Midwest regions (3). FIFO workers in the 

mining sectors, including metal ore mining (such as gold, iron, lead, copper, etc.), coal 
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mining and oil and gas) are predominately males (≈85%) and aged 25–44 years (58.6%) (25). 

Workers in the mining sector commonly work on a FIFO roster of 14 days on/7 days off or 8 

days on/6 days off (5).  

Data were collected via an online questionnaire through the Qualtrics XM online 

survey software (244). The study used a convenience (non-probability) sampling procedure to 

recruit a readily available FIFO sample interested in taking part in the study, which is 

suggested to be suitable to draw responses from a ‘mobile population’ like FIFO workers (6). 

Study participants aged 18 years and above and working on FIFO arrangements in the mining 

industry in Australia were recruited between July and December 2021 through a large mining 

company in Western Australia, where promotional materials were posted at various sites and 

through the company’s weekly intranet communications. Study participants were also 

recruited through the periodic posts of promotional materials on Facebook pages of FIFO 

work support groups to increase diversity in the recruited study sample. The use of social 

media platforms in recruiting study participants has been demonstrated as an effective 

recruitment strategy in previous FIFO studies (13). Study participants provided informed 

consent and completed the questionnaire voluntarily and anonymously. Research promotional 

materials invited only FIFO workers in the mining sector, and each participant acknowledged 

that they did work FIFO. Qualtrics was not set up to record where participants were referred 

from to determine the proportion of study participants that were recruited through the mining 

company and/or from Facebook posts.   

4.3.2 Survey instruments and measures  

Given the novelty of this study, there was not a previously published questionnaire 

that could fully answer the question of interest. In the absence of a validated questionnaire, 

this study drew on previously published literature that had focused on a number of relevant 

areas relating to health and related behaviours and productivity losses. For each of the areas, 
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we identified relevant sources questionnaires and established scales and national guidelines in 

supporting the development of a specific questionnaire (available on request to the first 

author). The final survey consisted of 57 questions across sociodemographic and work 

characteristics, health and related behaviours and work productivity measures (absenteeism 

and presenteeism) (see Appndix D). 

4.3.2.1 Sociodemographic and work characteristics  

Sociodemographic and work characteristics assessed included: age, sex, ethnicity, 

marital status, number of children, educational status, FIFO role, shift pattern, normal shift 

hours per day, number of consecutive days at work and at home, and the duration of working 

as a FIFO worker consistent with previous studies (7,29). 

4.3.2.2 Health Conditions  

Health and related behaviours commonly reported among rotation workers (40) and 

highlighted as significant contributors to work productivity loss (47,245) were assessed using 

established scales and national guidelines. The health conditions included: psychological 

distress, physical health status, sleep condition, risky use of alcohol, physical inactivity, 

smoking, weight problem (low and high body mass index (BMI)), and poor diet (insufficient 

fruit and vegetable intake). Psychological distress was assessed using the 10-item Kessler 

Psychological Distress Scale-K10 (183), which assesses the negative emotional states (e.g., 

feeling nervous, sad, depressed, worthless, or hopeless) over the previous 30 days on a 1 to 5 

Likert scale. Based on the total score of 10–50, a high risk of psychological distress was 

classified as a score of 22–50 (183). 

Physical health status was evaluated by the 4-item physical component summary 

(PCS) subscale of the SF-8 Health Questionnaire (185). Items assess the experiences of 

bodily pain, difficulty in doing daily work and limitation to physical activities due to physical 

health problems and perceived overall health status in the last 4 weeks on 5- or 6-point Likert 
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scales. Of the potential scores of 0 to 100, a score less than 50 was indicative of poor physical 

health status (185).  

Sleep condition was assessed using questions taken from the Pittsburgh Sleep Quality 

Index (PSQI); these include an item on sleep duration (“How many hours of actual sleep did 

you get at night during on-shift days?”) and one on sleep quality (“During the past month, 

during on-shift days, how would you rate your sleep quality overall?”) (186). Poor sleep 

condition was classified as participants who reported a sleep duration of less than 7 h and/or 

rated their sleep quality as fairly to very bad (47).  

Risky use of alcohol was assessed using Alcohol Use Disorders Identification Test-

Concise (AUDIT-C) (187). The 3-item (e.g., “How many standard drinks containing alcohol 

do you have on a typical day when drinking?”) scale using a 0 to 4 scale assessed the 

frequency and quantity of standard alcohol drinks intake typical for on-shift days. Of a total 

score of 0–12, male participants with ≥4 and female participants with ≥3 scores were deemed 

to engage in risky alcohol-drinking behaviour (187).  

On smoking status, participants were asked “Do you smoke?” and “Have you ever 

smoked?” and were classified as never smoked, previous smokers or current smokers.  

Physical activity was assessed using the International Physical Activity 

Questionnaire-short form (IPAQ) (188). IPAQ assesses the number of days and minutes per 

week spent engaging in mild, moderate and/or vigorous physical activities. Each activity’s 

weekly metabolic equivalent minutes (MET-minutes), given by the product of minutes, days 

and an established intensity (in METs), were computed and all added to give the total weekly 

physical activity (189). Participants not achieving a minimum of 600 MET minutes per week 

were classified as undertaking insufficient physical activity (189).  

Weight problem was evaluated by estimating the body mass index (BMI) based on 

participants’ self-reported weight and height. Participants recording BMI scores of <18.5 
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(underweight), 25–29.9 (overweight) and ≥ 30 (obese) were classified as having a weight 

problem. Diet was measured based on fruit and vegetable intake. Participants were asked 

“How many serves of vegetables do you usually eat each day?” and “How many serves of 

fruit do you usually eat each day?” during on-shift days (192). Per the Australian daily 

dietary guidelines on minimum daily-suggested servings, the intake of less than 2 servings of 

fruits and/or less than 5 servings of vegetables wasclassified as poor diet/nutrition (193). 

Table 5 presents the full risk classifications of health and lifestyle behaviours. 

Table 5. High- and low-risk classification for health conditions 

Health condition High-risk criteria Low-risk criteria 

Psychological distress 
K10 scores of 22–29 (high) 

and 30–50 (very high) levels 

K10 scores of 10–15 (low) 

and 16-21 (medium) levels 

Poor physical health 
Scores of less than 50 on the 

PCS of SF-8 Health scale 

Scores of less than 50 on the 

PCS of SF-8 Health scale 

Poor sleep condition 

Sleep duration less than 7 

hours and/or poor sleep 

quality 

Sleep duration of 7 or more 

hours and/or better sleep 

quality 

Risky alcohol use 
AUDIT-C score of ≥4 among 

men and ≥3 among women 

AUDIT-C score of <4 among 

men and <3 among women 

Smoking Currently smoking Non-or ex-smokers 

Insufficient physical activity 

Metabolic equivalent minutes 

(MET-minutes) of less than 

600 per week 

Metabolic equivalent minutes 

(MET-minutes) of ≥ 600 per 

week 

Weight problem 

BMI < 18.5(underweight), 

BMI=25–29.9 (overweight) 

and BMI ≥ 30 (obese) 

BMI=18.5-24.9 

Poor diet/nutrition 

Intake of less than 2 serves of 

fruits and/or less than 5 

serves of vegetables 

Intake of more than 2 serves 

of fruits and/or 5 serves of 

vegetables 

 

4.3.2.3 Work productivity loss measures  

Work productivity was assessed using the Worker Productivity and Activity 

Impairment-General Health (WPAI-GH) tool (246). The WPAI-GH is a six-item validated 

tool that measures self-reported current employment status, work hours missed due to health 

problems in the last 7 days, the actual work hours in the last 7 days, and the extent of work 

impairment or reduced work productivity (or daily activities) due to health problems in the 

last 7 days (246). This tool has been used to study productivity loss cost in the resource sector 

based on its reliability, shortness and capacity to estimate productivity loss cost in monetary 
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terms (47). Consistent with previous studies, this study adapted a measurement period of 4 

weeks to limit the chance of influence of acute illnesses and workers’ rosters arrangements on 

self-reported study parameters (47,245). Scoring on the items measured over a 4-week recall 

period was then divided by 4 to align to the 7 days of the original scoring metric (47) before 

computing the productivity loss measures, defined as the productivity lost at work in hours 

expressed in percentages and computed as per standard equations given by the WPAI-GH 

tool (246). The validity and reliability of the WPAI-GH scale (246) and its use in the 

resources industry (47) and general population (245,247) are well demonstrated. Absenteeism 

was defined as a percentage of work hours missed due to health problems and calculated as: 

work hours missed due to health problems in the last 7 days  

(work hours missed due to health problems+ actual hours worked in the last 7 days )
 x 100 

Presenteeism, defined as the percentage of impairment/reduced productivity while working 

due to health problems, was estimated as: 

extent of work impairment or reduced work productivity in the last 7 days, rated 0 to 10 

10
 x 100 

The total productivity loss as a result of health problems measured as a combination of 

absenteeism and presenteeism was given as: 

total prod loss (in %)= absenteeism+[(1-absenteeism) x presenteeism] 

4.3.3 Data analysis and cost estimation plan 

Data were processed and analysed using STATA version 13 software (StataCorp LP, 

College Station, Texas, USA). For descriptive purposes, are reported for categorical variables 

were presented in frequencies and percentages, and continuous variables in means and 

standard deviations. The risk of health conditions was classified into high risk and low risk 

for participants based on the measurement scales used (47,223) (see Table 5). Multiple health 

risks (having multiple health conditions) were determined for each participant and classified 

as low (0-2 health conditions), medium (3-4 health conditions) and high risk (5 or more 
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health conditions) (240). Productivity losses due to absenteeism, presenteeism and the total 

productivity loss were estimated as high and low health risk for each participant, and the 

differences were calculated as the excess work productivity loss attributable to the health 

conditions (47); given as: 

excess loss (%) =productivity loss in high health risk - productivity loss in low health risk 

In examining the relationships between health conditions and absenteeism, 

presenteeism and total productivity loss, the Mann-Whitney tests were used to examine 

differences in the absenteeism, presenteeism and total productivity loss between the workers 

with high and low risk for health conditions. Furthermore, the Kruskal-Wallis test was 

conducted to examine differences in absenteeism, presenteeism and total productivity loss 

between the workers with high, medium and low multiple health risks for health conditions.  

To estimate the excess annual productivity loss cost attributable to the health 

conditions per worker, the percentage excess work productivity loss was multiplied by the 

average earnings per year for full-time mining workers in Australia (47), given as: 

cost attributed per worker = 
excess loss

100
 x annual salary  

The annual earning was estimated as AUD 134,323.20 based on the average weekly earnings 

as of May 2021 (for all workers in the mining industry taken from the Australian Bureau of 

Statistics) (248) multiplied by 48 working weeks per year (assumed for full-time workers: 52 

weeks minus 4 weeks of annual leave) in the mining industry consistent with previous studies 

(46,47).  

Consistent with previous studies (239,245), linear regressions, controlling for age, 

gender, and work characteristics, were also used to model excess annual work losses through 

absenteeism, presenteeism and total productivity loss, and annual indirect cost estimated per 

1000 workers. Residuals were fairly normally distributed and the plots of standardized 

residuals against predictor variables showed linear relationships (249,250). 
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Y=  α +β1age +β2gender + β3fifo roles + β4shift patterns + β5shift hours + β6consecutive days at

 work + β7consecutive days at home + β8 years spent in FIFO + β9poor sleep condition +

 β10smoking + β11alcohol use + β12poor diet + β13bmi + β14insufficient physical activity + 

 β15poor public health + β16psychological distress + β17multiple health risk + u, 

 

Where; Y = productivity loss measure (absenteeism, presenteeism or total productivity loss) 

 

To estimate the excess annual work productivity loss cost (due to absenteeism, 

presenteeism and total productivity loss) for each of the health conditions per 1000 workers, 

the coefficients (excess productivity loss for high risk) estimated from the regressions were 

multiplied by the prevalence for each health condition, the average annual salary (AUD 

134,323.20) and by 1000 workers, consistent with previous studies (47,245). Simply, the cost 

attributed to a health condition was given as; 

 

cost =
prev of health condition

100
 x 

excess loss

100
x annual salary x 1000 workers,   

Where;  

prev = prevalence of a health condition,    

excess loss =excess work productivity loss given by the regression coefficients (due to absenteeism or 

presenteeism or total productivity loss) attributable to an individual at high risk of a health condition, 

annual salary = average annual salary for a full-time mining; AUD $134,323.20. 

 

4.3.3.1 Sensitivity Analysis  

The probabilistic sensitivity analyses (PSA) were done to examine the uncertainty of 

the study parameters and to test the robustness as well as validate the study model estimates. 

The PSA was done using Monte Carlo simulation to test for the uncertainty of parameter 

values in estimating the productivity loss costs. The estimation of the productivity loss costs 

was replicated with 1000 simulations, where the values for the parameters in PSA were based 

on the distributions and model estimates (point estimates and standard error) from the study 

sample data. There was no special rule for the selection of simulation trials (1000 samples) 

used in this study, but the selection and use of 1000 samples were made based on previous 

literature, which has been demonstrated to achieve convergence and accuracy for mean 
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parameters (251,252). The results of the PSA are presented using the scatter plot graphs and 

the 95% certainty intervals reported. 

4.3.3.2 Health- and Work-Related Predictors of Work Productivity Loss  

The health- and work-related predictors of work productivity loss (absenteeism, 

presenteeism and total productivity loss) were examined using a two-part model approach 

(253). This was due to the data containing a large number of zeros, with several of the study 

participants reporting no productivity loss during the study period. This is consistent with 

similar studies (239). The first part of the model used multiple logistic regression to examine 

the health outcomes and work characteristics (job type, years working in FIFO arrangements, 

shift pattern, shift hours, consecutive days spent at home, consecutive days spent away from 

home) predictors of any reported productivity loss (i.e., reported productivity loss vs. no 

productivity loss) for the total study sample (n = 216). The second part of the model specified 

ordinary least square regressions to examine the relationships between health outcomes and 

work-related characteristics and productivity loss among the sample that reported positive 

productivity loss (253). Three logistic regression models (one each for absenteeism, 

presenteeism and total productivity loss) and three ordinary least square regression models 

(one each for absenteeism, presenteeism and total productivity loss) were conducted, with 

statistical significance set at p < 0.05. The estimated variance inflation factor (VIF) values, to 

test for multi-collinearity in the models, ranged from 1.16 to 6.31. 

4.4 Results  

4.4.1 Background characteristics of study participants  

A total of 299 FIFO workers took part in the study: 83 of them did not provide 

sufficient data, particularly on health conditions and work productivity measures 

(absenteeism/presenteeism) and were excluded, leaving 216 who provided complete data to 

be included in the analysis. The excluded sample did not significantly differ in background 
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characteristics from the included sample: e.g., age (mean age 39.9 ± 11.6 vs. 39.3 ± 12.2, p = 

0.710), gender (male: 66.2% vs. 60.2%, p = 0.334), shift patterns (rotation shift: 56.0% vs. 

56.7%, p = 0.920) and shift length (11.9 ± 1.7 vs. 11.8 ± 1.8 h, p = 0.599) (Appendix E: 

Supplementary Information S4). The background characteristics of the study participants are 

shown in Table 6. The mean age of the participants was 39.9 ± 11.6 years, and the majority of 

the participants were males (66.2%). Most of the participants worked on a rotating shift 

pattern (i.e., a mix of day/night shifts) (57.4%) for 12 h or more per day (86.1%) and have 

worked in FIFO work arrangements for 5 years or more (59.7%) (Table 6). 

 

Table 6. Distribution of demographics and work-related characteristics of FIFO workers  

Personal characteristics Frequency (n) Percent (%) 

Age in year   

   ≤34 82 38.0 

   35-44 67 31.0 

   ≥45 67 31.0 

Gender   

   Male  143 66.2 

   Female  73 33.8 

Ethnicity    

   Caucasian/White 183 84.7 

   Other  33 15.3 

Relationship status   

   Single/Never married 43 19.9 

   Married  93 43.1 

   Separated/Divorced/Widowed 25 11.6 

   De-facto/Co-habiting/Civil partnership 52 23.0 

   Other  3 1.4 

Educational status   

   Primary/Secondary education and equivalent 70 32.4 

   Trade/Apprentice 45 20.8 

   TAFE/College 60 27.8 

   Bachelor degree 30 13.9 

   Postgraduate degree 11 5.1 

FIFO role   

   Management/Administration/services 54 25.0 

   Professional 27 12.5 

   Maintenance/Technician 39 18.1 

   Production/Drilling/Construction/Labourer 45 20.8 

   Machinery operator and driver 35 16.2 

   Catering  10 4.6 

   Other  6 2.8 

Shift patterns   

   Rotation shift (mixture of day/night shift) 124 57.4 

   Regular shift (fixed day/night) 92 42.6 
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Shift length   

   <12 hrs 30 13.9 

   ≥12 hrs 186 86.1 

Consecutive days spent at work   

   <8 days 43 19.9 

   8-14 days 156 72.2 

   15+ days 17 7.9 

Consecutive days spent at home   

   <8 days 187 86.6 

   8-14 days 29 13.4 

FIFO duration   

   <5 yrs 87 40.3 

   5-9 yrs 46 21.3 

   10+ yrs 83 38.4 

TAFE= Technical and Further Education   

 

4.4.2 Prevalence of risk of health conditions  

Table 7 presents the prevalence of health conditions among study participants. All 

participants reported at least 1 health condition. The study participants showed a high 

prevalence of poor diet (96.3%), weight problems (74.5%), and poor sleep conditions 

(64.4%). The majority of the participants (97.7%) reported having at least 2 health conditions 

(Table 7). 

Table 7. Prevalence of risk of health conditions 

Health condition High-risk frequency (n) Percent (%) 

Poor sleep condition 139 64.4 

Risky alcohol use 74 34.3 

Currently smoking 57 26.4 

Poor diet 208 96.3 

Weight problem 161 74.5 

Insufficient physical activity 58 26.9 

Poor physical health 19 8.8 

Psychological distress 72 33.3 

How many health conditions 

reported 
  

   1 5 2.3 

   2 39 18.1 

   3 67 31.0 

   4 53 24.5 

   5 and more 52 24.1 
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4.4.3 Productivity loss in individuals with high health risks  

The proportions of study participants reporting any missed work hours and reduced 

productivity due to health problems were 20.4% (n = 44): average work hours missed of 

16.07 ± 20.34 h (range 1–96) per 4 weeks and 53.7% (n = 116), respectively. On average, the 

study participants reported 1.70% absenteeism, 3.84% presenteeism and 7.48% total 

productivity loss rates per week during the study period (Table 8). 

 

Table 8. Work productivity loss measures in study participants. 

Measures Frequency (n), mean±SD Percent (%) 

Absenteeism    

   Yes  44 20.4 

   No 172 79.6 

Work hours missed per 4 weeks 16.07±20.34hrs (range 1-96)  

Average absenteeism rate (per week) 1.70±5.36% (range 0-33.3)  

Presenteeism   

   Yes 116 53.7 

   No 100 46.3 

Reduced work productivity (ranked 0-

10) per 4 weeks 
  

   0 100 46.3 

   1-2 64 29.6 

   3-4 32 14.8 

   ≥5 20 9.3 

Average presenteeism rate (per week) 3.84±5.33% (range 0-22.5)  

Average total productivity loss rate 

(per week) 
7.48±10.20% (range 0-40)  

 

Workers with a high risk of each of the health conditions reported excess (more) 

productivity loss compared with workers with low risk. For absenteeism, high-risk workers 

reported more productivity loss (on average 1.27%), ranging from 0.07% (risky alcohol use) 

to 2.77% (poor physical health). A Mann–Whitney test showed workers with high risk for 

insufficient physical activity (z = −2.322, p = 0.020), poor physical health (z = −2.453, p = 

0.014) and high psychological distress (z = −2.959, p = 0.003) reported significantly higher 

percentage absenteeism than those with low risks (Appendix E: Supplementary Information 

S5; Table S4a). 
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Table 9. Average percentages of absenteeism, presenteeism and total productivity loss and annual excess cost attributed to health risks per 

worker 

 
Percent absenteeism due to health Percent presenteeism due to health 

Percent total productivity loss 

Health conditions 
High risk Low 

risk Excess 
Cost per 

year 

High 

risk Low risk 
Excess Cost per year High 

risk 

Low risk Excess Cost per year 

Poor sleep condition 2.07 1.04 1.03 1383.53 4.64 2.40 2.24** 3008.84 6.43 3.36 3.07* 4123.72 

Risky alcohol use 1.75 1.68 0.07 94.03 4.12 3.70 0.42 564.16 5.71 5.14 0.57 765.64 

Current Smoking 1.99 1.60 0.39 523.86 5.70 3.18 2.52** 3384.94 7.37 4.61 2.77* 3720.75 

Poor diet 1.77 0.07 1.70 2283.49 3.92 1.88 2.04 2740.19 5.47 1.94 3.53 4741.61 

Weight problems 1.77 1.51 0.26 349.24 4.02 3.32 0.70 940.26 5.56 4.69 0.86 1155.18 

Insufficient physical 

activity 

2.73 1.32 1.41* 1893.96 5.13 3.37 1.76 2364.09 7.52 4.54 2.98* 4002.83 

Poor physical health 4.23 1.46 2.77* 3720.75 11.71 3.08 8.63*** 11,592.09 15.11 4.40 10.71*** 14,386.01 

Psychological distress 3.08 1.01 2.07** 2789.49 7.01 2.26 4.75*** 6,380.35 9.64 3.19 6.45*** 8663.85 

*p<0.05; **p<0.01; ***p<0.001 from Mann-Whitney test 

Australian dollar (AUD) 134,323.20 based on the average weekly earnings per worker as of May 2021 
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For presenteeism, high-risk workers reported more productivity loss (on average 

2.88%), ranging from 0.42% (risky alcohol use) to 8.63% (poor physical health). A Mann– 

Whitney test showed workers with high risk for poor sleep conditions (z =−2.390, p = 0.017), 

smoking (z = −2.609, p = 0.009), poor physical health (z = −5.000, p < 0.001) and high 

psychological distress (z = −6.069, p < 0.001) reported significantly higher percentage 

presenteeism than workers with low risks (Appendix E: Supplementary Information S5; 

Table S4b). On total productivity loss, high-risk workers reported more productivity losses 

(on average 3.87%), ranging from 0.57% (risky alcohol use) to 10.71% (poor physical 

health). A Mann–Whitney test showed workers with high risk for poor sleep conditions (z = 

−2.220, p = 0.026), smoking status (z = −2.183, p = 0.029), insufficient physical activity (z = 

−2.114, p = 0.035), poor physical health (z = −4.554, p < 0.001) and high psychological 

distress (z = −5.432, p < 0.001) reported significantly higher percentage total work 

productivity losses than workers with low risks (Appendix E: Supplementary Information S5; 

Table S4c). The productivity loss was estimated for workers with multiple health risks, and 

the results showed the average percentage of absenteeism, presenteeism and total work 

productivity loss increased when health conditions accumulated in workers. The results are 

shown in Figure 3. The Kruskal–Wallis test showed there were significant differences in 

absenteeism (χ2(2) = 10.643, p = 0.005), presenteeism (χ2(2) = 25.391, p < 0.001) and total 

work productivity loss (χ2(2) = 23.943, p < 0.001) between the levels (low, medium and high) 

of accumulation of multiple health conditions (Appendix G: Supplementary Information S6). 

A Dunn’s test of multiple comparisons with Bonferroni adjustment showed that the average 

percentage of productivity loss measures (absenteeism, presenteeism and total productivity 

loss) were significantly higher in workers with high multiple health risks (5 or more health 

conditions) compared to workers with low (0–2 health conditions) (p < 0.001) and medium 

(3–4 health conditions) multiple health risks (p < 0.001). For instance, total productivity loss 
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increased from 2.57% in workers with low risk (0–2 health conditions) to 10.03% in workers 

with high risk (5 or more conditions), and compared to the low-risk workers (0–2 health 

conditions) (p < 0.001) and those with medium risk (3–4 health conditions) (p < 0.001), 

workers with high risk reported greater productivity loss of 7.46% and 5.71% respectively 

(Appendix G: Supplementary Information S6).  

The cost of excess productivity loss due to absenteeism, presenteeism and total 

productivity loss was computed for individuals with higher levels of health risk by 

multiplying the percentage of excess productivity loss by the average annual wage (AUD 

134, 323.20) (Table 9). The excess productivity loss due to absenteeism for the health 

conditions ac- counted for an additional average cost of AUD 1629.79 per year per worker, 

with the lowest of AUD 94.03 reported for risky alcohol use and the highest of AUD 3720.75 

for poor physical health. The average additional cost of excess productivity loss due to 

presenteeism for the health conditions was AUD 3871.87 per year per worker, ranging from 

AUD 564.16 for risky alcohol use and AUD 11,592.09 for poor physical health. On average, 

excess total productivity loss (combination of absenteeism and presenteeism) for the health 

conditions accounted for an additional cost of AUD 5194.95 per year per worker, with the 

highest 3 contributors including poor physical health (AUD 14,386.01), psychological 

distress (AUD 8663.85), and poor diet (AUD 4741.61). 
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Figure 3. Average percentage productivity loss for each level of health risk 

4.4.4 Productivity loss in individuals with high health risks  

To estimate the independent contribution of each health condition to absenteeism, 

presenteeism and overall productivity loss, linear regression was used to estimate the 

unstandardized coefficients (excess productivity loss) for each health risk adjusting for age, 

gender, work-related characteristics, and co-occurrence of health risk factors (Table 10). The 

excess productivity loss was multiplied by the prevalence of each health condition and 

multiplied by the average annual salary (AUD 134,323.20) of a full-time mining worker in 

Australia and by 1000 workers to estimate the productivity loss cost (due to absenteeism, 

presenteeism and total productivity loss) for each of the health outcomes per 1000 workers 

per year. All health outcomes recording excess productivity loss in high-risk workers were 

included in estimating each of the productivity loss costs as they showed substantial costs. 

The F-test also showed a significant contribution of all health outcomes to the models 

estimating presenteeism, F(8, 198) = 10.66, p < 0.001 and total productivity loss, F(8,198) = 6.30, 

p < 0.001, except for the model estimating absenteeism, F(8,198) = 1.49, p = 0.164 (Table 10).
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Table 10. Estimates of loss in productivity per year by health indicators per 1000 FIFO workers 

Health conditions Prevalence of 

high risk (%) 

Excess 

absenteeism 

(%) 

Lost 

productivity 

cost per 1000 

(AUD) 

Excess 

presenteeis

m (%) 

Lost 

productivity 

cost per 1000 

(AUD) 

Excess total 

productivity 

loss (%) 

Lost productivity cost 

per 1000 (AUD) 

Poor sleep condition 64.4 1.41 1,219,708.39 2.17* 1,877,139.86 3.28* 2,837,335.82 

Risky alcohol use 34.3 0.93 428,477.58 1.48 681,878.29 2.26 1,041,246.58 

Smoking 26.4 -0.07 - 1.26 446,812.69 1.03 365,251.65 

Poor diet 96.3 3.20 4,139,303.73 4.26* 5,510,448.09 6.85* 8,860,697.05 

Weight problems 74.5 1.00 1,000,707.84 1.50 1,501,061.76 2.21 2,211,564.33 

Insufficient physical activity 26.9 1.64 592,580.23 2.54** 917,776.70 3.88** 1,401,958.10 

Poor physical health 8.8 2.79 329,790.32 9.05*** 1,069,749.96 11.10*** 1,312,069.02 

Psychological distress 33.3 2.47* 1,104,821.75 4.64*** 2,075,454.63 6.56*** 2,934,263.44 

*p<0.05; ***p<0.001 

Adjusted for age, sex, job type, years in FIFO, shift pattern, shift hours, consecutive days spent at home, consecutive days spent at home, co-occurrence of 

multiple health risks 
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The estimated average productivity loss cost due to absenteeism was AUD 

1,259,341.41 per 1000 employees per year, ranging from AUD 329,790.32 for poor physical 

health to AUD 4,139,303.73 for poor diet. The total annual productivity loss cost attributed to 

absenteeism due to seven health conditions (excluding smoking, which recorded no excess 

productivity loss due to absenteeism in those at high risk of smoking) was AUD 8,815,389.84 

per 1000 employees. On average, productivity loss cost due to presenteeism was AUD 

1,760,040.25 per 1000 workers per year, ranging from AUD 446,812.69 for smoking to AUD 

5,510,448.09 for poor diet. The total annual productivity loss cost attributed to presenteeism 

due to the 8 health-related risks was AUD 14,080,321.98 per 1000 workers. The overall 

productivity loss cost (combination of absenteeism and presenteeism) was, on average, AUD 

2,620,548.25 per 1000 workers per year, ranging from AUD 365,251.65 for smoking to AUD 

8,860,697.05 for poor diet. Annually, the 8 health risks accounted for an overall productivity 

loss cost of AUD 20,964,385.99 per 1000 employees. The risks of poor diet, psychological 

distress, poor physical health, poor sleep condition and insufficient physical activity 

contributed significantly to employees’ excess productivity loss cost in the study sample (p < 

0.05) (Table 10). 

4.4.5 Sensitivity analysis  

The results from the probabilistic sensitivity analysis to examine the uncertainty of 

parameters in estimating productivity loss cost using Monte Carlo simulation are presented in 

Figures 4-6. Replicating the estimated cost in 1000 samples indicated 95% certainty intervals 

for the cost of absenteeism (Figure 4): AUD 8.81 million to AUD 8.83 million, presenteeism 

(Figure 5): AUD 14.07 million to AUD 14.10 million and total productivity loss: AUD 20.95 

million to AUD 20.99 million (Figure 6). 
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Figure 4. Scatter plot for probabilistic sensitivity analysis to examine the uncertainty of 

parameters in estimating absenteeism cost using Monte Carlo simulation to replicate the 

estimated cost in 1,000 samples. Average absenteeism cost was AUD 8.82 (95%CI: 8.83) 

million.  

 

 
Figure 5. Scatter plot for probabilistic sensitivity analysis to examine the uncertainty of 

parameters in estimating presenteeism cost using Monte Carlo simulation to replicate the 

estimated cost in 1,000 samples. Average presenteeism cost was AUD14.08 (95%CI: 14.10-

14.07) million. 
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Figure 6. Scatter plot for probabilistic sensitivity analysis to examine the uncertainty of 

parameters in estimating total productivity cost using Monte Carlo simulation to replicate the 

estimated cost in 1,000 samples. Average total productivity loss cost was AUD 20.97 (95% 

CI: 20.95-20.99) million. 

 

4.4.6 Health and work-related factors associated with productivity loss measures  

The results of the two-part model analysis examining the health and work-related 

factors associated with productivity loss measures are shown in Appendix E: Supplementary 

Information S7. For absenteeism, results from the logistic regression model (−2 log-

likelihood = −82.914, p = 0.002; pseudo R2 = 24.1%) showed that study participants with 

high risk for insufficient physical activity (OR = 2.94, 95%CI = 1.02, 8.48) and poor physical 

health (OR = 8.25, 95%CI = 1.88, 36.14) had higher odds of reporting any absenteeism than 

their counterparts with lower risk. Similarly, the odds of any absenteeism were higher among 

study participants who worked in production/drilling/construction/labouring roles (OR = 

4.14, 95%CI = 1.09, 15.74) compared to their counterparts in management roles. Limiting the 

analysis to study participants who reported any absenteeism (n = 44), those with high risk for 

weight problems had low absenteeism (β = −2.48, 95% CI = −4.69, −0.26). However, the 

model was statistically not significant ((F(26,17) = 0.90, p = 0.610), with adjusted R2 = −6.8%).  

For presenteeism, logistic regression model (−2 log-likelihood = −126.347, p = 0.010; 

pseudo R2 = 15.3%), results showed that study participants with high risks for poor physical 
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health (OR = 5.17, 95% CI = 1.18, 22.54) and psychological distress (OR = 4.14, 95% CI = 

1.55, 11.08) had higher odds of reporting any presenteeism than their counterparts with lower 

risk. Limiting the analysis to study participants who reported any presenteeism (n = 116) in 

an OLS model ((F(26,89) = 1.99, p = 0.001), with adjusted R2 = 18.4%), study participants with 

high risks for poor sleep conditions (β = 0.42, 95% CI = 0.06–0.78), poor physical health (β = 

0.82, 95% CI = 0.38, 1.26) and psychological distress (β = 0.50, 95% CI = 0.12, 0.87) had 

high presenteeism. 

For total productivity loss, logistic regression model (−2 log-likelihood = −126.048, p 

= 0.014; pseudo R2 = 14.9%), results showed the odds of any total productivity loss was 

greater among study participants with high risk for psychological distress (OR = 2.85, 95% 

CI = 1.07, 7.57). Limiting the analysis to study participants who reported total productivity 

loss (n = 121) in an OLS model ((F(26,94) = 1.62, p = 0.049), with adjusted R2 = 11.8%), 

participants with insufficient physical activity (β = 0.48, 95% CI = 0.04, 0.89), poor physical 

health (β = 0.87, 95%CI = 0.32, 1.43) and psychological distress (β = 0.54, 95%CI = 0.08, 

1.00) had high total productivity loss. No work-related factors such as FIFO roles, shift 

patterns and shift hours were found to be significantly associated with presenteeism and total 

productivity loss (Appendix E: Supplementary Information S7). 

4.5 Discussion  

4.5.1 Main findings 

The aim of this study was to examine the impact of health and related behaviours on 

the work productivity of FIFO workers in the mining industry in Australia. The high 

prevalence of health conditions found in workers in our study reflects the extant literature, 

which reports high levels of poor sleep, risky alcohol use, current smoking, poor diet, high 

BMI, insufficient physical activity and psychological distress in FIFO workers in the 

resources industry (40). The proportion of workers reporting absenteeism (20.4%) and 
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presenteeism (53.7%) due to health problems was higher than the rates (absenteeism: 18.7% 

and presenteeism: 26.9%) reported in a previous study in the mining industry (47). The 

differences in the measurements and the study periods could account for the observed 

differences in the findings. For instance, absenteeism in this current study was measured as 

reported hours of work missed, whereas the previous study measured absenteeism as days 

missed from work. However, our findings demonstrated the same trend of higher levels of 

presenteeism than absenteeism reported in the mining industry (46,47) and in the general 

working population, e.g., (239,245). Presenteeism in the mining sector has been associated 

with the mining work culture and lifestyle, long working hours and fatigue (221).  

This study found excess productivity loss due to absenteeism, presenteeism and total 

productivity loss for health and related behaviours were highest for those reporting poor 

physical health and psychological distress. Not surprisingly, workers experiencing poor 

physical health reported excess absenteeism (2.77%) and presenteeism (8.63%) and were 

10.71% less productive than workers reporting better physical health. A previous study found 

mining workers reporting poor physical health conditions such as musculoskeletal disorders 

(back, neck or spine injuries) to be 7.12% less productive than those who did not report such 

conditions (47). In this study, workers experiencing a high risk of psychological distress also 

reported high absenteeism (2.07%) and presenteeism (4.75%) and were 6.45% less 

productive than workers experiencing low risk. Similar findings were reported in a previous 

study, demonstrating that mining workers who experience a high risk of mental health 

conditions were significantly less productive than workers who did not experience such 

conditions (47). Another study reported psychological distress contributed to high levels of 

absenteeism and presenteeism among mining workers in Australia (46). Consistent with 

previous studies (232,239), we reported that health risk factors including poor sleep, 
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smoking, and insufficient physical activity were significantly associated with lower 

productivity in high-risk workers than in low-risk workers.  

The study found productivity loss increased with an increased number of health risks 

per worker. Workers with medium risk (3–4 health conditions) and high risk (5 or more 

conditions) compared to the low-risk workers reported lower productivity. Similar findings 

were also reported in the general working population in Australia (240) and the United States 

(232,234,239). The number and type of health risks that were independently associated with 

absenteeism, presenteeism and total productivity loss differed after controlling for other 

covariates.  

A high risk of psychological distress was found to be associated with presenteeism 

and total productivity loss but not associated with absenteeism. Consistent with our findings, 

other studies reported that psychological distress was significantly associated with 

presenteeism and total productivity loss in the general working population (227,245,254). 

The negative impact of mental health disorders on work productivity has been well 

documented in the general working population (223,230,235,255,256). The severity of 

mental health symptoms such as impaired concentration, decision-making, communication, 

and social/mental interactions are indicated to drive productivity loss (254,257,258), and as 

such, the successful treatment of symptoms and mental health promotion interventions could 

substantially reduce productivity losses (256). It has been noted that workers experiencing 

high distress tend to be associated with higher presenteeism than absenteeism (259,260). 

Again, stigma and fear of job loss surrounding mental health disorders are suggested to 

prevent workers from making known and taking sickness absences due to their mental health 

status, thereby experiencing more presenteeism (260). High levels of psychological distress 

are reported in FIFO workers (40), and seeking help for mental health is suggested to be low 

in the mining sector, citing fears of bullying, stigmatisation and job losses (25), worsening 
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the mental health problems. This could account for high levels of productivity losses. The 

findings of this study and the broader published literature (40) suggest the need for employers 

to promote mental health and well-being and to reduce the high levels of psychological 

distress, including by taking measures that promote/support mental health help-seeking 

behaviour among FIFO workers. Ebert and Strehlow suggest that active on-site counselling 

and support could reduce psychological distress (151).  

Consistent with the findings of previous studies among the general working 

populations (259,261,262), the present study found poor physical health to be independently 

associated with absenteeism, presenteeism and total productivity loss. Poor physical health 

has been established as a significant contributor to high levels of absenteeism and 

presenteeism (232,262). Poor physical health is indicated to limit work, particularly for those 

whose tasks demand strength and manual skill (232), as is the case with some mining jobs. 

Poor physical health conditions may also require off-the-job time to seek regular medical care 

and treatment (239).  

The present study, similar to the published literature (263,264), demonstrates that 

poor sleep impacts presenteeism, and it is associated with impaired concentration/attention, 

memory (264,265), fatigue (265), and worsened social/interpersonal interactions (264,266). 

With FIFO workers experiencing sleep problems and fatigue, particularly during on-shift 

days (40), the findings of this study suggest the need for employers to provide suitable 

environments that promote better sleep to enhance work productivity. However, poor sleep 

was found not to be associated with absenteeism and total work productivity loss, as has been 

documented in other studies (250,259). This study had a relatively small sample of 

participants reporting absenteeism, which could give rise to statistically insignificant 

relationships. Furthermore, it has been suggested that poor sleep is often associated with 

underlying poor physical health, which contributes to such individuals (poor sleepers) taking 
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more sickness absence (259,267). As in the extant literature (40), a high proportion of the 

participants reported good physical health in our study, which could explain the insignificant 

association of poor sleep with absenteeism.  

In line with the findings of this study, insufficient physical activity has also been 

reported to be associated with absenteeism and total productivity loss among the general 

working population (239,245). Physical inactivity is indicated to be a risk factor for poor 

physical health conditions, several of which contribute to absenteeism due to sickness (268) 

and the need to take time off to seek medical treatment and recover. Sufficient physical 

activity (269) is indicated to mitigate mental health and stress, which could help reduce work 

productivity losses (270).  

The study findings point toward the need for suitable health and lifestyle workplace 

interventions to encourage and sustain physical activity among workers, which may reduce 

work productivity loss (271,272). This study found workers in 

production/construction/drilling/labouring roles were associated with higher odds of 

absenteeism. However, no work-related factors were significantly associated with 

presenteeism and total productivity loss. Supporting our study in part, a previous study in 

Australia has found mining job roles such as technicians, tradespeople, machinery drivers and 

operators, and duration spent working in mining to be significantly associated with both 

absenteeism and presenteeism due to psychological distress (46). The disparity in sample 

sizes and measurement tools between our study and the previous study could account for the 

observed differences. For instance, the previous study with a larger sample measured 

absenteeism and presenteeism in days using single items. Working in manual roles such as 

production/construction/drilling/labouring may come with high physical job demands, which 

are associated with sickness and absence from work (262). It has been noted that workers 

engaged in ‘physically demanding’ jobs tended to report more absenteeism than presenteeism 
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as they may have fewer chances to adjust their tasks to their health status compared to those 

engaged in ‘mentally demanding’ jobs, who may have more chances to momentarily adjust 

their job or speed (262). The significant contributions of job-related characteristics to work 

productivity loss have been well documented (262,273). Additional studies may be required 

to further explore the work-related factors that significantly contribute to less productivity in 

FIFO workers.  

In this study, seven of the health and related behaviours (excluding smoking) were 

estimated to account for an excess of AUD 8.82 million in productivity loss due to 

absenteeism per 1000 employees per year, whereas all 8 health and related behaviours 

accounted for an excess of AUD 14.08 million in productivity loss due to presenteeism per 

1000 employees per year. Overall, the 8 health and related behaviours were estimated to 

account for an excess productivity cost of approximately AUD 20.96 million per 1000 

employees per year. A previous study has also estimated an additional cost of AUD 22.1 

million from 7 health risk factors, including sleep condition, short-term alcohol use, poor 

nutrition, anxiety and depression (47). Additional productivity costs associated with sleep 

problems (AUD 2.8 million) in this study were comparable to the AUD 2.7 million reported 

in previous study in mining workers (39). On the other hand, costs associated with alcohol 

intake (AUD 1.0 million) and poor diet (AUD 8.8 million) were higher than documented in 

previous studies in mining workers (39). Again, the productivity costs attributed to poor 

physical health (AUD 1.3 million) and psychological distress (AUD 2.9 million) were lower 

than reported in previous studies in a general mining workers (38,39).  Previous study has 

reported that chronic health conditions including migraine and back, neck and spinal 

problems accounted for AUD 7.9 million and anxiety, depression and stress to account for a 

combined AUD 13.2 million per 1000 mining employees per year (39). The other study has 

also estimated psychological distress to account for an annual productivity loss cost of AUD 
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4.9 million in mining workers (38). Psychological distress has been documented to account 

for productivity costs of AUD 5.9 billion per year  in the general working population in 

Australia (228). The probabilistic sensitivity analysis to examine the uncertainty of model 

parameters returned certainty intervals for the estimated productivity loss costs.  

The findings of the study have provided a strong indication of the economic 

implications of high health risks in FIFO workers. Workplace interventions including 

integrated workplace-based health and wellness programs (266) and stress management 

programs (39, 41) could improve health and well-being among workers and may reduce work 

productivity loss (271,272). The workplace has been indicated as a significant environment 

for enhancing the reach and effectiveness of health promotion programmes (266). The 

findings have highlighted the financial basis for the significance of and 

decisions/justifications for workplace health interventions. The significant associations 

identified between a number of health risks and productivity loss measures provide the basis 

for targeted workplace health interventions and the basis for the evaluation of the impact of 

such interventions. 

4.5.2 Study limitations  

Some limitations to the study are acknowledged. The use of a cross-sectional design 

limits the causal interpretation of the study findings. Secondly, the study relied on self-

reported data (health conditions, absenteeism and presenteeism) over a recall period of 4 

weeks. As such, there could be issues with recall bias and the under- and/or overestimation of 

study parameters. Further, the estimation of productivity loss cost was based on the estimated 

average weekly wage for a full-time worker in the mining industry; however, wages may 

differ between job roles (e.g., management vs. machinery operator/driver) and employment 

type (e.g., full-time vs. part-time). This approach is consistent with previous studies in the 

resources industry (47) and general employment settings (223,245); however, obtaining 
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original data on the health conditions, time (days/hours) missed from work and wages from 

organizations may present close to realistic estimates.  

Limitations of the sampling technique used in this study are acknowledged. First, the 

non-probability or convenient sampling of the study participants may have the potential of 

sampling bias affecting the representativeness of the study sample. Secondly, the study 

recruited participants from two main sources, a mining company and posts on Facebook, 

which have the potential of sampling bias, particularly if sampling is mainly from the mining 

company, limiting the generalizability of the study findings. There was no system in place to 

track the number of participants in the study who were identified via Facebook posts or the 

mining company to observe any possible systematic differences in data sources. Again, 

recruiting through posts on Facebook have the potential to include non-FIFO workers in the 

study sample, though the use of social media platform in FIFO studies has been demonstrated 

(13).  

The study also included a convenient small sample size. However, our study sample 

was reflective of the profile of the FIFO work population in Australia as mostly males, 

middle-aged and on a roster of 8 days at work, similar to that reported in a large sample study 

(7). We found no significant work-related characteristics associated with presenteeism and 

total productivity loss, and using a larger sample size may suggest otherwise (46). The study 

was conducted among FIFO workers in the mining sector whose work arrangements are 

unique with long shift patterns and leave periods between work periods and reported higher 

levels of health-related risks than the general population (40); as such, generalising the results 

of this study to other work settings may be limited. 

4.6 Conclusions  

The study contributes to evidence on how to measure the productivity loss cost of 

health outcomes to inform and justify the need for and evaluate workplace health 
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interventions. The study provides information on the impact of multiple health risk factors on 

absenteeism, presenteeism and overall work productivity loss among FIFO workers in the 

mining industry. The study has also provided information on health-related productivity loss, 

adjusting for relevant work-related characteristics, which may significantly impact health and 

productivity. Our study also contributes to the growing evidence of the substantial 

contribution of presenteeism to productivity loss. The study found that levels of absenteeism 

and presenteeism in an assessed sample of FIFO workers were high. The study also suggested 

that FIFO workers with high-risk and multiple health conditions experienced higher 

absenteeism, presenteeism and overall productivity loss than those at lower risks and with 

fewer conditions. 

Overall, FIFO workers with high health risks (poor sleep, poor diet, smoking, risky 

alcohol use, weight problems, insufficient physical activity, poor physical health and high 

psychological distress) were estimated to account for a total of AUD 20.96 million per 1000 

workers per year in additional productivity cost. High risks for insufficient physical activity, 

poor physical health and working in production/drilling/construction/labouring roles were 

significantly associated with absenteeism, whereas high risks for poor sleep, poor physical 

health and psychological distress were significantly associated with presenteeism. Overall 

productivity loss was associated with insufficient physical activity, poor physical health and 

psychological distress.  

There is a strong economic basis that could support the need for targeted/prioritised 

workplace health interventions and the basis for the evaluation of the impact of those 

interventions. Further studies exploring workplace health interventions could include prior 

and regular analysis of productivity loss cost to inform the effectiveness of such interventions 

in improving the health and well-being of FIFO workers and reducing work productivity and 

cost. 
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4.7 Summary and link to other chapters 

This chapter has presented high productivity loss costs associated with psychological 

distress, physical health status and related behaviours. It evaluated high productivity loss 

arising from absenteeism, presenteeism, and total work impairment due to the common health 

outcomes identified in Chapters 2 and 3 to build a financial justification for the workplace 

health interventions that could be informed by the mechanisms identified and presented in 

Chapter 8, which details the within-person variability of the psychological states and health-

related behaviours and the work condition predictors tested using multilevel analysis. The 

next part of the research examined the mental health and well-being, physical health and 

related behaviours of families of FIFO workers, with emphasis on the partners of workers. 
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Chapter 5: Study Four 

Preface 

This chapter presents the fourth published study included in this thesis and cited as:  

 Asare BYA, Powell D, Robinson S, Kwasnicka D. Rotation work in the resources 

sector: A systematic review of the impact on workers’ families. Psychology and 

Health. 2023. 10.1080/08870446.2023.2190348. 

The paper’s content here is as it appears in print, however, it has been formatted to be in 

keeping with the rest of this thesis. This study was another important initial step in the thesis, 

to identify key mental health outcomes, physical health outcomes, and health-related 

behaviours relevant to families of FIFO workers. It also served to highlight relevant research 

gaps and limitations in the extant literature which could be addressed in later chapters within 

the thesis. 

Author contributions: BYA, DK, SR and DP conceived and designed the study protocol. 

BYA developed the initial question development, search strategy, study selection criteria, 

study reviewing, summary and assessment and drafted the initial manuscript. DK, SR and DP 

reviewed and contributed to the initial question development, search strategy, study selection 

criteria, study reviewing, summary and assessment. BYA drafted the article and DK, SR and 

DP have reviewed and approved the final written manuscript. 
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5.1 Abstract 

Objective: Rotation work involves travelling to work in remote areas for a block of 

time and alternating with spending another block of time at home; such work arrangements 

have become common in the resources sector. The intermittent absence of workers from the 

home may adversely affect the health of the families of workers. This study synthesises 

research on mental and physical health outcomes in partners and children of rotation workers 

in the resources sector.  

Design: A systematic review was conducted. Quantitative, qualitative and mixed-

method studies were retrieved from PubMed, Medline, EMBASE, CINAHL, PsycINFO, and 

Scopus. Nineteen studies were included and findings were summarised narratively.  

Results: The impact of rotation work on the mental health and well-being of the 

partners and children of rotation workers remains unclear. However, on days when spouses 

are away, partners may experience greater loneliness and poorer sleep quality.  

Conclusion: Partners may benefit from support, particularly when they have younger 

children and/or their spouses first begin rotation work jobs. Research is limited, particularly 

regarding the impact on health-related behaviours and physical health outcomes. 

Registration: This review was registered on PROSPERO (ID: CRD42020167649). 

Keywords: rotation work, FIFO, long-distance commute, families, systematic review. 
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5.2 Introduction  

5.2.1 Definition of Rotation work and the impact on families  

Rotation work, also known as Fly-In Fly-Out (FIFO) (1,11,66), involves travelling to 

work for a typical 12-hour day or night shift and staying for a specified number of days, 

ranging from 5 days to 6 weeks, after which the worker returns home to spend another 

specified period at home (1–3,7,21–23,162). Workers basically work on a rotational basis by 

alternating between a block of time at work and another at home. Rotation work 

arrangements initially developed for serving offshore oil and gas installations in the Gulf of 

Mexico (5) are nowadays increasingly used globally in the onshore mining and construction 

industry (1,2). 

Rotation work arrangements present families with benefits including higher incomes, 

the maintenance of social networks and urban settlements, and the chance to spend blocks of 

time with family and friends during leave periods (3,20,23). Some authors referred to 

“independence for worker and partner” (22) and separation of work commitments from 

personal/family life  (3,20,22) as potential benefits of rotation work. However, the rotation 

work lifestyle of alternating presence and absence from home over some time also has 

disadvantages for social and family life and workers' physical and psychological health. 

These include workers missing family and social events (67,274), potentially overburdening 

partners with their home obligations (20,67,275,276), and recurrently having to emotionally 

and functionally adjust to separations and reunions (20,22,276) often leading to disruption of 

family lives (5,7,276).  

A review has suggested that the partners experience more stress, social isolation and 

loneliness and that the absence of the worker could negatively impact children’s 

development, well-being and family functioning (7). Another review has reported that 

children of rotation workers may experience more adverse emotions including anger, sadness, 
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and hate; and more behavioural problems such as hyperactivity, conduct and peer problems 

due to the long absence of rotation work parents from home (22). Furthermore, children of 

rotation workers were more likely to suffer bullying at school, and are often under more 

stress to perform well at school compared to children of non-rotation workers (22). The 

review further noted the difficulties associated with partners of rotation workers having to 

intermittently switch from “solo parenting to co-parenting” and “providing for the physical, 

emotional and intellectual needs of children” (p. 1) when rotation workers are away on their 

rotation (22).  

5.2.2 Theoretical frameworks 

Little effort has been made to consider the effects of rotation work on families within 

the available theories and theoretical frameworks (7,36). Both Work-Family Conflict Theory 

(41) and the Spillover-Crossover Model (42) could explain how the pressures of rotation 

work demand impact the well-being of partners and children of workers. Studies have 

employed the Work-Family Conflict Theory and Spillover Crossover Model to expound in 

what ways the pressures of job demands and resources of spouses who both earn income 

influence the well-being of their partners (277–279) and children (280).  

Furthermore, Attachment Theory (43) and Social Ecological Theory (44) could also 

offer the means to understand the potential effects on partners and children of temporary 

separations due to rotation work. Several studies acknowledge the significance of Attachment 

Theory (281–286) and Social Ecological Theory (36,286,287) in explaining the effects of 

temporary parental and partner separations; for instance, due to military deployment on 

children and partners’ well-being (282,287). 

5.2.2.1 Work-Family Conflict Theory and Spillover-Crossover Model 

Work-Family conflict is explained as, “a form of inter-role conflict in which the role 

pressures from the work and family domains are mutually incompatible in some respect. That 
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is, participation in the work (family) role is made more difficult by virtue of participation in 

the family (work) role” (p. 77) (41). The Work-Family Conflict Theory suggests role conflicts 

arise when 1) the time demands of one role affect the undertaking of a different role (time-

based conflict), 2) strains caused by one role prevent/interfere with accomplishing the 

demands of another job (strain-based conflict), and 3) particular forms of behaviour within a 

role do not match with the expected behaviour in another role (behaviour-based conflict). The 

model suggests that the intensity of the role pressures and, therefore, Work-Family conflict 

corresponds to how significant the work and family roles are to the individual and the strong 

negative consequences associated with the inability to accomplish the demands of the roles 

(41). Studies have indicated increased Work-Family conflict to be connected to the 

experience of adverse consequences including problems caused by stress such as burnout, 

depression, substance abuse, psychological strain and somatic physical symptoms affecting 

the individual’s general well-being and health (180,288–290). 

The Spillover-Crossover Model (SCM) advances that “work-related experiences first 

spill over to the home domain, and then cross over to the partner through social interaction” 

(p. 58) (42). The SCM combines two processes; spillover (or Work-Family conflict): involves 

one’s job demands and the resultant strains being carried (within-person) along into the home 

space (42,291), and crossover: involves job demands and the resultant strains being 

transferred (between persons) from the worker to a close relation (42,291). The SCM 

suggests that strains caused by/from exposure to high job demands could spill over and be 

experienced at the home space, leading to Work-Family conflict which will impact negatively 

family interactions at home and incidentally affect the well-being of partners (42). On the 

other hand, high exposure to job resources may promote engagement and bring about Work-

Family enrichment and sequentially foster positive interactions with their partners which will 

positively influence the well-being of partners (42).  



144 
 

Rotation work schedules of spending several days away from the home may mean the 

demands are often not met with performing one’s roles as a spouse and parent, increasing the 

demands on the at-home partner by taking up extra domestic and parental roles (increasing 

the likelihood of work-family conflicts) leading to exhaustion. Rotation workers travel long 

distances to work on compressed shifts of a standard 12 hours and may return home tired and 

fatigued (spillover) and wanting to rest and recover (20), interfering with spending time and 

interacting with family members (may be unable to settle into family life creating work-

family conflict) making the family feel neglected and unhappy and may at times results in 

arguments creating tension (crossover) (20). Furthermore, rotation work involves routine 

rigid schedules/structures of starting and ending work and eating at specified times, 

expectations and behaviour patterns which are often distinct from the family life (behaviour 

conflict) (15).  

5.2.2.3 The Attachment Theory 

The Attachment Theory proposed by Bowlby (43) addresses the formation, and 

maintenance of attachment or emotional bonds (292,293), such as the relationships between a 

parent and child and between adult romantic partners (281,294), where the one who provides 

support, comfort and relief becomes the ‘attachment figure’ (295). The theory argues 

proximity maintenance to and the availability and responsiveness of the relationship’s 

attachment figure allow one to develop a sense of trust and security (43,292,293,295). In a 

parent-child relationship, the parent is the main attachment figure (292,293) whereas in the 

adult romantic partner’s relationship, the spouse becomes the main “attachment figure” (296) 

and as such their principal “safe haven” and “secure base” (295,296). However, in the 

absence or separation or loss of the attachment figure, the emotional bonds become 

threatened and the experiences of anxiety and depression set in (43).  
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Rotation work arrangement means workers are frequently separated and absent from 

their families for several days; disrupting the partner/spousal and parent-child relationships 

and making them unavailable and responsive to the needs of their families. In line with the 

attachment theory, partners and children of rotation workers may become distressed and 

develop emotional and behavioural problems.  

5.2.2.4 The Social Ecological Theory 

The Social Ecological Theory, however, recognises that an individual’s behaviours 

and health outcomes are influenced by the interaction between individuals and their 

environments (44). The Social Ecological model advances that the behaviour of an individual 

is shaped by factors at several levels including the intrapersonal, interpersonal, 

organisational, community, and policy levels, which interact and equally impact each other 

(297). This suggests that parent and child reactions to the separation and absence of a rotation 

worker/parent are also shaped by individual factors such as the child’s age, sex, previous 

experiences of separations, disrupted parental and domestic roles, and individual weakness 

and strength including capacity and coping skills to deal with the challenges and demands of 

spousal/parental separations (36).  

Furthermore, environmental factors and systems external to the family, including 

community factors such as the availability and provision of support from schools for children, 

social support networks in family and communities, and availability and accessibility to 

health services could influence how partners and children cope with the challenges and 

demands of rotation workers absence (36).  

Partner and child response to separations could also be impacted by parental 

organisational-related arrangements such as the number of days spent at work and frequency 

of absence from home, high financial rewards, the risk profile of work (36), and supportive 

climate for families including the provision of health and mental health services, and one that 
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connects workers to families such as the provision for reliable and regular communication 

infrastructure and to help family foster adaptation to separations and demands (287). 

Furthermore, governmental regulations and guidelines influence social institutions in which 

the individual functions, such as guidelines on employment arrangements and working 

conditions (20). 

5.2.3 Aim of the present study 

Rotation work in relation to family life differs from other work arrangements. The 

intermittent absence of workers from the home may adversely affect the health of the families 

of workers. As rotation work becomes more popular globally, particularly in the resource and 

related construction sectors, it is necessary to explore the impact of this work on the health 

and well-being of workers and their families in these sectors.  

Previous systematic reviews have highlighted the impact of rotation work on partners 

and children. These reviews only focused on the impact on partners’ mental health, children’s 

emotional and behavioural problems, and family relationships and functioning (7,22), and 

were limited to a specific geographical setting; mainly focusing on the literature from 

Australia where rotation workers are predominately onshore mining workers (7,22). 

However, it is suggested that the impact of rotation work on families could be influenced by 

several contextual factors including rotation “workplace culture, rosters patterns and 

recruitment practices as well as community, home and personal factors” (p. 2) (22), which 

could differ from one sector to the other and from countries to countries (68). Furthermore, 

there are additional outcomes that are empirically related to the influence of rotation work on 

families such as sleep and health-related behavioural patterns of rotation workers’ partners 

that were not included in these previous reviews. There is also a need to contextualise any 

impact on rotation work on families within available theories and theoretical frameworks 

(7,36). 
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A systematic review was conducted on studies examining the impact of rotation work 

on the health and well-being of workers’ partners and children, including psychological 

health and well-being, physical health, sleep and health-related behavioural patterns, and 

emotional and behavioural patterns of children. The results are then discussed under the lens 

of the theories outlined above to explore which, if any, is most relevant: we expected to see 

evidence of conflict resulting from workplace demands spilling over into the home; and that 

the repeated absence of the spouse/parent may lead to more distress.  Providing a 

comprehensive review of global resources and related construction sectors could provide 

clarity and highlight the consequences of rotation work arrangements on families. 

5.3 Methods 

This systematic review of the literature was conducted in line with the guidelines of 

the Joanna Briggs Institute (JBI) for quantitative and qualitative reviews (76), and reported in 

line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines (77,298). This review was part of a broader review of which the 

protocol was pre-registered on PROSPERO (ID: CRD42020167649) assessing the overall 

mental and physical health of rotation workers, reported elsewhere (40) whereas the current 

review examines the mental and physical health of families of rotation workers.  

5.3.1 Eligibility criteria 

Original articles of quantitative, qualitative and/or mixed-method studies published in 

peer-reviewed journals and in English were included in the review. Qualitative findings can 

give in-depth insights into the health outcomes of rotation workers’ partners and children, and 

support the understanding of quantitative findings. The study population were partners (with 

or without children) and/or children (of any age) of rotation workers who worked in the 

resource (offshore oil and gas, and mining) and related construction industry. Rotation 
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workers were defined as workers who work on rotational schedules of travelling away from 

home to work for a block of time and alternate with spending another block of time at home.  

Quantitative studies were included if they reported psychological health outcomes, 

children’s behavioural and emotional problems, physical health outcomes, sleep problems or 

health-related behaviours. Qualitative studies that reported the perceptions of the impact of 

rotation work arrangement on the physical and mental well-being of partners and children of 

rotation workers were included. We also included studies that reported parents’ perceptions 

about the impact of rotation work on children. The clearly defined quantitative and qualitative 

components of mixed-method studies were considered. Studies were excluded if they were 

reviews, letters, book chapters, study designs were not clearly defined, and only reported on 

family relationships and functioning, and parenting (but not on any health-related outcomes). 

5.3.2 Data sources and search procedure  

Searches were conducted in PubMed, Medline, EMBASE, CINAHL with Full Text, 

PsycINFO, and Scopus on 1st May 2020 for relevant articles as part of a bigger review (40) 

and updated on 21st April 2021, using search strategies presented in Appendix C: Supplement 

Information S1. Searches were not restricted by study design, publication dates and 

geographic location. The references of the included studies were also hand searched for other 

relevant studies. 

5.3.3 Study screening and selection 

Figure S2 (see Appendix F: Supplement Information S8) shows the PRISMA flow 

diagram for the selection of studies into the review. Studies identified were screened for 

inclusion/exclusion in the Covidence software (79). The titles and abstracts of articles and 

then full texts for all potentially eligible studies were retrieved and screened by two of the 

authors (BYAA and DK) for suitability. The agreement between raters (interrater reliability) 

for screening of studies at both the title and abstract and full-text stages were high with a 
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Cohen’s Kappa statistic of 0.98 and 0.92 respectively. Disagreements at all stages of the 

screening were resolved through discussion until consensus between the two authors (BYAA 

and DK) and any that could not be agreed upon were referred to the other two authors (DP 

and SR) to resolve by consensus. Articles excluded at the full-text screening were recorded 

and the reasons that informed the exclusion of studies per the inclusion criteria were reported 

(Figure S2). 

5.3.4 Assessment of methodological quality 

Two of the authors (BYAA and DK) independently evaluated included studies for 

methodological quality using tools for appraisal of quantitative descriptive studies in the 

Meta-Analysis of Statistics Assessment and Review Instrument (JBI-MASt ARI) and 

Qualitative Assessment and Review Instrument (JBI-QARI) (80,299), and rating 

discrepancies were deliberated on and resolved. Checklist items of the assessment tools were 

rated and scored ‘Yes’ (1), ‘No’ (0) and ‘Not clear’ (0), excluding not applicable items. 

Analytical cross-sectional and cohort studies were rated for methodological quality on 9 to 11 

items such as the validity and reliability of exposure and outcome measurements, identifying 

and stating strategies for dealing with confounding factors, and appropriateness of statistical 

analysis used (80) with possible scores between 0 and 11. Qualitative studies were rated for 

methodological quality on 10 items such as research methodology agreement with data 

collection methods used, the representation and analysis of data, the interpretation of results, 

and the ample representation of participants and their voices (299) and a study potentially 

scored between 0 and 10. For mixed-method studies, each component of the method 

(quantitative and qualitative) was assessed separately as outlined above. Any inconsistencies 

in scores that arose were discussed and resolved through consensus. Studies scoring ≥ 7 were 

categorized as of high quality, scores 4-6 were considered medium quality and scores <4 

were classified as low quality (300) and reported in the review. No study was excluded based 
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on quality assessment (82,83) since there are few available studies examining the outcomes 

of interest (82), and strict exclusion based on quality assessment may exclude appropriate 

studies based on not following a particular reporting standard (83). 

5.3.5 Data extraction  

Using the templates from the JBI-MAStARI data extraction tool for quantitative data 

and JBI-QARI for the qualitative studies, a data extraction sheet (see Appendix C) was 

developed and piloted, and used for data extraction. The key information extracted included 

study authors, publication year, study design, aims/objectives, study setting (country and 

industry) and participants (number of study participants, gender, age), health outcomes and 

measurement tools used and the key findings. One reviewer (BYAA) conducted the data 

extraction and another reviewer (DK) double-checked 10% of the extracted data; all 

inconsistencies were discussed and resolved through consensus.  

5.3.6 Strategy for data synthesis and analysis 

Quantitative and qualitative data extracted in terms of the studies' characteristics and 

key findings were presented in tables and a narrative summary of the included studies was 

done. Based on previous literature (7,22,67) studies were categorized into four main themes: 

psychological health outcomes, physical health outcomes, sleep, and “lifestyle” behaviours. 

Studies were narratively reviewed within these themes, and based on study findings were 

further organised into subthemes. A quantitative summary of the study outcomes (meta-

analysis) was not feasible due to the largely descriptive nature of studies that did not provide 

comparable quantitative data and the high heterogeneity of included studies and study 

outcomes. The effect sizes, where available, and further statistical details were extracted and 

are presented in Table S7-S10 (Appendix F: Supplement Information S9). 
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5.4 Results 

5.4.1 Characteristics of studies 

A total of 19 studies, 9 quantitative studies and 7 qualitative and 3 mixed-method 

studies were included in the review; 12 of the studies were conducted in Australia, 4 in the 

UK, and one each in Iran, Chile and Canada. Twelve studies examined outcome data among 

partners; all 12 studies (5 quantitative, 5 qualitative and 2 mixed method studies) examined 

psychological health and well-being (13,15,34,131,132,301–307), 3 quantitative studies 

investigated sleep (13,34,304), 3 quantitative studies assessed perceived physical health 

status (13,303,304), and 4 quantitative studies examined health-related behaviours 

(13,131,132,304). Among the studies, the overwhelming majority of the partners in the 

sample were females (average 99.4%). The age of the partners ranged between 18 and 59 

years (mean age 35.9 years).  

Ten studies investigated outcomes data among children; seven of the studies (4 

quantitative and 3 qualitative) investigated children’s psychological health and well-being 

(33,275,307–311) and seven studies (4 quantitative and 3 qualitative) examined children’s 

behavioural and emotional outcomes (33,132,305,307,308,310,312). Five studies (3 

quantitative and 2 qualitative) (33,132,305,307,312) included data from parents rating the 

behavioural and emotional impact of partners’ rotation work on children. The summaries of 

study characteristics and key findings are presented in Tables S7-S10 (Appendix F: 

Supplement Information S9). 

Out of the 11 quantitative studies (including 2 quantitative clearly defined 

components of mixed-method studies), seven (13,34,131,132,275,308,311) were rated as high 

quality, 1 medium (33), and 3 low (303,304,312). Of the 9 qualitative studies (including 2 

qualitative clearly defined components of mixed-method studies), 4 were rated high quality 

(15,301,307,309), 4 medium (302,305,306,310) and 1 rated low (303). Overall, the majority 
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of studies (84.2%) were of medium to high methodological quality. Almost all of the 

quantitative studies used and reported common validated scales/scoring for measuring 

outcomes and showed a psychometric analysis of the validity and reliability of scales 

(131,132,275,305,308,311) or pointed to original or previous studies (33,34,303,304,312) 

where the validity and reliability of scales had been confirmed. The suspected risk of 

selective outcome reporting bias was low, as studies reported all outcomes measured. 

However, a number of studies included smaller sample sizes, which may affect their 

statistical power; hence, the findings of this study should be interpreted with caution. Nine 

(47.4%) out of the nineteen included studies received external funding; 3 from 

university/research institutions (132,303,304,310), 2 each from a governmental agency 

(33,301) and non-for-profit organization (13,15) and industry regulator (305), but were not 

involved in the study designs and processes. No study was funded by the industry itself. 

5.4.2 Psychological health and well-being of partners  

5.4.2.1 Psychological distress and well-being 

Quantitative studies showed inconsistent findings on the mental health of partners. 

Studies’ findings on partners’ psychological distress compared to the general population were 

mixed. Two cross-sectional studies examined the prevalence of distress symptoms using cut-

off points (33) and symptoms checklists (304)  on validated scales. One of the studies 

reported a higher prevalence of psychological distress (32.0% vs 2.6%) among partners of 

on-shore rotation workers compared to a secondary data source of the general population 

(33). But the other study reported comparable proportions of partners of offshore rotation 

workers to other married women in the general population from a secondary data source 

(18% vs 16%) showed ‘nervy’, ‘tension’ and ‘depressed’ symptoms (304). Two other cross-

sectional studies examined the levels of distress using symptom checklist scores and 

recruiting comparison groups. One of the studies showed significantly higher levels of 
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depression, anxiety, and stress among partners of rotation workers compared to partners of 

non-rotation workers (132) whereas the other study found no significant differences in levels 

of depression, anxiety, and stress between partners of rotation workers and partners of non-

rotation workers (131).  

Quantitative evidence was also not clear on partners’ experience of psychological 

distress, depression and anxiety in the absence of their partner. Out of three studies, two 

cross-sectional studies using symptoms checklist scores on a validated scale reported higher 

levels of anxiety among partners in the absence of rotation workers than when at home 

(303,304): in one study, 10% were classified as having ‘Intermittent Husband Syndrome’ 

characterised by changes in mood and behaviour in the partner in the absence of workers 

(303). One other daily study using a self-reported diagnosis of mental health problems 

reported the daily use of medications for mental health problems among partners was not 

common, and the finding was not significantly different in the absence and presence of 

rotation workers (13).  

Quantitative evidence show partners can experience loneliness in the absence of 

rotation workers. One cross-sectional study examined the levels of social isolation and/or 

loneliness among partners using symptom checklist scores on a validated scale and reported 

significantly higher loneliness in the absence of workers than in the presence of workers and 

when compared to the general population (34). Another cross-sectional study using self-

reported measures on a validated scale reported a high proportion of partners (66.4%) 

indicating loneliness in the absence of workers (305). 

Qualitative evidence showed both a negative and positive impact of rotation work on 

the mental health and well-being of partners. Qualitative studies emphasise the enhanced 

emotional strain, anxiety, and burden felt among partners in the absence of workers. The 

burden highlighted was generally around having to bring up children and do domestic chores 
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alone (15,303,305,307). Partners also reported feeling anxious and frustrated about workers’ 

physical and psychological health (15,305), safety (305), job insecurity (305,307), infidelity 

(301), and long roster patterns (306) particularly whilst workers were away on rotation. 

Again, partners reported feeling anxious about the physical and psychological distance 

created by rotation work arrangements, which leads to disconnect and tension in relationships 

(15) and were frustrated by poor communication networks with partners when at work (306). 

Improved and maintained communication between partner and workers during off-shift 

periods were highlighted to help partners adjust to the intermittent absence and help alleviate 

the anxiety about worker’s safety (305). There was also evidence to suggest high anxiety 

among partners who are new to the rotation work lifestyle about becoming too independent as 

they cope with the rotation work lifestyle (306).  

Qualitative evidence showed partners of rotation workers also indicated experiencing 

emotions of sadness, loneliness and hopelessness when rotation workers are away from home 

(302,303,305–307), and that tended to be magnified in partners with younger children (306). 

Partners reported a lack of sympathy from community members and even other FIFO 

families, and a lack of support from organizations toward negotiating the health of FIFO 

families (15). 

Evidence also showed partners experience emotional strains and distress during 

reunions and prior to separations. Four qualitative studies discussed partners are faced with 

difficulties in adjusting to this lifestyle of presence and absence of workers, some studies 

referred to ‘living two lives’, causing role conflicts and disruption to life leading to tension 

and irritation (15,301–303,305).  Some partners expressed experiencing tensions between the 

showing of and the need to play down their developed emotional capability when the FIFO 

worker returns home (306). Some partners indicated experiencing emotional strain due to the 

disruption of family life as partners feel separated from workers when at home (303,305), 
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citing the need for workers to recover from fatigue (305) or catch up with lost social events 

(303). Partners also consistently expressed stress and anxiety in the periods prior to workers 

going away from home to work (303,305).   

Despite the concerns and strains expatiated, there was evidence to show rotation work 

lifestyle could have positive effects on partners’ personal and emotional development, 

particularly among those without children/younger children or of long-serving rotation 

workers. Three of the qualitative studies also showed rotation partners, particularly those of 

long-serving rotation workers, can become more independent and resourceful (developing 

coping abilities and skills) and overcome emotions as they adapt to the rotation work lifestyle 

(303,305,306). Furthermore, studies indicated that some partners in the absence of workers 

develop their capabilities (303), personal confidence (305) and a sense of control and 

empowerment in making decisions regarding the family (307) over time. Other studies 

indicated that some partners particularly those without children in the absence of the workers 

get free time to socialise with others and increase their social networks (302,303,306). Some 

partners indicated the sense of high financial rewards of rotation work helps them to cope 

with rough patches in the absence of workers (307). 

5.4.2.2 Sleep problems among partners 

Three studies examined various indicators of sleep problems among partners in the 

absence of rotation workers. Two of the studies examined sleep quality, specifically, and both 

indicated poorer sleep quality in the absence of workers. One cross-sectional study using 

scores on the Pittsburgh Sleep Quality Index showed significantly poorer sleep quality among 

partners in the absence of workers than in their presence at home (34). Similarly, a daily diary 

study examining within-person differences in the sleep quality of partners when workers were 

present or absent found significantly poorer sleep quality among partners when workers were 

on-shift away from home (13).  
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One of the studies examined partners’ sleep duration and reported sleep duration was 

not significantly longer in the presence of workers than in the absence of workers (34). One 

of the studies using a symptoms checklist examined general sleep difficulties and found more 

partners of offshore rotation workers experience sleep difficulties when workers were away at 

work (20%) than when at home (14%) (304).  

Evidence on partners’ sleep compared to the general population was unclear. Of two 

cross-sectional studies, one study using cut-off points on validated scales reported statistically 

significantly shorter sleep duration, excessive sleepiness and poor sleep quality among 

partners of onshore rotation workers compared to the general population from secondary data 

sources, in the presence or absence of rotation workers (34). The other study using a 

symptoms checklist scale found similar proportions of partners (20%) in the absences of 

workers and less proportion of partners (14%) in the presence of workers compared to a 

secondary data source of the general population (20%) experience sleep difficulties (304). 

