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Abstract 

Limited research exists on the benefits of implementing a physical activity and 

nutrition program for older adults in the retirement village setting. This setting is becoming a 

more popular choice of residence for older adults as they age. Physical activity levels are low 

in this group of older adults along with poor quality diets that are too high in dietary fat, low 

in fruit and vegetables and fibre.  

There is a need to design, implement and evaluate a tailored physical activity and 

nutrition program for this setting to determine the most effective components to program 

implementation and to identify potential barriers to achieving behaviour change in this group 

of older adults. A tailored program will provide evidence to inform similar programs, thereby 

establishing an effective intervention that can be delivered into other retirement village 

communities as this ‘residential option’ continues to grow. 

The research discussed in this thesis ‘The development, implementation and 

evaluation of a physical activity and nutrition program for older adults residing in retirement 

villages’ is part of a larger intervention study: The Retirement Village Physical Activity and 

Nutrition for Seniors program (RVPANS). RVPANS was a six-month cluster-randomised 

controlled trial that aimed to evaluate a physical activity and nutrition intervention for older 

adults aged 60 and over who were residing in retirement villages. It was designed to improve 

physical activity levels, reduce sedentary behaviour and improve the dietary habits of an 

otherwise inactive population.     

Aim 

The aim of this study was to design, implement and evaluate a cluster- randomised 

controlled trial (RCT) of a home-based intervention to improve the physical activity levels and 

dietary behaviours of adults aged 60–80 residing in retirement villages who did not meet the 

recommended 150 minutes of moderate physical activity per week. 

Primary objectives 

1. Assess self-reported changes in walking, moderate and vigorous physical activity, 

strength and sedentary (sitting) time in the intervention group compared to the control 

group. 

2. Assess self-reported changes in dietary habits, specifically in fat, fibre, fruit and vegetable 

consumption in the intervention group compared to the control group. 

3. Assess changes in bodyweight, Body Mass Index, Waist-to-Hip Ratio and blood pressure 

in the intervention group compared to the control group.  
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Secondary objectives 

4. Evaluate the effectiveness of peer-aged mentors to engage and motivate older adults 

residing in retirement villages in a physical activity and dietary behaviour change 

intervention. 

5. Evaluate the acceptability and appropriateness of the intervention resources (booklet, 

exercise chart, activity planner) used in an older adults’ physical activity and nutrition 

program. 

6. Assess the physical and social environmental supports for maintaining and increasing 

physical activity and a nutritious diet for older adults who reside in retirement villages.  

Method 

This six-month cluster-randomised controlled trial was conducted in 38 retirement 

villages in Perth, Western Australia. A sampling frame of 80 retirement villages that had at 

least 30 independent living units was collated, of which 38 were randomly allocated into 

intervention or control groups. The intervention and control villages had significant 

geographical separation, which ensured that the intervention participants and control 

participants were not residing in close proximity, thus reducing the likelihood of 

‘contamination’. 

Retirement village owner-operators were contacted by telephone and in writing to 

explain the purpose of the study, to determine the most effective way of contacting residents 

and to gain their support in implementing the study. Participants were recruited via postcards 

delivered to letterboxes and on-site presentations. Participants were required to be between 

60–80 years of age, insufficiently active (< 150 minutes of moderate physical activity per 

week), and on ‘no special diet’ (e.g. diabetic diet). Data was collected at two time-points: 

baseline and post-intervention (six months). 

Baseline data was collected by self-report (RVPANS survey) and included 

demographic information (age, sex, education level, marital status), a history of co-morbidity 

and medications. The RVPANS survey also included questions from the International Physical 

Activity Questionnaire – Short Form (IPAQ-SF) and the Fat and Fibre Barometer (FFB). 

Anthropometric measurements were taken by a qualified human movement practitioner and 

included bodyweight (kg); height (cm); BMI (weight/height2); and blood pressure. The survey 

was re-administered at six months post-intervention to assess any changes from baseline. 

The intervention consisted of a physical activity and nutrition booklet tailored 

specifically to the retirement village setting. Exercise charts were also provided to complement 

the information in the booklet. A resistance band was given to each intervention participant to 
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use with the exercise chart. A ‘RVPANS Program Ambassador’ was assigned to each village. 

These people (n = 5) were peer-aged mentors who were trained in the principles of Self-

Determination Theory (SDT) and motivational interviewing (MI) and their role was to guide and 

motivate the intervention participants to their own personal physical activity and nutrition goals.  

Data analysis 

Descriptive statistics were used to summarise the participants’ demographic and 

health characteristics. Multilevel logistic regression was used to quantify the effects of the 

intervention on the repeated outcome variables of interest. 

All qualitative data was transcribed within two weeks of interviewing. Transcribed 

data was coded and common themes or categories created. Data was collated, presented 

thematically and supported by direct quotes from participants.  

Results 

At baseline 363 participants were recruited into the study (intervention: n = 197; 

controls: n = 166) with 280 completing the program (intervention: n = 139; controls: n = 141). 

The participants’ mean age was 72 (SD 5.2) and most were female (74.6%).   

The results from this six-month home-based intervention showed modest 

improvements in levels of moderate physical activity, strength activity and nutritional 

outcomes in fruit intake and fibre intake in this sample of older adults.  

By the end of the intervention there was a significant improvement (p = 0.004) of 

80 minutes per week in moderate physical activity in the intervention participants compared 

to the control participants who only increased physical activity by 8 minutes per week. By the 

end of the intervention, the number of intervention participants who performed strength-based 

activity increased by 24.5% in contrast to a small increase of 2% among the control 

participants. Total sitting time decrease by 175 minutes in the intervention group, however 

this was not statistically significant (p = 0.069). 

There were improvements in fruit and vegetable intake, and fibre intake, but little 

changed in fat intake. Overall, at post-intervention there was a small increase of 3.4% in the 

number of intervention participants consuming two serves of fruit per day. Vegetable intake 

was higher at baseline from post-intervention in both the intervention and control groups. 

Whilst the participants’ vegetable consumption falls short of the recommended dietary 

guidelines (five serves per day), the results are comparable to national data for Australians 

aged 60 and over.  
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There was a statistically significant improvement (p1= 0.006) in fibre intake in the 

intervention participants from baseline (mean score = 3.15, SD = 0.58) to post-intervention 

(mean score=3.60, SD = 0.55), however fibre intake did not improve in the control participants 

by the end of the intervention. A comparison of groups revealed no change in dietary fat intake 

from baseline to post-intervention, although in the intervention participants there was a 

statistically significant increase (p1 < 0.001). Alternatively, fat avoidance did into change 

significantly from baseline to post-intervention between groups either. 

Improvements in bodyweight occurred for the intervention participants. The 

RVPANS program was successful in reducing the bodyweight in the intervention participants 

from 75.57kg (SD = 14.97) to 75.07kg (SD = 14.78), and this was statistically significant (p2 

= 0.027). However, this was not reflected in BMI or WHR for either group by the end of the 

intervention. The intervention had a marginal effect on diastolic blood pressure in the 

intervention participants.   

Process evaluation and the feedback from the exit interviews found the program to be 

appropriate and acceptable, and it satisfied the majority of the participants’ requirements. The 

intervention materials were rated as useful by 55%–64% of the participants, deemed to be 

suitable to the target group by 65%–68% of the participants and 85.9% found the Program 

Ambassadors to be encouraging and motivating. Participants reported that telephone counselling 

was an acceptable method to guide and motivate, however feedback suggested that some face-

to-face contact in the earlier stages of program implementation may have been of benefit. 

Conclusions 

The program was successful in improving physical activity and nutrition behaviours 

of older adults living in retirement villages, specifically increased minutes of moderate level 

physical activity and strength activity, and increased frequency of fruit, vegetable and fibre 

intake. The intervention strategies based on SDT and MI were acceptable and suitable to the 

target group. The use of peer-aged Program Ambassadors was encouraging and motivating. 

However, a supervised program with face-to-face contact may have suited the participants 

more.   

Because of limited research thus far, these findings support the implementation of a 

physical activity and nutrition program into the retirement village setting. Further research needs 

to be conducted to determine the most effective way to target the physical activity levels and 

dietary habits of older adults who reside in a setting that promotes active aging and healthy living. 
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Glossary 

Aerobic exercise 

training 

Refers to exercises in which the body's large muscles move in a 

rhythmic manner for sustained periods (Chodzko-Zajko et al., 

2009) 

Balance training Refers to a combination of activities designed to increase lower 

body strength and reduce the likelihood of falling (Chodzko-

Zajko et al., 2009) 

Body mass index 

(BMI) 

A measure of a person’s weight in relation to their height, 

calculated as weight in kilograms, divided by height in metres 

squared. The BMI classification used in the RVPANS study are 

normal (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and 

obese (30.0 kg/m2), based on WHO recommended guidelines 

(WHO 2000) 

Duration The amount of physical activity performed within a specific 

time-period (e.g. activity session, per day, last 7 days, or last 

year) and is typically expressed in hours or minutes (Chodzko-

Zajko et al., 2009)   

Exercise Considered a subset of physical activity and is described as 

structured and repetitive body movements to maintain function 

(Chodzko-Zajko et al., 2009)  

Fitness Usually refers to the cardio-respiratory capacity of the 

individual to perform physical activity (Chodzko-Zajko et al., 

2009)  

Flexibility exercises Refers to activities designed to preserve or extend range of 

motion (ROM) around a joint (Chodzko-Zajko et al., 2009) 

Health The WHO defines health as “a state of complete physical, 

mental and social well-being and not merely the absence of 

disease and infirmity” (WHO, 1948)  

Incidence The number of new cases of a disease in a population at a given 

time, within a population at risk of developing the disease 

(Gordis, 2008)  

Insufficient physical 

activity 

Some activity but not enough to reach the levels required for 

health benefits (Chodzko-Zajko et al., 2009) 

Intensity Refers to the physical effort required to perform the activity, and 

is categorised as light, moderate or vigorous. It is expressed in 

absolute (objective) or relative (subjective) terms. (Chodzko-

Zajko et al., 2009)  
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MET (metabolic 

equivalent of task) 

The energy expenditure required to conduct an activity. One 

MET is defined as the energy expenditure for sitting quietly, 

which for the average adult, for example a 2-MET activity, 

requires two times the metabolic energy expenditure of sitting 

quietly (Byrne et al., 2005) 

Moderate levels of 

physical activity 

Physical activity that causes the heart to beat faster and results 

in some shortness of breath, but a person is still able to speak; it 

is equivalent to 3–6 METs (Chodzko-Zajko., 2009) 

Older adults It is difficult to define the chronological age of an ‘older person’, 

as there is great variability in health status at any age. For the 

purposes of the present research ‘older people’ are defined as 

aged over 60 years 

Physical activity Physical activity is defined as any bodily movement produced 

by skeletal muscles that result in energy expenditure, which may 

include walking, gardening, playing sport and any work-related 

activity (Chodzko-Zajko et al., 2009) 

Prevalence The total number of all individuals who have a disease at a 

particular time, divided by the population at risk of having the 

disease at this point in time (Gordis, 2008)  

Regular physical 

activity 

Physical activity is regular if an accumulated 30 minutes of 

moderate physical activity is performed on most days of the 

week and preferably daily (Chodzko-Zajko et al., 2009)  

Resistance training Also known as strength training and refers to exercise that 

causes muscles to work or hold against an applied force or 

weight (Chodzko-Zajko  et al., 2009) 

Sarcopenia A loss of skeletal muscle mass that often accompanies aging and 

results in reduced strength and balance (Mitchell et al., 2012) 

Sarcopenic obesity Sarcopenia, combined with excess weight in the elderly 

(Mitchell et al., 2012) 

Sufficient physical 

activity 

Undertaking 150 minutes of moderate intensity physical activity 

over five or more sessions in a week, or undertaking 60 minutes 

of vigorous intensity physical activity per week (Chodzko-

Zajko et al., 2009)  

Vigorous physical 

activity 

Physical activity that requires a large amount of effort that 

causes rapid breathing and a substantial increase in heart rate. It 

is often measured as performing exercise at a heart rate of 70%–

85% of maximum heart rate (where maximum heart rate is 220 

minus a person’s age) (Centres for Disease Control and 

Prevention (CDC), 2015) 

 



 

xviii 

List of Publications and Conference Presentations as Part 

of Thesis 

Publications 

The following publications are included as part of this thesis (refer to Appendix A) 

Publications in Print 

Holt, A-M., Jancey, J., Lee, A.H., Kerr, D.A., Hills, A.P., Anderson, A.S., & Howat, 

P.A. (2014) A cluster-randomised controlled trial of a physical activity and 

nutrition programme in retirement villages: a study protocol. BMJ Open Access, 4. 

Holt, A-M., Lee, A., Jancey, J., Kerr, D., & Howat P. (2016). Are retirement villages 

promoting active aging? Journal of Aging and Physical Activity, 24(3), 407–411. 

Publications Under Review 

Jancey, J., Holt, A-M., Lee, A., Kerr, D., Hart, E. Hills, A., Robinson, S., Anderson, A., 

& Howat, P. (2016). Retirement village physical activity and nutrition intervention 

process evaluation: informing practice. BMC Public Health. (Under review). 

Jancey, J., Holt, A-M., Lee, A., Kerr, D., Robinson, S., Tang, L., Anderson A., Hills A., 

& Howat, P. Effects of a cluster-randomised controlled trial of a physical activity 

and nutrition program in retirement villages. BMC Public Health. (Under review). 

Conference presentations 

Holt, A-M., Jancey, J., Lee, A., Kerr, D., Robinson, S., & Howat P. Designing a health 

promotion program for retirement villages – the Retirement Village Physical 

Activity and Nutrition for Seniors’ project (RVPANS). International Society for 

Behavioural Nutrition & Physical Activity (ISBNPA), San Diego, California, May 

2014 (Poster presentation). 

Holt, A-M., Jancey, J., Lee, A., Kerr, D., & Howat P. Retirement villages – need to get 

active! The Retirement Village Physical Activity and Nutrition for Seniors’ project 

(RVPANS). International Society for Behavioural Nutrition & Physical Activity 

(ISBNPA), Edinburgh, Scotland, May 2015 (Oral presentation). 

 



 

xix 

Statement of Contributions of Others 

The Collaboration for Evidence, Research and Impact in Public Health within the School of 

Public Health at Curtin University (formerly the Western Australian Centre for Health 

Promotion Research) provided the research environment that supported the PhD Scholar to 

undertake this research. The PhD Scholar was the project manager and coordinator of the 

project and was responsible for designing the methodology and intervention, undertaking 

recruitment, implementing the intervention program, and collecting and analysing the data. 

The PhD Scholar, along with the co-authors, was responsible for writing all publications 

presented as part of the thesis. Details are provided below.  

 Associate Professor Jonine Jancey contributed as PhD Supervisor and provided close 

and on-going support with the study. She contributed to the study and intervention design, 

read drafts, and suggested improvements on the published papers submitted as part of this 

thesis.  

 Professor Andy Lee contributed as PhD co-supervisor and provided advice on statistical 

analysis for the thesis and the publications produced as part of this study. He also provided 

invaluable advice on the study design, methodology and implementation. He read drafts 

and suggested improvements on all publications submitted as part of this thesis. 

 Associate Professor Deborah Kerr contributed as PhD co-supervisor and provided 

advice on nutrition and dietary assessment along with the nutrition and dietary education 

components of the study program (resources). She contributed to the study and 

intervention design, read drafts, and suggested improvements on all publications 

submitted as part of this thesis. 

 Professor Peter Howat contributed as PhD co-supervisor and provided advice on study 

design and implementation, and provided on-going support with the study. He read drafts 

and suggested improvements on all publications submitted as part of this thesis. 

 



 

xx 

Acknowledgements 

I wish to extend my sincerest appreciation and gratitude to the following people who have 

supported me with the development, implementation and evaluation of this research.  

I would like to express my gratitude and appreciation to my supervisor Associate Professor 

Jonine Jancey, for her guidance and support throughout this process. I am extremely grateful 

for her guidance, constructive comments, positive motivation and understanding throughout 

my candidacy. 

I would like to express my gratitude and appreciation to my co-supervisor, Professor Peter 

Howat, for the excellent provision of research guidance and assistance, for making this process 

a valuable learning experience and for always being available to discuss aspects of this 

research.  

I would like to extend sincere thanks to my co-supervisor, Professor Andy Lee, for his 

guidance and advice and especially for his ‘keen eye for detail’ that made this a valuable 

experience. 

I would like to offer sincerest gratitude to my co-supervisor Professor Deborah Kerr for her 

encouragement and support through the course of the research. 

I would like to offer my sincerest appreciation to Professor Suzanne Robinson for her guidance 

and support throughout the whole project. 

I would like to offer my sincerest gratitude and appreciation to my research assistants, Ellen 

Hart, Lauren Reid-Dornbusch and Courtney Koenig. Each of you demonstrated the utmost 

commitment to making this project happen; your professionalism was always outstanding and 

invaluable. 

I would like to thank the RVPANS Program Ambassadors: Carol Elias, Sharleen Sowden, 

Angela Loftus-Hills and David Pankhurst for their time and commitment to making this 

project happen and for their hard work ‘out in the field’ with the participants in the study. 

I would like to acknowledge Healthway (WA) for their funding of this project and for their 

commitment to research with older adults as valuable and worthwhile. 

I would like to thank my family for their understanding and cooperation whilst I committed to 

this study and degree. 

 



 

xxi 

Mark Holt 

1966–1984 

I dedicate this success to you, my brother, who demonstrated at such a young  

age that even in the most challenging of circumstances to be positive,  

to have perspective and to value the most important things in life. 

 

 



 

1 

Chapter 1 

   

Introduction 

The Retirement Village Physical Activity and Nutrition for Seniors’ project 

(RVPANS) was a cluster- randomised controlled trial developed to determine the impact of a 

physical activity and nutrition intervention designed specifically for older adults residing in 

retirement villages (RV), a setting in which limited research has been undertaken. The program 

is based on the highly successful community based Physical Activity and Nutrition for 

Seniors’ program (PANS) and its predecessor the Perth Active Living for Seniors project 

(PALS) (Burke et al., 2013; Jancey et al., 2008). 

1.1 Study location 

RVPANS was set in metropolitan Perth and the Peel region of Western Australia. 

The setting was determined by the geographical location of many larger-sized retirement 

villages to facilitate higher recruitment rates of older adults in the target group aged 60–80. 

1.2 Statement of the problem 

Australia has an aging population with the proportion of older adults set to increase 

considerably in the next two decades. The Australian Bureau of Statistics predicts the 

proportion of people aged 65 and over will increase by 25% by the year 2025 (Australia Bureau 

of Statistics (ABS), 2010). Rates of overweight and obesity are at epidemic levels and older 

adults represent a large proportion. Declines in physical activity with an accompanying 

increase in sedentary behaviour and diets high in saturated fat, sugar and salt have contributed 

to the obesity epidemic. Currently, 75% of Australians aged 65 and over are either overweight 

or obese (ABS, 2015; Obesity Australia, 2014). 

Chronic disease is one of the main causes of premature mortality and morbidity in 

Australians 65 years and over (Australian Institute of Health and Welfare, 2014b). Chronic 

disease resulting from insufficient physical activity and poor nutritional behaviours along with 

rising levels of overweight and obesity places a significant financial burden on the Australian 

health system (Australian Institute of Health and Welfare, 2014a). Tackling overweight and 

obesity that is associated with chronic disease in Australians 65 years and over, by improving 

diet and physical activity levels, is more cost-effective to the Australian health system than 

treating chronic diseases once they emerge (Australian Institute of Health and Welfare, 2011). 
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There needs to be a shift away from treatment and acute management of chronic 

disease in Australia’s aging population to the prevention of chronic disease by targeting the 

modifiable risk factors associated with chronic disease (Peel, McClure, & Bartlett, 2005). 

Modifiable risk factors such as physical inactivity and poor nutrition that are associated with 

chronic disease can be targeted by focusing on the behavioural and environmental 

determinants associated with them (Peel et al., 2005). Research interventions targeting 

physical inactivity, poor nutrition, and overweight and obesity in older Australians need to 

focus on health promoting behaviours, thereby providing a greater understanding of how these 

determinants underlie behaviour change in older Australians. 

Obesity is a significant public health issue, translating into an estimated annual cost 

of $21 billion Australia wide and $2.1 billion in Western Australia (Western Australian 

Government, 2007) further justifying the need for community based physical activity and 

nutrition programs. A growing aging population will impact upon the provision of medical, 

health and aged care services, however this burden can be reduced by promoting active and 

healthy aging, thereby reducing the premature need for aged care services and reducing the 

health expenditure needed to manage preventable and chronic disease.   

Unique and distinct factors contribute to low physical activity levels in older adults 

with the aging process being a major influence. Such factors include age-associated 

physiological changes in body composition (muscle mass to body fat ratio) as well as loss of 

strength, musculo-skeletal pain issues and balance and gait problems (Franke, Tong, Ashe, 

McKay, & Sims-Gould, 2013; Jancey, Clarke, Howat, Maycock, & Lee, 2009). Poor health in 

general is a barrier to maintaining physical activity levels and increasing sedentary behaviour 

in older adults (Moschny, Platen, Klaassen-Mielke, Trampisch, & Hinrichs, 2011). The dietary 

intake of many older Australians fails to meet the Australian Dietary Guidelines (ABS, 2014) 

with only 9.6% of those aged 65–74 and 8% of those aged 75 and over meeting the 

recommended daily fruit and vegetable intake (ABS, 2014). The cumulative effect of a diet 

high in saturated fat, sugar and salt and low in fibre, fruit and vegetables contributes to the 

onset of overweight and obesity in older adults (ABS, 2014).  

Many interventions that target both physical activity and nutrition in older 

Australians have had inconclusive results in regard to their effectiveness, specifically 

interventions in the retirement village setting that target the adoption of healthy behaviours to 

reduce overweight and obesity in those aged over 65 (Renehan et al., 2012). The retirement 

village provides a unique setting to access and engage with this older target group, to test the 

effectiveness of strategies, to increase levels of physical activity, improve nutrition and 

maintain a healthy weight. This present study provided an opportunity for a physical activity 
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and nutrition program to be promoted to residents in a retirement village setting. The outcomes 

of this research will guide the development of future physical activity and nutrition programs 

in other retirement village settings. 

1.3 Scope of project  

The research discussed in this thesis is part of a large intervention study that has been 

funded for two years. The scope of this thesis was limited to analyses of the baseline and post-

program data. The candidate was the Project Manager responsible for the development of the 

intervention, measuring instruments, the implementation of the intervention, data collection 

and evaluation of the findings.  

1.3.1 Study aims 

The aim of this study was to design, implement and evaluate a cluster-randomised 

controlled trial (RCT) of a home-based intervention to improve the physical activity levels and 

dietary behaviours of adults aged 60–80 residing in retirement villages who are not meeting 

the recommended 150 minutes of moderate physical activity per week. 

The intervention itself involved the development, implementation and evaluation of 

a large scale physical activity, nutrition and healthy weight management cluster-randomised 

controlled trial for adults aged 60–80 residing in retirement villages that will ultimately reduce 

chronic disease (e.g. diabetes, cardiovascular disease, and some cancers). 

1.3.2 Target group and study objectives 

Target group.  

The target group is adults aged 60 to 80 residing in retirement villages (independent 

living communities with self-contained units /villas); doing less than 150 minutes of physical 

activity per week; on no special diet; not involved in any other special physical activity 

program; and able to participate in a low-stress physical activity program with minimal risk to 

their overall health and wellbeing. 

Objectives. 

Primary objectives 

1. Assess self-reported changes in walking, moderate and vigorous physical activity, 

strength and sedentary (sitting) time in the intervention group compared to the control 

group. 
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2. Assess self-reported changes in dietary habits, specifically in fat, fibre, fruit and vegetable 

consumption in the intervention group compared to the control group. 

3. Assess at changes in bodyweight, Body Mass Index, Waist-to-Hip Ratio and blood 

pressure in the intervention group compared to the control group.  

Secondary objectives 

4. Evaluate the effectiveness of peer-aged mentors to engage and motivate older adults 

residing in retirement villages in a physical activity and dietary behaviour change 

intervention. 

5. Evaluate the acceptability and appropriateness of the intervention resources (booklet, 

exercise chart, activity planner) used in an older adults’ physical activity and nutrition 

program. 

6. Assess the physical and social environmental supports for maintaining and increasing 

physical activity and a nutritious diet for older adults who reside in retirement villages.  

1.4 Outline of thesis 

This thesis is presented in seven chapters as follows: Introduction, Literature 

Review, Methodology, Process Evaluation, Results, Discussion, and Conclusion and 

Recommendations. It includes two published papers. 

Chapter 1 provides an overview of the study and the setting where the research took 

place. It includes a brief outline of Australia’s aging population, overweight and obesity in 

older Australians and the influence of physical activity and nutrition behaviours. It describes 

the significance of the problem as well as the limitations, scope and objectives of the study. 

Chapter 2 is a literature review on the topics of aging, overweight and obesity, 

physical activity and nutrition. It provides a critical appraisal of interventions that have been 

evaluated and informs the development of this study. 

Chapter 3 describes the study’s methodology, including the intervention design, 

participants, procedures and data analysis with reference to Appendix A: a published protocol 

paper titled “A cluster-randomised controlled trial of a physical activity and nutrition program 

in retirement villages”. Holt A-M, Jancey J, Lee A, Kerr D, Hills A, Anderson A, Howat P. 

BMJ Open 2014; 4:e005107 doi:10.1136/bmjopen-2014-005107. 

Chapter 4 describes the process evaluation and the exit interviews that were 

conducted. It provides supplementary information about the program delivery and describes 

the components that were most effective in determining the results. 
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Chapter 5 presents the demographic characteristics of the study population and the 

outcome measures for physical activity behaviours, sedentariness and dietary behaviour, as 

well as anthropometric data (e.g. bodyweight, body mass index and Waist-to-Hip Ratio, blood 

pressure).  

Chapter 6 is a critical discussion of the study’s results and the implications of the 

findings, discussed in relation to the current physical activity and nutrition intervention 

literature.  

Chapter 7 summarises the aim and objectives of the study and addresses the main 

limitations. It also suggests recommendations based on the results along with 

recommendations for future interventions and research. 

1.5 Significance of study 

Almost 40% of Australian adults over 65 are overweight and 35% are classified as 

obese (ABS, 2015). As older Australians reach retirement age obesity levels increase (Donini 

et al., 2012). Less than 50% are sufficiently active for health benefits, and high levels of 

sedentary behaviour with accompanying low levels of physical activity contribute to 

overweight and obesity (ABS, 2013; 2015). Insufficient fruit and vegetable intake and high 

fat, low fibre diets are associated with chronic disease in older adults. Very few older 

Australians are meeting the recommended dietary guidelines for fruit and vegetable intake 

(ABS, 2014). As people age it becomes increasingly important that a nutrient rich diet is 

maintained for good health (Ford et al., 2013). 

Physical activity and a healthy diet produce health benefits related to the prevention 

and management of chronic diseases such as cardiovascular disease (CVD), type 2 diabetes, 

some cancers as well as obesity (Fries, Bruce & Chakravarty, 2011). It is therefore imperative 

that this group of adults aged 60–80 is provided with targeted physical activity and nutrition 

interventions to ensure risk factors are modified while they are likely to still have benefit (via 

compression of morbidity), thereby delaying the transition into aged care (Fries, Bruce & 

Chakravarty, 2011). 

The demand for retirement villages is growing to accommodate the growth of a 

rapidly aging population (Croucher, 2006; Mehrotran, 2010; Barker, Xia, Zou, & Zillante, 

2012). Currently there are approximately 1850 retirement villages in Australia with around 

180,000 residents. The Retirement Village Association expects this to increase threefold over 

the next four decades given the increase in Australia’s aging population (Ferriers Focus, 2011). 

Retirement villages provide a unique setting to access, engage and test strategies to increase 
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physical activity, to improve nutritional intake and maintain a healthy weight. To date, such 

research conducted in retirement villages has been limited (Hughes, Seymour, Campbell, 

Whitelaw, & Bazzarre, 2009). It is therefore timely to rigorously develop, implement and 

evaluate a physical activity and nutrition intervention in retirement villages. The findings of 

this RCT will contribute to data that will support retirement villages as a setting in which a 

health and wellness model of can be promoted to older people in the future. 
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Chapter 2 

   

Literature Review 

Australians 65 years and over are amongst the least active of the Australian 

population. It is estimated that over 40% of those aged 65 and over are insufficiently active 

(Australian Bureau of Statistics (ABS), 2013). Many of those who are 65 years and over are 

not meeting the physical activity guidelines of 150 minutes of moderate-intensity physical 

activity per week (ABS, 2013; Davis & Fox, 2007). 

Along with physical inactivity, many Australians aged 65 and over are not meeting 

the recommended dietary guidelines for fruit and vegetable intake, fibre intake and dietary fat 

intake (ABS, 2015). Only 9.6% of those aged 65–74 are consuming the recommended two 

serves of fruit and five serves of vegetables per day and this is less in those Australians aged 

75 and over with only 8.0% consuming the same amount (ABS, 2014b). Many older 

Australians are consuming too much dietary fat and too little dietary fibre. Dietary fat 

contributes to approximately 32% of the total daily energy intake for older Australians, well 

above the recommended levels (ABS, 2014b). Fibre intake is associated with fruit and 

vegetable consumption along with wholegrains and legumes, and eating limited amounts of 

fruit and vegetables results in poor dietary fibre intake (NHMRC, 2013a). Eating more fruit 

and vegetables is an easy way for older Australians to improve their daily fibre intake and 

meet the recommended dietary guidelines for fruit, vegetable and fibre intake (Australian 

National Preventative Health Agency, 2014a; Australian National Preventive Health Agency, 

2014b; National Health and Medical Research Council, 2013a). 

Low levels of physical activity combined with poor nutrition are contributing factors 

to overweight and obesity in those aged 65 and over (Australian National Preventive Health 

Agency, 2014b). It is estimated that a high proportion of Australians 65 years and over are 

either overweight or obese. Currently, 40% of Australians 65 years and over are overweight 

and 35% are obese (ABS 2012; 2013). Obesity in those aged 65 and over can be reduced by 

increasing levels of physical inactivity and improving the nutritional behaviours of older 

Australians by increasing fruit and vegetable intake, increasing fibre intake and reducing 

dietary fat intake (Australian and New Zealand Society for Geriatric Medicine, 2012). 

In many Australians 65 years and over, physical activity levels are not improving, 

the dietary guidelines are not being met and rates of overweight and obesity are not decreasing. 

This has made improving levels of physical activity and nutrition a public health priority for 
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older Australians (Australian National Preventive Health Agency, 2013). Hence, there is a 

need for research to be conducted on physical activity and nutrition programs for Australians 

aged 65 and over in settings that can assist in facilitating these behaviours. 

Poor health in older Australians is a consequence of chronic disease and disability, 

and for older adults it is often attributed to the transition from living independently in an 

established family home to residential living arrangements such as retirement villages (Crisp, 

Windsor, Anstey, & Butterworth, 2013; Croucher, 2006; Ferriers Focus, 2011; Petersen, 2015; 

Price Waterhouse Coopers, 2015). Retirement villages are an emerging setting to reach older 

adults for the purpose of targeting low levels of physical activity and poor dietary behaviours 

because this residential option for older Australians is often promoted as a lifestyle choice 

based on maintaining functional independence and good health (Kendig, Crisp, Gong, 

Conway, & Squires, 2014; Petersen, 2015). With continuing good health, functional 

independence can be maintained and the transition into an aged care facility can be delayed in 

the short or mid-term (International Council on Active Aging, 2010). 

As Australia’s population continues to age, retirement villages are becoming a 

popular residential choice for many older adults (Price, Waterhouse, Coopers, 2015), making 

this an ideal setting to investigate and evaluate the behavioural and environmental 

determinants of physical inactivity and poor nutrition in this age group. The case for physical 

activity and nutrition programs in retirement villages is further validated by evidence that high 

levels of physical activity in residents are correlated to slower rates of functional decline, 

improved functional capacity (i.e. the ability to perform daily tasks) and high self-rated health 

(International Council on Active Aging, 2010). 

Currently, there is a paucity of literature surrounding the physical activity and 

nutrition behaviours of Australians aged 65 and over who reside in these communities. There 

is a need for research to address gaps in the literature to better understand how to promote and 

support physical activity and nutrition programs targeting older adults in settings such as 

retirement villages. The evidence gained from such research, can help inform the development 

and delivery of future physical activity and nutrition programs that reduce overweight and 

obesity linked to chronic disease in older Australians. 
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2.1 Methodology  

2.1.1 Search strategy 

Relevant publications were identified through a search of the following databases: 

Cochrane Library, EMBASE (Ovid), Medline (PubMed), Science Direct (Scopus) and Google 

Scholar. Only English language articles were included. Search terms were in five categories: 

1. age-related search terms (“older adults” OR “older people” OR “elderly people”) AND 

2. intervention search terms (“strategies” OR “interventions” OR “home-based 

interventions”) AND 

3. general food-related terms (“nutrition” AND/OR “diet”) 

4. general exercise-related terms (“physical activity” AND/OR “exercise”) 

5. retirement villages OR seniors living communities OR continuing care retirement 

communities. 

Reference lists from articles, government reports and recommendations and reports 

from research institutions were also used. Appendix B provides a summary table of literature 

reviewed. 

2.1.2 Eligibility criteria 

An eligibility criterion of 12 years was used to establish most current and relevant 

evidence. Publications from January 2003 to July 2015 were included in the literature review. 

2.1.3 Selection of articles 

The review included interventions that were designed to increase participants’ 

physical activity or improve their nutrition intake, or both, and reported data to support these 

health behaviours. 

2.2 Australia’s aging population and chronic disease 

In Australia, there has been a steady increase in the number of people aged over 65. 

It is estimated that the proportion of Australian adults over 65 years will increase to 25% by 

the year 2025 (ABS, 2010; 2014a; 2014c). This aging population will place increasing pressure 

on Australia’s health care system (Begg et al., 2007). 

Older Australians are the age group most affected by chronic disease (Australian 

Institute of Health and Welfare, 2014b). Over three quarters (78%) of Australians aged 65 and 
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over report having one or more of the following chronic diseases such as asthma, chronic 

obstructive pulmonary disease (COPD), type 2 diabetes, coronary heart disease, 

cerebrovascular disease, high blood pressure, arthritis, osteoporosis and depression, compared 

to 15% of Australians aged 24 and under. Five or more chronic diseases were reported by 

about half of those aged 65-74, increasing to 70% for those aged over 85 (Australian Institute 

of Health and Welfare, 2014b). 

This aging population has, and will continue to have a significant impact upon 

chronic disease management and the accompanying costs to the Australian health care system 

(Australian Institute of Health and Welfare, 2014a). Many chronic diseases share risk factors 

that are preventable. Risk factors such as physical inactivity and poor nutrition along with 

overweight and obesity can be modified to reduce the development of chronic disease in older 

adults thereby leading to the reduction of illness and premature death rates (Australian Institute 

of Health and Welfare, 2014b). Although there has been a decrease in death rates from some 

chronic diseases, the effect of Australia’s growing and aging population means that there is 

still a high proportion of older Australians who are burdened by illness and disability due to 

poorly managed chronic disease (Australian Institute of Health and Welfare, 2014b). 

Early prevention and management of chronic disease in older adults can occur by 

targeting behavioural risk factors that many chronic diseases share (Australian Institute of 

Health and Welfare, 2011). Prevention aims to keep people healthy for as long as possible, 

thereby reducing the impact upon the health care system. Hence, there is a need for 

preventative measures to alleviate the financial and social burden of an aging population. 

2.3 Physiological changes associated with aging 

Aging is typified by changes in body systems including the musculo-skeletal system, 

specifically changes in bone mass, muscle mass and strength. Often there is an accompanying 

increase in adiposity (Houston, Nicklas, & Zizza, 2009; Vincent, Raiser, & Vincent, 2012). 

Changes also occur in the circulatory and nervous systems contributing to varying health 

outcomes in older adults (Wichi, De Angelis, Jones, & Irigoyen, 2009). 

Age-related decreases in muscle mass and increasing levels of body fat that are 

further compounded by physical inactivity and energy dense diets can lead to sarcopenic 

obesity. This is a condition where increases in fat mass with an accompanying decline in 

muscle mass occur as part of the aging process and is significantly impacted by lack of regular 

physical activity (Benton, Whyte, & Dyal, 2011). These changes in body composition affect 

not only functional fitness and functional capacity but also influence the type, frequency and 

duration of physical activity and exercise performed by older adults (Cederholm, Cruz-Jentoft, 



 

11 

& Maggi, 2013). Because of this inactivity, older adults have an increased risk of developing 

chronic disease (e.g. cardiovascular, diabetes, arthritis and osteoporosis) (Besson et al., 2008). 

Lifestyle behaviour modification such as physical activity and dietary intake has been 

shown to have a moderating effect on the aging process and chronic disease risk (Gulsvik et al., 

2012). Research shows that health gains achieved by these means can improve the functional 

capacity and health-related quality of life for older adults (Hill, Vrantsidis, Clemson, Lovarini, 

& Russell, 2011; Salzman, 2010; Williams, Brand, Hill, Hunt, & Moran, 2010). 

2.4 Effect of aging on functional capacity and functional fitness 

Functional capacity refers to an older person’s ability to perform activities of daily 

living (e.g. eating and drinking, ambulation, self-care and hygiene) under different 

circumstances and situations without assistance. Functional fitness in an older person relates 

to their ability to perform a range of exercises that encourage muscles to work together and 

prepare them for daily tasks at home or work or in sports activities (e.g. rising up and down 

from a chair, or picking up low objects). It also includes other components such as cardio-

respiratory fitness that is important for ambulatory walking and being mobile (e.g. promotes 

good circulation and lower-body strength needed for climbing stairs) (Brill, 2009). Poor 

functional fitness and functional capacity impact upon an older adult’s ability to perform these 

activities and their health-related quality of life (Brill, 2009). 