5.4.2.3 Physical health  

Three quantitative studies that investigated the physical health of partners of rotation 

workers found perceived good physical health status. Of the studies, two cross-sectional 

studies reported comparable proportions of partners of rotation workers perceived to have 

good physical health status as measured by self-rating of general health to that of the 

comparing group of partners of onshore non-rotation workers (303,304). Another daily study 

reported partners’ daily intake of medication for physical impairments (as a self-reported 

measure of physical health) was not common, but significantly higher during workers’ on-

shift than off-shift days (13). 
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5.4.2.4 Health-related lifestyle behaviours (alcohol intake, smoking, exercise and 

relaxation) 

Limited studies investigated health-related lifestyle behaviours of partners of rotation 

workers.  

Alcohol intake. Three quantitative studies examined alcohol intake, and the results 

suggested some partners may consume more alcohol in the presence than the absence of 

rotation workers, but that alcohol intake or alcohol-related problems were similar to partners 

of other workgroups and women in the general population. Of the three studies, two 

examined alcohol intake using checklists scales; one of the studies found no statistically 

significant difference in the proportions of alcohol intake problems between partners and 

comparison groups of partners of non-rotation workers (131). Similarly, the other study also 

found levels of alcohol intake were not statistically significantly different between partners 

and comparison groups of women in the general population of women (132). The third study 

using self-reported measures examined within-person differences between presence and 

absence of workers and found alcohol consumption was significantly higher in the presence 

of workers (13). 

Smoking, diet, exercise and relaxation. One daily study examined within-person 

differences between the presence and absence of workers and found partners were more 

likely to consume foods with poorer nutrition quality, carry out fewer exercises, and have less 

time to relax in the absence of rotation workers (13). The study also reported partners smoke 

significantly more in the absence of onshore rotation workers (13).  

5.4.3 Mental health and well-being of children  

5.4.3.1 Psychological distress and well-being 

Evidence of the impact of rotation work on the mental health and well-being of 

children was unclear. Two quantitative studies found high symptoms of mental health 
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outcomes whereas two other studies did not. Three cross-sectional studies using cut-off 

points on validated scales examined the prevalence of mental health outcomes. One of the 

studies reported a significantly higher prevalence of symptoms of anxiety among children of 

offshore rotation workers than a comparison group of children of onshore-based workers 

(56.2% vs 32.3%, p=0.03) (311). Children were more likely to report anxiety symptoms 

when their parents worked offshore rotation work (311). Another study established 

prevalence of symptoms of moderate (9.1% vs 6.9%, p=0.02) and severe (3.0% vs 2.8%, 

p=0.03) depression significantly higher in adolescents of onshore rotation parents than in a 

comparison group of adolescents from non-rotation-work families (308). The other study 

established lower proportions of adolescents of onshore rotation parents (2%) show mental 

health level of clinical significance compared to a secondary data source of the general 

population (10%) and their mental health level was not related to rotation worker’s roster 

(33). Similarly, one cross-sectional study using symptoms checklist scores on validated scales 

reported children of onshore rotation workers had depression and anxiety levels within 

healthy functioning and found no significant difference between them and the children of 

military and community families (275).  

Qualitative evidence was also unclear. Studies revealed many children enjoy the 

rotation work lifestyle as it provides enough free days to spend and socialise with parents 

during the leave period (305,309), expressed feeling relaxed and less stressed when rotation 

parent was away as they can have friends come over (309) and feel happy being able to avoid 

parents taking out their frustration on them or punishment (310). Furthermore, children of 

offshore rotation workers indicated seeing their fathers more (during leave days) than 

children of onshore office workers (310). However, some children were also reported to 

experience incidences of sadness or loneliness when their fathers started working on long-

distance commuting job arrangements or rotation jobs in a qualitative study (307). Some 
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children also indicated feeling hurt by their parents’ absence and expressed worries/anxieties 

about the safety of their father when away at work (310). 

5.4.3.2 Behavioural and emotional problems 

Studies investigated the rotation work impact on children’s behavioural and emotional 

issues, and findings were unclear. Three quantitative studies examined behaviours and 

emotions using checklist scores on validated scales. Out of the three studies, one cross-

sectional study showed significantly higher levels of emotional and behavioural difficulties 

including conduct problems, hyperactivity, and peer problems were found among adolescents 

of onshore rotation parents than in a comparison group of adolescents from non-rotation 

families (308). However, other two cross-sectional studies reported parents rated their 

adolescent children as not suffering from emotional difficulties (33), and that levels of 

behaviour and emotional difficulties were statistically similar among children in rotation 

families and a recruited comparison group of non-rotation families (132).  

However, three cross-sectional studies found parental rotation work characteristics 

and associated well-being were related to children’s behaviour and emotional difficulties. 

Rotation parents working excessive working hours and being too emotional and exhausted 

were related to emotional and peer problems in children; working excessive hours was also 

related to worse hyperactivity in children whereas parental tiredness and sleep disruption 

were associated with conduct and emotional problems among children (312). Similarly, poor 

parental emotional adaptation, parental weekly working hours and perceived effect of rotation 

work lifestyle on family were found to predict children’s behaviour and emotional problems 

(132). Parental presence (which is limited by rotation work intermittent presence and 

absence) was established to be related to adolescents’ behavioural and emotional problems 

(132) and mediated the negative effect of working rotation on adolescents’ emotional and 

behavioural problems (308).  
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Qualitative evidence on emotional and behavioural outcomes also remains unclear. 

Evidence from two qualitative studies suggested some children of offshore rotation workers 

develop emotional strain and rejection behaviours towards workers as a result of missing 

parents and feeling upset about the absence of a parent (305,310) and parent missing special 

family events (310); tended to perceive their mother as being bad towards them (305); and 

get annoyed seeing their mothers carry out their father’s house chores (310). However, two 

qualitative studies reported partners of rotation workers indicated some children become 

independent and well-adjusted (305) and do not exhibit any serious behavioural and 

emotional problems (307).  

5.5 Discussion 

This systematic review summarises studies investigating the impact of rotation work 

on the psychological and physical health of the partners and children of rotation workers in 

the resources sector.  

5.5.1 Impact of rotation work arrangement on mental health and well-being of partners 

Evidence on the mental health and well-being of partners though mixed, shows a 

tendency towards negative impact. The inconsistencies in the findings of quantitative studies 

could be attributed to the methodological differences between the included studies, including 

differences in measurement tools used. However, several qualitative studies suggested some 

partners of rotation workers experience emotional strains/distress and anxiety, and social 

isolation and/or loneliness, particularly in the absence of workers and among young and new 

rotation work families. Other literature reviews have found similar results highlighting the 

negative impact of rotation work on the mental health of partners (7,36).  

Evidence from our review is in line with the Work-Family Conflict Theory, and its 

focus on inter-role conflicts and the associated stress outcomes (41,180). For instance, studies 

in the review reported that in the absences of workers, due to their work schedules of being 
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away from home making it incompatible to carry out their family roles, at-home partners take 

up new and additional domestic and parental roles increasing their demands/burden and the 

likelihood of work-family conflicts (41).  The increases in burden in in-home demands may 

give rise to role pressures that interfere with the discharge of other jobs of partners and also 

demands/pressures from the other job may interfere with discharge of new and additional 

domestic and parental roles (41) and could result in stress-related outcomes such as 

psychological strains and depressive symptoms (180).  

Evidence from our review also showed a spillover of workers’ strains from work into 

the home domain and in turn cross over to the partner in line with the Spillover Crossover 

Model. For instance, studies in the current review identified that workers’ job demands make 

workers tired and exhausted upon their return home (increasing their spillover or work-family 

conflict), and that impact negatively on their interaction with the family (affecting 

relationship quality) resulting in feelings of isolation and emotion strains among the at-home 

partners. It has been demonstrated that workers’ high job demands increased work-family 

conflicts and poor relationship quality which in turn resulted in increased depressive 

symptoms and physical complaints among their partners (278). 

The findings in the current review are also consistent with the Attachment Theory; in 

the absence or separation of a romantic partner, at-home partners’ sense of safety may be 

threatened due to the unavailability of their “secure base” and “safe haven”, and their need 

for “proximity maintenance” is diminished (281,295); causing them to experience anxiety 

and depression (43). The intermittent absence of partners due to rotation work suggests 

constant disruptions to the accustomed pattern of family life including “changes in parenting 

roles and responsibilities, family dynamics, and day-to-day interactions among family 

members” (p. 528) (36) which could cause insure attachments. Evidence suggests positive 

affect decreases while negative affect increases among at-home partners with insecure 
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attachment relationships and less contact with outbound partners during temporary 

separations (283). Similar temporary work-related separations from romantic partners in 

military families are found to be associated with emotional distress, including increased 

anxiety, depression, loneliness, and anger in at-home partners (281,282). Furthermore, 

consistent separations over a long period suggesting workers may consistently not be 

responsive to their partners’ needs and seem neglectful when away, which could make at-

home partners develop insecure-avoidant attachment where partners exhibit emotional 

detachment and seem unaffected by separations or reunion (292,313). As reflected in our 

review, some partners particularly those with long experience of rotation work lifestyle of 

intermittent separations, expressed overcoming emotions, developing their capabilities, 

personal confidence and sense of control and empowerment in decision making and 

becoming more resourceful over time. 

The current review findings can also be considered within the framework offered by 

Social Ecological Theory. At the individual level, the partner’s history/long experience of 

rotation lifestyle and coping abilities (306) were notably highlighted to shape the experience 

of emotional distress. Rotation work families are often a self-selected group as those who can 

adapt to the lifestyle remain in the rotation employment (305). Rotation work is regarded as 

temporary employment for many families but those who decide to stay on may actively 

develop and engage in strategies that help them deal with the associated stressors (20). 

Interpersonal level factors such as having children and disruptions to routine and parental 

roles were also noted. Having children could keep at-home partners companions thus 

mitigating issues of social isolation and loneliness (305,306), but could also be stressful in 

helping them (particularly younger children) understand and deal with the rotation lifestyle of 

an intermittent absence of a parent (305). It can also be stressful raising children alone and 

taking on new parental roles such as ensuring discipline (305) and with an increased 
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workload in the absence of the worker (307). Evidence in our review suggests that potential 

strategies could include the offering of training and mentoring programs on coping skills, 

personal development and family strengthening strategies and the provision of child care 

services (287) particularly to new/young rotation work families to help them adapt quickly to 

the demands and challenges of rotation work lifestyle. 

Notable at the community level, there was a general lack of appropriate social 

support. Support from extended families, the community and other rotation work families are 

suggested to help mitigate negative stressors of rotation work (15). There are now, for 

example in Australia, several online support networks such as FIFO families that have been 

indicated to provide support on mental health and family issues (15,22,33). Encouraging 

strong social networks could provide suitable support during separations to reduce the high 

psychological distress among partners. 

At the organisational level, work schedule, communication infrastructure (306), and 

the level of job risk and security (15,305) were highlighted to influence the development of 

psychological distress among at-home partners. Work schedules allowing for more days for 

recovery and reducing commuting time could allow workers to spend more time with their 

families (20). Improvement in communication infrastructure allows for families to regularly 

interact, which fosters family relationships (15,307) and alleviates the worries about partners’ 

safety at work (305). Organisations could promote a supportive climate for families such as 

healthcare services, (287) and reliable and quality communication infrastructure to aid and/or 

improve regular communication with families to foster family connectedness when workers 

are away. Studies have demonstrated that the nature of partners’ everyday interactions and 

affect see fewer changes when partners engage in longer daily conversations particularly 

telephone conversations during separations and suggested remote communication could 

enable partners’ accessibility to each other and foster positive interactions (283). 
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There was evidence in the current review to suggest that some partners may 

experience poor sleep quality in the absence of rotation workers, consistent with the finding 

of a study among cohabitating romantic partners separated by the travelling of one partner 

that reported at-home partners to experience sleep problems on separation (283). Sleep is a 

‘shared behaviour’ in which sleeping together with a partner could provide one with a sense 

of security, comfort and the sharing of assurances (314), and as such, the absence of rotation 

workers could impact negatively the sleep of their partners. According to the Attachment 

Theory, inconsistent or neglectful caregiving, which could result from the intermittent 

absence of rotation workers from home, creates insecure attachment (292,293). Studies have 

demonstrated partners with insecure attachment (particularly highly anxious partners) tend to 

have poorer sleep quality (283,313,315) as they worry over the emotional inaccessibility and 

responsiveness of attachment figures (315). Furthermore, in the absence of rotation workers, 

partners are also engaged in multiple roles and the stresses from these roles could contribute 

to sleep disturbances: Wilson et al (34) reported partners indicated ‘stress of work and 

children prevented them from taking a nap or getting enough sleep. This is in line with the 

Work-Family Conflict Theory, where high demands increase the likelihood of partners’ 

work-family conflict which has been demonstrated to be associated with poor sleep outcomes 

(290,316–318).  

 The review findings also suggest perceived good physical health among at-home 

partners of rotation workers. However, there are too few studies (which relied on self-rated 

physical health on single items) to justify overall conclusions about the physical health of 

partners of rotation workers. This emphasises the necessity for more robust research to 

explore the physical health of partners of rotation workers as, in the absence of workers 

partners’ job demands increase and in turn experience work-family conflict which has been 

indicated to be associated with poor physical health (180).  
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The review suggests the level of alcohol consumption among partners of rotation 

workers is similar to partners of non-rotation workers, and some partners may consume more 

alcohol when workers are at home (13), however studies examining alcohol consumption 

were few. Drinking alcohol is often a shared experience influenced by family, friends and 

social groups (319,320). Evidence suggests having a spouse who consumes a high level of 

alcohol is associated with high alcohol consumption in their partners (321,322) and rotation 

workers are reported to consume high levels of alcohol during off-shift days (40,171). The 

Attachment Theory stipulates persons are more likely to engage in exploration or ‘novelty 

seeking’ when in environments they feel safe due to the availability and responsiveness of 

their attachment figures (293). Further, negative emotions/distress due to the high job 

demands of rotation workers (40,51,114) could spillover and crossover to their partners 

during reunions and that could promote the high intake of alcohol as studies have 

demonstrated crossover negative emotions during reunions to be associated with binge 

drinking behaviour (323).  

Limited studies examined partners’ smoking, exercise and relaxation, and nutrition 

behaviours and again evidence is scarce to make definite conclusions. These findings suggest 

a need for more research looking at the effects of rotation work arrangements and workers’ 

presence and absence, and well-being on the health-related behaviours of partners owing to 

their known long-term health consequences. As speculated by Rebar et al (13), partners in the 

absence of workers may have additional responsibilities limiting their time to engage in 

exercises or relaxation in line with the Work-Family Conflict Theory, and the increased stress 

in the absence of workers may increase the urges for smoking and influence eating behaviour.  

5.5.2 Impact of rotation work arrangement on mental health and well-being of children 

The findings regarding rotation work's impact on the mental health of the children of 

rotation workers remain unclear. Children form emotional bonds with their parents, and 
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separations from them are indicated to threaten these bonds which may lead to the experience 

of anxiety and depressive symptoms (43). Furthermore, parental job demands through 

spillover (work-family conflict) and reduced quality of relationship (crossover) could affect 

the well-being of their children (324). More research is therefore required to examine the 

influence of rotation workers’ job demands and absence on the mental health of children of 

rotation workers and the mechanisms employed by at-home parents to mitigate the effects of 

workers’ absence on children.  

The impact of rotation work on the emotions and behaviours of children in rotation 

workers’ families remains unclear. However, evidence from the current review supports the 

Spillover Crossover Model; in that rotation work demands and their consequential strains 

were reported to be related to the emotional and behavioural problems of children. As has 

been suggested, parental work demands could lead to work-family conflict which 

sequentially could affect parental behaviour (e.g., negative parenting), impart emotions, and 

family functioning (e.g., poor relationship quality), which potentially affect the well-being of 

children (280). For instance, parental workaholism has been found to be positively related to 

work-to-family conflict, which, sequentially was negatively related to their happiness, which 

was also negatively related to the emotional and behavioural problems of their children (280).  

Evidence also supports the Attachment Theory and its focus on the impact of 

distressing separations and reunions. For example, studies in the current review suggest that a 

rotation work lifestyle can result in insecure attachment relationships between parents and 

children, as rotation parents may be inconsistent in responding to the needs of their children, 

whereby children may “show signs of emotional disengagement and withdrawal, and engage 

in behaviours that keep them distracted from the distress they are feeling” (p.6) (292). 

Children with parents working non-standard work schedules have been found to have 



167 
 

emotional and behavioural problems at high levels (325,326), and as a result of ‘worse family 

functioning, more parent distress and ineffective parenting’ (p.403) (326). 

Strategies to reduce the impact of rotation work on the emotions and behaviours of 

children could include decreasing parental job demands and improving their job resources to 

promote work-family facilitation and in turn improve parental happiness which may in turn 

reduce the emotional and behavioural problems of their children (280). Secondly, supporting 

at-home partners where there are challenges with the emotions and behaviours of their 

children. Positive strategies include specifying and reinforcing boundaries, regular open and 

significant communication; spending quality family time together during leave periods; and 

maintenance of family routines even in the absence of the rotation parent (33). Social support 

networks have also been identified to assist in the nurturing of adolescent children of rotation 

workers (33). These may be in line with ways of maintaining and reassuring children of the 

secure attachment relationships between rotation parents and children where children trust 

parents to be responsive to their needs when required (292). Additional studies are essential, 

particularly longitudinal studies to determine the long-term effect of rotation work on 

parental absence and presence, parental mental health and well-being and parenting strategies 

that influence children’s behavioural and emotional problems and well-being. 

5.5.3 Strength and limitations of the study 

The inclusion of qualitative findings alongside quantitative studies is a strength of the 

current review and can support the understanding of quantitative findings by giving in-depth 

insights into the health outcomes of rotation workers’ partners and children. This was the first 

review that investigated the impact of rotation work on workers’ families in the global 

resource and related construction sectors. As rotation work becomes more popular globally, it 

is necessary to explore the impact of this work on the health and well-being of workers and 

their families.  
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Due to the nature of the data collected and the heterogeneity of the included studies, 

we could not produce a funnel plot to demonstrate the potential risk of publication bias. The 

findings of the review could be limited by publication bias, as only peer-review publications 

published in English were included; however, their quality is potentially higher than the 

quality of non-peer-reviewed studies. The review excluded studies focusing on family 

relationships, functioning or parenting, which may help explain the health of the families of 

workers. There were several research limitations noted in the research field. There were 

generally few studies examining the health outcomes and lifestyle behaviours of partners and 

children of rotation workers in relation to rotation work. The available cross-sectional studies 

were limited in making causal interpretations of the findings. There is a particularly limited 

number of longitudinal studies investigating health impacts in partners and children of 

rotation workers to understand the short-term changes and long-term health impact of rotation 

work and the factors that influence health outcomes. Longitudinal studies are required to give 

insights into how partners and children experience the health impact of intermittent absence 

and presence of rotation workers and how their predictors change over time.  

Other limitations were small sample sizes in a number of included studies (13,33,275) 

which affect their statistical power and studies have generally recruited study samples 

through convenience sampling, which may affect the representativeness of recruited samples. 

A few of the included studies (15.8%) had low methodological quality which may limit the 

accuracy of the study findings, but such studies are relevant for inclusion into narrative 

reviews (82,83), particularly with fewer studies examining the outcomes of interest (82). 

Again, few of the studies had comparison groups and those studies were largely descriptive 

and did not provide standardized quantitative data required to carry out any quantitative 

synthesis. Further, the available data did not allow for subgroup analysis such as comparing 

the rotation work impact on partners with and without children, and children with different 
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age groups. Some of the studies, particularly those that examined the impact of rotation work 

arrangement on the children of workers (132,307,312), obtained information based on the 

perceptions of rotation workers and partners which may not be reflective of the actual 

experiences of the children. Studies were largely from Australia where rotation work is 

common. This may limit the generalisation of evidence on parental work separations to other 

parts of the world due to contextual country-specific differences and as such more studies 

from other countries are required particularly from the UK, Norway, and Canada where 

rotation work practices are common in the resources sector. 

5.5.4 Implications for policy and research 

The current review identified a number of key areas for organisations employing 

rotation work arrangements and research to consider. Organisations wishing to promote the 

mental health and well-being of workers should also extend the support mechanisms to the 

families of the workers, as evidence suggests at-home partners and children can be negatively 

impacted by the intermittent presence and absence of the rotation workers, and this, in turn, 

can impact negatively on workers. Interventions could include the development of training 

and mentoring programs aimed at increasing the capacity to understand and manage the 

demands and challenges of rotation work lifestyles (306), and to deal with the family 

demands (305). Programs could also include developing partners’ stress management skills 

and their ability to cope with the associated emotions around the intermittent presence and 

absence of spouses (305,306). Such programs could target partners of new/young rotation 

work families to support their balancing domestic and family demands in the absence of their 

spouses, in order to help minimise any distress among partners.  

Furthermore, organisations should help facilitate improved communication strategies 

between workers and their partners to help in reducing the associated sense of loneliness and 

isolation, and the anxieties of at-home partners in dealing with family demands in the absence 



170 
 

of rotation workers (15,305). The findings suggest that interventions could also include 

approaches to support at-home parents where there are challenges with the emotions and 

behaviours of children because of the demands of the rotation work lifestyle. Research 

suggests that, in general, enhancing positive parenting skills reduces child behavioural 

problems (327). Programs including the “Triple P-positive parenting program” which 

enhances “the knowledge, skills, and confidence of parents” “to prevent and treat social, 

emotional, and behavioural problems in children” (p. 339) (327) could be exploited in the 

rotation work parents. 

Additional research is needed particularly in examining the absence and presence of 

workers and family demands on the mental health, physical health, sleep problems and 

health-related behaviours among partners of rotation workers as limited studies and mixed 

findings exist to understand the impact of rotation work on the families of workers. Future 

studies are also required in examining the parental presence and separation, and parental 

well-being influence on mental health and the behaviours and emotional functioning of 

children, and the parenting strategies that assist to alleviate the effects of workers’ absence on 

children. Particularly, longitudinal studies with large samples are essential to explore the 

short and long-term health effects of rotation work on the health outcomes of partners and 

children of rotation workers to give insight into how partners and children of rotation workers 

experience health and to determine the factors that influence the health outcomes over time. 

5.6 Conclusion  

The impact of rotation work on the mental health and well-being of the partners and 

children of rotation workers though mixed, there is a tendency towards negative impacts. On 

days when spouses are away, partners may experience greater loneliness and poorer sleep 

quality. Partners may benefit from support in balancing the increased domestic and family 

demands, particularly when they have younger children and/or their spouses first begin 
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rotation work jobs. Research is limited, particularly in regard to the impact on health-related 

behaviours and physical health outcomes.  

5.7 Summary and link to other chapters 

This chapter summarised the key mental and physical health outcomes and related 

behaviours that arose from the systematic review of the health and well-being of the families 

of FIFO workers. The subsequent chapters offer empirical studies to test further the 

inconsistencies and research gaps in the evidence among partners of FIFO workers. In the 

next chapter, we examined further the inconsistencies in psychological well-being and 

evidence on physical health status and related behaviours of partners of FIFO workers using a 

cross-sectional study. In the subsequent part of the thesis (Chapter 9), the within-person 

variability of short-term health outcomes (affective states and health behaviours), and their 

work-related/psychosocial factors among partners are tested using multilevel analysis. 

Applying multiple methods, the health (psychological well-being, physical health and related 

health behaviours) and their associated economic impacts among partners of FIFO workers 

are explored. 
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Chapter 6: Study five 

Preface  

This chapter presents the fifth study included in this thesis, published in Community, Work & 

Family and cited as: 

Asare BY, Kwasnicka D, Robinson S, Powell D. Health and related behaviours of 

partners of fly-in fly-out workers in Australia: a cross-sectional study. Community, 

Work & Family. 2022:1-20. doi: 10.1080/13668803.2022.2100741. 

The content of the article presented here exactly appears as in print, but the formatting is 

consistent with the rest of this thesis. Having identified potential research gaps including 

limited rigorous studies that examined psychological well-being, physical health and related 

behaviours in partners of FIFO workers in the systematic review, this article assessed the 

psychological distress, physical health status and related behaviours, and their work-related 

determinants. The study highlights cross-sectional/between-persons differences in health 

behaviours across on and off-shift FIFO work periods and is limited in assessing the within-

person differences which could be addressed in later chapters within the thesis. 

Author contributions: BYA: conceptualization; methodology; investigation; data curation; 

formal analysis; visualization; project administration; writing—original draft preparation. SR, 

DP and DK assisted in conceptualization; funding acquisition; resources; supervision; 

writing—review & editing. The final manuscript was read and approved by all authors. 
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6.1 Abstract 

The recurrent absence of workers from home associated with Fly-In Fly-Out (FIFO) 

work practice, has the potential to affect the partners of the workers. This study aimed to 

examine the mental and physical health of partners of FIFO workers and to compare their 

health-related behaviours during on-and off-shift periods. A cross-sectional study was 

conducted among 248 partners of FIFO workers in Australia who completed an online survey 

between July and December 2021. Partners reported higher sleep duration (7.3±1.4hrs vs 

6.4±1.3hrs, p<.001) and better sleep quality during off-shift nights compared to on-shift 

nights. About 17% of the partners were current smokers; smoking more cigarettes per day 

during on-shift periods than off-shift (13.1±8.2 vs 11.6±7.6, p=.034). A high proportion of 

partners (83.9%) reported alcohol consumption, with similar proportions consuming alcohol 

at risky levels during on-and off-shift days (69.8% vs 70.6%, p=.500). Partners also 

consumed similar and low amounts of fruits (1.6±1.1 vs 1.6±1.1 serves per day) and 

vegetables (2.5±1.4 vs 2.4±1.3 serves, p=.123) during the workers’ on-and off-shift days. 

About two-thirds of partners (65.7%) were identified as overweight/obese and 4 in 9 of them 

(44.3%) engaged in less than 30 minutes of moderate to vigorous physical exercise per day 

during on-and off-shift days. In general, the majority of partners were classified as having 

good physical health status (85.1%), but 50.4% reported a high/very high risk of 

psychological distress. Interventions could be aimed at assisting multiple health behaviour 

changes and reducing psychological distress by assisting partners to adapt to and cope with 

the demands/stressors of FIFO lifestyles particularly in the absence of workers. 

Keywords: Psychological distress, Physical health, FIFO, Rotation work, Health 

behaviours, Partners, Australia. 
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6.2 Introduction 

In the last couple of decades, the mineral resources industry, particularly the mining 

sector, has contributed significantly to the Australian economy; bringing substantial revenue 

to both the government and private enterprises (11). The recent ‘resource boom’ in Australia 

has been driven by demands from Asia, notably China (5), and as a result of the upsurge in 

demand, the adoption of rotational work arrangements, also noted as Fly-In Fly-Out (FIFO), 

has increased (5,22). FIFO work arrangements are also common in the resources industry in 

other parts of the world including Scotland, Norway and Canada (40). 

FIFO is a long-distance commuting arrangement (11), where workers travel to remote 

work areas to stay in company-provided accommodation. They work compressed shifts of 

extended hours (typically 12 hours) for a designated continuous number of days, before 

travelling back home for designated leave periods (1,21). Simply put, workers rotate between 

the worksites in remote/isolated locations and their homes (1,302). For example, a worker 

may be required to spend 14 days at a worksite followed by 14 days at home or 14 days at 

worksites followed by 7 days at home (or 8 days on /6 days off) (5,68).  

The upsurge in the use of FIFO work schedules in the mineral resource industry has 

been attributed to efficiency gains and cost savings for companies. It is also seen to be an 

effective way to recruit staff during initial mine site construction and maintenance phases, 

during peak demands and for short-medium term operations in remote areas. Other reasons 

include the preference of workers and their families for urban residence and the inadequate 

social amenities in remote resource-based communities (1,11).  

Besides the considerable high financial benefits associated with FIFO work (1), 

workers' preference for FIFO work could also be attributed to the opportunity given to 

expend significant periods with family and friends during days off and to separate work from 

domestic obligations (20,22). The efficiency and operational advantages of FIFO 
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arrangement as a mode of employment for several companies in Australia, suggest the use of 

FIFO work arrangements will continue to increase in the near future (11,131). This escalating 

use and preference for FIFO work arrangements have raised concerns, with governmental 

calls for more investigations into the effect of such work arrangements on workers and their 

families and the design of measures to promote the health and well-being of such populations 

(25).  

FIFO work lifestyle involves frequent separations of workers from their families over 

a period. Such recurrent absence of workers from home may suggest constant interruptions to 

the routine family life such as the domestic roles and obligations, and everyday interactions 

between family members (132,305). In the absence of workers, partners may have to take up 

extra domestic and parental obligations increasing the demands on them, and according to the 

Work-Family Conflict Theory (41), inter-role conflict: the demands of work and family roles 

interfering with the discharge of one another, can arise leading to stress-associated problems 

(41,180) such as psychological strains and substance abuse (180). A FIFO work lifestyle of 

recurrent presence and absence of workers is indicated to be synonymous to ‘living two lives’ 

(15,305) with schedules that require partners to take up diverse social responsibilities and 

forms of behaviours (15). 

Furthermore, spending long periods apart from the family home could impact partner 

relationships. In line with the Attachment Theory, partner relationships require the continuing 

presence, accessibility, and awareness of one another to build trust and security (43,293). As 

such, in the absence or separation of one, the emotional bonds become vulnerable causing 

one or both to experience distress (43).  

Several studies have examined the effects of FIFO employment on workers' health 

and well-being (40), and have demonstrated some negative consequences on workers. These 

included: a higher prevalence of psychological distress (27–29) and a higher risk of suicide 
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(32) among onshore FIFO workers than reported in the general populations. FIFO work can 

also be associated with risky lifestyle behaviours such as excessive alcohol intake, smoking 

and being overweight/obese (99). However, studies examining the influence of FIFO 

employment arrangements on the health and related lifestyle behaviours of families and FIFO 

partners are limited (22,63).  

Available quantitative studies have reported that partners of FIFO workers have a 

higher prevalence of psychological distress than the overall population (7,33), higher levels 

of depression, anxiety and stress as compared to partners of non-FIFO workers (132), and 

higher levels of loneliness in the absence of workers as compared to the general population 

(34). In contrast, other studies found no significant differences in levels of depression, 

anxiety, and stress between partners of FIFO workers and partners of non-FIFO workers 

(131) and reported healthy psychological well-being among partners which were not 

influenced by rotation employee’s presence or absence (328).  

Some studies have reported higher levels of alcohol drinking and smoking in partners 

of FIFO workers than in the normal population in Australia (7,35). However, other studies 

suggest there is no statistical difference in alcohol intake between partners of rotation 

workers and partners of other types of employment and the normal population (131,132).  

A systematic review of the health and well-being of partners of FIFO workers (63) indicated 

that available quantitative studies present inconsistent findings to understand the effects of 

FIFO work schedules on the health and well-being of partners of workers. Thus, more 

research is needed to examine the effects of FIFO work schedules on the health and well-

being of partners of workers. Furthermore, there are limited studies (131,132) that have 

examined factors that predict the health and well-being of partners of FIFO workers. 

Assessing the factors that contribute to the health and well-being of families of FIFO workers 

could help to identify concerns for targeted interventions to support FIFO families and inform 
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interventions aimed at improving the health and well-being of FIFO workers and their 

families. The present study is a cross-sectional study that was aimed at examining the mental 

and physical health and lifestyle behaviours of partners of FIFO workers and identifying the 

sociodemographic characters and FIFO work-related characteristics that are associated with 

their mental and physical health outcomes. 

6.3 Methods 

6.3.1 Participants and recruitment 

Partners of FIFO workers aged 18 years and above in Australia were recruited to take 

part in the study. A sample size of 199 was estimated to detect, in paired samples t-tests, a 

small difference (d= 0.2) between on-and off-shift days with 80% power. Also, we determine 

the sample likely to detect the prevalence of health outcomes based on the estimates of 

psychological distress. The estimate for psychological distress in the Australian population is 

13% (213), but we assumed a slightly higher prevalence as we expected there may be higher 

distress levels in this population (132); therefore, we used an estimate of at least 21%. 

Cochran’s sample size formula, estimating a 21% rate with 95% confidence intervals (z = 

1.96) and 5% precision, generated a required sample of 255. Assuming a 10% dropout, we 

aimed to recruit 280 participants. Three hundred and fifteen (315) partners of FIFO workers 

consented to take part in the survey; 67 were excluded due to incomplete data and 248 

completed the full questionnaire and their data formed part of the analysis in this study. 

Recruitment into the study was done by posting the study’s advertising materials in 

FIFO work and/or partners’ support groups on the social media platform Facebook 

periodically from July to December 2021. Advertising materials directed interested 

individuals to an online participants’ information sheet and consent form. Participants were 

asked to complete a 10-15 minute online questionnaire developed and hosted on Qualtrics 

XM online survey platform (www.qualtrics.com/au/). 

http://www.qualtrics.com/au/
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6.3.2 Data collection instrument and measures  

The online questionnaire consisted of adapted measures from validated instruments 

and replicated previous studies (see Appendix D). Data were collected on the socio-

demographic characteristics of participants (age, sex, ethnicity, relationship status and 

duration, number of children, age of the youngest child, educational status, and employment 

status and job type), and their partner’s FIFO work characteristics (FIFO occupational role, 

usual FIFO shift pattern, normal shift hours per day, number of consecutive days at work and 

at home, and the duration as a FIFO worker). 

The psychological distress of participants was assessed using the validated Kessler 

Psychological Distress Scale-K10 (183). K10 assesses the current level of psychological 

distress in the last 30 days using 10 items scored on a 5-point Likert scale of 1 (none of the 

time) to 5 (all of the time), with high internal consistency (α=0.93) (183). The total scores 

(range 0 to 50) were computed and the level of psychological distress was classified as low 

(10–15), moderate (16–21), high (22–29) and very high (30–50) (183). 

The physical component (PCS) scale of the validated SF-8 Health Questionnaire 

(185) was used to measure the physical health status of participants in the last 4 weeks. The 

subscale of 4 items rated on a 5 and/or 6-point Likert scale, with retest reliability high 

(Cronbach’s alpha =0.73), was analysed in line with the recommendations by the authors to 

compute a total score (0-100): with a score of 50 and above suggesting better physical quality 

of life (185).  

Sleep duration and sleep quality were assessed using an item each adapted from the 

Pittsburgh Sleep Quality Index (PSQI) (186) and replicated in a previous study (34). 

Participants self-reported the hours of actual sleep they usually get at night (sleep duration) 

during on-and off-shift days separately using the item: ‘How many hours of actual sleep do 

you usually get at night during your partner's on-shift days (off-shift days)?’ Sleep duration 
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was categorised into short sleep (< 7 hrs of sleep) and long sleep (≥7 hrs of sleep) (195). 

Participants also self-rated their overall sleep quality typical of on-and off-shift periods 

separately using the item: ‘How would you rate your overall sleep quality during your 

partner's on-shift days (off-shift days)?’ on a 4 Likert scale of 0=very good to 3=very bad 

(186). 

The risky use of alcohol during on-and off-shift days was assessed by completing the 

3-item Alcohol Use Disorders Identification Test-Concise (AUDIT-C) (187). The AUDIT-C, 

a short validated tool, enquires about the frequency of drinking, usual quantity per day, and 

frequency of heavy drinking on an occasion in the past 12 months and scored on a 5-point 

scale (0 to 4). Participants were asked separate AUDIT-C questions for on-and off-shift days 

(e.g., ‘During your partner's on-shift days (off-shift days), how many standard drinks 

containing alcohol do you have on a typical day when drinking?’) and total scores (range 0 to 

12) was generated separately for each period. Risky alcohol use was defined as a score of ≥4 

among males (sensitivity 0.86, specificity 0.89) and ≥3 among females (sensitivity 0.73, 

specificity 0.91) (187).  

On smoking status, participants responded to whether they smoked and/or had ever 

smoked and were grouped into never smoked, ex-smokers and current smokers. Participants 

who were current smokers then reported the number of cigarettes usually smoked each day, 

separately for on-and off-shift periods using the item: ‘How many cigarettes do you usually 

smoke per day during your partner's on-shift days (off-shift days)?’ 

Physical activity during on-and off-shift days was assessed separately using the item: 

‘How many minutes per day do you usually do vigorous or moderate physical activities 

outside of work for at least 10 minutes at a time during your partner's on-shift days (off-shift 

days)?’ adapted from the International Physical Activity Questionnaire-short form (188). 

Engaging in at least 30 minutes of moderate-intensity or 20 minutes of vigorous-intensity 



181 
 

physical activity per day is deemed adequate physical activity for health benefits (329). Thus, 

in this study, participants reporting at least 30 minutes of moderate to vigorous physical 

activity were classified as engaging in adequate physical activity for health benefits. 

Participants reported on the typical servings of vegetable and fruit intake each day, 

separately for on-and off-shift days using the item: How many servings of vegetables (fruits) 

do you usually eat each day during your partner's on-shift days (off-shift days)? on an 8-point 

response scale (1 serve, 2 serves, 3 serves, 4 serves, 5 serves, 6 serves or more, 7 less than 

one serve, 8 Don’t eat fruit/vegetable) (192). Participants’ daily intake of fruits and 

vegetables was classified as adequate (2 or more servings of fruits and 5 or more vegetable) 

and inadequate (less than 2 servings of fruits and 5 vegetables) (193).  

Participants’ Body Mass Index (BMI) was calculated using their self-reported weight 

(kg) and height(m) and categorised into underweight (BMI < 18.5), normal weight (18.5–

24.9), overweight (25–29.9) and obese (BMI ≥ 30) (194). 

6.3.3 Data analysis  

Descriptive statistics including means, frequencies, and proportions were done to 

explore the sociodemographic, FIFO-related characteristics, psychological distress, physical 

health, and lifestyle behaviours (sleep, alcohol consumption, smoking, physical activity, BMI, 

and fruit and vegetable intake). Appropriately, paired t-tests and McNemar’s test of 

proportions were done to examine the difference in lifestyle behaviours during on-and off-

shift days. Using multiple logistic regressions, the sociodemographic and FIFO-related 

characteristics factors associated with the mental and physical health status of partners were 

examined. Reference groups for categorical variables in the model were chosen based on the 

largest category for age, ethnicity, marital status, education, job, shift pattern, days spent at 

work and home, and FIFO duration; and the normative category for the age of the youngest 

child, employment status, alcohol, smoking, physical activity, BMI and shift hours (330). 
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p<.05 was set as the level of significance. The tolerance test was done to test the assumption 

of multi-collinearity and the Variance Inflation Factor (VIF) suggested no multi-collinearity 

(VIF ranging from 1.07 to 2.10). Data were analyzed using STATA version 13 (StataCorp 

LP, College Station, Texas, USA). 

6.4 Results 

6.4.1 Socio-demographic and partner’s FIFO work characteristics 

A total of 248 participants were included in this study. The participants were on 

average 36.8±8.7 years (range 19-59), with approximately 57% aged 35 years or more. Most 

of the participants were females (98.8%), with a Caucasian/White ethnic background 

(87.9%). Most of them were married (70.6%), in a relationship with FIFO workers for 5 years 

and more (85.4%) and had children (83.1%). The youngest child was on average 6.6±6.6 

years. More of the participants had attained a bachelor's or postgraduate degree (38.3%) and 

had a part-time job (28.2%) or solely undertook house duties (27.8%) (Table 11). 

Most of the participants indicated their partners had worked in FIFO work for 5 years 

and more (55.7%), worked in the maintenance/technician roles (31.9%), on rotation-mixture 

of day and night shifts (56.5%) or regular fixed day shifts (41.9%), and for 12 hours on 

average (70.1%). Additionally, most of the participants indicated workers usually spend 8-14 

consecutive days at work (62.9%) and less than 8 consecutive days at home (70.2%). Table 

11 presents the socio-demographic characteristics of participants and their partners’ FIFO 

work characteristics. 
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Table 11. Multiple logistic regression of personal and FIFO work-related characteristics associated with psychological distress and physical 

health status 

Parameters  Total Very high/high psychological distress Poor physical health 

 n(%) OR (95%CI) OR (95%CI) 

Personal characteristics     

Age in years    

   <35 180(43.6) 1 1 

   35-44 97(39.1) 0.61(0.27-1.36) 1.14(0.34-3.80) 

   45+ 43(17.3) 0.88(0.27-2.85) 0.93(0.14-6.03) 

Ethnicity     

   Caucasian/White 218(87.9) 1 1 

   Other 30(12.1) 0.77(0.30-1.94) 3.57(0.96-13.22) 

Relationship status    

   Married  175(70.6) 1 1 

   Civil partnership 6(2.4) 0.80(0.13-5.12) 0.42(0.01-12.02) 

   De-facto/co-habiting 67(27.0) 0.95(0.42-2.17) 1.80(0.56-5.73) 

Relationship duration (in years)    

   10+ 146(58.9) 1 1 

   5-9 66(26.6) 0.58(0.24-1.41) 2.33(0.56-9.73) 

   1-4  36(14.5) 1.30(0.40-4.19) 1.16(0.19-7.16) 

Age of youngest child (years)    

   None 42(16.9) 1 1 

   <1 37(14.9) 0.20(0.06-0.68)* 2.01(0.36-11.23) 

   1-5 76(30.7) 0.63(0.22-1.86) 0.29(0.05-1.64) 

   6-11 46(18.6) 0.48(0.15-1.54) 1.72(0.33-9.05) 

   12-17 35(14.1) 1.05(0.32-3.51) 0.40(0.06-2.61) 

   18+ 12(4.8) 0.45(0.08-2.39) 0.45(0.03-6.65) 

Educational status    

   TAFE/College 86(34.7) 1 1 

   Secondary education 51(20.6) 1.04(0.45-2.42) 1.37(0.44-4.28) 

   Bachelor degree 68(27.4) 0.48(0.21-1.10) 0.36(0.09-1.47) 

   Postgraduate degree 27(10.9) 0.83(0.28-2.42) 0.44(0.06-2.98) 

   Trade/Apprentice/Other  16(6.4) 0.76(0.28-2.52) 0.23(0.03-1.88) 

Employment status    



184 
 

   Undertaking house duties 69(27.8) 1 1 

   Working full-time 59(23.8) 0.60(0.23-1.54) 0.26(0.06-1.07) 

   Working part-time 70(28.2) 0.66(0.28-1.55) 0.32(0.08-1.47) 

   Self-employed  15(6.1) 1.23(0.31-4.82) 1.40(0.20-9.81) 

   Student  15(6.1) 0.12(0.03-0.53)** 0.54(0.05-5.28) 

   Other  20(8.1) 0.34(0.10-1.22) 0.87(0.15-4.84) 

Smoking status    

   Non-smokers 124(50.0) 1 1 

   Ex-smoker 82(33.1) 1.19(0.60-2.38) 0.99(0.33-2.96) 

   Current smoker 42(16.9) 1.60(0.65-3.90) 2.98(0.82-10.88) 

Alcohol intake    

   No  40(16.1) 1 1 

   Yes  208(83.9) 1.12(0.50-2.53) 0.61(0.19-1.98) 

Body mass index    

   Normal weight  85(34.3) 1 1 

   Overweight  78(31.4) 1.69(0.78-3.64) 2.55(0.76-8.53) 

   Obese 85(34.3) 1.16(0.56-2.39) 2.57(0.79-8.32) 

Physical activity     

   Adequate  138(55.7) 1 1 

   Inadequate  110(44.3) 1.82(0.97-3.39) 0.77(0.29-2.04) 

FIFO worker’s work characteristics    

Partner’s FIFO role    

   Maintenance/Technician  79(31.9) 1 1 

   Management/Administration/services  17(6.9) 0.70(0.19-2.63) 0.25(0.02-3.21) 

   Professional  36(14.5) 1.02(0.41-2.54) 0.52(0.13-2.14) 

   Production  15(6.1) 1.46(0.39-5.51) 0.65(0.08-5.39) 

   Machinery operator and driver 46(18.6) 1.25(0.51-3.10) 0.86(0.25-2.96) 

   Drilling/Construction/Labourer 34(13.7) 2.26(0.81-6.32) 0.17(0.03-0.85)* 

   Other  21(8.5) 2.46(0.76-7.97) 0.14(0.02-1.12) 

Shift pattern    

   Rotation shift (mixture of day/night shift)/other 142(57.3) 1 1 

   Regular shift (fixed day/fixed night) 106(42.7) 0.75(0.39-1.45) 0.82(0.29-2.32) 

Shift hours    

   <12 hrs 18(7.3) 1 1 

   12+ hrs 230(92.7) 0.68(0.20-2.30) 0.60(0.09-4.11) 
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Consecutive days spent at work    

   <8 days  25(10.1) 0.71(0.26-1.91) 0.47(0.08-2.88) 

   8-14 days  156(62.9) 1 1 

   15+ days  67(27.0) 1.39(0.59-3.25) 2.92(0.86-9.85) 

Consecutive days spent at home    

   <8 days 174(70.2) 1 1 

   8-14 days 54(21.8) 1.08(0.49-2.37) 0.74(0.22-2.50) 

   15+ days  20(8.0) 1.30(0.33-5.19) 0.25(0.02-3.34) 

FIFO lifetime duration    

   <3 yrs 84(33.9) 1 1 

   3-4 yrs 54(21.8) 0.85(0.35-2.09) 0.13(0.03-0.60)** 

   5-9 yrs 56(22.5) 1.09(0.41-2.93) 0.20(0.04-0.99)* 

   10+ yrs 54(21.8) 1.24(0.42-3.66) 0.20(0.03-1.25) 
*p<0.05; **p<0.01 

Reference category: used largest category for age, ethnicity, marital status, education, job, shift pattern, days spent at work and at home, and FIFO 

duration; and normative category for the age of the youngest child, employment status, alcohol, smoking, physical activity, BMI and shift hours; TAFE= 

Technical and Further Education 
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6.4.2 Lifestyle behaviours of partners during on-and off-shift FIFO work periods 

Table 12 presents the lifestyle behaviours of partners during on and off-shift FIFO 

work periods.  

Sleep duration and quality 

The participants reported an average sleep duration significantly higher during off-

shift days compared to on-shift days (7.3±1.4hrs vs 6.4±1.3hrs, p<.001). A significantly 

higher proportion of the participants reported 7 or more hours of sleep duration during off-

shift than on-shift days (69.3% vs 45.6%, p<.001). Likewise, a significantly higher 

proportion of partners indicated their sleep quality as fairly good or very good during off-shift 

as compared to on-shift days (73.0% vs 54.8%, p<.001). 

Smoking and alcohol intake 

Seventeen per cent of the participants indicated to be current smokers; smoking on 

average more cigarettes per day during on-shift days than on off-shift days (13.1±8.2 vs 

11.6±7.6, p=.034). A high proportion of participants (83.9%) reported consuming alcohol in 

the last month before the survey. Similar proportions of participants were found to consume 

alcohol at risky levels during on- and off-shift days (69.8% vs 70.6%, p=.500). 

Fruits and vegetable intake  

With regards to fruits and vegetable consumption,  partners indicated consuming 

2.5±1.4 serves of vegetables per day during on-shift periods and 2.4±1.3 serves during off-

shift days (p=0.123). Similar proportions of them reported consuming the recommended 5 or 

more serves per day during on-and off-shift days (7.3% vs 4.4%, p=.167). Likewise, at-home 

partners reported consuming similar amounts of fruits during the workers’ on-and off-shift 

days (1.6±1.1 serves per day); with similar proportions consuming 2 or more serves per day 

during the on-and off-shift days (46.4% vs 42.7%, p=.272). 
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Physical activity and Body Mass Index 

The same proportion of partners undertook moderate-to-vigorous physical activity of 

at least 30 minutes (55.7%) or less (44.3%) per day during the on-and off-shift days. The 

overall average BMI reported by partners was 28.8±6.5Kg/m2 and 31.4% classified as 

overweight and 34.3% as obese. 

Table 12. Health status and lifestyle behaviours of partners of FIFO workers 

Health indicators On-shift days Off-shift days Test statistics p-value 

Sleep duration  6.4±1.3hrs 7.3±1.4hrs -7.8614 <0.001ƞ 

   <7 hrs 135(54.4) 76(30.7) 33.80 <0.001¥ 

   7+ hrs  113(45.6) 172(69.3)   

Sleep quality    <0.001¥ 

   Fairly good/very good 136(54.8) 181(73.0) 21.32  

   Fairly bad/very bad 112(45.2) 67(27.0)   

Alcohol intake     

   Non-risky  75(30.2) 73(29.4) 2.00 0.500¥  

   Risky  173(69.8) 175(70.6)   

Smoking  n(%)    

   Non-smokers 124(50.0) 

   Current smokers 42(16.9) 

   Ex-smokers 82(33.1) 

Number of cigarettes 

smoked per day 

13.1±8.2 11.6±7.6 2.2000 0.034ƞ 

Vegetable intake (serves per 

day) 

2.5±1.4 2.4±1.3 1.5463 0.123ƞ 

   <5 serves  230(92.7) 237(95.6) 2.58 0.167¥ 

   5+ serves 18(7.3) 11(4.4)   

Fruits intake (serves per 

day) 

1.6±1.1 1.6±1.1 0.8111 0.418ƞ 

   <2 serves  133(53.6) 142(57.3) 1.53 0.272¥ 

   2+ serves 115(46.4) 106(42.7)   

Moderate/vigorous physical 

activities (mins) 

32.6±33.9 32.2±31.6  0.869ƞ 

   Inadequate  110(44.3) 110(44.3) 0.00 1.000¥ 

   Adequate  138(55.7) 138(55.7)   

Body mass index n(%)    

   Underweight 2(0.8) 

   Normal/healthy weight 83(33.5) 

   Overweight 78(31.4) 

   Obese  85(34.3) 

Physical health status    

   Poor  37(14.9) 

   Good  211(85.1) 

Psychological distress   

   Low risk  71(28.6) 

   Moderate risk  52(21.0) 

   High risk 76(30.6) 

   Very high risk 49(19.8) 
ƞp value from paired t-test; ¥Exact McNemar significance probability; Bold significant at p<0.05 
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6.4.3 Physical health and psychological distress  

The physical health and psychological distress of partners are outlined in Table 12. 

The majority of the partners were classified as having good physical health (85.1%). A 

combined 50.4% of partners reported a high (30.6%) or very high (19.8%) risk of 

psychological distress. 

6.4.4 Personal and FIFO work-related characteristics associated with physical health 

and psychological distress  

The results of multiple logistic regression are outlined in Table 11. The results 

showed participants whose partners worked in drilling/construction/labourer roles compared 

to working in maintenance/technician roles (OR= 0.17, 95%CI= 0.03-0.85) and had worked 

in FIFO arrangements for 3 to 5 years (OR= 0.13, 95%CI= 0.03-0.60) and 5-9 years (OR= 

0.20, 95%CI= 0.04-0.99) compared to less than 3 years had reduced odds of experiencing 

poor physical health.  

The odds of experiencing high to very high psychological distress were lower among 

partners who had children aged less than 1 year compared to those without children (OR= 

0.20; 95%CI= 0.06-0.68) and those who were students compared to partners who solely 

undertake housework (OR= 0.12; 95%CI= 0.03-0.53). There were no significant associations 

between FIFO work-related characteristics and psychological distress (Table 11). 

6.5 Discussion 

6.5.1 Main findings 

This study aimed to examine the mental and physical health and lifestyle behaviours 

of partners of FIFO workers in Australia. Partners of FIFO workers reported shorter sleep 

duration, poorer sleep quality and smoking more cigarettes during workers’ on-shift days. 

Partners of FIFO workers consumed fewer fruits and vegetables, engaged in inadequate 

moderate-to-vigorous physical activities and drank alcohol at risky levels across on-and off-
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shift periods. A high proportion of partners reported good physical health status, but the risk 

of psychological distress was high among partners. 

6.5.2 Sleep and lifestyle behaviours  

The study found sleep duration during off-shift days to be higher than during on-shift 

days. Furthermore, study results found that sleep duration during on-shift days (6.4±1.3hrs) 

was shorter than the suggested 7 or more hours a night (195). These findings are in contrast to 

an earlier study, which reported no differences in partners’ sleep durations during on-and off-

shift days but reported an average sleep duration of 6.9±1.6 hrs among partners when workers 

are away at work so comparably low as reported in our study (34).  

The study found more partners during on-shift days experienced poorer sleep quality 

than during off-shift days. This finding is consistent with the findings of prior research, which 

found that sleep quality was poorer during workers’ on-shift periods (13,34). In the absence 

of workers, partners take up additional and multiple household roles (15,305) increasing the 

demands on them, leading to inter-role conflicts (41), which is indicated to be associated with 

short sleep duration and poorer sleep quality (318,331). Additionally, the absence of workers 

from home may impact the partners’ sense of security, comfort and shared assurances that 

could be provided by sleeping together with the partner (314). 

The study found about 17% of partners were current smokers, this is similar to 

another study  (35). This rate is higher than the 10.4% reported among females and 11.2% 

reported among adults in the Australian overall populace (332). Again, partners smoked more 

cigarettes per day during FIFO workers’ on-shift days than on off-shift days, which is in line 

with the findings of a daily study in Australia (13). High stress is indicated to be an important 

factor contributing to smoking (200,333), particularly in females (333). The partners of FIFO 

workers, most of whom were female in our study, are indicated to experience increased stress 

(profound in the absence of workers), for instance, from the recurrent adjustment to the 
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presence and absence of workers, which comes with changes to roles and disruption to 

lifestyles (15,302,305). These stressors could potentially increase the urge to smoke cigarettes 

among partners (13) and may explain why smoking prevalence is higher in partners of FIFO 

workers than in the overall populace and partners smoke more during on-shift days. The daily 

cigarettes smoked during on-and off-shift days were on average comparable to the rates 

reported for adult females and the general smoking population in Australia (12.9 cigarettes 

per day) (332).  

Our study also found high proportions of partners (83.9%) consume alcohol in the last 

month, and that is comparable to the 85.9% previously documented among partners of FIFO 

workers (35). The use of alcohol is reportedly high in the general Australian population, 

where about 77% of the population aged 14 and above report drinking at least a serving of 

alcohol in the last 1 year (201). Furthermore, a high proportion of partners consumed alcohol 

at risky levels during on-shift days (69.8%) and off-shift days (70.6%), higher than rates 

reported for drinking at long-term risk (16.8%) and short-term risk (25%) in the overall 

Australian populace (201). A previous study has documented similar findings of higher 

proportions of partners of FIFO workers consuming alcohol at long-term (37.8% vs 10.3%) 

and short-term (32.9% vs 17.5%) risk levels compared to population norm  (7). FIFO workers 

also consume alcohol at higher levels than the general population (7,132) and other 

workgroups (99). With alcohol drinking often indicated as a social experience (319), and the 

level of alcohol consumption in partners documented to be associated with that of their 

spouses (322), may account for the high levels of alcohol consumption observed among 

partners in our study.  

Furthermore, the levels of consumption of alcohol during on- and off-shift days were 

similar. This contradicts the findings of a daily study, which found that partners consume 

more alcohol when workers are at home (13). The observed differences could be attributed to 
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the difference in measurements and study designs where the previous study employed 

longitudinal daily assessments as compared to the snapshot assessment employed in our 

study. The findings of high levels of smoking and alcohol consumption in our study suggest 

the need for interventions aimed at addressing smoking and alcohol consumption in workers 

to be extended to their families who are also affected by the stressors of FIFO lifestyles. 

Our study found the average serves of fruit and vegetable intake among at-home 

partners were below the recommended daily requirements of 2 or more serves of fruits and 5 

or more serves of vegetable intake per day (193). The proportions of partners found to meet 

the daily requirement of fruit intake during on-shift (46.4%) and off-shift (42.7%) days were 

lesser than the 51.3% found in the overall adult Australian population (193). Concerning 

vegetable intake, a lower proportion of partners during off-shift days (4.4%) met daily 

requirements than the reported 7.5% in the overall Australian populace (193). A previous 

daily study has found FIFO families (workers and partners) to consume food of limited 

nutritional quality (13). It has been suggested that increased stress from the demands of the 

FIFO lifestyle may limit the choices and prioritisation of healthy food among FIFO families 

(13), as an increase in stress promotes the intake of unhealthy foods while reducing the intake 

of healthy foods (207). Future studies could also explore unhealthy eating and the 

quality/regularity of meal during worker’s on-and off-shift periods. 

The study also found partners to engage in physical activity for on average more than 

30 minutes per day, but 4 in 9 partners engaged in moderate-to-vigorous physical activity 

lasting for less than 30 minutes per day during the on-and off-shift days. A previous daily 

study has also found FIFO families engage in an average of more than 30 minutes of exercise 

per day with very much day-to-day variation (13). The increase in demands of FIFO lifestyles 

on partners (15) has been suggested to limit the time needed for leisure-time physical 

activities, particularly when workers are away at work (13). However, we found no difference 
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in the average minutes spent or the proportion of partners who participate in moderate-to-

vigorous physical activity for not less than 30 minutes per day during the on-and off-shift 

days. Likewise, the intake of fruit and vegetable was similar during on-and off-shift days. 

These findings contradict the findings of a previous daily study where partners reported less 

exercise time and poorer nutrition quality during on-shift days than off-shift days (13). The 

differences seen may well be ascribed to the variances in measurements and designs between 

the previous longitudinal daily assessments and our snapshot cross-sectional study. 

 This study found about two-thirds of participating partners (65.7%) were overweight 

or obese. Comparable findings have been reported among the general adult Australian 

population where 67% of the population were overweight or obese (194). The rates of 

overweight and obesity are generally increasingly high in the adult population in Australia 

(334,335). In Australia, high BMI is indicated as the second prominent contributing factor of 

disease burden (336) and is associated with increased risk of non-infectious diseases, such as 

cardiovascular diseases (211) and productivity losses (337). Our study findings, therefore, 

emphasise the need for continuous efforts in addressing the high overweight and obesity rates 

in FIFO workers’ partners and the overall Australian populace. Particularly in FIFO partners, 

efforts could be geared toward assisting them to adapt to and cope well with the 

demands/stressors of FIFO lifestyles to reduce stress and encourage increased consumption 

of fruits and vegetables and uptake of regular physical activity (211). 

6.5.3 Physical Health and Psychological Distress  

The study found a high proportion of partners (85.1%) were classified as having good 

physical health status. Similarly, a previous daily study has found the daily intake of 

medication for physical health impairments among partners as rare (13). Another study has 

also found partners of rotation off-shore workers to report similar physical health status as 

partners of non-rotation on-shore workers (304). Most FIFO families are suggested to be self-
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selected people who choose and remain in FIFO work, and as such tend to develop resilience 

and strive to deal with the stresses and challenges of FIFO work (131,305).  

However, this study has showed that more partners experience psychological distress 

(50.4%) at levels higher than reported among females (14.5%) and the general (13.0%) 

population in Australia (213). This finding is comparable to that of a previous study, which 

found a higher prevalence of high psychological distress among partners than in the general 

population (33). Another study has also documented higher levels of depression, anxiety, and 

stress among partners than in partners of non-FIFO workers (132). Qualitative studies have 

highlighted the increased demands from the additional and multiples roles in the absence of 

the FIFO workers (15,305) and the emotional demands of and the difficulty adjusting to 

recurrent ‘partings and reunions’ (305) as some of the stressors that increase distress among 

partners. The increasing demands on partners may result in inter-role conflicts (41), which 

are indicated to give rise to stress-related outcomes (41,180) including psychological strains 

and depressive symptoms (180). Again, partners are frequently separated from their romantic 

partners over a period and in line with the Attachment Theory, such separations threaten the 

attachments or the emotional bonds between the partners, which foster trust and a sense of 

security, leading to the experiences of distress (43).  

It should also be noted that the ongoing COVID-19 pandemic and associated 

social/travel restrictions have impacted negatively lifestyle behaviours (217,338) and 

contributed to a widespread increase in psychological distress in the general population 

(218,339). This could also contribute to the observed high prevalence of psychological 

distress and risky lifestyle behaviours in at-home partners. In Australia, several FIFO workers 

travel interstate and abroad for work (33) and COVID-19 restrictions, border closures and 

quarantines across the states have resulted in some FIFO workers being separated from their 

families for a prolonged period. 
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 The study found partners who worked in construction/labourer roles compared to 

those working in maintenance/technician roles were less likely to report poor physical health. 

A study has found construction workers in Australia to have better physical health and 

suggested this to be attributed to their younger age (340). It has been indicated that the strains 

experienced by FIFO workers could also affect the physical well-being of their spouses (305). 

The study results also revealed poor physical health was less likely in participants whose 

partners had worked in FIFO arrangements for 3 to 9 years compared to those working for 

less than 3 years. It has been established the longer the duration workers spend in FIFO work 

arrangements the more their partners develop strategies to adapt to the physical and 

emotional demands of the FIFO lifestyle (305). 

Partners who were students were less likely to report higher psychological distress 

compared to partners who solely undertook house duties. Strategies including being in 

employment and increasing social interactions have been highlighted to help partners cope 

with loneliness and distress in the absence of the worker (305). Being employed outside of 

the home and/or being a student may promote positive social interactions and help partners, 

particularly those without much domestic roles like demands of childcare, mitigate the 

experiences of stress in the absence of the worker, thus, helping promote their health and 

well-being. The odds of experiencing high psychological distress were lower among partners 

who had children aged less than 1 year compared to those without children. Having children 

at home has been indicated to keep partners occupied and assist to overcome loneliness and 

distress in the absence of their worker partners (305,306). However, qualitative studies have 

highlighted the difficulties and distress of childcare and having to raise children alone in the 

absence of workers (15,307). Another study has indicated that some partners without children 

get the chance to engage in increased social interactions in the absence of the workers (302). 
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Further studies are needed to explore the impact of children on the health and well-being of 

partners of FIFO workers. 

 The study found no significant associations between FIFO work characteristics and 

psychological distress. Another study has also found work-related characteristics such as 

FIFO job roles not to be associated with perceived stress in partners (131). However, other 

studies highlighted FIFO work-related factors including job type, roster/shift pattern, shift 

length and work hours per week to influence the well-being of partners (328) and determine 

the behavioural problems of their children (132). Additional studies are needed with larger 

sample sizes to further examine the influence of FIFO work characteristics on the health and 

well-being of partners of FIFO workers. 

6.5.4 Strength and limitations 

This study contributes to the limited literature examining the health and lifestyle 

behaviours of partners of FIFO workers during the on-and off-shift periods and factors 

associated with these health outcomes.  

The study’s limitations include the use of a cross-sectional design and self-reported 

health outcomes and related behaviours data, which could be under-or over-estimated. The 

study is also limited by the larger incompletion (dropout) rate than was expected. This 

reduced the precision of our estimated rates of health outcomes. Nonetheless, the sample size 

estimated to detect small differences between on- and off-shift at a power of 80% was 

exceeded. There are usually higher dropout rates with online surveys, where participants have 

indicated they may be more easily distracted and the relative anonymity of the researcher 

may lead to a higher risk of dropout (220). Furthermore, the study used snowballing 

procedures in engaging study participants, which may present samples not typical of the 

FIFO partners’ population and self-selection bias where the partners who were either 

positively or negatively affected by the FIFO lifestyle may select to take part or not to take 
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part in the study. The study sample of more Caucasian/White, female and being educated 

reflects that of previous studies (7,33). The study involved only partners with comparisons of 

health outcomes and related behaviours made to Australian norms secondary data; assessing 

partners of workers on standard work schedules may enable for more direct evaluations of the 

differences in the groups. The measure of roster as number of days spent at home and on-site 

separately is limited in capturing what makes a roster in each instance as could be done via 

roster types or roster ratio. 

6.6 Conclusions 

The partners of FIFO workers showed short sleep duration and poorer sleep quality 

when workers were on-shift. The study also found that partners of FIFO workers smoked 

more, drank more alcohol and at risky levels, consumed fewer fruits and vegetables, and 

engaged in less than 30 minutes of moderate-to-vigorous physical activity as compared to 

recommended guidelines and the general Australian population. Apart from sleep and 

smoking, there were no significant differences in partners’ lifestyle behaviours found during 

the on-and off-shift days of the workers’ roster cycle. This study has found that a high 

proportion of partners had good physical health status, but levels of psychological distress 

were significantly higher than the Australian population norms. Higher drinking and smoking 

in partners could be a potential coping mechanism connected with the higher psychological 

distress. No FIFO work-related characteristics were found to be associated with the partners’ 

physical health and psychological distress. 

Interventions could be aimed at assisting multiple health behaviour changes and 

reducing psychological distress by assisting partners to adapt to and cope with the 

demands/stressors of FIFO lifestyles, particularly in the absence of workers. Further studies 

should explore how behaviour change interventions can positively impact on health and well-

being of partners of FIFO workers and their families. To understand the changing nature of 
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FIFO work, further studies also need to investigate how day-to-day fluctuations in 

psychological and contextual variables change over time and how to best implement just-in-

time adaptive interventions that can support FIFO workers and their partners. Just-in-time 

adaptive interventions give the appropriate (kind and amount) support at the right moment by 

responding to changing conditions and context of an individual (341). 

6.7 Summary and link to other chapters 

This chapter has presented a snapshot of the psychological distress, physical health 

status and related behaviours of partners of FIFO workers over the on-and off-shift days, and 

their work-related determinants. The next part of the research involved the use of Ecological 

Momentary Assessment (EMA) design (longitudinal studies) to examine the within-persons 

processes in FIFO health outcomes; addressing the limitations associated with the cross-

sectional study design. The subsequent chapters summarise the common EMA methods in 

FIFO health research (Chapter 7) and detail the within-person variability of the psychological 

states and health-related behaviours over the on-and off-shift days tested using multilevel 

analysis among workers (Chapter 8) and partners (Chapter 9).  
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Chapter 7: Study Six 

Preface 

This chapter presents a published study in Safety and Health at Work and the sixth study 

included in this thesis and cited as follows: 

Asare BY, Robinson S, Kwasnicka D, Powell D. Application of Ecological 

Momentary Assessment in studies with rotation workers in the resources and related 

construction sectors: A systematic review. Safety and Health at Work. 2023;14(1):10-

16. doi: 10.1016/j.shaw.2022.10.004. 

The paper’s content here is as it appears in print, however, it has been formatted to be in 

keeping with the rest of this thesis. This was an important step in informing the subsequent 

chapters 8 and 9 of the thesis, to identify key EMA methods employed in assessing the health 

outcomes and related behaviours in the FIFO work population. It also served to highlight 

relevant EMA designs and recommendations on reporting EMA studies that could be 

explored in the FIFO context and in the subsequent chapters. 

Author contributions: BYA, DK, SR and DP conceived and designed the study protocol. BA 

developed the initial question development, search strategy, study selection criteria, study 

reviewing, summary and assessment and drafted the initial manuscript. DK, SR and DP 

reviewed and contributed to the initial question development, search strategy, study selection 

criteria, study reviewing, summary and assessment. BYA drafted the article and DK, SR and 

DP have reviewed and approved the final written manuscript. 
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7.1 Abstract 

Whilst Ecological Momentary Assessment (EMA) can provide important insights 

over time and across contexts among rotation workers whose work periods alternate with 

leave at home, it can also be challenging to implement in the resources and construction 

sectors. This review aimed to provide a summary of the methodological characteristics of 

EMA studies assessing health outcomes and related behaviours in rotation workers. 

Systematic searches in PubMed, Medline, EMBASE, CINAHL, PsycINFO, and Scopus were 

done to include 23 studies using EMA methods in assessing health-related outcomes and 

behaviours. EMA designs included daily diary: assessments once per day typically fixed at 

the end of the day (47.8%), within day fixed interval time-based design: assessments on 

multiple times per day at certain times of day (17.4%), and a combination of both designs 

(34.8%). Studies employed paper and pencil diaries (73.9%) and one or more electronic 

methods (60.9%): wrist-worn Actigraphy device (52.2%) and online-based diaries (26.1%) 

for data collection. Most of the studies (91.3%) did not report prompting EMAs by schedule 

alerts or compliance. Daily diary and within-day fixed interval dairies designs are common, 

with increasing use of electronic EMA delivery techniques. It is unclear how well participants 

adhere to assessment schedules, as these are inadequately reported. Researchers should report 

compliance-related information. 

Keywords: ecological momentary assessment, rotation work, FIFO, offshore oil and 

gas, mining, systematic review. 
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7.2 Introduction 

Rotation work arrangements have become the standard model in the resources sector 

(21). Rotation work, also known commonly as Fly-In Fly-Out (FIFO), involves workers 

travelling to remote areas, being accommodated and provided with food to work for a 

specified number of days and to return home to spend another fixed number of days (21). 

Rotation work has some benefits both for the companies (e.g., by reducing the cost of 

establishing and operating mine sites) and workers (e.g., higher wages and extensive leave 

periods to spend time with family and friends) (21). However, there are some concerns that 

rotation work may be associated with poorer health outcomes, such as higher psychological 

distress (29), sleep and fatigue problems (40), and health-related behavioural problems such 

as higher alcohol consumption and smoking (99). 

Rotation workers’ lifestyles are characterised by distinct contexts and routines during 

on-shift and off-shift days (15). For instance, during on-shift days, rotation workers work 

long hours, live and work in remote areas far away from their families and social networks, 

usually without their domestic or family obligations (15). On off-shift days, workers are free 

from work commitments but take up their family roles (15). Requirements of this distinct 

lifestyle make workers take up “different social roles and patterns of behaviour” (p3) (15). 

Studies that employ methods that examine within-person processes across time and everyday 

life contexts of rotation workers are needed. Ecological Momentary Assessment (EMA) 

studies can demonstrate important insight into the daily life of rotation workers, how they 

experience various health variables day-to-day, and what features of their working lives 

predict such variability. EMA provides the opportunity to examine how outcomes and 

predictors vary and covary within-persons, over time and across contexts, as people go about 

their usual daily activities (13,342) and has the potential to assess the health outcomes and 

experiences of rotation workers with precision. The advantages of EMA methods over the 



203 
 

traditional research methods include reduced self-report bias as recent/current states are 

assessed, greater ecological validity as assessments are done in subjects’ natural environment, 

and the repeated assessments assist in understanding variations of experiences and behaviours 

over time and across settings (342). With the advancement in mobile technologies, EMA has 

become a flexible research design with various options for the scheduling of assessments, 

including assessments that are event-contingent ( e.g., individuals reporting as and when they 

experience an event such as pain), time-contingent (fixed, random, or quasi-random) (e.g., 

individuals signalled at particular time intervals in the day to report on the number of 

standard drinks consumed) (342,343) or, in the case of wearable sensors (e.g., 

accelerometry), assessments may be continuous and reliant only on wear time.  

As technological capabilities increase to observe behaviours and other phenomena in 

daily life, opportunities to carry out EMA studies with rotation workers are also likely to 

increase. Available EMA studies provide a useful insight into rotation workers’ lives (e.g., 

(13,87,98,165,344)), as the suitability of the EMA methodology allows us to monitor the 

workers as they are on and off shifts in their ‘natural work settings’. Despite the advantages 

of  EMA methods, there are some challenges;  including the burden on participants (345), 

participants’ compliance to study protocol and missing data (346),  low sample sizes (347),  

and can be expensive (347), all of which may make it difficult to implement in some 

populations. As such, considerations about the suitability of different EMA study design 

choices become necessary (342) to make informed decisions.  

In many ways, rotation work in the resources sector is unique and may present 

challenges for the application of EMA methods, such as multiple and randomised time-based 

assessments. Rotation workers typically have a routine day of daily alcohol and random drug 

testing, working compressed day and night shifts of a standard of continuous 12 hours 

starting and ending at pre-specified times, with short snacks and fatigue breaks: a work 
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schedule that interferes with regular behaviours/activities including eating, sleeping, and 

social interactions (7). Rotation workers also may operate heavy machinery, and work in 

noisy and critical safety environments, which require specified or prescribed and standardized 

safety apparel (personal protective equipment) all the time, with full attention on tasks and 

potentially limited access to personal or other mobile devices with internet connections to 

which EMA studies may be deployed (348). 

There is therefore the need to understand how to best utilise this method to learn 

about this population, design comprehensive studies that allow us to make conclusions about 

health, and design just-in-time adaptive interventions that support workers’ health when they 

are at work and home. EMA approaches to assessing the health outcomes in rotation workers 

have not been comprehensively assessed. Considering that the use of EMA is comparatively a 

new approach for examining the health outcomes among shift and rotation workers, 

concerted efforts are required to improve the key aspects of EMA studies and methods so that 

their use could be consistent and replicated in rotation work and other settings. In this review 

we aim, to provide a summary of the methodological characteristics of EMA studies [e.g., 

EMA design/strategy and assessment schedules (design, monitoring period, study duration), 

sampling and measures, EMA delivery method - technology and administration (data 

collection methods), response and protocol compliance, and data analysis plan] assessing 

health outcomes and related health behaviours in resource and construction industry rotation 

workers. These methodological characteristics are critical considerations in the 

implementation of EMA studies and the documentation of such features will permit better 

evaluation of EMA studies and their findings, and the appropriateness of the different 

methods/procedures applied in assessing particular phenomena and study populations (349). 

For instance, a previous review found the use of paper-and-pencil and fixed-schedule designs 

as most common in assessing the psychological and behavioural experiences in older adult 
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populations (350). Another systematic review also found a wide variability in EMA designs 

employed in assessing diet and physical activity among a youth population, with studies 

employing both paper-and-pencil and electronic EMA designs and mostly interval-contingent 

prompting strategy (351). 

Furthermore, a previous review assessing the compliance to mobile-EMA protocols 

has suggested that the EMA study design use may affect compliance in a youth population in 

different settings (352). It is also suggested that the findings of EMA studies could be 

misinterpreted if the key aspects of the EMA design employed and participant compliance are 

not provided, and as such recommended for a more consistent EMA reporting (351). The 

learnings from this review about the implementation of EMA in rotation workers in the 

resource and construction industry will guide future EMA studies and are potentially 

transferable to other worker populations engaging in shift and rotation work.  

7.3 Method 

7.3.1 Eligibility criteria 

Studies were included if 1) original articles were published in peer-reviewed journals 

and in English; 2) participants were rotation workers and worked in the resource (offshore oil 

and gas, and mining) and construction industry; 3) studies employed EMA designs, including 

event-or signal-time based sampling, continuous assessment, and daily surveys; 4) used 

EMA-based techniques including any electronic, wearable, or mobile technology (such as 

cell/smart-phones, handheld devices, PDAs); website/online diaries/surveys and paper-based 

diaries/surveys for data collection; and 5) assessed mental health and physical health 

outcomes, sleep problems (sleep duration and quality, sleepiness and fatigue), or health-

related behaviours including alcohol intake, smoking and drug use, diet and physical activity, 

measured via EMAs and continuous assessments. 
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Studies were excluded if 1) they were reviews, letters, or editorials; 2) EMA designs 

and strategies were not clearly defined; 3) there were no repeated measures and/or variable 

collected momentary or diary data once in less intensive frequency than weekly intervals 

during the study period; 4) data collection was done in a laboratory setting or not in 

participants’ real-life natural living environment; and 5) they reported on adaption and re-

adaption of circadian rhythm to shift patterns measured by cortisol concentration and 6-

sulphatoxymelatonin acrophase.  

7.3.2 Literature sources and search strategy 

Literature searches were conducted in the databases: PubMed, Medline, EMBASE, 

CINAHL with Full Text, PsycINFO, PsycArticles, and Scopus for relevant articles on 1st 

May 2020 as part of a bigger review (40) assessing rotation workers’ health in the resource 

industry [pre-registered on PROSPERO (ID=CRD42020167649)] and updated on 21st April 

2021. The search strategy comprised terms linked to health and FIFO work, with no 

restrictions on study design, publication dates and geographic location but restricted to peer-

reviewed articles and those published in English language set (40). An additional hand search 

of the references of the included studies was also done for other relevant studies.  

7.3.3 Study screening and selection process 

Two reviewers, BYAA and DK, independently screened the titles/abstracts and later 

full text of articles for eligibility and inclusion into the review, and any inconsistencies in the 

selection were discussed and resolved by consensus. The systematic review of the literature 

was reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (298); the detailed study selection process is presented in 

Figure S3 (Appendix G: Supplementary Information S10).  
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7.3.4 Data extraction and data items 

Data were extracted using a data extraction sheet developed according to the 

Checklist for Reporting EMA Studies (CREMAS) (351) and other reporting guidelines (349).  

The key information extracted included study authors, publication year, study design, 

aims/objectives, study setting (country and industry) and participants (sample size, age), and 

health outcomes. We also extracted the main EMA methodological characteristics including 

EMA design/prompting strategies (event-or signal-based contingent), method/technology 

used for data collection, monitoring period (number of data collection waves), study duration, 

prompt frequency, protocol compliance, measures used to assess outcome under study 

(number of items used and validity), and data analysis (model type). Data extraction was 

done by one reviewer (BYAA) and another (DK) double-checked 10% of the data, and the 

cases of inconsistencies were resolved through the discussions.  

7.3.5 Data synthesis  

Data extracted were descriptive and were presented in tables based on study 

characteristics (author/year, setting/country, sample size, analytical sample, age, study type, 

outcomes, predictors) and EMA methods features (EMA design/approach, method for EMAs 

delivery, monitoring periods/Study duration, compliance rate/compliance enhancer, 

assessment frequency, assessment period, outcomes measures and analysis method). Data 

were narratively synthesized under the following areas: characteristics of studies, sampling 

and measures, EMA design/strategy and assessment schedules, EMA delivery method-

technology and administration, response and compliance, and analytical methods. 
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7.4 Results 

7.4.1 Study selection  

The searches retrieved 6978 records and after removing duplicates, 86 studies were 

screened at full text for eligibility. Twenty-three (23) studies were included in the review 

(Figure S3). 

7.4.2 Characteristics of studies 

The included studies were published between 1998 and 2021 and conducted in the 

United Kingdom (n=6; 26.1%), Australia (n=6; 26.1%), Norway (n=5; 21.7%), the 

Netherlands (n=4; 17.4%), Thailand (n=1; 4.3%) and Iran (n=1; 4.3%). The majority of 

studies (n = 17) recruited participants from the oil and gas workers, 4 from mining workers 

and 1 each with FIFO workers (predominately mining workers) and construction rotation 

workers. The characteristics of the included studies are summarised in Table S11 (Appendix 

G: Supplementary Information S11). 

7.4.3 Sampling and measures 

The average number of participants recruited per study was 54.0±31.7 (range 7-111) 

and included an average analytical sample of 34.7±17.6 (range 6-64). The mean age of study 

participants was 41.2±3.0 years (range 35.9-47.5). One of the studies did not report the mean 

age of participants (51). 

Of the 23 studies, 19 (82.6%) studies assessed sleep and fatigue (13,52,53,85–

87,98,140–144,146,156,165,344,353–355), three (13%) assessed mental health outcomes 

(13,51,144) including emotional exhaustion and engagement (51), depression and anxiety 

(144); five (21.7%) assessed health-related behaviours including exercise/physical activity 

and relaxation (13,98,139,344), alcohol intake (13,98,356), smoking (13,356) and eating 

behaviour (13); and one (4.3%) measured physical health status (13). All included studies 

used self-reported measures to assess outcomes; 14 studies (52,53,85–87,140–
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142,156,165,344,355) combined self-reported EMAs with additional objective 

measurements. The number of self-reported items used was dependent on the outcome being 

measured; for instance, sleepiness or fatigue were mostly assessed using a single item 

whereas sleep outcomes were mostly assessed using questionnaires with multiple items. 

7.4.4 EMA design/strategy and assessment schedules  

All included studies used a regular timed-based approach: daily diary design 

(assessment once per day typically at the end of the day) (n=11; 47.8%) (13,51,52,139–

144,146,356), within day fixed-interval diaries design (assessments on multiple times per day 

at certain times of day) (n=4;17.4%) (85–87,344), and eight (34.8%) studies combined daily 

diary design with within day fixed interval diaries design (53,98,156,165,353–355,357) 

(Table S12) (Appendix G: Supplementary Information S11). 

All of the included studies assessed an outcome at regular interval schedules; 19 

(82.6%) studies assessed an outcome once per day (morning or evening) (13,51–53,98,139–

144,146,156,354,355,357), eight (34.8%) of the studies (53,85–87,98,353) collected data 

twice daily (before and after work shifts or morning and evening), three (13%) studies 

(51,353,356) collected data once or twice daily in every 3 days, four (17.4%) studies carried 

out hourly assessments for one of the main study outcomes measure (sleepiness) 

(156,354,355,357), and 12 (52.2%) studies also combined regular interval dairy assessments 

with continuous monitoring for assessing sleep outcomes and physical activity (53,85–

87,140–143,165,344,355).  

The majority of studies (n=21; 91.3%) did not report whether or not the participants 

were in any way prompted (reminded) to complete assessments. Only two studies reported 

prompting participants using alerts via smartphones; one study sent text messages once daily 

to remind participants to complete their diary assessments (51) and another sent prompts but 

did not report their frequency (86).  
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The majority of studies (n=18;78.3%) monitored study participants and collected data 

over one monitoring period (i.e., one wave of data collection) (51–53,85–

87,98,139,140,142,143,146,165,344,353,355–357). Four studies (13,141,156,354) collected 

data over 2 monitoring periods whereas one study (144) had 6 data collection periods/waves. 

Data were collected for an average of 18.1±7.5 consecutive days (range 7-28) per single wave 

of data collection: 7 days (3 studies), 11 days (1 study), 14 days (8 studies), 21 days (2 

studies), 22 days (2 study), 28 days (6 studies). Studies with burst designs with more than one 

monitoring period collected data for an average of 50.4±25.4 total days (range 14-84 days). 

Data collection was undertaken during both on- and off-shift rotation periods in 11 studies 

(47.8%), on-shift only in nine studies (39.1%) and off-shift only in three studies (13%). 

7.4.5 EMA delivery method - technology and administration 

The majority of studies (n=17; 73.9%) used paper and pencil diaries and 14 (60.9%) 

studies used electronic methods: website/online based diaries (n=6; 26.1%) (13,51,85–

87,344), wrist-worn device (Actigraphy) (n=12; 52.2%) (52,53,85–87,140–143,165,344,355) 

and hand-held device (n=4; 17.4%) (86,156,353,355). Eight of the studies used both paper 

and pencil diary and electronic methods: wrist-worn device (Actigraphy) (52,140–143,165) 

for assessing sleep outcomes and hand-held computer for assessing sleepiness/fatigue 

(156,165,355). Four of the studies combined two electronic methods: website/online-based 

diaries alongside a wrist-worn device (Actigraphy) (85–87,344) for assessing daily sleep 

outcomes and reaction time tasks delivered through an iPad to assess cognitive fatigue (86). 

Studies that used website/online-based diaries were delivered to participants through emails 

containing links to surveys (13,51,85–87). 

7.4.6 Response and compliance  

Compliance is defined as the percentage of scheduled assessments to which 

participants responded by completing the measurement (349). Participation or response rate is 



211 
 

defined as the percentage of participants who completed the predetermined number of 

assessments (i.e., all scheduled assessment days) (352).  Only two of the studies reported 

compliance rates; among these, compliance was  80.3% (139) and 87% (98) of total 

assessments. All the studies reported the sample size they had included in their analysis, and 

the response rate based on that, as a proportion of the recruited sample, ranged from 31.5-

100.0% (mean = 70.3%). Three studies explicitly reported response rates of 67.8% (141), 

95% (98) and a range of 66-78% across 6 waves of data collection (144). Studies that 

reported a response rate of less than 50% were of either daily diary design (52) or combined 

both daily diary and interval diary designs (165,355) and collected data over 1 monitoring 

period and for an average of 18 days (range 14-22 days) (52,165,355). Likewise, studies 

reporting a response rate of greater than 80% were either a daily diary design (13,140,142) or 

combined both daily diary and interval diary designs (98,353,354,357), and data collection 

was done over one monitoring period (98,140,142,353,357) or two waves (13,354) and for an 

average of 23.3 days (range 7-42 days) (13,98,140,142,353,354,357).  

Sometimes, research using EMA may specify a compliance threshold (level of data 

completion) for inclusion in the study analysis. Most of the studies (n=18; 78.3%) did not 

explicitly report compliance threshold (13,52,85–87,139,140,142–144,146,165,344,353–

357), while five studies reported level for data completion required for data inclusion: 100% 

compliance (53), at least three daily surveys (51), at least complete data for 1 week or more 

(141,156), and at least one day or night shift period (98). Authors in most of the studies 

(n=14; 60.9%) cited work arrangements, lost to follow-up, incomplete assessments, 

withdrawal, and personal reasons of participants such as sick/annual leaves and transfers for 

either non-compliance or dropout (participation) or exclusion from analysis.  

Most of the studies (n=19; 82.6%) did not report on any incentives or reimbursements 

to study participants in return for participation that might have been given; three studies 
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explicitly reported not giving any incentives (354,355,357) and one (5%) study (13) reported 

giving personalised feedback on health outcomes to interested participants as an incentive. 

Few studies explicitly reported the use of any other compliance-enhancing strategy, with only 

daily remote monitoring for completion by investigators (n=2; 10%) (85,156) and collection 

of paper diaries at the end of each day (n=1; 4.3%) (156) stated as methods incorporated to 

encourage compliance.  

7.4.7 Analytical methods 

Most of the studies (n=13;56.5%) aggregated data to the person-level to create a 

summary metric and analysed using analysis of variance (ANOVA) and/or correlation or 

standardised parametric regression (53,98,140–144,156,353–357).  Some studies (n = 8; 

34.8%) used linear mixed models or generalised linear mixed models (13,51,52,85–

87,165,344) and 2 (8.7%) used generalised estimating equations (139,146). 

7.5 Discussion 

The main aim of this study was to systematically review and summarise EMA studies 

assessing several health outcomes and related behaviours in rotation workers to describe the 

common EMA methodological characteristics and discuss other methods that could be 

explored in this workgroup.  

7.5.1 Sampling, EMA design/strategy, and assessment schedules  

Included studies had varied and relatively low sample sizes, with an average of 

54.0±31.7 (range 7-111) participants recruited per study. The power to detect within-person 

effects is higher in EMA studies due to a large number of repetitive data points (347), which 

allows studies to typically recruit fewer participants (345). Sample size is also a function of 

assessments, days of monitoring, etc., where studies with many assessments and longer 

monitoring periods may typically have low sample sizes. For instance, in the current review 

studies that carried out hourly assessments per day and over an average of 33 days, reported 
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an average sample size of 20 (range 7-38). However, consequential of the burden on 

participants associated with EMA studies, fewer participants may also want to participate in 

the EMA studies, often resulting in low sample sizes compared to field surveys (347). The 

burden of commitment required to complete repeated/several surveys (51,355) was stipulated 

to affect participation and attrition of rotation workers in the included EMA studies.  

All studies included in this review employed regular-interval time-based designs; 

daily diaries and within-day fixed interval contingent diaries. Daily diaries which are a 

special type of time-based design (342), involve assessments once per day typically fixed at 

the end of the day (345,358), whereas within-day fixed interval contingent designs involve 

assessments on multiple times per day at certain, usually pre-specified, times of day 

(345,358). The daily diary approach is easy to administer and less demanding on study 

participants (342,345), and within-day fixed interval signal-contingent designs are also 

considered less intrusive on study participants (345) than the other EMA designs; random 

interval assessments: involve multiple assessments per day at random schedules, and event-

based design: involves assessments that are initiated by the occurrence of a predefined event 

of interest (342,343,345,358). Daily diary and within-day fixed time-based designs seem 

more appropriate for rotation workers compared to variable time schedules of random 

assessments and event-based assessments (342); as rotation workers in the resources sector 

work compressed day and night shifts of a standard of 12 hours and work schedule may not 

allow for multiple random assessments;  workers could only be available to respond to 

assessments at fixed times which may coincide with their break times and/or after shift 

periods. Again, a daily diary design is deemed most appropriate for assessing outcomes that 

show no significant variation within the day (345,358), such as sleep.  

Evidence from this review showed most of the studies (≈83%) employing daily diary 

designs examined sleep outcomes. However, daily diary designs are subjected to recall bias 



214 
 

as they rely on recalls to capture experiences over the day and may not be representative of 

the subject experiences (345,358). Within-day fixed interval designs, although lessens the 

biasing effect of end-of-day or bed-time assessments as in daily diaries due to the short recall 

periods (345), could also be susceptible to measurement reactivity where participants may 

alter their behaviours or experiences in anticipation of assessments (345).  

Evidence in this review has suggested multiple assessments within a day among 

offshore rotation workers could be done during work periods (at every other hour) using 

single-item measures (156,354,355,357) and the involvement of the participant’s organisation 

(344). These more-intensive study designs recorded response rates of between 44.7-85.7%. 

Other design choices such as random interval assessments and event-based design have not 

yet been used in rotation workers, and it is unclear whether this is due to being unsuitable for 

the population in general or for the research questions selected.  

Evidence from this review showed participants tended to be monitored over one 

wave. Possibly due to the demand of EMAs on study participants (359) coupled with the 

demanding nature of rotation work arrangements. However, some studies demonstrated that 

data collection over 2 or more waves (141,144,156,355) could be applied among rotation 

workers and across the on-and off-shift phases (13,85,98,143,156) of the rotation work roster.  

Studies in our review assessed most of the outcomes once per day but those assessing 

sleepiness/fatigue reported an assessment frequency of 2 or more times per day. Choosing the 

frequency of assessments in an EMA is guided by the level of variability of the phenomenon 

under study, the theoretical basis of the study and the burden on study participants (342,349).  

 A higher frequency of assessments per day affords better ‘temporal resolution’ of the 

phenomenon whereas assessment for several days may increase generalisability (349). 

However, a higher assessment frequency could increase the invasiveness of the study (359), 

and burden on study participants (349). Mechanisms suggested to reduce participants’ burden 
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includes the use of electronic devices in EMA (360), and/or the brevity of items of measures 

(349). Evidence from this review showed studies indicated using single and/or reduced items 

to reduce participants' burden (13,51); studies with a higher frequency of assessments within 

a day employed single-item measures (156,354,355,357).  

Evidence in this review suggests studies’ prompting schemes were generally 

inadequately reported. Prompting schemes are usually used in EMA studies using time-based 

assessment schedules to alert study participants when assessments are to be completed (342), 

and evidence suggests prompting participants enhances compliance even with a paper diary 

protocol (361). Future EMA studies among rotation workers should report on the prompting 

schemes used, to guide the design of subsequent studies in rotation workers.  

7.5.2 EMA delivery method - technology and administration 

The use of paper and pencil diaries to deploy assessments was the most common in 

this review. Paper and pencil dairies may be easy to implement (362). But due to the lack of 

time-stamped entries (362), paper and pencil diaries are limited by “hoarding” (failure to 

complete assessments at the specified time but later backfills the missed data) (345,349); and 

highly falsified compliance to scheduled assessments (difference between participant’s 

reported compliance and their objectively measured actual compliance to scheduled 

assessments) (349,361). Recent studies included in the review suggested the increasing use of 

electronic diaries (13,51,85–87,344). Evidence in this review suggested study participants’ 

preference for online diaries over paper and pencil diaries in onshore rotation workers (51). 

Compliance with using paper and pencil diaries and electronic diaries in our review was 

inadequately reported. However, electronic diaries have been demonstrated to produce higher 

participants’ compliance (363) than paper and pencil diaries. The use of mobile device-

assisted EMA has also been suggested to have the potential of reducing participant burden 

and recall bias (360).  
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 This review found daily diaries were combined with wrist-worn ActiGraph for 

assessing sleep outcomes. This is consistent with a previous review that established 

subjective sleep ratings are most generally measured using sleep diaries, and objective sleep 

parameters were measured using Actigraphy (364). This finding suggests the feasibility of 

using wearable devices in EMA studies among the rotation work population; as ActiGraphs 

were worn during both working hours and off-shift periods throughout study periods.  

Studies assessing sleep and sleepiness/fatigue combined both subjective and objective 

measurements, where in one study (85) subjective measures were used to confirm and 

complement missing objective assessments and in another (53) assessments were combined 

to determine sleep outcomes. Objective measurements could support removing the 

information bias associated with self-reported measurements (365). However, evidence in the 

current review (85) and broader literature (366) have suggested subjective measurements of 

sleep and sleepiness may be correlated with objective measurements. 

7.5.3 Protocol compliance and analytical methods 

Compliance rates were generally inadequately reported; a compliance rate of 80.3-

87% (98,139) was reported for paper and pencil diaries, consistent with the rate of 80% 

considered to be representative of the daily lives of participants (349). Compliance with pen 

and paper diaries is reportedly high but limited by participants reporting high false 

compliance to scheduled assessments (349,363). The participation or response rate based on 

the included analytical sample size was high in our review; suggesting that more of the 

rotation workers are able to complete the minimum number of assessments set by studies to 

be included in their analysis. Ensuring high compliance to study protocols is regarded as 

important in EMA studies (349); and strategies including participatory design techniques, 

prompting/signalling and the training of study participants, employing inconspicuous 

objective assessments using electronic devices, monitoring and feedback, and providing 
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incentives have been stated to help enhance compliance among participants (346,349). In this 

review, compliance strategies were inconsistent and inadequately reported. Compliance rates 

are required and essential for evaluating the quality of data collected and the validity of 

findings reported by a study (349,351). Compliance rates are also important in informing and 

enhancing prospective EMA study designs (349,351). We recommend subsequent EMA 

studies in rotation workers report response and compliance rates.  

EMA datasets are large and complex, and analysing such data could be challenging 

(349,367). The use of common analytical methods including aggregation strategies, repeated 

measures analysis of variance, and multiple regressions have been indicated to be generally 

suboptimal and could lead to incorrect inferences as they assume the same number of 

assessments available per individual (equal variance), and ignore the hierarchical nature of 

EMA data and treat all the assessments as if they were independent (367). Evidence from this 

review showed varied analytical methods used in EMA studies. Though analytical 

approaches employed in studies are directed by the hypothesis being tested (349), mixed or 

multilevel models have been indicated to have considerable advantages for analysing EMA 

data (367) including having the ability to handle ‘correlated data and unequal 

variances’(368).  

7.5.4 Lessons/good practices for EMA in rotation work setting 

The review has highlighted some practices, in conjunction with broader existing 

guidelines, to guide EMA in rotation work setting and that include; 

• The design and intensity of assessments should be guided by schedules/demands of 

rotation work to reduce burden and promote participation  

• Using single-and/or reduced item measures  to reduce participants burden 

• Involving rotation work organisations in more intensive assessment designs to 

enhance compliance 
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• The use of online/electronic diaries and automated devices are increasingly feasible 

and preferable in rotation work setting 

• Adequately reporting  prompting schemes and protocol compliance is required to 

guide future study designs 

7.5.4 Strengths and limitations 

The key strength of this review is that it is the first to systematically review the 

literature and employed standardized guidelines for reporting EMA studies (such as 

CREMAS) to characterise the methodology of EMA studies assessing health outcomes 

among rotation workers in the resources and construction sector.  

However, the limitations of this review need to be acknowledged. The review 

included only peer-reviewed publications and those in English, as such perhaps limited in 

scope and by publication bias. Some aspects of the included studies (e.g., compliance rates) 

were inadequately reported.  Studies were mostly done among offshore oil and gas workers 

and in the offshore setting. This may limit the generalisation of evidence on EMA methods 

and procedures to other onshore rotation work settings due to contextual working 

environment-specific differences. As such, more EMA studies among onshore rotation 

workers (e.g., mining and construction sectors) and settings are needed. Most of the studies 

assessed sleep and fatigue, which may employ EMA techniques that may not be generalizable 

to other study outcomes, as such more EMA studies assessing other outcomes such as mental 

health outcomes and lifestyle behaviours are needed. Studies examined diverse outcomes and 

reporting strategies, as such quantitative synthesis was limited. 

7.6 Conclusion 

The review revealed the common use of both daily diaries and within-day fixed 

interval contingent designs with continuous assessments, increasing use of electronic EMA 

delivery techniques (website/online-based diaries and wearable devices), and suggested data 
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collection could be done over more than 1 monitoring periods and across the on-and off-shift 

phases of the rotation work roster with high participation/response rate. 

Nonetheless, there were inconsistent or inadequate reports of prompting strategies and 

compliance-related information among the reviewed studies. This suggests the need for future 

EMA studies assessing the health outcomes of rotation workers to adequately report 

prompting strategies and compliance-related information. This will help in the understanding 

of the feasible prompting strategies and rotation workers’ compliance with EMA protocols 

and to help plan subsequent EMA study designs. More EMA studies particularly within-day 

interval contingent designs are needed to further investigate psychological states and lifestyle 

behaviours and to clarify the achievability of EMA methods in assessing such outcomes 

among rotation workers in the resources industry. The most common assessment methods are 

one-off daily assessments due to the nature of rotation work; however, further studies are 

required to demonstrate the feasibility of methods such as event-based and random multiple 

prompts/assessments during working hours in the rotation work environment such as the 

mining environment. 

7.7 Summary and link to other chapters 

This chapter summarised and presented the methodological characteristics of EMA 

studies assessing health outcomes and related behaviours in rotation workers. The findings of 

this chapter informed the methods/design of the studies in the next chapters, which include 

the assessment of the within-person variability of the psychological states and health-related 

behaviours among FIFO workers (Chapter 8) and their partners (Chapter 9) tested using 

multilevel analysis. 
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Chapter 8: Study Seven 

Preface 

This chapter presents the seventh study included in this thesis and submitted for publication 

to Stress and Health in January 2023 and is now under the second round of peer review.  

The article’s content here is as it appears in the manuscript submitted to the journal; however, 

it has been formatted to align with the rest of this thesis.  The systematic reviews identified 

potential research gaps including limited longitudinal studies that examined within-person 

health and their potential job-related determinants in FIFO workers, and daily diary studies as 

common designs. This article assessed the affective states, related behaviours, and job 

demands and control determinants. The study highlights the within-person effects of job 

demand and control on affective states and health behaviours across on and off-shift FIFO 

work periods. 

Author contributions: BYA: conceptualization; methodology; investigation; data curation; 

formal analysis; visualization; project administration; writing—original draft preparation. DK 

assisted in formal analysis. SR, DP and DK assisted in conceptualization; funding 

acquisition; resources; supervision; writing—review & editing. The final manuscript was 

read and approved by all authors. 
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8.1 Abstract  

Our knowledge about the role of fly-in fly-out (FIFO) work-related factors on the 

well-being of workers across the FIFO work cycle is limited. This study examined the within-

person effects of job demand and control on psychological states and health behaviours. The 

study employed a daily diary design (Ecological Momentary Assessment), with 23 FIFO 

workers in the Australian mining industry completing a daily diary survey for 28 consecutive 

days across on-shift and off-shift periods. Multilevel analyses showed FIFO workers 

experienced higher positive affect and enjoyed better sleep quality, but consumed more 

alcohol, during off-shift days as compared to on-shift days. Within-person variability in daily 

demand (workload) was associated with higher anxious affect, whereas job control predicted 

lower anxious and depressed affects, higher positive affect, more alcohol consumption and 

more physical activity. The within-person effect of demand on anxious affect was moderated 

by job control such that those who generally had more control over their jobs had a smaller 

demand effect on anxiety than those with less control.  Results suggest potentially modifiable 

aspects of FIFO work – particularly job control – may help alleviate the impact of workload 

on poorer health behaviours and mood. 

Keywords: FIFO, job demand, job control, affect, health behaviours, daily diary  

 

 

 

 

 

 

 



223 
 

8.2 Introduction  

Fly-in Fly-out (FIFO), which entails travelling a long distance to work in remote areas 

and rotating between a continuous specified number of days working at the site and a 

specified leave period at home, is commonly practised in the natural resources industry, 

particularly onshore mining and offshore oil and gas (21) in several countries around the 

world. Workers typically work 12-hour day and/or night shifts and could work, for example, 

8 or 14 days with a corresponding 6 or 7 days leave period (7).  

Previous research has explored the impact of FIFO work on the health and well-being 

of workers (7,40), with evidence of a higher prevalence of psychological distress and alcohol 

consumption among FIFO workers than among the general Australian population (7). Work 

and leave periods of the FIFO lifestyle are distinct, with diverse conditions and schedules for 

the FIFO workers as compared to other occupations (15). Such contextual differences warrant 

consideration in assessing the health of FIFO workers.  

Whilst current research tends to compare differences between FIFO workers and other 

professions/general populations, there is little available evidence relating to within-person 

variations over time (40,65). A small number of within-person design studies have provided 

some insights into how FIFO workers experience health outcomes over time and by context 

(13,53,98,369). For instance, a study by Rebar et al. used a daily diary study to establish day-

to-day variation in behaviours, including less physical activity, poorer nutrition, poorer sleep 

quality, and more cigarette smoking during on-shift days, and more alcohol drinking during 

off-shift days among FIFO workers in Australia (13).  

Furthermore, studies examining within-person effects have found FIFO work-related 

predictors of health that are mainly concentrated on the influence of roster and/or shift 

patterns of rotation on health issues, e.g., (53,98). Studies providing insight into the impact of 

job demands and resources of FIFO work on the health and well-being of workers are 
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uncommon and mainly used cross-sectional designs (40). A recent daily diary study 

established that on days with higher workloads and emotional demands, there was higher 

emotional exhaustion (51). However, the study was limited to on-shift work periods of 

construction FIFO workers in Australia, and it is known that psychosocial work 

characteristics may differ between different occupations (370). The present research focused 

on examining the job demand and control determinants of FIFO mining workers’ 

psychological health and behaviours. 

The Job Demands and Resources (JD-R) Model and FIFO Work 

The Job Demands and Resources (JD-R) model suggests that job-related strains are 

caused by factors broadly classified as job demands and job resources (37,38). Job demands 

are described as the aspects of work that “require sustained physical and/or psychological 

effort or skills and are therefore associated with certain physiological and/or psychological 

costs”(p. 312) (37). Such aspects of work, including workload, work pressures and emotional 

demands, are deemed to initiate health impairment processes (38). On the other hand, job 

resources are described as the “aspects of the job that are either functional in achieving work 

goals, reduced job demands and the associated physiological and psychological costs, or 

stimulate personal growth, learning, and development” (p. 312) (37). Examples of job 

resources include autonomy, job clarity and social support, and are indicated to initiate 

motivational processes (38). These two underlying psychological processes directly and 

interactively influence the health and well-being of workers (37,38).  

According to the JD-R model, excessive job demands will need more effort in 

attaining job-related goals, which lead to exhaustion (or burnout) and health issues (37). The 

presence of high job resources nurtures the “growth, learning and development” of workers 

or contributes to accomplishing job-related goals and assists workers to cope with the 

negative impact of job demands (37). Also, the motivational roles of high job resources are 
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said to help buffer the negative health consequences of high job demands, whereas the 

availability of low job resources exposes individuals to the negative consequences of high job 

demands (37).  

Very few studies have employed the JD-R model to explain the impact of FIFO work-

related characteristics on the health of FIFO workers (40). Studies have highlighted some 

favourable and unfavourable FIFO work characteristics that are pertinent to the JD-R model. 

For instance, the emotional demands of dealing with living away from families, loneliness 

and social isolation, concerns about keeping family and social relationships, and absence 

from significant family occasions during extended work periods (15,39). The workload 

inherent within FIFO roles with high demands of compressed rosters, and long shift hours, 

are indicated as important stressors among FIFO workers (40). On the other hand, FIFO 

workers often earn higher wages relative to similar occupations (2) and, during work periods, 

are not involved in domestic commitments (15). 

Affects, Health Behaviours and Job Demands and Resources 

Work activities and experiences potentially have significant ramifications for people's 

mental well-being, such as their emotional states and health-related behaviours on- and off-

shifts (371). The existing literature demonstrates that workers’ experiences of high perceived 

job stressors (e.g., workload) are related to negative emotions, e.g., (371–373). Within-

persons study designs have also well documented that affects show substantial within-and 

day-to-day variations, e.g., (374) and which can be influenced by job stressors over time, e.g., 

(371,372). For instance, daily diary studies have reported that perceived high workload is 

positively associated with daily variability in negative affect (371). On the other hand, job 

resources (e.g., job control) are noted to be connected to positive mental well-being, e.g., 

(375). Studies have also documented the effect of job demands and job resources on health-
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related behaviours, e.g., (376–378), including those associated with problematic alcohol use 

(376).  

The Present Study 

A daily diary study, using Ecological Momentary Assessment (EMA method) aimed 

at examining the within-person variability in health outcomes of FIFO workers over the 

course of a roster cycle, focusing primarily on within-person fluctuations in job demand and 

control as determinants, was conducted. The first aim was to examine within-person 

differences in affects and health behaviours between on-shift and off-shift periods. It was 

hypothesised that, during on-shift periods: negative affects would be higher, positive affect 

would be lower, sleep quality would be poorer, leisure-time physical activity would be lower, 

fruit and vegetable consumption would be lower, smoking would be higher, and alcohol 

consumption would be lower. The second aim was to test the JD-R model, and it was 

hypothesised that, within individuals, higher-than-usual daily demand (workload) would be 

associated with a higher daily negative affect, and higher-than-usual daily job control would 

be associated with a higher daily positive affect. It was also hypothesised that higher-than-

usual levels of daily demand would be associated with poorer daily health behaviours, 

whereas high-than-usual levels of daily job control will be associated with better health 

behaviours. Lastly, it was hypothesised that a moderation effect based on the JD-R model that 

job control (both typical level and within-person variability) would moderate (attenuate) any 

relationship between daily demand and affect and behaviour. 

8.3 Methods 

8.3.1 Study design and participants 

This was a daily diary study conducted among FIFO workers in the mining industry in 

Australia. All participants that took part in a larger cross-sectional study of FIFO workers, 

reported elsewhere; (61),  were invited to take part in the present study. The participants were 
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invited to take part between July and December 2021. All were FIFO mining workers, aged 

18 years and above, and worked on more than 3 days of on-and off-shift roster during the 

study period. Figure 7 outlines the flow of participants in the present study. Of the 216 

workers that completed the cross-sectional study (61), 52 (24.1%) agreed to take part in the 

present study. Of the 52 participants included in the study, 8 (15.4%) could not be reached to 

schedule the daily surveys and 21 (40.4%) did not respond to at least 3 daily diaries each in 

both the on-shift and off-shift phases, which was set as a minimum threshold for data 

provided for statistical modelling (Figure 7).  

 
 

Figure 7. Flow of participants into the present study (workers) 
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A pragmatically-derived final sample of 23 was included in the analysis. Comparable 

study sample sizes have been demonstrated in previous similar studies (53,146,156). 

Participant demographics are reported in Table 13. 

Table 13. Background characteristics of study participants (FIFO workers) 

Characteristics  n(%) 

Age (years) M=43.04(SD=9.97) 

Sex   

   Male  16(69.6) 

   Female  7(30.4) 

Ethnicity   

   Caucasian/White 18(78.3) 

   Other  5(21.7) 

Marital status  

   Married  13(56.5) 

   De-facto/co-habiting 6(26.1) 

   Single/divorced 4(17.4) 

Have children  

   Yes  18(78.3) 

   No  5(21.7) 

Educational level  

   Secondary education 7(30.4) 

   Trade/Apprentice 6(26.1) 

   TAFE/College/Diploma 6(26.1) 

   Bachelor/postgraduate degree 4(17.4) 

Years worked in a FIFO role  M=10.52(SD=6.53) 

FIFO role  

   Management  3(13.0) 

   Professional 3(13.0) 

   Maintenance/technician 8(34.8) 

   Production/Drilling/construction/labourer 5(21.7) 

   Machinery operator and driver 4(17.4) 

Shift pattern   

   Rotation shift (mix of day and night shifts) 13(56.5) 

   Regular shift (fixed day) 10(43.5) 

Shift length  

   12 hrs 18(78.3) 

   >12 hrs 5(21.7) 

Consecutive days spent at work  

   <8 days 3(13.0) 

    8 days 6(26.1) 

    14 days 14(40.9) 

Consecutive days spent at work  

   <8 days 12(52.2) 

    8 days 8(34.8) 

    14 days 3(13.0) 

Smoking   

   Yes 4(17.4) 

   No  19(82.6) 

Alcohol intake   

   Never 4(17.4) 
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   Yes 19(82.6) 

Body mass index  

   Normal weight 6(26.1) 

   Overweight  11(47.8) 

   Obese  6(26.1) 

Physical health status   

   Poor  3(13.0) 

   Good  20(87.0) 

Psychological distress  

   Low/moderate risk 15(65.2) 

   High/very high risk 8(34.8) 
TAFE= Technical and Further Education  

 

8.3.2 Procedure 

Workers who agreed to take part in the study were directed to online participant 

information sheets and provided written informed consent and mobile contact numbers to 

schedule daily diary assessments via text message. Participants were contacted by the lead 

author to introduce the research and schedule the daily diary assessments and discuss 

instructions on how to complete the assessments. All the daily diary assessments started 

within 2 days of participants consenting to take part in the study.  

Daily web-based surveys, hosted on Qualtrics, were administered using an online 

short messaging service (SMS) program (MessageMedia) with the embedded survey link, 

once per day for 28 consecutive days over on-and off-shift days. The use of daily diary 

assessments in FIFO work is an emerging approach to understanding within-person 

variability over time, used in this population (65). The assessments were sent to participants’ 

mobile phones at 16:00 Australian Western Standard Time (AWST) every evening and were 

available until 06:00 the following day, for the participants to report their daily experiences 

and behaviours over the last 24 hours. Reminder texts were additionally sent: workers 

received one text message the day before the 28-day protocol with instructions on how to 

complete the daily assessments, and another text every three days to encourage participants to 

complete their assessment within the allowed time. The completion of daily diaries was 

monitored remotely by the lead author.  
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All participants completing multiple days (at least 6 days) of daily assessments were 

offered an individualised report including infographics (a sample presented in Appendix H) 

summarising their data provided over the period of data collection, similar to that provided 

elsewhere (379). The study was approved by the Curtin University Human Research Ethics 

Committee (reference number: HRE2020-0693). 

8.3.3 Measures 

Demographic characteristics and baseline health and health-related behaviours were 

assessed as described elsewhere (61) (see Appendix D for questionnaire).  

Daily sleep quality. Sleep quality was assessed using an item adapted from the 

Pittsburgh Sleep Quality Index (186) and reframed to cover a single day “Last night, how 

would you rate your sleep quality overall?” on the responses 1=very good to 4=very poor. 

The use of a single item as a measure of daily sleep quality has been demonstrated to be 

reliable, readily conceived, and was chosen to limit the burden on participants (380). 

Alcohol intake. Daily alcohol intake was assessed using an item adapted from the 

Alcohol Use Disorders Identification Test-Concise and reframed to cover a single-day 

timeframe.  Each day, participants were asked to report the number of drinks taken over the 

last 24 hours using the item: "How many standard alcohol drinks did you consume today?" 

and on a counting scale: 0 to 7 or more, consistent with previous studies (381). 

Smoking. Participants were asked to report the number of cigarettes smoked over the 

last 24 hours since the last survey using the item: "How many cigarettes did you smoke 

today?", consistent with previous daily study (381). 

Fruits and vegetables. Participants were asked to report on the daily number of 

servings of fruits and vegetables consumed, using the reframed items: “How many servings 

of fruits did you consume today?” and "How many serves of vegetables did you consume 

today?” adapted from the Australian National Health Survey and scored on a scale 0= none 
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to 6 = 6 serves or more. A serving of fruits was indicated to be equivalent to one-half cup of 

fruit and one serving of vegetables was equivalent to one cup of leafy green or raw salad 

vegetables (382). As is common with the scale, the number of fruit and vegetable servings 

was summed to create the fruit and vegetable intake score (383). 

Physical activity. Daily leisure time physical activity was assessed using an item from 

the International Physical Activity Questionnaire-short form (188). Participants were asked: 

"How many minutes did you do moderate (e.g., bicycling, brisk walking) to vigorous (e.g., 

aerobic, running, sports) physical activities outside of work for at least 10 minutes at a time 

today?", consistent with the approach demonstrated in previous EMA study, e.g., (384). 

Leisure-time physical activity is indicated to be beneficial for all workers (385). 

Affect. Daily positive and negative affect were assessed using items from the PANAS-

X (386). Participants responded to 6 items framed as: “How [e.g., excited] did you feel 

today?” scored on a 5-point Likert scale: 0 =not at all to 4 =extremely. Using the subscales 

of the PANAS, three affect indices were generated; positive affect (happy; excited, 

Spearman-Brown = 0.87), anxious affect (nervous; worried, Spearman-Brown = 0.83), and 

depressed affect (sad, lonely, Spearman-Brown = 0.79) All subscale scores ranged from 0 to 

8. Higher scores were indicative of higher levels of affects and consistent with the approach 

demonstrated in previous EMA studies, e.g., (387). 

Job demand. Workload is indicated as part of the regular job demand faced by 

workers (388) and was used as a measure of job demand in this study. Daily job demand was 

measured with 2 items adapted from the Job Content Questionnaire: designed to assess the 

psychosocial characteristics of jobs including decision latitude, psychological demands and 

social support (389) and as used in a previous study (51). The items were “Today, my 

workload was too heavy” and “Today, I did not have enough time to do my work to the best 

of my ability” scored on a 7-point rating scale: 0=strongly disagree to 6 = strongly agree.  
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The items were summed (ranging from 0-12; Spearman-Brown = 0.78) and an average was 

taken to give a daily workload variable with a high score indicating high job demand.  

Job control. Job autonomy is indicated as an important job resource (390) and was 

measured as job control in this study. Daily job control was measured using items adapted 

from the Work Design Questionnaire, which measures work design characteristics including 

task, knowledge, social and work content characteristics (391). Two items from the task 

characteristics of work design were measured on a 7-point rating scale: 0=strongly disagree 

to 6 = strongly agree and were “Today, I had autonomy to decide on the order in which 

things are done on my job” and “Today, I had autonomy in making decisions on my job”. 

The items were summed (ranging from 0-12; Spearman-Brown = 0.78) and the average was 

taken to give a daily job control variable with a high score indicating a high level of job 

control. 

8.3.4 Data analysis plan 

An initial examination of sample descriptive statistics was performed, followed by a 

Spearman’s Rank correlation matrix of the various person-mean scores for our daily diary 

and baseline assessments. Panel plots of daily data are presented in Supplementary 

Information S13 (Appendix I). With the daily diary data, intraclass correlation coefficients 

(ICC) were computed to examine the partitioning of variance to within-person or between-

person. A higher ICC (potential range 0 to 1) indicates less variability across time.  Cigarette 

smoking was intended to be assessed as a dependent variable, but was excluded as only a few 

of the participants (n= 4) indicated smoking, with high ICC (0.93) showing almost no within-

person variance.   

All hypotheses were tested using multilevel models, with linear mixed models for 

continuous outcomes (positive affect, anxious affect, depressive mood and sleep quality) and 

generalized linear mixed modelling for counts and binary outcomes (fruit and vegetable 
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intake, alcohol and physical activity). A negative binomial distribution with a log link 

function was used for the model predicting counts of fruits and vegetables. Alcohol and 

physical activity data showed highly zero-inflated distributions and were transformed into 

dichotomous variables: alcohol intake categorised into days with no alcohol intake (0) and 

days with at least 1 standard drink intake (1); and moderate-to-vigorous physical activity 

(MVPA) categorised into less than 30 minutes of MVPA (0) and at least 30 minutes of 

MVPA (1). Alcohol intake and physical activity were modelled using binomial distributions 

with a logit link function. Spaghetti plots of the within-person relationships are presented in 

Appendix I: Supplementary Information S13. 

Data were structured such that daily assessments (Level 1) were nested within 

individuals (Level 2). To test the first  hypothesis, separate models tested the effect of work 

period (on-shift (1) vs off-shift (0)) on psychological states (anxious, depressed and positive 

affects) and behavioural (sleep quality, alcohol intake, fruits and vegetable intake and 

physical activity) outcomes. To test the second is hypothesis, separate models assessed the 

direct effects of job demand-resource factors (job demand, job control) on daily 

psychological states and behavioural outcomes. To assess the influence of work-related 

factors on the next day's sleep quality, the sleep quality variable was transformed into a lag 

sleep quality outcome variable by removing the first day’s sleep quality reports for each 

participant. job demand and control were entered as both level-1 (within-person) and level-2 

(between-person) predictors: raw scores were person-mean centred and entered at level-1, 

and person-mean scores were then grand-mean centred and entered at level-2. Demographic 

and FIFO work characteristics (age, sex, marital status, shift pattern, shift length, FIFO 

length), were entered as level-2 predictors as covariates to adjust for potential confounders 

based on existing literature. A time variable, being days into the study, was also entered. 
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To test the moderation hypotheses, the interaction of job control with workload was 

tested in two models: first, we tested whether the within-person effect of demand on 

outcomes was moderated by the within-person effect of control (i.e., that the effect of a 

particularly demanding day is attenuated on days with more control than usual) and, 

secondly, a cross-level interaction of between-person job control (i.e., that the effect of a 

particularly demanding day is attenuated for those who generally enjoy more job control).  

All models allowed for fixed and random effects of shift periods (on-shift vs off-shift) 

and random intercepts, and full information maximum likelihood estimation. Models did not 

converge with random slopes, so these were omitted. All models employed robust standard 

error estimation and estimated random effects using an unstructured covariance matrix and 

autocorrelation of residuals using a first-order autoregressive covariance matrix. All data 

analyses were completed in SPSS (Version 26) and statistical significance was set at α = .05. 

For parsimony, we do not present full tables for all models in the paper, but all are reported in 

full in Appendix I: Supplementary Information S14. 

8.4 Results 

8.4.1 Descriptive statistics  

The 23 participants completed 434 of a possible 644 days (67.4% overall compliance 

with the protocol). On average, participants completed 18.87(SD=5.77) days of data, with 

11.26 (SD=4.11) on-shift and 7.61 (SD=4.30) off-shift days. On average, respondents 

reported experiencing modest levels of positive affect (M=1.75, SD=1.06, range 0-4) and low 

levels of anxious affect (M=0.73, SD=0.87, range 0-4) and depressive mood (M=0.83, 

SD=0.96, range 0-4) per day. On average, participants reported fairly good sleep quality (M = 

1.81, SD = 0.81, range 0-3). The respondents typically reported consuming 1.00(SD=1.82) 

standard alcoholic drinks and 3.48(SD=1.98) serves of fruits and vegetables per day. 

Typically, the study respondents also reported engaging in MVPA for 19.39(SD=26.49) 
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minutes per day. The ICCs showed that between 39% and 90% of the variance in the study 

variables  could be attributed to within-person variation. Variance in sleep quality and MVPA 

predominantly belonged to within-person variation, with only 10% and 21 % respectively of 

the variability accounted for by between-person differences (see Table 14).
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Table 14. Between-person correlations of daily variables in FIFO workers  

Parameter  M(SD) ICC 1 2 3 4  5 6 7 8 9 

1. Positive affect (0-4) 1.75(1.06) .42 1         

2. Anxious affect (0-4) 0.73(0.87) .58 -.18*** 1        

3. Depressed affect (0-4) 0.83(0.96) .48 -.42*** .65*** 1       

4. Job demand (0-6) 2.20(1.42) .39 -.17*** .11* .16*** 1      

5. Job control (0-6) 4.12(1.49) .36 .44*** -.28*** -.33*** -.30*** 1     

6. Standard alcohol drinks/day 1.00(1.82) .52 -.05 .11* .07 -.06 .05 1    

7. Minutes of MVPA/day 19.39(26.49) .21 .18*** -.05 -.21*** -.02 .21*** .06 -.11* 1  

8. Sleep quality (0-3) 1.81(0.81) .10 .28*** -.25*** -.30*** -.13* .32*** .06 -.11* .15** 1 

9. Fruits and vegetables/day  3.48(1.98) .61 .02 -.31*** -.10*** -.09 -.01 -.04 -.05 .20*** .27*** 
*p<.05, **p<.01, ***p<.001; Note: Numbers in parentheses alongside parameter labels represent the range of possible scores on that measure. 

M = Mean; SD = Standard deviation; ICC = Intra-class correlation:  higher ICC values (potential range 0 to 1) show less variability across time; MVPA=moderate to vigorous physical activity 
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8.4.2 Main effects of shift period on affects and health behaviours of FIFO workers 

Positive affect was significantly lower whilst on-shift compared to off-shift (γ =-0.50, 

SE=0.14, 95%CI=-0.78, -0.21, p=.001). Similarly, study respondents tended to have poor 

sleep quality (γ =-0.36, SE=0.11, 95%CI=-0.57, -0.14, p=.002) and consume less alcohol (γ=-

1.35, SE=0.48, Exp(γ)=0.26, 95%CI=0.10, 0.67, p=.005) during on-shift compared to off-

shift periods. However, there were no significant differences in anxious affect, depressed 

affect, fruit and vegetable intake, and physical activity during on-shift and off-shift periods 

(see Tables 15 and 16). Boxplots of the average health outcomes over on-and off-shift 

periods are shown in Figures 8 and 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



238 
 

 

 

 

 
 

 

 

 
Figure 8. Boxplots of the average daily alcohol intake, fruit and vegetable intake, and sleep quality of FIFO workers during on-shift days and 

off-shift days. 
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Figure 9. Boxplots of the average daily physical activity time, positive affect, anxious affect and depressive mood of FIFO workers during on-

shift days and off-shift days. 
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Table 15. Multilevel models of the effect of shift period on Affects and sleep quality in FIFO workers 

Parameter  Anxious affect  Depressed affect Positive affect  Sleep  quality  

 γ(SE) 95%CI p-value γ(SE) 95%CI p-value γ(SE) 95%CI p-value γ(SE) 95%CI p-value 

Fixed Effects             

Intercept  1.50(0.43) 0.61, 2.39 .002 1.56(0.50) 0.54, 2.58 .004 2.33(0.44) 1.45, 3.22 <.001 1.69(0.25) 1.18, 2.20 <.001 

Shift period  0.04(0.13) -0.23, 0.31 .750 0.22(0.17) -0.13, 0.57 .204 -0.50( 0.14) -0.78, -0.21 .001 -0.36(0.11) -0.57, -0.14 .002 

Random Effects*  σ2 (SE)   σ2 (SE)   σ2 (SE)   σ2 (SE)   

Intercept  0.25(0.09) 0.12, 0.50 .005 0.31(0.11) 0.16, 0.63 .005 0.20(0.08) 0.09, 0.45 .018 0.02(0.02) 0.002, 0.21 .426 

Shift period 0.29(0.12) 0.13, 0.64 .012 0.51(0.19) 0.24, 1.07 .009 0.27(0.12) 0.11, 0.65 .030 0.11(0.07) 0.03, 0.40 .141 

Residual**              

AR1 diagonal 0.30(0.02) 0.26, 0.36 <.001 0.40(0.03) 0.34, 0.48 <.001 0.55(0.05) 0.45, 0.65 <.001 0.51(0.04) 0.44, 0.61 <.001 

AR1 rho 0.16(0.08) 0.01, 0.31 .010 0.29(0.07) 0.16, 0.41 <.001 0.29(0.06) 0.16, 0.40 <.001 0.19(0.07) 0.06, 0.32 .003 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 

Shift period: on-shift days (1) vs off shift days (0) of the FIFO roster cycle 

Models adjusted for covariates: day of assessment (centred at day 14), age, gender, marital status, have children, FIFO role, Shift pattern, shift hours 
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Table 16. Generalised linear mixed models of effects of shift periods on behaviours of FIFO workers 

Parameter Alcohol intake¥ Fruits and vegetableФ Physical activity¥ 
aExp(γ) 95%CI p-value Exp(γ) 95%CI p-value aExp(γ) 95%CI p-value 

Fixed Effects          

Intercept  0.03 0.00, 0.33 .004 2.22 1.46, 3.38 <.001 0.59 0.08, 2.25 .605 

Shift period (off-shift vs on-shift) 0.26 0.10, 0.67 .005 0.91 0.78, 1.08 .284 0.39 0.15, 1.07 .066 

Random Effects*  σ2 (SE)   σ2 (SE)   σ2 (SE)   

Intercept  4.50(2.24) 1.69, 11.95 .045 0.20(0.08) 0.09, 0.45 .017 2.83(1.57) 0.95, 8.40 .072 

Shift period 2.99(1.55) 1.08, 8.25 .054 0.12(0.05) 0.05, 0.28 .025 3.67(1.76) 1.43, 9.40 .037 

Residual**           

AR1 diagonal 0.67(0.05) 0.57, 0.78 <.001 0.34(0.04) 0.28, 0.42 <.001 0.69(0.07) 0.57, 0.83 <.001 

AR1 rho 0.17(0.06) 0.04, 0.29 .009 0.31(0.09) 0.14, 0.47 <.001 0.44(0.06) 0.32, 0.55 <.001 
Alcohol intake: yes=1, no=0; fruits and vegetable intake: serves taken; physical activity (MVPA): less than 30 minutes=0, at least 30 minutes=1 

SE=standard error; CI=confidence interval; *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 
¥Logistic models; ФNegative binomial log model; Shift period: on-shift days (1) vs off shift day (0) of FIFO roster cycle 

Models adjusted for covariates: days into assessment (centred at day 14), age, gender, marital status, have children, FIFO role, Shift pattern, shift hours 
aExp(γ) is interpreted as an increase (values > 1) or decrease (values < 1) odd in alcohol intake and MVPA for a 1-unit increase in the predictor 
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8.4.3 Main effects of within-person and between-persons job demand and control on 

health outcomes of FIFO workers 

Psychological well-being. The results show that anxious affect was significantly 

positively associated with within-person job demand (γ = 0.05, SE= 0.03, 95%CI=0.004, 

0.10, p=.035) while negatively associated with within-person job control (γ = -0.14, SE= 

0.03, 95%CI= -0.19, -0.09, p<.001). Between-person job control was also positively 

associated with anxious affect (γ = -0.50, SE= 0.17, 95%CI=-0.85, -0.16, p=.005). In the 

model predicting depressed affect, only within-person job control was a significant predictor 

(γ = -0.12, SE= 0.03, 95%CI= -0.17, -0.06, p<.001). The model predicting positive affect 

indicated that both within-person job control (γ = 0.24, SE= 0.03, 95%CI= 0.17, 0.30, 

p<.001) and between-person job control (γ= 0.40, SE= 0.16, 95%CI= 0.07, 0.74, p=.021) to 

be positively associated with positive affect (see Table 17). 

Health behaviours. Within-person and between-person job demands and control were 

not associated with sleep quality (p>.05) (Table 17). Intake of alcohol was associated with 

between-person job demand (γ =-1.82, SE= 0.74, Exp(γ)= 0.16, 95%CI= 0.04, 0.70, p=.015), 

such that on average there was a decrease in odds of alcohol consumption with 1-unit 

increase above the mean in demand. Within-person job control was also associated with 

alcohol consumption (γ=0.65, SE= 0.17, Exp(γ)= 1.91, 95%CI=1.37, 2.67, p<.001), such that 

with a 1-unit increase in job control there was the increase in odds of alcohol intake.  

Fruits and vegetable intake was   associated with between-person demand (γ= -0.16, 

SE= 0.07, Exp(γ)= 0.86, 95%CI= 0.75, 0.98, p=.022) and job control (γ= -0.20, SE= 0.08, 

Exp(γ)= 0.82, 95%CI= 0.70, 0.96, p=.016). There was a 14% decrease in fruit and vegetable 

intake in those with 1-unit higher demand and an 18% decrease in fruit and vegetable intake 

in those with 1-unit higher job control. The within-person variables were found not to be 

associated with fruit and vegetable intake. The model predicting physical activity showed 
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within-person job control to be associated with physical activity (γ= 0.41, SE= 0.17, Exp(γ)= 

1.51, 95%CI= 1.08, 2.11, p=.016). The odds of physical activity were higher with a 1-unit 

increase in job control. The between-person variables were found not to be associated with 

physical activity (see Table 18). 
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Table 17. Multilevel linear models of within- and between-person fixed effects of job demand and control of affect and sleep quality in workers 

Parameters  Anxious affect  Depressed affect  Positive affect  Sleep quality   

γ(SE) 95%CI p-value γ(SE) 95%CI p-value γ(SE) 95%CI p-value γ(SE) 95%CI p-value 

Fixed effects             

Intercept  1.80(0.38) 1.01, 2.58 <.001 1.64(0.47) 0.68, 2.61 .002 2.00(0.38) 1.23, 2.78 <.001 2.64(0.32) 2.00, 3.26 <.001 

Shift period -0.11(0.13) -0.37, 0.15 .385 0.10(0.15) -0.21, 0.42 .504 -0.27(0.10) -0.48, -0.07 .012 -0.20(0.14) -0.48, 0.07 .148 

Aggregate job demand 

(between persons) 

-0.09(0.16) -0.42, 0.24 .593

  

0.15(0.20) -0.26, 0.56 .452

  

-0.06(0.16) -0.38, 0.26 .708

  

-0.11(0.12) -0.36, 0.13 .356 

Daily job demand 

(within-person) 

0.05(0.03) 0.004, 0.10 .035

  

0.02(0.03) -0.04, 0.08 .530

  

-0.01(0.03) -0.07, 0.05 .725

  

-0.01(0.04) -0.09, 0.07 .752 

Aggregate job control 

(between persons) 

-0.50(0.17) -0.85, -0.16 .005

  

-0.28(0.21) -0.70, 0.15 .190

  

0.40(0.16) 0.07, 0.74 .021

  

-0.02(0.13) -0.27, 0.24 .903 

Daily job control 

(within-person) 

-0.14(0.03) -0.19, -0.09 <.001 -0.12(0.03) -0.17, 0.06 <.001

  

0.24(0.03) 0.17, 0.30 <.001 0.01(0.04) -0.07, 0.09 .838 

Random effects* σ2 (SE)   σ2 (SE)   σ2 (SE)   σ2 (SE)   

Intercepta 0.17(0.06) 0.08, 0.35 .006 0.26(0.10) 0.13, 0.53 .007 0.15(0.06) 0.07, 0.33 .013 - - - 

Shift period 0.27(0.11) 0.12, 0.58 .012 0.40(0.16) 0.18, 0.89 .014 0.069419 0.01, 0.44 .327 0.14(0.09) 0.04, 0.50 .126 

Residual**              

AR1 diagonal 0.28(0.02) 0.24, 0.32 <.001 0.39(0.03) 0.33, 0.46 <.001 0.50(0.04) 0.43, 0.59 <.001 0.54(0.05) 0.45, 0.64 <.001 

AR1 rho 0.17(0.07) .0.02, 0.58 .026 0.28(0.07) 0.15, 0.40 <.001 0.28(0.06) 0.16, 0.40 <.001 0.26(0.07) 0.12, 0.38 <.001 

Anxious affect (0=not at all to 4=extremely), depressed affect (0=not at all to 4=extremely), positive affect (0=not at all to 4=extremely), sleep quality (0=very poor to 3=very good) 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 
aRandom intercept in the model predicting sleep quality was omitted due to non-convergence of the model 

Shift period: on-shift days (1) vs off shift days (0) of the FIFO roster cycle 

Models adjusted for covariates: day of assessment (centred at day 14), age, gender, marital status, have children, FIFO role, Shift pattern, shift hours 
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Table 18. Generalised linear mixed models of within- and between-person fixed effects of job demand and control on health behaviours of FIFO 

workers 

Parameters  Alcohol intake¥  Fruits and vegetableФ  Physical activity¥  
aExp (γ) 95%CI p-value Exp (γ) 95%CI p-value aExp (γ) 95%CI p-value 

Fixed Effects          

Intercept  0.04 0.002, 0.96 .047 2.54  1.70, 3.79 <.001 0.66 0.06, 7.20 .736 

Shift period (on-shift vs off-shift) 0.34  0.12, 0.92 .034 0.90 0.76, 1.07 .223 0.48 0.19, 1.22 .122 

Aggregate job demand (between 

persons) 

0.16 0.04, 0.70 .015 0.86 0.75, 0.98 .022 0.76 0.24, 2.38 .636 

Daily job demand (within-person) 1.27 0.95, 1.70 .110 0.99 0.97, 1.02 .619 1.12 0.93, 1.34 .225 

Aggregate job control (between 

persons) 

0.28 0.04, 1.86 .186 0.82 0.70, 0.96 .016 0.38 0.12, 1.22 .103 

Daily job control (within-person) 1.91 1.37, 2.27 <.001 0.98 0.94, 1.02 .228 1.51 1.08, 2.11 .016 

Random Effects* σ2 (SE)   σ2 (SE)   σ2 (SE)   

Intercept 5.83(3.20) 1.99, 17.12 .069 0.20(0.09) 0.08, 0.49 .027 3.45(1.75) 1.13, 10.56 .080 

Shift period 3.85(2.01) 1.39, 10.68 .055 0.12(0.05) 0.05, 0.29 .024 3.33(1.75) 1.19, 9.33 .057 

Residual**           

AR1 diagonal 0.67(0.05) 0.57, 0.78 <.001 0.34(0.03) 0.28, 0.41 <.001 0.72(0.07) 0.60, 0.87 <.001 

AR1 rho 0.18(0.07) 0.05, 0.31 .006 0.31(0.07) 0.13, 0.46 <.001 0.44(0.06) 0.31, 0.55 <.001 

Alcohol intake: yes=1, no=0; fruits and vegetable intake: serves taken; physical activity (MVPA): less than 30 minutes=0, at least 30 minutes=1 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 
¥Logistic models 
ФNegative binomial log model 

Shift period: on-shift days (1) vs off shift days (0) of the FIFO roster cycle 

Models adjusted for covariates: day of assessment (centred at day 14), age, gender, marital status, have children, FIFO role, Shift pattern, shift hours 
aExp(γ) is interpreted as an increase (values > 1) or decrease (values < 1) odds in alcohol intake and MVPA for a 1-unit increase in the predictor 
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8.4.4 Interaction between job demand and job control in predicting health outcomes 

Psychological well-being. The results showed a significant interaction between 

within-person demand and job control in predicting anxious affect. The effect of daily 

demand on anxiety was lower on days that were accompanied by high control (γ= -0.04, SE= 

0.02, 95%CI= -0.07, -0.01, p=.013). There were no significant interactions between within-

person demand and job control in predicting depressed affect and positive affect. For the 

cross-level interaction, the interaction between within-person demand and between-person 

job control was significant in predicting depressed affect: the effect of daily demand on 

depressed mood was attenuated in those individuals with typically more control over their 

jobs (γ= -0.09, SE= 0.04, 95%CI= -0.17, -0.01, p=.023). The same interaction was not quite 

statistically significant with anxiety as outcome (γ= -0.07, SE= 0.03, 95%CI= -0.13, 0.00, 

p=.051), but was not significant in predicting positive affect (see Table 19-20). 

Health behaviours. There were no significant interactions between within-person 

demand and job control in predicting sleep quality, alcohol intake, fruit and vegetable intake 

and physical activity. For cross-level interaction, the interaction between within-person 

demand and between-person job control was significant in predicting sleep quality and 

alcohol intake, but not in predicting fruit and vegetable intake and physical activity. 

Respondents at the typical level of job control across days showed better sleep quality on 

days with high demand (γ= 0.14, SE= 0.06, 95%CI= 0.02, 0.26, p=.028). Similarly, 

respondents at the typical level of job control across days showed increased odds of alcohol 

intake on days with high demand. The within-person main effects of workload and job 

control remained statistically not significant in the models predicting sleep quality, and fruits 

and vegetable intake. Furthermore, the within-person main effects of job control remained 

significant but demand remained statistically not significant in the models predicting alcohol 

intake and physical activity (Table 21).
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Table 19. Multilevel linear models of within- and between-person fixed effects of interactions between job demand and control on affect in 

workers 

Variables   Anxious affect Depressed affect 

γ(SE) df t 95%CI p-value γ(SE) df t 95%CI p-value 

Fixed effects           

Intercept  1.76(0.38) 29.06 4.64 0.99, 2.54 <0.001 1.60(0.47) 28.31 3.44 0.65, 2.56 0.002 

Shift period -0.09(0.12) 23.80 -0.74 -0.34, 0.16 0.468 0.13(0.15) 22.52 0.85 -0.18, 0.43 0.404 

Aggregate job demand (between-

persons) 

-0.10(0.16) 27.57 -0.63 -0.43, 0.23 0.532 0.14(0.20) 26.94 0.71 -0.26, 0.55 0.482 

Daily job demand (within-person) 0.05(0.03) 387.36 2.11 0.00, 0.10 0.036 0.02(0.03) 404.19 0.67 -0.04, 0.08 0.504 

Aggregate Job control (between-

persons) 

-0.53(0.17) 28.28 -3.20 -0.87, -0.19 0.003 -0.31(0.20) 27.58 -1.53 -0.73, 0.11 0.138 

Daily job control (within-person) -0.12(0.03) 370.61 -4.63 -0.17, -0.07 <0.001 -0.11(0.03) 399.64 -3.47 -0.16, -0.05 <0.001 

Daily job demand*daily job control  -0.04(0.02) 389.11 -2.50 -0.07, -0.01 0.013 -0.03(0.02) 393.97 -1.83 -0.07, 0.00 0.068 

Daily job demand*aggregate job 

control  

-0.07(0.03) 348.15 -1.96 -0.13, 0.00 0.051 -0.09(0.04) 367.63 -2.28 -0.17, -0.01 0.023 

Random Effects*  σ2 (SE) Wald Z    σ2 (SE) Wald  Z    

Intercept  0.17(0.06) 2.79  0.08, 0.34 0.005 0.25(0.09) 2.73  0.12, 0.52 0.006 

Shift period 0.25(0.10) 2.49  0.11, 0.55 0.013 0.36(0.15) 2.38  0.16, 0.81 0.017 

Residual**           

AR1 diagonal 0.27(0.02) 12.81  0.23, 0.31 <0.001 0.38(0.03) 11.88  0.32, 0.45 <0.001 

AR1 rho 0.14(0.08) 1.85  -0.01, 0.28 0.065 0.27(0.07) 4.07  0.14, 0.39 <0.001 

Anxious affect (0=not at all to 4=extremely), Depressed affect (0=not at all to 4=extremely) 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 

Shift period: on-shift days (1) vs off shift days (0) of the FIFO roster cycle 

Models adjusted for covariates: day of assessment (centred at day 14), age, gender, marital status, have children, FIFO role, Shift pattern, shift hours 
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Table 20. Multilevel linear models of within- and between-person fixed effects of interactions between job demand and control on affect and 

sleep quality of workers 

Parameter   Positive affect Sleep quality 

γ(SE) df t 95%CI p-value γ(SE) df t 95%CI p-value 

Fixed effects           

Intercept  2.03(0.38) 29.37 5.28 1.24, 2.81 <0.001 2.59(0.31) 107.07 8.36 1.96, 3.20 <0.001 

Shift period -0.29(0.10) 27.21 -2.84 -0.49, -0.08 0.008 -0.19(0.13) 44.14 -1.41 -0.46, 0.08 0.166 

Aggregate job demand (between-

persons) 

-0.06(0.16) 25.76 -0.36 -0.38, 0.27 0.720 -0.11(0.12) 115.34 -0.91 -0.35, 0.13 0.366 

Daily job demand (within-person) -0.01(0.03) 353.58 -0.33 -0.07, 0.05 0.745 -0.03(0.04) 312.05 -0.63 -0.11, 0.05 0.527 

Aggregate Job control (between-

persons) 

0.41(0.16) 26.46 2.47 0.07, 0.74 0.020 0.05(0.13) 101.12 0.40 -0.20, 0.31 0.691 

Daily Job control (within-person) 0.23(0.03) 306.65 6.95 0.16, 0.29 <0.001 0.02(0.04) 297.60 0.39 -0.06, 0.10 0.695 

Daily job*daily job control  0.03(0.02) 411.68 1.35 -0.01, 0.07 0.178 -0.02(0.03) 300.21 -0.82 -0.07, 0.03 0.415 

Daily job demand*aggregate job 

control  

0.04(0.04) 237.72 0.99 -0.04, 0.13 0.322 0.14(0.06) 227.37 2.21 0.02, 0.26 0.028 

Random Effects*  σ2 (SE) Wald Z    σ2 (SE) Wald Z    

Intercepta 0.15(0.06) 2.50  0.07, 0.34 0.012 - -  - - 

Shift period 0.05(0.06) 0.86  0.01, 0.50 0.390 0.12(0.08) 1.54  0.04, 0.44 123 

Residual**           

AR1 diagonal 0.50(0.04) 12.16  0.43, 0.56 <0.001 0.52(0.05) 11.09  0.44, 0.62 <0.001 

AR1 rho 0.29(0.06) 4.71  0.17, 0.41 <0.001 0.23(0.07) 3.39  0.09, 0.35 <0.001 

Positive affect (0=not at all to 4=extremely), sleep quality (0=very poor to 3=very good) 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 
aRandom effects of shift period did not fit with covariance and when estimating variances only (diagonal) in models predicting sleep quality and was omitted 

Shift period: on-shift days (1) vs off shift days (0) of the FIFO roster cycle 

Models adjusted for covariates: day of assessment (centred at day 14), age, gender, marital status, have children, FIFO role, Shift pattern, shift hours 
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Table 21. Generalised linear mixed models of within- and between-person fixed effects of interactions between job demand and control on 

behaviours of workers 

Parameter    Alcohol intake Fruits and vegetable intake Physical activity 

γ(SE) t Exp(γ) 95%CI p-value γ(SE) t Exp(γ) 95%CI p-value γ(SE) t Exp(γ) 95%CI  

Fixed effects                

Intercept  -3.77(1.76) -2.76 0.02 0.00, 0.74 0.033 0.94(0.21) 4.50 2.56 1.70, 3.85 <0.001 -0.19(1.30) -0.15 0.82 0.06, 10.58 0.882 

Shift period -1.13(0.56) -2.02 0.33 0.11, 0.97 0.044 -0.11(0.09) -1.21 0.90 0.75, 1.07 0.226 -0.78(0.50) -1.57 0.46 0.17, 1.22 0.117 

Aggregate job 

demand (between-

persons) 

-2.06(0.80) -2.58 0.13 0.03, 0.61 0.010 -0.15(0.07) -2.15 0.86 0.76, 0.99 0.033 -0.34(0.60) -0.57 0.71 0.22, 2.33 0.571 

Daily job demand 

(within-person) 

0.23(0.13) 1.75 1.26 0.97, 1.64 0.080 -0.01(0.01) -0.65 0.99 0.97, 1.01 0.514 0.06(0.10) 0.61 1.06 0.88, 1.28 0.545 

Aggregate Job 

control (between-

persons) 

-1.19(0.98) -1.21 0.31 0.04, 2.11 0.228 -0.18(0.08) -2.16 0.84 0.71, 0.98 0.031 -1.08(0.61) -1.78 0.34 0.10, 1.12 0.077 

Daily Job control 

(within-person) 

0.77(0.18) 4.25 2.16 1.51, 3.09 <0.001 -0.03(0.02) -1.40 0.97 0.94, 1.01 0.163 0.40(0.16) 2.44 1.49 1.08, 2.05 0.015 

Daily job 

demand*daily job 

control  

-0.16(0.11) -1.49 0.85 0.69, 1.05 0.136 0.02(0.01) 1.39 1.02 0.99, 1.05 0.164 0.20(0.11) 1.80 1.22 0.98, 1.52 0.073 

Daily job 

demand*aggregate 

job control  

0.56(0.15) 3.73 1.75 1.30, 2.35 <0.001 0.03(0.02) 1.19 1.03 0.98, 1.07 0.235 -0.03(0.10) -0.31 o.97 0.79, 1.19 0.759 

Random Effects*  σ2 (SE)  Z    σ2 (SE)  Z    σ2 (SE) Z    

Intercept  7.86(4.20) 1.87  2.76, 22.39 0.061 0.20(0.09) 2.21  0.08, 0.49 0.027 3.60(2.06) 1.75  1.18, 11.04 0.080 

Shift period 5.40(2.63) 2.06  2.08, 14.02 0.040 0.12(0.05) 2.25  0.05, 0.28 0.024 3.57(1.83) 1.95  1.31, 9.76 0.051 

Residual**                

AR1 diagonal 0.59(0.05) 12.93  0.51, 0.69 <0.001 0.34(0.03) 9.80  0.28, 0.41 <0.001 0.71(0.07) 10.33  0.59, 0.86 <0.001 

AR1 rho 0.17(0.06) 2.79  0.05, 0.29 0.005 0.31(0.08) 3.64  0.13, 0.46 <0.001 0.44(0.06) 7.15  0.31, 0.55 <0.001 

Alcohol intake: yes=1, no=0; fruits and vegetable intake: number of serves taken; physical activity (MVPA): less than 30 minutes=0, at least 30 minutes=1 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 
¥Logistic models 
ФNegative binomial log model 

Shift period: on-shift days (1) vs off shift days (0) of the FIFO roster cycle 

Models adjusted for covariates: day of assessment (centred at day 14), age, gender, marital status, have children, FIFO role, Shift pattern, shift hours 
aExp(γ) is interpreted as an increase (values > 1) or decrease (values < 1) odds in alcohol intake and MVPA for a 1-unit increase in the predictor 
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8.5 Discussion 

This study examined the impact of FIFO work on psychological well-being and 

health-related behaviours, examining the role of job-related factors including job demand and 

control.  

8.5.1 Variability of daily variables over and across FIFO work periods (on-and off-

shifts) 

 This study found significant within and between-persons variations in daily affects, 

health behaviours and work conditions across on-and off-shift days. This is consistent with 

the findings of previous FIFO studies, which found daily differences in alcohol intake, 

exercise, sleep quality, and nutrition quality (13), emotional exhaustion and work conditions 

(including workload, emotional demands, and co-worker support) (51). Daily variations in 

affects, health behaviours and work conditions have been documented widely among the 

general population (e.g., (372,383). The extent of fluctuations in individuals’ experiences 

over time is indicated to impact negatively on their well-being (392), suggesting that FIFO 

workers could be experiencing diminished well-being (51).  

 The study indicated partial support for hypothesis 1 on positive affect, sleep quality 

and alcohol intake. The study found that workers’ positive affect was significantly lower 

during on-shift compared to off-shift days. This is the first study to examine affects during 

on-and off-shift periods. Several cross-sectional studies have indicated high levels of 

psychological distress among FIFO workers (e.g., (40,61). FIFO workers, during work 

periods, are separated from their families and faced with the emotional strain of dealing with 

being away from families, loneliness and social isolation, anxiety about maintaining family 

and social relationships and missing important family events (15,39). However, we found no 

differences in anxious affect and depressed affect during on-and off-shift periods. It is worth 

noting the small sample included in this study. 
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 The results of the study demonstrated that sleep quality was poorer during on-shift 

compared to off-shift days. This corroborates the findings made in previous daily studies 

among FIFO workers in Australia (13,393) and earlier cross-sectional studies (16,61). 

Though FIFO workers may be free from social and domestic commitments during work 

periods (15), they typically work long hours and day and night shifts, which are indicated to 

limit sleep (52,163). Studies have indicated that during off-shift days, workers show signs of 

recovery from the sleep loss accumulated during work periods (52,393).  

Workers reported consuming less alcohol during on-shift periods compared to off-

shift periods, aligning with the findings from earlier daily studies (13,98) and earlier cross-

sectional studies (61). Workplace practices including daily alcohol testing before the 

commencement of work (17), and restrictions on alcohol consumption (16) may have 

impacted the consumption of alcohol during on-shift days. On the other hand, the availability 

of more alcohol and a sense of liberty from limitations on alcohol consumption (40) are 

highlighted to contribute to high levels of alcohol consumption during off-shift days.  