Poor health, specifically frailty and pain, are often cited as barriers to regular physical 

activity in older adults (Biddle & Mutrie, 2008). The implications of these changes on physical 

fitness and functional capacity contribute to varying health outcomes in older adults such as 

osteoporosis, arthritis and sarcopenic obesity (Wichi, De Angelis, Jones, & Irigoyen, 2009). 

Research indicates that overweight and obesity in older people may impact upon 

activities of daily living and influence functional impairment (Villareal, Apovian, Kushner, & 

Klein, 2005; Vincent et al., 2012). For example, in a large-scale longitudinal study, in those 

respondents who were aged over 70, overweight and obesity played a major role in 

contributing to their functional impairment (e.g. hygiene and personal care, ability to dress 

oneself, shopping and preparing meals) (National Institute on Aging, 2007). 

2.5 Overweight and obesity  

Current overweight and obesity prevalence rates are at epidemic levels in developed 

nations (Ng et al., 2015). Worldwide, the combined prevalence of overweight and obesity rose 

by 27.5% in adults between 1980 and 2013 (Ng et al., 2015). The 2010 International Obesity 
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Taskforce (IOTF) estimates that globally one billion adults are overweight and 475 million are 

obese (De Caria, Sharp, & Petrella, 2012). Very little progress has been made in reducing 

rising levels of overweight and obesity, indicating a need to promote increases in levels of 

physical activity and consumption of healthy diets to counteract this (Ng et al., 2015). 

2.5.1 Measuring overweight and obesity 

Body Mass Index (BMI) and Waist-to-Hip Ratio (WHR) are population-based 

measures used to determine overweight and obesity as well as the risk of obesity-related chronic 

disease (ABS, 2015; 2012). BMI is the degree of excessive weight for height and WHR is an 

indirect but important measurement of central obesity, and is reported as superior to BMI in the 

prediction of cardiovascular disease and all-cause mortality (Welborn, Dhaliwal, & Bennett, 

2003). Over 60% of older Australians have a BMI and waist-to-hip circumference higher than 

the healthy weight range (Australian Institute of Health and Welfare, 2014a). In older 

Australians, overweight and obesity are important risk factors for chronic disease management 

(Australian Institute of Health and Welfare, 2011; Haywood, Proietto, & Jenkins, 2013). 

However, as a stand-alone indicator of overweight and obesity, BMI in older adults 

should be interpreted with caution (CDC, 2009; Han, Tajar, & Lean, 2011). This is because 

with increasing age there is a loss in fat-free mass (muscle) while relative fat mass (adipose 

tissue), primarily central adiposity, continues to increase. Han, Tajar and Lean (2011) stated, 

“the original principle of the Quetelet's index (or BMI Index) was to eliminate the height factor 

by dividing weight (kg) by height squared (m2)” (p.174). Spinal shortening occurs during the 

aging process and as a consequence height is reduced, thus contributing to errors in BMI 

computation. Waist-to hip ratio (WHR) is a reliable measure of central adiposity and an 

indirect measure of visceral fat that is often missed in BMI measurement and correlates well 

with BMI in assessing overweight and obesity across all population groups (Han et al., 2011). 

Evidence-based guidelines on cut-off points for BMI have been found to be 

unreliable in older adults (Queensland Government, 2014). A meta-analysis on 32 cohort 

studies found that BMI may be underestimated in adults 65 years and over for the reasons 

stated above and therefore should be adjusted to the following: Underweight < 23kg/m2; 

Healthy weight 24–30kg/m2 and Overweight > 30kg/m2 (Queensland Government, 2014). 

However, BMI combined with WHR is still considered the most useful and practical method 

for measuring overweight and obesity in older adults in large sized community-based studies 

because it is cost effective and time efficient (Queensland Government, 2014). 
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2.5.2 Prevalence of overweight and obesity in older Australians 

Over the last 20 years in Australia, there has been a steady increase in the number of 

overweight and obese adults (National Health Performance Authority, 2013). In 2013, 39.8% 

of Australian adults aged 65–74, were overweight and 35.1% were obese. For those aged 75 

and over, 43.2% were overweight and 26.8% were obese. Males had higher rates of overweight 

in both age groups compared with females. Females had higher obesity rates in both age groups 

(ABS, 2012). Refer to Table 2.1 below. 

Recent obesity figures (2012–2013) show that one in four adult Australians are 

obese, having a BMI greater than 29.0kg/m2 and between 1995 and 2012 the proportion of 

obese Australian adults increased by 47% (ABS, 2014a). This trend is set to continue in direct 

proportion to the aging Australian population with a larger number of older adults becoming 

overweight or obese (Hobbs et al., 2013). 

Table 2.1 

Percentage of overweight and obesity in Australians aged 65 to 84 in 2011–2012: data 

derived from ABS, Australian Health Survey, 2011/12 (4364.0) 

Age group (y) Male (%) Female (%) Total (%) 

% Overweight by age and sex 

65–74 46.3 33.2 39.8 

74–84 48.9 38.1 43.2 

% Obesity by age and sex 

65–74 34.3 36.1 35.2 

74–84 23.6 29.6 26.8 

 

2.5.3 Burden of overweight and obesity in older Australians 

The relationship between obesity and mortality in older adults has been well 

established (Donini et al., 2012). The increase in overweight and obesity rates among adults is 

a major public health issue (Australian Institute of Health and Welfare, 2014a). High levels of 

overweight and obesity exacerbate existing health conditions such as hypertension, type 2 

diabetes, osteoarthritis, colon cancer, breast cancer, oesophageal cancer, renal dysfunction and 

fatty liver disease (Obesity Australia, 2014). High BMI was estimated to be responsible for 

8% of the total burden of disease in Australia, with Type 2 diabetes and ischaemic heart disease 

accounting for roughly three quarters of this obesity-related burden (Obesity Australia, 2014). 
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2.5.4 Economic costs of overweight and obesity 

A systematic review of the economic costs of obesity worldwide stated that it 

accounted for 0.7%–2.8% of a country’s total healthcare expenditure (Withrow & Alter, 2011). 

Direct costs of obesity include its impact on costs associated with chronic disease prevention 

and management, recovery from acute medical events (e.g. myocardial infarction, ischaemic 

stroke), health service provision and premature death. Indirect costs include loss of 

productivity caused by absenteeism, disability pensions and premature death (Obesity 

Australia, 2014). In Australia, it is estimated that the financial cost of obesity is $8.3 billion 

with an additional $49.4 billion in the form of lost wellbeing, bringing the combined cost of 

obesity to $57.7 billion (Obesity Australia, 2014). 

The established link between physical inactivity and overweight and obesity 

exacerbates the burden on the health care system (Katzmarzyk, 2011). In Australia, almost 7% 

of the health burden has been attributed to physical inactivity in the form of ischemic heart 

disease (51%), type 2 diabetes (20%) and stroke (14%) (Begg et al., 2007). Cadilhac et al. 

(2011) suggested that, annually, a 10% reduction in physical inactivity would reduce 2000 

deaths and 6000 incident cases of chronic disease attributed to physical inactivity resulting in 

a $AUD96 million reduction in health sector costs (Cadilhac et al., 2011). 

2.6 Sarcopenia and dynapenia in older adults  

Sarcopenia and sarcopenic obesity has been defined earlier in this literature review 

(Han, Tajar, & Lean, 2011; Mitchell et al., 2012), while dynapenia is age-associated loss of 

muscle strength related to changes in neurological function of muscle and skeletal muscle 

properties (Mitchell et al., 2012). A systematic review by Mitchell et al. (2012) found that in 

older adults increased levels of sedentary behaviour result in higher levels of body fat along 

with a reduction in muscle mass (sarcopenia) and an accompanying reduction in muscle 

strength (dynapenia) (Mitchell et al., 2012). In a cross-sectional study by Chastin et al. (2012), 

the relationships between physical activity, sedentary behaviour, body composition and 

muscle strength were investigated in relation to sarcopenic obesity and dynapenia. A very 

small sample (n = 30) of healthy older adult volunteers aged 75 and over participated. The 

sample was comprised of 16 men aged 79.0 (± 3.6 years) and 14 women aged 79.3 (± 3.4 

years). Body composition was measured using dual X-ray absorptiometry (DEXA); physical 

activity and sedentary behaviour were recorded continuously over a 7-day period using an 

activPAL activity monitor (accelerometer) (Chastin, Ferriolli, Stephens, Fearon, & Grieg, 

2012). The results showed that for men total sedentary time was significantly associated with 

increased fat mass and decreased lean body mass and muscle strength (in lower limbs). 
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However, this was not apparent in women. Importantly, higher body fat in both men and 

women was associated with those who engaged in more prolonged periods of sedentary time 

compared with those who engage in shorter intervals of sedentary time (Chastin et al., 2012). 

It must be noted that the participants in this study were highly active older adults who spent at 

least one hour walking each day. There is a need for research that investigates the effect of 

sedentary behaviour on sarcopenia and dynapenia in insufficiently active older adults. This 

also highlights the need for interventions that promote increases in both programmed physical 

activity (e.g. an exercise class) and incidental activity (i.e. physical activity that is part of a 

daily routine), as a means to break up prolonged periods of sedentary time. 

Although the results are consistent with other studies analysed through systematic 

reviews (Mitchell et al., 2012; Smietniansky et al., 2015), caution is required when drawing 

conclusions about sedentary behaviour as a prime contributor to sarcopenic obesity. As 

discussed earlier, poor quality diet results in overweight and obesity linked to low levels of 

physical activity and sedentary behaviour in older adults, contributing to sarcopenic obesity. 

Together, high levels of obesity and poor muscle mass are strongly associated with 

musculoskeletal injuries, joint problems and limitations in mobility in older age (Stenholm et 

al., 2008; Vincent et al., 2012). Poor muscle strength (dynapenia) is associated with high 

functional decline, (Visser, 2011) and sarcopenia is strongly related to musculo-skeletal aging 

conditions such as osteoporosis (Tarantino et al., 2013). Osteoporosis is a condition that results 

in reduced bone mass and bone tissue deterioration. It is caused by a decline in circulating sex 

hormones along with a decline in mechanical stimulation of bones from muscle use. These 

mechanisms are strongly related to sarcopenia. As adults age and muscle mass is not 

maintained through regular physical activity, a resulting ‘disuse pattern’ occurs and therefore 

the mechanical stimulation of muscle action upon joint loading does not occur (Sjöblom et al., 

2013; Tarantino et al., 2013). Poor muscle tone and loss of muscle mass is highly associated 

with falls and fractures in older persons (Cederholm et al., 2013). 

The intensity level of physical activity improves muscle tone and quality in older 

adults. Physical activity performed in short bouts of vigorous intensity is related to higher 

muscle quality especially if it is interspersed with shorter fragments of sedentary (sitting) time 

(Chastin et al., 2012). However, it has been found that when individuals perform short bouts 

of vigorous activity (such as vigorous walking) they will compensate with prolonged 

continuous sedentary time (e.g. sitting for longer periods) (Chastin et al., 2012). Whilst 

vigorous physical activity (e.g. vigorous walking) appears to have more effect on prevention 

of sarcopenia because it results in higher muscle quality, it is also known to be more injury-

provoking, and difficult for older adults to achieve especially if they have been sedentary for 
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a long time. These factors should be considered when developing physical activity 

interventions to prevent sarcopenia and obesity in older adults (Breen & Phillips, 2013; Frimel, 

Sinacore, & Villareal, 2009). 

2.7 Physical activity 

It has been well established that participation in regular physical activity can counter 

functional decline and chronic disease in older adults brought about by rising levels of 

overweight and obesity (Besson et al., 2008; Diehr & Hirsch, 2010; Haskell et al., 2007; Na 

& Oliynyk, 2011; Quicke, Foster, Thomas, & Holden, 2015 ). Older adults who engage in 150 

minutes or more of regular, moderate-intensity physical activity may reduce their risk of 

functional decline by up to 30% (Paterson & Warburton, 2010). The adoption and maintenance 

of regular physical activity as a life-long behaviour to reduce the risk of chronic disease 

associated with overweight and obesity, should be encouraged and promoted in this age group. 

2.7.1 Dimensions of physical activity 

Patterns of physical activity include type, mode, intensity, frequency and duration. 

 Type refers to the specific activity itself (e.g. walking, tennis, swimming, bowls).  

 Mode refers to whether the activity targets aerobic capacity, strength, flexibility or 

balance.  

 Intensity refers to light, moderate, vigorous physical activity.  

 Frequency refers to how often it is done (i.e. times per week) and duration refers to how 

long the activity is performed (i.e. minutes per session).  

 Duration refers to the amount of time spent in the activity. 

(Australian Government, 2014). 

2.7.2 Current physical activity guidelines for older Australians 

Guidelines for physical activity have been developed to guide and encourage regular 

participation in physical activity and to support health benefits across all population groups 

(Australian Government & Department of Health, 2013). The World Health Organization 

(WHO) provides recommendations for achieving adequate levels of physical activity for 

health benefits (WHO, 2010). These guidelines address the type, frequency, duration and total 

amount of physical activity required to achieve these health benefits (WHO, 2010). WHO 

recommends at least 150 minutes of moderate intensity physical activity per week for adults 
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aged 65 and over to improve cardio-respiratory and muscular fitness, bone strength and general 

health (WHO, 2010).  

The recommendation made by US and Australian authorities states that adults over 

65 participate in at least 30 minutes of moderate intensity physical activity on most, if not all, 

days of the week to prevent chronic disease (CDC, 2011; Rosenberg et al., 2010). However, 

the current Australian National Physical Activity Guidelines (2014) state that persons 65 years 

and over should accumulate a minimum of 30 minutes of moderate-intensity physical activity 

on most, if not all, days of the week (Australian Government, 2014). This recommendation 

allows for smaller bouts of physical activity to be achieved through both programmed and 

incidental or habitual activity. Older adults, no matter what their age, weight, health status and 

ability should engage in some form of physical activity in as many ways as possible (Australian 

Government, 2014). 

Physical activity should include a range of activities that target cardio-respiratory 

fitness (aerobic exercise), strength, flexibility and balance. Building up the amount, duration 

and frequency of physical activity can be done slowly and in small bouts (e.g. 10 minute 

blocks) and include both programmed physical activity and as much incidental physical 

activity as possible. Programmed activity refers to a designated session (e.g. participating in a 

senior walk group) and incidental physical activity refers to unstructured activity that is 

performed during daily living (e.g. taking the stairs rather than a lift) (Australian Government, 

2014). The World Health Organization (2010) recommends a gradual increase to higher 

intensity levels of physical activity to minimise the risk of injury. Older Australians who have 

maintained an adequate level of physical activity (150 minutes or more of moderate to 

vigorous physical activity on most, if not all, days of the week) should continue to do so 

(Australian Government, 2014). 

Using the guidelines for sedentary older Australians 

With the majority of Australian adults aged over 60 remaining largely sedentary, it 

is important for these people to begin with light-intensity physical activity, gradually moving 

into moderate-intensity physical activity. Evidence shows that the majority of health benefits 

occur after a person moves from being sedentary to participating in a small amount of physical 

activity, particularly from low-intensity to moderate intensity physical activity (de Souto 

Barreto, 2015; Diehr & Hirsch, 2010). Diehr and Hirsch (2010) found the largest effect for 

self-rated health was in those participants who became — and remained — moderately active 

(Diehr & Hirsch, 2010). 
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One study found that, even for those older Australians who met the physical activity 

guidelines, many still engaged in prolonged periods of sedentary behaviour (Owen, Healy, 

Matthews, & Dunstan, 2010). It is imperative that incidental physical activity is encouraged 

in this group as well (Owen et al., 2010; Sparling, Howard, Dunstan, & Owen, 2015). 

Physical activity guidelines for weight management 

There is conflicting evidence as to the amount of physical activity required to 

optimise weight loss and minimise weight gain in older adults, because of the challenges in 

conducting research into prevention of overweight and obesity in older adults. Despite this, 

the general consensus is that at least 60 minutes per day of moderate intensity activity, or the 

equivalent volume of more vigorous activity, is the dose required for the primary prevention 

of weight gain (National Health and Medical Research Council, 2013b). For those who are 

already overweight or obese it is unlikely that this level of physical activity will prevent further 

weight gain without concurrent dietary change. A daily energy deficit of 2,500 kilojoules (kJ) 

is recommended for weight loss in the NHMRC guidelines” (p.59) (Brown, Bauman, Bull, & 

Burton, 2012; National Health and Medical Research Council, 2012, 2013b). 

Physical activity guidelines for chronic disease prevention 

The Australian guidelines for chronic disease prevention recommend 150 minutes of 

moderate intensity activity per week. (National Health and Medical Research Council, 2013b). 

For older adults, this can be achieved by accumulating 30 minutes of moderate intensity 

physical activity via smaller bouts rather than a single bout (NHMRC, 2013b). The benefits of 

this also extend to those older adults with chronic disease or co-morbidities as a way of 

managing their health. 

2.7.3 Patterns of physical activity in older Australians 

Data from the Australian Health Survey: 2011–2012 reported on levels of physical 

activity undertaken for two age groups: 65 to 74 years and 75 years and over (ABS, 2015). 

This data is shown in Table 2.2 below. Sedentary behaviour was defined as sitting or lying 

down. These activities included time spent sitting at work, sitting while using computers, and 

watching television (ABS, 2015). Low intensity physical activity was defined as walking 

continuously to get from place to place for at least 10 minutes (ABS, 2015). Moderate intensity 

physical activity was defined as causing a moderate increase in the heart rate or breathing of 

the respondent. Vigorous intensity physical activity was defined as causing a large increase in 

the person’s heart rate or breathing. Moderate and vigorous physical activity excluded 

previously identified walking as well as “household chores, gardening or yard work” (ABS, 
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2015). Level of activity was determined by the frequency, intensity and duration of the 

physical activity performed (e.g. sedentary, low, moderate and vigorous) (ABS, 2015). 

Table 2.2 

Level of physical activity by proportion of persons aged 65–74 years and 75 years and over 

2011/12. Data taken from Australian Health Survey: first results, 2011–2012 (ABS, 2015) 

Sex 

Intensity of  

physical activity 

Percentage of persons 

aged  

65–74  

Percentage of persons 

aged  

75 and over 

Male Sedentary 38.9 41.7 

Female  46.1 65.6 

Male Low 29.8 32.2 

Female  30.0 25.5 

Male Moderate - - 

Female  - - 

Male High - - 

Female  - - 

 

2.7.4 Measuring levels of physical activity and sedentariness 

Methods employed to measure physical activity in research are often selected after 

considering time limitations, financial restraints, feasibility of methods, the purpose of the 

study and the proposed objectives (Kowalski, Rhodes, Naylor, Tuokko, & MacDonald, 2012). 