In contrast to a previous daily diary study, which found FIFO workers to exercise less 

and poorer nutrition quality during on-shift compared with off-shift periods (13), this study 

found no differences in physical activity and fruit and vegetable intake during on-and off-

shift days. The observed disparities could be explained by the differences in sample sizes 

between the studies, as a small sample was included in the current study, and differences in 

the items used in measuring the outcome variables. Further studies with large sample sizes 

and consistent measuring items are required to explore physical activity and fruit and 

vegetable intake during on-and off-shift days. 

8.5.2 Job demand, job control and affects 

The study showed that within-person job demand was a significant predictor of 

anxious affect; supporting our proposed hypothesis 2.  This is consistent with the findings of 
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previous daily studies, where high daily job demand positively predicted day-level negative 

affect in other working populations (371–373). A daily study among FIFO workers in 

Australia has also indicated that within-person workload was positively associated with 

within-person emotional exhaustion (51). The finding in our current study aligns with the 

health impairment process of the job demand resource model (38), which suggests that a high 

workload drains the psychological and physical resources of workers and may result in 

energy exhaustion and subsequently health problems. Our results stress the significant role 

day-specific workload plays in daily emotional experiences in FIFO workers besides the 

association attributed to between-person differences (371). However, our study found no 

significant association between between-person job demands and anxious affect, which could 

be attributed to the small sample included in the study.  

The study found that within-person job control was a significant predictor of low 

anxious and depressed affects and high positive affect (in-line with hypothesis 2). Similar 

associations were also observed between between-person job control and anxious affect and 

positive affect. These findings are consistent with that of earlier daily studies (394–396). In 

the FIFO context, a daily study has also demonstrated job autonomy to be a significant 

predictor of worker engagement (51). This finding is consistent with and extends to the FIFO 

context, the motivational mechanism of the JD-R (38). The impact job control on the 

psychological well-being of workers is indicated as instrumental in enhancing the mental 

health of workers and job satisfaction and also decreases workers’ burnout by lessening the 

adverse effect of role strain on burnout (397).  

8.5.3 Job demand, job control and health behaviours 

 The results of the study demonstrated no associations between within-person job 

demand and health behaviours (alcohol intake, fruit and vegetable intake, physical activity 

and sleep quality) in contrast to the proposed hypothesis that high daily job demand would be 
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associated with poor health behaviours. Again, these findings are in contrast with previous 

similar daily diary studies (376,377,398).  This is the first known study to examine the effect 

of day-specific demand on health behaviours in FIFO workers and further studies may 

therefore be needed. However, the study found some evidence of between-person demand as 

a predictor of less alcohol consumption and fruit and vegetable intake. Whereas the finding 

on fruit and vegetable intake mirrors the extant literature, which indicates high between-

person job-related stressors are linked to lower consumption of fruits and vegetables, e.g., 

(399), the findings on alcohol suggest that high demand may have the benefit of decreasing 

the intake of alcohol in FIFO workers (again worth to note the small sample included in the 

study). 

 The study found that within-person job control was a significant predictor of alcohol 

consumption and physical activity. The finding on physical activity indicates that an increase 

in daily job control was associated with an increase in daily physical activity and supports the 

motivational mechanism of the JD-R (38). Job control is indicated to raise the sense of self-

determination and support needs satisfaction, which sequentially improves physical activity 

(400). This finding suggests allowing for some autonomy in work processes on a daily basis 

could promote daily physical activity among FIFO workers, which is indicated may be 

engaged in as an activity for recovery after work (401). However, in contrast to our 

prediction of better health behaviours on days of high job control, this study indicated that an 

increase in daily job control was associated with an increase in daily alcohol intake. A 

previous study has also indicated high job control to be associated with the consumption of 

caffeine (377). This finding could be expounded by the increased chances for alcohol 

consumption that high-control positions are expected to provide (377). 



254 
 

8.5.4 Interactions between demand and job control on affect and health behaviours 

In the third hypothesis, first, the study proposed that there would be interactions 

between the daily demand and job control, in particular, the negative impact of daily job 

demand on affects and health behaviours would be low when daily job control is high. In that, 

the buffering effect suggests high job control may lessen the distress produced by high 

demand, control the reactions or lessen the negative effects of the reactions to the stress on 

health (38). There was no evidence to support our prediction of interaction between within-

person job demand (workload) and job control in predicting depressed and positive affects, 

sleep quality, alcohol intake, fruit and vegetable intake, and physical activity. However, there 

was evidence for interaction between within-person demand and job control on anxious affect 

to support the proposed prediction in part, suggesting that the association between demand 

and anxious affect is weaker amid high job control. A similar finding of the buffering effect 

of job control on the effect of workload in predicting affective distress has been documented 

(372). This finding indicates that in conditions of high demand, high control on the job may 

be essential in reducing FIFO workers’ anxious experiences.   

Secondly, the study proposed there would be cross-level interactions between the 

daily demand and between-person job control. There was evidence to support this prediction 

on depressed affect, sleep quality, and alcohol intake. On days with high demand, FIFO 

workers with greater job control were less likely to experience depressed affect and more 

likely to have better night sleep quality and consume more alcohol than those with low job 

control. The evidence from this study largely aligns with the fact that having job control is 

positive for health, but again shows that high job conditions could also provide the chance for 

some negative behaviours, e.g., alcohol intake, to thrive.  
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8.5.5 Implications for practice and research 

The study reveals substantial within-person variations in psychological states, health 

behaviours and demand and job control over the course of FIFO work periods and confirms 

the significance of these daily variations in work conditions for the health and well-being of 

FIFO workers. This gives indications to FIFO organizations to acknowledge these within-

person processes and actively screen and manage the daily variabilities that may exist in the 

work conditions and well-being of workers. The findings from our study also suggest that 

workplace interventions aimed at addressing the psychological states and behaviours of 

workers should also consider off-shift periods of the FIFO work cycle, particularly for health 

behaviours (e.g., alcohol intake).  

In relation to the direct effect of daily demands on anxious affect, organizational 

interventions could address high demands through 1) worker selection, where there is the 

conscious effort to recruit and assign workers who have the required knowledge and skills to 

perform a particular job, 2) effective training programs, where workers and managers are 

offered training to assist develop the knowledge and skills needed to perform their jobs 

effectively, and 3) job redesign involving reassigning of job tasks (402). 

With regards to the effect of daily job control on psychological states, alcohol intake 

and physical activity, FIFO organizations could implement strategies that enhance job 

controls, including work redesign interventions such as empowerment and self-managing 

work teams to efficiently deal with strenuous job demands (403). The findings of the study 

demonstrate that interventions that emphasise lessening job demands and enhancing job 

control may not be successful at all times, particularly when it comes to encouraging healthy 

behaviours. They might be harmful in some situations; for instance, high job controls might 

cause people to consume more alcohol. With the limitations associated with between-person 

study designs, which have been highlighted in this study, more future studies may employ 
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within-person daily designs to significantly advance the progress in understanding how FIFO 

work conditions affect workers’ psychological states and behaviours (377). This approach 

offers a refined lens that provides insight into how FIFO workers experience of health issues 

and their significant predictors change within day, day-to-day, over time and across context, 

which potentially provide significant insight into FIFO work lifestyles to inform targeted 

support to effectively manage workers’ wellbeing. 

8.5.6 Strengths and limitations of the study 

This study tested the health impairment, motivational and moderation/buffer process 

of the job demands-resources model using a within-person multilevel design, which allows 

for the assessment of the variability in FIFO workers’ psychological states and health 

behaviours over time and across context. Specifically, this study is to the best of my 

knowledge the first to examine the variability in psychological states over and across FIFO 

work periods and examine their associations with demand and job control. Again, this study 

is also the first to test the buffer process (moderation effects) of the Job Demands-Resources 

Model using within-person design in the FIFO mining context. This study also measured 

variables covering one complete FIFO work cycle, which may have accounted for the role of 

recovery during off-shift days, a time spent outside of FIFO voted work times with no work 

commitments and indicated to impact on recovery and well-being (51). 

However, this study is not without limitations. Firstly, the study relied on self-

reported measures of affects and health behaviours, which could be associated with under-

and/or over-estimation of study parameters and may not truly reflect participants' 

experiences/feelings and acceptable health behavioural levels. Secondly, to limit the burden 

on study participants due to the repeated measurements over time, brief or single items were 

used in assessing affects and health behaviours, however, such items are indicated to show 

variability across time (377).  
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Furthermore, the study assessed affects and health behaviours using the end-of-day approach, 

where participants report their feelings and behaviours for the entire day at bedtime. Given 

that variables such as affect are indicated to show rapid variations within days (e.g., (374), 

more intensive assessment designs could be useful in future studies taking into consideration 

the FIFO work context. Additionally, the study is limited in establishing causal relationships 

between daily variables, despite the advantages dairy surveys have over a snapshot cross-

sectional survey. Item used to measure sleep quality tend to measure sleep during the night, 

however, participants who worked night shifts sleep during the day, which may impact the 

interpretation and the responses given on sleep quality. It is known that years of participants’ 

experience in the mining industry, in FIFO roles/settings and in specific operations could be 

significant in understanding the influence of job demand and control on health outcomes 

(404). However, the covariate effects of years of experience in FIFO settings could not be 

estimated in our model and the effect of years of participants’ experience in the mining 

industry and in specific operations could not be explored due to the unavailability of data. 

The study was also limited in assessing the availability of facilities such as recreational 

facilities (including a gym), and wet mess-where alcohol is available and the quality of food 

provided at FIFO campsites, which could influence workers’ choices and their health 

behaviours. Such contextual factors could be important in understanding daily differences in 

behaviours, particularly between on and off-shift days. 

8.6 Conclusions 

The study has demonstrated significant variations in the daily psychological states and 

health behaviours across the FIFO work cycle: FIFO workers experienced high positive affect 

and consumed more alcohol during off-shift days compared to on-shift days but had poorer 

night sleep quality during on-shift days compared to off-shift days. The study has also 

provided empirical evidence for the significant direct and interaction effects between demand 
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and job control on the psychological states and health behaviours of FIFO workers, which 

deepens our understanding of the mechanisms that support and impair daily job-related well-

being. Further studies employing within-person daily designs are needed to provide an in-

depth understanding of how FIFO work conditions affect workers’ psychological states and 

behaviours. 

8.7 Summary and link to other chapters 

This Chapter has detailed the multilevel analysis of psychological states and health-

related behaviours showing significant within-person variability of the affect states (positive 

affect) and health-related behaviours (alcohol and sleep quality) and job demand and control 

as significant predictors over FIFO work roster among FIFO workers. The next Chapter (9) 

presents further the multilevel analysis of the within-person variability of the psychological 

states and health-related behaviours among partners of FIFO workers. 
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Chapter 9: Study Eight  

Preface 

This chapter presents the seventh study included in this thesis, submitted for publication to 

Community, Work and family in May 2023 and is now under the first round of peer review.  

The article’s content here is as it appears in the manuscript submitted to the journal; however, 

it has been formatted to align with the rest of this thesis. The systematic reviews identified 

potential research gaps including limited longitudinal studies that examined within-person 

health in partners of FIFO workers and daily diary studies as common designs in the FIFO 

context, this article assessed the affective states, related behaviours, and job demand and 

resource determinants. The study highlights the within-person effects of job demand, control, 

and social support on affective states and health behaviours across on and off-shift FIFO 

work periods. 

Author contributions: BYA: conceptualization; methodology; investigation; data curation; 

formal analysis; visualization; project administration; writing—original draft preparation. DP 

assisted in formal analysis. SR, DK and DP assisted in conceptualization; funding 

acquisition; resources; supervision; writing—review & editing. The final manuscript was 

read and approved by all authors. 
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9.1 Abstract  

Partners of Fly-In fly-Out (FIFO) workers are indicated to face increases in demands, 

particularly in the absence of workers, however, little is known about how the features of 

their daily life experiences influence their well-being across a FIFO work cycle. The study 

examined the within-person effects of workload, job control and social support on 

psychological states and health behaviours of partners of FIFO workers. Forty-four (44) 

partners of FIFO workers completed online diary surveys once a day for 28 consecutive days 

during on-and off-shift periods of the FIFO work cycle.  Multilevel models analysing day-

level data were done. The study indicates significant differences in depressed affect and 

alcohol consumption during on-and off-shift periods of the FIFO work cycle. Daily increases 

in workload were associated with anxious affect whereas daily increases in job control and 

social support were associated with low depressed affect and positive affect. A daily increase 

in social support was also found to be associated with an increase in daily alcohol intake. 

Interventions could support partners manage the daily workload and increase and encourage 

the execution of job controls and social support networks in partners of FIFO workers. 

Keywords: FIFO, partners, affects, health behaviours, workload, job control, social 

support. 
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9.2 Background 

In Australia, non-residential work arrangements have become the standard mode of 

employment in the mining and resources industry (21), and in recent times have been 

practised in the healthcare and support services to remote and regional areas (22). Frequently 

referred to as Fly-In Fly-Out (FIFO), such work arrangements involve workers travelling 

largely to remote areas to work on rotational schedules of continuous days at the workplace 

followed by leave periods at home known as ‘rosters’; for example 2 weeks at work and 1 

week at home (21). Characteristically, FIFO workers work long hours of between 10-14 

hours on day and/or night shift patterns and live in onsite accommodations separately from 

their families and away from their home communities during work periods (5). 

FIFO work lifestyle of alternating presence and absence from home over a period, has 

been highlighted to impact on the workers’ partners (22,63). For instance, cross-sectional 

studies have identified high levels of psychological distress among partners of Australian 

FIFO workers as compared to the general population (7,33). Other cross-sectional studies 

have established higher levels of alcohol intake (7), poorer sleep quality, inadequate sleep 

duration, and disproportionate sleepiness (34) among partners than the general population in 

Australia.  

Although the available studies have provided useful information on the impact of 

FIFO on the health of partners of workers, most of the studies and their findings are largely 

limited by the shortcomings of cross-sectional designs (63), including the inability to account 

for within-person differences over time. The unique FIFO lifestyle of intermittent absence 

and presence of FIFO workers, marked by different contexts and routines, provide a dynamic 

setting and there is the likelihood of the health outcomes and experiences of partners to vary 

daily and across contexts. Within-person studies could also offer some useful insights into the 

health outcomes of at-home partners (e.g., (13,51). However, limited within-person studies 
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have examined the experience of health among at-home partners when workers are at home 

and away at work (13). The study demonstrated that partners in the absence of workers are 

found to engage in less exercise and poor dieting, sleep less, and smoke more whilst drinking 

more when workers are on leave back home (13). Partners, however, showed no differences 

in the intake of medications for mental health impairment during on-shift and off-shift days 

(13). Although the findings of the study were significant in tracking the health behaviours of 

at-home partners, there is still a dearth of evidence assessing the health and well-being of 

partners of FIFO workers during on-shift and off-shift days. Additionally, the study was 

limited in examining the features of their daily lives (e.g., job demands, job control and 

support) that may be important factors in determining the health outcomes of partners.  

The Job demands and resources model (JD-R) suggests that job characteristics in 

every setting can be categorised broadly into two factors: job demands and job resources and 

such factors combine to determine health and well-being (38). Job demands are indicated as 

factors related to jobs that necessitate continuous efforts and as such accompanied by 

psychological and physical costs (38). Job resources refer to the factors that enable growth 

and development, are helpful to the attainment of job-related goals and limit the negative 

effects of job demands (38). According to the JD-R Model, exposure to high job demands 

will lead to health impairments/problems whereas exposure to high job resources results in 

high work engagement and the attaining job goal, and in effect better health outcomes. These 

two factors are also suggested to interact in determining the health and well-being of 

individuals. In that, exposure to high job resources is suggested to buffer the negative effects 

of job demands on health whereas working environments with low job resources put workers 

particularly susceptible to the negative effects of job demands (38). 

The application of JD-R Model to examining the effect of FIFO work lifestyle on the 

health of partners of FIFFO workers is scarce. However, some qualitative studies have shown 
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partners of FIFO workers in the absence of workers take up new and additional household 

duties and responsibilities in addition to their own jobs and domestic duties thereby 

increasing their workload (15,305). Issues around emotional demands have also been 

highlighted. For instance, partners are indicated to experience isolation/loneliness (305) and 

emotional strain arising from being the only ones dealing with daily household commitments 

such as bringing up the kids in addition to their jobs (15). Partners are also indicated to feel 

psychologically “disconnected” due to the separation/absence of the workers for a long 

period and that is indicated to be a source of tension and leads to relationship deterioration 

and breakdown (15). Furthermore, it is indicated that FIFO couples support each other 

through communication (15). Partners are also suggested to receive regular support from their 

social networks and indicated that as means to preserve their mental health and well-being 

(15). Again, some partners in the absence of workers develop a sense of control and freedom 

to make family decisions (307). 

Understanding how partners experience health across the intermittent absence and 

presence of FIFO workers and how their predictors change over time is essential and has the 

potential to provide the evidence necessary for targeted interventions that can help improve 

the health of at-home partners of FIFO workers. The current study aims to examine 

differences in mental health and health-related behaviours over the course of a FIFO roster 

cycle and examine the features of their daily lives that influence the health outcomes of 

partners.  

9.3 Methods 

9.3.1 Study design, sample and procedures 

A daily diary study was conducted among partners of FIFO workers in Australia. 

Participants were recruited through the social networks of partners of FIFO workers on 

Facebook. Participants were initially invited to complete an online general baseline 
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questionnaire about their health and well-being, published elsewhere (64) and those agreeing 

to partake in the daily study responded to subsequent online daily surveys at the end of each 

day for 28 consecutive days during the on-and off-shift periods of the FIFO worker between 

July to December 2021. 

Before the start of the daily surveys, participants were contacted by phone through 

their mobile numbers provided at the baseline study to talk over the start of daily surveys and 

the instructions on how to complete the daily surveys. Participants received the daily online 

surveys through SMS at 16:00 AWST each day to retrospectively report their day’s 

experiences. The online survey portal was open until 6:00 the following day.  

In enhancing participants' compliance, reminder text messages were sent the day prior 

to the start of the daily surveys, again with instructions on how to complete the daily surveys 

and every three days to urge participants to complete their surveys within the allowed time. 

Participants who missed a day’s survey were sent text reminders before the next scheduled 

survey. Participants were also informed of being given personalised infographics (a sample 

presented in Appendix H) summarising their health outcomes data over the study period 

(379) and given contact details of available national support organizations for support in 

cases of adverse findings. All the study participants provided informed consent and the Curtin 

University Human Research Ethics Committee approved the study protocol (HRE2020-

0693).  

A total of 248 partners of FIFO workers completed the baseline survey (presented 

elsewhere (64), of which 79 (31.9%) consented to take part in the daily survey. Thirty-five 

participants drop out of the study for reasons including; could not be reached to schedule the 

daily surveys (n= 6), not responding to any of the daily surveys (n=13), and responding to 

less than required daily surveys (at least 3 daily diaries each in both the on- and off-shift 

phases) (n=16) (Figure 10).  
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Figure 10. Flow of participants into the present study (partners). 

 

The final study sample of 44 included all females, with a mean age of 

37.38(SD=8.23) years. Most of the participants were Caucasians/White (78.3%), 

married/civil partnership (56.5%), had children (88.6%), and worked paid jobs (70.5%). Less 

than a quarter of the participants smoked (18.2%) whereas 88.6% consume alcohol. The 

participants reported an average body mass index of 29.26(SD=7.68)kg/m2 and 38.6% of 

them had a high/very high-risk psychological distress, but most rated their physical health 

status as good (84.1%) (see Table 22).  
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Table 22. Background information on study participants (partners)  

Characteristics  n(%), mean(SD) 

Age (mean) 37.38(SD=8.23) 

Ethnicity   

   Caucasian/White 40(78.3) 

   Other  4(21.7) 

Marital status  

   Married/civil partnership  35(56.5) 

   De-facto/co-habiting 9(26.1) 

Have children  

   Yes  39(88.6) 

   No  5(11.4) 

Educational level  

   TAFE/College/Diploma 18(40.9) 

   Secondary education 9(20.5) 

   Bachelor degree 12(27.3) 

   Postgraduate degree 5(11.4) 

Employment status  

   Non-paid job 13(29.5) 

   Paid job 31(70.5) 

Partner’s duration in FIFO role (mean) 7.39(SD=5.28) 

Shift pattern   

   Rotation shift (mix of day and night shifts) 26(59.1) 

   Regular shift (fixed day) 18(40.9) 

Shift length  

   12 hrs 33(75.0) 

   >12 hrs 11(25.0) 

Partner’s consecutive days spent at work 16.34(SD=7.39) 

Partner’s consecutive days spent at home 10.34(SD=6.40) 

Smoking   

   Yes 8(18.2) 

   No  36(81.8) 

Alcohol intake   

   No 5(11.4) 

   Yes  39(88.6) 

Body mass index (mean/SD) 29.26(SD=7.68) 

Physical health status   

   Poor  7(15.9) 

   Good  37(84.1) 

Psychological distress  

   Low/moderate risk 27(61.4) 

   High/very high risk 17(38.6) 
TAFE= Technical and Further Education  

 

9.3.2 Measures 

Health-related behaviours. Daily sleep quality was evaluated using the item “Last 

night, how would you rate your sleep quality overall?” adapted from the Pittsburgh Sleep 

Quality Index (186). Participants rated their daily sleep quality on the Likert scale:  1=very 
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good to 4=very poor and recoded as 0=very poor and 3=very good, consistent with previous 

daily surveys (380). 

For daily alcohol use, participants were asked "How many standard alcohol drinks 

did you consume today?" adapted from the Alcohol Use Disorders Identification Test-

Concise. Participants reported the number of drinks consumed in the last 24 hours selecting 

from a scale: “0” to “7 or more” consistent with previous studies (381). 

For tobacco use, the daily number of cigarettes smoked was assessed using the item: 

"How many cigarettes did you smoke today?" consistent with previous daily study (381). 

In assessing daily fruits and vegetable intake, participants were asked; “How many 

servings of fruits did you consume today?” taken from the Australian National Health Survey 

(192). The item was repeated for vegetables and participants selected from a scale: 0=none to 

6= serves or more. An example of a serving of fruit was given as 1/2 cup and a serving of 

vegetable was indicated as 1 cup of leafy green or raw salad vegetable.  

For physical activity, participants were asked "How many minutes did you do 

moderate or vigorous physical activities outside of work for at least 10 minutes at a time 

today?" adapted from the International Physical Activity Questionnaire-short form (188) and 

consistent with a previous EMA study (384). Examples of moderate activities were given as 

“bicycling, brick walking” and vigorous activities such as aerobics, running, and sports.  

Affects. Daily positive and negative affects were measured with the PANAS-X (386). 

Three affect indices; positive, anxious, and depressed were measured. Two positive emotions; 

happy and excited (Spearman Brown = 0.85), two negative anxious emotions; nervous and 

worried (Spearman Brown = 0.88) and another two negative emotions; sad and lonely 

(Spearman Brown = 0.86) were used to measure positive, anxious and depressed affect 

respectively. For each item, participants were asked “How [e.g., happy] did you feel today?” 

and the given feelings in the last 24 hours were rated on the scale: ‘0=not at all to 
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4=extremely’. The average of the relevant items was calculated to create a composite score 

each for daily positive affect, daily negative affect (anxious) and daily negative affect 

(depressed mood), consistent with a previous EMA study (405). 

Job demands and resources. Job demand assessed was workload, which is said to be a 

usual demand experienced by workers (388). The job resources assessed included job 

autonomy and social support, which are indicated as significant resources (390). Participants 

responded to all the items on a 7-point rating scale: 1=strongly disagree to 7 = strongly agree 

and later recoded as 0=strongly disagree to 6 = strongly agree.  

Daily workload was assessed with the 2 items: “Today, my workload was too heavy” 

and “Today, I did not have enough time to do my work to the best of my ability” adapted from 

the Job Content Questionnaire and as used in a previous study (51). A composite score for 

daily workload was determined by calculating the average of the items (Spearman Brown = 

0.85). 

For daily job autonomy, 2 items of the Work Design Questionnaire (391) were used. The 

items were: “Today, I had autonomy to decide on the order in which things are done on my 

job” and “Today, I had autonomy in making decisions on my job”. The average of the items 

was calculated to create a composite daily job autonomy score (Spearman Brown = 0.93). 

  Daily social support was measured with the item: “Today, I felt others were 

supportive” adapted from a prior study (51) (see Appendix D for questionaire).  

9.3.3 Data analysis  

Multilevel data analyses were conducted using SPSS version 28. Descriptive 

statistics: means, standard deviations, and Spearman’s correlations between the study 

variables were done. Intraclass correlation coefficients (ICCs) were calculated to estimate the 

attribution of variance between persons (Panels plots of daily data are presented in Appendix 



270 
 

J: Supplementary Information S15). Tobacco use as a dependent variable was excluded as a 

small number of the participants (n= 8) reported smoking. 

 The study examined the relationship between each of the three affects (positive, 

anxious, and depressed affects) and 4 health behaviours (sleep quality, alcohol intake, fruits 

and vegetable intake and physical activity) and FIFO work shift periods (i.e., on-and off-

shift). To test this relationship, seven separate models with daily reports (Level 1) nested 

within persons (Level 2) were fitted. The question asked was: Are there differences in daily 

affects and health behaviours when the FIFO worker is at work (on-shift days) and present at 

home (off-shift days)?  

Secondly, the relationships between each of the three affects and 4 health behaviours 

and job demand-resource factors were examined. To test these relationships, another seven 

separate models with daily reports (Level 1) nested within persons (Level 2) were fitted. The 

question asked was: Do higher workload, job control and social support predict affects and 

health behaviours? Positive, anxious and depressed affects, sleep quality, alcohol intake, 

fruits and vegetable intake, and physical activity were the dependent variables across models. 

Alcohol and physical activity were converted into categorical variables: alcohol intake (days 

with no intake of alcohol (0) and days with intake of at least 1 standard drink (1)), and 

physical activity (less than 30 minutes of physical activity (0) and at least 30 minutes of 

moderate-to-vigorous physical activity), as their distributions showed zero-inflation. For 

sleep quality, day 1 assessments were removed for each participant to create a lag sleep 

quality variable so that same-day job demand and resource factors predict the next day's sleep 

quality. Spaghetti plots of the within-person relationships are presented in Appendix J: 

Supplementary Information S16.  

Thirdly, the interaction of job control and social support with shift periods were 

tested: we tested whether the within-person effect of job control and social support on 
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outcomes was moderated by the FIFO worker’s present at home (off-shift days) or at work 

(on-shift days). 

Linear models were fitted for positive, anxious and depressed affects and sleep 

quality.  A generalized linear model using a negative binomial distribution with a log link 

function was fitted for fruit and vegetable intake and that using binomial distributions with a 

logit link function was fitted for alcohol and physical activity. Predictors were entered as 

person mean-centred variables (Level 1) to examine the within-person differences and as 

grand mean-centred variables (Level 2) to examine the between-person differences. Models 

adjusted for the covariates including age, FIFO partner’s shift pattern and shift length, 

partner’s duration in FIFO role, and FIFO partner’s consecutive days spent at work and home 

entered as level-2 predictors. Models allowed for fixed and random effects of FIFO shift 

periods (on-shift vs off-shift) and random intercepts and used robust standard error 

estimation. Models did not converge with random slopes, and as such were omitted. An 

unstructured covariance matrix was used to estimate random effects and a first-order 

autoregressive covariance matrix was used to estimate residuals. A full information 

maximum likelihood estimation was specified to account for missing data. A statistical 

significance was set at p<.05. Full tables for all models are reported in full in Appendix J: 

supplementary information S17. 

9.4 Results  

9.4.1 Descriptive statistics  

The descriptive statistics of the study variables are presented in Table 23. Of the 

possible 1232 assessments, the 44 included sample responded to 891 of the assessments 

(72.3%). Study participants completed 20.25(SD=7.56) days of the assessments; completing 

12.02 (SD=5.76) assessments during on-shift days and 8.23 (SD=4.83) during off-shift days. 
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Study participants reported positive affect (M= 1.73, SD=1.01, range 0-4) at modest 

levels and anxious (M= 0.91, SD=1.11, range 0-4) and depressed (M= 0.98, SD=1.20, range 

0-4) affects at low levels. The study participants indicated consuming less alcohol (M= 0.70, 

SD=1.43 standard drinks) and fruits and vegetables (3.58, SD=2.12 servings) per day. 

Participants indicated undertaking 18.75(SD=23.84) minutes of moderate to vigorous 

physical activities per day and reported fairly good sleep quality (M=1.65, SD=0.88, range 0-

3).  

The ICCs demonstrated that within-person variation accounted for between 38% and 

80% of the variance in the study variables. The largest daily variability was seen in alcohol 

intake, sleep quality and physical activity as between 20% and 28% of the daily variability in 

these outcomes being explained by individual differences (Table 23).  
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Table 23. Between-person correlations of daily variables in partners 

Parameters M(SD) ICC 1 2 3 4  5 6 7 8 9 10 11 

1. Positive affect (0-4) 1.73(1.01) 0.35 1           

2. Anxious affect (0-4) 0.91(1.11) 0.57 -0.49*** 1          

3. Depressed affect (0-4) 0.98(1.20) 0.52 -0.67*** 0.67*** 1         

4. Job demand (0-6) 2.09(1.62) 0.43 -0.27*** 0.35*** 0.23*** 1        

6. Job control (0-6) 4.05(1.61) 0.49 0.26*** -0.36*** -0.27*** -0.48*** -0.49*** 1      

7. Social support (0-6) 3.83(1. 67) 0.51 0.49*** -0.47*** -0.47*** -0.36*** -0.33*** 0.34*** 1     

8. Standard alcohol drinks/day 0.70(1.43) 0.20 0.19*** -0.12*** -0.11*** -0.11** -0.10** 0.03 0.07* 1    

9. Minutes of MVPA/day 18.75(23.84) 0.28 0.17*** -0.11*** -0.12*** 0.06 0.11** 0.04 -0.00 0.04 0.02 1  

10. Sleep quality (0-3) 1.65(0.88) 0.20 0.43*** -0.45*** -0.45*** -0.15*** -0.12*** 0.22*** 0.32*** 0.00 0.01 0.11** 1 

11. Fruits and vegetables (serves/day) 3.58(2.12) 0.62 0.11*** -0.12*** -0.20*** -0.02 0.01 -0.06 0.05 0.10** -0.28*** 0.09 0.08* 

*p<0.05, p<0.01, p<0.001; Note: Numbers in parentheses alongside parameter labels represent the range of possible scores on that measure 

M = Mean; SD = Standard deviation; ICC = Intra-class correlation, MVPA==moderate to vigorous physical activity 
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9.4.2 Effect of FIFO partner’s shift periods on affect and health behaviours 

Depressed affect was significantly higher during on-shift compared to off-shift days 

(γ = 0.50, SE=0.16, 95%CI= 0.17, 0.83, p=.004). Positive affect approached significance, 

where participants show low levels during on-shift compared to off-shift days (γ = -0.24, SE= 

0.12, 95%CI= -0.50, 0.01, p=.058). On health behaviours, participants’ alcohol intake tended 

to be less alcohol during on-shift compared to off-shift periods (Exp(γ)= 0.35, 95%CI= 0.22, 

0.57, p<.001). However, anxious affect, fruit and vegetable intake, and physical activity 

showed no significant differences during on-and off-shift periods (Tables 24 and 25). Figures 

11 and 12 show boxplots of the average health outcomes over on-and off-shift periods. 
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Figure 11. Boxplots of the average daily alcohol intake, fruit and vegetable intake, and sleep quality of partners of FIFO workers during on-shift 

and off-shift days. 
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Figure 12. Boxplots of the average daily physical activity time, positive affect, anxious affect and depressive mood of partners of FIFO workers 

during on-shift and off-shift days. 
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Table 24. Multilevel linear models on the effect of shift period on affects and sleep quality in partners 

Parameter    Anxious affect Depression affect Positive affect Sleep quality 

γ(SE) 95%CI p-value γ(SE) 95%CI p-value γ(SE) 95%CI p-value γ(SE) 95%CI p-value 

Fixed effects             

Intercept  0.45(0.26) -0.07, 0.97 0.090 0.45(0.24) -0.03, 0.94 0.064 2.19(0.31) 1.56, 2.83 <0.001 2.19(0.20) 1.79, 2.60 <0.001 

Shift period 0.17(0.12) -0.06, 0.41 0.144 0.50(0.16) 0.17, 0.83 0.004 -0.24(0.12) -0.50, 0.01 0.058 -0.10(0.10) -0.30, 0.11 0.344 

Random Effects              

Intercept  0.13(0.05) 0.06, 0.27 0.007 0.10(0.04) 0.05, 0.23 0.016 0.21(0.07) 0.11, 0.41 0.004 0.05(0.03) 0.02, 0.15 0.069 

Shift period 0.30(0.10) 0.16, 0.59 0.003 0.70(0.20) 0.40, 1.24 <0.001 0.33(0.12) 0.17, 0.67 0.005 0.17(0.07) 0.08, 0.36 0.011 

Residual             

AR1 diagonal 0.44(0.03) 0.40, 0.50 <0.001 0.40(0.02) 0.36, 0.45 <0.001 0.50(0.03) 0.44, 0.56 <0.001 0.56(0.03) 0.50, 0.63 <0.001 

AR1 rho 0.11(0.05) 0.03, 0.20 0.012 0.16(0.05) 0.07, 0.25 <0.001 0.21(0.05) 0.12, 0.30 <0.001 0.12(0.05) 0.02, 0.21 0.015 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 

Shift period: on-shift days (1) vs off shift days (0) of a FIFO roster cycle 

Models adjusted for covariates: day of assessment (centred at day 14), age, have children, employment status, duration spent in FIFO, partner’s FIFO role, partner’s shift 

pattern, partner’s shift hours, partner’s days spent at home, partner’s days spent at work 
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Table 25. Generalised linear mixed models of fixed effects of shift period on behaviours in partners 

Parameter Alcohol intake¥ Fruits and vegetableФ Physical activity¥ 

Exp(γ) 95%CI p-value Exp(γ) 95%CI p-value Exp(γ) 95%CI p-value 

Fixed Effects          

Intercept  0.11 0.01, 1.09 0.059 2.47 1.08, 5.62 0.032 0.23 0.06, 0.88 0.031 

Shift period (off-shift vs on-shift) 0.35 0.22, 0.57 <0.001 1.02 0.95, 1.10 0.559 1.26 0.63, 2.49 0.513 

Random Effects*  σ2(SE)   σ2(SE)   σ2(SE)   

Intercept  2.97(1.20) 1.34, 6.57 0.014 0.35(0.12) 0.18, 0.67 0.002 2.64(1.16) 1.11, 6.25 0.023 

Shift period 0.29(0.43) 0.02, 5.58 0.510 - - - 2.15(0.96) 0.90, 5.17 0.025 

Residual**           

AR1 diagonal 0.81(0.05) 0.72, 0.91 <0.001 0.43(0.03) 0.37, 0.50 <0.001 0.77(0.05) 0.68, 0.86 <0.001 

AR1 rho 0.16(0.05) 0.07, 0.25 <0.001 0.41(0.05) 0.31, 0.51 <0.001 0.15(0.05) 0.06, 0.24 0.001 

Alcohol intake: yes=1, no=0; fruits and vegetable intake: serves taken; physical activity: less than 30 minutes=0, at least 30 minutes=1 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 
¥Logistic models 
ФNegative binomial log model 

Shift period: on-shift days (1) vs off shift days (0) of a FIFO roster cycle 
aRandom effect of shift period did not fit with covariance and when estimating variances only (diagonal) in the model predicting fruits and vegetable intake and 

was omitted 

Models adjusted for covariates: day of assessment (centred at day 14), age, have children, employment status, duration spent in FIFO, partner’s FIFO role, 

partner’s shift pattern, partner’s shift hours, partner’s days spent at home, partner’s days spent at work 
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9.4.3 Within and between-person effects of job demand, job control and social on affect 

and health behaviour 

For anxious affect, a significant positive within-person association was found between 

anxious affect and workload (γ = 0.09, SE=0.02, 95%CI= 0.04, 0.13, p<.001), which 

indicated that participants who had a higher job demand (workload) than their daily average 

had a higher daily anxious affect. On the other hand, significant negative within-persons 

associations were observed between job control and social support and anxious affect. In that, 

on days participants had higher job control (γ = -0.05, SE=0.03, 95%CI= -0.10, -0.01, 

p=.031) and social support (γ = -0.09, SE= 0.07, 95%CI= -0.13, -0.04, p<.001) than their 

daily average, they reported low levels of anxious affect. Similarly, significant negative 

between-persons associations were also observed between job control (γ = -0.15, SE=0.07, 

95%CI=-0.30, -0.01, p=.043) and social support (γ = -0.19, SE=0.07, 95%CI= -0.33, -0.06, 

p=.006) and anxious affect. In the model predicting depressed affect, there was a significant 

negative within-person association between social support and depressed affect, which 

showed that participants who received higher social support than their daily average had low 

levels of depressed affect (γ = -0.19, SE= 0.02, 95%CI= -0.23, -0.15, p<.001). Likewise, 

there was also a significant negative between-person association between social support (γ = -

0.20, SE=0.05, 95%CI=-0.301, -0.09, p=<.001) and depressed affect. For positive affect, 

significant positive within-person associations were found between job control (γ = 0.05, SE= 

0.02, 95%CI=0.001, 0.09, p=.047) and social support (γ = 0.19, SE=0.02, 95%CI= 0.14, 0.24, 

p<.001) and positive affect, showing that participants who had higher job control and social 

support than their daily average had a higher daily positive affect. The between-person main 

effects of social support approached statistical significance (γ = 0.18, p=.053) in the model. 

The model predicting sleep quality showed no significant within-person associations, 

but a significant positive between-person association between social support (γ = 0.19, SE= 
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0.07, 95%CI=0.06, 0.33, p=.007) and sleep quality. The results indicated that, on average, 

participants who experienced higher levels of social support than their counterparts reported 

good sleep quality (Table 26). 

For alcohol intake, there was a significant association between within-person social 

support and alcohol consumption (Exp(γ)= 1.34, 95%CI=1.10, 1.63, p=.003), such that with a 

1-unit increase in social support received there was a 34% increase in alcohol intake. 

Furthermore, the models predicting fruit and vegetable intake and physical activity showed 

no significance predicting the main effects of workload, job control and social support (Table 

27). 

9.4.4 Interaction between job demand, job control, social support and roster phase in 

predicting health outcomes 

The results showed significant interaction between within-person social support and roster 

phase in predicting positive affect and alcohol intake. The effect of daily social support on 

positive affect was lower on days that FIFO workers are absent (γ= -0.10, SE=0.05, 95%CI= 

-0.19, -0.001, p=.047). Similarly, partners at a high level of daily social support showed 

reduced odds of alcohol intake on days when FIFO workers are absent (γ=-0.56, SE=0.28, 

Exp(γ)= 0.57, 95%CI=0.33, 0.99, p=.046). Significant interaction was also shown between 

within-person workload and roster phase in predicting fruits and vegetable intake. Partners at 

a high level of daily workload showed increased odds of fruits and vegetable intake on days 

when FIFO workers were absent (γ= 0.06, SE=0.02, Exp(γ)= 1.06, 95%CI=1.01, 1.11, 

p=.046). Further, results showed significant interaction between within-person job control 

and roster phase in predicting sleep quality. The effect of daily job control on sleep quality 

was lower on days that FIFO workers were absent (γ= -0.15, SE=0.06, 95%CI= -0.27, -0.03, 

p=.015). There were no significant interactions between within-person workload, job control 
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and roster phase in predicting depressed and anxious affects and physical activity. For tables 

presenting full results,  see Appendix  J: Supplementary Information S16.
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Table 26. Multilevel linear models of within- and between-person fixed effects of psychosocial factors on affects and sleep quality in partners 

Parameter   Anxious affect Depressed affect Positive affect Sleep quality 

γ(SE) 95%CI p-value γ(SE) 95%CI p-value γ(SE) 95%CI p-value γ(SE) 95%CI p-value 

Fixed effects             

Intercept  0.74(0.20) 0.33, 1.15 <0.001 0.78(0.17) 0.44, 1.13 <0.001 1.90(0.28) 1.33, 2.47 <0.001 2.11(0.22) 1.67, 2.55 <0.001 

Shift period 0.13(0.12) -0.11, 0.36 0.282 0.45(0.17) 0.12, 0.79 0.010 -0.21(0.12) -0.45, 0.02 0.072 -0.10(0.10) -0.30, 0.10 0.305 

Aggregate 

workload 

(between-

persons) 

-0.02(0.09) -0.20, 0.16 0.800 -0.02(0.07) -0.17, 0.13 0.793 -0.03(0.12) -0.28, 0.23 0.831 0.15(0.09) -0.03, 0.33 0.101 

Daily workload 

(within-person) 

0.09(0.02) 0.04, 0.13 <0.001 0.00(0.02) -0.04, 0.04 0.826 -0.03(0.02) -0.07, 0.01 0.172 0.04(0.03) -0.01, 0.10 0.113 

Aggregate Job 

control (between-

persons) 

-0.15(0.07) -0.30, -0.01 0.043 -0.08(0.06) -0.20, 0.04 0.176 0.10(0.10) -0.10, 0.31 0.306 0.11(0.07) -0.04, 0.25 0.156 

Daily Job control 

(within-person) 

-0.05(0.03) -0.10, -0.01 0.031 -0.01(0.02) -0.06, 0.03 0.543 0.05(0.02) 0.001, 0.09 0.047 -0.01(0.03) -0.07, 0.05 0.752 

Aggregate social 

support (between 

-persons) 

-0.19(0.07) -0.33, -0.06 0.006 -0.20(0.05) -0.31, -0.09 <0.001 0.18(0.09) -0.002, 0.37 0.053 0.19(0.07) 0.06, 0.33 0.007 

Daily social 

support (within-

person) 

-0.09(0.07) -0.13, -0.04 <0.001 -0.19(0.02) -0.23, -0.15 <0.001 0.19(0.02) 0.14, 0.24 <0.001 -0.02(0.03) -0.08, 0.03 0.415 

Random Effects  σ2(SE)   σ2(SE)   σ2(SE)   σ2(SE)   

Intercept  0.05(0.03) 0.02, 0.15 0.063 0.02(0.02) 0.00, 0.16 0.407 0.14(0.05) 0.07, 0.29 0.009 0.04(0.03) 0.01, 0.15 0.147 

Shift period 0.31(0.10) 0.16, 0.58 0.002 0.74(0.21) 0.43, 1.29 <0.001 0.28(0.10) 0.14, 0.58 0.007 0.13(0.06) 0.05, 0.33 0.041 

Residual             

AR1 diagonal 0.41(0.03) 0.37, 0.46 <0.001 0.36(0.02) 0.32, 0.41 <0.001 0.44(0.03) 0.38, 0.50 <0.001 0.54(0.04) 0.48, 0.62 <0.001 

AR1 rho 0.12(0.05) 0.03, 0.21 0.011 0.20(0.05) 0.20(0.05) <0.001 0.22(0.05) 0.13, 0.31 <0.001 0.10(0.05) -0.01, 0.20 0.071 

Anxious affect (0=not at all to 4=extremely), depressed affect (0=not at all to 4=extremely), positive affect (0=not at all to 4=extremely), sleep quality (0=very poor to 3=very good) 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 

Shift period: on-shift days (1) vs off shift days (0) of a FIFO roster cycle 

Models adjusted for covariates: day of assessment (centred at day 14), age, have children, employment status, duration spent in FIFO, partner’s FIFO role, partner’s shift pattern, 

partner’s shift hours, partner’s days spent at home, partner’s days spent at work 
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Table 27. Generalised linear mixed models of within- and between-person fixed effects of psychosocial factors on health behaviours of partners 

Parameters  Alcohol intake¥  Fruits and vegetableФ  Physical activity¥  

Exp (γ) 95%CI p-value Exp (γ) 95%CI p-value Exp (γ) 95%CI p-value 

Fixed Effects          

Intercept  0.10 0.01, 0.64 0.015 2.53 1.35, 4.75 0.004 0.20 0.04, 0.90 0.036 

Shift period (on-shift vs off-shift) 0.38 0.24, 0.60 <0.001 1.02  0.95, 1.09 0.618 1.29 0.64, 2.61 0.483 

Aggregate workload (between-

persons) 

2.07 0.83, 5.13 0.117 1.01 0.74, 1.36 0.975 1.71 0.92, 3.18 0.088 

Daily workload (within-person) 0.99 0.83, 1.18 0.913 1.01 0.98, 1.03 0.653 0.95 0.81, 1.13 0.567 

Aggregate job control (between- 

persons) 

1.06 0.60, 1.89 0.836 0.90 0.74, 1.09 0.293 1.75 0.80, 3.84 0.160 

Daily job control (within-person) 0.97 0.80, 1.18 0.778 0.98 0.95, 1.01 0.235 1.00 0.84, 1.18 0.954 

Aggregate social support (between- 

persons) 

1.28 0.61, 2.68 0.512 1.00 0.81, 1.24 0.996 1.04 0.67, 1.63 0.865 

Daily social support (within-person) 1.34 1.10, 1.63 0.003 1.02 0.99, 1.05 0.257 1.10 0.97, 1.26 0.145 

Random Effects* σ2(SE)   σ2(SE)   σ2(SE)   

Intercept 3.40(1.42) 1.49, 7.72 0.017 0.39(0.14) 0.20, 0.78 0.004 3.13(1.45) 1.26, 7.76 0.031 

Shift perioda _- - - - - - 2.16(0.98) 0.88, 5.25 0.028 

Residual**           

AR1 diagonal 0.87(0.05) 0.77, 0.97 <0.001 0.42(0.03) 0.36, 0.49 <0.001 0.76(0.05) 0.68, 0.86 <0.001 

AR1 rho 0.17(0.04) 0.09, 0.26 <0.001 0.40(0.05) 0.29, 0.49 <0.001 0.16(0.05) 0.06, 0.25 <0.001 

Alcohol intake: yes=1, no=0; fruits and vegetable intake: serves taken; physical activity: less than 30 minutes=0, at least 30 minutes=1 

SE=standard error; CI=confidence interval 

*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 
¥Logistic models 
ФNegative binomial log model 

Shift period: on-shift days (1) vs off shift days (0) of a FIFO roster cycle 
aRandom effects of shift period did not fit with covariance and when estimating variances only (diagonal) in models predicting alcohol and fruits and vegetable intake 

and was omitted 

Models adjusted for covariates: day of assessment (centred at day 14), age, have children, employment status, duration spent in FIFO, partner’s FIFO role, partner’s 

shift pattern, partner’s shift hours, partner’s days spent at home, partner’s days spent at work 
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9.5 Discussion 

9.5.1 Summary of main findings 

The study indicates significant variations in depressed affect and alcohol consumption 

during the on-and off-shift periods of the FIFO work cycle. The study also indicated daily 

increases in workload to be associated with anxious affect whereas daily increases in job 

control and social support were associated with low depressed affect and positive affect. A 

daily increase in social support was also found to be associated with an increase in daily 

alcohol intake. 

9.5.2 Variability in psychological states and health behaviours across FIFO work cycle 

(on-and off-shifts) 

Depressed affect was found to be significantly higher during on-shift than on off-shift 

days. Separations from partners occasioned during on-shift days are suggested to create 

physical and a sense of psychological distance, which is indicated as a source of distress for 

partners (15). Again, partners in the absence of FIFO workers are indicated to experience 

distress as they are faced with increased demands from the extra domestic roles including 

sole parenting (15,305). The study found no differences in anxious affect but showed partners 

may experience positive affect during off-shift days (p=.058). Regular and reliable 

communication between workers and their partners is indicated to foster interactions and 

family relationships (15,307). Furthermore, supporting partners, for instance through training, 

to develop skills to cope with the increased demands and emotional strains that accompany 

family separation during work periods may be needed (287). 

On health behaviours, similar to the findings in a previous daily study (13) alcohol 

intake tended to be less during on-shift periods. Evidence has linked the consumption of 

alcohol in partners to the intake of alcohol in their spouses (322) since drinking alcohol is 

usually considered a social activity influenced by friends and family (319). The high intake of 
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alcohol observed during off-days in partners could be attributed to the high level of alcohol 

consumption indicated among FIFO workers during off-shift days (40). This finding suggests 

that interventions targeted at addressing risky alcohol intake among FIFO workers may be 

extended to their partners and consider the contextual factors of alcohol drinking at home.  

The study found no differences in sleep quality, fruit and vegetable intake and 

physical activity during on-and off-shift days. These findings do not align with a previous 

daily study, which has indicated poorer sleep quality, nutrition quality and less exercise 

during on-shift compared to off-shift days (13). While taking note of the differences in 

samples and measurements that may exist between the studies, further research into the 

impact of a FIFO work cycle on the daily health behaviours of partners of workers is 

warranted. 

9.5.3 Workload, job control and social support on affects and health behaviours 

The study indicated that participants who had a higher daily workload experienced 

higher daily anxious affect. Previous daily studies have similarly documented daily workload 

to be positively associated with daily negative emotions in different populations (371,372). 

As noted by the JD-R model, high workload demands need great effort expenditure and could 

drain workers' mental and physical resources, which could result in exhaustion and strain 

(38). Negative emotions have been indicated to be widely associated with job stressors (371). 

Importantly, this study is the first to demonstrate the effect of partners’ workload on their 

well-being and findings have shown the significance of day-to-day workload in determining 

the daily psychological state of partners of FIFO workers. This suggests interventions could 

help partners of FIFO workers manage their daily experiences of workload, particularly 

during on-shift periods of a FIFO work cycle where increased demands from extra and 

multiple roles are indicated (15). Such interventions could include, as suggested earlier, 
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assisting partners to develop their stress management and coping competencies to deal with 

the emotional strains associated with the increases in demands during work periods. 

In line with documented evidence in previous literature (394), this study revealed that 

daily increases in job control were associated with daily low levels of anxious and depressed 

affects and daily increases in positive affect. Similarly, daily increases in social support were 

associated with daily low levels of anxious and depressed affects, and daily increases in 

positive affect, consistent with the finding of a previous daily study in a different population 

(406). These findings align with the motivational process of the JD-R model, which 

postulates that job resources promote engagement and reduce the psychological costs of job 

demands (38). Job resources are indicated to support effective coping (407). It is suggested 

that job control and social support facilitate active problem-solving as a strategy for coping 

with work demands, hence promoting well-being (408). Daily social support, for example, 

can assist individuals in managing the demands of their challenging jobs by offering them 

both practical/instrumental assistance and safeguarding them from the negative effects of 

stress (409). Again, our findings have indicated the significance of daily control and social 

support in determining the day-to-day psychological well-being of the partners of FIFO 

workers. Practically, interventions could target enabling partners to identify and increase 

available controls and social support (408) through increasing social networks (15). 

Interventions could also encourage partners to solve problems through available control and 

social support (408), particularly during on-shift periods of FIFO workers where there is 

increased in demands from the extra domestic roles (15).  

On health behaviours, our study indicated increases in daily social support were 

associated with increased alcohol consumption. A similar finding has been documented in 

college students (410). Social motives are indicated to be among the important reasons for 

alcohol use and social camaraderie has been indicated to be related more strongly to alcohol 
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use than stress-relieving coping mechanisms (411). Again, evidence suggests drinking more 

could be used to promote interpersonal interactions in persons with high self-esteem (412). 

Specific social support from friends and family is also indicated to have a negative effect on 

substance use if the interactions negatively encourage alcohol consumption (413). Partners of 

FIFO workers have indicated  receiving social support from FIFO workers and peer social 

networks (15), and FIFO workers are indicated to consume high levels of alcohol, 

particularly during off-shift days providing the social context for alcohol consumption in 

partners. This finding suggests interventions could target the social contextual factors (social 

motives) in addressing alcohol consumption among partners of FIFO workers and not 

necessarily only target stress-coping mechanism by increasing social support.  

The study found daily workload, job control and social support not to be significantly 

associated with sleep quality, fruit and vegetable intake and physical activity. However, 

previous studies have documented the effects of job demands and resources on various health 

behaviours in other populations (e.g., (377,398). This study is the first to examine the effects 

of workload, job control and social support on the health behaviours of partners of FIFO 

workers and further investigations are needed to further explore the effect of daily job 

demands and resources on the health behaviours of partners of FIFO workers. 

9.5.4 Interactions between workload, job control, social support and roster phase on 

affect and health behaviours 

FIFO roster phases are indicated to be distinct and characterised by different 

schedules and responsibilities for partners of workers (15). For instance, there is the 

indication of increased workload/demands during on-shift periods of the roster phase when 

partners have to up additional responsibilities in addition to their own jobs (15) and as such 

effects of such factors on health may be profound during on-shift periods. There was 

evidence for interaction between job factors including workload, job control and social 
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support and roster phase in predicting positive affect, sleep quality, and intake of alcohol and 

fruits and vegetable in partners. However, the finding may not align with the above stated 

notion of the possible profound effect of suggested increase in workload in the absence of 

workers, as high workload was associated with more fruits and vegetable intake. On the other 

hand, findings suggest the effects of job resources (including control and support) that may 

mitigate the negative effects of job demands were mixed, but may be lowered in the absence 

of workers. The effect of daily social support on positive affect was lower but showed a 

positive effect in reducing the odds of alcohol intake on days when FIFO workers are absent. 

The effect of daily job control on sleep quality was also lower on days that FIFO workers are 

absent. This is the first known study to examine the interactive effect of day-specific demand 

and resources on health outcomes in partners of FIFO workers and further studies may 

therefore be needed. 

9.5.5 Strengths and limitations 

This study is to the best of our knowledge the first to examine the variability in 

psychological states over and across FIFO work periods among partners of FIFO workers. It 

is also the first to examine the effects of workload, job control and social support on the 

psychological states and health behaviours of the partners of FIFO workers applying within-

person study design. 

However, some limitations to the study are identified. Despite the advantages diary 

surveys have over a snapshot cross-sectional survey, causal interpretations of findings are 

limited in this study. Daily measures were reported at the end of the day, summarising 

participants’ feelings and behaviours over the day. However, within-day variability has been 

shown in variables including affects (374) and may warrant more intensive assessment 

designs to capture the existing temporal dynamics in such variables. The study's reliance on 

self-reported measures of affects and health behaviours may fail to accurately capture 
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participants' experiences and health-related behaviours. Short or single questions were chosen 

to measure affects and health behaviours to maintain brevity, however, such items are likely 

to vary over time (377). A smaller number of participants was included in the study and that 

may limit the extent to which the findings of the study could be generalised.  

9.6 Conclusion  

The study has shown partners of FIFO workers experience higher daily depressed 

affect during on-shift days compared to off-shift days and consume more alcohol during off-

shift days than during on-shift days. The study indicated daily increases in workload to be 

associated with anxious affect whereas daily increases in job control and social support were 

associated with low depressed affect and positive affect. Daily increases in social support 

were also found to be associated with increases in daily alcohol intake. Interventions could 

support partners manage their daily workload and increase and encourage the execution of 

job controls and social support networks. Further within-person design studies are required to 

provide a further in-depth understanding of the effect of daily conditions on health, 

particularly the health behaviours of partners of FIFO workers. 

9.7 Summary and link to other chapters 

This Chapter has described the multilevel analysis of psychological states and health-

related behaviours showing significant within-person variability of the affect states 

(depressed affect) and health-related behaviours (alcohol) and job demand, control and social 

support as significant predictors over a FIFO work roster among partners of FIFO workers. 

The next chapter provides a general summary and discussion of the key findings of the 

research presented in this thesis. 
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Chapter 10: General discussion and conclusion 

10.1 Overview of the chapter  

This thesis presents an in-depth research on health-related outcomes in FIFO workers 

and their families. This research is one of the first studies to evaluate health-related work 

productivity loss cost specifically in FIFO workers and use within-person design to examine 

job stress factors and test the moderation (buffering) of job resources on the effect of job 

demands on health outcomes of workers and their partners across the FIFO roster cycle. 

Through the included published work, this research has highlighted a number of important 

findings worthy of consideration. 

This chapter summarises the key findings of the research in the context of other literature 

and current Australian occupational health policy and recommendations for FIFO work 

arrangements. It also outlines the strengths and limitations of the research and describes 

implications for policy, practice and future research in FIFO work arrangements. Figure 13 

presents an overview of the key findings relevant to each research objective and implications. 
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Figure 13. Overview of the key findings relevant to each research objective and implications 

.
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10.2 Summary and discussion of key findings of the research program 

10.2.1 Worldwide evidence on the key health outcomes related to FIFO work among 

workers and their families 

Results from the first two systematic reviews (chapters 2 and 5) showed a higher 

prevalence of psychological distress in onshore FIFO workers than in offshore FIFO workers 

and the general population. FIFO workers generally perceived their physical health status as 

good and reported a high prevalence of physical activity. However, they also reported a high 

prevalence of overweight and obesity and perceived poor nutrition on worksites. 

Furthermore, workers reported more sleep problems and higher levels of smoking during 

work periods; and higher alcohol intake during off-shift days. Previous reviews reported 

similar results on distress in onshore and sleep, smoking and alcohol intake in offshore 

rotation workers (7,74).  

The results from the reviews showed that the impact of rotation work on the mental 

health and well-being of partners and children of rotation workers though mixed, showed an 

overall tendency towards negative impacts. Findings suggested partners may experience 

greater loneliness and poorer sleep quality during on-shift days, and children's emotions and 

behaviours may be negatively affected by FIFO work arrangements. Similar observations 

have also been made in previous reviews (7,22) and a recent study, which indicated children 

show mixed (positive and negative) emotions and behaviours in adjusting to the rotation 

workers’ transition to work and back home (414). 

10.2.2. Psychological well-being, physical health and behaviours of FIFO workers and 

their partners over the course of a FIFO roster cycle 

Given the research gaps identified in the reviews, two studies were carried out with 

cross-sectional designs to examine the psychological well-being, physical health, and health-

related behaviours of FIFO workers (Chapter 3) and their partners (Chapter 6) across a FIFO 
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roster cycle. The results demonstrated that FIFO workers and partners had a high prevalence 

of psychological distress, smoking, alcohol consumption and overweight/obese, and low 

intake of fruits and vegetables. The findings also showed that FIFO workers engaged in 

sufficient MET minutes of physical activity and had good physical health status. These 

results are in line with the findings from previous studies examining psychological distress 

(7,27,28,33,415), physical health (13,304), and health behaviours (7,35,99) of FIFO workers 

and their partners. The observed rates of psychological distress, smoking, alcohol intake and 

overweight/obesity are higher than reported in the general Australian population 

(194,201,213,332,416).  

The analysis also demonstrated longer sleep duration and better sleep quality, alcohol 

intake more often at risky levels, and higher vegetable intake during off-shift days, whereas 

engaging in more MET minutes of physical activity among workers during on-shift days. 

Partners reported shorter sleep duration, poorer sleep quality and smoking more cigarettes 

during on-shift days. These findings are consistent with the results of earlier studies 

(13,16,34,52). Working long shifts was associated with an increased risk of high 

psychological distress among FIFO workers. Similar to the results in previous studies among 

mining workers (29,215) and a recent study among FIFO workers (415).  

10.2.3 Cost of health-related work productivity loss among FIFO workers in the mining 

industry in Australia 

Whilst the chapters above provided new information about psychological distress, 

physical health and related behaviours among FIFO workers and their partners, it was also 

important to examine absenteeism and presenteeism among workers as a measure of the 

financial impact of their health on work productivity loss. The research results presented in 

Chapter 4 showed that among FIFO workers, a high risk for psychological distress, poor 

physical health, smoking, sleep problems, weight problems, risky alcohol intake, poor diet, 
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and insufficient physical activity was, on average, associated with 3.87% more productivity 

loss (absenteeism: 1.27% and presenteeism: 2.88%) than those with low risk. These findings 

were consistent with evidence from previous studies among the general mining population 

(47,232,239). The results showed that health and related behaviours account for an estimated 

annual additional productivity cost due to absenteeism of AUD 8.82 million, presenteeism of 

AUD 14.08 million and a total productivity loss of AUD 20.96 million per 1000 workers. 

Previous studies have documented comparable findings in the Australian general mining 

population (46,47,49). Furthermore, the results observed that a high risk of psychological 

distress, poor physical health, poor sleep and insufficient physical activity independently 

predicted work productivity loss. These findings align with existing studies' findings among 

the general working population (239,245,254,259,261–264,417).  

10.2.4 Within-person effects of job demands and resources on affective states and health 

behaviours of FIFO workers and their partners across the FIFO work cycle 

This research demonstrates significant levels of psychological distress and risky 

health behaviours among FIFO workers and their partners, highlighting cross-sectional 

differences in health-related behaviours across on-and off-shift periods of the FIFO lifestyle. 

The within-person analysis showed that workers (Chapter 8) had significantly lower positive 

affect, poorer sleep quality, and consumed less alcohol during on-shift compared to off-shift 

days. Partners (Chapter 9) also reported significantly higher depressed affect during on-shift 

days and alcohol consumption during off-shift days. Similar findings on sleep quality and 

alcohol intake are reported in previous daily studies among FIFO workers (13,393) and their 

partners (13) in Australia; however, this study is the first to examine affective states during 

on-and off-shift periods.  

Evidence (Chapter 8) showed that within-person job demand significantly predicted 

anxious affect. Within-person job control was a significant predictor of low anxious and 
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depressed affects, high positive affect, and increased daily physical activity and alcohol 

consumption among FIFO workers. Analysis also showed an interaction between job demand 

and control on anxious affect, depressed affect, sleep quality, and alcohol intake in FIFO 

workers, suggesting that the effect of job demand is weaker amid high job control.  

Furthermore, results in partners (Chapter 9) also indicated that daily increases in job 

demand were associated with anxious affect. In contrast, daily job control and social support 

increases were associated with low depressed affect and high positive affect. Further, a daily 

increase in social support was associated with increased daily alcohol intake among partners. 

Analysis also showed an interaction between job factors including workload, job control and 

social support and roster phase in predicting positive affect, sleep quality, and intake of 

alcohol and fruits and vegetable in partners, suggesting that the effects of job resources 

(including control and support) may be lowered in the absence of workers.  

Similarly, a daily study among construction FIFO workers in Australia has also 

indicated that within-person workload is positively associated with daily emotional 

exhaustion, and job autonomy is a significant predictor of daily work engagement (51). The 

finding in this current research broadly aligns with the health impairment, motivational and 

buffering effect processes of the job demand resource model (38). The health impairment 

process suggests that high job demands drain the psychological and physical resources of 

workers and may result in energy exhaustion and subsequently health problems whereas the 

motivational process proposes that job resources promote engagement and reduce the 

psychological costs of job demands (38). In the buffering effect process, the motivational 

factors are indicated the lessen the effects of the health impairment process of job demands 

(38). 
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10.3 Implications  

Addressing health challenges faced by FIFO workers should be essential for 

policymakers and resource industry management. In this regard, organisations should support 

interventions that identify, prioritise and mitigate against mental health issues and promote 

well-being and positive behavioural changes. The various chapters presented in this thesis 

provide a detailed discussion of the implications of the study findings. The broad implications 

of the research program are presented below. 

10.3.1 Policy and practice 

Psychological distress/mental health. The findings of this thesis demonstrate high 

levels of psychological distress in FIFO workers and their partners. These findings have 

shown psychological distress as a recurrent and ongoing concern among FIFO work 

populations (workers and partners). Evidence suggests that the intermittent presence and 

absence of FIFO workers can negatively impact at-home partners (64). These findings 

suggest the need for continuous efforts/interventions aimed at helping workers to adapt and 

maintain balance in life and promote the mental health and well-being of workers. The 

findings also suggest that policy and organisations wishing to promote the mental health and 

well-being of workers should extend support mechanisms to the families of the workers.  

Current policy and code of practice in Australia require FIFO organisations to create 

"a mentally healthy workplace”- meaning, “preventing or mitigating harm” (214) (p1). For 

instance, providing early support for workers showing signs of or experiencing distress (214). 

The research demonstrated long shift length, a key aspect of FIFO work, to be associated 

with high mental distress among workers. Long shift length is indicated to prolong exposure 

to job demands, and adverse physical conditions and reduced time for recreational activities 

(415). Interventions targeted at reducing longer shift length and adding more frequent and 

longer breaks could reduce distress experienced by workers.  
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Interventions/strategies could also include improved communication with families, 

and promoting a supportive environment (7,15). Individual and organizational focused 

interventions that enhance the coping skills of workers to deal with or manage job related 

stress have been indicated to improve the mental health of workers in the mining sector (418). 

Mindfulness-based and behavioural activation interventions (419,420) entailing training and 

developing stress coping skills/resiliency and behavioural activation (an aspect of cognitive 

behaviour therapy that assists distressed individuals to reconnect with possible/potential 

sources of positive reinforcement, develop task-driven objectives, decrease negative 

reinforcement trends and lower avoidance (421)) have been indicated to reduce symptoms of 

depression and anxiety among mining workers. Interventions could include developing 

training and mentoring programs to increase the capacity to understand and manage the 

demands and challenges of rotation work lifestyles (306) and to deal with the family demands 

among partners (305). Programs could also include developing workers' and partners' stress 

management skills and their ability to cope with the associated emotions around the 

intermittent presence and absence of spouses and demands of FIFO work (305,306).  

Employee Assistance Programs (EAP) (39,422) include increasing awareness and 

providing assistance on mental health problems have been indicated. Such peer-support 

networks that are able to identify at risk individuals and assist co-workers and families in 

identifying where to seek mental support have also demonstrated positive outcomes for FIFO 

workers and their families. Available onsite support programs such as onsite peer-based 

mental health programs (422) and chaplaincy and services such as counselling services 

(39,151) have the potential to help workers overcome the worry that they might lose their job 

if they seek help for mental health issues. Corporate chaplains or a modern “workplace 

chaplain” could include priests and laypersons with different training and religious (or non-

religious) backgrounds (146). Again, such programs can mitigate the stigmatisation and 
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workplace culture of masculinity associated with seeking help for mental health issues and 

promote the mental health and well-being of workers (151). 

Sleep and health behaviours. The findings of this thesis demonstrate relatively high 

levels of smoking, alcohol intake and sleep problems, and low consumption of fruit and 

vegetables in FIFO workers and their partners. Continued and strengthened 

efforts/interventions in addressing these high-risk health behaviours are needed. For instance, 

stress management programs (206,207), including mindfulness exercises and behavioural 

activations and interventions. Behavioural interventions could include behavioural change 

techniques such as action planning, coping planning, and habit formation to put healthy 

behaviours into practice to ensure that health behaviours during on- and off-shifts are 

optimised. Family members who are left at home could also be targeted with behavioural and 

social support interventions. Workers and partners could support each other emotionally 

through consistent and effective communication when the FIFO person is away. Furthermore, 

intervention could continue to emphasise the restriction of the availability of alcohol and 

increasing awareness of the negative health consequences of risky alcohol intake and 

smoking (423). Other interventions may include reducing long shift length. Reducing the 

length of long shifts could lessen workers' prolonged exposure to job demands, reduce their 

level of distress, and address the health behaviour problems that have been identified among 

FIFO workers. It has been shown that these behaviours may be primarily used as coping 

mechanisms for high levels of distress. The reduction of long shift length can increase off-

shift time to engage in recreational activities and rest/sleep and to reduced the accumulation 

of fatigue (415). FIFO work schedules that target delayed morning shift starts and allow for 

breaks and enough periods between shifts could also be considered to promote sleep for rest 

and recovery (52). 
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Within-person variability across on-and off-shift days. The research demonstrated 

substantial within-person variations in affective states, health behaviours, job demands, job 

control, and support over on-and-off FIFO work periods. Evidence indicates that policy and 

FIFO organisations acknowledge these within-person processes and actively screen and 

manage the daily variabilities in the work conditions and well-being of workers and their 

partners. The findings from the research also suggest that workplace interventions aimed at 

addressing the psychological states and behaviours of workers may also consider off-shift 

periods of the FIFO work cycle, particularly for health behaviours (e.g., alcohol intake) and 

also include the partners of these workers. 

Currently, the code of practice in Australia requires organisations "to protect and 

promote the health and well-being of workers", which includes "identifying then eliminating 

or minimising work-related psychosocial hazards by managing their associated risks” 

p1(214). Interventions should target creating work environments that minimise the negative 

aspects of rotation workstyle and maximise the positive aspects to support rotation workers to 

reduce job stress and promote health. This research suggested ongoing strategies and 

interventions that identify and address high job demand (e.g., workload). FIFO organisations 

could implement strategies that seek to enhance job control, including work redesign 

interventions such as empowerment and self-managing work teams (or self-managing teams) 

to deal with strenuous job demands (403) efficiently. With self-managing teams, jobs are 

reconfigured for workers to increase role coordination and additionally, empowered them to 

take charge of a variety of supervisory responsibilities (424). Usually, members of the team 

share responsibility for accomplishments, have autonomy in task distribution and work 

schedule, can carry out multiple roles simultaneously, coach each other to acquire different 

job skills, assess each other's contributions, and are accountable for the overall quality of 

work produced by the team (424). Self-managing teams have been indicated to be more 
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effective compared to conventional-managed groups (425);  increasing proactivity of workers 

(426), job autonomy (427) and job satisfaction (424). For instance, a self-managing team 

approach (e.g., peer coaching), have been found to increase the proactivity and well-being of 

digital engineering workers in Finland (426) and increase autonomy and job satisfaction 

among Nurses in elderly care (427). 

Furthermore, interventions should also be extended to partners of FIFO workers to 

help manage their daily experiences of job demands and identify and increase job controls 

and social support (408) through increasing social networks (15). Partners could be 

encouraged to solve problems by enhancing their autonomy and social support systems  

(408), particularly during on-shift periods of a FIFO work cycle, where increased demands 

from different and multiple roles are indicated (15).  

Co-design programs and interventions that support workers and their families with 

health and well-being could also be considered. It is suggested that peer support, personalised 

choices, connections and a sense of identity, as well as the ability to obtain information and 

skills training, may be the driving forces behind the success of such interventions, especially 

for people dealing with mental health issues (428). Such interventions could be delivered 

through online platforms and mobile devices, particularly for populations that are physically 

spread out such as the FIFO work population, which may pose considerable logistical 

difficulties (429). For instance, a co-designed intervention administered through social media 

has been indicated as practical and linked to decreased psychological distress among 

emergency service personnel and their partners (430). 

The research demonstrated that interventions that emphasise lessening job demands 

and enhancing job control and social support may not always be successful, particularly when 

it comes to encouraging specific behaviours such as alcohol intake. Future research should 
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explore further the effects of job resources on the health behaviours of the FIFO work 

population. 

Financial impact. There is an urgent need for cost-effective workplace interventions 

to improve health and well-being among workers and partners, which may reduce work 

productivity loss (271,272). Evidence from this research has given a strong indication of the 

financial implications of high health risk in FIFO workers. It has highlighted the financial 

justification that could support the need for targeted/prioritised workplace health 

interventions and the basis for evaluating the impact of those interventions. 

10.4 Strengths and limitations of the research 

10.4.1 Strengths of the research  

This research was the first to examine the variability in affective states of workers and 

partners and examine the effects of job demand, job control and social support on the 

psychological states and health behaviours of workers and their partners applying within-

person study design across FIFO work periods. This study is also the first to test the buffer 

process (moderation effects) of the job demands-resources model using within-person design 

in the FIFO mining context. Additionally, this research is one of the first to evaluate the work 

productivity loss cost associated with multiple health outcomes specifically in FIFO workers 

The research, through systematic reviews, provided a comprehensive overview of the 

health and well-being of rotation workers and their families and associated factors in the 

resource industry, assessing the literature across different work sectors, countries and relevant 

health indicators. The use of a mixed methods approach was also a strength providing in-

depth insights into the health outcomes of rotation work. The reviews were conducted per 

international standards/guidelines and registered in the prospective international register of 

systematic reviews (PROSPERO). 
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This research provides a theoretical viewpoint into the health and well-being of the 

FIFO work population, mostly limited in FIFO research (7). This research used several 

theoretical frameworks to explain the health and well-being of FIFO workers and their 

partners.  

A further strength of this research is the measure variables covering one complete 

FIFO work cycle, which may have accounted for the role of recovery during off-shift days, a 

time spent outside of FIFO voted work times with no work commitments and indicated to 

impact on recovery and well-being (51). This research recruited participants from multiple 

sources, including a diverse sample (from different ranges of site locations and organisations) 

and presented diverse insights into the perspectives of the health and experiences of FIFO 

workers and partners. This thesis also comprises several published studies that have 

undergone a rigorous peer review process- strengthening and confirming the quality and 

importance of the research. 

10.4.2 Limitations of the research 

The limitations of this research should be acknowledged. First, the systemic reviews 

included only published research and studies published in English; as such, the study results 

might be subject to publication bias and have limited scope.  

Second, this research employed a non-random sampling technique to recruit 

participants, which may present samples not typical or representative of the FIFO workers 

and partners' population and self-selection bias, where the workers and partners who were 

either positively or negatively affected by FIFO lifestyle may select to take part or not to take 

part in the study. Also, it is acknowledged that the research was conducted in Western 

Australia (WA); whilst WA is the biggest state with the majority of the mining industry it 

may not be representative of the broader Australian context. However, the use of an 

additional online recruitment strategy through the social media platform Facebook to recruit 
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general FIFO mining workers in Australia could have assisted in increasing the diversity of 

the participants included in the research.  

The study relied on self-reported measures of study variables, which could be 

associated with under-and/or over-estimating study outcomes relative to the use of objective 

measures. The use of non-validated scales in measuring some outcomes is also acknowledged 

as a limitation in the current research. Furthermore, the study assessed affects and health 

behaviours using the end-of-day approach, where participants reported their feelings and 

behaviours for the entire day. Given that variables such as affects are likely to show rapid 

variations within days (e.g., (374), a more intensive assessment design could be useful in 

future studies taking into consideration the FIFO work context.  

Additionally, the findings from this research do not allow for the establishment of 

causal interpretations regarding the relationships between shift periods and work-related 

factors and the health and well-being of FIFO workers and partners. Despite the inclusion of 

longitudinal dairy studies, which has advantages over a cross-sectional survey, the key 

variables were evaluated at the end of the day in the same questionnaire and cannot capture if 

the predictor occurred before the outcome in time (431).  

Finally, the research was conducted at a heightened time of global distress caused by 

the COVID-19 pandemic. Data collection was conducted between July and December 2021 

when restrictions, interstate and international border closures and quarantines associated with 

the pandemic were still in force in Australia, and had necessitated changes to FIFO work 

arrangements, such as prolonged FIFO rosters and restrictions on workers returning home. 

These measures have been linked to negative health-related behaviours (216,217) and 

psychological distress (218), and could/will have impacted the results of this research.  
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10.4.3 Future research directions 

The effect of several personal and work-related characteristics on psychological and 

physical health was not statistically significant in this research (Chapter 2 and Chapter 5). 

Future research using more representative samples of the FIFO work population and across 

the broader Australian context would be needed to further examine what personal and FIFO 

work-related characteristics (such as roster length, roster ratio, shift patterns, shift length, job 

types) influence the health and behaviours of workers and their partners across the FIFO 

roster cycle. Future research could further examine the influence of other FIFO schedule 

attributes/factors such as shift start times, short breaks within shifts, and travel times between 

home and the worksite, which have been highlighted as related stressors and could impact on 

the health and well-being of  FIFO workers (7,23,52,53,142,164,369). Future research could 

also include cross country comparisons to explore the differences in aspects of FIFO work 

across countries that impact the health and wellbeing of workers and their families. 

Given the limitations associated with between-person study designs, future studies 

may employ within-person designs to increase understanding of how FIFO work conditions 

impact workers' psychological states and behaviours (377) that change over time. This 

research is the first to examine the effects of job demand, job control, and social support on 

the health behaviours of workers and partners of FIFO workers. Further investigations using 

assessment designs that are more intensive than once daily would be needed to explore the 

within-day dynamics of job demands and resources. It is probable that the acute demands and 

availability of resources vary significantly even within days and this may help elucidate 

more-specific job factors that are particularly stress-sensitive. This would need to be balanced 

against the additional burden that such an assessment protocol would bring. Further 

longitudinal dairy studies may also test the causal relationships between job demands and 

resources predictors and health outcomes of workers and their partners in time. 
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In addition to the ideas outlined above future research could focus on a number of 

areas outlines below: 

1) The co-design, implementation and evaluation of workplace interventions aimed 

at improving the health outcomes of workers and to support their families across 

on-and off-shift periods of the FIFO work roster cycle and those targeted at roster 

patterns and shift length of FIFO work. Such research could employ randomized 

control trial and within-person designs to examine the effectiveness and explore 

the within-persons, within-day, day-to-day, over time and across context 

variability and impact/effectiveness of interventions.  

2) Effectiveness evaluation of interventions could include prior and regular analysis 

of productivity loss cost using possible objective measures of work productivity 

loss (particularly absenteeism) and health outcomes (from medical records), and 

cost effectiveness of interventions.  

3) Analysis of the impact of new industry measures aimed at controlling substance 

use during on-shift periods including some level or full alcohol restrictions at 

some worksites, and pre-shift breath tests for alcohol and unplanned 

substances/drugs testing on substance use (such as alcohol and drugs) during off-

shift periods.  

4) Evaluation of new FIFO accommodation styles/options and examine their impact 

on the health and wellbeing of workers and their families as the organization our 

research collaborated with in WA has set to roll out new styles such as the Resort-

style accommodations. 
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10.5 Conclusions 

This research has provided evidence of the broad overview of the health and well-

being outcomes and their work-related predictors in FIFO workers and their families. The 

research gives valuable insights about the health-related work productivity loss cost, the 

health implication of FIFO roster (on-and off-shift days) and within-person job demands 

(workload) and resources and the buffering effect of job resources to inform policy, 

occupational health practitioners and targeted interventions among FIFO workers and their 

partners.  

The research brings to light the issues of psychological distress, smoking, high 

alcohol intake and sleep problems, low consumption of fruits and vegetables, and 

overweight/obesity as recurrent and ongoing concerns among FIFO workers and their 

partners, and are associated with high work productivity loss cost. Significantly, the research 

draws attention to the differences in psychological states and behaviours that may exist across 

on-and off-shift periods; high within-person job demands as a risk of negative mental states; 

job control and social support as promoters of positive mental states and physical activity, but 

as a risk factor for alcohol consumption; and the moderating role of job control on the health 

impact of job demands.  

In addressing these concerns, the research suggests potentially modifiable aspects of 

FIFO work – particularly job control – may help alleviate the impact of job demand 

(workload) on poorer health behaviours and mood. The presented research's overall 

implications point towards the need for policy and company service provision change – 

emphasising the need for further investment in FIFO workers' and their partners' health 

during both on-shift and off-shift days.  
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Appendix C: Supplementary files in Chapter 2 

Supplementary information S1. Search strategy for databases 

PsycINFO  

1. fifo or fly-in fly-out or fly in fly out or drive in drive out or dido or drive-in drive-out 

or long distance commut* or offshore or rotation shift or rotational work schedule* 

 

2. health or sick* or ill* or wellbeing or psycho* or alcohol or diet or smok* or insomnia 

or sleep* or physical activit* or exercise or obes* or overweight or fatigue* or stress* 

or depress* or anxiety or muscul* or cardio* or gastro* or health behavio?r* or health 

promotion 

 

3. exp Health/ or exp Occupational Stress/ or exp Fatigue/ or exp Sleep/ or exp Well 

Being/ or exp Sleepiness/ or exp Psychological Stress/ or exp Stress/ or exp Distress/ 

or exp Mental Health/ or exp Anxiety/ or exp Exercise/ or exp Alcohol Drinking 

Attitudes/ or exp Alcohol Drinking Patterns/ or exp Binge Drinking/ or exp Alcohol 

Abuse/ or tobacco smoking/ or "depression (emotion)"/ or exp Health Behavior/ or 

exp Physical Activity/ or exp Tobacco Smoking/ or exp Health Promotion/ or exp 

Body Mass Index/ or exp Physical Health/ or exp Cardiovascular Disorders/ or exp 

Anxiety Disorders/ or exp Musculoskeletal Disorders/ 

 

4. 1 AND (2 OR 3) 

 

 

Medline 

1. fifo or fly-in fly-out or fly in fly out or drive in drive out or dido or drive-in drive-out 

or long distance commut* or offshore or rotation shift or rotational work schedule* 

 

2. health or sick* or ill* or wellbeing or psycho* or alcohol or diet or smok* or insomnia 

or sleep* or physical activit* or exercise or obes* or overweight or fatigue* or stress* 

or depress* or anxiety or muscul* or cardio* or gastro* or health behavio?r* or health 

promotion 

 

3. Fatigue/ or Mental Fatigue/ or Interpersonal Relations/ or Mental Health/ or Mental 

disorders/ or Sleep Wake Disorders/ or Sleep Initiation Maintenance Disorders/ or 

Anxiety/ or Anxiety Disorders/ or Depression/ or Health behaviour/ or Work 

Schedule Tolerance/ or cardiovascular diseases/ or Musculoskeletal diseases/ or 

Gastrointestinal diseases/ or exp Stress, Physiological/ or Stress, Psychological/ or 

Occupational stress/ or Occupational health/ or Occupational health/ or Health 

promotion/ 

 

4. 1 AND 2 OR 3 

 

 

Pubmed  

1. (fifo[Text Word] OR fly-in fly-out[Text Word] OR fly in fly out[Text Word] OR 

drive in drive out[Text Word] OR dido[Text Word] OR drive-in drive-out[Text 

Word] OR long distance commut*[Text Word] OR offshore [Text Word] OR rotation 

shift[Text Word] OR rotational work schedule*[Text Word])  
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2. (((health[Text Word] OR psychological distress[Text Word] OR wellbeing[Text 

Word] OR alcohol[Text Word] OR insomnia[Text Word] OR diet[Text Word] OR 

mental health[Text Word] OR physical health[Text Word] OR physical activity[Text 

Word] OR exercise[Text Word] OR obes*[Text Word] OR overweight[Text Word] 

OR sleep disorder*[Text Word] OR sleep*[Text Word] OR smoking[Text Word] OR 

fatigue*[Text Word] OR stress*[Text Word] OR depress*[Text Word] OR 

anxiety[Text Word] OR muscul*[Text Word] OR cardio*[Text Word] OR 

psycho*[Text Word] OR gastr*[Text Word] OR sick*[Text Word]))  

 

3. ((Health Behaviour/ ethnology or Alcohol Drinking/ ethnology or Alcohol Drinking/ 

physiopathology or Alcohol Drinking/ therapy or Overweight/ ethnology or 

Overweight/ physiopathology or Overweight/ therapy or Smoking/ ethnology or 

Smoking/ physiopathology or Smoking/ therapy or Sleep Disorders, Circadian 

Rhythm/ diagnosis or Sleep Disorders, Circadian Rhythm/ ethnology or Sleep 

Disorders, Circadian Rhythm/ physiopathology or Health Status or Mental Health or 

Occupational health or Sleep Wake Disorders/ etiology or Fatigue/ etiology or Health 

behaviour or Adaptation, psychological or Stress, physiological or Stress, 

psychological or Work Schedule Tolerance/ psychology[MeSH Terms]))) 

 

4. 1 AND 2 OR 3 

 

Embase 

1. FIFO or fly-in fly-out or fly in fly out or drive in drive out or dido or drive-in drive-

out or long distance commut* or offshore or rotation shift or rotational work 

schedule* 

 

AND 

2. health or sick* or wellbeing or psycho* or alcohol or diet or smok* or insomnia or 

sleep* or physical activit* or exercise or obes* or overweight or fatigue* or stress* or 

depress* or anxiety or muscul* or cardio* or gastro* or health behavio?r* or health 

promotion 

OR 

3. Fatigue/ or Mental Fatigue/ or Interpersonal Relations/ or Mental Health/ or Sleep 

Wake Disorders/ or Sleep Initiation Maintenance Disorders/ or Anxiety/ or Anxiety 

Disorders/ or Depression/ or Stress, Physiological/ or Stress, Psychological/ or Work 

Schedule Tolerance/ or cardiovascular diseases/ or Musculoskeletal diseases/ or 

Gastrointestinal diseases/ or Health behaviour/ or Occupational stress/ or 

Occupational health/ or Health promotion/ or Mental disorders/ or Occupational 

exposure/ or Health status/ 

 

 

CINAHL  

1. fifo or fly-in fly-out or fly in fly out or drive in drive out or dido or drive-in drive-out 

or offshore or long distance commut*   

AND 

2. health or psycho* or wellbeing or alcohol or insomnia or diet or mental health or 

physical health or physical activity or exercise or obes* or overweight or sleep 

disorder* or sleep* or smoking or fatigue* or stress* or depress* or anxiety or 
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muscul* or cardio* or psycho* or gastr* or sick* or health behaviour* or health 

promotion 

OR 

3. (MH "Stress, Physiological+") OR (MH "Stress+") or (MH "Depression+")  or (MH 

"Anxiety Disorders+") OR (MH "Anxiety+")  or (MH "Smoking+") or (MM "Mental 

Fatigue") OR (MM "Fatigue")  or (MM "Physical Activity")  or (MM "Mental 

Health")  or (MH "Sleep Disorders") OR (MH "Sleep") OR (MM "Sleep Disorders, 

Circadian Rhythm")  or (MH "Alcohol Drinking+")  or (MM "Psychological Well-

Being") or (MH "Stress, Psychological+") OR (MH "Psychology, Applied+") or (MM 

"Health") 

 

Scopus  

1. Fly in fly out OR FIFO OR offshore OR rotation work shift  

  

2. health or sick* or wellbeing or psycho* or alcohol or diet or smok* or insomnia or 

sleep* or physical activit* or exercise or obes* or overweight or fatigue* or stress* or 

depress* or anxiety or muscul* or cardio* or gastro* 

 

3. 1 AND 2 

 

 

 
 

S1. Extraction form 

Domain  Data  

Author & year  

Study design   

Aim/objective  

Country & industry  

Participants characteristics (sample size, age, 

gender) 

 

Health outcome/phenomenon of interest  

Mode of assessment  

Work-related predictor   

Analysis plan  

Key findings  

Quality rating  
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Supplementary information S2. Flow diagram of included studies 

Figure S1. Flow diagram of identifying and selecting studies for the systematic review  
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Supplementary Information S3. Summary of findings from included studies 

Table S1. Summary of quantitative studies 
Author Study design Aim/objective Study 

population/study 

country and 

industry 

Health outcome Measurements Summary of findings 

Aiken & 

McCance, 

1982(105) 

Cross-sectional 

survey 

To examine the 

drinking habits of 

offshore workers 

213 male workers; 

Industry; age NR; 

country/country: 

UK; industry: 

Offshore oil/gas 

 

Alcohol intake Self-reported alcohol intake 

prior to offshore tour. Analysis 

plan:  Chi-square test and Log 

t-test 

30% consume alcohol above safe limit and more 

heavy (30%) compared to the general population 

(10%). Alcohol intake was significantly high 

among manual workers (37%); manual worker 

consumed 49.3 units/week compared to an 

executive worker (29.5 units) (p<0.004) and 

onshore manual industrial workers (21.4 units) 

(p<0.005). 

       

Albrecht & 

Anglim, 

2018(51) 

 

 

Longitudinal 

diary survey 

To test a model of 

how day-to-day 

experiences of job 

demands and job 

resources predict 

day-to-day well-

being across the 

FIFO work cycle 

52 FIFO workers; 

62.7% male. 

Country: Australia 

Industry: 

Construction 

Emotional 

exhaustion and 

engagement 

Emotional exhaustion, and 

engagement were measured 

with items adapted from 

previously published scales. 

Analysis plan:  Bayesian 

hierarchical methods 

Work engagement declined (-0.07, 95%CI -0.11, 

0.03) and emotional demand increased (0.05, 

95%CI -0.09, 0.00) over the course of the work 

cycle. Day-level autonomy (β =0.15; p<0.05) 

predicted day-level engagement; day-level 

workload (β=0.16;p<0.05) and emotional demands 

(β=0.45;p<0.05) predicted emotional exhaustion 

       

Barclays et al., 

2016(110) 

Cross-sectional 

survey 

To assess the factors 

associated with well-

being of fly-in fly-out 

(FIFO) workers  

60 FIFO geologists;  

51.7% males; Mean 

age 32.2 years 

Country/country: 

Australia 

Industry: Mining 

Mental and 

physical health; 

sleep problems; 

BMI 

Mental health (Depression, 

anxiety & stress) measured 

using DASS-21 (Depression: 

scores 7-10=moderate, ≥11 

severe; Anxiety: 6-7 moderate, 

≥8 severe; stress: 10-12 

moderate, ≥13 severe); 

Physical health assessed by 

self-reported health status. 

Analysis plan: Descriptive 

statistics 

Depression (m=6.6±7.28), anxiety (m=3.69±4.20), 

stress (m=8.98±7.64) scores were similar to that of 

normal population; 10% had severe psychological 

problem. 45% reported loneliness and isolated. 

Physical health status was reported good (61.7%) 

or very good (11.7%); 66.7% reported exercise 

regularly; 3.3% reported smoking; 46.7% exercise 

daily or multiple times per week; 25% reported 

difficulty in sleeping often/most of the time, and 

33.3% sometime experience trouble sleeping; 40% 

were overweight 

       

Bergh et al., 

2015(155) 

Mixed method 

study 

To present  and  

discuss  the  auditing  

303 offshore 

employees;  

Feeling worn 

out; 

Feeling worn out measured by 

GWBQ (scores ≥18 on 0-48 

Offshore workers (m=13.8) were less worn-out 

compared to the normal population (m=15.87). 
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(Quantitative 

data) 

tool  for a 

psychosocial  work 

environment 

Country: Norway 

Industry: Offshore 

oil & gas 

 

musculoskeletal 

complaints 

scale= more worn out). Self-

reported musculoskeletal pain 

in the past year. Analysis plan: 

Likelihood 

Ratio/Odds Ratio analysis 

Less than 50% of the survey participants reported 

musculoskeletal pain; headache (36%), shoulder 

pain (36%), back pain (33%) and neck (27%) 

       

Bergh et al., 

2018(154) 

Mixed method 

study 

(Quantitative 

data) 

To explore specific 

and common 

psychosocial risks to 

the oil and gas 

industry 

788 offshore and 

1024 onshore 

workers; Country: 

Norway 

Industry: Offshore 

oil & gas 

Worn-out  Work-related stress symptoms 

were assessed using the worn-

out scale of the GWBQ (scores 

≥ 18 on 0-48=more worn out). 

Analysis plan: t-test and 

correlation analysis   

Offshore workers (m=13.82) were less worn-out 

compared to onshore oil workers (m=15.11) 

(t=4.658; p<0.001). Increased job demands (r=-

0.382; p<0.001) related to poor general well-being. 

High social support (r=-0.457; p<0.001), clear 

roles (r=-0.415; p<0.001), and job control (r=-

0.472; p<0.001) related to low symptom scores 

(i.e. better well-being). 

       

Berthelsen et 

al., 2015(114) 

 

 

Cross-sectional 

survey 

To examine the 

relationship between 

psychosocial work 

exposures and mental 

distress among 

onshore- and offshore 

workers 

1471 onshore and 

offshore workers; 

93.2% males; mean 

age 42.6±10.5yrs; 

Country: Norway; 

Industry: Offshore 

oil & gas 

 

Mental distress 

(Depression and 

anxiety) 

Anxiety and depression were 

assessed using Hospital 

Anxiety and Depression Scale 

(HADS) (scores ≤7-normal, 

≥8=borderline abnormal, 

≥11-abnormal case). Analysis 

plan: Simple and multiple 

linear regression analyses with 

block design 

Prevalence of anxiety (11.4%) and depression 

(16.7%) among the offshore workers were lower 

than the onshore workers (anxiety:13.9%, 

depression:22.8%); Job demands (β=0.18, 99%CI 

0.10-0.26) was associated with more mental 

distress. Job control (β=-0.11, 99%CI -0.20, -0.03), 

role clarity (β=-0.15, 99%CI -0.24, -0.06), and fair 

leadership (β=-0.18, 99%CI -0.29, -0.08) were 

associated with lower mental distress. 

       

Bjerkan et al., 

2010(116) 

Cross-sectional 

survey 

To examine the 

relationship between 

health, safety and 

work environment 

9945 personnel; 

89.5% males; 

67.1% aged 31 to 

50yrs. Country: 

Norway 

Industry: Offshore 

oil & gas 

Health 

complaints 

Health complaints were 

assessed by subjective health 

complaints in the last 3 months 

and self-rated General health 

status. Analysis plan: 

MANOVA and Bonferroni post 

hoc test 

Perceived general health status was good or very 

good; Workers in maintenance and modification 

work groups perceived their general health as poor 

than other work groups (F7, 8870= 7.23, p<0.000); 

Accommodation personnel reported a significantly 

higher frequency of ill-health symptoms as 

compared to the other work groups (F7, 8870=12.76, 

p>0.000). 

       

Bjerkan et al., 

2011(115) 

 

 

Cross-sectional 

survey 

To examine the effect 

of work-related 

variables on self-

reported health 

complaints among 

414 onshore and 

offshore workers in 

the maintenance 

and modification 

division; 

Mental and 

physical health 

Health assessed using the 

Subjective Health Complaints 

Inventory (higher mean score 

on a 0-3 scale =more health 

complaints). Analysis plan: 

Offshore workers reported few physical (mean 

scores 1.32-1.91) and psychological health (mean 

scores 1.09-1.40) complaints similar to onshore 

workers. Job type was related to perceived 

psychological health [F(7) = 2.94, p = 0.011] and 
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Norwegian onshore 

and offshore oil 

workers 

87.4% male; mean 

age of 40± 

11.19yrs; Country: 

Norway Industry: 

offshore oil and gas 

MANOVA and Stepwise 

multiple regression analyses 

physical health status (F(14,100)= 1.85, p=0.041). 

Low control of decision (β = − 0.27; p=0.011) and 

perceived family matters exert negative influence 

on health (β = -0.24; p=0.020) were negatively 

associated with psychological health; job demands 

of repetitive work (β =− 0.23; p=0.042) was 

negatively associated with physical health 

       

Bowers et al., 

2018(27) 

Cross-sectional 

survey 

To assess the 

prevalence and 

correlates of 

psychological 

distress 

1124 participants 

(99.6% FIFO) 

93.5% males 

Mean age 

37.3±10.7 years 

Country: Australia 

Industry: Mining 

and construction 

Psychological 

distress 

Psychological distress assessed 

by The Kessler Psychological 

Distress Scale (K10) (scores 

≥22 on a scale of 10-

50=high/very high distress); 

Analysis plan: Univariate 

multinomial regressions and 

multivariable 

regression 

28% high or very high psychological distress than 

the general population (10.8%). Stress from fear of 

stigmatisation for mental health problems 

(OR=23.5; 95%CI=7.5-73.2), stress caused by 

immediate supervisory (OR=4.3; 95%CI 1.6-11.3), 

stress from the remoteness of their living 

circumstances (OR=3.7; 95%CI=1.6-8.6), financial 

stress (OR=6.0; 95%CI=2.7-13.1), stress from job 

tasks (OR=6.2; 95%CI =1.8-21.2), and stress from 

shift length (OR=2.4; 95%CI=1.2-5.1); and on 

roster 1 week on/1 week off (OR=1.6; 95%CI=1.0-

2.5) and 2 weeks on/2 weeks off (OR=2.4; 

95%CI=1.7-3.4) were associated with high distress 

levels.  

       

Carter et al., 

2007(72) 

Cross-sectional 

study 

To examine the 

hydration knowledge, 

perceptions and 

behaviours; hydration 

status and needs 

180 mining staff; 

96% males. 

Country: Australia. 

Industry: Mining 

Alcohol intake; 

physical 

activity 

Self-reported alcohol intake 

(number of standard alcoholic 

drinks) and number of physical  

activities. Analysis plan: 

descriptive statistics 

33% consume alcohol; median 3.0(IQR 2.0-6.0) 

standard drinks per session, and median 3.0(IQR 

2.0-6.0) days per week. 50% engage in physical 

activity at camp; engaged in a median of 3 days 

per week 

       

       

Chen, et al., 

2003(135) 

 

 

Cross-sectional 

survey 

To  examine 

determinants of 

perceived 

occupational stress  

561 male workers; 

mean age was 

32.43±8.65yrs;   

Country: China  

Industry: Offshore 

oil & gas 

Perceived 

occupational 

stress 

Occupational stress was 

measured by the Occupational 

Stress Scale (OSS). Analysis 

plan: Hierarchical regression 

Lower perceived social support was associated 

with greater stress from managers (β =0.119; 

p<0.05), organization structure (β =-0.126; p<0.01) 

and living environment (β =0.120; p<0.001). 

       

Chen et al., 

2005(70) 

Cross-sectional 

study 

To examine 

musculoskeletal pain 

561 male workers; 

mean age 

Musculoskeletal 

problems 

Musculoskeletal complaints in 

the past 12 months using the 

56.3% reported musculoskeletal pains in the last 

12 months: low back (32.4%), neck (25%), knees 
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and occupational 

stress and other 

psychosocial factors 

32.43±8.65yrs 

Country: China; 

Industry: offshore 

oil and gas 

standardised Nordic 

questionnaire. Analysis plan: 

multiple forward stepwise 

logistic regression 

(20.1%) and shoulder (20%). Low back pain 

associated with stress from interface between job 

and family/social life (OR=1.46; 95%CI=1.18–

1.82), safety concerns (OR=1.29; 95%CI=1.05–

1.59), physical environment of workplace 

(OR=1.37; 95%CI=1.11–1.69), and living in 

environment (OR=1.26; 95%CI=1.02–1.56). Pains 

in the neck associated with stress from the 

interface between job and family/social life 
(OR=1.34; 95%CI=1.05–1.70), safety concern 

(OR=1.53; 95%CI=1.26–1.93), and physical 

environment of workplace (OR=1.43; 

95%CI=1.14–1.79). Pain in the knees was 

associated with stress from safety concerns 

(OR=1.59; 95%CI=1.24–2.06), physical 

environment of workplace (OR=1.43; 

95%CI=1.11–1.85) and managerial role (OR=0.76; 

95%C=0.58–0.98). Pain in the shoulder was 

associated with stress from interface between job 

and family/social life (OR=1.35; 95%CI=1.02–

1.71), safety concerns (OR=1.54; 95%CI=1.20–

1.99), and physical environment of workplace 

(OR=1.32; 95%CI=1.03–1.68). Pain in the 

wrist/hands was associated with social support 

(OR=2.44, 95%CI=1.18–5.04). 

       

Chen et al., 

2008(138) 

Cross-sectional 

study 

To explore the 

relationship of 

occupational stress 

and social support 

with health-related 

behaviours  

 

561 male workers; 

mean age 

32.43±8.65yrs; 

Country: China; 

Industry: offshore 

oil and gas 

Physical 

exercise, 

alcohol intake, 

smoking. 

Self-reported physical exercise 

(regular exercise after work), 

alcohol intake (regular intake 

of alcohol at least one time per 

week for at least one year), 

current smoking (regularly 

smoking of at least one 

cigarette per day for at least 

one year). Analysis plan: 

logistic regression 

63.1% did not engage in leisure-time physical 

exercise. 38.9% current smokers; 22.1% current 

alcohol consumers. Current smoking was 

associated with perceived stress from safety 

concerns (OR=0.74; 95%CI=0.58-0.94) and 

supervisors’ instrumental support (OR=0.34; 

95%CI=0.18-0.65).  

Current drinking was related to perceived stress 

from “interface between job and family/social life” 

(OR=1.32; 95%CI=1.02-1.70) and “Organizational 

structure” (OR=1.35; 95%CI=1.06-1.74) and 

emotional support from friends (OR=0.54; 

95%CI=0.32-0.96).  
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Physical inactivity after work was associated with 

perceived stress from safety concerns (OR=1.44; 

95%CI=1.16-1.79) and lack of support from both 

supervisors (OR=1.74; 95%CI=1.13-2.65) and 

friends (OR=1.68; 95%CI=1.06-2.42) 

       

Chen et al., 

2009(136) 

 

 

Cross-sectional 

study 

To explore the 

association of 

occupational  stress  

with mental  health 

561 male offshore 

workers; mean age 

was 32.43±8.65yrs; 

Country: China; 

Industry: Offshore 

oil and gas 

Mental health Mental health was measured 

using the General Health 

Questionnaire (GHQ-12) (a 

higher score on a 0-36 

scale=worse mental health).  

Analysis plan:  Hierarchical 

linear regression analysis 

Mental health relatively low (mean 

score=10.17±4.97); Perceived stress from 

‘management  problems  and relationships with 

others at work’ (β =0.199; p<0.001), safety 

concerns (β=0.188; p<0.001), interface between 

job and family/social life (β=0.197; p<0.001), 

career and achievement (β=0.181; p<0.001), 

physical environment of workplace (β=0.130; 

p<0.001) and organizational structure (β=0.122; 

p<0.001) were associated with poor mental health 

       

Chen et al., 

2009(137) 

Cross-sectional 

survey 

To explore the 

association of mental 

health with 

occupational stress, 

coping styles and 

their interaction 

561 male workers; 

mean age 

32.43±8.65 years; 

Country: China 

Industry: offshore 

oil & gas 

Mental health Mental health was measured 

using General Health 

Questionnaire (GHQ)-12 

(higher score on a 0-36 scale 

=worse mental health). 

Analysis plan:  Pearson  

correlation  analysis and 

hierarchical multiple   

regression 

Mental health level was relatively low (mean 

score=10.2±5.0). Poor mental health was 

positively associated with increased perceived 

occupational stress (β=0.379; p<0.001). 

       

Chen et al., 

2009(69) 

Cross-sectional 

study 

To explore the 

association of 

occupational stress 

and coping styles 

with ulcer-like 

symptoms in Chinese 

male off-shore oil 

workers 

561 male workers; 

mean age 

32.43±8.65yrs 

Country: China; 

Industry: offshore 

oil and gas 

Gastric well-

being (Ulcer-

like symptoms)  

Self-reported ulcer-like 

symptoms; high scores 

indicating poor gastric well-

being. Analysis plan: stepwise 

multiple regression 

Gastric well-being was relatively good, but poor 

appetite (66.8%) and localized epigastric pain 

(52.3%) were reported. Increase in occupational 

stress associated with increased Ulcer-like 

symptoms (β=0.010; p<0.001).  

       

Cooper & 

Sutherland, 

1987(127) 

Cross-sectional 

survey 

To examine the 

relationships between 

psychosocial and 

218 male offshore 

workers; age range 

20 to 59 yrs; 

Mental health; 

anxiety and 

depression 

Mental health and 

psychological well-being were 

assessed by The Crown-Crisp 

Offshore workers’ mental health (mean 

score=22.6) was comparable to that normal 

population & onshore industrial workers (mean 
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occupational 

stressors, and mental 

health 

Country: UK; 

Industry: Offshore 

oil/gas 

Experiential Index. Analysis 

plan: A stepwise multiple 

regression 

score=21.1); anxiety levels in offshore workers 

were significantly higher than normal population; 

stress from relationships at work and home 

associated with mental well-being (β=0.626; 

p<0.001), free-floating anxiety (β =0.574; 

p<0.001), and depression (β=0.494; p<0.001); 

stress from living environment associated with 

anxiety (β=0.596; p<0.001) and poorer mental 

well-being (β=0.637; p<0.001). 

       

Cooke et al., 

2019(131) 

 

 

Cross-sectional 

survey 

To examine the 

association between 

pregnant women’s 

report of stress and 

their partners 

working fly-in-fly-

out 

394 families (77 

FIFO families); 

mean age of FIFO 

workers 

32.8±5.83yrs; 

Country: Australia; 

Industry: General 

FIFO 

Depression, 

anxiety and 

stress 

Perceived stress was assessed 

with the Perceived Stress Scale 

(scores 0-13=low stress, 14-

26=moderate stress, 27-

40=high stress); State and trait 

anxiety was assessed using The 

Spielberger State-Trait Anxiety 

Inventory STAI (a higher score 

on a scale of 20-80 indicates 

greater anxiety); Depression 

assessed by Beck Depression 

Inventory II BDI (scores 

<14=minimal, 

≥14=mild/moderate, ≥29 

severe depression). Analysis 

plan:  One-way between 

subjects ANOVAs 

No differences between depression (5.18±5.10 vs 

5.28±6.81; p<0.955), anxiety (33.30±9.22 vs 

32.37±8.77; p<0.296) and perceived stress 

(18.77±6.27 vs 19.95±7.17; p<0.607) level among 

FIFO and non-FIFO regular workers  

       

Dittman et al., 

2016(132) 

Cross-sectional 

study 

To examine the 

impact of Fly-In/Fly-

Out (FIFO), on 

children and families 

46 FIFO workers 

and 36 community 

fathers; Country: 

Australia; Industry: 

General FIFO 

Depression, 

Anxiety, Stress, 

Alcohol 

Depression Anxiety Stress 

Scales-21 (Depression: scores 

0-4 normal, 5-6 mild, 7-10 

moderate, ≥11 severe; Anxiety: 

0-3 normal, 4-5 mild, 6-7 

moderate, ≥8 severe; stress: 0-7 

normal, 8-9 mild 10-12 

moderate, ≥13 severe). Alcohol 

Use Disorders Identification 

Test (a high score on a 0-28 

scale indicates severe alcohol 

Levels of depression (2.58±3.43 vs 3.31±4.39),   

anxiety (1.31±2.12 vs 1.65±3.04), and stress 

(3.33±3.27 vs 4.68±4.74) among FIFO fathers 

were similar to that of non-FIFO fathers (p>0.05). 

Alcohol use was higher in FIFO workers than non-

FIFO workers (5.52±3.97 vs 3.50±2.86, t=-2.68; 

p<0.05). 
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use). Analysis plan: 

Independent t-test 

       

Ferguson et al., 

2010(53) 

Longitudinal 

diary study 

To examine the 

amount of sleep 

obtained during off-

and work-days 

29 participants; 

89.7% males 

Mean age 

37.4±6.8yrs; 

Country: Australia; 

Industry: mining 

Sleep and 

fatigue 

Daily sleep diary and 

actigraphy. Subjective fatigue 

was assessed using the Samne 

Perelli Fatigue Scale for pre-

and post-sleep period (for 21 or 

28 days). Analysis plan: mixed 

model ANOVA and pairwise 

post-hoc 

Total sleep time was longer on days off (7.3±1.2 

hrs) than on both day-shift (6.1±1.0 hrs) and 

nightshift (5.7±1.5 hrs) days (p<0.0001). Sleep 

duration was short on night shifts than day shifts 

(p<0.01). Fatigue was higher at pre-sleep periods 

than post-sleep periods; pre-sleep fatigue was 

higher on night shifts than both day shifts and days 

off; post-sleep fatigue was lower on days off than 

both day and night shifts. Recovery of sleep on 

both night shift and days off was higher than day 

shift (p<0.01). 

       

Gann et al., 

1990(101) 

Cross-sectional 

survey 

To quantify levels of 

anxiety and 

depression 

796 employees 

(403 offshore & 

393 onshore); 

96.1% males 

Mean age 40.6 

years 

Country: UK 

Industry: Offshore 

oil and gas 

Depression and 

anxiety 

Goldberg's Anxiety and 

Depression Scale;  

Analysis plan: 2 x 2 

contingency table and chi-

squared test 

15% reported symptoms of Anxiety; 28% reported 

symptoms of depression; No significant 

differences in levels of depressive and anxiety 

symptoms between onshore and offshore staff 

(p=0.05) 

       

Gibson-Smith et 

al., 2018(109) 

Cross-sectional 

survey 

To determine the 

health status, quality 

of life and mental 

well-being, and self-

care status of 

offshore workers 

776 offshore 

workers; 66.3% 

male; mean age 

42.9±10.1yrs. 

Country: UK; 

Industry: offshore 

oil & gas 

Mental quality 

of life & mental 

well-being; 

physical health; 

alcohol intake; 

smoking; diet; 

physical 

activity; BMI; 

sleep 

SF-8 assessed physical and 

mental function (scores >50 

indicate a greater quality of 

life); Warwick Edinburgh 

Mental Well-being Scale 

(WEMWBS) (higher scores on 

a scale: 14-70 indicate greater 

mental well-being); Fast 

Alcohol Screening Test 

(FAST) assessed alcohol in the 

last 1yr (score ≥3 indicate 

harmful alcohol intake); Global 

Adult Tobacco Survey 

(GATS); diet in 24hrs (≥5 

Mental function (median=54.7, IQR 8.1), mental 

well-being (median score=52.0, IQR=9.0), and 

physical function (median score=56.1, IQR=4.8) 

were higher than the normal population (median 

score 50); 53.4% reported harmful alcohol intake; 

20.2% reported smoking, 25.1% were ex-smokers; 

5.2% use recreational drugs; 45.1% reported intake 

of fruit and vegetable below the required 

guidelines; 70.7% reported physical activity; 

67.0% reported poor sleep quality; BMI median 

27.5(IQR=4.9); 51.1% were overweight and 23.3% 

were obese. 
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serves of fruit and vegetables 

per day); Pittsburgh Insomnia 

Rating Scale-2 (PIRS-2) 

assessed sleep in 7 days 

(socres>2 on 0-6 indicated poor 

sleep quality); Physical activity 

assessed by IPAQ (≥150/75 

minutes moderate/vigorous 

physical activity); self-reported 

height and weight (BMI 25-

29.9=overweight, ≥30 obese). 

Analysis plan: Whitney U test 

       

Hanoa et al., 

2011(89) 

Longitudinal 

study 

To investigate 

possible changes in 

health after a 

voluntary 

implementation of a 

new shift schedule 

274 in 2006, 307 in 

2007 and 312 in 

2008 coal company 

male employees; 

Mean age 39.1±9.6 

yrs.  Country: 

Norway. Industry: 

Mining 

Perceived 

stress, sleep, 

pain 

Self-reported sleep and stress 

was assessed using a 

questionnaire developed by the 

authors. Analysis plan:  

Independent t-test 

Stress symptoms were rare among 85.5% of 

workers. Prevalence of sleep problems and pain (1-

5%) was low. Stress level at baseline was better for 

those on 14 days on/14 days off compared to 7 

days on /7 days off roster (p=0.006). No 

differences in stress (p=0.910) and sleep (p=0.992) 

between 14 days on/14 days off and 7 days on /7 

days off roster over 2 year period  

       

Harris et al., 

2010(90) 

Longitudinal 

study  

To study if health, 

reaction time, and the 

cortisol rhythm were 

negatively 

affected by change in 

work schedule 

19 employees 

working offshore; 

mean age was 44 

years; 68.4% male. 

Country: Norway; 

Industry: offshore 

oil & gas 

Subjective 

health 

complaints 

Health complaints measured by 

the Subjective Health 

Complaints (SHC) inventory in 

the last 30 days; measured 2 

times; 9 months apart). 

Analysis plan:  Paired sample t-

tests 

73.7% reported very good or good health; 94.7% 

reported very good or good physical fitness; few 

subjective health complaints were reported (mean 

score=6.82±6.40; range 0-87); few 

musculoskeletal (mean score=3.68±3.51; range 0-

24) and few gastric complaints (mean 

score=1.00±1.60; range 0-24). No change in 

subjective health complaints between working 

fixed shift (mean score=6.82±6.40) and swing shift 

(mean score=5.97±4.36) over 9 months period 

(p=0.494) 

       

Haward et al., 

2009(144) 

Longitudinal 

diary study 

To assess the effects 

of vessel motion on 

crew performance, 

and sleep 

impairment. 

47 male crew on a 

floating vessel; 

mean 41.5±6.7yrs; 

Country: UK; 

Industry: offshore 

Sleep and 

fatigue, 

depression, 

anxiety 

Daily diaries reporting sleep, 

and symptoms of fatigue, 

depression, and anxiety (on 0= 

none to 4 =severe scale) for 

150 days over 6 offshore tours 

Fatigue: physical tiredness (T=0.147; p<0.01) and 

mental tiredness (T=0.143; p<0.01); Sleep 

problems: sleep quality (T=0.216; p<0.01), sleep 

duration (T=-0.210; p<0.01); depression (T=0.121; 

p<0.01) and anxiety (T=0.133; p<0.01) were 
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oil & gas (14 days each). Analysis plan: 

Kendall rank-order correlation 

and the Kendall partial rank 

correlation 

related to vessel motion. 

       

Hope et al., 

2010(126) 

Cross-sectional 

survey 

To examine the 

relationship between 

risk perception and 

safety climate, and 

sleep quality 

9601 employees on 

52 offshore oil 

installations;  

90% males; aged 

31-50yrs; Country: 

Norway; Industry: 

offshore oil and gas 

Sleep quality  Self-reported sleep quality 

(score 1-5: high score indicate 

high sleep quality). Analysis 

plan Independent t-tests and 

one-way ANOVA and 

Pearson’s correlation and 

hierarchical multiple regression  

Subjective sleep quality was relatively good (mean 

score 3.87±0.74); sleep quality was better in day 

shift (mean=4.00±0.72) workers than in night 

(mean=3.72±0.71), fixed (mean=3.68±0.72) and 

swing (mean=3.81±0.25) shifts (p<0.001).  

Positive perceived safety climate (β =0.13-0.18; 

p<0.001) was related to good subjective sleep 

quality.  Risk perception (β=-0.28; p<0.001) was 

negatively associated with sleep quality. 

       

James et al., 

2018(29) 

Cross-sectional 

survey 

To assess the 

prevalence of 

psychological 

distress and  

associated 

demographic, health, 

and workplace 

characteristics 

1,799 mine workers 

(85.4% FIFO); 

89% males 

93.6% aged 25 

years and over 

Country: Australia 

Industry: Mining 

Psychological 

distress 

Alcohol intake 

Psychological distress was 

measured by The Kessler 

Psychological Distress Scale 

(K10) (score 16-21=moderate, 

≥22 indicates high/very high 

distress on a 10-50 scale). 

AUDIT (scores >8 indicating 

risky/high-risk alcohol use); 

Analysis plan:  Chi-square test 

and multivariate logistic 

regression 

16.9% reported high or very high levels of 

psychological distress than the general population 

(7.6%, p<0.001); 49.1% were risky/high-risk 

alcohol users. 33.8% were illicit drug users in the 

last month. Increased concerns of losing their job 

(OR=3.17; 95%CI=1.96-5.16), having shift length 

longer than 12 hrs (OR=1.61; 95%CI=1.17-2.30) 

and working for financial reasons (OR=1.34; 

95%CI=1.12-1.61) were associated with high 

distress; increased satisfaction with work 

(OR=0.33; 95%CI=0.25-0.43) and increased 

perception of the mine’s commitment to mental 

health (OR=0.69; 95%CI=0.55-0.85) were 

associated with low distress 

       

Joyce et al., 

2013(99) 

 

 

Cross-sectional 

survey 

To examine the 

association of health 

behaviours and 

outcomes with 

employment type in 

the West Australian 

adult population 

11,906 adult 

respondents aged 

16 years and above 

from 2008 to 2010; 

524 (4.4%) FIFO 

workers; 88.5% 

males; 60.6% aged 

25-44yrs; Country: 

Australia; Industry: 

Mental health; 

Alcohol intake; 

Smoking; diet, 

physical 

activity, BMI 

Mental health conditions ever 

been diagnosed by a doctor. 

Self-reported alcohol intake 

(number of drinks per day), 

smoking status, fruits and 

vegetable intake (insufficient 

serves: <5 serves of fruit and 

vegetables per day), physical 

activity (insufficient <150/75 

FIFO workers had a lower self-reported prevalence 

of current mental health problems (7.7%; 

95%CI=4.4–11.0), consume more alcoholic drinks 

per day [high risk for short-(29.8%; 95%CI=22.8–

36.8) and long-term harm (64.7%; 95%CI= 57.5–

71.9)], smoke higher (26.7%; 95%CI=20.5–33.0), 

and more classified as overweight or obese 

(79.3%; 95%CI=73.2–85.5) than other work 

employment (p<0.01). FIFO workers consume 
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General FIFO minutes moderate/vigorous 

physical activity per week), and 

height and weight (BMI 25-

29.9=overweight, ≥30 obese); 

Analysis plan:  Chi-square test 

insufficient fruits (48.9%; 95%CI=41.7–56.1) and 

vegetables (87.7%; 95%CI=82.9–92.5) intake and 

undertake insufficient physical activity (40.4%; 

95%CI=33.5–47.4) similar to other work 

employment (p>0.05).  

       

Kalteh et al., 

2018(108) 

Cross-sectional 

study 

To  assess  the  

prevalence  of  

musculoskeletal  pain  

and work-related  

factors  

 

1,157 employees at 

229 installations; 

mean age 40±10.5 

yrs; 95.8% males; 

country: Iran; 

industry: offshore 

oil & gas 

Musculoskeletal 

pain; physical 

activity, Sleep, 

BMI 

Self-reported sleep duration, 

physical activity and 

musculoskeletal pain in the last 

12 months at the workplace 

using Standardized Nordic 

Questionnaire (SNQ); analysis 

plan: chi-square test  

BMI was 25.8±3.3 kg/m2; musculoskeletal pain 

(MP) was high; common MP in the last 12 months 

were knees (47%), neck (38%), low back (37%), 

shoulder (29%); Workers on drilling, maintenance, 

operational and tour-scheduling and day-off jobs 

reported the highest level of musculoskeletal pain 

(p<0.05). 51.6% engage in exercise twice or more 

per week. 33.1% reported insufficient sleep 

duration of less than 5 hours.  

       

Kecklund et al., 

2001(95) 

Longitudinal 

study 

To investigate how 

double shifts 

(15.5hrs) affect sleep 

fatigue and self-rated 

health 

48 male workers 

(80% LDC); mean 

age: 41 years; 

Country: Sweden; 

Industry: 

construction. 

Health 

complaints; 

sleep problem 

Self-reported health complaints 

3 times over 1 year period: 

complaint of pains (1 always to 

5 never); insufficient sleep (1 

always to 5 never); exhaustion 

(1 always to 5 never). Daily 

diary 8 times during roster 

cycle on sleep duration, sleep 

quality, sleepiness (KSS on 1 

very alert to 9 very sleepy); 

mental fatigue (1inactive to 9 

high energy). Analysis plan: 

ANOVA and t-tests 

Complaints of pain in the neck and shoulders 

(3.8±0.2 vs 3.3±0.2; p<0.05), and back and knees 

(4.3±0.2 vs 3.9±0.2; p<0.05), insufficient sleep 

(3.8±0.2 vs 3.3±0.2; p<0.05; range 1-5) and 

exhaustion on awakening (4.0±0.1 vs 3.4±0.2; 

p<0.05) significantly increased across 1 year 

period. Sleepiness (F=2.2; p<0.05) and mental 

fatigue (F=4.6; p<0.001) increased and 

accumulated across days and were highest on the 

last work shift; Sleep duration varied across days 

(F=15; p<0.001) and was short (approx. 5.5 hrs) 

during double shifts; Sleep quality was good but 

varied across days, being poor on last shift (F=9.8; 

p<0.001); Sleep efficiency was high and show no 

changes across days (F=0.7; p>0.05) 

       

Lester et al., 

2015(33) 

 

 

Mixed method 

study 

(Quantitative 

part) 

To explore the 

parenting patterns of 

families exposed to 

the fly-in–fly-out 

(FIFO) work pattern 

in raising adolescent 

children 

23 FIFO workers; 

aged 30 years and 

above; 87% males ; 

Country: Australia; 

Industry: Mining 

and offshore oil/gas 

Psychological 

distress 

Mental health was measured 

using the K10 scale (score 16-

21=moderate, ≥22 indicates 

high distress on 0-50 scale). 

Analysis plan:  Kruskall–

Wallis non-parametric tests 

26% of FIFO reported very high levels of 

psychological distress than the normal population 

(9.5%);  no significant relationship between a 

FIFO work roster and FIFO workers’ 

psychological distress (p=0.496) 
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Light & Gibson, 

1986 & 

1987(96,97) 

Cross-sectional 

survey 

To estimate the 

prevalence of 

overweightness  

419 Caucasian 

males; mean age 

32.5±8.2yrs (range 

18-57). Country: 

UK; Industry: 

offshore oil & gas 

Weightness 

(BMI) 

Objectively measured weight 

and height; Weightness (BMI) 

calculated as W/H2 (Kg/m2) 
(BMI 25-29.9=overweight, ≥30 

obese). Analysis plan: chi-

square  

BMI was 24.80±2.9kg/m2(range 18.3-33.9); 40.1% 

were overweight and 5.5% obese; Overweightness 

was greater in offshore workers than the general 

population (66.2% vs 50%; p<0.05). 

       

Ljosa et al., 

2011(71)  

 

 

Cross-sectional 

survey 

To investigate the 

association between 

individual and 

psychosocial 

 work factors and 

mental distress 

among offshore shift 

workers 

1336 employees; 

83% males; mean 

age 45.1±9.6yrs  

(range 20-64); 

Country: Norway 

Industry: Offshore 

oil & gas 

Mental distress; 

anxiety and 

depression 

Mental distress was assessed 

by a shortened version of the 

Hopkins Symptom Checklist 

(HSCL-5) (score 1-5, a higher 

score indicates a high level of 

distress). Analysis plan:  

Block-wise linear regression 

Mental distress symptoms were low (mean 

score=1.6±0.7);  High quantitative demands 

(β=0.17; 95%CI=0.09-0.26), low social support 

(β=-0.11; 95%CI=-0.17- -0.16) and high shift work 

home-interference (β=0.28; 95%CI 0.22-0.34) 

were associated with high mental distress 

       

Maniscalco et 

al., 1999(106) 

Longitudinal 

interventional 

study 

To examine the effect 

of a wellness 

program on the 

number of back 

injuries- and 

positively impact 

cholesterol, nutrition, 

and fitness. 

147 workers; 

average age 42 yr; 

90% males. 

Country: USA; 

Industry: offshore 

oil & gas 

Nutrition/diet Nutrition score was calculated 

from 23 items on dietary fat, 

salt, sugar, and fibreintake 

between 1992 and 1997 (high 

on salt, sugar, fat and low 

fibre= poor nutrition). Analysis 

plan: Descriptive statistics  

From 1992 to 1994; 71% reported poor nutrition; 

and 63% reported poor fitness level; From 1995 to 

1997;  63% reported poor nutrition; and 76% 

reported poor fitness levels 

       

Mathisen et al., 

2016(117) 

Cross-sectional 

survey 

To investigate 

psychosocial 

precursors of action 

errors and violations 

653 oil production 

workers; Country: 

Norway; industry: 

offshore oil & gas 

 

Emotional 

exhaustion; 

health 

complaints 

Health complaints in the last 6 

months (score 1-2, higher score 

indicate few complaints); 

emotional exhaustion was 

measured by the GWB-Q 

(scores 1-4, higher score 

indicates high emotional 

exhaustion). Analysis plan: 

descriptive, correlation and 

regression analyses  

Workers reported few health complaints (mean 

score=1.65±0.33) and low emotional exhaustion 

(mean score=1.39±0.33); emotional exhaustion 

predicted action errors (β=0.27; p<0.01) and 

violations (β=0.26; p<0.01) 

       

Menezes et al., 

2004(10) 

Cross-sectional 

survey 

To assess the sleep 

parameters among 

202 offshore 

personnel; 95.5% 

BMI, Sleep 

problems 

Self-rated weight and height 

(BMI 25-29.9=overweight, ≥30 

BMI was 26.2±1.2kg/m2. Shift/night shift workers 

reported high BMI (26.7±3.7 kg/m2 vs 25.6±3.3 
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offshore personnel males; mean age 

36.75±9.5yrs;  

Country: Brazil; 

Industry: offshore 

oil and gas 

obese); self-reported sleep 

duration and quality. Analysis 

plan: independent t-test and z-

test 

kg/m2; p<0.05), poorer sleep quality (20.4% vs. 

1.2%; p<0.01), habitual difficulty in falling asleep 

(15.1% vs. 4.7%; p<0.01) fragmented sleep 

(45.2% vs. 16.3%, p<0.01), long latency of sleep 

onset (28% vs. 7%, p<0.01), short sleep duration 

(6h or less) (44.1% vs. 16.3%; p<0.01), waking up 

tired (15.1% vs. 3.5%, p<0.01) and habitual 

napping (35.5% vs. 18.6%; p<0.01) than day-shift 

workers. 

       

Merkus et al., 

2015(146)  

Longitudinal 

diary study 

To compare the 

course of self-

reported recovery 

from work-related 

fatigue after 2-week 

12-hour schedules 

61 male employees; 

mean age 

41.5±7.4yrs. 

Country: Norway; 

Industry: offshore 

oil & gas 

General health 

status, sleep and 

fatigue 

Self-perceived general health 

status; Sleep and fatigue diary 

for 14 days, and Karolinska 

Sleep Questionnaire. Analysis 

plan: Chi-square tests and 

analysis of variance (ANOVA) 

88.6% rated general health status as good or very 

good; no differences between day (92%), night 

(75%) and swing (100%) shift workers (p=0.902). 

Poorer sleep quality in night shift (β=1.41; 95%CI 

1.05-1.89) and swing shift (β=1.42; 95%CI 1.03-

1.94) workers compared to day shift workers over 

the leave period. Recovery of sleep quality was 

similar for night and swing shift workers but 

different from day workers.  Fatigue; feeling 

rested: night shift (β=1.67; 95%CI 0.74-3.80) 

swing shift (β=1.56; 95%CI 0.67-3.62); Physical 

tiredness: night shift (β=1.42; 95%CI 0.91-2.22), 

swing shift (β=1.52; 95%CI 0.94-2.46); Mental 

tiredness: night shift (β=1.44; 95%CI 0.85-2.43), 

swing shift (β=1.01; 95%CI 0.52-1.93) compared 

to day shift workers. 

       

Merkus et al., 

2017(139) 

Longitudinal 

diary study 

To explore the 

pursuit of activities 

relevant to recovery 

after an offshore tour 

61 male employees; 

Mean age 

41.5±7.4yrs. 

Country: Norway 

Industry: offshore 

oil & gas 

General health 

status; physical 

activities 

Self-perceived general health 

status. Self-reported daily 

physical activities and duration 

for 14 days during a leave 

period. Analysis plan:  Chi-

square test and ANOVA 

88.6% rated general health status as good or very 

good; 97% engaged in regular leisure-time 

physical activities (PA); overall no change in 

physical activities from the start to the end of a 14-

day leave period (p=0.083). Leisure time physical 

activities did not differ between night-, swing-and 

day-shift workers on the first day of the free 

period, but PA decreased over the course of the 14 

days in day workers compared to night shift 

workers (OR 1.10; p=0.029 and swing workers 

(OR 1.10; p=0.009). 
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Miller et al., 

2020(84) 

 

Cross-sectional 

survey 

To examine the 

association between 

bullying and 

psychological 

distress 

580 FIFO 

personnel  

76.3% males 

Mean age was 

35.5±9.1 years 

Country: Australia  

Industry: Mining  

Depression and 

hopelessness 

Clinical depression was 

assessed by 

Beck Depression Inventory-II 

(BDI-II) (scores 11-16 mild, 

17-20 borderline, 21-30 

moderate, >30 severe/extreme 

depression); Hopelessness 

assessed by Beck Hopelessness 

Scale (BHS) (score ≥9 on 0-20 

indicates elevated suicide risk) 

Analysis plan:  Backward 

Logistic regression 

32.3% of FIFO workers reported moderate or 

severe depression and 26.7% were at elevated risk 

of suicide high than the general population; 

Workplace bullying was associated with increased 

depression (OR = 2.38; 95% CI =1.40–4.05), and 

suicide risk (OR =2.70; 95% CI = 1.53–4.76) 

       

Miller et al., 

2019(32) 

 

Cross-sectional 

survey 

To establish whether 

clinical depression 

and increased suicide 

risk between fly-in, 

fly-out workers and 

residential worker 

751 Participants 

(576 FIFO and 175 

residential); 76.2% 

males; mean age 

36.5±9.1yrs 

Country: Australia  

Industry: Mining 

Depression 

Suicide risk 

Depression assessed by Beck 

Depression Inventory–II (BDI-

II) (scores 11-16 mild, 17-20 

borderline, 21-30 moderate, 

>30 severe/extreme 

depression); Hopelessness 

(suicide intention and 

behaviour) assessed by Beck 

Hopelessness Scale (BHS) 
(score ≥9 on 0-20 indicate 

elevated suicide risk). Analysis 

plan: A General linear model 

32.3% of FIFO workers reported moderate or 

severe depression and 26.7% were at elevated risk 

of suicide high than the general population. 

Depression (marginal mean scores 19.7 (17.0–22.4 

vs 15.5; 95%CI=14.3–16.6, p=0.01) and 

hopelessness (27.4% vs 26.7%, p= 0.02) were 

significantly higher in residential than FIFO 

workers. Bullying was associated with higher 

levels of depression (partial η2=0.11; p=0.001) and 

hopelessness (partial η2 = 0.04; p=0.001). 

Increased social support was associated with lower 

levels of depression (partial η2 = 0.13; p=0.001) 

and hopelessness (partial η2=0.14; p= 0.001). 
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Muller et al., 

2008(98) 

 

 

Longitudinal 

diary study  

To examine the 

effects of FIFO 

operations on self- 

reported fatigue and 

performance over a 

whole FIFO 

production roster 

55 male FIFO; 

mean age 37yrs; 

Country: Australia; 

Industry: Mining 

Alcohol, 

smoking, 

physical 

activity, BMI, 

sleep and 

fatigue 

The Pittsburgh Sleep Diary; 

Swedish Occupational Fatigue 

Inventory (SOFI) for 28 days; 

Diary of self-reported alcohol 

consumption for 28 days 

during work and leave periods. 

Self-reported height and 

weight, smoking and physical 

activity. Analysis plan: 

Bivariate testing 

BMI was 28.9 kg/m2, with 35.3% as obese. >30 

min of vigorous exercise was reported on 5 days 

(3–7) per week at camp and 4 (2–5) days per week 

off-site. Regular drinking habit: median of 4(2–6) 

standard drinks per session at camp and 6(3–10) 

drinks off-site. Daily drinking was highest during 

off-shift days (1.0-3.5 units/day) than day shift 

average: 2(1.7-2.8 units/day) and night shifts: 

average of 1(median 0.6-1.4 units/day). 27.5% 

were current smokers. Sleep duration was highest 

on off-shift days (average 8.2h) than on day-shift 

(average 6.6h) and nigh-shifts (average 6.7h) days. 

Sleep duration was short before and on day-shift 

days (5.8h) than on night-shift (7.0h) days. Fatigue 

increased at concerning levels at the finish of night 

shifts 1–3 and from day shift 8 onwards 

       

Nielsen et al., 

2013(130) 

Cross-sectional 

survey 

To psychometric 

properties from a 

brief self-report 

measure of safety 

climate adapted to 

the petro-maritime 

organizations 

396 offshore 

workers; 95% 

males; 64.1% aged 

51 years and over. 

Country: Norway; 

Industry: Offshore 

oil & gas 

Health 

complaints 

Subjective health complaints 

were assessed using 14 items of 

common physical and 

psychological health issues 

(mean score 1-4, a higher score 

indicates more complaints). 

Analysis plan:  Pearson 

product-moment correlations 

Respondents reported low subjective health 

complaints (mean score 1.39±0.13); Management 

prioritization (r = -0.21; p< 0.01) and authentic 

leadership (r=-0.21; p<0.01) negatively and risk 

perception (r=0.24; p<0.01) positively correlated 

with health complaints 

       

Nielsen et al., 

2013(129) 

Cross-sectional 

survey 

To examine the 

relative impact of 

workplace bullying 

and risk perception 

on the mental health 

among employees in 

safety-critical 

organisations. 

1017 randomly 

selected offshore 

workers; 85.9% 

males; mean age 

44.59±8.9 years; 

Country: Norway 

Industry: Offshore 

oil and gas 

Mental health 

(symptoms of 

anxiety) 

Symptoms of anxiety as 

indicators of mental health 

problems, were assessed using 

six items from the Hopkins 

symptomschecklist (HSCL) 

(mean score 1-4, a higher score 

indicates severe symptoms). 

Analysis plan: Hierarchical 

regression analysis 

Workers reported low anxiety symptoms (mean 

score= 1.21±0.29); Workplace bullying (β=0.33; 

95%CI=0.28-0.40; p<0.001), and risk perception 

(β=0.21; 95%CI=0.06-0.11; p<0.001) were 

predictors of anxiety.  

 

       

Nielsen et al., 

2013(145) 

Longitudinal 

study  

To examine the 

prevalence and 

occupational 

1074 offshore 

employees;  

85% male; mean 

Psychological 

distress 

Mental health was assessed by 

Hopkins Symptoms Checklist-

25 (HSCL-25) at 2 

Prevalence of psychological distress decrease from 

9 % at baseline to 8 % after 6 months lower than 

rates in the general population (13%). 
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predictors of 

psychological 

distress among 

offshore workers 

age 45±8.6 years 

(baseline) 

Country: Norway 

Industry: Offshore 

oil and gas 

measurements point 6 months 

apart (mean score ≥1.75 

indicate distress case). Analysis 

plan: logistic  regression  

Psychological distress at follow-up was associated 

with laissez-faire leadership (OR = 1.69; 

95%CI=1.12–2.54) and workplace bullying (OR = 

1.49; 95%CI=1.07–2.10). 

       

Nielsen et al., 

2016(128) 

Cross-sectional 

survey 

To examine direct 

and indirect 

associations between 

shift work 

schedules, health 

complaints, and 

psychological safety 

climate 

8066 employees; 

91% men, aged 31 

to 50 years. 

Country: Norway 

Industry: Offshore 

oil and gas 

Health 

complaints; 

sleep problems 

Subjective health complaints 

were measured on 5 item issues 

related to physical health 

(headache, neck-, back-, and 

knee pain, and problems with 

hearing) (mean score 1-4, a 

higher score indicates more 

complaints). Sleep problems 

were assessed using Trends in 

risk-level-Norwegian Shelf 

(mean score 1-5, a higher score 

indicates poor sleep quality). 

Analysis plan: ANOVA and 

correlation analysis 

Health complaints (m=1.58±0.47) and sleep 

problems (m=2.07±0.73) were relatively low. 

Safety climate associated with health complaints 

(β=-0.16; p<0.001) and sleep problems (β =-0.31; 

p< 0.001). Night shift (β=-0.14; 95%BCaCI=-

0.19- -0.09) and swing shift (β=-0.13; 

95%BCaCI=-0.15- -0.11) schedules were 

associated with more sleep problems compared to 

day shifts. 

       

Oshaug et al., 

1992(103) 

Cross-sectional 

survey 

To describe the diet 

among oil workers on 

selected oil 

installations 

203 workers from 4 

installations; 95.6% 

males; age range 18 

to 58 yrs. Country: 

Norway; Industry: 

offshore oil & gas 

Diet  Food invoice review and self-

reported food intake in the last 

24h and compared to the  

Norwegian dietary 

recommendation 

Average daily intake of energy was 12.2MJ of 

which 44 % from fat and 39 % from carbohydrate, 

including 8 % from sugar. Compared to the 

Norwegian dietary recommendation, offshore diet 

intake was prone to the development of coronary 

artery disease  

       

Paech et al., 

2010(52) 

Longitudinal 

diary study  

To assess the work-

related factors that 

influence sleep 

duration and 

subjective 

sleep quality 

51 participants; 

mean age 

40.3±10yrs; 98% 

male; Country: 

Australia; Industry: 

Mining 

Smoking; sleep 

duration and 

quality; BMI 

Self-reported weight/height and 

smoking were measured by 

General Health Questionnaire 

(GHQ). Daily sleep diaries and 

Actigraphy for 15 to 22 days 

(poor sleep quality: higher 

score on a 1-5 scale). Analysis 

plan: Linear mixed-effects 

models 

BMI was 28.7±4.2 Kg/m2. 47.1% reported 

smoking; Total sleep time (TST) for days off 

(7.0±1.9hrs) was longer (p<0.001) than a day 

(6.0±1.0hrs) and night (6.2±1.6hrs) shifts.  TST 

did not differ across consecutive dayshifts, but 

TST on the first day of nightshifts were longer 

(p<0.001) than TST on all other day and 

nightshifts; Sleep quality did not significantly 

differ for dayshifts (3.0±1.2), nightshifts (2.8±1.1) 

or days off (3.1±1.2) [p>0.05] and compared to 

non-FIFO roster pattern (p>0.05)  
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Parkes, 

1992(120) 

 

 

Cross-sectional 

survey 

To examine the 

differences in mental 

health between 

onshore and offshore 

employees 

172 male workers 

(84 offshore works 

& 88 onshore 

workers); Mean age 

40.9±6.8, range 28-

57; Country: UK; 

Industry: Offshore 

oil & gas 

General mental 

health; anxiety 

General mental health and 

anxiety were assessed using 

The General Health 

Questionnaire (GHQ) 

(score=0-26, a higher score 

indicates a high level of poor 

mental health; poor anxiety: a 

higher score on a 0-21 scale). 

Analysis plan:  Univariate 

comparisons and multivariate  

(multiple regression) analysis  

No different between offshore workers’ mental 

health (8.75±3.76) and other work group 

(8.80±4.02); but significantly higher (p<0.05) than 

that of onshore petroleum workers (7.64±2.94); 

Anxiety levels among offshore higher than onshore 

workers (3.62±3.42 vs 2.43±2.18; p<0.01); Higher 

job level (being a supervisor) (p=0.008) and 

working offshore (p<0.006) associated with higher 

anxiety levels  

       

Parkes, 

1994(124) 

Cross-sectional 

survey 

To compare the sleep 

patterns of onshore 

and offshore control-

room operators 

172 male personnel 

(84 offshore 

workers and 88 

onshore control-

room operators); 

mean age 

42.74±7.21yrs; 

Country: UK; 

industry: offshore 

oil and gas 

Sleep duration 

and quality  

Self-rated sleep duration and 

quality (better sleep quality: 

higher score on a 0-6 scale). 

Analysis plan: paired t-tests 

and repeated-measures 

analyses of variance 

Sleep durations longer on leave periods (7.74±0.81 

hrs) than during the day-(6.99±1.18 hrs) and night 

(7.20±1.34 hrs)-shifts (p<0.0001); Night shift sleep 

duration longer for offshore personnel (7.20±1.34 

hrs vs 5.86±1.26 hrs) than those working onshore 

(p<0.0001). Sleep quality was better on leave 

periods (4.85±1.20) than during day-(3.20±1.84) 

and night-(3.66±1.52) shifts (p<0.0001). Night 

shift sleep quality was better than day shift (p< 

0.01). Day shift sleep quality was higher for 

onshore personnel (4.25±1.35) than for offshore 

(3.20±1.84) employees (p<0.001) 
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Parkes, 

1999(123)  

 

Cross-sectional  

survey 

To examine the 

combined effects of 

shift work, objective 

job categories, and 

work perceptions on 

health-related 

outcomes  

1320 male 

personnel (680 day 

& 640 shift 

workers);  

Mean age 

38.9±8.9yr; 

Country:  UK  

Industry: Offshore 

oil & gas 

Psychological 

distress; 

Psychosomatic 

complaints 

(headaches, 

musculoskeletal 

pain, gastric 

problems and 

sleep problems) 

Psychological distress was 

assessed by The General 

Health Questionnaire (GHQ-

12) (scored 0-0-1-1 for case 

detection purposes and 2-3 

cutting points used to identify 

potential cases). Analysis plan: 

Logistical regression 

Prevalence of health outcomes: psychological 

distress (14%); headache (38%), musculoskeletal 

disorders (47%); gastric problems (31%) and sleep 

problems (45%).  

Psychological distress was associated with social 

support (RR=0.76; 95%CI=0.63-0.92, p<0.01). 

Headaches associated with social support 

(RR=0.83; 95%CI=0.73-0.94, p<0.01); physical 

environment (RR=1.14; 95%CI=1.00-1.31, 

p<0.05); working in management (RR=1.88; 

95%CI=1.21-2.91, p<0.01), construction 

(RR=1.84; 95%CI=1.17-2.89, p<0.01) and drilling 

(RR=1.64; 95%CI=1.11-2.42, p<0.05). 

Gastric problems were associated with night/swing 

shift (RR=1.36; 95%CI=1.00-1.84, p<0.05); social 

support (RR=0.82; 95%CI=0.72-0.94; p<0.01); 

physical environment (RR=1.25; 95%CI=1.09-

1.44, p<0.01). 

Musculoskeletal disorders were associated with 

working in catering (RR=0.50; 95%CI=0.28-0.89, 

p<0.05) and drilling (RR=1.68; 95%CI=1.14-2.47, 

p<0.01); physical environment (RR=1.31; 

95%CI=1.15-1.50, p<0.001). 

Sleep problems were associated with night/swing 

shift (RR=1.81; 95%CI=1.36-2.42, p<0.001); 

physical environment (RR=1.16; 95%CI=1.01-

1.33, p<0.05). 
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Parkes, 

2002(113) 

Cross-sectional 

survey 

To examine how 

individual and 

environmental factors 

combine to influence 

sleep among shift 

workers 

786 (456 offshore 

and 330 onshore) 

fixed day and 

rotation shift male 

workers; aged 18 to 

64 yrs; Country: 

UK; Industry: 

offshore oil and gas 

Sleep duration 

and quality; 

smoking 

Self-reported sleep duration 

and quality (good sleep quality: 

higher score on 0-6 scale), and 

smoking Analysis plan: Chi-

square test and mixed-model 

analysis of variance 

Sleep duration on day shift (6.84±1.00 vs 

6.58±0.96) and night shift (6.57±1.38 vs 

5.62±1.33) was higher in offshore workers than 

onshore workers (p<0.001). Sleep duration was 

better on leave periods than on day- and night 

shifts (p<0.001).  Sleep quality on day shift 

(3.96±1.31 vs 3.87±1.36) and nigh-shifts 

(3.14±1.49 vs 2.81±1.67) was better in offshore 

workers than onshore workers (p<0.01). Sleep 

quality (p<0.001) was better on leave periods than 

day and night shifts. Smoking was higher in 

offshore (33.6%) than onshore (20.6%) workers 

(p<0.001). 

       

Parkes, 

2002(112) 

Cross-sectional 

study 

To examine the 

prevalence of BMI  

and to evaluate the 

predictors of BMI 

1598 male 

personnel on 17 

installations; mean 

age was 

38.7±8.9yrs; 

Country: UK; 

Industry: Offshore 

oil & gas 

BMI; Smoking  BMI calculated from self-

reported height (m) and weight 

(kg) (BMI 25-29.9= 

overweight, ≥30 obese); self-

reported smoking status. 

Analysis plan: descriptive 

statistics and multiple 

regression 

36% reported smoking; mean BMI was 

25.6±2.8kg/m2; 7.5% were obese and 47.2% were 

overweight. Shift pattern (β=0.14; p>0.05) not 

associated with BMI when adjusted for age. 

       

Parkes, 

2003(147) 

Cross-sectional 

and longitudinal 

studies 

To examine the 

prevalence of BMI  

and to evaluate the 

predictors of BMI, 

and 5-year change in 

BMI 

1598 offshore male 

personnel; mean 

age was 38.7 

±8.9yrs; Country: 

UK; Industry: 

offshore oil & gas 

BMI BMI was calculated from self-

reported height (m) and weight 

(kg) (BMI 25-29.9= 

overweight, ≥30 obese). 

Analysis plan: General Linear 

Model  

Over the 5-year period mean BMI significantly 

increased from 25.6±2.8 to 26.6±2.9kg/m2 (p< 

0.001); obese rate increased from 9.0 to 14.4%, 

and overweight from 51.1 to 54.5%. Change of 

work location (offshore to onshore) was not 

associated with BMI change. 
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Parkes, 

2015(122) 

 

 

Cross-sectional 

survey 

To examine the role 

of overtime in 

relation to the 

duration and quality 

of sleep among North 

Sea 

551 male 

personnel; Mean 

age 40.2±8.9, range 

20-62 years ; 

Country: UK; 

Industry: Offshore 

oil/gas 

Anxiety; sleep 

duration and 

quality 

Anxiety was assessed using the 

General Health Questionnaire 

(score 0-21, a higher score 

indicates high levels of 

symptoms). Self-reported sleep 

duration and sleep quality 

(good sleep quality: high score 

on 0-6 scale). Analysis plan: 

Mixed-model ANCOVA with 

repeated-measures factor 

Low symptoms of anxiety (mean score 4.09±3.63; 

range 0-21); Sleep duration less during day shift 

(6.74±0.87hrs) than during leave (7.75±1.00hrs) 

(p<0.001). Working overtime during day shifts 

was associated with short sleep duration (β=-0.53; 

p <0.001). 

Sleep quality was poorer during day shift 

(3.92±1.29) than during leave (4.83±1.11) 

(p<0.001). Working overtime during day shifts 

was associated with poorer sleep quality (p<0.05) 

       

Parkes, 

2015(121) 

Cross-sectional 

survey 

To evaluate the 

association between 

shift patterns and 

sleep patterns across 

the offshore work 

cycle 

1956 personnel 

working on 24 

installations; 99.5% 

males; mean age 

39.9±9.0years; 

Country: UK; 

Industry: Offshore 

oil/gas 

Anxiety; sleep 

duration and 

quality 

Anxiety was assessed using the 

General Health Questionnaire 

(score 0-21, a higher score 

indicates high levels of 

symptoms). Self-reported sleep 

duration and sleep quality 

(good sleep quality: high score 

on 0-6 scale). Analysis plan: 

mixed-model ANCOVA 

Low symptoms of anxiety (mean score 4.2±3.7; 

range 0-21); Sleep duration was highest (p<0.001) 

on leave shift (7.9±1.0 hrs) than for day shift 

(6.9±1.0 hrs) and night shift (6.6±1.4). Sleep 

duration was longer for fixed-day (6.9 vs 6.57hrs; 

β=-0.38, p<0.001), and night (6.95 vs 6.59 hrs; 

β=0.35, p<0.01) shift rosters than swing shift 

(7N/7D) roster. Working overtime (>16h/week) 

was related to short sleep duration than working no 

overtime (6.23 hrs vs 6.72 hrs, p<0.02) on night 

shifts. 

Sleep quality was better on leave periods (4.9±1.1) 

than day (3.8±1.3) and night (3.1±1.5) shifts 

(p<0.001). Sleep quality was poorer for swing-

shift (7N/7D) roster than fixed-day and night 

rosters (p=0.001).  

       

Parkes, 2015(9) Cross-sectional 

survey 

To examine the 

additive and, 

interactive effects of 

overtime and work 

environment 

characteristics on 

sleep duration and 

quality 

551 male 

personnel; Mean 

age 40.2±8.9; 

Country: UK; 

Industry: Offshore 

oil/gas 

Sleep quality 

and duration 

Self-reported sleep duration 

and sleep quality (good sleep 

quality: high score on 0-6 

scale). Analysis plan: 

Multivariate regression 

methods 

Sleep duration: working overtime (p<0.001) was 

related to short sleep duration in day shift workers; 

job demand (β=-0.16, p <0.01) was negatively and 

supervisor support (β=0.10, t= 2.71, p<0.01) was 

positively related to sleep duration in day shift 

workers working overtime.  