Self-report measures such as the International Physical Activity Questionnaire (IPAQ) are 

practical and have high reliability, however they are subjective in their assessment (Bauman 

A. et al., 2011; Craig et al., 2003; Lee, Macfarlane, Lam, & Stewart, 2011; Kolbe-Alexander, 

Lambert, Harkins, Ekelund, 2006). Time-use survey has been used to measure patterns of 

sitting and physical activity at differnet intensity levels in older adults. These are 48-hour 

diaries that can be more accurate (Espinel, Chau, van der Ploeg & Merom, 2015).   

Strengths and limitations of self-report measures 

Physical activity self-report measures are often questioned as to how accurately they 

estimate true behaviour (Ainsworth et al., 2012). Many self-report measures ask respondents 

to recall the amount of physical activity over a certain period, for example minutes of physical 

activity in the last 24 hours, seven days and so on. Recall error increases with recall time, 

therefore it is imperative to identify the minimal amount of time (i.e. hours or days) needed to 

reduce this bias so that respondents can accurately recall their physical activity behaviour 

(Ainsworth et al., 2012). One way to counteract this is by using personal records such as logs, 
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diaries or 24-hour recall, however age, sex, culture and geographic location make it difficult 

to generalize the minimal amount of time required to reduce recall bias (Ainsworth et al., 

2012). 

Results in over-reporting of physical activity by participants may result in a potential 

‘intensity bias’ resulting in respondents defining intensity differently to that of the 

investigators, or respondents may respond to the intensity questions relative to their age, sex, 

physiological capacities and movement experiences (Ainsworth et al., 2012). However, in 

intervention studies this has minimal impact as, often, the participant’s perceptions remain 

unchanged over the ‘time points’ when the data is collected (Ainsworth et al., 2012; Silsbury, 

Goldsmith, & Rushton, 2015). 

The degree to which a respondent perceives a questionnaire as being difficult, time-

consuming and emotionally stressful can be influenced by the survey length, type of questions 

asked (e.g. psychologically invasive), cognitive complexity of the task, the effort required to 

accurately and reliably answer the questions and how often the respondent is required to 

participate. The researcher must consider the effects of ‘respondent burden’ prior to 

administering a survey instrument, as too great a burden will yield lower-quality data as well 

as non-response and measurement error (Ainsworth et al., 2012). 

Despite these concerns, the IPAQ has been consistently used in community-based 

intervention studies because it is deemed to be the most appropriate and suitable self-report 

measure of physical activity (Lee et al., 2011; Tran, Lee, Au, Nguyen, & Hoang, 2013). The 

IPAQ-Short Form is a suitable instrument for older adults because it negates some of the issues 

discussed above in terms of bias (Heesch & Brown, 2008). 

2.8 Benefits of physical activity in aging 

2.8.1 Physical activity, weight control and management 

Physical activity may help maintain a healthy bodyweight by using excess kilojoules 

for energy rather than storing them as body fat (Hector, King et al., 2012). A healthy weight 

can be achieved by balancing the kilojoules consumed with the amount of energy expended 

(Haywood, Proietto, & Jenkins, 2013). Adults differ in the amount of physical activity required 

to maintain a healthy weight or to lose excess bodyweight. This is due to individual genetics, 

individual basal metabolic rate and individual differences in energy expenditure (Burton, 

Killen, Armstrong, & Metcalfe, 2015). In order to maintain a healthy weight after weight loss, 

older adults often need to only slightly increase the amount of physical activity undertaken 

(Haywood et al., 2013), a lifestyle decision supported by the national physical activity 
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guidelines provided by many health authorities that confirm physical activity is a primary 

moderator in prevention of obesity and overweight (Benton et al., 2011; Han et al., 2011; 

Haywood et al., 2013; McNaughton, Crawford, Ball, & Salmon, 2012; National Health and 

Medical Research Council, 2013b). 

2.8.2 Reduced risk of cardiovascular disease 

Latest figures released from ABS Australian Health Survey 2011–13 state 17% of 

adults aged 65–74 and 26.1% of Australians aged 75–84 have some type of cardiovascular 

disease (heart, stroke and other vascular disease) making it a priority for risk factor 

intervention (ABS, 2015, Australian Institute of Health and Welfare, 2015). Of the many 

known modifiable risk factors relating to cardiovascular disease physical inactivity is of major 

importance (World Heart Federation, 2012). 

Self-report data from 1958 participants who were involved in the Australian 

Diabetes Obesity and Lifestyle Study (AUSDIAB) were used to compare modifiable risk 

factors for all types of cardiovascular disease. The study concluded that whilst the influence 

of risk factors such as smoking and hypertension generally varies amongst age groups, 

physical activity had a major preventative influence across all age groups and should be 

encouraged especially in older populations (Gulsvik et al., 2012; Kohl, 2001). 

A study by Hamer and Stamatakis. (2009) found the risk of cardiovascular disease 

decreased if the current physical activity guidelines were being met although this was mediated 

by biological risk factors such as hypertension, total cholesterol, smoking and adiposity. 

Vigorous physical activity demonstrated very small benefits over moderate intensity physical 

activity in lowering cardiovascular risk (Hamer & Stamatakis, 2009). 

2.8.3 Reduced risk of some cancers 

Physical activity is known to reduce the risk of some types of cancers.  McCulloch 

et al. (2011) found that adherence to lifestyle guidelines for cancer risk-factor prevention 

(including regular physical activity) reduced premature mortality from cancer in non-smokers 

as well as other chronic conditions such as cardiovascular disease (McCullough et al., 2011). 

Studies have established a strong relationship between physical inactivity and risk of lung, 

prostate and endometrial cancers (Sanchez et al., 2012). 

Evidence links a reduction in risk of breast cancer (Ballard-Barbash et al., 2009; 

National Cancer Institute, 2009a; Pinto, Frierson, Rabin, Trunzo, & Marcus, 2005) and colon 

cancer (McTiernan, 2006; National Cancer Institute, 2009b) to regular physical activity. 
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Physical activity is shown to reduce the risk of bowel cancer especially in high-risk 

populations who have other compounding risk factors such as age, family history, and low-

fibre diets (Hughes et al., 2011; Sanchez et al., 2012). 

Whilst recent research has examined the dose-response relationship to cancer 

prevention by higher levels (frequency, duration and intensity) of physical activity decreasing 

risk (Hughes et al., 2011; Na & Oliynyk, 2011; Rogers, Colbert, Greiner, Perkins, & Hursting, 

2008), maintaining a physically active lifestyle at any level contributes to a reduced risk of 

many cancers, especially if physical activity is maintained over the life course (Hughes et al., 

2011; Na & Oliynyk, 2011; Rogers et al., 2008). 

2.8.4 Reduced risk of musculo-skeletal conditions associated with aging  

Clinical evidence has shown a positive relationship between physical activity, 

arthritis and osteoporosis in older adults (National Institutes of Health, 2012). Physical activity 

that targets strength, balance and flexibility and — most importantly — is weight-bearing 

(rather than weight-supporting) improves the musculo-skeletal system. Regimes that contain 

two or more of these modes of physical activity reduce rates of osteoporosis and falls in older 

adults (Hill et al., 2011; National Institutes of Health, 2012). 

Gait and balance disorders become more apparent with age, and both physical 

activity and physical therapy have been shown to improve these conditions (Salzman, 2010). 

Exercising in supervised groups such as older adults’ fitness classes, or carrying out 

individually prescribed physical activity programs at home, are equally effective in improving 

musculo-skeletal strength, balance and gait (Levy et al., 2012). 

  



 

23 

Williams et al. (2010) designed a four-month home-based physical activity program 

for older women (mean = 69 years) that targeted balance and gait instability. The small sample 

(n = 39) suffered from either lower limb osteoarthritis or rheumatoid arthritis. Improvements 

in walking stability, falls risk, and sit to stand and functional reach tests were observed 

(Williams et al., 2010). 

Leisure-time physical activity is also beneficial to osteoarthritis (Heesch & Brown, 

2008). Levy et al. (2012) conducted a three-month multi-component physical activity program 

(Fitness and Exercise for People with Arthritis: FEPA) with middle (mean = 55 years) to older 

aged adults (mean = 76 years). Significant improvements in physical function were made for 

the older group with arthritis. 

Other research has focused on the mode of physical activity and the rehabilitation 

benefits for rheumatoid arthritis. Both aerobic exercise and strength training had positive 

effects on knee pain in those with rheumatoid arthritis (Quicke et al., 2015). 

2.8.5 Healthy aging and physical activity 

Maintaining a healthy bodyweight with regular physical activity reduces the risk of 

chronic disease and many of the musculo-skeletal conditions associated with aging including 

sarcopenia and dynapenia (Han et al., 2011). Physical activity tailored specifically to the 

individual needs of older adults is an ideal intervention to counteract the effects of sarcopenia 

and dynapenia associated with aging (Benton et al., 2011; Chastin et al., 2012; Smietniansky 

et al., 2015). Thus, the benefits of being physical active in older age are not independent of 

each other; rather they compound each other by reducing and even preventing some age-

related impairment resulting in an improved quality of life (Riebe et al., 2009). 

2.9 Review of determinants of physical activity 

Determinants of physical activity can act as barriers or enablers to regular 

participation. It remains a challenge to persuade older adults to become more physically active 

and to sustain this behaviour over the life course (Jancey et al., 2006). Understanding the 

determinants underlying the adoption and maintenance of physical activity in older adults is 

beneficial in developing strategies that elicit behaviour change over the longer term. 

Older adults often cite poor health (physical and mental) as influencing their lack of 

participation in regular physical activity (Jancey, Clarke, Howat, Maycock, & Lee, 2009; Van 

Holle et al., 2015), along with pain (e.g. “spurs in legs”, “crook back”) (Jancey et al., 2009), 

loss of flexibility and poor balance, and low self-confidence (e.g. “I’m not that game to try 
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anything new”) (Franke, Tong, Ashe, McKay, & Sims-Gould, 2013; Jancey et al., 2009). 

Health conditions such as musculo-skeletal problems may interact with other factors such as 

lack of time and other priorities (e.g. caring for grandchildren or a spouse), and a general lack 

of interest that may be influenced by past experience of physical activity (Jancey et al., 2009; 

Sales, Polman, Hill, Karaharju-Huisman, & Levinger, 2015). 

Low socioeconomic status (SES), low physical activity levels and poorer health 

outcomes are strongly linked in older adults (Australian Institute of Health and Welfare, 2011). 

Older adults’ involvement in physical activity is also influenced by cost and accessibility to 

programs and the environment in which they live (Pampel, Krueger, & Denney, 2010). Income 

and the ability to pay for a physical activity program (e.g. seniors’ fitness class) impacts upon 

regular physical activity participation (Pampel et al., 2010). Disadvantaged neighbourhoods 

have less access to parks and community recreation centres, whereas higher SES areas are 

often located near beaches or rivers, providing more attractive areas for regular physical 

activity (Pampel et al., 2010). 

Conversely, physical activity programs that are low-cost, community based and 

accessible and use volunteers rather than paid health professionals, make it easier for older 

adults to participate in regular physical activity. Fit and Strong Plus (2014) is a weight 

management program for older adults with arthritis. It provides programs at eight sites across 

Chicago, North Carolina and West Virginia (US), each site being accessible to the target 

population of older adults. The program aims to include adults from all socioeconomic areas 

through low costs and minimal use of health professionals, thereby reaching a larger number 

of people (Belza & PRC-HAN Physical Activity Conference Planning Workgroup, 2007; 

Smith-Raya et al., 2014). 

2.9.1 The role of social support in physical activity  

Social support from family and friends as well as non-familial support has been noted 

to have a positive influence on older adults’ physical activity behaviour in both structured (e.g. 

centre-based exercise class) and non-structured physical activity (Casado et al., 2009). Social 

support can facilitate physical activity because it contributes to the enjoyment of physical 

activity (Casado et al., 2009). Social interactions can have a positive and negative influence 

on adoption of regular physical activity and the motivation to be physically active (Grodesky, 

Kosma, & Solmon, 2006). Companionship for physical activity (e.g. an exercise partner) is a 

strong determinant of physical activity adoption and maintenance in older adults (Anderson, 

Wojcik, Winett, & Williams, 2015; Burke, Beilin, Cutt, Mansour, & Mori, 2007). The 
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provision of social support is important in promoting physical activity in older adults and is 

an important component of program delivery (Casado et al., 2009; Grodesky et al., 2006). 

Few studies have focused specifically on interventions for older adults that harness 

formal (professional) or informal social support (family or friends, or both) for physical 

activity. There is a need to develop and test the effectiveness of strategies based on social 

support in physical activity interventions for older adults. 

The use of peer-aged mentors or guides can be a successful strategy in program 

delivery and participant retention (Dorgo, Robinson, & Bader, 2009). Dorgo et al. (2009) 

compared an older adults’ physical activity program delivered by trained peer-aged mentors 

and trained kinesiology students. The results showed that participant retention was higher in 

the group that was guided by volunteer peer-aged mentors (90%) than the group guided by 

trained kinesiology students (76.7%) (Dorgo et al., 2009). Additionally, the peer-aged mentors 

were deemed to be just as knowledgeable as the ‘trained’ students in guiding the participants 

(Dorgo et al., 2009). Further, the volunteer peer-aged mentors were a cost-effective method in 

program delivery; this may be an important consideration for future community-based 

interventions (Dorgo et al., 2009). As this was a 14-week study with only 60 participants, 

further research is needed to investigate the meaning of these results over the longer term. 

Anderson et al. (2015) found that with increasing age, social support had a stronger 

influence on participation than other factors such as self-efficacy (i.e. the belief in one’s own 

ability to become and stay physically active). Again, these results indicate the positive 

influence of social support as a mechanism to encourage older adults to adopt and maintain 

physical activity behaviours and are supported by earlier research (Burke, Jancey, Howat, Lee, 

& Shilton, 2013b; Dorgo et al., 2009; Jancey et al., 2006). 

A limited number of studies have focused specifically on interventions for older 

adults that harness formal support (professional or volunteer) or informal social support 

(family or friends or both) for physical activity, highlighting a need for further research to 

develop and test effectiveness of strategies based on social support in physical activity 

interventions for older adults. The retirement village setting provides increased opportunities 

for social engagement (Nathan et al., 2014a) and therefore provides an opportunity to consider 

the attributes of this setting in physical activity behaviour. To date, few studies have 

investigated the influence of the social environment of retirement villages on the physical 

activity behaviours of the residents. 
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2.9.2 The role of the built and natural environment in physical activity 

The built and natural environment is a significant contributing factor in getting 

people to become and stay physically active (National Institute for Health and Clinical 

Excellence, 2008). Reducing environmental barriers to physical activity involves providing 

safe and pleasant opportunities for people in the community to be active during their daily 

routines (Department of Health Victoria, 2010; National Institute for Health and Clinical 

Excellence, 2007, 2008). People are more likely to incorporate physical activity into their daily 

routine if the environment supports this (King, 2008; Sales et al., 2015; Sallis et al., 2015). 

Even in neighbourhoods with only one or two safe walkable routes, walking for leisure can be 

promoted (Kerr, Carlson, Rosenberg, & Withers, 2012). Removing environmental barriers 

(e.g. poor street lighting, unsafe footpaths, high density traffic areas, unsafe road intersections, 

lack of green open spaces, lack of community facilities for physical activity such as community 

recreation centres) to physical activity will mean higher participation rates in all settings and 

contexts (e.g. occupational, leisure, incidental, transport) (Edwards & Agis, 2006). 

Communities can be designed to prioritise residential landscapes that provide 

opportunities and access to facilities for recreational physical activity (e.g. local parks, walking 

routes, cycle pathways) (National Institute for Health and Clinical Excellence, 2007; Sales et 

al., 2015; Sugiyama & Ward Thompson, 2008; Van Holle et al., 2015). The built and physical 

environment of neighbourhoods can enhance the uptake of physical activity for many different 

community groups (Sugiyama & Ward Thompson, 2008). 

The built and natural environment within and outside of retirement villages is an 

important factor to consider in the physical activity levels and behaviour of residents. 

Retirement villages themselves provide many opportunities for physical activity participation 

with onsite exercise classes, fitness facilities and recreational facilities (swimming pools, 

tennis courts) (Holt, Lee, Jancey, Kerr, & Howat, 2015). Nathan et al. (2014a, 2014b) found 

that the built and natural environment within and outside of the retirement village was 

associated with physical activity levels of residents (Nathan, Wood, & Giles-Corti, 2014a, 

2014b). The results from that study, conducted in retirement villages in Perth, Western 

Australia, highlighted the importance of co-locating retirement villages close to amenities 

required for daily living (e.g. shopping centres, parks and recreation centres), thereby 

encouraging higher levels of incidental physical activity (e.g. transport walking) and 

engagement in leisure-time physical activity (Nathan et al., 2014b). 

There has been little published work on the utilisation of these facilities by residents 

of retirement villages (Holt et al., 2015; Kerr et al., 2011), apart from a very small number of 

exploratory studies (Nathan et al., 2014a, 2014b). More research is needed to assess the impact 
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of the built and physical environment inside and outside the retirement village as determinants 

of physical activity. There is also a need to identify the specific barriers and enablers to 

physical activity faced by the target group in the RVPANS study (i.e. retirement village 

residents) and whether these differ to those faced by older adults in the wider community. 

2.9.3 The integration of the built and natural environment, and 

social support on physical activity behaviour 

As discussed earlier, the built and natural environment along with social support, are 

factors sufficient by themselves to influence physical activity behaviour. However, 

consideration needs to be given to the integration of these with individual factors such as poor 

health and injury, lack of time and competing priorities or the perceived value of being 

physically active. The integration of personal-level factors with the social environment has 

been acknowledged as an area for further research (Hanson, Ashe, McKay, & Winters, 2012). 

The built and natural environment may be mediated by the social environment and 

inter-personal factors. Just as the built and natural environment is associated with encouraging 

recreational walking (e.g. safe walking paths or street connectivity) (Giles-Corti et al., 2005) so 

too can the social environment, particularly the level of social support an individual has (e.g. a 

community walking group or a ‘buddy’ to walk with) (Jancey et al., 2009). Personal factors such 

as the willingness to join a community walking group may be influenced by health status (e.g. 

injury) and personal motivation. The motivation to participate may be influenced by the social 

(e.g. social connectivity), built and natural environments (safe walking paths, green open spaces) 

(Giles-Corti et al., 2005) that older adults perceive to be conducive to physical activity (Hanson 

et al., 2013). Older adults are more likely to make healthy behaviour choices (i.e. increasing 

physical activity levels) where environments support these healthy behaviours. 