Sleep quality: supervisor support was associated 

with higher sleep quality (B=0.16; p<0.005); 

working overtime (B=-0.34; p<0.005) and adverse 

physical environment (B=-0.13; p<0.05) was 

associated with poorer sleep quality. 
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Parkes, 

2016(125) 

Cross-sectional 

survey 

To examine how age 

and measures of the 

psychosocial/physical 

work environment 

combine to predict 

the duration and 

quality of sleep 

971 male day shift 

personnel; mean 

age was 40.8± 

8.9yrs. Country: 

UK; Industry: 

offshore oil and gas 

Sleep duration 

and quality 

Self-rated sleep duration and 

sleep quality (better sleep 

quality: a high score on a 0-6 

scale). Analysis plan: 

Hierarchical regression and 

logistic regression  

Sleep duration was shorter (6.74 ± .88 hrs) on day 

shifts than during leave period (7.73±1.03) 

(p<0.001).  High workload (β=-0.162; p<0.001) 

was associated with short sleep. Social support 

(β=0.105; p<0.001) was associated with longer 

sleep duration.  

Sleep quality was poorer on day shifts (3.87 ± 

1.31) than during leave period (4.85±1.08) 

(p<0.001).  Job control (β=0.159; p<0.001) and 

social support (β=0.207; p<0.001) were associated 

with better sleep quality, and adverse physical 

environment (β=-0.115; p<0.025) was associated 

with poor sleep quality. 

       

Pavičić et al., 

2019(119) 

 

 

Cross-sectional 

survey 

To establish the 

prevalence and 

stressors of 

depression and 

anxiety symptoms 

among offshore 

workers 

1747 workers in the 

Middle East; 75% 

aged 26–45  years; 

Country: Croatia 

Industry: Offshore 

oil and gas 

 

 

Mental health 

(depression and 

anxiety) 

Anxiety was assessed by the 

Generalized anxiety disorder 

(GAD) questionnaire (score 5-9 

mild, 10-14 moderate, ≥15 

severe); Depression was 

assessed using the Patient 

Health Questionnaire (PHQ)-9 

(score 5-9 mild, 10-14 

moderate, ≥15 moderately 

severe/severe); Analysis plan:  

Ordered logistic regression 

analysis 

15% experience moderate to severe anxiety; 18% 

experience moderate to severe depression. 

Working longer rotations/shifts (56 days on/28 

days off) was associated with more anxiety 

symptoms (OR=1.53; 95%CI=1.15–2.04) 

compared to 28 days on/28 days off roster 
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Rebar et al., 

2018(13) 

 

 

Longitudinal 

diary study  

To compare health 

behaviours between 

on-shift and off-shift 

periods 

64  FIFO workers 

79.7% male; mean 

age 40.39±10.34yrs 

Country: Australia 

Industry: General 

FIFO 

Chronic mental 

and physical 

health 

conditions; 

Alcohol intake, 

smoking, 

physical 

activity, 

relaxation, diet 

Self-reported medication for 

mental problems and physical 

health condition; Alcohol 

intake (number of alcoholic 

drinks), smoking (number of 

cigarettes smoked), physical 

activity (minutes taken to 

exercise), relaxation (minutes 

taken to relax), diet and sleep 

quality. Analysis plan: 

Multilevel models  

Mental health medication low (0.08±0.27); no 

differences between on-shift and off-shift days 

(γ=1.65; 95%CI=−1.24-4.26).  

Physical health medication low (m=0.16±0.34); 

more on on-shift than off-shift days (γ=1.44 (0.36-

2.54). 

Alcohol intake: average 1.05±1.69 per day; intake 

high on off-shift days than on-shift days (γ=−1.12; 

95%CI=−1.48- −0.76).  

Cigarettes smoked: average 13.22±8.46 per day; 

smoking high on on-shift days than off-shift days 
(γ=24.20; 95%CI=0.86-45.88).  

Daily exercise: average 43.80±58.81mins/day and 

relaxation (2.78±4.35 hrs/day); less exercise 

(γ=−10.78; 95%CI=−0.36 to −0.00) and relaxation 

(γ=−1.22; 95%CI=−1.87- −0.61) on on-shift days 

than off-shift days.  

Nutrition quality: modest (0.35±1.01), & poorer on 

on-shift days than off-shift days (γ=−0.17; 

95%CI=−0.33- −0.02). 

Daily sleep quality: modest (average=0.04±1.04); 

worse during on-shift compared with off-shift 

(γ=−0.56; 95%CI=−0.72- −0.40). 

       

Riethmeister et 

al., 2016(88) 

Mixed method 

study 

(Quantitative 

part) 

To perform a needs 

assessment to 

identify the needs of 

offshore workers 

with regard to 

healthy ageing at 

work  

272 offshore 

workers; 97.3% 

males; Mean age 

44.14±10.7 years. 

Country: 

Netherlands 

Industry: offshore 

oil & gas 

Mental and 

physical health; 

Diet; sleep 

duration and 

fatigue, BMI 

General health was measured 

with the Short Form-12 (SF-

12) (scores >50 on a scale of 0-

100 indicate better health). 

Self-reported sleep, height and 

weight (BMI 25-29.9= 

overweight, ≥30 obese), diet 

(nutritional rating of food), 

smoking and alcohol intake 

status. Fatigue assessed by 

Checklist Individual Strength. 

Analysis plan: descriptive 

statistics and t-test 

Good mental (m=54.48±5.66) and physical health 

(m=52.91±4.74) were higher than the normal 

population (m=50); 7.7% reported 

musculoskeletal; 82.5% rated their general well-

being status as very good to excellent. 38.6% 

reported smoking (3.04±1.9 mean packs per day); 

84.1% reported alcohol consumption; 75% rated 

food offshore as bad or really bad. BMI was 

27±3.7 kg/m2; 46% were overweight and 21% 

were obese. 73% reported prolonged fatigue; Sleep 

duration was shorter on offshore periods 

(7.18±0.99 hrs) than on days off (7.82±1.01 hrs). 
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Riethmeister et 

al., 2018(85) 

Longitudinal 

diary study 

To examine the 

courses of sleep 

quality and sleepiness 

in full 2on/2off 

offshore 

day shift rotations 

42 male offshore 

workers; 

mean age 

42±12.1yrs; 

Country: 

Netherland; 

Industry: offshore 

oil & gas 

Sleep problems, 

BMI 

Sleep diary and actigraphy for 

28 days (7 days pre-, 14 days 

offshore and 7 days post-

offshore); sleep quality (high 

score on a 1-5 scale indicate 

better sleep quality). Sleepiness 

asses by KSS (a higher score 

on a 1-9 scale indicates a high 

level of sleepiness). Self-

reported height and weight 

(BMI 25-29.9= overweight, 

≥30 obese). Analysis plan: 

Generalized linear and linear 

mixed model analyses  

 

BMI was 26.5±3.4kg/m2; 44% were overweight 

and 15% were obese; 76% poor sleepers. Total 

sleep time (TST) was shorter in the offshore work 

period (389.3±57.9mins) compared to the pre-

(420.1±67.5mins) and post-(427.4±100.8mins) 

offshore work periods (p<0.001).  

Sleep efficiency: higher during the offshore work 

period compared to pre-offshore period (OR=1.81; 

95%CI=1.26-2.61; p<0.001) and post-offshore 

period (OR=1.60; 95%CI=1.08 to 2.38; p=0.021). 

Subjective sleep quality: lower in the offshore 

work period (3.3±0.8) compared to the pre-

offshore period (3.5±0.8; Mdiff=0.18; 95%CI=0.08-

0.29;p=0.001) and post-offshore work periods 

(3.5±0.8; Mdiff=0.26; 95%CI=0.14-0.38;p<0.001). 

Sleepiness: Evening sleepiness was highest during 

the post-offshore (4.9±2.2) than pre-offshore 

(4.3±1.9) work periods (p=0.005). Evening 

sleepiness courses increased during the offshore 

work period (b =0.06; 95% CI: 0.03–0.08, 

p<0.001) and decreased during the post-offshore 

work periods (b= –0.15, 95% CI: –0.25 to –0.08, 

p=0.004). Morning sleepiness was highest during 

the offshore (4.0±1.7) than post offshore (3.7±1.6) 

work periods (p=0.015). 

       

Riethmeister et 

al., 2018(86) 

Longitudinal 

diary study 

To examine daily 

fatigue scores and 

changes in circadian 

rhythm markers over 

the course of two-

week offshore day 

shift periods 

42 offshore day-

shift workers; mean 

age 43.4±11.8 yrs; 

Country: 

Netherland; 

Industry: offshore 

oil & gas 

Fatigue Daily objective fatigue was 

measured by reaction times test 

and Subjective fatigue based on 

sleepiness was assessed using 

the Karolinska Sleepiness Scale 

(KSS) at pre-and post-shift for 

14 days (Higher scores on 1-9 

scale indicate higher subjective 

fatigue). Analysis plan: 

Generalized and linear mixed 

model 

Daily objective fatigue: pre-shift (1.00; 

95%CI=0.99–1.00, p=0.045) and post-shift (1.00; 

95%CI=0.99–1.00, p=0.329) were stable over the 

course of the two-week offshore day shifts.  

Daily subjective fatigue: pre-shift was stable (0.01; 

95%CI=-0.01–0.04; p=0.306); post-shift increased 

by 0.05 points per day (95%CI: 0.02 - 0.08, 

p=0.004) 
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Riethmeister et 

al., 2019(87) 

Longitudinal 

diary survey 

To investigate the 

accumulation of 

fatigue  over a two-

week offshore period 

42 male offshore 

day-shift workers; 

mean age 

43.4±11.8yrs; 

Country: 

Netherland; 

Industry: offshore 

oil & gas 

Sleep and 

fatigue, BMI 

Fatigue was assessed by 

sleepiness using the Karolinska 

Sleepiness Scale (KSS) 
(Higher scores on a 1-9 scale 

indicate higher subjective 

fatigue); Sleep duration was 

assessed by actigraph (for 14 

work days); Baseline sleep 

quality by the Pittsburgh sleep 

quality index (PSQI). Self-

reported height and weight 

Analysis plan: Linear mixed 

model  

BMI was 26.6±3.3 kg/m2; Sleep quality was poor. 

Sleep duration was short (6:28±0:52hrs) per day 

on offshore period; acute sleep loss was 

1.32±0.52hr (95%CI: 88.6–94.9), no change over 2 

week work period (b=-0.19; 95%CI=1.12-0.73; 

p=0.679) and chronic sleep loss was 21.20±8.10hrs  

Fatigue: Pre-shift (3.9±1.6) lower than post-shift 

(4.5±1.8) fatigue (Mdiff=−0.32; 95%CI: 0.63-0.01; 

p=0.042). Post-shift fatigue accumulation was 

faster than pre-shift fatigue (Mdiff score increased 

by 0.03 points per day (95%CI: 0.00–0.07; 

p=0.037).  

       

Sadeghniiat-

Haghighi et al., 

2018(111) 

Cross-sectional 

survey 

To assess the sleep 

quality and the effect 

of different shift 

schedules  

on the sleep quality 

of offshore oil 

workers 

192 offshore 

workers; gender 

NR; mean age 

37.0±9.3 yrs; 

Country: Iran; 

Industry: Offshore 

oil & gas 

Smoking; sleep 

duration and 

quality 

Subjective sleep assessed by 

Pittsburg Sleep Quality Index 

(PSQI) (sores ≥5 on a 0-21 

scale indicate poor sleep 

quality); Self-reported smoking 

status. Analysis plan:  

Descriptive statistics 

17.7% reported smoking; short sleep duration 

(6.73±3.61hrs) and 69.0%  had poor/impaired 

sleep quality; Fixed night shift workers (83.3%) 

were more likely to report impaired sleepquality 

than fixed day shift (66.1%) and swing (66.6%) 

shift (p=0.34). 
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Sadeghniiat-

Haghighi et al., 

2019(140) 

 

 

Cross-sectional 

survey 

To evaluate the effect 

of shift work and 

different shift 

schedules on sleep 

quality and duration 

of sleep 

43 participants; 

100% male; mean 

age was 35.9±7.9 

years 

Country: Iran  

Industry: Offshore 

oil & gas 

Depression; 

sleep problems, 

BMI 

Depression: Beck Depression 

Inventory (scores 0-13 

(minimal), 14-19 mild 

depression, 20-28 moderate 

depression, 29-63 severe 

depression); Epworth 

Sleepiness Scale (scores ≥10 

on 0-24 scale indicate 

excessive daytime sleepiness); 

Insomnia by Insomnia Severity 

Index (scores ≥8 on 0-28 

indicate insomnia); sleep 

quality assessed by Pittsburgh 

Sleep Quality Index (sores ≥5 

on 0-21 scale indicate poor 

sleep quality); Changes in sleep 

patterns over time (for 14 days) 

by actigraphy. Self-reported 

height and weight. Analysis 

plan: Independent t-test and 

one-way ANOVA   

BMI was 22.7±2.4 kg/m2. Depression symptoms 

were minimal (m=9.05±8.5); 27% had shift work 

disorder; 51.2% had less than six mean sleep hours 

per 24 hours; 72% had poor sleep quality and 67% 

reported insomnia; Sleep duration (Total Sleep 

Time) was short for swing shift (7days /7 nights) 

workers during the second working week than first 

week (340±42 vs 370±58mins; p=0.018). Sleep 

efficiency is high (85±5.1%). 

       

Saksvik et al., 

2011(141) 

Longitudinal 

diary study 

To investigate how 

sleep in offshore  

workers change  from  

day  to day  pre-, 

during- and post-

work period 

19 processing 

workers; mean age 

44.4±8.6 yrs; 

68.4% male; 

Country: Norway; 

Industry: offshore 

oil and gas 

Sleep problems Daily sleep diary and 

actigraphy for 4 weeks (sleep 

quality: a high score on a 1-5 

scale indicates good quality). 

Analysis plan: Repeated 

measure ANOVAs   

Sleep efficiency: higher in day shift than night 

(93% vs 88%; p<0.001) and swing (93% vs 88%; 

p<0.05) shifts across the working week; but higher 

when working swing shift than night (p<0.01) and 

day (p<0.05) shifts the first week of work.  

Sleep quality was better during swing than regular 

day (3.40±0.49 vs 3.37±0.61; p<0.05) and night 

(3.40±0.49 vs 3.32±0.63; p<0.05) shifts for first 

week of work.  

Subjective sleep duration was longer on day shifts 

(431±34.24 vs 417±44.57mins; p<0.05) and night 

(431±47.01 vs 417±44.57mins; p<0.01) shifts than 

swing shifts across the 2 work weeks.  
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Sellenger et al., 

2017(28) 

 

 

Cross-sectional 

survey 

To examine the 

prevalence of 

psychological 

distress  

105 FIFO workers; 

44.8% male  

Country: Australia 

Industry: 

Construction 

Psychological 

distress 

Psychological distress was 

measured by the K10 scale (16-

21 moderate, 22-29 high, 30-50 

very high distress). Analysis 

plan:  Kendall tau correlation 

and Pearson correlation 

High (17.1%; 95%CI=15.9-18.3) and very high 

(8.6%; 95%CI=6.4-10.8) psychological distress 

compared to the general population (5.8% and 

2.4% respectively); feeling socially isolated (r2= 

0.61), and workplace bullying (r2= 0.31) positively 

correlated with high psychological distress 

       

Sneddon et al., 

2013(107) 

 

 

Cross-sectional 

survey 

To examine the 

influence of stress 

and fatigue upon 

work situation 

awareness 

185 drilling 

personnel; 

mean age group 

was 35–44 years; 

Country: UK 

Industry: Offshore 

oil & gas 

Perceived job 

stress, sleep and 

fatigue 

Job stress was measured using 

the offshore stress scale (a 

higher score on 0-160 scale 

indicates high stress). Fatigue 

and sleep disruption were 

assessed by the Australian 

Maritime Safety Authority 

scale (a higher score indicated 

greater sleep disruption (on a 

14-70 scale) and fatigue (on a 

13-65 scale). Analysis plan:  

Correlations (Pearson’s 

Product Moment) and 

regression analyses 

Stress level was relatively low (m=57.23±26.24); 

sleep disruption (m=30.66±7.11) and fatigue 

(m=31.03±7.49) levels were minimal. Stress (β=-

0.34; p<0.01) was negatively associated with work 

situation awareness.  

       

Stewart et al., 

2016(133) 

Cross-sectional 

survey 

To provide 

information on body 

dimensions for the 

civilian UK male 

offshore workforce 

 

404 male offshore 

workforce; mean 

age 41.4±10.07yrs; 

Country: UK; 

Industry: offshore 

oil & gas 

BMI Objective measurement of 

Weight (kg) and Height (m). 

Analysis plan: mean score 

BMI was 28.7±4.0 kg/m2. Workers with less BMI 

pass egress test simulating the smallest helicopter 

window emergency exit size (p<0.0001). 

       

Stewart et al., 

2017(134) 

Cross-sectional 

survey 

To determine the 

prevalence of 

overweight and 

obesity, and compare 

data with the national 

population 

588 male offshore 

workers; mean age 

40.6±10.7yrs. 

country: UK; 

Industry: offshore 

oil & gas 

BMI Objective measurement of 

stature (cm) and weight (kg), 

and 3D body scanning; BMI 

calculated as kg/m2 (BMI 25-

29.9= overweight, ≥30 obese). 

Analysis plan: Chi-square, 

univariate analysis of variance 

and post hoc tests 

BMI was 28.3±4.0kg/m2 increased from 24.9kg/m2 

in 1984; 52% were overweight and 30% were 

obese; an increase in prevalence overweight by 6% 

and obesity by 24%. BMI was higher than the 

Scottish normal population (p=0.021). 
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Sutherland, 

1993(104) 

 

 

Cross-sectional 

survey 

To examine the 

sources of stress and 

the link between 

stress, personal 

factors, and accident 

occurrence 

310 males working 

on 97 drilling and 

production 

installations; age 

range 21 to 60 yrs; 

Country: UK 

Industry: Offshore 

oil & gas 

Mental health 

Smoking; 

alcohol intake 

Psychological well-being 

assessed by The Crown Crisp 

experiential index (CCEI) 

Mental health (mean score=23.1) was poor 

compared to onshore/normal industrial workers 

(mean score=21.1); 34% reported tobacco smoking 

status; 16% reported consuming more than 21 

units (safe level) of alcohol per week 

       

Sutherland & 

Copper, 

1991(92) 

 

 

Longitudinal 

study  

To examine the 

relationships  

between stress, 

personality  

and accident  

involvement 

310 male drilling 

and production 

workers; age range 

21 to 60 yrs 

Country:  UK 

Industry: Offshore 

oil and gas 

Psychological 

well-being;  

Psychological well-being 

assessed by the  

Crown Crisp Experiential 

Index (CCEI) (3 measurement 

points 6 months apart) 

Analysis plan: multiple 

regression 

Poor mental well-being predicted by stress from 

home/work interface (β=0.27; t=3.04, p<0.002), 

safety and insecurity concerns (β=0 17, t=2.67, p< 

0.01), and job dissatisfaction (β=-0.10; t=-2.28, 

p<0.05)  

       

Thorne et al., 

2008(142) 

Longitudinal 

diary study  

To evaluated sleep on 

shift  schedules  

differing  by  only  1 

h  in  work  start  and  

finish  time 

17 offshore night 

shift male workers; 

mean age 41±12 

yrs. Country: UK; 

Industry: offshore 

oil & gas 

Sleep duration, 

BMI 

Sleep diaries and actigraphy for 

the last 7 days of offshore work 

period. BMI measurement NR. 

Analysis plan: two-way RM-

ANOVA 

BMI was 27.25±2.95kg/m2. Night shift schedule 

with an early start at 18:00h associated with long 

sleep duration (6.60±0.30hrs vs 5.71±0.27hrs)  

than late start schedule at 19:00h (F(1,12) = 6.20; 

p<0.05) 

       

Thorne et al., 

2010(143) 

Longitudinal 

diary study 

 

To investigate the 

effects of timed 

bright light treatment 

on sleep and 

circadian adaptation 

in offshore night-shift 

workers  

14 offshore night 

male shift workers; 

mean age 47.5±9 

yrs. Country: UK; 

Industry: offshore 

oil & gas. 

Sleep duration, 

BMI 

Sleep diaries and actigraphy for 

the last 7 days of offshore work 

period. BMI measurement NR. 

Analysis plan: descriptive 

statistics 

BMI was 28.25±2.30kg/m2. Sleep duration was 

short (5.89±0.65hrs) and sleep efficiency was 

lower (82.7±6.3%) during the last 7 days of work 

period. 
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Waage et al., 

2009(93) 

Cross-sectional 

survey 

To examine Shift 

Work Disorder 

among shift workers 

in the North Sea 

103 workers in the 

North Sea; 95.1% 

men; mean 

39.8±10.2yrs 

Health 

complaints, 

sleep problems 

Subjective Health Complaint 

Inventory (SHC); Sleep 

problems by Pittsburgh Sleep 

Quality Index (PSQI) (sores >5 

on 0-21 scale indicate poor 

sleep disorders); Bergen 

Insomnia Scale (BIS) (higher 

score on 0-42 indicate 

insomnia); Epworth Sleepiness 

Scale (scores >10 on 0-24 scale 

indicate excessive sleepiness); 

Shift Work Disorder diagnosed 

based on ICSD-2 minimal 

criteria (yes on 3 items). 

Analysis plan: Independent  t-

test and  chi-square  tests 

23.3% had shift work disorder (SWD); self-rated 

physical health was good/very good in workers 

with SDW (87.5%) and non-SWD (88.6%) 

(p=0.917). Poorer sleep quality (p<0.001) and 

more subjective health complaints (p<0.001) in 

SWD workers (100%) than non-SWD workers 

(89.9%) (more musculoskeletal (90.9% vs 69.6%, 

p=0.04), and gastric problems (87% vs 50.6%, 

p<0.01) in workers with SWD during the last 30 

days). 79.4% experience sleep problems during the 

offshore period; sleep problems was more in 

workers with SWD (p=0.003). 96.1% had 

sufficient sleep during the non-work period high 

than during work periods (65%).  

       

Waage et al., 

2010(94) 

Cross-sectional 

survey 

To examine the 

relationship between  

shift type, and 

morningness and 

sleep/health problems 

in oil rig shift 

workers 

199 purposively 

selected workers; 

96.6% males; mean 

age was 42.9 years. 

Country: Norway; 

Industry: offshore 

oil & gas 

Subjective 

health 

complaints; 

sleep duration, 

BMI 

Subjective health complaints 

were assessed by the 

Subjective Health Complaint 

Inventory (SHC) (high scores 

indicate more complaints). 

Self-reported height and 

weight; Sleep was measured by 

the Pittsburgh Sleep Quality 

Index (PSQI) (sores >5 on a 0-

21 scale indicate sleep 

disorders); Analysis plan:  

Multiple linear regressions, and 

post hoc analysis 

BMI was 26 kg/m2; 81% of workers described 

their health as very good or good; Workers 

reported some subjective health complaints (mean 

score 7.10±6.16; range 0-87); more 

musculoskeletal complaints among workers aged 

>50 years compared to younger workers 

(16.93±45.19 vs 1.75±5.61; range 0-24, p<0.001), 

low gastrointestinal complaints (1.36±5.70; range 

0-24). Swing shift workers reported longer sleep 

duration than day shift workers (β=0.18; p=0.01). 
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Waage et al., 

2012(156) 

Longitudinal 

diary survey 

To investigate 

sleepiness in the 

same shift workers  

during three different 

shift schedules 

28 workers in a 

processing area; 

mean age was 

44yrs; 68.4% men; 

Country: Norway; 

industry: offshore 

oil & gas 

Sleepiness Sleep and wake diaries of KSS 

hourly (higher scores on a 1-9 

scale indicate higher subjective 

fatigue) and the Accumulated 

Time with Sleepiness (ATS) 

once a day for 4 weeks (2 

waves 9 months apart). 

Analysis plan: ANOVA with 

separate post hoc tests 

Sleepiness was highest during the first days of 

night and swing shifts (range p=0.01 to 0.03), and 

also in the middle of the swing shift work period 

(range p=0.02 to 0.03). Workers reported more 

subjective sleepiness after the night shift than after 

day (p<0.01) or swing shifts (p=0.01) on leave 

periods. No differences in objective (F2,18 = 0.61, 

p=0.27) and subjective (F2,28 = 0.14, p>0.05) 

sleepiness between different shift types. 

       

Waage et al., 

2013(91) 

Longitudinal 

study  

To examine and 

compare the workers’ 

subjective health 

before after a four 

week leave period 

and following a two 

week work period at 

the oil rig. 

188 oil rig workers; 

mean age 

42.9±10.6yrs; 

97.3% male. 

Country: Norway; 

Industry: offshore 

oil & gas 

Health 

complaints; 

sleep quality, 

insomnia, 

smoking 

Subjective health complaints 

measured by the Subjective 

Health Complaints Inventory 

(SHC) in the last 30 days 

(measured 2 times, 2 weeks 

apart) (high scores a on 0-87 

indicate more complaints); 

Sleep problems by Pittsburgh 

Sleep Quality Index (PSQI) 

(sores >5 on 0-21 scale indicate 

poor sleep disorders); Bergen 

Insomnia Scale (BIS) (higher 

score on 0-42 scale indicate 

insomnia). Self-reported 

smoking status. Analysis plan: 

Paired samples t-test and 2 × 2 

ANOVA 

81.5% self-reported physical health as good or 

very good; 23% reported smoking. Swing shift 

workers (89.3%) reported better health than day 

shift workers (73.4%) (p=0.02). Poor sleep quality 

(5.7±2.7 vs 4.5±2.6; p<0.0005) and more 

complaints of insomnia (12.5±12.9 vs 7.5±6.4; 

p<0.0005) at the end than start of the work period. 

Swing shift workers reported poorer sleep quality 

(5.9±2.8 vs 4.5±2.9; p<0.0005) and more 

complaints of insomnia (13.8±9.6 vs 7.1±6.8; 

p<0.0005) at the end compared to the start of the 

work period. No differences between day shift 

workers and swing shift workers for sleep quality 

at the start (27.8% vs 26.9%, p=0.96) and end 

(33.3% vs 44.1%, p=0.09) of the work period. 

Daily smoking in day shift workers (23.3%) was 

similar to swing shift (22.6%) workers (p=0.65). 

No differences in SHCs at the start to the end of 

the work period (7.2±6.2 vs 6.7±5.5; p=0.12) 
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Ulleberg et al., 

1997(118) 

Cross-sectional 

survey 

To examine the 

relationship between 

job stress, job 

dissatisfaction, social 

support, absenteeism 

and strain 

1137 employees; 

91% male; mean 

age 40 yrs. 

Country: Norway; 

Industry: Offshore 

oil & gas 

Strain, sleep 

and gastric 

problems 

Strain assessed by self-reported 

problems with sleeping and 

stomach trouble (mean score 1-

5, a higher score indicates a 

high level of strain). Analysis 

plan: Stepwise multiple 

regression analysis 

Workers report low to moderate levels of strain 

(1.84±0.70); more sleep difficulties (mean 

score=2.17±1.13) and low stomach problems 

(mean score=1.66±0.99). Stress from physical 

workload (β=0.15; p<0.001), communication and 

participation in work decisions (β=0.10; p=0.012) 

and perception of risk: disasters and  accidents 

(β=0.19; p<0.001), satisfaction with employee 

relations (β=0.23; p<0.001) and extrinsic 

satisfaction with working condition (β=0.11; 

p=0.019) were associated with high strain; high 

social support from supervisor (β=-0.09; p=0.015) 

was associated with less strain 

       

Vojnovic & 

Bahn, 2015(73) 

 

 

Cross-sectional 

study 

To examine the 

relationship between  

demographic 

information and 

mental health among 

FIFO workers 

629 FIFO workers; 

83% male 

Mean age 

36.80±10.35 

(ranged 18–65yrs). 

Country: Australia 

Industry: mining 

and oil & gas 

Mental health 

(depression, 

anxiety and 

stress) 

Depression, anxiety and stress 

were assessed by self-report 

using The Depression Anxiety 

Stress Scale (DASS-21) (scores 

on DASS-21 multiplied by 2; 

Depression: scores 0-9 normal, 

10-13 mild, 14-20=moderate, 

≥21 severe/extremely severe; 

Anxiety: 0-7 normal, 8-9 mild, 

10-14 moderate, ≥15 severe; 

stress: 0-14 normal, 15-18 

mild, 19-25 moderate, ≥26 

severe). 

28.3% experienced depression symptoms, 22.3% 

reported anxiety symptoms and 19.4% reported 

stress symptoms; 36.31% of participants 

experienced psychological distress symptoms 

above the clinical cut-off levels. 
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Table S2. Summary of qualitative studies  

Author Study design Aim/objective Study 

population/study 

country and 

industry 

Phenomenon Data 

collection 

methods/ 

Analysis plan 

Summary of findings 

Carter & 

Kaczmarek, 

2009(153) 

Qualitative 

study 

To explore the 

psychological 

impact offshore 

FIFO employment 

has on Gen Y 

10 male; aged 18-

28yrs; Country: 

Australia; 

Industry: offshore 

oil and gas 

Psychological 

well-being 

Semi-

structured 

interviews. 

Analysis plan: 

Thematic 

analysis 

Workers reported financial rewards, long leave periods to engage in social 

activities to improve their well-being, and a sense of social belonging at the 

workplace.  
Workers reported feelings of depression prior to returning to work and during 

the first day at work due to missing out on social events.  

Workers reported difficulty with forming and maintaining personal 

relationships 

       

Devine et 

al., 

2008(148) 

Qualitative 

study 

To identify staff 

perceptions of the 

types and sources 

of occupational 

health and safety 

hazards at a remote 

fly-in-fly-out 

minerals extraction 

and processing 

plant 

23 to 53 staff 

purposive sample. 

Gender: NR; age: 

NR; Country: 

Australia. 

Industry: mining 

Fatigue  Focus group 

discussion 

lasting 60-

90mins. 

Thematic 

analysis 

Workers reported concerns about high levels of fatigue due to roster and sleep 

difficulties; fatigue improved after a change of roster 7N/7D/7L to 

8D/6L/8N/6L 

       

Ebert & 

Strehlow, 

2017(151) 

 

  

Qualitative 

study 

To examine the 

24/7 on-site 

chaplain’s service 

impact on the 

health and well-

being of FIFO 

personnel 

29 employees; 

69% male; age 

20–60yrs; 

Country: 

Australia 

Industry: mining 

Mental well-

being 

Semi-

structured 

interviews. 

Analysis plan: 

Thematic 

analysis 

Workers reported mental distress from anxiety, depression and home/work 

interference issues;  

Workers reported on-site chaplaincy provided social support and made 

effective promotion of the mental health of FIFO personnel working at a 

remote mine site; chaplains provided active outreach, effective trust building 

and the on-site availability were identified as central to the service being 

accessed and overcoming barriers embedded in mining culture and 

masculinity 
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Gardner et 

al., 2018(15) 

 

 

Qualitative 

study 

To investigate how 

workers and their 

partners negotiate 

the impact of FIFO 

on their mental 

health and well-

being 

34 FIFO workers; 

79% male; mean 

age 41±11yrs; 

Country: 

Australia; 

Industry: 

General FIFO 

Mental health 

and well-being 

Open-ended 

questions via 

email. 

Analysis plan: 

Thematic 

analysis  

Workers reported FIFO work imposes the sense of living two lives, which 

comes with the difficulties of adjusting to the differences and pace of the 

domestic and work lives.  

Workers reported being trapped in undesired jobs by high wages; 

absence from family put a strain on relationships with partners due to 

physical and psychological distance which causes tension and distrust;  

Some reported feelings of isolation and loneliness due to prolonged absence 

from their families and impeded communication which manifested in anxiety 

or depression. 

Some reported feeling guilty for delegating everyday domestic duties and 

responsibilities to their partners.  

Workers indicated the lack of support from employers and the general 

population for FIFO workers to deal with mental health issues, reluctant to 

seek help for health or well-being issues due to masculinity, stigma, and fear 

of losing jobs 

       

Gibson-

Smith et al., 

2018(100)

  

Qualitative 

study 

To identify self-

care behaviours 

perceived to 

require behaviour 

change within the 

offshore workforce, 

and explore 

perceived potential 

behavioural 

determinants 

16 offshore 

workers; 93.8% 

males; aged 28–

57 yrs. Country: 

Australia; 

Industry: offshore 

oil & gas 

Health 

behaviour 

Semi-

structured one-

on-one 

interviews via 

telephone. 

Analysis plan: 

Deductive and 

Thematic 

analysis 

Workers identified behaviours requiring change including reducing alcohol 

use and smoking, eating healthily and increasing physical activity.  

Workers indicated eating behaviour was influenced by ‘‘…. availability of 

healthy/unhealthy food options offshore ’’.  

Workers reported physical activity influenced by ‘‘…increasing the number 

of opportunities for workers to exercise and improving gym facilities 

offshore’’.  

       

Perring et 

al., 

2014(149) 

Qualitative 

study 

To investigate how 

facilities located 

within on-site 

mining camps 

support the 

everyday life of 

FIFO mining 

workers 

7 FIFO workers; 

6 males; Aged 20-

59 years. 

Country: 

Australia; 

Industry: Mining 

Physical 

activities 

In-depth semi-

structured 

interview 

Workers reported engaging in sporting activities more than once a week. 

Some stated time constraints due to long shift hours and travel times to and 

from work sites, fatigue and management (not proactive) and not well-

maintained facilities limit creational activities and influence engagement in 

physical activity.  

Most participate in alcohol drinking (culture of drinking). 
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Pirotta, 

2009(150) 

Qualitative 

study 

To explore the 

experiences of 

women working at 

mine sites on a Fly 

In, Fly Out (FIFO) 

20 women 

working FIFO; 

mean age 31.2yrs 

(23-49); Country: 

Australia; 

Country: Mining  

Psychological 

well-being 

Semi-

structured 

interviews. 

Analysis plan: 

Thematic 

analysis 

FIFO workers reported financial rewards, long leave periods, and a sense of 

community living at camps.  

Workers reported social life disruptions; difficulties developing friendships 

and intimate relationships.  

Workers reported a sense of isolation and loneliness.  

Workers reported feelings of depression, anxiety and physical exhaustion due 

to long work hours 

       

Rodrigues et 

al., 

2001(102) 

Qualitative 

study 

To evaluate how 

offshore drilling  

workers perceived 

shift work on the 

high seas and its 

impacts on their 

life and working 

conditions 

51 male workers 

on mobile 

drilling; mean age 

of 37.6yrs; 

Country: Brazil; 

Industry: offshore 

oil & gas 

 

Psychosomatic 

symptoms 

Psychosomatic 

symptoms 

were assessed 

through a 

comprehensive 

interview. 

Analysis plan: 

Thematic 

analysis 

Conflicts related to social and domestic arrangements were considered high; 

"pre-boarding stress syndrome'' characterised by anxiety, sleepiness, bad 

mood and other psychosomatic symptoms in the last days off was reported. 

Workers reported poor sleep during the first and the last 2-3 days of the leave 

periods. Workers reported concerns about sleepiness during the day after 

night shifts. 

       

Riethmeister 

et al., 

2016(88) 

Mixed method 

study 

(qualitative 

aspect) 

To perform a needs 

assessment to 

identify the needs 

of offshore workers 

with regard to 

healthy ageing at 

work  

19 supervisors (14 

males) & 49 

offshore workers; 

age 22-67yrs. 

Country: 

Netherlands 

Industry: offshore 

oil & gas 

Sleep, fatigue, 

nutrition 

Semi-

structured 

interviews of 

supervisors 

and Focus 

group 

discussions 

with workers 

Workers identified being far away from home, work-home/family conflicts, 

worries of lack of privacy (sharing cabins), and lack of flexible work 

arrangements influence their health and social life.  

Workers experience mental exhaustion (due to long shift hours).  

Workers reported a culture of masculinity with the mentality of ‘no get sick’.  

Food and nutrition were identified as major health concerns; criticized the 

easy access to unhealthy food and the unhealthy eating behaviours of offshore 

workers.  

Workers reported issues of fatigue (due to long shift hours), and sleep 

disturbances (due to environmental stressors such as motion and noise of 

platforms, and accommodation arrangements); 

       

Torkington 

et al., 

2011(39) 

 

 

Qualitative 

study 

To explore how 

FIFO/DIDO 

mining affects the 

psychosocial well-

being of miners 

11 current/former 

FIFO/DIDO 

workers; 81.8% 

male; aged 20-59 

years. Country: 

Australia. 

Industry: mining  

Psychosocial 

well-being, 

alcohol, fatigue 

Semi-

structured 

interviews. 

Analysis plan: 

Thematic 

analysis 

Workers indicated being satisfied with their jobs and life; ‘… enjoy the work 

environment and interact with colleagues and have enough days off to be with 

family and friends; 

Workers expressed minimal mood but worries about missing out on family 

events, and difficulties maintaining social life.  

Workers reported of ‘culture of drinking’; enjoyed by some and non-drinkers 

do not fit in socially. Some workers reported fatigue due to tiredness and 

sleep disturbance. 
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Wright & 

Griep, 

2019(152) 

 

 

Qualitative 

study  

To understand how 

working in the 

petroleum industry 

affects oil workers’ 

psychosocial health 

and well-being 

14 individuals (12 

males, 2 females) 

Country: Canada  

Industry: 

Petroleum  

Psychological 

health and well-

being; 

musculoskeletal 

problem 

Semi-

structured 

interviews. 

Analysis plan: 

Thematic 

analysis  

Workers reported stigmatization or discrimination as working dirty work and 

substance abusers from their communities.  

Workers reported mental strain/emotional difficulties in maintaining 

relationships or work-family relationships, especially among those with 

young children, and families not appreciative of their work; face with 

adopting behaviours and bullying to fit into work social environment; 

workers are faced with a culture of hard work and intolerance for weakness 

which leads to working while sick. 

Workers reported difficulty in balancing work and social lifestyle (having to 

switch off work brain and put on the social brain); workers lack control over 

their jobs;  

Workers experienced physical pain regularly: common are muscle and joint 

pains, neck and back pains, and leg and feet pains 
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Appendix D: Data collection tools 

Rotation Work and Economic Survey (in workers) 

We would like to learn more about FIFO workers' health and well-being. To help us 

understand it better, please complete this survey (10-15 minutes).  

You will be entered into a draw at the end of the study, to win a AUS$200 shopping voucher 

for participating in the study.     

  

Curtin University Human Research Ethics Committee (HREC) has approved this study 

(HREC number 2020-0693)                           

 

                      Thank you for taking time to participate in this study 

Read more about the study 

Q1 Do you give consent to participate in this study? 

o Yes, I have read the information statement and I understand its contents, and I 

voluntarily consent to take part in this research project.  

o No, I do not consent to take part in the research project  

 

Skip To: End of Survey If Do you give consent to participate in this study? = No, I do not 

consent to take part in the research project 

 

Thanks for participating in the study. All information you provide will be kept 

confidential. Thank you for your time. 

Demographic and work characteristics 

We would like to learn more about you; please provide your personal and work details below 

Q2 Please indicate the country where you are? 

o Australia  

o UK  

Q3 How old are you (in years)? 

▼ 18 ... 75 
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Q4 What is your gender? 

o Male  

o Female  

o Other (Please specify) _________________________________________________ 

Q5 What is your ethnic background? 

o Caucasian/White  

o Aboriginal/Torres Strait Islander  

o African Descent  

o Caribbean  

o Arab Descent  

o Asian Decsent  

o Mixed race  

o Other (Please specify) __________________________________________________ 

Q6 What is your relationship status? 

o Single/ never married  

o Married  

o Divorced  

o Separated  

o Widowed  

o Civil partnership  

o De-facto/co-habiting  

o Other (Please specify) __________________________________________________ 

Q7 Do you have children? 

o Yes  

o No  

Skip To: Q9 If Do you have children? = No 
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Q8 How many children do you have? 

▼ 1 ... 10 

Q9 What is your highest level of education attained? 

o No formal education  

o Primary education  

o Secondary education  

o O GCSE/O-level or equivalent  

o A-levels or equivalent  

o Trade/Apprentice  

o TAFE/College/Diploma  

o Bachelor degree  

o Postgraduate degree  

o Other (Please specify) __________________________________________________ 

Q10 What is your current occupational role at work? 

o Management  

o Professional  

o Maintenance/Technician  

o Catering  

o Production  

o Drilling/construction  

o Machinery operator and driver  

o Labourer  

o Administration/services  

o Other (Please specify) __________________________________________________ 

Q11 How long (in years) have you worked in FIFO/rotation/offshore work? 

▼ less than 1 year ... 50 
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Q12 What is the rotating shift pattern you normally work on? 

o Rotation shift (mixture of day/night shifts)  

o Regular shift (fixed day)  

o Regular shift (fixed night)  

o Stand-by shift  

o Other (Please specify?) __________________________________________________ 

Q13 On a common shift, how many hours would you work per day? 

▼ 1 ... 20 

Q14 What is your typical number of consecutive days on shift? 

▼ 1 ... 90 

Q15 What is the typical number of consecutive days off you would have between shifts? 

▼ 1 ... 90 

Q16 What is income from paid FIFO work per annum? (This refers to the amount you 

actually receive from your current FIFO work. We are interested only in your income, i.e. 

exclusive of, if present, your partner’s income) 

▼ A$50-60k ... A$181k and above 

 Sleep and health-related behaviour 

We would like to ask some questions about your sleep patterns, diet, alcohol use, smoking, 

and lifestyle. 

 

Q17 We would like to know your weight and height to calculate for your BMI 

What is your weight in kgs/stones/Ibs? (Please select one that is suitable for you) 

  

kgs  ▼ 20 ...   

stones  ▼ 20 ...   

Ibs  ▼ 20 ...   
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Q18 What is your height in meters, cm, or feet/inches? (Please select one that is suitable for 

you) 

  

meters  ▼ 1.0 ... 5.0 

cm  ▼ 1.0 ... 5.0 

feet  ▼ 1.0 ... 5.0 

 

Sleep patterns 

The following questions relate to your usual sleep habits during the past month only. Your 

answers should indicate the most accurate reply for the majority of days and nights in the past 

month. Please answer all questions. 

Q19 How many hours of actual sleep did you get at night during on-shift days? (This may 

be different from the number of hours you spent in bed) 

▼ 1 ... 30 

Q20 How many hours of actual sleep did you get at night during off-shift days?  

▼ 1 ... 30 

Q21 During the past month, during on-shift days, how would you rate your sleep quality 

overall? 

o Very  good  

o Fairly  good  

o Fairly  bad  

o Very bad  

Q22 During the past month, during off-shift days, how would you rate your sleep quality 

overall?  

o Very good  

o Fairly good  

o Fairly bad  

o Very bad  

 

Fruits and vegetable intake 

The following questions are about your usual consumption of fruits and vegetables, including 

fresh, frozen and tinned fruits and vegetables, during on-shift and off-shift days. Please 

answer all questions. 
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Q23 How many serves of vegetables do you usually eat each day during on-shift day? (one 

serving equals one of leafy green or raw salad vegetables) 

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

o Less than one serve  

o Don't eat vegetables  

Q24 How many serves of vegetables do you usually eat each day during off-shift days? (one 

serving equals one of leafy green or raw salad vegetables) 

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

o Less than one serve  

o Don't eat vegetables  

Q25 How many serves of fruit do you usually eat each day during on-shift days? (one 

serving equals one cup canned fruits) 

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

o Less than one serve  

o Don't eat fruits  
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Q26 How many serves of fruit do you usually eat each day during off-shift days? (one 

serving equals one cup canned fruits) 

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

o Less than one serve  

o Don't eat fruits  

Alcohol consumption and smoking status 

Q27 How often do you have a drink containing alcohol? 

o Never  

o Monthly or less  

o 2−4 times a month  

o 2−3 times a week  

o 4 or more times a week  

 

Skip To: Q32 If How often do you have a drink containing alcohol? = Never 

Q28 When on-shift, how many standard drinks containing alcohol do you have on a typical 

day when drinking? 

o 0  

o 1 or 2  

o 3 or 4  

o 5 or 6  

o 7 to 9  

o 10 or more  

Q29 When off-shift, how many standard drinks containing alcohol do you have on a typical 

day when drinking? 

o 0  



386 
 

o 1 or 2  

o 3 or 4  

o 5 or 6  

o 7 to 9  

o 10 or more  

Q30 When on-shift, how often do you have six or more standard drinks on one occasion?  

o Never  

o Less than monthly  

o Monthly  

o Weekly  

o Daily or almost daily  

Q31 When off-shift, how often do you have six or more standard drinks on one occasion? 

o Never  

o Less than monthly  

o Monthly  

o Weekly  

o Daily or almost daily  

 

Q32 Do you smoke?  

o Yes  

o No  

Skip To: Q34 If Do you smoke? = Yes 

Q33 If no, have you ever smoked? 

o Yes  

o No  

Skip To: Q36 If If no, have you ever smoked? = No 
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Q34 How many cigarettes do you smoke per day when on-shift? 

▼ 1 ... 100 

Q35 How many cigarettes do you smoke per day when off-shift? 

▼ 1 ... 100 

Physical activity 

Think about only those physical activities that you did for at least 10 minutes at a time.  

Q36  How many days per week did you do vigorous physical activities (like heavy lifting, 

digging, or aerobics) when on-shift? 

▼ None ... 7 

Q37 How much time did you usually spend doing vigorous physical activities on one of 

those days when on-shift? (Specify in minutes) 

▼ 0... 500 

Q38 How many days per week did you do vigorous physical activities (like heavy lifting, 

digging, or aerobics) and moderate  when off-shift? 

▼ None ... 7 

Q39 How much time did you usually spend doing vigorous physical activities on one of 

those days when off-shift? (Specify in minutes) 

▼ 0... 500 

Q40 How many days per week did you do moderate physical activities (like carrying light 

loads, bicycling at a regular pace, or doubles tennis) when on-shift? 

▼ None ... 7 

Q41 How much time did you usually spend doing moderate physical activities on one of 

those days when on-shift? (Specify in minutes) 

▼ 0 ... 500 

Q42 How many days per week did you do moderate physical activities (like carrying light 

loads, bicycling at a regular pace, or doubles tennis) when off-shift? 

▼ None ... 7 

Q43 How much time did you usually spend doing moderate physical activities on one of 

those days when off-shift? (Specify in minutes) 

▼ 0 ... 500 
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Q44 How many days per week did you do mild physical activities (e.g. walking at work, 

walking from place to place, and any other walking that you did solely for recreation, sport, 

exercise or leisure) when on-shift? 

▼ None ... 7 

Q45 How much time did you usually spend doing mild physical activities on one of those 

days when on-shift? (Specify in minutes) 

▼ 0 ... 500 

Q46 How many days per week did you do mild physical activities when off-shift? 

▼ None ... 7 

Q47 How much time did you usually spend doing mild physical activities on one of those 

days when off-shift? (Specify in minutes) 

▼ 0 ... 500 

Physical Health status 

We would like to you know about your physical health status. Please select the answer that is 

correct for you. 

Q48 Overall, how would you rate your health during the past 4 weeks? 

o Excellent  

o Very good  

o Good  

o Fair  

o Poor  

o Very poor  

Q49 During the past 4 weeks, how much did physical health problems limit your usual 

physical activities (such as walking or climbing stairs)? 

o Not at All  

o Very Little  

o Could Not Do Physical Activities  

o Somewhat  

o Quite a Lot  

Q50 During the past 4 weeks, how much difficulty did you have doing your daily work, both 

at home and away from home, because of your physical health? 
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o Not at All  

o A Little Bit  

o Could Not Do Daily Work  

o Some  

o Quite a Lot  

Q51 How much bodily pain have you had during the past 4 weeks? 

o None  

o Very Mild  

o Mild  

o Moderate  

o Severe  

o Very Severe  

Q52 Psychological distress status 

These questions relate to how you've been feeling over the past four weeks. Please select the 

answer that is correct for you. About how often did you... 

 
None of the 

time 

A little of the 

time 

Some of the 

time 

Most of the 

time 

All of the 

time 

feel tired out 

for no good 

reason?  
o  o  o  o  o  

feel nervous?  o  o  o  o  o  
feel so 

nervous that 

nothing could 

calm you 

down?  

o  o  o  o  o  

feel 

hopeless?  o  o  o  o  o  
feel restless 

or fidgety?  o  o  o  o  o  
feel so 

restless you 

could not sit 

still?  
o  o  o  o  o  
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feel 

depressed?  o  o  o  o  o  
feel that 

everything 

was an 

effort?  
o  o  o  o  o  

feel so sad 

that nothing 

could cheer 

you up?  
o  o  o  o  o  

feel 

worthless?  o  o  o  o  o  
  

Work productivity 

We would like to know about the effect of your health problems on your ability to work and 

perform regular activities. By health problems we mean any physical or emotional problem or 

symptom.  

Q53 During the past four weeks, how many hours did you miss from work because of your 

health problems? Include days you missed on sick days, times you went in late, left early, etc., 

because of your health problems.  

▼ 0 ... 300 

Q54 During the past four weeks, how many hours did you actually work? 

▼ 1 ... 500 

Q55 During the past four weeks, how much did your health problems affect your productivity 

while you were working? Rank 0 (Health problem had no effect on my work) to 10 (Health 

problem completely prevented me from working) 

 0 1 2 3 4 5 6 7 8 9 10 

 

0 
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Q56 Would you like to tell us more about your health? Take part in a short daily diary 

surveys (not more than 5 mins) for 28 consecutive days that will help us understand your 

health profile. You will be asked about your day, including your feelings (e.g. mood, anxiety, 

stress), sleep, lifestyle (e.g. alcohol use), and work-related characteristics (e.g. workload & 

support). You will receive a personalised report that can help you learn a bit more about your 

health. You will also help us understand changes in FIFO workers' health and wellbeing. 

o Yes  

o No  

Skip To: Q60 If Would you like to tell us more about your health? Take part in a short daily 

diary surveys (not m... = No 

  

Read more about the daily diary study 

Q57 I understand that I will be contacted regularly during the study to complete further 

questionnaires. 

o Yes  

o No  

 

Q58 Do you give consent to participate in the daily study? 

o Yes, I have read the information statement and I understand its contents, and I 

voluntarily consent to take part in this research project.  

o No, I do not consent to take part in the research project  

 

Skip To: Q60 If Do you give consent to participate in the daily study? = No, I do not consent 

to take part in the research project 

 

Q59 Please enter your mobile number you may wish to be contacted on for follow-up 

questionnaires (This mobile number will be stored in a separate dataset so it is impossible to 

link to your data) 

________________________________________________________________ 

Q60 Please enter your email address if you would like to be included in a raffle draw? (This 

email address will be stored in a separate dataset so it is impossible to link to your data) 

________________________________________________________________ 
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Rotation work and Health: Survey for Partners 

 

We would like to learn more about the partners of FIFO workers and their health and well-

being. To help us understand it better, please consider completing this 10-minute survey.  

 

Curtin University Human Research Ethics Committee (HREC) has approved this study 

(HREC number 2020-0693) 

                    Thank you for taking time to participate in this study 

Read more about this study 

 Do you give consent to participate in this study? 

▢ Yes, I have read the information statement and I understand its contents, and I 

voluntarily consent to take part in this study  

▢ No, I do not consent to take part in the research project  

Thanks for participating in the study. You will now be asked some questions about you ahead 

of the daily diary part of the study. Please answer all the questions. Thank you for your time. 

Q1 How old are you? 

▼ 18 ... 70 

Q2 What is your gender? 

o Male  

o Female  

o Other (Please specify) __________________________________________________ 

Q3 What is your ethnic background? 

o Caucasian/white  

o Aboriginal/Torres Strait Islander  

o African Descent  

o Caribbean  

o Arab Descent  

o Asian Descent  

o Mixed race  

o Other (Please specify) __________________________________________________ 
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Q4 What is your relationship status? 

o Married  

o Civil partnership  

o De-facto/co-habiting  

o Other (Please specify) __________________________________________________ 

Q5 How long (in years) have you been in this relationship with your partner? 

▼ less than 1 year ... 60 

Q6 Do you have children? 

o Yes  

o No  

 

Skip To: Q9 If Do you have children? = No 

 

Q7 How many? 

▼ 1 ... 30 

Q8 What is the age of your youngest child? 

▼ less than 1year ... 59 

Q9 What is the your highest level of education attained? 

o No formal education  

o Primary education  

o Secondary education  

o O GCSE/O-level or equivalent  

o A-levels or equivalent  

o Trade/Apprentice  

o TAFE/College  
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o Bachelor degree  

o Postgraduate degree  

o Other (Please specify) __________________________________________________ 

Q10 What is your current employment status? 

o Undertaking house duties  

o Working full-time  

o Working part-time  

o Self-employed  

o Student  

o Other (Please specify) __________________________________________________ 

Q11 What is your partner’s current occupational role at work? 

o Management  

o Professional  

o Maintenance/Technician  

o Catering  

o Production  

o Machinery operator and driver  

o Drilling/construction  

o Labourer  

o Administration/services  

o Other (Please specify) __________________________________________________ 

Q12 What is your partner’s usual rotation shift pattern? 

o Rotation shift (mixture of day/night shifts)  

o Regular shift (fixed day)  
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o Regular shift (fixed night)  

o Stand-by shift  

o Other (Please specify) __________________________________________________ 

Q13 What is the number of hours of your partner’s normal shift per day? 

▼ 1 ... 30 

Q14 What is your partner’s number of consecutive days away at work? 

▼ 1 ... 120 

Q15 What is your partner’s number of consecutive days at home? 

▼ 1 ... 120 

Q16 How long (in years) has your partner worked rotation work (FIFO) during the course of 

your relationship? 

▼ Less than 1 year ... 70 

Health and lifestyle status 

We would like to know about your health and lifestyle. Your answers will remain 

confidential. Please select the answer that is correct for you. 

 

Sleep patterns   The following questions relate to your usual sleep habits during the past 

month only. Your answers should indicate the most accurate reply for the majority of days 

and nights in the past month. Please answer all questions. 

 

Q17 How many hours of actual sleep did you get at night during your partner's on-shift 

days? (This may be different from the number of hours you spent in bed) 

▼ 1 ... 30 

Q18 How many hours of actual sleep did you get at night during partner's off-shift days?         

▼ 1 ... 20 

Q19 During the past month, during your partner's on-shift days, how would you rate your 

sleep quality overall? 

o Very  good  

o Fairly  good  

o Fairly  bad  
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o Very bad  

Q20 During the past month, during your partner's off-shift days, how would you rate your 

sleep quality overall?  

o Very  good  

o Fairly  good  

o Fairly  bad  

o Very bad  

Q21 We would like to know your weight and height to calculate for your BMI 

What is your weight in kgs/stones/Ibs? (Please select one that is suitable for you) 

  

kgs  ▼ 20 ...   

stones  ▼ 20 ...   

Ibs  ▼ 20 ...   

 

Q22 What is your height in meters, cm, or feet/inches? (Please select one that is suitable for 

you) 

  

meters  ▼ 1.0 ... 5.0 

cm  ▼ 1.0 ... 5.0 

feet  ▼ 1.0 ... 5.0 

 

 Alcohol and smoking status 

 

Q23 How often do you have a drink containing alcohol?  

o Never  

o Monthly or less  

o 2-4 times per month  

o 2-3 times per week  

o 4 or more times per week  

 

Skip To: Q27 If How often do you have a drink containing alcohol?  = Never 
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Q24 How many hours of actual sleep did you get at night during your partner's on-shift days? 

(This may be different from the number of hours you spent in bed) 

Q25 During your partner's off-shift days, how many standard drinks containing alcohol do 

you have on a typical day when drinking?  

o 0  

o 1-2  

o 3-4  

o 5-6  

o 7-9  

o 10 or more  

Q26 How often do you have six or more standard drinks on one occasion in the last year?  

o Never  

o Less than monthly  

o Monthly  

o Weekly  

o Daily or almost daily  

Q27 Do you smoke? 

o Yes  

o No  

 

Skip To: Q29 If Do you smoke? = Yes 

Q28 If no, have you ever smoked? 

o Yes  

o No  

Skip To: Q31 If If no, have you ever smoked? = No 

 

Q29 If you do currently smoke, how many cigarettes do you smoke per day during your 

partner's on-shift days?  
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▼ 1 ... 100 

Q30 How many cigarettes do you smoke per day during your partner's off-shift days?  

▼ 1 ... 100 

Q31 How many serves of vegetables do you usually eat each day during partner's on-shift 

day? (one serving equals one of leafy green or raw salad vegetables) 

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

o Less than one serve  

o Don't eat vegetables  

Q32 How many serves of vegetables do you usually eat each day during partner's off-shift 

days? (one serving equals one of leafy green or raw salad vegetables) 

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

o Less than one serve  

o Don't eat vegetables  

Q33 How many serves of fruit do you usually eat each day during partner's on-shift days? 

(one serving equals one cup canned fruits) 

o 1 serve  
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o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

o Less than one serve  

o Don't eat fruits  

Q34 How many serves of fruit do you usually eat each day during partner's off-shift days? 

(one serving equals one cup canned fruits) 

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

o Less than one serve  

o Don't eat fruits  

Q35 How many minutes per day do you usually do vigorous or moderate physical activities 

outside of work for at least 10 minutes at a time partner's on-shift days? 

▼ 0 ... 500 

Q36 How many minutes per day do you usually do vigorous or moderate physical activities 

outside of work for at least 10 minutes at a time during your partner's off-shift days? 

▼ 0 ... 500 

 

Public Health status 

We would like to you know about your physical health status. Please select the answer that is 

correct for you. 

Q37 Overall, how would you rate your health during the past 4 weeks? 
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o Excellent  

o Very good  

o Good  

o Fair  

o Poor  

o Very poor  

Q38 During the past 4 weeks, how much did physical health problems limit your usual 

physical activities (such as walking or stairs)? 

o Not at all  

o Very little  

o Could not do physical activities  

o Somewhat  

o Quite a lot  

Q39 During the past 4 weeks, how much difficulty did you have doing your daily work, both 

at home and away from home, because of your physical health? 

o Not at all  

o A little bit  

o Could not do daily work  

o Some  

o Quite a lot  

Q40 How much bodily pain have you had during the past 4 weeks? 

o None  

o Very mild  

o Mild  

o Moderate  
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o Severe  

o Very Severe  

 

Q41 Psychological distress. These questions relate to how you've been feeling over the past 

four weeks. Indicate box next to each question that best reflects your thoughts, feelings and 

behaviourIn the past 4 week, about how often did you: 

 
None of the 

time 

A little of the 

time 

Some of the 

time 

Most of the 

time 

All of the 

time 

Feel tired out 

of no good 

reason?  
o  o  o  o  o  

Feel nervous?  o  o  o  o  o  
Feel so 

nervous that 

nothing could 

calm you 

down?  

o  o  o  o  o  

Feel 

hopeless?  o  o  o  o  o  
Feel restless 

or fidgety?  o  o  o  o  o  
Feel so 

restless you 

could not sit 

still?  
o  o  o  o  o  

Feel 

depressed?  o  o  o  o  o  
Feel that 

everything 

was an 

effort?  
o  o  o  o  o  

Feel so sad 

that nothing 

could cheer 

you up?  
o  o  o  o  o  

Feel 

worthless?  o  o  o  o  o  
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Q42 Would you like to tell us more about your health? Take part in short daily surveys (not 

more than 5 mins) for 28 consecutive days that will help us understand your health profile. 

You will be asked about your day, including your feelings (e.g. depression, anxiety, stress), 

sleep, lifestyle (e.g. alcohol use), and work-related characteristics (e.g. workload & 

support).You will receive a personalised report of your health profile over 28 consecutive 

days. You will also help us understand changes in FIFO partners health and well-being. 

o Yes  

o No  

 

Skip To: End of Survey If Would you like to tell us more about your health? Take part in 

short daily surveys (not more than... = No 

 

Q43 I understand that I will be contacted regularly during the study to complete further 

questionnaires. 

o Yes  

o No  

 

Skip To: End of Survey If I understand that I will be contacted regularly during the study to 

complete further questionnaires. = No 

 

Q44 Please enter your mobile number for the follow-up daily surveys (This mobile number 

will be stored in a separate dataset so it is impossible to link to your data) 

________________________________________________________________ 
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Rotation work and Health: a daily diary (Worker) 

This survey collects information about your daily experience, work and health issues. Thank 

you very much for taking part!  

Q1 Please enter your given study ID (stated in the text message). 

____________________________________________________________ 

Q2 Is today your..........? 

o work day (on-shift)  

o non-work day (off-shift)  

 

Skip To: Q5 If Is today your..........? = non-work day (off-shift) 

We would ask you set of questions that relate to your work demands and the available job 

support in the last 24 hour. 

Q3 Today, my Supervisor was supportive  

o Strongly disagree  

o Disagree  

o Somewhat disagree  

o Neither agree nor disagree  

o Somewhat agree  

o Agree  

o Strongly agree  

Q4 Today, I felt my organisation provided enough ‘on the job’ resources so I could do 

my job effectively.  

o Strongly disagree  

o Disagree  

o Somewhat disagree  

o Neither agree nor disagree  

o Somewhat agree  

o Agree  

o Strongly agree  

Q5 Today, I felt others were supportive 

o Strongly disagree  
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o Disagree  

o Somehow disagree  

o Neither agree or disagree  

o Somewhat agree  

o Agree  

o Strongly agree  

Q6 Today, I had autonomy to decide on the order in which things were done 

o Strongly disagree  

o Disagree  

o Somehow disagree  

o Neither agree nor disagree  

o Somehow agree  

o Agree  

o Strongly agree  

Q7 Today, I had autonomy in making decisions on what I did 

o Strongly disagree  

o Disagree  

o Somehow disagree  

o Neither agree nor disagree  

o Somehow agree  

o Agree  

o Strongly agree  

Q8 Today, my workload was too heavy 

o Strongly disagree  

o Disagree  

o Somewhat disagree  

o Neither agree nor disagree  

o Somewhat agree  



405 
 

o Agree  

o Strongly agree  

Q9 Today, I did not have enough time to do my work to the best of my ability 

o Strongly disagree  

o Disagree  

o Somewhat disagree  

o Neither agree nor disagree  

o Somewhat agree  

o Agree  

o Strongly agree  

Q10 Today, my tasks were simple and uncomplicated  

o Strongly disagree  

o Disagree  

o Somehow disagree  

o Neither agree or disagree  

o Somewhat agree  

o Agree  

o Strongly agree  

 Sleep pattern, mood and lifestyle 

We ask some questions about your sleep pattern, mood, diet, use of alcohol and smoking, and 

lifestyle in the last 24 hours.  

Q11 Last night, how would you rate your sleep quality overall? 

o Very good  

o Fairly good  

o Fairly bad  

o Very bad  

Q12 How happy did you feel today? 

o Not at all  

o A little  
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o Moderately  

o Quite a bit  

o Extremely  

Q13 How excited did you feel today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q14 How nervous did you feel today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q15 How worried did you feel today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q16 How sad did you feel today?  

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q16 How lonely did you feel today? 

o Not at all  
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o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q17 How many standard alcohol drinks did you consume today?  

o 0  

o 1  

o 2  

o 3  

o 4  

o 5  

o 6  

o 7 or more  

Q18 How many cigarettes did you smoke today? 

▼ 0 ... 100 

Q19 How many minutes did you do moderate or vigorous physical activities outside of work 

for at least 10 minutes at a time today? 

▼ 0 ... 500 

Q20 How many serves of vegetables did you consume today? (one serving equals one of 

leafy green or raw salad vegetables) 

o I don't eat vegetables  

o Less than one serve  

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

Q21 How many servings of fruits did you consume today? (one serving equals one half cup) 
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o I don't eat fruits  

o Less than one serve  

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  
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Rotation work and Health: A daily diary (Partner) 

This survey collects information about your daily experience and health. Thank you very 

much for taking part! 

Please enter your given study ID (stated in the text message) 

 

 

Sleep pattern and lifestyle 

 We ask some questions about your sleep pattern, mood, diet, use of alcohol and smoking, 

and lifestyle in the last 24 hours.  

Q1 Is your partner.............today? 

o away at work (on-shift)  

o present at home (off-shift)  

Q2 Last night (today), how would you rate your sleep quality overall? 

o Very good  

o Fairly good  

o Fairly bad  

o Very bad  

Q3 How happy did you feel today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q4 How excited did you feel today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely   

Q5 How nervous did you feel today? 
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o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q6 How anxious did you feel today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q7 How worried did you today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q8 How sad did you feel today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  

Q9 How lonely did you feel today? 

o Not at all  

o A little  

o Moderately  

o Quite a bit  

o Extremely  
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Q10 How many standard alcohol drinks did you consume today?  

o 0  

o 1  

o 2  

o 3  

o 4  

o 5  

o 6  

o 7 or more  

Q11 How many cigarettes did you smoke today? 

▼ 0 ... 100 

Q12 How many minutes did you do vigorous or moderate physical activities outside of work 

for at least 10 minutes at a time today? 

▼ 0 ... 500 

Q13 How many serves of vegetables did you consume today? (one serving equals one of 

leafy green or raw salad vegetables)        

o I don't eat vegetables  

o Less than one serve  

o 1 serve  

o 2 serves  

o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

Q14 How many servings of fruits did you consume today? (one serving equals one half cup) 

o I don't eat fruits  

o Less than one serve  

o 1 serve  

o 2 serves  
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o 3 serves  

o 4 serves  

o 5 serves  

o 6 serves or more  

  

We would ask you set of questions that relate to your work demands and the available job 

support in the last 24 hour.Q15 Today, my workload was too heavy 

o Strongly disagree  

o Disagree  

o Somewhat disagree  

o Neither agree nor disagree  

o Somewhat agree  

o Agree  

o Strongly agree  

Q16 Today, I did not have enough time to do things to the best of my ability 

o Strongly disagree  

o Disagree  

o Somewhat disagree  

o Neither agree nor disagree  

o Somewhat agree  

o Agree  

o Strongly agree  

Q17 Today, my tasks were simple and uncomplicated 

o Strongly disagree  

o Disagree  

o Somewhat disagree  

o Neither agree nor disagree  

o Somewhat agree  

o Agree  
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o Strongly agree  

Q18 Today, I had autonomy to decide on the order in which things are done  

o Strongly disagree  

o Disagree  

o Somehow disagree  

o Neither agree nor disagree  

o Somehow agree  

o Agree  

o Strongly agree  

Q19 Today, I had autonomy in making decisions on the task I did 

o Strongly disagree  

o Disagree  

o Somewhat disagree  

o Neither agree nor disagree  

o Somewhat agree  

o Agree  

o Strongly agree  

Q20 Today, I felt others were supportive 

o Strongly disagree  

o Disagree  

o Somehow disagree  

o Neither agree nor disagree  

o Somehow agree  

o Agree  

o Strongly agree  

Q21 Please write down your feelings and experiences over the day (Include all that you 

would want us to know about your day as a FIFO partner, e.g., how FIFO lifestyle affects 

you, behaviour of your partner, available support, how you would want to be supported etc). 

________________________________________________________________ 
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Appendix E: Supplementary files in Chapter 4 

Supplementary information S4. Differences between included and excluded study samples 

Table S3. Differences between included and excluded study samples  

Characteristics Included sample 

(n=216) 

Excluded sample 

(n=83) 

p-value 

Age (in years) 39.9±11.6 39.3±12.2 0.710 

    

Sex   0.334 

  Male 143(66.2) 50(60.2)  

  Female 73(33.8) 33(39.8)  

Ethnicity   0.658 

  Caucasian/White 183(84.7) 72(86.8)  

  Other 33(15.3) 11(13.2)  

Marital status   0.999 

  Single/never married 43(19.9) 16(19.3)  

  Married 93(43.1) 36(43.4)  

  Divorced/separated/widowed 25(11.6) 10(12.1)  

  De-facto/co-habiting/ other 55(25.5) 21(25.3)  

Educational status   0.850 

  Secondary education/A-Levels/O GCSE/O-level or               

equivalent 

67(31.0) 21(31.3)  

  Trade/Apprentice 45(20.8) 17(25.4)  

  TAFE/College/Diploma 60(27.8) 16(23.9)  

  University degree/Other 44(20.4) 13(19.4)  

FIFO role   0.694 

  Management 33(15.3) 8(11.9)  

  Professional 27(12.5) 12(17.9)  

  Maintenance/Technician 39(18.1) 13(19.4)  

  Catering 10(4.6) 6(9.0)  

  Production/Drilling/Construction 36(16.7) 9(13.4)  

  Machinery operator and driver 35(16.2) 9(13.4)  

  Labourer 9(4.2) 4(6.0)  

  Administration/services/Other 27(12.5) 6(9.0)  

Shift pattern (n=283)   0.920 

  Rotation shift (mixture of day and night shifts) 121(56.0) 38(56.7)  

  Regular shift/Other 95(44.0) 29(43.3)  

Shift length   0.688 

  <12 hrs 30(13.9) 12(18.2)  

  12 129(59.7) 37(56.1)  

  >12 57(26.4) 17(25.8)  

 

 

 

 

 

 

 

 

 

 

 



415 
 

Supplementary Information S5. Differences in work productivity loss measures between the risk of 

health conditions 

Table S4a. Mann-Whitney analysis of the differences in absenteeism for the risk of health conditions 

 Percent absenteeism due to health 

Health conditions High risk Low risk Excess z p-value 

Poor sleep condition 2.07 1.04 1.03 -1.555 0.120 

Risky alcohol use 1.75 1.68 0.07 0.015 0.988 

Current Smoking 1.99 1.60 0.39 -1.510 0.131 

Poor diet 1.77 0.07 1.70 -0.709 0.479 

Weight problems 1.77 1.51 0.26 -0.348 0.728 

Insufficient physical activity 2.73 1.32 1.41 -2.322 0.020 

Poor physical health 4.23 1.46 2.77 -2.453 0.014 

Psychological distress 3.08 1.01 2.07 -2.959 0.003 

 

 

 

Table S4b. Mann-Whitney analysis of the differences in presenteeism for the risk of health conditions 

 Percent presenteeism due to health 

Health conditions High risk Low risk Excess z p-value 

Poor sleep condition 4.64 2.40 2.24 -2.390 0.017 

Risky alcohol use 4.12 3.70 0.42 -0.524 0.601 

Current Smoking 5.70 3.18 2.52 -2.609 0.009 

Poor diet 3.92 1.88 2.04 -1.011 0.312 

Weight problems 4.02 3.32 0.70 -0.528 0.597 

Insufficient physical activity 5.13 3.37 1.76 -1.910 0.056 

Poor physical health 11.71 3.08 8.63 -5.000 <0.001 

Psychological distress 7.01 2.26 4.75 -6.069 <0.001 

 

 

Table S4c. Mann-Whitney analysis of the differences in total productivity loss for the risk of health 

conditions 

 Percent total productivity loss due to health 

Health conditions High risk Low risk Excess z p-value 

Poor sleep condition 6.43 3.36 3.07 -2.220 0.026 

Risky alcohol use 5.71 5.14 0.57 -0.877 0.380 

Current Smoking 7.37 4.61 2.77 -2.183 0.029 

Poor diet 5.47 1.94 3.53 -1.164 0.244 

Weight problems 5.56 4.69 0.86 -0.421 0.674 

Insufficient physical activity 7.52 4.54 2.98 -2.114 0.035 

Poor physical health 15.11 4.40 10.71 -4.554 <0.001 

Psychological distress 9.64 3.19 6.45 -5.432 <0.001 
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Supplementary Information S6.  Differences in work productivity loss measures between multiple 

health risks 

 

Table S5a: Kruskal-Wallis test of differences in work productivity loss measures between multiple 

health risk groups 

 Multiple health risks Productivity loss (%) X2(df) p-value 

Absenteeism   10.643(2) 0.005* 

 Low 0.81   

 Medium 1.47   

 High 2.99   

Presenteeism   25.391(2) <0.001* 

 Low 1.82   

 Medium 3.02   

 High 7.45   

Total productivity loss   23.943(2) <0.001* 

 Low 2.57   

 Medium 4.32   

 High 10.03   
*significant at p<0.05 

 

 

 

 

Table S5b: Dunn’s test with Bonferroni adjustment nonparametric pairwise multiple comparisons of 

work productivity loss measures between multiple health risk groups 

 Multiple health risks Excess productivity loss (%) p-value 

Absenteeism    

 Medium vs low 0.66 0.711 

 High vs low 2.18 0.005* 

 High vs medium 1.52 0.007* 

Presenteeism    

 Medium vs low 1.20 0.120 

 High vs low 5.63 <0.001* 

 High vs medium 4.43 <0.001* 

Total productivity loss    

 Medium vs low 1.75 0.137 

 High vs low 7.46 <0.001* 

 High vs medium 5.71 <0.001* 
*significant at p<0.05    
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Supplementary Information 7. Examining the health and work-related predictors of loss productivity measures 

 

Table S6a. Health and work-related predictors of any absenteeism (based on logistic regression using the total study sample) and percent absenteeism (based 

on least squares regression limited to study sample with positive percent absenteeism) 

Parameters Logistic regression of any absenteeism (N=216) Least square regression of percent absenteeism (n=44) 

OR(95%CI) p-value β(95%CI) p-value 

Age in years     

   <35 1  Ref  

   35-44 0.58 (0.21, 1.61) 0.293 -0.41(-2.03, 1.21) 0.619 

   45-54 0.28(0.07, 1.20) 0.087 -0.88(-3.06, 1.30) 0.430 

   55+ 0.09(0.01, 0.73) 0.024 1.14(-2.25, 4.53) 0.510 

Sex     

   Male 1  Ref  

   Female 1.86(0.75, 4.65) 0.183 -0.98(-2.31, 0.35) 0.149 

FIFO role     

   Management 1  Ref   

   Professional 1.05(0.21, 5.21) 0.951 2.09(-0.22, 4.40) 0.076 

   Maintenance/Technician 2.62(0.59, 11.54) 0.204 0.57(-1.78, 2.91) 0.637 

   Production/Drilling/Construction/Labourer 4.14(1.09, 15.74) 0.037 1.53(-0.63, 3.68) 0.165 

   Machinery operator and driver 4.29(1.00, 18.37) 0.050 1.21(-1.03, 3.44) 0.290 

   Catering/Other 1.59(0.20, 12.69) 0.661 2.31(-0.72, 5.34) 0.135 

FIFO duration in years     

   5 1  Ref  

   5-9 0.79(0.28, 2.25) 0.661 0.03(-1.38, 1.45) 0.965 

   10+ 0.37(0.12, 1.15) 0.085 1.88(-0.03, 3.79) 0.053 

Shift pattern     

   Regular shift 1  Ref   

   Rotation shift/other 1.15(0.47, 2.82) 0.763 0.62(-0.78, 2.02) 0.388 

Shift hours     

   12 hrs 1  Ref   

   12 hrs and more 1.78(0.43, 7.36) 0.424 1.11(-1.10, 3.33) 0.325 

Consecutive days spent at work     

   8 1  Ref  

   8-14 days 0.67(0.23, 1.91) 0.452 -1.05(-2.48, 0.38) 0.149 
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   15+ days 0.27(0.03, 2.76) 0.272 1.81(-1.49, 5.11) 0.283 

Consecutive days spent at home     

   8 days 1  Ref   

   8-14 days 0.69(0.15, 3.26) 0.638 -1.29(-3.90, 1.31) 0.330 

     

Poor sleep condition 1.68(0.52, 5.46) 0.387 -0.47(-2.08, 1.15) 0.571 

     

Risky alcohol use 0.95(0.32, 2.80) 0.922 0.05(-1.48, 1.58) 0.1949 

     

Smoking 0.71(0.21, 2.42) 0.588 -1.28(-3.02, 0.46) 0.149 

     

Poor diet 3.80(0.31, 46.94) 0.298 2.22(-1.95, 6.40) 0.297 

     

Weight problems 1.50(0.46, 4.93) 0.500 -2.48(-4.69, -

0.26) 

0.028 

     

Insufficient physical activity 2.94(1.02, 8.48) 0.046 -0.57(-2.41, 1.26) 0.541 

     

Poor physical health 8.25(1.88, 36.14) 0.005 0.49(-1.29, 2.27) 0.591 

     

Psychological distress 1.76(0.55, 5.60) 0.340 -0.20(-1.69, 1.29) 0.790 

-2 Log likelihood or regression F statistic -82.914  F(26, 17)=0.90  

P value for -2 log-likelihood or regression P value 0.002  0.610  

Pseudo R2 or adjusted R2 0.241  -0.068  
Adjusted for age, sex and co-occurrence of multiple health risks 
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Table S6b. Health and work-related predictors of any presenteeism (based on logistic regression using the total study sample) and percent presenteeism 

(based on least squares regression limited to study sample with positive percent presenteeism) 

Parameters Logistic regression of any presenteeism  

(N=216) 

Least square regression of percent presenteeism 

(n=116) 

OR(95%CI) p-value β(95%CI) p-value 

Age in years     

   <35 1  Ref  

   35-44 0.81(0.36, 1.83) 0.610 -0.14(-0.49, 0.22) 0.451 

   45-54 1.03(0.36, 2.93) 0.959 -0.13(-0.55, 0.28) 0.532 

   55+ 0.51(0.16, 1.58) 0.243 -0.02(-0.55, 0.51) 0.939 

Sex     

   Male 1  Ref  

   Female 0.99(0.47, 2.11) 0.985 -0.01(-0.33, 0.31) 0.955 

FIFO role     

   Management 1  Ref   

   Professional 1.81(0.62, 5.29) 0.280 0.17(-0.30, 0.65) 0.471 

   Maintenance/Technician 2.21(0.79, 6.19) 0.130 0.07(-0.37, 0.52) 0.745 

   Production/Drilling/Construction/Labourer 1.49(0.59, 3.78) 0.404 0.07(-0.34, 0.49) 0.725 

   Machinery operator and driver 1.74(0.60, 5.05) 0.312 0.21(-0.25, 0.68) 0.365 

   Catering/Other 1.69(0.44, 6.55) 0.447 0.13(-0.48, 0.73) 0.677 

FIFO duration in years     

   5 1  Ref   

   5-9 0.87(0.37, 2.02) 0.744 -0.00(-0.35, 0.35) 0.996 

   10+ 0.50(0.22, 1.18) 0.113 -0.13(-0.49, 0.23) 0.485 

Shift pattern     

   Regular shift 1  Ref   

   Rotation shift/other 1.55(0.77, 3.12) 0.223 0.13(-0.15, 0.41) 0.357 

Shift hours     

   12 hrs 1  Ref   

   12 hrs and more 1.20(0.42, 3.46) 0.733 0.10(-0.34, 0.55) 0.649 

Consecutive days spent at work     

   8 1  Ref   

   8-14 days 1.43(0.60, 3.41) 0.414 -0.08(-0.46, 0.29) 0.665 

   15+ days 060(0.13, 2.74) 0.511 -0.19(-0.89, 0.51) 0.589 
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Consecutive days spent at home     

   8 days 1  Ref   

   8-14 days 1.29(0.48, 3.47) 0.613 -0.01(-0.44, 0.43) 0.966 

     

Poor sleep condition 1.06(0.42, 2.67) 0.906 0.42(0.06, 0.78) 0.024 

     

Risky alcohol use 1.12(0.47, 2.68) 0.801 0.24(-0.09, 0.57) 0.159 

     

Smoking 1.23(0.48, 3.15) 0.672 0.13(-0.24, 0.49) 0.495 

     

Poor diet 1.92(0.34, 10.92) 0.460 0.39(-0.49, 1.27) 0.385 

     

Weight problems 0.97(0.39, 2.45) 0.954 0.30(-0.09, 0.70) 0.131 

     

Insufficient physical activity 1.50(0.64, 3.48) 0.351 0.32(-0.02, 0.66) 0.062 

     

Poor physical health 5.17(1.18, 22.54)* 0.029 0.82(0.38, 1.26) <0.001 

     

Psychological distress 4.14(1.55, 11.08)** 0.005 0.50(0.12, 0.87) 0.010 

-2 Log likelihood or regression F statistic -126.347  F(26, 89)=1.99  

P value for -2 log-likelihood or regression P value 0.010  0.001  

Pseudo R2 /adjusted R2 0.153  0.184  
Adjusted for age, sex and co-occurrence of multiple health risks 
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Table S6c. Health and work-related predictors of any total productivity loss (based on logistic regression using the total study sample) and percent total 

productivity loss (based on least squares regression limited to study sample with positive total productivity loss) 

Parameters Logistic regression of any total 

productivity loss (N=216) 

 Least square regression of percent total 

productivity loss (n=121) 

OR(95%CI) p-value β(95%CI) p-value 

Age in years     

   <35 1  Ref   

   35-44 0.60(0.26, 1.38) 0.230 -0.03(-0.46, 0.41) 0.909 

   45-54 0.73(0.25, 2.08) 0.553 -0.14(-0.66, -0.38) 0.602 

   55+ 0.38(0.12, 1.17) 0.092 -0.02(-0.69, 0.65) 0.952 

Sex     

   Male 1    

   Female 1.03(0.48, 2.20) 0.943 -0.03(-0.43, 0.36) 0.879 

FIFO role     

   Management 1  Ref   

   Professional 1.50(0.51, 4.41) 0.458 0.36(-0.22, 0.95) 0.226 

   Maintenance/Technician 2.00(0.71, 5.58) 0.188 0.30(-0.25, 0.85) 0.287 

   Production/Drilling/Construction/Labourer 1.75(0.69, 4.42) 0.239 0.24(-0.26, 0.75) 0.348 

   Machinery operator and driver 2.25(0.76, 6.59) 0.142 0.29(-0.27, 0.85) 0.314 

   Catering/Other 1.70(0.43, 6.67) 0.445 0.16(-0.59, 0.91) 0.677 

FIFO duration in years     

   5 1  Ref   

   5-9 0.93(0.40, 2.18) 0.872 -0.27(-0.69, 0.16) 0.217 

   10+ 0.48(0.21, 1.12) 0.091 -0.30(-0.75, 0.15) 0.195 

Shift pattern     

   Regular shift 1  Ref   

   Rotation shift/other 1.41(0.70, 2.85) 0.334 0.19(-0.15, 0.53) 0.274 

Shift hours     

   12 hrs 1  Ref   

   12 hrs and more 1.40(0.48, 4.06) 0.535 0.14(-0.41, 0.70) 0.616 

Consecutive days spent at work     

   8 1  Ref   

   8-14 days 1.38(0.58, 3.29) 0.471 -0.22(-0.68, 0.24) 0.357 

   15+ days 0.65(0.15, 2.89) 0.574 -0.20(-1.05, 0.65) 0.643 

Consecutive days spent at home     
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   8 days 1  Ref   

   8-14 days 1.31(0.49, 3.52) 0.589 -0.06(-0.60, 0.48)  0.834 

     

Poor sleep condition 1.06(0.42, 2.69) 0.897 0.41(-0.05, 0.87) 0.080 

     

Risky alcohol use 1.03(0.43, 2.48) 0.945 0.27(-0.14, 0.69) 0.199 

     

Smoking 0.85(0.33, 2.20) 0.737 0.13(-0.32, 0.58) 0.576 

     

Poor diet 2.19(0.40, 12.13) 0.370 0.64(-0.48, 1.75) 0.262 

     

Weight problems 0.90(0.36, 2.26) 0.820 0.24(-0.25, 0.74) 0.337 

     

Insufficient physical activity 1.34(0.57, 3.13) 0.501 0.46(0.04, 0.89) 0.034 

     

Poor physical health 4.02(0.94, 17.20) 0.061 0.87(0.32, 1.43) 0.002 

     

Psychological distress 2.85(1.07, 7.57) 0.035 0.54(0.08, 1.00) 0.021 

-2 Log likelihood or regression F statistic -126.048  F(26, 94)=1.62  

P value for -2 log-likelihood or regression P value 0.014  0.049  

Pseudo R2  or adjusted R2 0.149  0.118  
Adjusted for age, sex and co-occurrence of multiple health risks 
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Appendix F: Supplementary files in Chapter 5 

Supplementary information S8. Flow diagram of included studies 

Figure S2. Flow diagram of identifying and selecting studies for the systematic review  
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Supplementary Information S9. Summary findings from included studies 

Table S7. Summary of studies characteristics and quantitative findings for partners 

Author  

(methodologic

al quality) 

Funding 

source 

Study 

design 

Aim/objective Study population/ 

setting and industry 

Health outcomes/ 

Phenomenon 

Measurements/analysis 

plan  

Summary of findings Take away message 

Cooke et al., 

2018(131) 

(High)  

 

 

  

None 

Declared 

Cross-

sectional 

survey 

To compare the 

levels of stress 

experienced by 

pregnant women 

whose partners 

FIFO and whose 

partners did not 

work away. 

394 families in a 

pregnancy cohort; 

77 FIFO families; 

100% female; mean 

age 29.79±5.10yrs 

Country: Australia  

Industry: General 

FIFO 

Depression, anxiety 

and stress; Alcohol 

Beck Depression 

Inventory II BDI; 

Spielberger State-Trait 

Anxiety Inventory 

STAI; Perceived Stress 

Scale; List of 

Threatening 

Experiences checklist. 

Analysis plan: 

ANOVA 

No difference between women with 

FIFO partners and women with non-

FIFO partners (regular and irregular 

schedules) for depression (8.41±4.64 

vs 7.37±4.33 & 8.09±4.57; p=0.169), 

anxiety (35.55±11.04 vs 34.79±10.17 

& 36.08±10.59; p=0.955), perceived 

stress (23.13±8.64 vs 21.10±7.27 & 

22.10±8.00; p=0.137), and 

alcohol/drug problems (11% vs 6% & 

12%; p=0.188). Women’s perceived 

stress was high when partners worked 

FIFO (β=-1.944; 95%CI=-3.51, -

0.38, p=0.015).  

Partners of rotation 

work showed 

similar levels of 

depression, anxiety 

and stress and 

alcohol use as 

partners of non-

rotation workers. 

         

Dittman et al., 

2016(132) 

(High)  

Universit

y/researc

h 

institutio

n  

Cross-

sectional  

survey 

To examine the 

impact of  

Fly-In/Fly-Out 

(FIFO), 

on children and 

families 

 

232 FIFO partners 

& 294 non-FIFO 

partners; mean age 

36.32±6.13 years. 

Country: Australia; 

Industry: General 

FIFO 

 

 

Depression, Anxiety, 

stress; Alcohol 

DASS-21; Alcohol 

AUDIT; Analysis plan: 

ANCOVA; Pearson’s  

correlations and 

Hierarchical 

multiple 

Depression (3.63±4.57 vs 2.48±3.67; 

p<0.001), anxiety (2.00±3.12 vs 

1.37±2.35; p<0.01), stress (5.69±4.90 

vs 4.52±4.03; p<0.01), and worries 

about partner’s well-being (2.45±2.12 

vs 1.81±1.92; p<0.001) higher in 

FIFO partners than non-FIFO 

partners. No difference in alcohol use 

between FIFO partners and non-FIFO 

partners. 

Partners of rotation 

work showed 

higher levels of 

depression, anxiety 

and stress than 

partners of non-

rotation work, but 

alcohol use was 

similar in both 

groups. 
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Lester et al., 

2015(33) 

(Medium)  

Western 

Australia

n Health 

Promotio

n 

Foundati

on 

(Healthw

ay) 

Mixed 

method 

study 

(Cross-

sectional 

study) 

To explore the 

parenting 

patterns of 

families 

exposed to the 

fly-in–fly-out 

(FIFO) work 

pattern in 

raising 

adolescent 

children, 

23 at-home parents 

with FIFO partners, 

and 23 FIFO 

workers; Aged 30 

years and over. 

Country: Australia; 

Industry: General 

FIFO 

Mental health  assessed by K10 

assessed partner’s 

mental health; 

Analysis plan: 

Kruskall–Wallis non-

parametric tests 

More FIFO partners (32%) had very 

high levels of psychological distress 

than the general population (2.6%). 

FIFO partners' psychological distress 

was not related to the FIFO work 

roster (p=0.093).  

Partners showed 

high levels of 

psychological 

distress.  

         

         

Morrice et al., 

1985a(303) 

(Low)  

Social 

Science 

Research 

Council 

Mixed 

method 

study 

(Cross-

sectional 

study) 

To examine the 

prevalence of 

Intermittent 

Husband 

Syndrome 

200 offshore wives 

and 103 on-shore 

wives; mean age 

31.7 yrs.  

Setting: UK 

Industry: offshore 

oil and gas 

General health; 

Anxiety, depression 

and intermittent 

husband syndrome 

General Household 

Survey (GHS) 

Symptom lists and 

Zuckerman Adjective 

Checklist. Analysis 

plan: NR 

Partners self-reported general health 

was good and similar to onshore 

wives and the general population. 

Anxiety and depression were higher 

when the husbands are absent (10 

cases) than present (2 cases); 10% 

presented with ‘‘Intermittent 

Husband Syndrome’’ characterized 

by a change in mood and behaviours 

Partners show good 

general health 

status but showed 

high cases of 

anxiety/depression 

in the absence of 

workers 

         

Parkes et al., 

2005a(305) 

(Medium)  

UK 

Health 

and 

Safety 

Executiv

e 

Mixed 

method 

study 

(Cross-

sectional 

survey) 

To explore 

spouses’ 

perceptions of 

offshore 

lifestyles 

245 respondents; 

aged 22 to 59 yrs. 

Setting: UK; 

Industry: offshore 

oil and gas 

Psychological well-

being 

Self-develop 

questionnaire. Analysis 

plan: descriptive 

statistics (t-test) 

Large proportion of partners (58.5%) 

reported problems including 

concerns/worries about workers’ 

safety (84.4%), loneliness (66.4%), 

difficulties adjusting to intermittent 

absence (58.9%), and coping with 

domestic emergencies (57.4%). 

A large proportion 

of partners have 

high levels of 

anxiety, loneliness 

and difficulties 

adopting/coping 

with the absence of 

workers.  
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Rebar et al., 

2018(13) 

(High)  

 

 

LIVIN 

Australia 

Longitud

inal diary 

study  

To compare 

health 

behaviours 

between on-shift 

and off-shift 

periods 

42 FIFO partners; 

mean age 

38.58±9.22 years 

Country: Australia; 

Industry: General 

FIFO 

Health behaviours 

and well-being (sleep 

and nutrition quality, 

alcohol intake, 

smoking, physical 

activity and 

relaxation time, and 

medication for 

physical and mental 

problems) 

Self-developed online 

diary for 7 consecutive 

days each on- and off-

shift. Analysis plan: 

Multilevel models 

Partners tended to have poorer 

nutrition (γ=−0.17 (−0.33 to −0.02), 

sleep quality (γ=−0.56; 

95%CI=−0.72 to −0.40), less exercise 

time (γ=−10.78; 95%CI=−0.36 to 

−0.00) and less relaxation time 

(γ=−1.22; 95%CI=−1.87 to −0.61) 

during on-shift days than off-shift 

days. Partners drank significantly less 

alcohol than workers (γ=−0.91; 

95%CI=−1.50 to −0.26) and drink 

less alcohol during on-shift than off-

shift days (γ=−1.12; 95%CI=−1.48 to 

−0.76).  Partners smoke significantly 

more during on-shift than off-shift 

days (γ=24.20; 95%CI=0.86 to 

45.88). Medication use for mental 

and physical health impairments was 

not common, but partners took more 

physical health medication during on-

shift days than off-shift days (γ=1.44; 

95%CI=0.36 to 2.54). 

Partners show 

poorer nutrition and 

sleep quality, less 

exercise and 

relaxation time, and 

smoked more in the 

absence of workers; 

but drink more in 

the presence of 

workers. 

         

         

Taylor et al., 

1985(304) 

(Low)  

Social 

Science 

Research 

Council 

Cross-

sectional 

survey 

To examine the 

psycho-social 

effects on wives 

of their 

husbands’ 

intermittent 

absence on 

offshore oil rigs 

200 wives of 

offshore oil 

workers; mean age 

31.7 years. 

Country: UK; 

industry: offshore 

oil and gas 

Anxiety and 

depression; Perceived 

health status, 

perceived sleep 

pattern 

The Zuckerman 

Adjective 

Checklist, General 

Household survey 

checklist. Analysis 

plan: Not reported 

 

Self-reported health status was good 

(61%) and similar to onshore wives 

(59%) and the general population. 

Similar proportions of offshore wives 

and wives in the general population 

(18% vs 16%) reported nervy, tense 

and depressed symptoms. Higher 

anxiety ‘caseness’ in offshore wives 

when partners are away (10 cases) 

than in onshore wives (0 cases). High 

stress in offshore wives was 

associated with being married for less 

than 5 years (p<0.05), wife working 

outside the home (p<0.01), having no 

Partners’ general 

health status was 

good but showed 

high cases of 

anxiety in the 

absence of the 

workers. 
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previous experience of husband 

absence (p<0.05), having at least one 

preschool child (p<0.05) and 

irregular work pattern of husband 

(p<0.05). 

         

Wilson et al., 

2020(34) 

(High)  

None 

Declared 

Cross-

sectional 

survey 

To describe and 

compare 

partners’ sleep 

problems and 

loneliness when 

the FIFO/DIDO 

workers were at 

home and away 

199 partners of the 

FIFO/DIDO 

Workers; 74.9% 

aged 18-44yrs; 

Country: Australia; 

Industry: mining 

Sleepiness, sleep 

duration and quality, 

and loneliness 

The Epworth 

Sleepiness Scale; The 

Pittsburgh Sleep 

Quality Index (PSQI) 

(score>5= poor sleep 

quality); UCLA 

Loneliness Scale. 

Analysis plan: 

Repeated-measures 

ANCOVA 

Sleep quality was poorer when the 

worker is away than present at home 

(8.8±3.1 vs 7.8±3.3; p=0.001). No 

difference in partners’ sleep duration 

(m=7.2±1.5 vs 6.9±1.6; p=0.486) and 

sleepiness (m=15±4.1 vs 15.4±4.6; 

p=0.960) when workers are at home 

than when workers are away. High 

loneliness when workers are away 

than at home (m=27.9±6.4 vs 

22.2±6.2; p<0.001). Short sleep 

duration, poor sleep quality, 

excessive sleepiness and extreme 

loneliness in FIFO partners than the 

general population. 

Partners showed 

shorter sleep 

duration, poorer 

sleep quality, 

excessive 

sleepiness and 

extreme loneliness 

in FIFO partners 

than the general 

population whether 

the workers are 

present at home or 

away 
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Table S8. Summary of studies characteristics and qualitative findings for partners 

Author 

(methodological 

quality) 

Funding 

source 

Study 

design 

Aim/objective Study population/ 

setting and 

industry 

Health 

outcomes/ 

Phenomenon 

Measurements/analysis 

plan  

Summary of findings Take away 

message 

Gardner et al., 

2018(15) (High)  

 

LIVIN 

(Australia) 

Qualitative 

study 

To investigate 

how workers 

and their 

partners 

negotiate the 

impact of fly-in 

fly-out (FIFO) 

on their mental 

health and 

well-being 

26 conveniently 

selected partners 

of FIFO workers; 

mean age 40±9 

yrs; Country: 

Australia 

Industry: General 

FIFO 

Mental health 

and well-being 

Open-ended questions 

via email. Analysis plan: 

Thematic analysis 

 

FIFO work imposes the sense of living 

two lives, which comes with the 

difficulties of adjusting to the differences 

and pace of the domestic and work lives, 

and creates tension and frustrations; 

Some partners indicated being trapped in 

an undesired job by high wages. Partners 

reported worries about sole parenting and 

the absence of FIFO workers on the well-

being of children; FIFO puts strain on 

relationships due to physical and 

psychological distance leading to 

disconnect and tension; Partners feel 

emotional strains and worried about 

workers’ physical and mental health 

Rotation work 

impact was 

generally 

described as 

having a 

negative 

impact on the 

psychological 

well-being of 

at-home 

partners 

         

Mayes, 

2020(302) 

(Medium)  

None 

declared 

Qualitative 

study 

To examine 

how FIFO 

workers’ 

rhythms of 

physical 

absence and 

presence in 

family life 

shape the 

everyday 

mobilities and 

temporalities of 

their emplaced 

spouses  

20 women FIFO 

partners; aged 22-

59 years. Country: 

Australia. 

Industry: mining 

Psychological 

well-being 

In-depth, semi-

structured interviews 

Partners experience “living two separate 

lifestyles” with disruption to routine life 

leading to recurrent tension. Increase the 

burden of sole parenting in the absence 

of workers, limiting the social mobility 

of partners with young children. Some 

partners experience weekends in the 

absence of workers as ‘depressing’ and 

‘lonely’ and tended to social isolate by 

avoiding places (e.g. parks, homes of 

non-FIFO families). Some partners 

without children get free time to socialise 

with others in the absence of the workers. 

Partners show 

a negative 

impact of 

rotation work 

on their 

psychological 

well-being 

         

Morrice et al., 

1985b(303) 

(Low)  

Social 

Science 

Research 

Mixed 

method 

study 

To explore the 

nature of the 

stresses and the 

30 wives and 17 

Husband; Country: 

UK 

Intermittent 

Husband 

Syndrome 

Extensive interview. 

Analysis plan: Thematic 

analysis 

Some wives have adapted successfully to 

their husband absence lifestyle and found 

it a preferable way of life; take advantage 

Partners show 

a mixed 

impact of 
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Council (Qualitative 

study) 

adaptation 

in Intermittent 

Husband 

Syndrome 

Industry: offshore 

oil and gas 

of their husband’s absences to increase 

their competence and to enlarge their 

network of relationships. 

Other partners experienced distress and 

felt miserable; Partners reported feeling 

loneliness when their husband is away; 

overburdened by single parenting and 

domestic chores; intermittent 

readaptation to home life by workers 

brings tension and domestic conflict; 

experience worries/anxiety before 

husband leaves for work tour; disruption 

of family life as partners feel neglected 

and separated from husband when at 

home 

rotation work 

on their 

psychological 

well-being 

         

Parkes, 

2005b(305) 

(Medium)  

UK Health 

and Safety 

Executive 

Mixed 

method 

study 

(Qualitative 

study) 

To examine the 

perceptions, 

attitudes, and 

concerns of the 

spouses of 

offshore 

workers  

39 telephone 

interviews; aged 

22 to 59 yrs. 

Country: UK; 

Industry: offshore 

oil and gas 

Psychological 

well-being 

Telephone interview, 

and self-reported 

measure. Thematic 

analysis 

Difficulties adjusting to the lifestyle of 

presence and absence of workers 

(‘‘living two lives’’) characterised by 

irritation and tension; intermittent 

absence and presence lead to role 

conflicts and disruption to ‘single life’ 

leading to tension and irritation; 

experience of anxiety and tension prior to 

worker leaving home (stressfulness 

caused by a sense of worker leaving 

home for work); experience loneliness 

and anxiety associated with bringing up 

children alone. Partners develop greater 

independence, personal confidence, and 

coping ability; becoming self-reliant in 

the absence of workers. 

Partners show 

a mixed 

impact of 

rotation on 

their 

psychological 

well-being. 
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Pini & Mayers, 

2012(306) 

(Medium)  

None 

declared 

Qualitative 

study  

To explore the 

emotional life 

of fly‑in fly‑out 

(FIFO) workers 

and their 

families 

513 posts on  

Mining 

Families Matters 

website from 

February 2010 to 

December 2011; 

Age: NR 

Country: Australia 

Industry: General 

FIFO 

Psychological 

well-being 

Posts on  Mining 

Families Matters 

website. Analysis plan: 

Thematic analysis 

Feeling ‘independent, resourceful, strong 

and sometimes unemotional’ by 

long/experienced FIFO partners. FIFO 

provides the chance to make new friends 

and increase social networks. 

Some partners experienced emotions of 

sadness, ‘loneliness and despair’. 

Emotional experiences of ‘loss, 

loneliness and uncertainty’ was linked to 

having younger children and being new 

to the FIFO lifestyle. Tensions between 

women’s expression of pride in their 

emotional strength and the need to 

temper this capacity when FIFO men 

returned home. Anxiety about becoming 

‘too independent’ among new FIFO 

partners 

Partners 

showed a 

mixed impact 

of rotation on 

their 

psychological 

well-being 

Silva-Segovia & 

Salinas-

Meruane, 

2016(301) 

(High)  

Comisión 

nacional de 

investigación 

Científica y 

Tecnológica; 

Fondecyt 

projects 

Qualitative 

study 

To explore the 

emotional 

adjustments 

and imbalances 

experienced 

by female 

partners of 

Chilean mining 

workers 

Six women 

between the ages 

of 30 and 56, with 

1–4 children. 

Country: Chile  

Industry: Mining 

Emotional 

adjustments and 

imbalances 

In-depth interview. 

Analysis plan: Thematic 

analysis with Critical 

Discourse Analysis  

Family modify daily routines to suit 

worker’s routine of working, resting or 

recreational times, creating tension and 

feelings of frustration, resentment, and 

unsatisfied demands in the family. 

Partners experience tension caused by 

suspicion of infidelity and disruption to 

sexual intimacy 

Partners 

experienced a 

negative 

impact of 

rotation on 

their 

emotional 

well-being 

         

Whalen & 

Schmidt, 

2016(307) 

(High)  

None 

declared 

Qualitative 

study 

To explore the 

lived 

experiences of 

women whose 

partners 

commute to the 

Alberta oil 

sands for work  

8 partners of LDC 

workers; age 37-

50yrs; Country: 

Canada; Industry: 

mining/petroleum 

Psychological 

well-being; 

Interviews; Analysis 

plan: Thematic analysis 

Partners reported increased workload of 

looking after children and working 

outside of home, feelings of loneliness 

and loss of companionship in the absence 

of workers; some partners expressed 

nervousness about workers' job security; 

some partners develop a sense of control 

and empowerment regarding family 

decision-making. Some partners 

indicated the sense of high financial 

rewards helped them cope with rough 

patches in the absence of workers. 

Partners and 

children 

experienced a 

mixed impact 

of rotation 

work on their 

psychological 

well-being 
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Table S9. Summary of studies characteristics and quantitative findings for children 

Author 

(methodologic

al quality)  

Funding 

source 

Study 

design 

Aim/objective Study population/ 

setting and industry 

Health outcomes/ 

Phenomenon 

Measurements/analysis 

plan  

Summary of findings Take away message 

Dittman et al., 

2016(132) 

(High)  

University/

research 

institution  

Cross-

sectional  

survey 

To examine the 

impact of  

Fly-In/Fly-Out 

(FIFO), 

on children and 

families 

 

232 FIFO partners 

& 294 non-FIFO 

partners; mean age 

36.32±6.13 years. 

Country: Australia; 

Industry: General 

FIFO 

 

 

Children’s behaviour 

and Emotional 

difficulties 

Child Adjustment and 

Parent Efficacy Scale 

(CAPES) Analysis 

plan: ANCOVA; 

Pearson’s  correlations 

and Hierarchical 

multiple 

No difference in behavioural 

(19.83±11.84 vs 18.36±9.88) and 

emotional (3.25±2.60 vs 2.87±2.61) 

difficulties between children in FIFO 

families and children in non-FIFO 

families (p>0.05). Poor parental 

emotional adjustment (β=0.22; 

p<0.01), lower weekly work hours 

(β=-0.16; p<0.01) and perceived 

rotation work lifestyle negative 

impact on family (β=0.18; p<0.01) 

predicted children’s behaviour 

problems in FIFO families. Poor 

parental emotional adjustment 

(β=0.19; p<0.001) and perceived 

rotation work lifestyle negative 

impact on family (β=0.34; p<0.01) 

predicted emotional problems 

Children of rotation 

work showed 

similar levels of 

behaviour and 

emotional 

difficulties as 

children in non-

FIFO families. 

Parent worker’s 

long working hours 

and poor emotional 

adjustment were 

associated with 

children’s emotions 

and behaviours 

         

Kaczmarek & 

Sibbel, 

2008(275) 

(High)  

None 

declared 

Cross-

sectional 

survey 

To examine the 

effects of 

employment-

related father 

absence on 

children’s 

psychological 

well-being and 

perceptions of 

family 

functioning 

90 primary school-

aged children and 

their mothers (30 

FIFO children & 

mothers; mean age 

10.16±1.29 years. 

Country: Australia; 

Industry: General 

FIFO 

Depression; Anxiety Children’s Depression 

Inventory (CDI); 

Children’s Manifest 

Anxiety Scale 

(RCMAS). Analysis 

plan: ANOVA 

No difference between children of 

FIFO families and children from non-

FIFO families for depression 

[M=7.60±5.60 vs 5.00±3.66; 

F(2,81)=03.68, p=0.02], anxiety 

[M=11.00±6.77 vs 8.12±6.07; 

F(2,81)=.76, p=0.18] and general 

functioning [M=1.87±0.42 vs 

1.82±0.38; F(2,81)=0.91, p=0.41]; 

were within the healthy functioning 

limits.  

Children of rotation 

work showed 

healthy levels of 

depression, anxiety 

and general 

functioning similar 

to children of non-

rotation workers. 
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Lester et al., 

2015(33) 

(Medium)  

Western 

Australian 

Health 

Promotion 

Foundation 

(Healthwa

y) 

Mixed 

method 

study 

(Cross-

sectional 

study) 

To explore the 

parenting 

patterns of 

families 

exposed to the 

fly-in–fly-out 

(FIFO) work 

pattern in 

raising 

adolescent 

children, 

41 adolescent 

children of FIFO 

parents; Age: 0-24; 

Country: Australia; 

Industry: General 

FIFO 

Mental health  Strengths and 

Difficulties 

Questionnaire (SDQ) 

to assess adolescent 

mental health. Analysis 

plan: Kruskall–Wallis 

non-parametric tests 

Few adolescents from FIFO homes 

(2%) showed mental health concerns,  

compared to Australian norms (10%).  

Adolescent mental health was not 

related to FIFO parent’s work roster 

(p=0.507). 73% of adolescents 

reported no emotional difficulties  

Adolescent children 

showed low levels 

of mental health 

and emotional 

difficulties  

         

Lester et al., 

2016(308) 

(High) 

None 

declared 

Cross-

sectional 

study 

To explore the 

mediation of 

parental 

presence and 

family 

connectedness 

on the 

association 

between fly-in 

fly-out 

employment and 

adolescent well-

being 

618 students; Age: 

NR; Country: 

Australia 

Industry: General 

FIFO 

Depression; 

Emotional and 

Behavioural 

difficulties 

DASS-21; Strengths 

and Difficulties 

Questionnaire (SDQ). 

Analysis plan: 

Multilevel mediation  

More adolescents of FIFO parents 

reported significantly mild (7.4% vs 

6.2%), moderate (9.1% vs 6.9%) and 

severe (3.0% vs 2.8%) depressive 

symptoms (p=0.02) and emotional 

and behavioural difficulties (9.6% vs 

7.5%; p=0.02) compared to 

adolescent from non-FIFO families. 

Greater parental presence predicted 

lower depressive symptoms (β=-0.16; 

p<0.01) and emotional and 

behavioural problems (β=-0.17; 

p<0.01). Greater family 

connectedness predicted lower 

depressive symptoms (β=-0.11; 

p<0.01) and emotional and 

behavioural problems (β=-0.11; 

p<0.01) 

Adolescent children 

of rotation workers 

had higher levels of 

depressive 

symptoms and 

emotional and 

behavioural 

difficulties than 

children of non-

rotation workers. 
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Robinson et 

al., 2017(312) 

(Low) 

None 

declared 

Cross-

sectional 

survey 

To examine the 

relationships 

between the 

working 

arrangements of 

mineworkers 

and behavioural 

issues in their 

children 

1961 partners and 

1798 mineworkers 

Age: NR 

Country: Australia 

Industry: Mining 

Child’s emotions and 

behaviours 

SDQ assessed parent 

perception of child’s 

emotions and 

behaviours. Analysis 

plan: Pearson 

correlation  

Parents working excessive hours 

related to hyperactivity behaviour 

(r=0.108; p<0.001), emotional 

(r=0.128; p<0.001), conduct 

(r=0.108; p<0.01) and peer problems 

(r=0.090; p<0.001). 

 Parental emotional exhaustion was 

related to hyperactivity behaviour 

(r=0.109; p<0.001), emotional 

(r=0.174; p<0.001), conduct 

(r=0.116; p<0.01) and peer problems 

(r=0.158; p<0.001).  

Parental tiredness associated with 

hyperactivity behaviour (r=0.115; 

p<0.001), emotional (r=0.141; 

p<0.001), conduct (r=0.080; p<0.01) 

and peer problems (r=0.106; 

p<0.001). 

Parental sleep disruption associated 

with emotional (r=-0.147; p<0.01), 

conduct (r=-0.079; p<0.05) and peer 

problems (r=-0.080; p<0.05). 

Parent workers’ 

long working hours, 

emotional 

exhaustion, and 

sleep disruption 

were associated 

with children’s 

emotions and 

behaviours. 

However, all 

associations were 

small in size.  

         

         

         

Zargham-

Boroujeni et 

al., 2015(311) 

(High) 

None 

declared 

Cross-

sectional 

survey 

To assess 

anxiety in 

children of  

offshore staff 

160 students (64 

offshore staff’s 

children; mean age 

9.83±0.16yrs. 

Country: Iran; 

Industry: offshore 

oil and gas 

Anxiety Revised Children’s 

Manifest Anxiety 

Inventory. Analysis 

plan: t-test and logistic 

regression tests 

Offshore staff’s children significantly 

experienced anxiety (56.2%) than 

based staff’s children (32.3%) 

(p=0.03). Parents working offshore 

increased children’s anxiety by 2 

times (AOR=2.140; 95%CI=1.001-

4.576, p=0.049) 

Children of rotation 

workers show 

higher anxiety than 

children of non-

rotation workers 

NR=not reported 
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Table S10. Summary of studies characteristics and qualitative findings for children 

Author 

(methodological 

quality) 

Funding 

source 

Study 

design 

Aim/objective Study population/ 

setting and 

industry 

Health 

outcomes/ 

Phenomenon 

Measurements/analysis 

plan  

Summary of findings Take away 

message 

Macbeth et al., 

2012(309) 

(High) 

None 

declared 

Qualitative 

study  

To understand 

the lived 

experiences of 

adolescent boys 

whose fathers 

were currently 

employed in a 

FIFO 

8 adolescent 

males, aged 13 to 

21 years 

Country: Australia 

Industry: General 

FIFO 

Psychological 

Well-being 

Semi-structured 

interviews. Thematic 

analysis 

FIFO provide high financial benefits and 

enough free days to spend and socialised 

with Dad during the leave period. 

Adolescents expressed feeling relaxed and 

less stressed when dad is away as they 

have the freedom and can have friends 

come over  

Rotation work 

impact was 

generally 

positive on the 

psychological 

well-being of  

adolescent 

males 

         

Mauthner et al., 

2000(310) 

(Medium) 

Economic 

and Social 

Research 

Council 

Qualitative 

study  

To explore 

children’s 

accounts of 

parental work 

and the work± 

family interface 

33 children (10 

from offshore 

families & 23 

onshore families); 

aged 8-12 yrs; 22 

girls. Country: UK 

Industry: oil and 

gas 

Children's 

behaviour and 

emotions 

Focus group discussion; 

Thematic analysis 

Children reported getting annoyed seeing 

their mothers do their father’s house 

chores and also getting upset by their 

father missing special family events and 

feeling hurt by their parent's absence. 

Some children worry/are anxious about 

the safety of their father when away at 

work. Children sometimes feel happy 

being able to avoid parents taking out 

their frustration on them or punishment in 

the absence of their fathers. Offshore 

children reported seeing their fathers more 

(during leave days) than onshore office 

workers' children, but miss their fathers 

when away at work and would want to see 

them more often 

Children show 

mixed 

psychological 

well-being, 

and behaviour 

and emotions  

         

Parkes, 

2005b(305) 

(Medium) 

UK Health 

and Safety 

Executive 

Mixed 

method 

study 

(Qualitative 

study) 

To examine the 

perceptions, 

attitudes, and 

concerns of the 

spouses of 

offshore 

workers  

39 telephone 

interviews; aged 

22 to 59 yrs. 

Country: UK; 

Industry: offshore 

oil and gas 

Psychological 

well-being 

Telephone interview, 

and self-reported 

measure. Thematic 

analysis 

Children get to spend enough time with 

their parents during leave periods. Some 

children become independent and resilient 

whereas some develop emotional strain 

and rejection behaviour toward workers 

(missing parent and feeling upset by the 

absence of parent) 

Rotation work 

showed a 

mixed impact 

on the 

behaviour and 

emotions of 

children 
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Whalen & 

Schmidt, 

2016(307) 

(High) 

None 

declared 

Qualitative 

study 

To explore the 

lived 

experiences of 

women whose 

partners 

commute to the 

Alberta oil 

sands for work  

8 partners of LDC 

workers; age 37-

50yrs; Country: 

Canada; Industry: 

mining/petroleum 

Children's 

behaviour and 

emotional 

Interviews; Analysis 

plan: Thematic analysis 

Partners reported children exhibit no 

severe behavioural or emotional issues, 

but children experience sadness and 

loneliness at the beginning of their father's 

commuting job 

Children 

experienced a 

mixed impact 

of rotation 

work on their 

psychological 

well-being 
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Appendix G:  Supplementary files in Chapter 7 

Supplementary Information S10. Flow diagram of included studies 

Figure S3: Flow diagram of identifying and selecting studies for the systematic review 

 (PRISMA 2020 flow diagram) 
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screening: 

Duplicates: (n=2332) 

Records removed for 

missing of abstract: (n=261) 
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Citation searching (n=6) 
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• Conference abstract/paper 
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• Letters (n=3) 
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• Letter 

(n=1) 

• Study 

method 

data 

overlap 

(n=1) 

 

Id
en

ti
fi

ca
ti

o
n

 
 

S
cr

ee
n

in
g

 
In

cl
u

d
ed

 



437 
 

Supplementary Information S11. Summary of findings from included studies 

Table S11. Characteristics of EMA studies on health and related behavioural outcomes/predictors in rotation workers 

Author and Year Setting and 

country 

Sample size Analytical 

sample 

Age; 

mean(SD) 

Study type Outcomes Predictors  

Albrecht and Anglim, 

2018 (51) 

Construction  

Australia 

79 52 NR Observational  Emotional exhaustion, 

engagement 

Workload, emotional 

demand, social 

support, job 

autonomy 

Bhuanantanondh et al., 

2021(353) 

Oil and gas 

Thailand 

38 38 36.1(7.8) Observational  Fatigue, sleep duration 

(hours) 

Start and end of 

shift; day (day and 

night shift) 

Bjorvatn et al., 1998 

(357) 

Offshore oil and 

gas 

Norway 

7 6 38.9 Observational  Sleepiness; Sleep patterns Day, work phase 

(on-shift and off-

shift) 

Bjorvatn et al., 1999 

(354) 

Offshore oil and 

gas 

Norway 

7 6 38.9 Interventional  Sleepiness; Sleep patterns Light, day, work 

phase (on-shift and 

off-shift) 

Bjorvatn et al., 

2007(355) 

Offshore oil and 

gas; Norway 

38 17 42 Interventional  Sleepiness; sleep patterns Light, melatonin, 

day 

Ferguson et al., 

2010(53) 

Mining  

Australia 

42 29 37.4(6.8) Observational Sleep duration and fatigue Shift type (day, 

night, day off) 

Ferguson et al., 

2011(165) 

Mining  

Australia 

111 35 40.3(10) Observational Fatigue, sleep Fatigue: roster type, 

test time and sleep 

Haward et al., 

2009(144) 

Offshore oil and 

gas 

UK 

47 37 41.5(6.7) Observational Sleep problems (sleep 

quality, sleepy feeling, not 

enough sleep), tiredness, 

motion sickness symptoms 

(depression, anxiety, 

headache, dizziness, aches 

and pains, vomiting) 

Motions (x-,y-,z-

axes direction) of 

platform 
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Table S11. Characteristics of EMA studies on health and related behavioural outcomes/predictors in rotation workers (cont’d) 

Author and Year Setting and 

country 

Sample size Analytical 

sample 

Age; 

mean(SD) 

Study type Outcomes Predictors  

Merkus et al., 

2015(146) 

Offshore oil and 

gas 

Norway 

104 61 41.5(7.2) Observational Sleep quality, feeling 

rested, physical 

tiredness, mental 

tiredness, energy for 

activities 

Shift type (day, night 

and swing shifts) 

Merkus et al., 

2015(356) 

Offshore oil and 

gas 

Norway 

52 29 43.5(9.8) Observational Smoking, Alcohol Shift type (day and 

night shifts) 

Merkus et al., 

2017(139) 

Offshore oil and 

gas 

Norway 

104 61 41.5(7.2) Observational Leisure time physical 

activity 

Shift type (day, night 

and swing shifts) 

Muller et al., 2008(98) Mining  

Australia 

52 48 37 Observational Fatigue, sleep duration 

and quality, and alcohol 

intake 

Fatigue: sleep 

duration, alcohol 

consumption, shift 

type (day 7-night 

shift) 

Ots et al., 2021(344) Offshore oil and 

gas 

Netherlands 

50 36 44.3(11.1) Observational  Physical activity, 

sleepiness 

Roster phase (pre-, 

offshore and post-

offshore phases). 

Sleepiness: PA, sleep 

quality 

Paech et al., 2010(52) Mining  

Australia 

111 51 40.3(10) Observational Sleep (total sleep time 

and sleep quality) 

Roster, shift type (day 

and night, off days)) 

Rebar et al., 2018(13) General FIFO 

Australia 

64 64 40.39(10.34) Observational Sleep quality, exercise, 

nutrition quality, 

relaxation, alcohol 

intake, smoking, mental 

and physical 

impairments 

Work phase (days on 

vs days off) 



439 
 

Table S11. Characteristics of EMA studies on health and related behavioural outcomes/predictors in rotation workers (cont’d) 

Author and Year Setting and 

country 

Sample size Analytical 

sample 

Age; 

mean(SD) 

Study type Outcomes Predictors  

Riethmeister et al., 

2018(85) 

Offshore oil and 

gas 

Netherlands 

60 42 42(12.1) Observational 

Sleep quality and 

sleepiness 

Work phase (days on 

vs days off) 

Riethmeister et al., 

2018(86) 

Offshore oil and 

gas 

Netherlands 

60 42 42(12.1) Observational Fatigue (sleepiness), 

time in bed (sleep 

quality) 

Time (pre-and post-

shift) 

Riethmeister et al., 

2019(87) 

Offshore oil and 

gas 

Netherlands 

60 42 43.4(11.8) Observational 

Fatigue (Sleepiness), 

sleep duration and loss 

Time (pre-and post-

shift), days 

Sadeghniiat-Haghighi 

et al., 2019(140) 

Offshore oil and 

gas 

Iran 

42 42 35.9(7.9) Observational Sleep duration and 

quality 

Time (first week vs 

second week of a 2-

week work period), 

shift type (fixed day, 

fixed night, swing: 

7d/7n, standby 

Saksvik et al., 

2011(141) 

Offshore oil and 

gas 

Norway 

28 19 44.4(8.6) Observational Sleep (sleep duration, 

efficiency, and quality) 

Shift type (day shift, 

night 

shift, and swing shift), 

day 

Thorne et al., 

2008(142) 

Offshore oil and 

gas 

UK 

17 16 43.5(11.0) Observational Sleep duration and 

quality  

Night shift start time 

(18:00–06:00 h and 

19:00–07:00 h) 

Thorne et al., 

2010(143) 

Offshore oil and 

gas 

UK 

14 10 47.5(9.0) Interventional  Sleep duration and 

quality 

Night shift start time 

(18:00–06:00 h and 

19:00–07:00 h) 

Waage et al., 

2012(156) 

Offshore oil and 

gas 

Norway 

28 15 44 Observational Sleepiness Shift type (day shift, 

night 

shift, and swing shift), 

day, time 
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Table S12. Methodological characteristics of the EMA studies on health and related behavioural outcomes in rotation workers 

Author and Year EMA design/ 

approach 

Method for 

EMAs delivery 

*Monitoring 

periods; 

*Study 

duration/days 

*Compliance 

rate; 

*Compliance 

enhancer 

(incentive) 

*Assessment 

frequency 

(outcome); 

*prompts 

(frequency) 

*Assessment 

period 

Outcomes 

measures; 

Validity 

Analysis 

method 

Albrecht & 

Anglim, 2018(51) 

Daily diary Website/online 

diaries 

1; NR NR; NR Daily-Every 3 

days; Yes 

(once) 

On-shift days Self-report; 

Multiple items; 

precedent 

Multilevel 

models 

Bhuanantanondh 

et al., 2021(353) 

Daily diary 

Interval 

contingent 

Hand-held 

device (tablet) 

1;14 days NR;NR Once daily 

(sleep 

duration), 2 

times per day 

(fatigue); NR 

On-shift days Self-report and 

monitoring-

Reaction response 

Time (RRT); 

precedent 

Repeated 

measure 

ANOVA 

Bjorvatn et al., 

1998(357) 

Daily diary 

Interval 

contingent 

Paper and 

pencil (Not 

specified) 

1; 21 days NR; Yes 

(none) 

Hourly 

(sleepiness), 

Daily 

(accumulated 

sleepiness and 

sleep) 

On-and off-shift 

days 

Sleepiness: self-

report; single 

item. sleep 

pattern: multiple 

items; precedent 

 Repeated 

measure 

ANOVA 

Bjorvatn et al., 

1999(354) 

Daily diary 

Interval 

contingent 

Paper and 

Pencil  

2; 42 days NR; Yes 

(none) 

Hourly 

(sleepiness); 

Daily 

(accumulated 

sleepiness and 

sleep); NR 

On-and off-shift 

days 

Sleepiness: self-

report; single 

item. Sleep 

pattern: multiple 

items; precedent 

Repeated 

measure 

ANOVA 

ANOVA=Analysis of variance; CR=compliance rate; NR=not reported; PR=participation rate; *Assessment period: work roster cycle phase during which assessment was done; *Assessment 

frequency: number of times per day participants were assessed; *Compliance enhancer: measure undertaken to increase compliance to assessment schedules; *Compliance rate: the percentage of 

scheduled assessments to which participants completed; *Method of EMA delivery: method of administration of EMAs; * Monitoring periods: number of waves of data collection used in the 

study; *Study duration: the total number of assessment days each monitoring period lasted.; *Participation or response rate: the percentage of participants who completed the predetermined 

number of assessment; *Prompts frequency: number of times participants are alerted to answer assessment schedules 
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Table S12. Methodological characteristics of the EMA studies on health and related behavioural outcomes in rotation workers (cont’d) 

Author and Year EMA 

design/ 

approach 

Method for 

EMAs delivery 

*Monitoring 

periods; 

*Study 

duration/days 

*Compliance 

rate; 

*Compliance 

enhancer 

(incentive) 

*Assessment 

frequency 

(outcome); 

*prompts 

(frequency) 

*Assessment 

period 

Outcomes 

measures; 

Validity 

Analysis 

method 

Bjorvatn et al., 

2007(355) 

Daily diary 

Interval 

contingent  

Wrist-worn 

device 

(Actigraph), 

handheld 

computer, paper 

and pencil  

1; 14 days NR; Yes 

(none) 

Hourly and 

daily 

(sleepiness) 

Daily and 

Continuous 

(sleep); NR 

On-shift days Sleepiness: Self-

report and 

objective 

measure; 

single item. Sleep 

pattern: multiple 

items; precedent 

ANOVA 

Ferguson et al., 

2010(53) 

Daily diary 

Interval 

contingent 

diary  

 

Wrist-worn 

device 

(Actiwatch) and 

Paper and pencil 

1;21-28 days NR; NR Daily and 

continuous 

(sleep); 2 times 

per day 

(fatigue); NR 

On-and off-shift 

days 

Sleep: Self-report 

and monitoring; 

multiple items.  

Fatigue: self-

report; single 

item; precedent 

Mixed model 

ANOVA 

Ferguson et al., 

2011(165) 

Daily diary 

Interval 

contingent 

Paper and pencil; 

Wrist-worn 

device 

(Actigraph); 

Hand-held device 

(Palmpilot) 

1; 15-22 days NR;NR 2 times daily 

(fatigue) 

Continuous 

(sleep) 

On-and off-shift 

days 

Reaction 

Response time 

(RRT) and 

monitoring 

Linear mixed 

model 

Haward et al., 

2009(144) 

Daily diary  Paper and pencil  6; 84 days PR:66-78%; 

NR 

Daily; NR On-shift days Self-report; 

single-item; 

precedent 

ANOVA and 

correlation 

ANOVA=Analysis of variance; CR=compliance rate; NR=not reported; PR=participation rate. *Assessment period: work roster cycle phase during which assessment was done. *Assessment 

frequency: number of times per day participants were assessed. *Compliance enhancer: measure undertaken to increase compliance to assessment schedules. *Compliance rate: the percentage of 

scheduled assessments to which participants completed. *Method of EMA delivery: method of administration of EMAs. * Monitoring periods: number of waves of data collection used in the 

study. *Study duration: the total number of assessment days each monitoring period lasted. *Participation or response rate: the percentage of participants who completed the predetermined 

number of assessments; *Prompts frequency: number of times participants are alerted to answer assessment schedules 
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Table S12. Methodological characteristics of the EMA studies on health and related behavioural outcomes in rotation workers (cont’d) 

Author and Year EMA design/ 

approach 

Method for 

EMAs delivery 

*Monitoring 

periods; 

*Study 

duration/days 

*Compliance 

rate; 

*Compliance 

enhancer 

(incentive) 

*Assessment 

frequency 

(outcome); 

*prompts 

(frequency) 

*Assessment 

period 

Outcomes 

measures; 

Validity 

Analysis 

method 

Merkus et al., 

2015(146) 

Daily diary  Paper and 

pencil 

1; 14 days NR; NR Daily; NR On-shift days Self-report; 

single-item; 

precedent 

Generalized 

Estimating 

Equations 

Merkus et al., 

2015(356) 

Daily diary Paper and 

pencil 

1; 11days NR;NR Daily; NR Off-shift days Self-report; NR Mann–

Whitney U 

tests  

Merkus et al., 

2017(139) 

Daily diary  Paper and 

pencil 

1;14 days CR:80.3%; NR Daily; NR Off-shift days Self-report; 

multiple items; 

precedent 

Generalized 

Estimating 

Equations 

Muller et al., 

2008(98) 

Daily diary  

Interval 

contingent 

diary 

Paper and 

pencil 

1;28 days CR:87%, 

PR:95%; NR 

Daily (sleep); 

2 times per day 

(fatigue); NR 

On-and off-shift 

days 

Self-report; 

multiple items; 

precedent 

t-tests and 

ANOVA; 

standardized 

parametric 

regression 

Ots et al., 

2021(344) 

Interval 

contingent 

diary 

Website/online

; wrist-worn 

device 

(Actigraph) 

1;28 days NR; NR 2 times per day 

(sleepiness) 

Continuous 

(physical 

activity, sleep 

quality) 

On-and off-shift 

days 

Self-report; single 

item (sleepiness); 

monitoring (PA, 

sleep quality) 

Linear mixed 

models 

ANOVA=Analysis of variance; CR=compliance rate; NR=not reported; PR=participation rate. *Assessment period: work roster cycle phase during which assessment was done. *Assessment 

frequency: number of times per day participants were assessed. *Compliance enhancer: measure undertaken to increase compliance to assessment schedules. *Compliance rate: the percentage of 

scheduled assessments to which participants completed. *Method of EMA delivery: method of administration of EMAs. * Monitoring periods: number of waves of data collection used in the 

study. *Study duration: the total number of assessment days each monitoring period lasted. *Participation or response rate: the percentage of participants who completed the predetermined 

number of assessments; *Prompts frequency: number of times participants are alerted to answer assessment schedules 
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Table S12. Methodological characteristics of the EMA studies on health and related behavioural outcomes in rotation workers (cont’d) 

Author and Year EMA design/ 

approach 

Method for 

EMAs delivery 

*Monitoring 

periods; 

*Study 

duration/days 

*Compliance 

rate; 

*Compliance 

enhancer 

(incentive) 

*Assessment 

frequency 

(outcome); 

*prompts 

(frequency) 

*Assessment 

period 

Outcomes 

measures; 

Validity 

Analysis 

method 

Paech et al., 

2010(52) 

Daily diary  Wrist-worn 

device 

(Actigraphy) 

and Paper and 

pencil 

1;15-22 days NR; NR Daily; NR On-and off-shift 

days 

Self-report and 

monitoring; 

multiple items; 

precedent 

Linear mixed 

models 

Rebar et al., 

2018(13) 

Daily diary Website/online 

diaries 

2; 14 days NR; Yes 

(feedback) 

Daily; NR On-and off-shift 

days 

Self-report; 

Single items; NR 

Multilevel 

model 

Riethmeister et 

al., 2018(85) 

Interval 

contingent 

diary 

Wrist-worn 

device 

(Actigraphy) 

and 

website/online 

diaries 

1; 28 days NR; Yes 

(monitoring) 

2 times per day 

(sleep and 

sleepiness), 

continuous 

(sleep); NR 

On-and off-shift 

days 

Sleep: Self-report 

and objective 

measure; multiple 

items.  

Sleepiness: single 

item; precedent 

Generalised 

linear and 

linear mixed 

models 

Riethmeister et 

al., 2018(86) 

Interval 

contingent 

diary  

Wrist-worn 

device 

(Actigraph), 

Handheld 

device (iPad), 

and 

website/online 

diaries 

1; 14 days NR; NR 2 times per day 

(fatigue); 

continuous 

(sleep); NR 

On-shift days Fatigue/sleepiness

: self-report and 

objective measure 

(RRT); Time in 

bed: single-item 

and objective 

measure; 

precedent 

Generalised 

linear and 

linear mixed 

models 

ANOVA=Analysis of variance; CR=compliance rate; NR=not reported; PR=participation rate. *Assessment period: work roster cycle phase during which assessment was done. *Assessment 

frequency: number of times per day participants were assessed. *Compliance enhancer: measure undertaken to increase compliance to assessment schedules. *Compliance rate: the percentage of 

scheduled assessments to which participants completed. *Method of EMA delivery: method of administration of EMAs. * Monitoring periods: number of waves of data collection used in the 

study. *Study duration: the total number of assessment days each monitoring period lasted. *Participation or response rate: the percentage of participants who completed the predetermined 

number of assessments; *Prompts frequency: number of times participants are alerted to answer assessment schedules 
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Table S12. Methodological characteristics of the EMA studies on health and related behavioural outcomes in rotation workers (cont’d) 

Author and Year EMA design/ 

approach 

Method for 

EMAs delivery 

*Monitoring 

periods; 

*Study 

duration/days 

*Compliance 

rate; 

*Compliance 

enhancer 

(incentive) 

*Assessment 

frequency 

(outcome); 

*prompts 

(frequency) 

*Assessment 

period 

Outcomes 

measures; 

Validity 

Analysis 

method 

Riethmeister et 

al., 2019(87) 

Interval 

contingent 

diary 

 

Wrist-worn 

device 

(Actigraph) 

and 

website/online 

diaries 

1;14 days NR; NR 2 times per day 

(fatigue); 

Continuous 

(sleep); NR 

On-shift days Fatigue/sleepiness

: self-report and 

objective measure 

(RRT); single-

item. 

Sleep quality: 

objective 

measure; 

precedent 

Linear mixed 

models 

Sadeghniiat-

Haghighi et al., 

2019(140) 

Daily diary 

 

Wrist-worn 

device 

Paper and 

pencil  

1; 14 days NR; NR Daily, 

Continuous; 

NR 

On-shift days Self-report and 

objective 

measure; multiple 

items; NR 

ANOVA 

Saksvik et al., 

2011(141) 

Daily diary  

 

Wrist-worn 

device 

(Actigraph) 

and Paper and 

pencil  

2; 56 days PR:67.8%; NR Daily, 

Continuous; 

NR 

On-and off-shift 

days 

Self-report and 

objective 

measure; multiple 

items; precedent 

ANOVA 

Thorne et al., 

2008(142) 

Daily diary  

   

Wrist-worn 

device 

(Actigraph) 

and Paper and 

pencil 

1; 7 days NR; NR Daily  

Continuous; 

NR 

On-shift days Self-report and 

objective 

measure; single-

item; NR 

ANOVA 

Thorne et al., 

2010(143) 

Daily diary  Wrist-worn 

device 

(Actigraph) 

1; 7 days NR; NR  Daily  

Continuous; 

NR 

On-and off-shift 

days 

Self-report and 

objective 

measure; single-

ANOVA 
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and Paper and 

pencil 

item; NR  

Waage et al., 

2012(156) 

Daily diary 

and Interval 

contingent 

diary 

Hand-held 

computer and 

Paper and 

pencil 

2; 56 days NR; Yes 

(monitoring 

and end-of-day 

diary 

collection) 

Hourly,  

Daily; Yes (to 

start 

completing 

diaries) 

On-and off-shift 

days 

Self-report and 

objective 

measure; single-

item; precedent  

ANOVA 

ANOVA=Analysis of variance; CR=compliance rate; NR=not reported; PR=participation rate. *Assessment period: work roster cycle phase during which assessment was done. *Assessment 

frequency: number of times per day participants were assessed. *Compliance enhancer: measure undertaken to increase compliance to assessment schedules. *Compliance rate: the percentage of 

scheduled assessments to which participants completed. *Method of EMA delivery: method of administration of EMAs. * Monitoring periods: number of waves of data collection used in the 

study. *Study duration: the total number of assessment days each monitoring period lasted. *Participation or response rate: the percentage of participants who completed the predetermined 

number of assessments; *Prompts frequency: number of times participants are alerted to answer assessment schedules 
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Appendix H: Sample of daily survey personal report 
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Appendix I: Supplementary files in Chapter 8 

Supplementary Information S12. Sample panel plots of daily data over assessment days among FIFO workers.  

 Figure S4. Daily standard drink intake
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Figure S5. Daily number of cigarettes smoked 
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Figure S6. Daily minutes of moderate to vigorous physical activity 
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Figure S7. Daily serves of fruits and vegetable intake 
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Figure S8. Daily sleep quality 
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Figure S9. Daily positive affect  
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Figure S10. Daily anxious affect 
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Figure S11. Daily depressed affect 
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Figure S12. Daily job demand (workload) 
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Figure S13. Daily job control 
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Supplementary Information S13. Spaghetti plots of the relationships between psychosocial factors and health outcomes in FIFO workers 

Figure S14. Relationship between job demand, affect, and sleep quality 
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Figure S15. Relationship between job demand and behaviours 
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Figure S16. Relationship between job control, affect, and sleep quality 
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Figure S17. Relationship between job control and behaviours 
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Supplementary Information S14. Full model of multilevel models predicting daily health outcomes in FIFO workers 

Table S13. Multilevel linear model of the effect of shift period on anxious affect  

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.502357  0.433993 26.144  3.462  0.002 0.610510  2.394204  

Day  -0.003908 0.004105 99.528 -0.952 0.343 -0.012054 0.004238 

Age  -0.025075 0.013081 24.255  -1.917 0.067 -0.052058 0.001908 

Shift hours 0.148994  0.384108 23.067 0.388 0.702 -0.645464 0.943453 

Shift pattern 0.057768  0.283849 22.944 0.204 0.841 -0.529498 0.645033 

Gender  -0.533370 0.274397 22.355 -1.944  0.065 -1.101911 0.035172 

FIFO role -0.501379 0.330349 22.981 -1.518  0.143 -1.184788 0.182030 

Have children -0.560886 0.386712 26.831 -1.450  0.159 -1.354589 0.232816 

Marital status -0.495540 0.423552 26.399  -1.170 0.252 -1.365524 0.374444 

Shift period 0.041872  0.129844 22.114  0.322 0.750 -0.227327 0.311072 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.247388  0.087994 2.811   0.005  0.123201  0.496757  

Shift period 0.292683 0.116358 2.515  0.012 0.134276 0.637965 

Residuals**        

AR1 diagonal 0.304247  0.024135 12.606   <0.001  0.260437  0.355427  

AR1 rho 0.161067 0.075848 2.124  0.034 0.009864 0.305069 
Anxious affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1) 

Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), 

marital status (married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours 

(≤12=0, >12=1) 
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Table S14. Multilevel linear model of the effect of shift period on depressed affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.560440 0.499928 27.987 3.121 0.004 0.536363  2.584518  

Day  0.000624  0.005130 95.689  0.122 0.904 -0.009560 0.010807 

Age  -0.017171 0.015044 25.795  -1.141 0.264 -0.048106 0.013763 

Shift hours 0.246116  0.440512 24.230 0.559 0.581 -0.662598 1.154831 

Shift pattern 0.127575  0.325270 24.071  0.392 0.698 -0.543644 0.798795 

Gender  -0.367880 0.314489 23.473  -1.170 0.254 -1.017726 0.281966 

FIFO role -0.280371 0.379041 24.190  -0.740 0.467 -1.062348 0.501606 

Have children -0.470841 0.447246 29.091 -1.053 0.301 -1.385436 0.443755 

Marital status -0.794895 0.488111 28.287  -1.629  0.115 -1.794288 0.204498 

Shift period 0.218984 0.167379 22.112  1.308  0.204 -0.128038 0.566006 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.313802 0.112555 2.788  0.005 0.155362 0.633819 

Shift period 0.507615 0.193588 2.622  0.009 0.240388 1.071903 

Residuals**        

AR1 diagonal 0.402822  0.034291 11.747   <0.001 0.340921  0.475962  

AR1 rho 0.291309 0.065505 4.447  <0.001 0.158359 0.413884 
Depressed affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift 

period: on-shift days (1) vs off-shift days  (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital 

status (married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, 

>12=1) 
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Table S15. Multilevel linear model of the effect of shift period on positive effect 

Parameters  γ Std. Error df t p-value  95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.687060  0.249881  33.063  6.751  <0.001  1.178711  2.195409  

Day  0.007188  0.005285 113.629 1.360  0.177 -0.003282 0.017659 

Age  0.005232 0.007028 23.301  0.744 0.464 -0.009296 0.019761 

Shift hours 0.102999  0.200507 21.382  0.514 0.613 -0.313526 0.519523 

Shift pattern 0.225234  0.147067 20.530  1.532 0.141 -0.081036 0.531504 

Gender  0.038599  0.139735 19.398  0.276 0.785 -0.253464 0.330662 

FIFO role 0.085120  0.169429 19.215  0.502 0.621 -0.269231 0.439471 

Have children 0.244787 0.222508 30.738 1.100 0.280 -0.209177 0.698752 

Marital status 0.153123  0.240954 29.427 0.635 0.530 -0.339373 0.645619 

Shift period -0.358757 0.105302 28.182  -3.407 0.002 -0.574396 -0.143118 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects**        

Intercept  0.018006 0.022621 0.796  0.426 0.001535 0.211236 

Shift period 0.104634 0.071031 1.473  0.141 0.027659 0.395831 

Residuals**        

AR1 diagonal 0.514259  0.042463  12.111   <0.001 0.437418  0.604598  

AR1 rho 0.192941 0.065971 2.925  0.003 0.061014 0.318242 
Positive affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift 

period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status 

(married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S16. Multilevel linear model of the effect of shift period on sleep quality 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower  Upper  

Fixed effects        

Intercept  2.333436  0.434584  29.154  5.369  <0.001  1.444817  3.222055  

Day  -0.008035 0.005905 103.709 -1.361 0.177 -0.019745 0.003676 

Age  -0.026737 0.012922 25.617 -2.069  0.049 -0.053319 -0.000155 

Shift hours 0.140260  0.377007 23.675 0.372 0.713 -0.638410 0.918929 

Shift pattern -0.448447 0.277798 23.419 -1.614 0.120 -1.022548 0.125654 

Gender  0.371564 0.267855 22.640  1.387 0.179 -0.183023 0.926152 

FIFO role 0.058509  0.323610 23.347 0.181 0.858 -0.610379 0.727397 

Have children -0.481942 0.388528 30.012 -1.240  0.224 -1.275407 0.311523 

Marital status -0.113230 0.423073 28.987 -0.268 0.791 -0.978529 0.752068 

Shift period -0.497905 0.138932 25.869  -3.584  0.001 -0.783554 -0.212256 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        

Intercept  0.195998 0.083035 2.360  0.018 0.085436 0.449639 

Shift period 0.264614 0.121848 2.172  0.030 0.107315 0.652481 

Residual**        

AR1 diagonal 0.548932  0.045679  12.017   <0.001  0.466323  0.646175  

AR1 rho 0.284822 0.063252 4.503  <0.001 0.156703 0.403513 
Sleep quality (0=very poor to 3=very good); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift 

period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital 

status (married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, 

>12=1) 
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Table S17. Generalised linear mixed model of the effect of shift period on fruit and vegetable intake 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower  Upper  Lower  Upper  

Fixed effects           

Intercept  0.797 0.2133 3.738 <0.001 0.378 1.217 2.219 1.459 3.377 

Day  0.003 0.0029 0.883 0.378 -0.003 0.008 1.003 0.997 1.008 

Age  0.005 0.0080 0.629 0.530 -0.011 0.021 1.005 0.989 1.021 

Shift hours -0.046 0.2299 -0.200 0.841 -0.498 0.406 0.955 0.608 1.501 

Shift pattern 0.028 0.1671 0.170 0.865 -0.300 0.357 1.029 0.741 1.429 

Gender  0.022 0.2060 0.106 0.916 -0.383 0.427 1.022 0.682 1.533 

FIFO role 0.108 0.3000 0.359 0.720 -0.483 0.698 1.114 0.617 2.009 

Have children 0.636 0.1676 3.797 <0.001 0.307 0.966 1.890 1.359 2.628 

Marital status 0.314 0.2114 1.486 0.138 -0.102 0.730 1.369 0.903 2.075 

Shift period -0.090 0.0838 -1.073 0.284 -0.255 0.075 0.914 0.775 1.078 

          

Covariance parameters σ2 Std. Error  Z       

Random effects*          

Intercept 0.195 0.082 2.377 0.017 0.086 0.446    

Shift period 0.115 0.051 2.245 0.025 0.048 0.275    

Residual**          

AR1 diagonal 0.340 0.035 9.744 <0.001 0.278 0.416    

AR1 rho 0.312 0.086 3.641 <0.001 0.136 0.469    
Note: Probability distribution: Negative binomial, Link function: Log; Fruits and vegetable intake: Number serves intake; *Random effect covariance structure: 

unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle; Day of 

assessment (centred at day 14); age (mean centred at 0); gender (male=0, female=1); marital status (married=0, single=1); have children (yes=0, no=1), FIFO role 

(manual=0, office=1); Shift pattern (rotation shift=0, regular fixed shift=1); shift hours (≤12=0, >12=1) 
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Table S18. Generalised linear mixed model of the effect of shift period on alcohol intake  

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower  Upper   Lower  Upper  

Fixed effects           

Intercept  -3.457 1.1970 -2.888 0.004 -5.810 -1.104 0.032 0.003 0.332 

Day  -0.017 0.0108 -1.610 0.108 -0.039 0.004 0.983 0.962 1.004 

Age  0.022 0.0440 0.492 0.623 -0.065 0.108 1.022 0.937 1.114 

Shift hours 0.050 1.3847 0.036 0.971 -2.672 2.772 1.051 0.069 15.990 

Shift pattern 0.985 1.1906 0.828 0.408 -1.355 3.326 2.678 0.258 27.816 

Gender  -1.008 0.9857 -1.023 0.307 -2.946 0.929 0.365 0.053 2.533 

FIFO role 0.479 0.8788 0.545 0.586 -1.248 2.207 1.615 0.287 9.086 

Have children 0.554 0.9304 0.595 0.552 -1.275 2.382 1.739 0.279 10.831 

Marital status 2.856 0.8292 3.444 <0.001 1.226 4.486 17.393 3.408 88.769 

Shift period -1.353 0.4821 -2.806 0.005 -2.300 -0.405 0.259 0.100 0.667 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 4.496 2.242 2.005 0.045 1.692 11.949    

Shift period 2.989 1.549 1.929 0.054 1.082 8.254    

Residual**          

AR1 diagonal 0.667 0.052 12.896 <0.001 0.573 0.776    

AR1 rho 0.166 0.064 2.610 0.009 0.039 0.287    
Note: Probability distribution: Binomial, Link function: Logit; Alcohol intake: yes=1, no=0; *Random effect covariance structure: unstructured; **Residual 

covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at 

day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), 

Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S19. Generalised linear mixed model of the effect of shift period on physical activity  

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower  Upper   Lower Upper  

Fixed effects          

Intercept  -0.534 1.0308 -0.518 0.605 -2.560 1.493 0.586 0.077 4.449 

Day  -0.013 0.0267 -0.485 0.628 -0.066 1.247 0.987 0.937 1.040 

Age  -0.072 0.0474 -1.516 0.130 -0.165 1.637 0.931 0.848 1.022 

Shift hours 1.198 1.1586 1.034 0.302 -1.079 3.476 3.315 0.340 32.329 

Shift pattern 0.011 0.8269 0.014 0.989 -1.614 0.021 1.011 0.199 5.139 

Gender  -0.291 0.7823 -0.371 0.711 -1.828 0.040 0.748 0.161 3.481 

FIFO role -0.725 1.0476 -0.692 0.489 -2.784 1.334 0.484 0.062 3.798 

Have children 0.393 1.0403 0.378 0.706 -1.652 2.438 1.482 0.192 11.451 

Marital status -0.069 0.9494 -0.073 0.942 -1.936 1.797 0.933 0.144 6.031 

Shift period -0.931 0.5059 -1.841 0.066 -1.926 0.063 0.394 0.146 1.065 

          

Covariance parameters σ2 Std. Error  Z       

Random effects*          

Intercept 2.829 1.570 1.801 0.072 0.953 8.397    

Shift period 3.667 1.760 2.083 0.037 1.431 9.396    

Residual**          

AR1 diagonal 0.688 0.067 10.241 <0.001 0.568 0.833    

AR1 rho 0.444 0.060 7.375 <0.001 0.319 0.554    
Note: Probability distribution: Binomial, Link function: Logit; Physical activity (MVPA): less than 30 minutes=0, at least 30 minutes=1; *Random effect 

covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO 

roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children 

(yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S20. Multilevel linear model predicting anxious affect 

Parameters  γ Std. Error df t p-value                  95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.797886  .383806  29.091  4.684  <.001 1.013022  2.582750  

Day  -.006215  .003944  102.618 -1.576 .118  -.014038  .001608  

Age  -.020383  .011255  26.536   -1.811 .081  -.043495  .002729  

Shift hours .478798  .366305  25.976  1.307 .203  -.274187  1.231784  

Shift pattern .299413  .267995  25.813  1.117 .274  -.251654  .850479  

Gender  -.503457  .236721  23.930  -2.127 .044  -.992101  -.014812  

FIFO role -.340487  .305124  23.856  -1.116 .276  -.970435  .289460  

Have children -.818023  .347523  30.029  -2.354 .025  -1.527731  -.108315  

Marital status -.951388  .403447  30.350  -2.358 .025  -1.774938  -.127838  

Shift period -.111763  .126258  23.878  -.885 .385  -.372417  .148891  

Job demand (between-persons) -.087525  .162008  27.683  -.540 .593  -.419555  .244505  

Job demand (within-person) .052998  .025014  390.925 2.119 .035  .003819  .102176  