2.10 Nutrition in older adults 

2.10.1 Dietary guidelines for older adults 

Dietary guidelines recommend the minimum amount of servings of food per day to 

ensure essential macronutrients and micronutrients are consumed to maintain good health 

(Cottell, Dorfman, Straight, Delmonico, & Lofgren, 2011; National Health and Medical 

Research Council, 2013a). The guidelines encourage healthy eating behaviours and have an 

overarching goal to improve public health (Brownie, Muggleston, & Oliver, 2015; Russell et 

al., 2013). Adherence to these guidelines has been shown to have a long-term effect on health-

related quality of life (Germain et al., 2013). 
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The dietary guidelines for older Australians make recommendations for two groups 

of older adults: those aged 51 to 70 and those aged 70 and over. This is because the 

recommended dietary intake of certain nutrients for older adults is higher than for younger 

adults (National Health and Medical Research Council, 2013a, 2013b). For example, calcium 

requirements increase with aging, (National Health and Medical Research Council, 2013b) a 

deficiency in vitamin B12 is recognised in neurological disorders, low levels of vitamin D is 

associated with poor bone health and osteoporosis, and higher protein is important in 

preserving muscle mass in older adults (Johnson, 2013). The dietary guidelines for older adults 

provide for increased consumption of these nutrients via the recommendations in specific food 

groups. 

2.10.2 Dietary behaviours of older Australians 

Australians in general have a diet consistent with other developed industrial 

countries, high in saturated fat, sugar and salt, low in fibre, fruit and vegetables (ABS, 2015). 

The cumulative effect of a poor diet over many years may lead to the onset of overweight and 

obesity and premature morbidity from cancer, cardiovascular disease and diabetes (Brown, 

Isaacs, Krinke, Lechtenberg, & Murtaugh, 2013). A longitudinal cohort study that assessed 

food and nutritional intake of 2897 older Australians (aged 45–95) over 10 years provided data 

that highlights this group as a priority population for public health dietary campaigns 

(Arabshahi, 2011). Only 9.6% of Australians aged 65–74 and 8.0% of those aged 75 and over 

are meeting the recommended intake of fruit and vegetables (ABS, 2014b). It is important that 

a high-quality diet (nutrient-dense foods) is consumed to maintain good health as people age 

(Ford et al., 2013). 

Aging is associated with inadequate nutrient intake because overall food intake is 

reduced (Zhu et al., 2010). Older adults may be more at risk of inadequate intake of food and 

nutrients because they may eat less, have digestion issues due to illness or medication, or have 

limited access to healthy food (Pettigrew, Pescud, & Donovan, 2012). In addition, the physical 

changes associated with aging (e.g. poor dentition) as well as a lack of knowledge about the 

changing dietary needs, may influence the types of foods consumed (Flood et al., 2010) as 

they become older (Brownie & Coutts, 2013; Brownie et al., 2015; Pettigrew, Pescud, & 

Donovan, 2012). Research has indicated that many older Australians may not necessarily be 

aware of appropriate nutritional needs associated with the aging process (Pettigrew et al., 

2012) (Brownie & Coutts, 2013; Brownie et al., 2015). 

Greater adherence to a diet high in fruit and vegetable and low in sugar, fats and salt 

has been associated with lower BMI in older adults (Miller et al., 2012). A recent study 
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conducted by Headrick, Rowe and Kendrell (2013) evaluated knowledge of dietary 

requirements, including daily calorie intake levels, across all BMI categories. The results 

showed there was consistent differences between self-reported energy intake and calculated 

energy requirements in those who were overweight or obese (Headrick et al., 2013). The 

authors concluded that there was a lack of nutritional knowledge in individuals across all BMI 

groups, specifically in estimation of individual energy needs and daily requirements of fat, 

protein, and carbohydrate (Headrick et al., 2013). This is significant, because not knowing 

daily energy requirements may influence the selection of foods chosen and poor choice will 

result in weight gain. 

Dietary fat intake in Australia is still over the recommended allowance and consists 

mainly of saturated fat (ABS, 2014b; Flood, Webb, Rochtchina, Kelly, & Mitchell, 2007; 

Flood et al., 2010). High consumption of meat (and therefore saturated fat) results in increased 

risk of cardiovascular disease and associated co-morbidities (Polychronopoulos et al., 2010). 

Discretionary foods are foods high in kilojoules but low in nutrients, thus having a high 

percentage of dietary fat and sugar (ABS, 2014b). Data shows that for Australians aged 51 to 

70, discretionary foods provide 33.2% of total diet and, for those over 71 years, 38.5% of total 

diet. To avoid gaining weight these discretionary foods should be consumed in small amounts 

and thought of as ‘extras’ in the context of nutritional requirements (ABS, 2014b). 

Portion control refers to the amount of food eaten on a single occasion as well as 

serving size. Poor portion control can contribute to an overconsumption of kilojoules in 

relation to energy expenditure and may not necessarily provide extra essential nutrients in the 

diet (Drewnowski, 2007; Spence et al., 2013). Whilst many older adults are overweight and 

over-nourished, a large proportion is overweight and undernourished because of food 

insecurity, food access problems and poor eating habits, putting them at nutritional risk 

(Drewnowski, 2007; Kirshbaum, 2010; Ramic et al., 2011). 

It is estimated that up to 30% of community-dwelling older adults and up to 70% of 

those living in aged care facilities are malnourished (Dietitians Association of Australia, 

2013). Diets high in discretionary foods along with too few kilojoules can lead to malnutrition 

(Dietitians Association of Australia, 2013). The costs of malnutrition in older people include 

higher risk of chronic disease and co-morbidity (Gandy, 2009). Malnutrition impacts the 

healthy aging process by exacerbating musculo-skeletal disorders such as osteoporosis and 

osteoarthritis (Dietitians Association of Australia, 2013). 

For many older adults residing independently in the community or in community 

living arrangements such as retirement villages, home-delivered meals are an option. These 

meals can combat nutritional deficiencies in single-dwelling older people who may not have 
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the desire to prepare meals of high nutritional quality or substance (Frongillo & Wolfe, 2010). 

Meeting the nutritional needs of older people is a very important element in supporting them 

to continue living in the community (Wells, 2013). There appears to be a scarcity of research 

that examines whether any differences exist between the dietary behaviours and nutritional 

profiles of retirement village residents and their community dwelling counterparts. 

2.10.3 Measurement of diet 

Dietary measurement in individuals is challenging for many reasons, with recall bias 

and measurement error being major factors (Kirkpatrick et al., 2014). Food frequency 

questionnaires, 24-hour recall, food diaries and food behaviour questionnaires are self-report 

measures most often used (Kirkpatrick et al., 2014). Each has its own strengths and limitations. 

Some are less suitable to small-scale projects because they are resource-intensive, require a 

trained interviewer, are less-cost effective and can be time-intensive (Shim, Oh & Kim, 2014). 

For large population-based studies, food frequency questionnaires and food behaviour 

questionnaires are more feasible and viable. 

The Fat and Fibre Barometer (FFB) is a self-administered, cost-effective and time-

efficient food behaviour questionnaire used in many larger community-based studies (Wright 

& Scott, 2000). Its strengths lie in its ability to capture data on dietary patterns of individuals 

who may have higher fat intake or low fibre intake or both. As discussed earlier, this is an 

emerging dietary pattern often seen in older adults (ABS, 2014b). The FFB is also a valid and 

reliable instrument for dietary education and counselling programs (Wright & Scott, 2000). 

2.10.4 Health issues associated with poor nutrition 

Diet and chronic disease 

Poor dietary intake of fruit and vegetables is strongly associated with cardiovascular 

disease (CVD), diabetes and chronic kidney disease because it contributes to overweight and 

obesity, known major risk factors for these diseases (National Health and Medical Research 

Council, 2013b). About 93% of Australians aged over 55 with CVD did not consume 

recommended amounts of fruit and vegetables, and 94% of adults with diabetes did not 

consume recommended amounts of fruit and vegetables. Almost half of those with CVD (42%) 

were overweight or obese (Australian Institute of Health and Welfare, 2015). Diets high in 

saturated fat and sugar are related to higher incidence of chronic disease. Importantly, diets 

that are high in fruit and vegetable consumption as well as high in sugar and fat intake have 

little impact in reducing overall risk of chronic disease (Cohen, 2010). Interventions that 
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encourage the replacement of sugar and high fat snack food with fruit have been successful in 

reducing risk of chronic disease (Johnson, 2013). 

Observational studies on fruit and vegetable consumption have shown a decreased 

risk of cardiovascular disease (Reddy, 2013), bowel, pancreatic and stomach cancer (Boeing 

et al., 2012; Lloyd-Jones et al., 2010) and a lowered risk of type 2 diabetes (Denny, 2008; Kim 

& Jo, 2011). Chronic kidney disease in older adults has been shown to be reduced with diets 

high in fruit and vegetables (Gopinath, Rochtchina, Flood, & Mitchell, 2013). Large-scale 

cohort studies such as the European Prospective Investigation into Cancer and Nutrition Heart 

study (EPIC) that used a European-wide sample (n = 313,074), showed that fruit and vegetable 

consumption was inversely associated with cardiovascular disease along with lowered risk for 

cancer (Crowe et al., 2011). The authors did state that it was difficult to prove this association 

was causal, however participants who consumed at least eight serves of fruit and vegetables 

per day had a 22% lowered risk of ischaemic heart disease (Crowe et al., 2011). 

Whilst these results are positive, it is important to consider confounding factors, 

because higher fruit and vegetable consumption may be part of a healthy diet (along with 

reduced saturated fat, sugar and salt), or other healthy behaviours such as higher levels of 

physical activity may have had significant influence over these results. The Morgen study in 

the Netherlands was another cohort study to show that fruit and vegetable consumption and 

10-year coronary heart disease incidence was inversely related (Oude Griep, Geleijnse, 

Kromhout, Ocke, & Verschuren, 2010). The risk of coronary heart disease in this sample of 

20,069 people was 34% lower for those participants with a high intake of fruit and vegetables 

compared to those with a low intake of fruit and vegetables. The data was self-report and this 

may have had some influence on the results at 10.5-year follow up, as the authors noted that 

the participants might have intentionally adjusted their diet to being healthier over the 

observation period. Confounding factors such as physical activity and other dietary factors 

such as saturated fat, fibre, and sugar and salt consumption did not appear to significantly 

affect the observed associations (Oude Griep et al., 2010). 

Interestingly, the systematic review of Boeing et al. (2012) found a very weak 

relationship between fruit and vegetable consumption and type 2 diabetes risk. However, the 

authors concluded that fruit and vegetable intake may indirectly influence the prevention of 

type 2 diabetes because low consumption is associated with overweight and obesity, both risk 

factors for type 2 diabetes (Boeing et al., 2012). 
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Diet and sarcopenia 

Sufficient energy intake from protein in combination with adequate amounts of 

weight-bearing physical activity are important in delaying the onset of sarcopenia (Litchford, 

2015). Currently, daily protein intake is below the recommended dietary allowance of 0.8 

grams per kilogram per day in 40% of adults aged over 70 (Litchford, 2015; Wright, Cotter, 

Hickson, & Frost, 2005). Low levels of vitamin D contribute to bone loss and therefore impact 

upon musculo-skeletal strength (Litchford, 2015). Nutrition prevention strategies based on the 

current Australian dietary guidelines that allow for increased consumption of these nutrients, 

when combined with physical activity interventions, are most useful in delaying the functional 

impairment experienced from sarcopenia (Iolascon et al., 2014). 

2.11 Theoretical basis for RVPANS study 

The RVPANS study used two theories: Self Determination Theory (SDT) and Social 

Cognitive Theory (SCT) and was informed by Motivational Interviewing (MI). These theories 

explain behaviour and informed the development of strategies. Table 3.4 contained in Chapter 

3 (Methodology) explains the use of these theories to inform the interventions strategy 

development. 

2.11.1 Self-Determination Theory  

Self-Determination Theory (SDT) is a theory of motivation. Motivation is the reason 

for people's actions, desires, and needs. It can be defined as moving in a direction toward a 

specific behaviour or what causes a person to repeat a specific behaviour, act in a certain way 

or persist in certain tasks (Griffin, 2013). Central to motivation is attainment of a goal or 

desirable outcome that is based on satisfying a psychological need or feelings of fulfillment. 

For example, a person may be motivated to be physically active on a regular basis because it 

may satisfy a psychological need of wellbeing and health (Wilson, Mack, & Grattan, 2008). 

SDT assumes that individuals have an innate tendency towards personal growth and 

improvement and that they are proactive in meeting fundamental psychological needs of 

competence, autonomy and relatedness that are essential and universal to health and wellbeing 

(Grodesky, Kosma, & Solomon, 2006). A positive sense of self–worth occurs if all of these 

needs are met; if not, a negative sense of self-worth occurs.  

Autonomous (intrinsic) and controlled (extrinsic) motivation are hypothesised to 

both strengthen and direct behavior (Teixeira et al., 2015). Different outcomes occur with 

autonomous motivation (intrinsically satisfying behaviour) that leads to greater commitment 
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and long-term maintenance of behavior (Friederichs et al., 2014). Central to intrinsic 

motivation is the principle of autonomous regulation that occurs through enjoyment and 

competence (Ryan & Deci, 2000). Participation in an activity by an individual occurs because 

it is inherently satisfying (i.e. fun, interesting, challenging) and highly intrinsic and motivating. 

On the other hand, an individual might participate in an activity because of external outcomes 

(extrinsic motivation), perhaps not enjoying the activity itself, but performing it anyway for 

external rewards (e.g. exercising for body attractiveness).  

SDT views motivation as a continuum on which people will move from extrinsic to 

intrinsic motivation depending on the importance of the goal and task performed. At times, 

internal satisfaction will determine behaviour because of the pleasure and personal satisfaction 

it brings. At other times, external satisfaction will be the motivator because of social or 

material rewards even though one may not enjoy the activity itself. When applied to physical 

activity behaviour, it allows for the multi-dimensional nature of physical activity adoption, 

permitting or tolerating periods of relapse that occur during attempts to change behaviour 

(Ryan & Deci, 2000). 

A review of physical activity and nutrition studies based on SDT 

Research supports physical activity and overweight and obesity prevention programs 

that have been informed by SDT (Teixeira, Palmeira, & Vansteenkiste, 2012). Project 

CHANGE was an eight-week randomised-controlled trial with follow-up at four weeks 

investigating the feasibility and acceptability of a SDT-based physical activity intervention 

(Hsu, Buckworth, Focht, & O'Connell, 2013). Sedentary overweight women aged 23–60 (n = 

25) were randomised into either an exercise-only program (EX) or the SDT-based intervention 

(S/H). The EX group received traditional, supervised exercise training. The S/H group 

received exercise training and a weekly behavioural intervention based on principles aligned 

with SDT: personal autonomy, goal setting, planning, self-efficacy and an additional self-

esteem component: “Healthy at every Size’. The ‘Healthy at every Size” component focused 

on internal regulation and eliminated the need for extrinsic motivation via external rewards 

(e.g. instructor-prescribed and directed exercise towards a personal goal). Process evaluation 

was conducted at three time-points: baseline, post-intervention and at four-week follow-up. It 

determined the participants’ satisfaction with the program, attendance, retention and adherence 

to the physical activity program. Program satisfaction (S/H = 83.3% vs, EX = 84.6%) and 

retention (S/H = 83.3% vs. EX = 84.6%) was high for both groups; however, at follow-up, 

adherence to physical activity was better for the S/H group (S/H = 60% vs. EX group = 36.4%). 

Larger effect sizes were observed for the S/H group in self-determination, autonomy, goal 

setting, planning and self-efficacy. Although the study was limited by small sample size and 
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short-timeframe (a 12-week program) the S/H elicited improvements in SDT motivation 

constructs and better physical activity adherence than the traditional supervised program (EX) 

(Hsu et al., 2013). Whilst positive results were obtained, the small sample size and program 

duration of eight weeks highlights the need to replicate similar programs over longer periods 

of time with larger sample sizes, thus validating the use of SDT in physical activity behaviour 

change interventions. 

A larger sample size and timeframe was used in the PESO (Promotion of Health and 

Exercise in Obesity) trial, a one-year behaviour change intervention for overweight to mildly 

obese women (n = 239) aged 30 to 45 (Teixeira et al., 2006). The intervention group (ES) 

attended 30 weekly or bi-weekly group sessions based on SDT principles focusing on 

competence and autonomous motivation towards physical activity, nutrition and weight 

control. Intervention staff trained in SDT delivered the group sessions. The aim of the 

intervention was to promote participants’ sense of ownership (competence) and internal locus 

of causality (autonomy) over their own behaviour by encouraging choice, self-initiation and 

options to elicit behaviour change (e.g. participation in different types of physical activity was 

encouraged in group sessions) (Fortier et al., 2012). The control group (C) received general 

health education for approximately the same amount of time, based on topics such as stress 

management and self-care. The intervention participants (ES) were encouraged to define their 

own personal goals and given support and information to overcome personal barriers, 

problem-solve and identify their own motivation for participating. The key SDT variables 

(perceived need support and relatedness support, autonomous self-regulation, locus of 

causality, enjoyment of physical activity and perceived competence) were measured at five 

time-periods: baseline, 4 months, post-intervention (1 year) and follow-up (year 2 and year 3) 

(Fortier et al., 2012). 

Retention in the program was high at 93% for intervention participants and 79% for 

controls. The PESO trial showed some positive results in changing moderate and vigorous 

physical activity in the intervention participants compared to controls at the end of the 

intervention. These differences remained high at follow-up two years later. There were 

statistically significant differences (p < 0.001) between groups on perceived need support, 

autonomous self-regulation, perceived competence, locus of causality and enjoyment of 

physical activity. The intervention was particularly effective in increasing intrinsic motivation 

via constructs of SDT in the ES group (Fortier et al., 2012). 
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SDT and older adults’ physical activity and nutrition programs 

Both Project Change (Hsu et al., 2013) and the PESO study (Fortier, Duda, Guerin, 

& Teixeira, 2012) provide evidence for SDT as a motivational theory to inform the design and 

delivery other physical activity and nutrition interventions. The use of controls in both studies 

and the large sample size and follow-up in PESO strengthens the use of SDT in physical 

activity and nutrition interventions. The scope of research available has been conducted on 

young to middle-aged adults, questioning whether it is applicable to older adults, but it is 

currently the only evidence we have available. SDT has been used in RVPANS to inform the 

development of behavioural strategies that support healthy eating and being physically active 

(Refer to Chapter 3). There is a need to develop programs that encourage autonomous 

motivation and self-regulation in participants through goal setting. Further investigation and 

testing of these SDT constructs used in physical activity and nutrition interventions for older 

adults is required. 

2.11.2 Motivational Interviewing 

Motivational Interviewing (MI) is described as a collaborative conversation style for 

strengthening a person’s own motivation and commitment to change. It is based on the concept 

of ‘change talk’ where individuals will be more committed to a behaviour by acting upon what 

they say themselves rather than what they hear from others (Miller & Rollnick, 2013; van 

Keulen et al., 2011). It has been postulated that MI fulfills basic psychological needs of 

competence, autonomy and relatedness (Friederichs et al., 2014). 