Job control (between-persons) -.503832  .167079  27.971  -3.016  .005  -.846095  -.161570  

Job control (within-person) -.136775  .025197  374.057 -5.428  <.001 -.186320  -.087229  

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        

Intercept  .171348  .061996  2.764   .006  .084315  .348220  

Shift period .266241  .106086  2.510   .012  .121929  .581359  

Residual**        

AR1 diagonal .276067  .021971  12.565   <.001  .236195  .322671  

AR1 rho .166200  .074553  2.229   .026  .017482  .307724  
*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO 

roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO 

role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S21. Multilevel linear model predicting depressed affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.644325  .472655  28.169  3.479  .002  .676396  2.612253 

Day  -.001646  .005019  97.025  -.328  .744  -.011608  .008316  

Age  -.013992  .013880  25.847  -1.008  .323  -.042532  .014547  

Shift hours .433841  .452132  25.381  .960  .346  -.496633  1.364316 

Shift pattern .247426  .330497  25.142  .749  .461  -.433052  .927904  

Gender  -.323102  .291877  23.333  -1.107  .280  -.926420  .280216  

FIFO role -.302538  .376263  23.271  -.804  .429  -1.080396  .475320  

Have children -.553126  .429049  29.258  -1.289  .207  -1.430293  .324042  

Marital status -.915598  .496939  29.310  -1.842  .076  -1.931485  .100289  

Shift period .104773  .154218  22.685  .679  .504  -.214496  .424043  

Job demand (between-persons) .152497  .199888  26.931  .763  .452  -.257688  .562683  

Job demand (within-person) .018276  .029090  404.049 .628  .530  -.038910  .075462  

Job control (between-persons) -.276969  .206287  27.284  -1.343  .190  -.700029  .146091  

Job control (within-person) -.116921  .029468  398.001 -3.968  <.001 -.174853  -.058989 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        

Intercept  .258179  .095399  2.706   .007  .125140  .532655  

Shift period .398284  .162552  2.450   .014  .178975  .886328  

Residuals**        

AR1 diagonal .388008  .033085  11.727   <.001 .328291  .458587  

AR1 rho .280332  .066207  4.234   <.001 .146157  .404379  
*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a 

FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, 

no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S22. Multilevel linear model predicting positive affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  2.004439  .380473  29.289  5.268  <.001  1.226617  2.782261 

Day  -.004037  .005577  109.75  -.724  .471  -.015088  .007015  

Age  -.035244  .011026  25.477  -3.197  .004  -.057930  -.012557 

Shift hours -.005461  .363042  26.350  -.015  .988  -.751223  .740301  

Shift pattern -.480286  .263344  25.244  -1.824  .080  -1.022388  .061815  

Gender  .334202  .232194  23.405  1.439  .163  -.145668  .814072  

FIFO role -.087176  .300293  23.744  -.290  .774  -.707304  .532951  

Have children -.232264  .340244  28.336  -.683  .500  -.928851  .464322  

Marital status -.232264  .393801  28.283  .431  .670  -.636495  .976108  

Shift period -.273922  .101975  28.147  -2.686  .012  -.482759  -.065085 

Job demand (between-persons) -.059766  .157792  25.854  -.379  .708  -.384201  .264669  

Job demand (within-person) -.011023  .031269  359.381 -.353  .725  -.072516  .050470  

Job control (between-persons) .401239  .163331  26.555  2.457  .021  .065850  .736629  

Job control (within-person) .236381  .031412  311.766 7.525  <.001  .174574  .298188  

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        

Intercept  .149866  .060305  2.485   .013  .068106  .329777  

Shift period .059419  .060653  .980   .327  .008036  .439340  

Residual**        

AR1 diagonal .500250  .040888  12.235   <.001  .426200  .587165  

AR1 rho .280797  .061606  4.558   <.001  .156177  .396616  
*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) 

of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children 

(yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S23. Multilevel linear model predicting sleep quality 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  2.635159  .316920  105.56  8.315  <.001  2.006803 3.263515 

Day  .014863  .006949 107.163 2.139 .035 .001088 .028638 

Age  .006605  .008022 65.494 .823 .413 -.009415 .022625 

Shift hours .124421  .266302 118.081 .467 .641 -.402926 .651768 

Shift pattern .268595  .194052 108.814 1.384 .169 -.116017 .653207 

Gender  -.095903  .146381 85.153 -.655 .514 -.386940 .195134 

FIFO role .209604  .190247 91.092  1.102 .273 -.168292 .587501 

Have children .367216  .274727 84.523  1.337 .185 -.179059 .913490 

Marital status .154247  .349587 114.391 .441 .660 -.538257 .846751 

Shift period -.200721  .136055 39.081  -1.475 .148 -.475900 .074458 

Job demand (between-persons) -.114933  .124106 117.499 -.926 .356 -.360708 .130842 

Job demand (within-person) -.012764  .040439 312.989 -.316 .752 -.092330 .066802 

Job control (between-persons) -.015708  .128453 118.115 -.122 .903 -.270078 .238662 

Job control (within-person) .008196  .039977 287.160 .205 .838 -.070488 .086881 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        

Intercepta - - - - - - - 

Shift period .139253  .091127 1.528  .126 .038617 .502144 

Residuals**        

AR1 diagonal .537789  .049536  10.857  <.001   .448960  .644193  

AR1 rho .255179  .065578 3.891  <.001 .122838 .378602 
*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); aRandom intercept in the model predicting sleep 

quality was omitted due to non-convergence of the model; Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), 

age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern 

(rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S24. Generalized linear mixed model predicting fruit and vegetable intake 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  .931 .2038  4.567 .000  .530  1.332  2.536   1.699  3.787 

Day  .002 .0029 .752 .453 -.004 .008 1.002  .996 1.008 

Age  .007 .0077 .858 .392 -.009 .022 1.007 .991 1.022 

Shift hours .070 .2101 .334 .739 -.343 .483 1.073 .709 1.622 

Shift pattern .117 .1611 .724 .470 -.200 .434 1.124 .818 1.543 

Gender  -.013 .2050 -.065 .949 -.416 .390 .987 .659 1.477 

FIFO role .253 .3022 .837 .403 -.342  .847 1.288 .711 2.333 

Have children .507 .1367 3.708 .000 .238 .776 1.660 1.269 2.172 

Marital status .087 .1849 .470 .639 -.277 .451 1.091 .758 1.569 

Shift period -.107 .0879 -1.220 .223 -.280 .066 .898 .756 1.068 

Job demand (between-persons) -.155 .0674 -2.304 .022 -.288 -.023 .856 .750 .978 

Job demand (within-person) -.006 .0119 -.498 .619 -.029 .017 .994 .971 1.018 

Job control (between-persons) -.197 .0815 -2.412 .016 -.357 -.036 .822 .700 .964 

Job control (within-person) -.023 .0194  -1.209 .228 -.062 .015 .977 .940 1.015  

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept .202 .091 2.213 .027 .083 .491    

Shift period .123 .054 2.256 .024 .051 .292    

Residual**          

AR1 diagonal .337 .034 9.776 .000 .275 .411    

AR1 rho .305 .086 3.561 .000 .129 .463    
Note: Probability distribution: Negative binomial, Link function: Log; Fruits and vegetable intake: Number serves intake; *Random effect covariance structure: 

unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of 

assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO role 

(manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S25. Generalised linear mixed model predicting physical activity 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  -.410 1.2126  -.338 .736  -2.793  1.974 .664 .061 7.200  

Day  -.004 .0294 -1.585 .886 -.062 .054 .996 .940 1.055 

Age  -.080 .0502 -.143 .114 -.178 .019 .924 .837 1.019 

Shift hours 2.687 1.1540 2.328 .020 .418 4.955 14.686  1.519 141.944 

Shift pattern .986 .8084 1.219 .223 -.603 2.575 2.680  .547 13.132  

Gender  -.585 .8987 -.651 .515 -2.352 1.182 .557 .095 3.260 

FIFO role -.529 1.1026 -.480 .632 -2.697 1.638 .589 .067 5.147 

Have children -.140 1.1597 -.121 .904 -2.420 2.140 .869 .089 8.497 

Marital status -1.202 1.2827  -.937 .349 -3.723 1.320 .301 .024 3.743 

Shift period -.742 .4796 -1.548 .122 -1.685 .200 .476 .185 1.222 

Job demand (between-persons) -.276 .5821 -.474 .636 -1.420  .868 .759 .242 2.383 

Job demand (within-person) .113 .0925 1.216 .225 -.069 .294 1.119 .933 1.342 

Job control (between-persons) -.961 .5886 -1.632 .103 -2.118 .197 .383 .120 1.217 

Job control (within-person) .413 .1699 2.428 .016 .079 .747 1.511 1.082 2.110  

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 3.446 1.751 1.751 .080 1.125 10.555    

Shift period 3.327 1.751 1.900 .057 1.186 9.334    

Residuals**          

AR1 diagonal .721 .069 10.450 <.001 .597 .869    

AR1 rho .435 .061 7.187 <.001 .310 .546    
Note: Probability distribution: Binomial, Link function: Logit; Physical activity (MVPA): less than 30 minutes=0, at least 30 minutes=1; *Random effect covariance 

structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, 

Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO 

role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S26. Generalised linear mixed model predicting alcohol intake  

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  -3.135 1.5752  -1.990 .047 -6.231  -.039 .044  .002  .962  

Day  -.008 .0143 -.546 .586 -.036 .020 .992 .965 1.020 

Age  .033 .0509 .645 .519 -.067 .133 1.033 .935 1.142 

Shift hours 1.466 1.9819  .740 .460 -2.430 5.362 4.330 .088 213.05 

Shift pattern 2.332 1.7562  1.328 .185 -1.120 5.784 10.299 .326 325.13  

Gender  -1.538 1.0681  -1.440 .151 -3.637 .562 .215 .026 1.754  

FIFO role 1.981 .8200 2.416 .016 .369 3.593 7.252 1.447 36.348 

Have children -.376 1.4288  -.263 .793 -3.184 2.433 .687 .041 11.394  

Marital status .837 1.7407  .481 .631 -2.585 4.259 2.310 .075 70.747  

Shift period -1.084 .5087 -2.132 .034 -2.084  -.084 .338 .124 .919 

Job demand (between-persons) -1.817 .7430 -2.446 .015 -3.278 -.357 .162 .038 .700 

Job demand (within-person) .238 .1488 1.602 .110 -.054 .531 1.269 .947 1.700 

Job control (between-persons) -1.280 .9664  -1.325 .186 -3.180  .619 .278 .042 1.858 

Job control (within-person) .648 .1695 3.826 <.001 .315 .982 1.913 1.371  2.669 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 5.832 3.204 1.820 .069 1.987 17.119    

Shift period 3.847 2.005 1.919 .055 1.385 10.683    

Residuals**          

AR1 diagonal .667 .052 12.795 <.001 .572 .777    

AR1 rho .182 .066 2.759 .006 .050 .307    
Note: Probability distribution: Binomial, Link function: Logit; Alcohol intake: yes=1, no=0; *Random effect covariance structure: unstructured; **Residual 

covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 

14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), Shift 

pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S27. Multilevel linear model predicting anxious affect with interactions between job demand and control 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.760 .379 29.055 4.641 <.001 .985 2.536 

Day  -.006 .004 108.308 -1.627 .107 -.014 .001 

Age  -.022 .011 26.909 -1.968 -.059 -.045 .001 

Shift hours .568 .363 26.145 1.566 .129 -.178 1.313 

Shift pattern .351 .265 25.906 1.323 .197 -.194 .896 

Gender  -.548 .236 24.694 -2.321 .029 -1.034 -.061 

FIFO role -.359 .302 23.899 -1.190 .246 -.982 .264 

Have children -.827 .343 29.848 -2.412 .022 -1.528 -.127 

Marital status -.971 .399 30.344 -2.434 .021 -1.785 -.157 

Shift period -.091 .123 23.801 -.738 .468 -.344 .163 

Job demand (between-persons) -.101 .160 27.565 -.633 .532 -.429 .227 

Job demand (within-person) .052 .025 387.357 2.105 .036 .003 .101 

Job control (between-persons) -.529 .166 28.280 -3.195 .003 -.868 -.190 

Job control (within-person) -.119 .026 370.610 -4.626 <.001 -.170 -.069 

Daily job demand*daily job control  -.039 .016 389.111 -2.501 .013 -.070 -.008 

Daily job demand*aggregate job control  -.067 .034 348.152 -1.961 .051 -.134 .000 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        

Intercept  .169 .061 2.789  .005 .084 .341 

Shift period .250 .101 2.489  .013 .114 .550 

Residual**        

AR1 diagonal .268 .021 12.807  <.001 .230 .312 

AR1 rho .138 .075 1.847  .065 -.010 .280 
*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of 

a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, 

no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S28. Multilevel linear model predicting depressed affect with interactions between job demand and control 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.603 .466 28.307 3.438 .002 -.729 2.557 

Day  -.001 .005 100.894 -.273 .785 -.011 .008 

Age  -.015 .014 26.310 -1.087 .287 -.043 .013 

Shift hours .523 .447 25.669 1.171 .252 -.396 1.442 

Shift pattern .300 .326 25.355 .920 .366 -.371 .972 

Gender  -.349 .290 24.121 -1.202 .241 -.947 .250 

FIFO role -.312 .371 23.434 -.841 .409 -1.080 .455 

Have children -.557 .423 29.249 -1.317 .198 -1.421 .307 

Marital status -.939 .490 29.415 -1.915 .065 -1.941 .063 

Shift period .125 .148 22.521 .850 .404 -.180 .431 

Job demand (betweenpersons) .141 .197 26.944 .713 .482 .648 .545 

Job demand (within-person) .019 .029 404.193 .668 .504 -.264 .076 

Job control (between-persons) -.312 .204 27.578 -1.528 .138 -.037 .106 

Job control (within person) -.105 .030 399.642 -3.465 <.001 -.164 -.045 

Daily job demand*daily job control  -.033 .018 393.974 -1.833 .068 -.069 .002 

Daily job demand*aggregate job control  -.092 .040 367.631 -2.276 .023 -.172 -.013 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        

Intercept  .252 .093 2.725  .006 .123 .518 

Shift period .355 .149 2.376  .017 .155 .809 

Residual**        

AR1 diagonal .380 .032 11.876  <.001 .322 .448 

AR1 rho .268 .066 4.071  <.001 .135 .392 
*Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of 

a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, 

no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 

 

 

 



485 
 

 

Table S29. Multilevel linear model predicting positive affect with interactions between job demand and control 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  2.026 .383 29.366 5.283 <.001 1.242 2.809 

Day  -.004 .006 107.708 -.686 .494 -.015 .007 

Age  -.034 .011 25.675 -3.089 .005 -.057 -.011 

Shift hours -.032 .366 26.481 -.087 .932 -.784 .721 

Shift pattern -.491 .265 25.303 -1.849 .076 -1.037 .055 

Gender  .372 .236 24.127 1.579 .127 -.114 .859 

FIFO role -.081 .303 23.868 -.269 .791 -.707 .544 

Have children -.232 .342 28.228 -.679 .503 -.933 .468 

Marital status .166 .396 28.153 .418 .679 -.645 .977 

Shift period -.286 .101 27.207 -2.839 .008 -.493 -.079 

Job demand (between-persons) -.058 .159 25.761 -.363 .720 -.384 .269 

Job demand (within-person) -.010 .031 353.583 -.325 .745 -.071 .051 

Job control (between-persons) .405 .164 26.456 2.466 .020 .068 .743 

Job control (within-person) .225 .032 306.650 6.950 <.001 .161 .289 

Daily job demand*daily job control  .028 .020 411.683 1.350 .178 -.013 .068 

Daily job demand*aggregate job control  .042 .042 237.724 .992 .322 -.041 .126 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        

Intercept  .154 .062 2.501  .012 .070 .337 

Shift period .052 .060 .860  .390 .005 .503 

Residual**        

AR1 diagonal .501 .041 12.156  <.001 .426 .588 

AR1 rho .291 .062 4.706  <.001 .166 .407 
Positive affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift 

period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital 

status (married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, 

>12=1) 
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Table S30. Multilevel linear model predicting sleep quality with interactions between job demand and control 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  2.588 .309 107.070 8.364 <.001 1.975 3.202 

Day  .014 .007 111.069 2.031 .045 .000 .027 

Age  .004 .008 63.917 .546 .587 -.011 .020 

Shift hours .129 .260 117.038 .496 .621 -.385 .643 

Shift pattern .272 .189 108.634 1.441 .152 -.102 .646 

Gender  -.144 .146 84.464 -.989 .325 -.435 .146 

FIFO role .188 .184 89.154 1.025 .308 -.177 .553 

Have children .406 .266 83.231 1.525 .131 -.124 .936 

Marital status .192 .340 115.107 .563 .574 -.482 .866 

Shift period -.187 .133 44.139 -1.410 .166 -.455 .080 

Job demand (between person) -.109 .120 115.343 -.908 .366 -.348 .129 

Job demand (within person) -.026 .040 312.049 -.633 .527 -.105 .054 

Job control (between person) .051 .128 101.122 .398 .691 -.203 .305 

Job control (within person) .016 .041 297.603 .392 .695 -.064 .097 

Daily job demand*daily job control  -.021 .026 300.205 -.816 .415 -.073 .030 

Daily job demand*aggregate job control  .137 .062 227.365 2.213 .028 .015 .260 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effects*        
aIntercept  - - -  - - - 

Shift period .124 .080 1.542  .123 .035 .441 

Residual**        

AR1 diagonal .523 .047 11.092  <.001 .438 .624 

AR1 rho .226 .067 3.392  <.001 .092 .352 
Sleep quality (0=very poor to 3=very good); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); aRandom 

effects of shift period did not fit with covariance and when estimating variances only (diagonal) in the model and was omitted; Shift period: on-shift days (1) vs off-shift day 

(0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children 

(yes=0, no=1), FIFO role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
 

 

 



487 
 

Table S31. Generalized linear mixed model predicting fruit and vegetable intake with interactions between job demand and control 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  .939 .2087 4.498 <.001 .528 1.349 2.556 1.696 3.854 

Day  .002 .0029 .721 .471 -.004 .008 1.002 .996 1.008 

Age  .007 .0080 .905 .366 -.008 .023 1.007 .992 1.023 

Shift hours .037 .2137 .174 .862 -.383 .458 1.038 .682 1.580 

Shift pattern .106 .1613 .657 .512 -.211 .423 1.112 .809 1.527 

Gender  .013 .2107 .060 .952 -.402 .427 1.013 .669 1.533 

FIFO role .256 .3052 .840 .402 -.344 .857 1.292 .709 2.356 

Have children .512 .1418 3.610 <.001 .233 .791 1.669 1.262 2.206 

Marital status .089 .1888 .474 .636 -.282 .461 1.094 .754 1.586 

Shift period -.108 .0892 -1.212 .226 -.284 .067 .897 .753 1.070 

Job demand (between-persons) -.146 .0682 -2.146 .033 -.281 -.012 .864 .755 .988 

Job demand (within-person) -.007 .0108 -.653 .514 -.028 .014 .993 .972 1.014 

Job control (between persons) -.179 .0827 -2.164 .031 -.342 -.016 .836 .710 .984 

Job control (within person) -.026 .0185 -1.399 .163 -.062 .011 .974 .940 1.011 

Daily job demand*daily job control  .020 .0146 1.394 .164 -.008 .049 1.021 .992 1.050 

Daily job demand*aggregate job control  .027 .0223 1.191 .235 -.017 .070 1.027 .983 1.073 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept .202 .091 2.213 .027 .083 .490    

Shift period .118 .052 2.254 .024 .049 .281    

Residual**          

AR1 diagonal .337 .034 9.797 <.001 .276 .411    

AR1 rho .307 .084 3.640 <.001 .134 .462    
Note: Probability distribution: Negative binomial, Link function: Log; Fruits and vegetable intake: Number serves intake; *Random effect covariance structure: 

unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of FIFO roster cycle, Day of 

assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO role 

(manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S32. Generalised linear mixed model predicting physical activity with interactions between job demand and control 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  -0.193 1.2981 -0.149 0.882 -2.745 2.359 0.824 0.064 10.576 

Day  0.000 0.0283 -0.007 0.994 -0.056 0.055 1.00 0.946 1.057 

Age  -0.069 0.0565 -1.225 0.221 -0.18 0.042 0.933 0.835 1.043 

Shift hours 2.609 1.1626 2.244 0.025 0.323 4.894 13.583 1.382 133.522 

Shift pattern 0.932 0.806 1.156 0.248 -0.653 2.516 2.539 0.521 12.380 

Gender  -0.431 0.9054 -0.475 0.635 -2.21 1.349 0.650 0.110 3.855 

FIFO role -0.367 1.1565 -0.317 0.751 -2.641 1.906 0.693 0.071 6.728 

Have children -0.178 1.2024 -0.148 0.882 -2.542 2.185 0.837 0.079 8.895 

Marital status -1.400 1.3378 -1.046 0.296 -4.03 1.23 0.247 0.018 3.422 

Shift period -0.778 0.4954 -1.571 0.117 -1.752 0.195 0.459 0.173 1.216 

Job demand (between-persons) -0.343 0.6048 -0.567 0.571 -1.532 0.846 0.710 0.216 2.330 

Job demand (within-person) 0.059 0.0973 0.606 0.545 -0.132 0.25 1.061 0.876 1.284 

Job control (between-persons) -1.080 0.6081 -1.775 0.077 -2.275 0.116 0.34 0.103 1.123 

Job control (within-person) 0.398 0.163 2.44 0.015 0.077 0.718 1.489 1.080 2.051 

Daily job demand*daily job control  0.200 0.1112 1.796 0.073 -0.019 0.418 1.221 0.981 1.520 

Daily job demand*aggregate job control  -0.032 0.1047 -0.308 0.759 -0.238 0.174 0.968 0.788 1.190 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 3.602 2.059 1.750 0.080 1.175 11.041    

Shift period 3.573 1.832 1.951 0.051 1.308 9.758    

Residuals**          

AR1 diagonal 0.708 0.069 10.333 <0.001 0.586 0.856    

AR1 rho 0.438 0.061 7.147 <0.001 0.311 0.550    
Note: Probability distribution: Binomial, Link function: Logit; Physical activity (MVPA): less than 30 minutes=0, at least 30 minutes=1; *Random effect covariance 

structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of FIFO roster cycle, 

Day of assessment (centred at day 14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO 

role (manual=0, office=1), Shift pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Table S33. Generalised linear mixed model predicting alcohol intake with interaction between job demand and control 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  -3.769 1.7614 -2.14 0.033 -7.232 -0.306 0.023 0.001 0.736 

Day  -0.012 0.0139 -0.893 0.372 -0.04 0.015 0.988 0.961 1.015 

Age  0.030 0.0615 0.487 0.627 -0.091 0.151 1.030 0.913 1.163 

Shift hours 1.503 2.0684 0.727 0.468 -2.563 5.569 4.496 0.077 262.267 

Shift pattern 2.461 1.8416 1.336 0.182 -1.159 6.082 11.72 0.314 437.731 

Gender  -2.128 1.3293 -1.601 0.110 -4.741 0.485 0.119 0.009 1.625 

FIFO role 2.209 0.9130 2.419 0.016 0.414 4.003 9.103 1.513 54.782 

Have children -0.245 1.6153 -0.151 0.88 -3.420 2.931 0.783 0.033 18.744 

Marital status 1.346 1.7624 0.764 0.446 -2.119 4.810 3.841 0.120 122.765 

Shift period -1.125 0.5571 -2.02 0.044 -2.220 -0.030 0.325 0.109 0.970 

Job demand (between-persons) -2.061 0.7981 -2.583 0.010 -3.630 -0.492 0.127 0.027 0.611 

Job demand (within-person) 0.232 0.1325 1.753 0.080 -0.028 0.493 1.261 0.972 1.637 

Job control (between-persons) -1.188 0.9833 -1.208 0.228 -3.121 0.745 0.305 0.044 2.106 

Job control (within-person) 0.772 0.1818 4.247 <.001 0.415 1.129 2.164 1.514 3.094 

Daily job demand*daily job control  -0.161 0.1082 -1.492 0.136 -0.374 0.051 0.851 0.688 1.053 

Daily job demand*aggregate job control  0.558 0.1497 3.725 <.001 0.263 0.852 1.747 1.301 2.345 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 7.857 4.198 1.872 0.061 2.757 22.390    

Shift period 5.403 2.629 2.055 0.040 2.082 14.020    

Residuals**          

AR1 diagonal 0.593 0.046 12.929 <0.001 0.510 0.690    

AR1 rho 0.170 0.061 2.792 0.005 0.049 0.286    
Note: Probability distribution: Binomial, Link function: Logit; Alcohol intake: yes=1, no=0; *Random effect covariance structure: unstructured; **Residual 

covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 

14), age (mean centred at 0), gender (male=0, female=1), marital status (married=0, single=1), have children (yes=0, no=1), FIFO role (manual=0, office=1), Shift 

pattern (rotation shift=0, regular fixed shift=1), shift hours (≤12=0, >12=1) 
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Appendix J: Supplementary files in Chapter 9 

Supplementary Information S15. Panel plots of daily data over assessment days among partners of FIFO workers.  

Figure S18. Daily standard drink intake
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Figure S19. Daily number of cigarettes smoked 
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Figure S20. Daily minutes of moderate to vigorous physical activity 
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Figure S21. Daily sleep quality 
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Figure S22. Daily serves of fruits and vegetable intake  
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Figure S23. Daily positive affect 
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Figure S24. Daily anxious affect 
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Figure S25. Daily depressed affect 
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 Supplementary Information S16. Spaghetti plots of the within-person relationships between psychosocial factors and health outcomes in 

partners of FIFO workers 
Figure S26. Relationship between job demand, affect, and sleep quality 

 

 



499 
 

Figure S27. Relationship between job demand and behaviours 
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Figure S28. Relationship between job control, affect, and sleep quality 
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Figure S29. Relationship between job demand and behaviours 
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Figure S30. Relationship between social support, affect, and sleep quality 
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Figure S31. Relationship between social support and behaviours 
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Supplementary Information S17. Full model of multilevel models predicting daily health outcomes in partners of FIFO workers 

Table S34. Multilevel linear models on the effect of shift period on affects and anxious affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  0.446 0.255 31.530 1.750 0.090 -0.073 0.965 

Day  0.005 0.004 224.139 1.334 0.184 -0.003 0.013 

Age  -0.014 0.013 28.342 -1.071 0.293 -0.042 0.013 

Shift hours -0.199 0.193 31.663 -1.026 0.313 -0.593 0.196 

Shift pattern 0.159 0.176 29.226 0.904 0.373 -0.201 0.519 

Employment   -0.097 0.206 34.711 -0.470 0.641 -0.516 0.322 

FIFO duration -0.009 0.017 31.949 -0.514 0.611 -0.044 0.026 

Consecutive days at work 0.035 0.014 34.794 2.448 0.020 0.006 0.064 

Consecutive days at home -0.033 0.015 37.854 -2.172 0.036 -0.063 -0.002 

Have children 0.488 0.246 33.438 1.985 0.055 -0.012 0.989 

Shift period 0.174 0.117 33.485 1.496 0.144 -0.063 0.411 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.130 0.048 2.719  0.007 0.063 0.267 

Shift period 0.304 0.102 2.983  0.003 0.158 0.587 

Residuals**        

AR1 diagonal 0.444 0.026 16.979  <0.001 0.396 0.498 

AR1 rho 0.114 0.045 2.519  0.012 0.025 0.201 
Anxious affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive 

(AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children 

(yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, 

employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred 

at 0) 
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Table S35. Multilevel linear models of the effect of shift period on depressed affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  0.454 0.237 30.217 1.920 0.064 -0.029 0.937 

Day  0.003 0.004 205.085 0.850 0.396 -0.004 0.011 

Age  -0.017 0.012 26.271 -1.390 0.176 -0.043 0.008 

Shift hours -0.120 0.180 30.243 -0.666 0.510 -0.488 0.248 

Shift pattern 0.099 0.163 27.632 0.606 0.549 -0.235 0.433 

Employment   -0.136 0.193 33.892 -0.705 0.486 -0.529 0.256 

FIFO duration -0.009 0.016 30.608 -0.546 0.589 -0.042 0.024 

Consecutive days at work 0.006 0.013 34.310 0.475 0.638 -0.021 0.033 

Consecutive days at home 0.001 0.014 37.323 0.043 0.966 -0.028 0.029 

Have children 0.241 0.230 32.788 1.049 0.302 -0.227 0.710 

Shift period 0.497 0.162 32.534 3.062 0.004 0.167 0.828 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.101 0.042 2.415  0.016 0.045 0.228 

Shift period 0.704 0.202 3.486  <0.001 0.401 1.236 

Residuals**        

AR1 diagonal 0.402 0.024 16.511  <0.001 0.357 0.452 

AR1 rho 0.162 0.045 3.578  <0.001 0.072 0.250 
Depressed affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive 

(AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children 

(yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, 

employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean 

centred at 0) 
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Table S36. Multilevel linear models of the effect of shift period on positive affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  2.194 0.312 30.969 7.032 <0.001 1.558 2.831 

Day  -0.006 0.005 180.601 -1.313 0.191 -0.015 0.003 

Age  0.024 0.016 28.292 1.443 0.160 -0.010 0.057 

Shift hours -0.082 0.237 30.775 -0.348 0.730 -0.565 0.400 

Shift pattern -0.073 0.217 29.029 -0.337 0.739 -0.516 0.370 

Employment   -0.054 0.251 33.020 -0.215 0.831 -0.565 0.457 

FIFO duration -0.027 0.021 30.898 -1.258 0.218 -0.070 0.017 

Consecutive days at work -0.014 0.017 32.875 -0.829 0.413 -0.050 0.021 

Consecutive days at home -0.006 0.018 34.841 -0.305 0.762 -0.042 0.031 

Have children -0.139 0.300 31.911 -0.463 0.647 -0.751 0.473 

Shift period -0.244 0.124 32.305 -1.964 0.058 -0.496 0.009 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.210 0.072 2.904   0.004 0.107 0.411 

Shift period 0.332 0.119 2.799   0.005 0.165 0.669 

Residuals**        

AR1 diagonal 0.495 0.032 15.576   <0.001 0.437 0.562 

AR1 rho 0.213 0.047 4.513   <0.001 0.119 0.303 
Positive affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); 

Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, 

no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ 

outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S37. Multilevel linear models of the effect of shift period on sleep quality 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  2.191 0.199 35.254 10.989 <0.001 1.787 2.596 

Day  0.003 0.004 204.103 0.739 0.461 -0.005 0.012 

Age  0.022 0.010 28.862 2.168 0.039 0.001 0.043 

Shift hours -0.187 0.150 32.977 -1.246 0.221 -0.492 0.118 

Shift pattern -0.173 0.135 30.217 -1.281 0.210 -0.449 0.103 

Employment   -0.119 0.163 38.174 -0.731 0.469 -0.448 0.210 

FIFO duration -0.013 0.013 33.421 -0.960 0.344 -0.040 0.014 

Consecutive days at work 0.017 0.011 38.705 1.526 0.135 -0.006 0.040 

Consecutive days at home -0.021 0.012 40.908 -1.770 0.084 -0.045 0.003 

Have children -0.234 0.193 36.797 -1.212 0.233 -0.624 0.157 

Shift period -0.095 0.100 42.818 -0.956 0.344 -0.297 0.106 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.050 0.028 1.820   0.069 0.017 0.148 

Shift period 0.167 0.066 2.542   0.011 0.077 0.360 

Residuals**        

AR1 diagonal 0.561 0.034 16.715   <0.001 0.499 0.631 

AR1 rho 0.118 0.049 2.431   0.015 0.022 0.213 
Sleep quality (0=very bad to 3=very good); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); 

Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, 

no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ 

outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 

 

 

 

 

 



508 
 

 

 

Table S38. Generalised linear mixed model of the effect of shift period on alcohol intake  

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower  Upper   Lower  Upper  

Fixed effects           

Intercept  -2.121 1.1393 -1.861 0.063 -4.358 0.116 0.120 0.013 1.123 

Day  0.013 0.0138 0.925 0.355 -0.014 0.040 1.013 0.986 1.041 

Age  -0.069 0.0493 -1.395 0.163 -0.166 0.028 0.933 0.847 1.028 

Shift hours 1.228 0.6527 1.881 0.060 -0.054 2.509 3.414 0.948 12.298 

Shift pattern 0.848 0.6950 1.220 0.223 -0.517 2.212 2.334 0.596 9.136 

Employment   1.188 0.7790 1.525 0.128 -0.341 2.718 3.281 0.711 15.145 

FIFO duration 0.081 0.0768 1.057 0.291 -0.070 0.232 1.085 0.933 1.261 

Consecutive days at work -0.067 0.0433 -1.549 0.122 -0.152 0.018 0.935 0.859 1.018 

Consecutive days at home 0.048 0.0400 1.200 0.231 -0.031 0.126 1.049 0.970 1.135 

Have children -0.516 0.9908 -0.521 0.602 -2.462 1.429 0.597 0.085 4.175 

Shift period -1.023 0.2446 -4.182 <0.001 -1.503 -0.543 0.36 0.222 0.581 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 2.911 1.166 2.496 0.013 1.328 6.382    

Shift period          

Residual**          

AR1 diagonal 0.832 0.049 16.953 <0.001 0.741 0.934    

AR1 rho 0.167 0.044 3.82 <0.001 0.080 0.251    
Note: Probability distribution: Binomial, Link function: Logit; Alcohol intake: yes=1, no=0; *Random effect covariance structure: unstructured; *Random effect 

covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of FIFO 

roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed 

shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), 

partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S39. Generalised linear mixed model of the effect of shift period on physical activity 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower  Upper   Lower  Upper  

Fixed effects           

Intercept  -1.476 0.6845 -2.156 0.031 -2.820 -0.132 0.229 0.060 0.877 

Day  0.014 0.0171 0.813 0.417 -0.020 0.048 1.014 0.981 1.049 

Age  0.011 0.0528 0.209 0.835 -0.093 0.115 1.011 0.912 1.121 

Shift hours 0.678 0.6999 0.969 0.333 -0.696 2.052 1.970 0.498 7.785 

Shift pattern -1.104 0.5059 -2.182 0.029 -2.097 -0.111 0.332 0.123 0.895 

Employment   1.198 0.6647 1.802 0.072 -0.108 2.503 3.312 0.898 12.217 

FIFO duration -0.076 0.0619 -1.224 0.221 -0.197 0.046 0.927 0.821 1.047 

Consecutive days at work -0.029 0.0489 -0.595 0.552 -0.125 0.067 0.971 0.882 1.069 

Consecutive days at home 0.023 0.0675 0.337 0.736 -0.110 0.155 1.023 0.896 1.168 

Have children -0.484 0.9905 -0.488 0.626 -2.429 1.461 0.617 0.088 4.312 

Shift period 0.228 0.3476 0.655 0.513 -0.455 0.910 1.256 0.634 2.485 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 2.639 1.161 2.273 0.023 1.114 6.253    

Shift period 2.150 0.962 2.235 0.025 0.895 5.169    

Residual**          

AR1 diagonal 0.765 0.047 16.262 <0.001 0.678 0.863    

AR1 rho 0.151 0.047 3.191 0.001 0.057 0.242    
Note: Probability distribution: Binomial, Link function: Logit; Physical activity: less than 30 minutes=0, at least 30 minutes=1; *Random effect covariance 

structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of FIFO roster 

cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed 

shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 

0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S40. Generalised linear mixed model of the effect of shift period on fruit and vegetable intake in partners 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower  Upper   Lower  Upper  

Fixed effects           

Intercept  0.903 0.4191 2.156 0.032 0.080 1.727 2.468 1.083 5.622 

Day  0.001 0.0031 0.297 0.766 -0.005 0.007 1.001 0.995 1.007 

Age  -0.015 0.0132 -1.125 0.261 -0.041 0.011 0.985 0.960 1.011 

Shift hours -0.067 0.2007 -0.334 0.739 -0.461 0.327 0.935 0.630 1.387 

Shift pattern 0.204 0.1639 1.245 0.214 -0.118 0.526 1.226 0.889 1.692 

Employment   0.099 0.2483 0.399 0.690 -0.389 0.587 1.104 0.678 1.798 

FIFO duration 0.020 0.0188 1.047 0.296 -0.017 0.057 1.020 0.983 1.058 

Consecutive days at work -0.009 0.0176 -0.530 0.597 -0.044 0.025 0.991 0.957 1.026 

Consecutive days at home 0.012 0.0141 0.864 0.388 -0.016 0.040 1.012 0.985 1.041 

Have children 0.146 0.3397 0.430 0.667 -0.521 0.814 1.157 0.594 2.256 

Shift period 0.021 0.0360 0.585 0.559 -0.050 0.092 1.021 0.952 1.096 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 0.349 0.115 3.033 0.002 0.183 0.665    
aShift period - - - - - -    

Residual**          

AR1 diagonal 0.427 0.034 12.553 <0.001 0.365 0.499    

AR1 rho 0.411 0.051 7.990 <0.001 0.305 0.507    
Note: Probability distribution: Binomial, Link function: Logit; Fruits and vegetable intake: serves taken; *Random effect covariance structure: unstructured; 

**Residual covariance structure: first-order autoregressive (AR1); ); aRandom effects of shift period did not fit with covariance and when estimating variances 

only (diagonal) in the model and was omitted; Shift period: on-shift days (1) vs off shift day (0) of FIFO roster cycle, Day of assessment (centred at day 14), age 

(mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), 

employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 

0), partner’s days spent at work (mean centred at 0) 
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Table S41. Multilevel linear model predicting anxious affect in partners 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  0.738 0.203 32.183 3.641 <0.001 0.325 1.151 

Day  0.006 0.004 217.318 1.476 0.141 -0.002 0.013 

Age  -0.002 0.012 25.225 -0.151 0.881 -0.026 0.023 

Shift hours -0.236 0.149 28.029 -1.590 0.123 -0.541 0.068 

Shift pattern 0.106 0.135 27.828 0.782 0.441 -0.171 0.383 

Employment   -0.102 0.158 35.090 -0.649 0.521 -0.423 0.218 

FIFO duration -0.006 0.013 30.176 -0.467 0.644 -0.033 0.021 

Consecutive days at work 0.040 0.011 33.933 3.657 <0.001 0.018 0.063 

Consecutive days at home -0.039 0.012 35.912 -3.304 0.002 -0.063 -0.015 

Have children 0.277 0.195 33.293 1.418 0.166 -0.120 0.674 

Shift period 0.127 0.116 35.159 1.092 0.282 -0.109 0.363 

Aggregate workload (between-persons) -0.022 0.087 25.486 -0.255 0.800 -0.202 0.158 

Daily workload (within-person) 0.085 0.022 623.136 3.958 <0.001 0.043 0.128 

Aggregate Job control (between-persons) -0.150 0.070 24.717 -2.136 0.043 -0.295 -0.005 

Daily Job control (within-person) -0.050 0.023 621.85 -2.167 0.031 -0.096 -0.005 

Aggregate social support (between-persons) -0.193 0.065 29.771 -2.968 0.006 -0.325 -0.06 

Daily social support (within-person) -0.086 0.023 629.061 -3.728 <0.001 -0.132 -0.041 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.069 0.030 2.253   0.024 0.029 0.164 

Shift period 0.298 0.098 3.053   0.002 0.157 0.566 

Residuals**        

AR1 diagonal 0.411 0.025 16.698   <0.001 0.366 0.462 

AR1 rho 0.118 0.046 2.564   0.001 0.027 0.208 
Anxious affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive 

(AR1); Shift period: on-shift days (1) vs off shift day (0) of FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children 

(yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, 

employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred 

at 0) 
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Table S42. Multilevel linear model predicting depressed affect in partners 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  0.783 0.168 33.848 4.654 <0.001 0.441 1.126 

Day  0.003 0.004 197.398 0.708 0.480 -0.005 0.010 

Age  -0.008 0.010 22.201 -0.817 0.423 -0.028 0.012 

Shift hours -0.163 0.122 27.245 -1.339 0.192 -0.413 0.087 

Shift pattern -0.009 0.111 27.850 -0.084 0.934 -0.237 0.218 

Employment   -0.199 0.134 38.185 -1.491 0.144 -0.470 0.071 

FIFO duration -0.011 0.011 29.933 -0.977 0.337 -0.033 0.012 

Consecutive days at work 0.012 0.009 38.520 1.236 0.224 -0.007 0.031 

Consecutive days at home -0.003 0.010 36.867 -0.324 0.748 -0.023 0.017 

Have children 0.063 0.164 36.836 0.384 0.703 -0.270 0.396 

Shift period 0.453 0.166 32.887 2.735 0.010 0.116 0.790 

Aggregate workload (between-persons) -0.019 0.071 22.625 -0.265 0.793 -0.165 0.128 

Daily workload (within-person) 0.004 0.020 621.065 0.220 0.826 -0.035 0.043 

Aggregate Job control (between-persons) -0.079 0.056 22.029 -1.397 0.176 -0.196 0.038 

Daily Job control (within-person) -0.013 0.021 614.566 -0.608 0.543 -0.055 0.029 

Aggregate social support (between-persons) -0.202 0.054 31.264 -3.745 <0.001 -0.312 -0.092 

Daily social support (within-person) -0.189 0.021 632.985 -8.791 <0.001 -0.231 -0.147 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.015 0.018 0.830   0.407 0.001 0.159 

Shift period 0.744 0.209 3.556   <0.001 0.429 1.292 

Residuals**        

AR1 diagonal 0.363 0.022 16.278   <0.001 0.322 0.409 

AR1 rho 0.199 0.045 4.429   <0.001 0.110 0.285 
Depressed affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive 

(AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children 

(yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, 

employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred 

at 0) 
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Table S43. Multilevel linear model predicting positive affect in partners 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.898 0.278 31.024 6.820 <0.001 1.331 2.466 

Day  -0.005 0.004 171.501 -1.144 0.254 -0.013 0.004 

Age  0.011 0.017 27.327 0.672 0.507 -0.023 0.046 

Shift hours -0.098 0.207 28.660 -0.473 0.640 -0.521 0.325 

Shift pattern -0.019 0.189 28.349 -0.102 0.919 -0.406 0.367 

Employment   -0.041 0.215 32.456 -0.190 0.851 -0.478 0.396 

FIFO duration -0.026 0.018 29.866 -1.410 0.169 -0.063 0.012 

Consecutive days at work -0.018 0.015 31.319 -1.218 0.232 -0.049 0.012 

Consecutive days at home -0.002 0.016 33.039 -0.138 0.891 -0.034 0.030 

Have children 0.107 0.267 30.968 0.402 0.690 -0.438 0.652 

Shift period -0.214 0.115 31.695 -1.859 0.072 -0.448 0.021 

Aggregate workload (between-persons) -0.027 0.123 27.689 -0.215 0.831 -0.279 0.226 

Daily workload (within-person) -0.030 0.022 604.727 -1.367 0.172 -0.072 0.013 

Aggregate Job control (between-persons) 0.104 0.099 27.103 1.043 0.306 -0.100 0.307 

Daily Job control (within-person) 0.046 0.023 599.316 1.987 0.047 0.001 0.092 

Aggregate social support (between-person) 0.182 0.090 29.649 2.018 0.053 -0.002 0.365 

Daily social support (within-person) 0.189 0.023 622.849 8.119 <0.001 0.144 0.235 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.137 0.052 2.627   0.009 0.065 0.290 

Shift period 0.279 0.104 2.693   0.007 0.135 0.578 

Residuals**        

AR1 diagonal 0.435 0.029 15.133   <0.001 0.382 0.495 

AR1 rho 0.221 0.048 4.575   <0.001 0.125 0.314 
Positive affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); 

Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), 

partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ outside 

home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S44. Multilevel linear model predicting sleep quality in partners 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  2.106 0.217 35.695 9.724 <0.001 1.666 2.545 

Day  0.008 0.005 166.927 1.633 0.104 -0.002 0.017 

Age  0.014 0.013 26.395 1.105 0.279 -0.012 0.040 

Shift hours -0.132 0.156 27.194 -0.846 0.405 -0.452 0.188 

Shift pattern -0.244 0.138 26.56 -1.769 0.088 -0.528 0.039 

Employment   -0.136 0.173 35.555 -0.787 0.437 -0.487 0.215 

FIFO duration -0.003 0.014 30.253 -0.208 0.837 -0.031 0.025 

Consecutive days at work 0.009 0.012 32.103 0.792 0.434 -0.014 0.033 

Consecutive days at home -0.005 0.013 34.287 -0.405 0.688 -0.032 0.022 

Have children -0.181 0.210 35.186 -0.862 0.394 -0.608 0.245 

Shift period -0.102 0.098 41.844 -1.039 0.305 -0.301 0.096 

Aggregate workload (between-persons) 0.151 0.089 23.919 1.705 0.101 -0.032 0.334 

Daily workload (within-person) 0.043 0.027 530.08 1.587 0.113 -0.010 0.096 

Aggregate Job control (between-persons) 0.105 0.072 24.098 1.463 0.156 -0.043 0.253 

Daily Job control (within-person) -0.009 0.029 525.361 -0.317 0.752 -0.067 0.048 

Aggregate social support (between-persons) 0.193 0.066 26.521 2.932 0.007 0.058 0.329 

Daily social support (within-person) -0.024 0.029 523.967 -0.815 0.415 -0.080 0.033 

        

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.039 0.027 1.451   0.147 0.010 0.152 

Shift period 0.128 0.062 2.048   0.041 0.049 0.333 

Residuals**        

AR1 diagonal 0.544 0.036 15.083   <0.001 0.478 0.620 

AR1 rho 0.098 0.054 1.803   0.071 -0.009 0.203 
Sleep quality (0=very bad to 4=very good); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); 

Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, 

no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ 

outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S45. Generalized linear mixed model predicting physical activity in partners 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  -1.654 0.7887 -2.097 0.036 -3.203 -0.105 0.191 0.041 0.900 

Day  0.012 0.0177 0.683 0.495 -0.023 0.047 1.012 0.978 1.048 

Age  0.043 0.0666 0.643 0.521 -0.088 0.174 1.044 0.916 1.19 

Shift hours 0.591 0.7616 0.776 0.438 -0.904 2.087 1.806 0.405 8.059 

Shift pattern -1.114 0.5256 -2.119 0.034 -2.146 -0.082 0.328 0.117 0.921 

Employment   1.237 0.6703 1.845 0.066 -0.080 2.553 3.444 0.923 12.845 

FIFO duration -0.093 0.0693 -1.337 0.182 -0.229 0.043 0.912 0.796 1.044 

Consecutive days at work -0.025 0.0521 -0.478 0.633 -0.127 0.077 0.975 0.881 1.081 

Consecutive days at home 0.035 0.071 0.486 0.627 -0.105 0.174 1.035 0.900 1.190 

Have children -0.424 1.0048 -0.422 0.673 -2.397 1.549 0.655 0.091 4.708 

Shift period 0.252 0.3592 0.702 0.483 -0.453 0.957 1.287 0.636 2.605 

Aggregate workload (between-persons) 0.538 0.3151 1.706 0.088 -0.081 1.156 1.712 0.922 3.178 

Daily workload (within-person) -0.048 0.0846 -0.572 0.567 -0.215 0.118 0.953 0.807 1.125 

Aggregate Job control (between-persons) 0.562 0.3994 1.407 0.160 -0.222 1.346 1.754 0.801 3.843 

Daily Job control (within-person) -0.005 0.0872 -0.057 0.954 -0.176 0.166 0.995 0.838 1.181 

Aggregate social support (between-persons) 0.039 0.2277 0.170 0.865 -0.408 0.486 1.039 0.665 1.625 

Daily social support (within-person) 0.098 0.0672 1.457 0.145 -0.034 0.230 1.103 0.967 1.258 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 3.132 1.450 2.159 0.031 1.264 7.762    

Shift period 2.155 0.980 2.199 0.028 0.884 5.253    

Residual**          

AR1 diagonal 0.763 0.047 16.155 <0.001 0.676 0.861    

AR1 rho 0.158 0.047 3.331 <0.001 0.064 0.249    
Note: Probability distribution: Binomial, Link function: Logit; Physical activity: less than 30 minutes=0, at least 30 minutes=1; *Random effect covariance structure: 

unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of 

assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift 

hours (≤12=0, >12=1), employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at 

home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S46. Generalized linear mixed model predicting alcohol intake in partners 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  -2.359 0.9707 -2.430 0.015 -4.265 -0.453 0.095 0.014 0.636 

Day  0.016 0.0142 1.111 0.267 -0.012 0.044 1.016 0.988 1.045 

Age  -0.021 0.0623 -0.342 0.732 -0.144 0.101 0.979 0.866 1.106 

Shift hours 1.472 0.6427 2.290 0.022 0.210 2.734 4.358 1.233 15.395 

Shift pattern 1.046 0.6566 1.593 0.112 -0.243 2.335 2.846 0.784 10.333 

Employment   1.349 0.7422 1.818 0.070 -0.108 2.807 3.855 0.898 16.558 

FIFO duration 0.085 0.0797 1.065 0.287 -0.072 0.241 1.089 0.931 1.273 

Consecutive days at work -0.060 0.0482 -1.249 0.212 -0.155 0.034 0.942 0.856 1.035 

Consecutive days at home 0.074 0.0523 1.413 0.158 -0.029 0.177 1.077 0.972 1.193 

Have children -0.796 0.8844 -0.900 0.369 -2.532 0.941 0.451 0.079 2.562 

Shift period -0.974 0.2329 -4.180 <.001 -1.431 -0.516 0.378 0.239 0.597 

Aggregate workload (between-persons) 0.726 0.4632 1.568 0.117 -0.183 1.636 2.067 0.833 5.133 

Daily workload (within-person) -0.010 0.0911 -0.110 0.913 -0.189 0.169 0.990 0.828 1.184 

Aggregate Job control (between-persons) 0.061 0.2922 0.207 0.836 -0.513 0.634 1.062 0.599 1.886 

Daily Job control (within-person) -0.028 0.0980 -0.282 0.778 -0.220 0.165 0.973 0.803 1.179 

Aggregate social support (between-persons) 0.246 0.3756 0.656 0.512 -0.491 0.984 1.279 0.612 2.675 

Daily social support (within-person) 0.293 0.0989 2.960 0.003 0.099 0.487 1.340 1.104 1.627 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 3.397 1.424 2.386 0.017 1.494 7.724    
aShift period - - - - - -    

Residual**          

AR1 diagonal 0.867 0.051 16.874 <0.001 0.772 0.974    

AR1 rho 0.172 0.044 3.929 <0.001 0.085 0.256    
Note: Probability distribution: Binomial, Link function: Logit; Alcohol intake: yes=1, no=0; *Random effect covariance structure: unstructured; **Residual 

covariance structure: first-order autoregressive (AR1); aRandom effects of shift period did not fit with covariance and when estimating variances only (diagonal) in 

the model and was omitted; Shift period: on-shift days (1) vs off-shift day (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), 

have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home 

chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work 

(mean centred at 0) 
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Table S47. Generalized linear mixed model predicting fruit and vegetable intake in partners 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  0.927 0.3209 2.890 0.004 0.297 1.558 2.528 1.346 4.749 

Day  0.001 0.0029 0.279 0.781 -0.005 0.007 1.001 0.995 1.007 

Age  -0.013 0.0164 -0.767 0.443 -0.045 0.020 0.987 0.956 1.020 

Shift hours -0.016 0.1960 -0.080 0.936 -0.401 0.369 0.984 0.670 1.447 

Shift pattern 0.223 0.1690 1.318 0.188 -0.109 0.555 1.249 0.897 1.741 

Employment   0.108 0.2699 0.399 0.690 -0.423 0.638 1.114 0.655 1.893 

FIFO duration 0.023 0.0201 1.120 0.263 -0.017 0.062 1.023 0.983 1.064 

Consecutive days at work -0.008 0.0168 -0.470 0.639 -0.041 0.025 0.992 0.960 1.025 

Consecutive days at home 0.012 0.0124 0.988 0.324 -0.012 0.037 1.012 0.988 1.037 

Have children 0.086 0.2926 0.293 0.770 -0.489 0.661 1.090 0.613 1.936 

Shift period 0.017 0.0344 0.499 0.618 -0.050 0.085 1.017 0.951 1.089 

Aggregate workload (between-persons) 0.005 0.1556 0.031 0.975 -0.301 0.310 1.005 0.740 1.364 

Daily workload (within-person) 0.006 0.0129 0.450 0.653 -0.020 0.031 1.006 0.981 1.032 

Aggregate Job control (between-persons) -0.104 0.0987 -1.052 0.293 -0.298 0.090 0.901 0.742 1.094 

Daily Job control (within-person) -0.021 0.0180 -1.188 0.235 -0.057 0.014 0.979 0.945 1.014 

Aggregate social support (between-persons) 0.001 0.1104 0.005 0.996 -0.216 0.217 1.001 0.805 1.243 

Daily social support (within-person) 0.016 0.0142 1.134 0.257 -0.012 0.044 1.016 0.988 1.045 

          

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 0.391 0.137 2.854 0.004 0.197 0.777    
aShift period - - - - - -    

Residual**          

AR1 diagonal 0.417 0.033 12.69 <0.001 0.357 0.486    

AR1 rho 0.396 0.052 7.577 <.001 0.289 0.493    
Note: Probability distribution: Negative binomial, Link function: Log; Fruits and vegetable intake: serves taken; *Random effect covariance structure: unstructured; 

**Residual covariance structure: first-order autoregressive (AR1); aRandom effects of shift period did not fit with covariance and when estimating variances only 

(diagonal) in the model and was omitted; Shift period: on-shift days (1) vs off-shift days (0) of a FIFO roster cycle, Day of assessment (centred at day 14), age (mean 

centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status 

(solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent 

at work (mean centred at 0) 
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Table S48. Multilevel linear model predicting anxious affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  0.744 0.2 32.078 3.713 <.001 0.336 1.152 

Day  0.006 0.004 218.653 1.53 0.128 -0.002 0.013 

Age  -0.002 0.012 24.973 -0.148 0.883 -0.026 0.023 

Shift hours -0.24 0.147 28.166 -1.632 0.114 -0.542 0.061 

Shift pattern 0.098 0.134 27.897 0.731 0.471 -0.176 0.372 

Employment   -0.099 0.156 35.12 -0.632 0.532 -0.416 0.219 

FIFO duration -0.005 0.013 29.881 -0.413 0.683 -0.032 0.021 

Consecutive days at work 0.041 0.011 33.978 3.712 <.001 0.018 0.063 

Consecutive days at home -0.039 0.012 35.697 -3.354 0.002 -0.063 -0.015 

Have children 0.264 0.193 33.251 1.363 0.182 -0.130 0.657 

Shift period 0.128 0.117 35.1 1.094 0.281 -0.109 0.365 

Aggregate workload (between person) -0.022 0.086 25.125 -0.257 0.799 -0.200 0.156 

Daily workload (within person) 0.042 0.035 632.064 1.210 0.227 -0.026 0.11 

Aggregate Job control (between person) -0.15 0.069 24.587 -2.164 0.04 -0.294 -0.007 

Daily Job control (within person) -0.075 0.036 622.514 -2.065 0.039 -0.146 -0.004 

Aggregate social support (between person) -0.191 0.064 30.037 -2.971 0.006 -0.322 -0.06 

Daily social support (within-person) -0.092 0.036 641.888 -2.534 0.012 -0.163 -0.021 

Shift period*daily social support 0.004 0.048 628.344 0.086 0.931 -0.089 0.097 

Shift period*daily workload 0.073 0.044 626.998 1.655 0.098 -0.014 0.161 

Shift period*daily job control 0.045 0.047 618.92 0.965 0.335 -0.047 0.138 

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.048 0.027 1.817  0.069 0.016 0.142 

Shift period 0.313 0.100 3.123  0.002 0.167 0.587 

Residuals**        

AR1 diagonal 0.409 0.024 16.767  <.001 0.364 0.460 

AR1 rho 0.112 0.046 2.428  0.015 0.021 0.202 
Anxious affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-

shift days (1) vs off shift day (0) of FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation 

shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 

0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S49. Multilevel linear model predicting depressed affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  

0.787 0.165 34.804 4.777 

             

<.001 0.452 1.121 

Day  0.003 0.004 195.899 0.723 0.47 -0.005 0.01 

Age  -0.009 0.009 22.288 -0.957 0.349 -0.028 0.01 

Shift hours -0.149 0.119 28.016 -1.251 0.221 -0.394 0.095 

Shift pattern -0.009 0.109 28.774 -0.079 0.938 -0.231 0.214 

Employment   -0.217 0.131 39.273 -1.652 0.107 -0.482 0.049 

FIFO duration -0.011 0.011 30.203 -0.99 0.33 -0.033 0.011 

Consecutive days at work 0.011 0.009 39.831 1.169 0.25 -0.008 0.029 

Consecutive days at home -0.003 0.01 37.206 -0.279 0.782 -0.022 0.017 

Have children 0.063 0.161 37.909 0.392 0.697 -0.263 0.389 

Shift period 0.454 0.167 32.836 2.729 0.010 0.116 0.793 

Aggregate workload (between person) -0.025 0.069 22.522 -0.361 0.721 -0.167 0.118 

Daily workload (within person) -0.031 0.032 631.119 -0.984 0.325 -0.094 0.031 

Aggregate Job control (between person) -0.083 0.055 22.277 -1.514 0.144 -0.198 0.031 

Daily Job control (within person) -0.013 0.033 632.848 -0.379 0.705 -0.078 0.053 

Aggregate social support (between person) -0.194 0.053 32.705 -3.664 <.001 -0.302 -0.086 

Daily social support (within-person) -0.237 0.033 631.902 -7.14 <.001 -0.302 -0.172 

Shift period*daily social support 0.08 0.044 631.561 1.831 0.068 -0.006 0.166 

Shift period*daily workload 0.055 0.041 623.246 1.346 0.179 -0.025 0.135 

Shift period*daily job control 0.003 0.043 611.867 0.068 0.946 -0.082 0.088 

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.015 0.018 0.830  0.407 0.001 0.159 

Shift period 0.744 0.209 3.556  <.001 0.429 1.292 

Residuals**        

AR1 diagonal 0.363 0.022 16.278  <.001 0.322 0.409 

AR1 rho 0.199 0.045 4.429  <.001 0.110 0.285 
Anxious affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-

shift days (1) vs off shift day (0) of FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation 

shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 

0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S50. Multilevel linear model predicting positive affect 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  1.888 0.278 30.965 6.782 <.001 1.32 2.456 

Day  -0.005 0.004 168.713 -1.202 0.231 -0.014 0.003 

Age  0.013 0.017 27.306 0.753 0.458 -0.022 0.047 

Shift hours -0.109 0.207 28.816 -0.525 0.603 -0.533 0.315 

Shift pattern -0.016 0.189 28.408 -0.086 0.932 -0.403 0.37 

Employment   -0.022 0.215 32.5 -0.103 0.919 -0.459 0.415 

FIFO duration -0.026 0.018 29.807 -1.412 0.168 -0.063 0.012 

Consecutive days at work -0.017 0.015 31.344 -1.158 0.256 -0.048 0.013 

Consecutive days at home -0.003 0.016 32.996 -0.202 0.841 -0.035 0.029 

Have children 0.112 0.267 30.972 0.421 0.677 -0.433 0.658 

Shift period -0.216 0.116 31.609 -1.863 0.072 -0.451 0.02 

Aggregate workload (between person) -0.02 0.123 27.648 -0.163 0.871 -0.273 0.232 

Daily workload (within person) 0.01 0.035 609.539 0.286 0.775 -0.058 0.078 

Aggregate Job control (between person) 0.104 0.099 27.2 1.048 0.304 -0.1 0.308 

Daily Job control (within person) 0.009 0.037 608.376 0.256 0.798 -0.063 0.081 

Aggregate social support (between person) 0.177 0.09 29.816 1.966 0.059 -0.007 0.361 

Daily social support (within-person) 0.248 0.036 628.528 6.813 <.001 0.177 0.32 

Shift period*daily social support -0.095 0.048 609.409 -1.989 0.047 -0.189 -0.001 

Shift period*daily workload -0.058 0.044 597.996 -1.301 0.194 -0.145 0.029 

Shift period*daily job control 0.056 0.047 588.572 1.199 0.231 -0.036 0.149 

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.138 0.052 2.626  0.009 0.065 0.290 

Shift period 0.285 0.105 2.713  0.007 0.138 0.587 

Residuals**        

AR1 diagonal 0.431 0.029 15.087  <.001 0.378 0.491 

AR1 rho 0.223 0.049 4.551  <.001 0.125 0.316 
Positive affect (0=not at all to 4=extremely); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift 

days (1) vs off shift day (0) of FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, 

regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s 

days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S51. Multilevel linear model predicting sleep quality 

Parameters  γ Std. Error df t p-value 95%CI 

      Lower Upper  

Fixed effects        

Intercept  2.17 0.216 35.845 10.041 <.001 1.731 2.608 

Day  0.009 0.005 164.73 1.821 0.07 -0.001 0.018 

Age  0.014 0.013 25.876 1.129 0.269 -0.012 0.04 

Shift hours -0.181 0.156 27.247 -1.16 0.256 -0.501 0.139 

Shift pattern -0.286 0.138 26.493 -2.075 0.048 -0.568 -0.003 

Employment   -0.133 0.172 34.867 -0.776 0.443 -0.483 0.216 

FIFO duration -0.002 0.014 29.466 -0.174 0.863 -0.03 0.026 

Consecutive days at work 0.01 0.012 31.583 0.898 0.376 -0.013 0.034 

Consecutive days at home -0.006 0.013 33.407 -0.449 0.657 -0.033 0.021 

Have children -0.224 0.209 34.699 -1.07 0.292 -0.649 0.201 

Shift period -0.095 0.098 41.147 -0.969 0.338 -0.294 0.103 

Aggregate workload (between person) 0.164 0.088 23.34 1.869 0.074 -0.017 0.346 

Daily workload (within person) 0.015 0.044 533.256 0.335 0.738 -0.072 0.101 

Aggregate Job control (between person) 0.125 0.071 23.771 1.749 0.093 -0.023 0.273 

Daily Job control (within person) 0.085 0.048 524.288 1.759 0.079 -0.01 0.179 

Aggregate social support (between person) 0.173 0.066 26.931 2.609 0.015 0.037 0.308 

Daily social support (within-person) 0.003 0.047 544.275 0.061 0.951 -0.09 0.096 

Shift period*daily social support -0.058 0.061 531.067 -0.966 0.334 -0.177 0.06 

Shift period*daily workload 0.048 0.056 533.59 0.869 0.385 -0.061 0.158 

Shift period*daily job control -0.148 0.06 521.582 -2.445 0.015 -0.266 -0.029 

Covariance parameters σ2 Std. Error Wald Z     

Random effect*        

Intercept  0.038 0.027 1.414  0.157 0.010 0.152 

Shift period 0.129 0.063 2.041  0.041 0.049 0.337 

Residuals**        

AR1 diagonal 0.534 0.036 14.939  <.001 0.468 0.609 

AR1 rho 0.107 0.055 1.962  0.050 -0.001 0.212 
Sleep quality (0=very bad to 4=very good); *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift 

days (1) vs off shift day (0) of FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, 

regular fixe shift=1), partner’s shift hours (≤12=0, >12=1), employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s 

days spent at home (mean centred at 0), partner’s days spent at work (mean centred at 0) 
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Table S52. Generalized linear mixed model predicting physical activity 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  -1.696 0.8085 -2.098 0.036 -3.284 -0.109 0.183 0.037 0.897 

Day  0.012 0.018 0.649 0.516 -0.024 0.047 1.012 0.977 1.048 

Age  0.042 0.0671 0.629 0.53 -0.09 0.174 1.043 0.914 1.19 

Shift hours 0.649 0.7702 0.843 0.399 -0.863 2.162 1.914 0.422 8.685 

Shift pattern -1.115 0.5221 -2.136 0.033 -2.14 -0.09 0.328 0.118 0.914 

Employment   1.284 0.6759 1.9 0.058 -0.043 2.612 3.613 0.958 13.622 

FIFO duration -0.092 0.0703 -1.305 0.192 -0.23 0.046 0.912 0.795 1.047 

Consecutive days at work -0.027 0.0524 -0.506 0.613 -0.13 0.076 0.974 0.879 1.079 

Consecutive days at home 0.036 0.0712 0.511 0.609 -0.103 0.176 1.037 0.902 1.193 

Have children -0.475 1.0072 -0.472 0.637 -2.453 1.502 0.622 0.086 4.493 

Shift period 0.254 0.3678 0.691 0.49 -0.468 0.976 1.29 0.626 2.655 

Aggregate workload (between person) 0.543 0.3131 1.733 0.084 -0.072 1.157 1.721 0.93 3.182 

Daily workload (within person) -0.19 0.1579 -1.201 0.23 -0.5 0.12 0.827 0.607 1.128 

Aggregate Job control (between person) 0.561 0.4073 1.377 0.169 -0.239 1.361 1.752 0.788 3.899 

Daily Job control (within person) -0.096 0.162 -0.591 0.555 -0.414 0.222 0.909 0.661 1.249 

Aggregate social support (between person) 0.063 0.2332 0.269 0.788 -0.395 0.521 1.065 0.673 1.683 

Daily social support (within-person) 0.01 0.1218 0.082 0.935 -0.229 0.249 1.01 0.795 1.283 

Shift period*daily social support 0.125 0.1587 0.79 0.430 -0.186 0.437 1.134 0.83 1.548 

Shift period*daily workload 0.22 0.2008 1.096 0.274 -0.174 0.614 1.246 0.84 1.848 

Shift period*daily job control 0.181 0.2291 0.788 0.431 -0.269 0.631 1.198 0.764 1.879 

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 3.178 1.471 2.161 0.031 1.283 7.871    

Shift period 2.176 0.989 2.201 0.028 0.893 5.301    

Residual**          

AR1 diagonal 0.769 0.048 16.145 <.001 0.681 0.869    

AR1 rho 0.154 0.047 3.244      0.001 0.060 0.246    
Note: Probability distribution: Binomial, Link function: Logit; Physical activity (MVPA): less than 30 minutes=0, at least 30 minutes=1; *Random effect covariance structure: 

unstructured; **Residual covariance structure: first-order autoregressive (AR1); Shift period: on-shift days (1) vs off shift day (0) of FIFO roster cycle, Day of assessment (centred at 

day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixe shift=1), partner’s shift hours (≤12=0, >12=1), employment status 

(solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean 

centred at 0); Exp(γ) is interpreted as an increase (values > 1) or decrease (values < 1) odds in MVPA for a 1-unit increase in the predictor 
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Table S53. Generalized linear mixed model predicting alcohol intake 

Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  -2.403 0.9903 -2.427 0.016 -4.348 -0.459 0.09 0.013 0.632 

Day  0.015 0.0154 0.988 0.323 -0.015 0.045 1.015 0.985 1.046 

Age  -0.013 0.0637 -0.207 0.836 -0.138 0.112 0.987 0.871 1.118 

Shift hours 1.373 0.6551 2.097 0.036 0.087 2.66 3.949 1.091 14.292 

Shift pattern 1.028 0.6573 1.563 0.118 -0.263 2.318 2.794 0.769 10.16 

Employment   1.467 0.7385 1.986 0.047 0.016 2.917 4.335 1.017 18.481 

FIFO duration 0.087 0.0819 1.065 0.287 -0.074 0.248 1.091 0.929 1.282 

Consecutive days at work -0.055 0.0478 -1.15 0.251 -0.149 0.039 0.946 0.862 1.04 

Consecutive days at home 0.07 0.0527 1.319 0.188 -0.034 0.173 1.072 0.967 1.189 

Have children -0.844 0.9004 -0.938 0.349 -2.613 0.924 0.43 0.073 2.519 

Shift period -0.939 0.2371 -3.959 <.001 -1.404 -0.473 0.391 0.246 0.623 

Aggregate workload (between person) 0.799 0.4717 1.695 0.091 -0.127 1.726 2.224 0.881 5.616 

Daily workload (within person) 0.035 0.1706 0.203 0.84 -0.301 0.37 1.035 0.74 1.447 

Aggregate Job control (between person) 0.106 0.2929 0.361 0.718 -0.469 0.681 1.112 0.625 1.976 

Daily Job control (within person) -0.135 0.1589 -0.847 0.397 -0.447 0.177 0.874 0.64 1.194 

Aggregate social support (between person) 0.205 0.3663 0.56 0.575 -0.514 0.925 1.228 0.598 2.521 

Daily social support (within-person) 0.59 0.1655 3.566 <.001 0.265 0.915 1.804 1.304 2.497 

Shift period*daily social support -0.556 0.2783 -1.998 0.046 -1.102 -0.01 0.573 0.332 0.99 

Shift period*daily workload -0.045 0.2311 -0.194 0.846 -0.499 0.409 0.956 0.607 1.505 

Shift period*daily job control 0.185 0.1664 1.111 0.267 -0.142 0.512 1.203 0.868 1.668 

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 3.504 1.461 2.398 0.016 1.547 7.933    

Shift period - - - - - -    

Residual**          

AR1 diagonal 0.825 0.049 16.790 <.001 0.734 0.927    

AR1 rho 0.178 0.044 4.047 <.001 0.091 0.262    
Note: Probability distribution: Binomial, Link function: Logit; Alcohol intake: yes=1, no=0; *Random effect covariance structure: unstructured; **Residual covariance structure: first-order autoregressive 

(AR1); aRandom effects of shift period did not fit with covariance and when estimating variances only (diagonal) in model and was omitted; Shift period: on-shift days (1) vs off shift day (0) of FIFO roster 
cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours (≤12=0, >12=1), 

employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at work (mean centred 

at 0); Exp(γ) is interpreted as an increase (values > 1) or decrease (values < 1) odds in alcohol intake for a 1-unit increase in the predictor 
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Table S54. Generalized linear mixed model predicting fruits and vegetable intake 
Parameters  γ Std. Error t p-value 95%CI Exp (γ) 95%CI 

     Lower Upper   Lower Upper  

Fixed effects          

Intercept  0.925 0.3197 2.894 0.004 0.297 1.553 2.522 1.346 4.727 

Day  0.001 0.0028 0.189 0.85 -0.005 0.006 1.001 0.995 1.006 

Age  -0.012 0.0164 -0.754 0.451 -0.045 0.02 0.988 0.956 1.02 

Shift hours -0.027 0.1956 -0.136 0.892 -0.411 0.358 0.974 0.663 1.43 

Shift pattern 0.217 0.1698 1.276 0.202 -0.117 0.55 1.242 0.89 1.734 

Employment   0.113 0.2714 0.417 0.677 -0.42 0.646 1.12 0.657 1.909 

FIFO duration 0.023 0.02 1.13 0.259 -0.017 0.062 1.023 0.983 1.064 

Consecutive days at work -0.008 0.0168 -0.448 0.654 -0.041 0.026 0.992 0.96 1.026 

Consecutive days at home 0.012 0.0124 0.965 0.335 -0.012 0.036 1.012 0.988 1.037 

Have children 0.082 0.2933 0.279 0.78 -0.494 0.658 1.085 0.61 1.931 

Shift period 0.02 0.0335 0.605 0.545 -0.046 0.086 1.02 0.955 1.09 

Aggregate workload (between person) 0.007 0.1553 0.048 0.962 -0.298 0.313 1.007 0.742 1.367 

Daily workload (within person) -0.031 0.0121 -2.562 0.011 -0.055 -0.007 0.97 0.947 0.993 

Aggregate Job control (between person) -0.098 0.1005 -0.975 0.33 -0.295 0.1 0.907 0.744 1.105 

Daily Job control (within person) -0.028 0.0173 -1.615 0.107 -0.062 0.006 0.972 0.94 1.006 

Aggregate social support (between person) -0.002 0.1095 -0.018 0.986 -0.217 0.213 0.998 0.805 1.238 

Daily social support (within-person) 0.028 0.023 1.232 0.219 -0.017 0.074 1.029 0.983 1.076 

Shift period*daily social support -0.027 0.0325 -0.838 0.403 -0.091 0.037 0.973 0.913 1.037 

Shift period*daily workload 0.061 0.0203 2.998 0.003 0.021 0.101 1.063 1.021 1.106 

Shift period*daily job control 0.008 0.0337 0.247 0.805 -0.058 0.074 1.008 0.944 1.077 

Covariance parameters σ2 Std. Error Z       

Random effects*          

Intercept 0.392 0.137 2.857 0.004 0.197 0.778    
aShift period - - - - - -    

Residual**          

AR1 diagonal 0.412 0.033 12.656 <0.001 0.353 0.481    

AR1 rho 0.397 0.052 7.619 <0.001 0.481 0.495    
Note: Probability distribution: Negative binomial, Link function: Log; Fruits and vegetable intake: serves taken; *Random effect covariance structure: unstructured; **Residual covariance structure: first-

order autoregressive (AR1); aRandom effects of shift period did not fit with covariance and when estimating variances only (diagonal) in model and was omitted; Shift period: on-shift days (1) vs off shift 

day (0) of FIFO roster cycle, Day of assessment (centred at day 14), age (mean centred at 0), have children (yes=0, no=1), partner’s shift pattern (rotation shift=0, regular fixed shift=1), partner’s shift hours 
(≤12=0, >12=1), employment status (solely home chores=0, employ outside home=1), duration spent in FIFO (mean centred at 0), partner’s days spent at home (mean centred at 0), partner’s days spent at 

work (mean centred at 0); Exp(γ) is interpreted as an increase (values > 1) or decrease (values < 1) in serves of fruits and vegetable intake for a 1-unit increase in the predictor 
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