MI as a component of a physical activity and nutrition study 

Vitalum was a study conducted by van Kuelen et al. (2011) that compared standard 

tailored print communication and telephone motivational interviewing on physical activity and 

fruit and vegetable consumption in adults aged 45–70 (n = 1629). The participants were 

recruited from Dutch general practices databases and were eligible if they failed to meet at 

least two of the following: (1) Dutch national physical activity guidelines (moderate intensity 

physical activity five days per week for at least 30 minutes per day); (2) consumption of at 

least two servings of fruit per day; (3) consumption of 200 grams of vegetables per day (van 

Keulen et al., 2011). Approximately 50% had been classified as hypertensive by their general 

practitioner. The participants were randomised into four groups: (1) TPC: computer generated 

tailored print communication; (2) TMI: telephone delivered motivational interviewing; (3) 

Combined TPC and TMI and (4) Wait-list control. 
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(a) Tailored print messages.  

I-change is a model for explaining behavioural change that views a person’s 

motivation as determined by three factors: attitudes, social influences, and self-efficacy 

expectations (van Stralen, de Vries, Bolman, Mudde, & Lechner, 2010; van Stralen, de Vries, 

Mudde, Bolman, & Lechner, 2009; van Stralen, de Vries, Mudde, Bolman, & Lechner, 2011). 

The I-change model was integrated with SDT and MI and was used to inform the content of 

the TPC in Vitalum (van Keulen et al., 2011). The tailored print messages were delivered to 

participants as computer-generated personal letters. The content of the letters was designed 

around current behaviour, awareness, age, gender, stage of change, attitude, self-efficacy and 

action plans (van Keulen et al., 2011). Each consecutive letter included personalised tailored 

feedback matched specifically to the participant's stage of change. 

(b) Telephone motivational interviewing. 

Each telephone counselling session was delivered by trained MI counsellors and 

included: a personal introduction, assessment of current behaviours and progress, discussion 

of the Dutch national physical activity and fruit and vegetable guidelines. These sessions 

encouraged participants to assess readiness to change, set goals and personal action plans and 

to develop higher levels of self-efficacy and competence (van Keulen et al., 2011). 

The results showed that participants receiving TPC or TMI or a combination of both 

showed greater behaviour change than the control group in fruit intake (TMI only); the 

combined group (physical activity only) and all three outcomes of physical activity, fruit 

intake, vegetable intake (TPC) at follow-up. The difference between the combined group and 

control group was minimal on outcome of fruit intake and vegetable intake (van Keulen et al., 

2011). The participants who received the combination intervention did not show greater 

behavioural change as was expected by the initial hypothesis. Participants who received a 

pedometer did not have higher physical activity levels. The results show that TPC, TMI and 

combination are equally effective in improving self-reported physical activity, fruit and 

vegetable intake in 45–70-year-old adults (van Keulen et al., 2011). 

Limitations of the study included the use of self-report questionnaires for food intake 

and physical activity measurement. The inclusion of an activity monitor would have made the 

self-report measures for physical activity more robust (van Keulen et al., 2011). Recall bias is 

a known limitation to self-reporting of food intake. However, self-report measures were 

deemed most feasible in a study of this size and expense (van Keulen et al., 2011). Another 

limitation considered the complexities involved in comparing a computer-generated tailored 

message that can be standardised and controlled to a person-delivered telephone MI session 

with less program fidelity. Even with robust training, the delivery of the session is dependent 
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upon the match between the counsellor and participants (e.g. personality match, conversation 

tone). To control for this, a protocol was developed for TMI counsellors to adhere to. The TMI 

could have been facilitated in face-to-face sessions; however, to reduce bias, a more distant 

medium was used (by telephone) to make it more congruent with the non-person delivered 

TPC (van Keulen et al., 2011). 

The stringent eligibility criteria of meeting two of three Dutch dietary guidelines for 

fruit and vegetable intake restricted the potential for other adults to participate and, because a 

large proportion were hypertensive, it makes it difficult to implement the program into other 

overweight or obese older adults’ groups. 

Effective use of MI in older adults’ physical activity and nutrition programs 

Interventions that aim to improve physical activity and nutritional behaviours of 

older adults need to include both tailored print materials along with telephone contact for 

feedback and advice to encourage and motivate participants over the course of the intervention 

(Ball, Salmon, Leslie, Owen, & King, 2005). However, feedback and advice provided to 

participants needs to be standardised, and this can be achieved by developing protocols for 

counsellors to use. A gap exists in current knowledge around using MI effectively in targeting 

older adults’ physical activity behaviour. 

2.11.3 Self-Determination Theory and Motivational Interviewing 

Research supports the integration of SDT and MI that focuses on the participant 

rather than the program itself (Friederichs et al., 2014). Where SDT guides behaviour change 

strategy, MI assists in the development of behavioural strategies to increase self-efficacy skills 

regarding physical activity and healthy eating patterns (Patrick & Williams, 2012). An 

individual’s belief in his or her ability to successfully perform a desired behaviour is the main 

principle of self-efficacy. It assumes that a negative health outcome (e.g. obesity) can be 

avoided if a positive health behaviour is successfully performed (e.g. physical activity) 

(Artinian et al., 2010).  Research on MI supports participant adherence and program 

sustainability (Teixeira et al., 2015; Teixeira, Palmeira, et al., 2012; Teixeira, Silva, Mata, 

Palmeira, & Markland, 2012). 

SDT and MI as a component of a physical activity and nutrition study 

A study by Resnicow and colleagues, (2008) investigated whether tailored print-based 

health communications developed from constructs of SDT and MI had any impact on increasing 

fruit and vegetable consumption in African American adults (n = 423). Participants in both the 

experimental and control group received a newsletter once a month over three months that was 
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designed to encourage an increase in fruit and vegetable consumption (Resnicow et al., 2008). 

The newsletters contained additional information based on principles of SDT and MI for the 

experimental group (Resnicow et al., 2008). The aim of the additional content was to elicit 

behaviour change in participants through their own personal volition rather than using a didactic 

approach. An example of encouraging personal volition from the research is: 

“You’ve told us that eating fruits and vegetables as part of a healthy diet is 

important for being as healthy as possible. In the following section, we’re going to 

help you find additional resources to motivate and inspire you to eat better and lead 

a healthier life” (p.162) 

rather than using a didactic approach in the following example: 

“In general, when it comes to my health I would rather an expert just tell me what 

I should do” (p.169). 

Participants were guided towards coming up with their own solutions to barriers and 

prompted to find their own personal motivations towards behavioural goals (Resnicow et al., 

2008). 

The results showed that overall there was no difference in fruit and vegetable intake 

between control and intervention groups except for those participants who were older (54–69 

years) or had preference for autonomous support (Resnicow et al., 2008). The results 

confirmed the importance of individual differences, specifically the need to design future 

interventions by considering how much and what type of tailoring is needed to enhance 

message impact to bring about behaviour change in an autonomous way (Resnicow et al., 

2008). Although the study involved a relatively large sample, the short time frame of three 

months needs to be considered in terms of the results generated. There is a need for studies to 

be replicated over the long term (more than three months) to better understand the dose-

response relationship in the type and amount of tailoring required to achieving the most benefit 

for participants over the longer term. 

Effective use of SDT and MI in older adults’ physical activity and nutrition studies 

Research is limited in evaluating the impact of using combined SDT and MI to 

promote physical activity and healthy eating. Of the few studies conducted many focus on 

adoption of new behaviours and are limited in identifying the determinants of maintaining 

behaviour over the longer term. Moreover, many have not specifically focused on older adults. 

Future research using SDT and MI in combination should investigate how the constructs and 

principles of both can be used to promote long-term changes in physical activity and nutrition 

behaviours in the general population and specifically in older adults. 
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2.11.4 Social Cognitive Theory 

Social Cognitive Theory (SCT) views human behaviour as a complex interplay 

between personal, behavioural and environmental influences (Glanz, Rimer, & Viswanath, 2008, 

p.170-174). This theory seeks to understand the social and physical environments that influence 

individual health behaviours and the reasons people change their behaviours Glanz et al., 2008, 

p.170-174). 

One of the main principles of SCT is reciprocal determinism, which explains how an 

individual’s behaviour both influences and is influenced by personal factors and the physical and 

social environment. The social environment includes family, friends, co-workers and peers; the 

physical environment may include facilities and equipment available (Glanz et al., 2008,  p.170-

174). 

Four key constructs of SCT are: (1) psychological determinants of behaviour; (2) 

observational learning; (3) self-regulation and (4) environmental determinants (Glanz et al., 

2008, p.170-174). These are explained in the following section. 

Psychological determinants of behaviour relate to perceived self-efficacy or the 

personal belief that an individual is competent at a particular task (Glanz et al., 2008, p.170-

174). It is closely linked to motivation and achievement. High levels of perceived competency 

and self-efficacy result in higher levels of self-motivation. 

Observational learning is described as modelling a desired behaviour through 

observation. Learning through observation and the positive or negative consequences that 

occur from the behaviour determines the continuation of the behaviour (Glanz et al., 2008, 

p.170-174). 

Goal setting is a determinant of self-regulation where an individual will monitor and 

regulate their own thoughts and actions to reach a particular outcome. An individual’s ability 

to monitor their actions and evaluate whether their actions are effective occurs through 

feedback, self-instruction and self-reward (Glanz et al., 2008 , p.170-174). 

Environmental determinants refer to the cognitive representations of both the 

physical and social environment that may affect a person’s behaviour. The situation an 

individual is in within their physical and social environment includes the perception of place, 

time, physical features and activity (Glanz et al., 2008, p.170-174). 

https://en.wikipedia.org/wiki/Personality_psychology
https://en.wikipedia.org/wiki/Social_environment
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Physical activity and nutrition studies using SCT 

Anderson-Bill et al. (2011) found that with increasing age there appears to be a 

decrease in self-efficacy for physical activity whilst social support and self-regulation 

increases (Anderson-Bill, Winett, Wojcik, & Williams, 2011). The Guide to Health (GTH) 

intervention was designed to investigate whether improvements in psychosocial factors 

counteract declining levels of physical activity in adults aged over 60 (n = 204) (Anderson-

Bill et al., 2011). The intervention was a three-month internet-based program that included 

weekly modules based on SCT. These included: guided support to increase self-efficacy (e.g. 

increasing the number of steps per day by 500); improving outcome expectations through 

feasible and acceptable strategies (e.g. using the stairs instead of the elevator); encouraging 

self-regulation by anticipating and overcoming perceived barriers (e.g. planning an alternative 

to exercising outdoors in poor weather) and through enhanced social support (e.g. getting a 

family member to remind you to walk). 

The outcomes of the GTH intervention supported the researchers’ premise that social 

support contributed positively to older adults’ physical activity levels mainly via family 

members, whereas outcome expectations had very little effect and self-regulation was a 

moderate predictor of physical activity in older adults (Anderson-Bill, Winett, Wojcik, & 

Williams, 2011). Age was inversely affected by self-efficacy where older participants had less 

confidence in their ability to overcome barriers to regular physical activity. These results 

indicate that insufficiently active older adults can benefit from a SCT-based intervention that 

targets social support, self-efficacy and self-regulation to improve physical activity levels and 

reduce overweight and obesity in older adults (Anderson-Bill et al., 2011). 

Goal setting is a technique that has been successfully employed in many behaviour 

change interventions. It allows for individuals to direct their own behaviour in terms of a 

desired outcome. Goal setting can be used to enhance task direction and clarity, reduce 

boredom and increase motivation. Greaves et al. (2011) found in their large-scale systematic 

review that "self-regulatory" behaviour change techniques (e.g. goal-setting, self-monitoring) 

produced positive changes in terms of dietary outcomes, physical activity and weight loss. 

2.12 Physical Activity Interventions for Older Adults 

The literature surrounding evidence-based physical activity interventions has 

identified key variables that influence participation of older adults in physical activity. These 

include the tailoring of programs specifically to older adults, considering the influence of the 

built and social environment and the physical health and cognitive functioning of the 
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participants (Hughes, Seymour, Campbell, Whitelaw, & Bazzarre, 2009). The evaluation of 

these interventions are discussed in the following section. 

2.12.1 Benefits of walking interventions for older adults 

Walking is often the ‘physical activity of choice’ for older adults because it is 

accessible and can be done individually or in a group, requires no special equipment and is 

inexpensive. Walking for aerobic conditioning is popular because it can be performed at an 

intensity that can be moderated. It can also be undertaken regardless of age, health status, 

fitness levels or ability (Fritschi, Brown, & van Uffelen, 2014; Lee & Buchner, 2008). Many 

intervention studies have focused on community-based walking programs, especially with 

older adults (Fritschi et al., 2014; Hanson & Jones, 2014; Jancey et al., 2008; Jancey et al., 

2011; Remigio-Baker, LaCroix, Carlson, Kerr, & Allison, 2015). 

2.12.2 Review of walking interventions for older adults 

A review and meta-analysis conducted by Hanson and Jones (2014) indicated that 

walking groups have a wide range of physical and mental health benefits. Data from 42 studies 

provided evidence on walking interventions that varied in duration from 3–12 months 

performed at low to high intensity (Hanson & Jones, 2014). From the 42 studies, participant 

adherence was calculated at a mean of 75%, indicating low levels of attrition (Hanson & Jones, 

2014). In this meta-analysis, there were only three individual cases across all 42 studies of 

injury occurring, which supports walking as safe and relatively free from adverse effects in 

older adults. Statistically significant improvements were found in blood pressure, body 

composition (BMI and body fat), cardio-respiratory fitness (improved VO2max), depression 

and physical functioning (SF-36 score). 

The majority of studies reviewed had very small sample sizes, and the participants 

involved varied greatly in characteristics (e.g. ethnicity, socio-economic status, urban or rural 

dwelling). Around 75% of the interventions reviewed did not meet the moderate-intensity 

physical activity guidelines of 150 minutes per week for health benefits, and the effect sizes 

of the physiological, psychological and wellbeing outcomes were relatively small. None of the 

42 studies provided information on dose-response in regard to fitness conditioning in older 

adults (Hanson & Jones, 2014). 

Despite this, walking programs appear to be an ideal intervention for older adults as 

they are low-risk, have high levels of adherence and low levels of attrition, have both 

physiological and psychological benefits and are a practical method to improve moderate-

intensity physical activity in older adults (Hongu, Wisneski, & Orr, 2012). 
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The results from the review conducted by Hanson and Jones (2014), extend findings 

published in other studies on walking interventions such as the Perth Active Living Seniors 

PALS intervention, a neighbourhood group-walking program for adults aged 65–74 in Perth, 

Western Australia (Jancey et al., 2008). The PALS intervention was a tailored program that 

focused primarily on walking but also included balance, strength and flexibility exercises. It 

began with low intensity, short duration training, gradually building in intensity and duration 

over six months. The neighbourhood setting contributed to program adherence because it 

promoted a sense of belonging and companionship amongst participants that was reinforced 

by using walk leaders who guided and encouraged the participants to commit to regular 

walking sessions (Jancey et al., 2008; Jancey et al., 2006). 

A total of 260 insufficiently active but healthy 65–74-year-old adults participated 

and 65% completed the program. Each walking group met twice a week for 26 weeks with 

93% of the participants attending at least half of the sessions provided over the six-month 

period. It was successful in increasing levels of walking with reported mean walking time 

increasing by 100 minutes and 80% of the participants reported they would continue walking 

twice a week upon program completion. The results demonstrated the benefits of walking 

groups as an appropriate, sustainable and effective form of physical activity for older adults 

(Jancey et al., 2008). 

Walk-group leaders were a fundamental component that contributed to the success 

of the PALS intervention. The trained walk-leaders guided and motivated participants through 

a prescriptive, progressive walking program, and also provided social support via reassurance, 

feedback, encouragement, expert advice and education. The walk leaders appeared to be 

significant in motivating participants, because 99% of participants reported they perceived 

their walk leader was “encouraging” and 88% reported their walk leader “motivated them to 

continue with the program” (Jancey et al., 2006).  

Another walking intervention study that assessed telephone-based physical activity 

advice delivered by professional staff versus trained volunteer peer mentors found that trained 

volunteer peer-aged mentors can effectively promote physical activity increases through 

telephone-based counseling. This provides additional evidence that trained volunteer peer-

aged mentors are effective in promoting physical activity in older adults (Castro, Pruitt, 

Buman, & King, 2011). Interestingly, although the PALS study walk-leaders were university 

students the age or background of these students did not adversely affect the outcome of the 

walking groups, despite the two studies of Castro et al, (2011) and Jancey et al, (2006) 

promoting trained volunteer peer-aged mentors as an effective motivational strategy (Jancey 

et al., 2008; Jancey et al., 2006). 
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As supported by research conducted by Dorgo et al. (2009) and Anderson et al. 

(2015) reviewed earlier in this chapter, social support is an effective component of physical 

activity adoption and adherence in older adults. It validates a need to develop walking 

interventions for older adults in community settings that include larger sample sizes, and 

preferably using volunteer peer-aged mentors to guide and encourage participants and thereby 

improve program adherence and maximise retention rates.  

2.12.3 Benefits of strength training interventions for older adults 

Strength based training programs aim to improve muscle strength and tone as well 

as improve bone density (Government of Victoria, 2014). Strength training involves some 

form of resistance used against a muscle contraction. The resistance can be free weights, hand 

weights, resistance (rubber) bands or bodyweight or both (Wiley-Blackwell, 2009). For older 

adults, resistance training using resistance (rubber) bands and bodyweight is a favourable form 

of strength training as it relatively safe with low injury risk (Burke, Howat, Jancey, Lee, & 

Kerr, 2008; Van Norman, 2012). 

Strength training is important for older adults with evidence of its effectiveness for 

the prevention and treatment of many musculo-skeletal conditions such as osteoarthritis, 

osteoporosis, fall injuries and sarcopenia (Silva, Oliveira, Fleck, Leon, & Farinatti, 2014; 

Straight et al., 2012). In older adults, strength training can significantly improve body 

composition specifically muscle mass and therefore decrease risk of musculo-skeletal 

conditions associated with aging (Avila, Gutierres, Sheehy, Lofgren, & Delmonico, 2010; Liu 

& Latham, 2009 ). 

Even in a short time-frame of 12 weeks, strength training in adults over 60 years can 

increase muscle hypertrophy, and increase the number of muscle fibres that are essential to 

muscular strength and endurance (Benton et al., 2011). A Cochrane review of 121 randomised 

controlled trials (n = 6700 older adults) showed that in most studies (n = 66) a notable increase 

in muscle strength occurs with strength training two to three times a week. Additionally, there 

were improvements in walking distance, functional capacity (e.g. rising from a sitting position) 

and higher ambulatory mobility (i.e. walking from place to place in course of a ‘usual’ day) 

from resistance training (Liu & Latham, 2009).  

2.12.4 Review of strength-based interventions for older adults 

Resistance training appears to be an effective and safe method for improving strength 

in older adults; however, the exact dose-response relationship is still needs to be investigated. 

Silva et al. (2014) conducted a meta-analysis on the dose-response relationship on the benefits 
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of strength training in older adults. Fifteen studies were reviewed with a total of 528 sedentary 

participants (mean age = 60 years). In the majority of the studies the training frequency and 

duration was three sessions per week over 12 weeks with the longest duration being 52 weeks. 

Training duration is important because, in untrained individuals, the initial gains made are a 

response to neural adaptations rather than the muscle hypertrophy that generally occurs with 

longer training duration (Silva et al., 2014). In terms of dose, the strength of the participants 

increased regardless of intensity (number of sets and repetitions) and volume (weekly 

frequency) and that training duration (number of weeks) was the only variable that that 

explained larger size effects (Silva et al., 2014). The main finding was that training duration 

had the most significant impact on improving musculo-skeletal strength in older adults, and 

that strength gains were made with longer training durations (52 weeks). In other studies, 

higher intensity training (i.e. training at > 80% of one repetition maximum) had a significant 

effect on strength gains, however in this meta-analysis these findings were not substantiated 

(Silva et al., 2014). This may be because a majority of the studies used low-moderate intensity 

resistance training (i.e. 40%–60% of 1RM). It could also explain the significance of the 

duration variable, because only four of the 15 studies were longer than 12 weeks (Silva et al., 

2014). 

The literature reviewed in this chapter of this thesis fail to confirm the type of 

resistance training (e.g. resistance bands versus free weights) that is most suitable and safe for 

older adults and that will significantly improve strength and musculo-skeletal health. A 

combination of training intensity (number of sets and repetitions), volume (number of sessions 

per week) and duration regarding potential gains made in previously untrained older adults 

needs to be further investigated to provide a better understanding of dose-response 

relationships to increasing muscle strength in older adults. For older adults, strength training 

is best combined with other modes of physical activity to maximise its effects (Silva et al., 

2014). 

2.12.5 Benefits of flexibility and balance interventions for older 

adults 

Flexibility training involves stretching exercises that aim to increase range of 

movement around a joint by lengthening the muscle and surrounding connective tissue in safe 

and effective ways (Alter, 2004). Balance training includes exercises such line walking, heel-

toe walking, standing on one foot or weight transfers from one leg to the other. Flexibility and 

balance exercises aim to improve stability, and in older adults, lower body strength exercises, 

along with balance exercises, can reduce the risk of falls-related fractures (Zhuang, Huang, 

Wu, & Zhang, 2014). 
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Flexibility and balance exercises can help manage musculo-skeletal pain and activities 

of daily living. Evidence indicates the importance of flexibility and balance training for adults 

as a preventative measure to reduce risk of musculo-skeletal conditions associated with aging 

(Maughan, 2008). Many flexibility and balance programs have been implemented in the context 

of therapy (e.g. Stay on Your Feet) (Department of Health Western Australia, 2014) rather than 

as part of multi-component physical activity interventions (Martin et al., 2013). 

Recommendations state that balance training in older adults includes multi-

directional stimuli such as standing on one leg, heel-to-toe walking and bodyweight transfer 

from one leg to another. Balance exercises that simulate daily activities such as ‘sit-to-stand’ 

directly target improvements in functional capacity (Cadore et al., 2013). Balance training 

should be carried out two or three times per week and is best incorporated with other 

components of fitness: flexibility, strength and aerobic conditioning (Australian Government 

& Department of Health, 2013; Cadore, Rodríguez-Mañas, Sinclair, & Izquierdo, 2013). 

2.12.6 Review of flexibility and balance interventions for older adults 

Cadore and colleagues ‘(2013) systematic review of balance training showed that of 

10 studies specifically targeting balance, eight demonstrated improved balance after the 

training period. The interventions were of 12–48 weeks duration and balance training was 

carried out, on average, two to three times per week. Reported improvements in balance varied 

considerably with a mean improvement of between 5% and 80% across all 10 intervention 

studies due to the variations in the intervention durations (Cadore, Rodríguez-Mañas, Sinclair, 

& Izquierdo, 2013). 

It is important to note that the majority of the balance interventions evaluated were 

part of multi-component programs (Cadore et al., 2013). Thus, the benefits gained from 

balance interventions have been difficult to gauge independently (Cadore et al., 2013). 

However, this does provide evidence to support the integration of flexibility and 

balance exercises into physical activity programs particularly for older adults. As with other 

types of training, the volume and intensity should be progressively increased over time, 

considering age, individual health conditions and safety, to reduce the risk of injury from over-

exertion (Cadore et al., 2013). 
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2.12.7 Multi-component physical activity interventions for older 

adults 

Multi-component programs that target aerobic capacity (fitness), strength, flexibility 

and balance appear to be more beneficial than programs that target one aspect of physical activity 

(Cadore et al., 2013; Levy et al., 2012; Seco et al., 2013). Multi-component programs were 

significantly more effective than single component programs for older adults because they 

involved multiple kinds of stimuli (e.g. resistance training to improve muscular strength, aerobic 

training to improve cardiovascular function, balance exercises to improve gait and reduce falls, 

flexibility exercises to improve range of motion around a joint) and have greater impact on 

reducing falls risk and improving functional capacity and functional fitness in older adults (Levy 

et al., 2012). Evidence also supports longer-term adherence to multi-component programs 

because of the variety in the activities performed, whereas single component programs may 

become repetitious and boring, resulting in poorer adherence (Hughes et al., 2009). 

While there is a need for interventions to target more than one component of physical 

activity and fitness especially for older adults, there are gaps in the literature on the best way 

to design, implement and evaluate these programs. Further evidence is required to determine 

the most effective combinations of each component that targets the specific needs of an older 

population. 

2.13 Nutrition interventions for older adults 

Nutrition interventions for older adults to reduce overweight and obesity should be 

tailored according to individual needs in order to provide a balanced diet and appropriate level 

of energy intake (Han, Tajar, et al., 2011). They should include a modest kilojoule reduction 

with focus on increasing fruit, vegetables and fibre in the diet and reducing saturated fats, 

sugar and salt (National Health and Medical Research Council, 2013a). Dietary weight loss 

programs for older adults should also be accompanied by physical activity to aid in weight 

loss whilst improving muscle mass and strength, thereby counteracting sarcopenic obesity 

(National Health and Medical Research Council, 2013b; Thomson & Ravia, 2011; Waters, 

Ward, & Villareal, 2013). 

2.13.1 Review of nutrition interventions for older adults 

The Mediterranean diet (MD) has often been viewed as the ‘gold standard’ eating 

pattern because it is high in fruit and vegetable intake, includes sources of good dietary fat and 

quality protein (e.g. fish). There is a lot of evidence supporting it as protective against chronic 

disease (Estruch et al., 2013; Sofi, Abbate, Gensini, & Casini, 2010). 
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There appears to have been little evaluation of interventions using the MD as a model 

of healthy eating targeting older adults, particularly within the Australian context (Davis, 

Bryan, Hodgson, Wilson, & Murphy, 2015; Estruch et al., 2013; Sofi, Abbate, Gensini, & 

Casini, 2010). International studies have provided some evidence on the benefits of adhering 

to the MD principles, however it remains uncertain if these studies are applicable in the 

Australian setting with older adults. 

Lara et al. (2015) evaluated a Mediterranean dietary (MD) intervention in adults aged 

50–84 in Great Britain (mean age = 66 years +/-9 years) with a mean BMI of 27.0 kg/m2 (+/- 

5.0). The intervention had two arms with no control group. The 23 participants were 

randomised into two groups each receiving educational group sessions (EGS) of varying 

duration and content (Lara et al., 2015). 

Group 1 received EGS as a single two-hour session with topics on the health benefits 

and dietary principles of MD plus tips or advice on translating these principles into menus, 

recipes and meals. Advice was provided on how to incorporate more fruit and vegetable into 

the participants’ diets. The educational materials included a MD summary, a MD pyramid and 

tips for shopping and cooking. The participants were encouraged to adopt this program but 

received no further contact from the researchers until the end of the three-week intervention 

period for a group assessment. A similar program was provided to the Group 2 participants 

(EGS+ support) who received additional support from telephone counsellor, (10–15 minutes 

with one of the researchers who took on this role) over the three weeks and were provided 

with additional written materials for the first two weeks of the program (Lara et al., 2015). At 

week three, the participants were encouraged to develop their own personal eating plans and 

menus from the information they had gained in the first two weeks of the intervention. 

Participants rated the acceptability and their confidence in adhering to MD principles 

on two scales. The mean score for acceptability was 4.3 +/- 0.59 (scale = 1–5 with 5 = very 

useful) and for confidence a visual analogue rating of 80 pre-intervention, and 75 post-

intervention was given (maintaining a high score) (Lara et al., 2015). Level of dietary advice 

was measured between groups and showed no significant difference in adherence to MD. The 

lack of significant differences between groups directed the researchers to treat the sample as a 

whole group who concluded that a three-week MD based intervention on a sample of 23 older 

adults resulted in greater fish intake, increased fruit intake (but not significantly so) and greater 

vegetable intake in Group 1 (with no on-going support with counsellors) (Lara et al., 2015). 

The small convenience sample makes it a weak study and limits the generalisability 

of the results to other older adult populations. As there was no control group, a lack of 

randomisation and comparison limits the findings to some extent. The self-report food intake 
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measures used may be limited by recall bias, social desirability in responses and under- or 

over-reporting of dietary intake (Lara et al., 2015). There was very little evidence from this 

study on the effects of the MD on weight loss, overweight and obesity, as BMI was not 

measured post-intervention or reported in the findings. The very short duration of three weeks 

reduces the strength of these results, particularly over the longer term for weight control. 

As a pilot study, it does provide some guidance for future nutrition studies that need 

to include more in-depth evaluation on the use of educational materials and telephone support 

in similar interventions. Of importance is the dose-response relationship of behaviour change 

techniques with educational support (i.e. written materials/ telephone counselling). 

2.13.2 Education strategies and behavioural change techniques 

(BCT) as a component of nutrition interventions for older 

adults 

Education strategies are used to increase awareness and improve knowledge of 

healthy eating thereby supporting informed choices and decisions about dietary intake. 

Nutrition education should be more than dissemination of knowledge; it should effectively 

communicate clear messages with a specific behaviour change goal for target groups. Food-

based dietary guidelines have been used worldwide to inform populations of healthy nutrition 

(Brown, 2011; National Health and Medical Research Council, 2013a). 

Dietary behaviour modification involves providing people with principles, 

techniques and skills to adjust their eating habits, such as replacing high fat and sugary snack 

foods with fruit (Hector D et al., 2012). Integral to this is teaching people goal setting, problem 

solving and behavioural substitution (Hector D et al., 2012). For example, less reliance on high 

fat, high salt pre-packaged meals by developing cooking and nutrition skills through nutrition 

courses (Hector, Espinel, & King, 2012; Jyvakorpi et al., 2014). A combination of cognitive 

(i.e. problem solving, behaviour modification through substitution) and behavioural 

modification often works best. 

A range of nutrition interventions has focussed on improving fruit and vegetable 

consumption. ‘Eat Smart, Live Strong’ (ESLS) was a cognitive-behavioural education 

program for low-income older adults aged 60–80 in Michigan (USA) (n = 614) (Hersey et al., 

2015). This was a quasi-experimental design with an intervention (n = 263) (ESLS) and 

control/comparison group (n = 340). Strategies and activities used in the ESLS program were 

delivered to participants by nutrition educators and printed materials. Small groups of up to 10 

people participated. The program included the following four components: 
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  ‘Session 1: Reach Your Goals – step by step’: Participants set goals and tracked 

achievements and reviewed fruit and vegetables intake. 

 ‘Session 2: Challenges and Solutions’: Building participants’ ability to overcome 

challenges by providing suggestions on how to adapt their eating habits. 

 “Session 3: Colourful and Classic Favourites’: Build skills in updating classic recipes by 

adding fruit and vegetables. 

 ‘Session 4: Eat Smart, Spend Less’: Increases awareness of resources available within the 

local community to help them obtain fruit and vegetables on a limited budget. 

Self-reported data was collected pre- and post-intervention and results indicated that 

the ESLS participants increased their average daily consumption of fruit by 0.2 cups (p < 0.05) 

and vegetables by 0.31 cups (p < 0.01) (Hersey et al., 2015). The addition of fruit and 

vegetables to other meals was a component of the program and had a significant effect on 

increasing fruit and vegetable intake in the ESLS group. The ESLS group reported the cost of 

fruit and vegetables (and therefore access) as a barrier and challenge to regular fruit and 

vegetable consumption in low-income older adults (Hersey et al., 2015). The results of the 

intervention indicate that a nutrition education program with four sessions can positively affect 

the consumption of fruit and vegetables in low-income older adults (Hersey et al., 2015).  

The lack of evidence regarding the long-term effects of the program was a limitation 

as was the use of self-reported measures for fruit and vegetable intake. However, self-report 

measures that use food diaries, food checklists and dietary surveys (e.g. Fat and Fibre 

Barometer) are the most practical and feasible for evaluating dietary intake. A quasi-

experimental design was used because it was more feasible to assign the senior centres to the 

study condition. However, the researchers did control for this as neither the two senior centres 

nor participants could self-select into either intervention arm (Hersey et al., 2015). The two 

seniors’ centres were located in low-income areas, which raises the question whether this 

program can be replicated in higher socio-economic areas as effectively.  

The inclusion of only two seniors’ centres was also a study limitation. Had the 

research team recruited more seniors’ centres, a more rigorous cluster-randomised controlled 

trial may have been possible. Selection effects, differential history, and differential maturation 

could have played a role in the observed results, which may have affected the study’s external 

validity (Hersey et al., 2015).  

A systematic review conducted by Rees and colleagues (2013) assessed the effects 

of providing dietary advice to achieve sustained dietary changes. The review included 

evaluating different modes of dietary advice delivery such as individual contact, group 

sessions and printed materials. Compared to those receiving no advice (i.e. controls), dietary 
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advice increased fruit and vegetable consumption by 1.18 servings per day, total dietary fat 

intake decreased by 4.5% and fibre intake increased by almost 6% (Rees, Dyakova, Ward, 

Thorogood, & Brunner, 2013). The reviewers concluded that dietary advice can bring about 

dietary changes in the short term (12 months), however long-term effects are unknown (Rees 

et al., 2013). A systematic review indicated that tailored nutrition education can positively 

affect fruit, vegetable and dietary fat intake over the longer term (Eyles & Ni Mhurchu, 2009).  

There is a limited number of large-sized studies targeting older adults that assess 

whether dietary advice can improve dietary habits and nutrition. A pilot study that aimed to 

determine the impact of dietary advice on older adults (mean age = 69 years) nutritional intake 

was conducted by Jyvakorpi et al. (2012). The small sample (n = 59) participated in a nutrition 

education and cooking course of three sessions of four hours’ duration. Prior to commencing 

the course, they recorded their daily food intake for three days and completed the validated 

Index of Diet Quality questionnaire (IDQ) (Jyvakorpi et al., 2014). The dietary education was 

tailored to each participant’s individual needs. For example, if a participant had insufficient 

fruit and vegetable intake (determined from IDQ and food diaries), they were encouraged to 

increase their consumption and were provided with cooking demonstrations, meal plans, 

menus and recipes to take home. All participants received printed materials about healthy 

nutrition (Jyvakorpi et al., 2014). 

The results were favourable with the participants improving their diet quality, 

increasing their IDQ score (from 10.6 points to 11.1 points) at post-intervention and also at 

four-month follow-up (p = .013). Despite the effect size changes being small, intake of specific 

nutrients (fibre, folate, vitamin C) improved. Overall, 98.3% rated the nutritional education 

highly, with 62.1% rating it as very good and 36.2% rating it as good. 94% of the participants 

were satisfied with the tailored nutritional advice that was provided (Jyvakorpi et al., 2014). 

The results of this pilot study need to consider the lack of a control group. The limited 

analysis makes it impossible to determine what specific part of the intervention had the most 

significant effect, along with the very small sample size and the short duration of the 

intervention. However, it does provide promising evidence for longer-term, larger sized 

randomised controlled studies based on the intervention components above, including tailoring 

to target the specific needs and characteristics of older adults. 

Behavioural change techniques as a component of nutrition interventions for older adults 

Nutritional education in general is an important component of any dietary 

intervention along with incorporating some type of cognitive-behavioural techniques. 

Nutrition and dietary interventions for older Australians need to be designed with education 
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and behavioural components and consider the impact of the environment in terms of food 

accessibility and cost. These considerations are likely to alter and encourage improved eating 

habits in this population and reduce overweight and obesity. 

Lara et al. (2014) conducted a meta-analysis of the effectiveness of dietary 

interventions among people of retirement age (54–70 years) specifically analysing the research 

supporting behavioural change techniques (BCT). The BCTs that were identified as being 

significant in bringing about dietary changes were ‘barrier identification and solving’; 

‘planning of social support and social change’ and ‘goal setting’ (Lara et al., 2014). Barrier 

identification and solving’ and ‘social support’ and ‘goal setting’ are aligned with Social 

Cognitive Theory (Glanz et al., 2008). An individual may perceive a lack of access to healthy 

food stores and eating establishments in the neighbourhood as a ‘barrier’ to healthy eating. 

‘Solving’ this problem relates to an individual’s confidence in overcoming that ‘barrier’ (e.g. 

planning ahead for a social event). ‘Planning of social support and social change’ is illustrated 

by group activities that allow individuals to work towards a common goal thereby increasing 

confidence in accomplishing the desired behavior change for an individual (e.g. a 

neighbourhood walking group). Participants need to set realistic and achievable goals that 

allow opportunity for self-reflection and evaluation about their success or failure (e.g. eating 

an extra piece of fruit each day) (Glanz et al., 2008).  

Prescribed diets or eating plans 

Yancy and colleagues, (2015) conducted a randomised controlled trial that tested if 

choosing a diet rather than being prescribed a diet improved weight loss in older adults. The 

study included older adults from an outpatient clinic at a veterans’ centre (n = 207) aged 75 

and over. The intervention group participants (n = 105) could choose to follow either a low-

carbohydrate diet (LCD) (n = 61) or a low-fat diet (LFD) (n = 44). These participants could 

switch from their first choice (i.e. if they initially chose LCD then they could switch to LFD 

or vice versa) at 12 weeks with only five doing so. The researchers hypothesised that 12 weeks 

would give the participants ample time to become familiar with the initial diet they chose 

before making the decision to switch (Yancy et al., 2015). The comparison group (n = 102) 

was further split into two groups and prescribed one of two different diets: the LCD (n = 53) 

or the LFD (n = 49). Both groups (intervention and comparison) received group and telephone 

counselling, however there was no evaluation on whether this influenced behaviour change in 

terms of motivation and weight loss (Yancy et al., 2015). 

Participants’ adherence was high with 83% of the intervention group and 86% of the 

comparison group remaining in the program at 48 weeks. The authors addressed the potential 

confounding effect of the counselling upon participant adherence, because some participants 
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may have been more motivated to continue with the program because they prefer to be directed 

toward goals by a ‘trained professional’ rather than continuing on through their own volition 

(Yancy et al., 2015). 

There were no significant differences in either group in weight loss, therefore having 

autonomy in being able to choose and select a dietary program (in comparison to following a 

prescribed diet) did not enhance weight loss in this group of older adults (Yancy et al., 2015). 

There was also no significant difference between groups in dietary adherence, physical activity 

or weight-related quality of life (Yancy et al., 2015). 

A limitation of this study was that only ‘two’ diets (either a LCD or LFD) were 

offered to participants whilst attempting to encourage autonomy in dietary behaviour to 

achieve weight loss. This is important, because long-term maintenance of weight loss is more 

effective when people follow an ‘eating plan’ that allows occasional discretionary food intake 

giving them autonomy via a wide choice of foods rather than following a restrictive prescribed 

diet. Whilst the intervention participants in this study were able to choose between the two 

diets offered, these diets were still restricted to a certain extent in the food groups offered 

(Yancy et al., 2015). This study identifies the need to better understand characteristics of 

dietary interventions for older adults that support weight loss, weight maintenance and chronic 

disease prevention. 

2.13.3 Effective components of nutrition interventions for older adults 

There is limited data on weight loss resulting from nutrition interventions for those 

aged 60 and over. Many small studies have been conducted and many resulted in small to 

moderate improvements in nutrition and dietary intake (Eyles & Ni Mhurchu, 2009; Jyvakorpi 

et al., 2014; Rees et al., 2013). Small sample sizes often limit the generalisability of the findings 

of these interventions to the wider older adult community as does the characteristics of the 

sample. This affects the ability to replicate many of the programs discussed in this literature 

review to other populations or settings, because whilst specific tailored dietary advice may be 

effective in one particular group of people it may not necessarily be so in another group. 

There are four key outcomes that can be taken from both the Lara et al. (2015) and 

Yancy et al. (2015) studies to improve future research in this area: 

 a need to investigate the type of diet (Mediterranean or other) to reduce overweight and 

obesity in older adults 

 a need to investigate the dose-response relationship of diet and physical activity in 

reducing overweight and obesity in older adults  
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 a need to determine the number of education sessions required to prompt older adults into 

becoming more physically active and to eat more healthily  

 a need to test the effectiveness of behaviour modification techniques delivered by 

telephone counselling or printed materials or a combination of both.   

These studies provide evidence that, to properly assess sustained dietary changes, 

studies with longer times frames are desirable. Research needs to consider if short-term 

changes in dietary habits encourage longer-term behaviours. Longer duration interventions of 

six months have shown that behaviour change can occur and be maintained (Eyles & Ni 

Mhurchu, 2009; Rees et al., 2013).  

2.14 Physical activity and nutrition interventions for older adults 

Burke et al. (2013a) developed a multi-component physical activity and nutrition 

program for insufficiently active adults aged 60–70 residing in Perth, Western Australia. The 

‘Physical Activity and Nutrition for Seniors’ program (PANS) was a six-month randomised 

controlled trial that aimed to increase levels of physical activity and improve nutritional intake 

of participants (n = 375). The program was home-based and included program resources 

(education booklet, exercise chart, pedometer and resistance band and a bi-monthly 

newsletter). The physical activity component included walking, strength exercises using 

bodyweight and resistance bands as well as flexibility and balance exercises, while the 

nutrition component included dietary guidelines, recipes and tips for eating more healthfully 

(Burke et al., 2008). Walking group guides were trained to provide motivational support and 

guidance to the intervention participants (Burke et al., 2013a). 

The participants were recruited from a wide range of neighbourhoods across Perth. 

Randomisation of the participants strengthened the study and helped reduce the influence of 

demographic variables (e.g. household income, education level and occupation) and 

neighbourhood location all of which are determinants of socio-economic advantage and 

disadvantage that have been shown to be a barrier to participation in physical activity programs 

(Burke et al., 2012). These potential confounders were also adjusted for in the analysis to 

increase the reliability and validity of the results (Burke et al., 2013a). 

The results indicated improvements in both physical activity and nutrition for the 

intervention participants (n = 176) and were consistent with previous studies in terms of 

improvements in both levels of physical activity and nutrition in older adults (Burke et al., 

2013a). The walking group guides were significant in motivating participants with 64% of the 

sample agreeing that they offered additional support in setting personal goals (Burke et al., 

2012). The intervention group compared to control group showed significantly higher fibre 
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intake (p < 0.0025), reduced fat intake (p < 0.009) and improvements in fruit and vegetable 

intake. 

There was a significant improvement in Waist-to-Hip Ratio in the intervention 

participants compared to the controls, however mean BMI was similar to baseline for both 

groups (Burke et al., 2013a; Burke et al., 2012). The participants were given detailed 

procedures on how to perform the anthropometric measurements. Therefore, the accuracy and 

reliability of this needs to be acknowledged as a potential limitation, confounding these results 

(Burke et al., 2010). 

The duration of the study highlights the need for future research to investigate 

sustainability over the longer term. At baseline, 478 participants were enrolled in the program 

(Intervention group n = 279; wait-list controls n = 199) and by the end of the program 78.5% 

(n = 219) of the intervention group were still participating (Burke et al., 2013a). This relatively 

high adherence rate supports the premise that older adults are receptive to participating in a 

six-month tailored home-based physical activity and nutrition intervention and provides 

support for future studies that may be conducted in the home environment. 

Cottell et al. (2011) used dietary education plus resistance training delivered in a 60-

minute format to community dwelling older adults (n = 109) twice a week for eight weeks to 

improve coronary heart disease risk factors. The study was quasi-experimental and the 

convenience sample of older adults was recruited via advertisement and flyers in the local 

seniors’ centres along with mailouts and local newspaper advertisements. The participants 

were aged 62–75 and had a mean BMI of 33.5 (SD +/- 4.0) at baseline. 

Significant improvements in coronary risk factors occurred by the end of the 

intervention. Mean systolic blood pressure (p < 0.001) and diastolic blood pressure (p < 0.034) 

decreased and there was a small, although insignificant, improvement in mean LdL-C from 

baseline to post-intervention. Bodyweight, BMI (mean = 33.1 SD +/- 4.1) waist and hip 

circumference, and fat mass showed significant improvements (p < 0.05) (Cottell et al., 2011). 

Measurement was performed using the Dietary Screening Tool (DST), a 24–item 

questionnaire designed to assess dietary intake and identify nutritional risk in community-

dwelling older adults (Cottell et al., 2011). Significant improvements were also found in DST 

results (p < 0.001) pre- and post-intervention, particularly in dietary fat intake (Cottell et al., 

2011). 

The main limitations were the lack of a control group and the short duration of eight-

week resistance training. An intervention with a longer duration may have produced better 

results in terms of weight loss and clinically significant blood profiles. The self-selection to 
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participate has impact upon the generalisability of the results to other similar populations, 

because it may be a case of ‘preaching to the converted’. This also may influence participant 

adherence, participant program compliance and attrition. A more in-depth analysis could have 

been conducted on the effect of a supervised program compared to a home-based program 

with low levels of supervision, specifically to determine components of the program that were 

more successful in bringing about positive results. 

2.15 Effective components of physical activity and nutrition 

programs  

The studies discussed in the previous section of this literature review demonstrate 

the potential for further research involving large sized randomised controlled trials over longer 

timeframes, specifically the need for further evidence on what is required to motivate older 

adults to adopt healthy behaviours related to physical activity and nutrition. 

Research supports the use of educational and behavioural change approaches in 

physical activity and nutrition programs to prevent and reduce overweight and obesity in older 

adults. Other determinants include both the social and physical environment as fundamental 

to the adoption of healthy behaviours in this age group. This literature review has identified 

five key factors that positively affect intervention effectiveness: 

 Interventions based on theoretical constructs developed from integrating Self 

Determination Theory and Motivational Interviewing along with Social Cognitive Theory 

to maximise the interaction of interpersonal factors with the social and built environment 

(e.g. Anderson et al., 2015; Fortier et al., 2012; Greaves et al., 2011; Hsu et al., 2013; 

Kazak et al., 2014; Resnicow et al., 2008; Resnicow & McMaster, 2012; van Keulen et 

al., 2011). 

 Goal setting and problem solving by participants to reduce barriers to regular physical 

activity participation (e.g. Eyles & Ni Mhurchu, 2009; Hersey et al., 2015; Lara et al., 

2014).  

 Support from and contact with guides/mentors on a regular basis (e.g. Dorgo et al., 2009; 

Jancey et al., 2009; Jancey et al., 2008; Burke et al., 2013a). 

 Written material to motivate, support and reinforce behaviour in the form of tailored 

advice (e.g. Burke et al., 2013; Hersey et al., 2015). 

 The significance of the physical and social environment in influencing the adoption and 

maintenance of physical activity (e.g. Kerr, Rosenberg, et al., 2012; Buys & Miller, 2007; 

Miller & Buys, 2007; Nathan et al., 2014a, 2014b; Rosenberg et al., 2012).  
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2.16 Settings of physical activity and nutrition interventions for 

older adults 

Many community-centred physical activity interventions for older adults have been 

based in recreation centres and senior citizen centres because they provide an easily accessible 

older population, making research with older adults more feasible (Freene et al., 2011, 2013). 

Evidence supports home-based programs as being just as effective, however only a few have 

been conducted(Freene et al., 2011, 2013). 

Freene et al. (2011, 2013) compared a non-randomised physiotherapy-led home-

based (HB) program to a centre-based (G) physical activity program over a two-year period (a 

six-month program with an 18-month follow up) for community-dwelling, sedentary adults 

aged 50 to 65. The objectives were to assess the feasibility of conducting a home-based 

program in comparison to the traditional centre-based program and to assess differences in 

long-term adherence to physical activity determined by the setting in which the intervention it 

took place. Subsequently, it also assessed improvements in physical activity levels and 

anthropometric measurements. Program costs to participants in terms of feasibility and 

viability were also evaluated (Freene, Waddington, Chesworth, Davey, & Goss, 2011; Freene, 

Waddington, Davey, & Cochrane, 2013). 

The HB program was led by physiotherapists trained in motivational interviewing 

(MI). Using telephone contact, they provided tailored advice (type, frequency, duration of 

physical activity, and goal setting, barrier identification, and problem solving) on a monthly-

basis during the six-month intervention. The HB control arm of the program used generic 

printed materials (e.g. based on the National Physical Activity Guidelines for Australians) 

provided once during a home-visit by a physiotherapist. During this visit the participants were 

directed to continue with their usual physical activity regime. The G program was an 

instructor-led exercise session replicating similar programs conducted in community centres. 

Participants in the G program received no additional support from a physiotherapist during the 

six-month intervention. All participants were encouraged to reach a target of 30 minutes of 

physical activity on most days of the week (Freene, Waddington, Chesworth, Davey, & Goss, 

2011; Freene, Waddington, Davey, & Cochrane, 2013). 

The primary outcome measure was long-term adherence to physical activity 

calculated via physical activity diaries over two years (i.e. six-month intervention plus 18-

month follow-up), recording date, type, intensity and duration of physical activity. Both groups 

reported significant and sustainable increases in levels of physical activity. Secondary 

outcomes were physical activity levels measured by accelerometry; two-minute step-test for 

aerobic capacity and anthropometric measures (BMI; waist circumference; Waist-to-Hip Ratio 
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and blood pressure). The results showed decreases in waist circumference in both groups as a 

secondary outcome of this study (De Caria, Sharp, & Petrella, 2012; Pampel , Krueger, & 

Denney, 2010). 

Cost has been previously discussed as a predictor of physical activity adoption, 

compliance and attrition in older adults (Belza & PRC-HAN Physical Activity Conference 

Planning Workgroup, 2007; Pampel et al., 2010; Smith-Raya et al., 2014). Freene et al. (2013) 

concluded home-based programs are less costly and may be a good alternative for those who 

cannot attend a community-centre program. Whilst the HB program was more cost-effective 

at $47 per person compared to $84 per person in the G program, the G program was more 

effective in achieving long-term benefits and outcomes (e.g. sufficient moderate to vigorous 

physical activity) at two years (Freene et al., 2013). 

Freene et al. (2011, 2013) supports the success of similar home-based interventions 

for older adults such as the PANS program discussed earlier. The results from these studies 

indicate the effectiveness of the home-based setting for delivering programs to older adults 

(Burke et al., 2013). The retirement village also offers a new and unique setting to provide 

home-based lifestyle interventions to older adults who are functionally independent and 

mobile (Holt et al., 2014; Miller & Buys, 2007). Despite this, very limited research has been 

conducted in this setting. 

2.17 Retirement villages as a setting for physical activity and 

nutrition interventions for older adults 

The retirement village setting offers an environment that potentially can provide 

opportunities for older adults to maintain or improve their levels of physical activity, although 

this can be influenced by the facilities and programs provided (Holt et al., 2014; Kerr et al., 

2011; Mihalko, Wickley, & Sharpe, 2006). Many retirement villages have tennis courts, 

bowling greens, gym facilities, aerobics studios, and walking tracks or paths (Kerr et al., 2011), 

while others may only have multi-purpose rooms that have been designated for physical 

activity (e.g. seniors’ fitness classes, indoor bowling). 

A paucity of research exists for physical activity interventions in this setting. A few 

exploratory studies have been conducted such as those of Kerr and colleagues (2011) who 

assessed health-related resources in retirement villages in the United States (Kerr et al., 2011) 

or Nathan et al. (2014a, 2014b) who examined the socio-ecological correlates of self-reported 

physical activity in retirement villages in Western Australia (Kerr et al., 2012). A limited 

number of intervention-based studies have also been conducted. These include the MIPARC 

study in the United States (Kerr et al., 2013); a walking intervention trial conducted by 
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Rosenberg et al. (2012), and a three-month trial of a resistance training program in retirement 

villages in Perth, Western Australia (Egan, 2010). The limited research available on physical 

activity and nutrition interventions conducted in the retirement village setting justifies a need 

to better understand this environment to develop and implement evidence-based programs that 

support health-enhancing behaviours in older adults. 

2.17.1 Exploratory studies 

An exploratory cross-sectional study by Miller and Buys, (2007) compared the 

impact of residential location on leisure-time physical activity (LTPA) in older adults living 

in the community to those living in retirement villages (n = 25). The participants across the 

study were predominately female and ranged from 65 to 85 years with the retirement village 

residents were generally older (75 years and above), more often widowed and in poorer health 

than their community-dwelling counterparts (Miller & Buys, 2007). 

Community-dwelling residents were randomly selected from an aged-care database 

and completed a self-report survey that included open and closed questions about their health, 

social interactions and leisure activities. Residents from the retirement villages were randomly 

selected to participate in one-hour interviews that covered the same topics of personal health, 

social interactions and leisure activities (Miller & Buys, 2007). 

Overall, the results showed that retirement village residents reported greater 

participation in LTPA than community-dwelling residents. Within the retirement village, 

residents were more likely to go walking and lawn bowling whereas community-dwelling 

participants were more likely to walk in their local neighbourhood (Miller & Buys, 2007). 

Outside of residential location, health and age were influential and good health predicted all 

LTPA with the exception of lawn bowls. Gender and marital status had no effect (Miller & 

Buys, 2007). 

The findings suggest that although retirement village residents were generally older 

and had poorer health, their participation in LTPA was higher, specifically for walking and 

lawn bowling. From these findings, it can be implied that retirement village residents lead 

more physically active lifestyles than their community-dwelling counterparts; however, as a 

cross-sectional design was used, it is impossible to state this explicitly. More research is 

needed to investigate the mechanisms and features of the retirement village that contribute to 

these findings, specifically how and why the social and built environment of retirement 

villages foster LTPA in older adults ( Miller & Buys, 2007). Interestingly, the Miller and Buys 

(2007) study found that approximately 80% of the retirement village residents used community 

facilities rather than those provided within the village itself. The authors stated that this may 
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be due to the social connectedness and companionship community-based facilities and 

programs offer to older adults, which is counter-intuitive to the communal lifestyle retirement 

villages offer. 

The influence of residential location on LTPA was a defining feature of this study; 

proximity to facilities within neighbourhoods that older adults reside in may influence access 

to physical activity facilities and program. The notion that residential environment provides 

easier access to the facilities and programs may encourage residents to be more physically 

active. However, as no measures were taken about LTPA levels of residents prior to moving 

to a retirement village, it is difficult to say how much influence the built and social 

environments in this setting had on levels of physical activity in this population (Miller & 

Buys, 2007). 

The higher utilisation of programs and facilities outside of the retirement village and 

the reported social connectedness that it brings emphasises the significance of social 

environment in influencing LTPA participation (Miller & Buys, 2007). Although lack of an 

exercise or walking companion was not measured, the fact that retirement village residents 

live in close proximity to each other (i.e. a gated community) may have influence upon LTPA 

behaviour. A visible walking culture may encourage other like-minded residents to take part. 

Further research is needed to understand how the social norms within this particular setting 

influence physical activity behaviour (Miller & Buys, 2007). 

A limitation of this study was that qualitative measures (face-to-face interviews) 

were used for the retirement village sample and quantitative measures (mail-out survey) were 

used for the community-dwelling participants, which limits the generalisability of the results 

(Miller & Buys, 2007). In terms of measuring LTPA, only type, location and frequency was 

conducted: not duration or intensity, which has influence upon measuring levels of LTPA 

between the two groups. As no data was collected on LTPA prior to moving to the retirement 

village, it cannot be explicitly stated that retirement village infrastructure increases levels of 

LTPA in residents. More evidence is needed to determine if active people are remaining active 

and whether inactive people are becoming more active or less active, as well as whether the 

built and social environment of the retirement village setting has influence. 

A Western Australian study by Nathan et al., (2014b) conducted in retirement 

villages in metropolitan Perth evaluated an association between residents’ walking behaviours 

and their perception of the built environment (inside and outside the village) as a barrier or 

enabler to physical activity (Nathan et al., 2014b). Findings suggested that locating retirement 

villages in amenity-rich neighbourhoods with many local destinations (e.g. seniors’ centres, 
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shopping centres) encourages physical activity by walking, than providing services and 

facilities (e.g. tennis courts, walking tracks) within the village itself (Nathan et al., 2014b). 

A subsequent exploratory study by Nathan, Wood and Giles-Corti (2014a) examined 

socio-ecological correlates of active living in retirement villages in Western Australia. Active 

living is defined as physical activity, specific walking behaviours and social participation 

(Nathan et al., 2014a).  

Both residents (N = 323) and managers (N = 32) were surveyed on village 

characteristics, perceptions of the retirement village environment and surrounding 

neighbourhood. The residents were also assessed on demographic characteristics and self-

reported physical activity (Nathan et al., 2014a).  

Findings indicated that both the built and social environment influenced active 

living. Proximity to various neighbourhood destinations (e.g. local shops) was an important 

correlate as found in a previous retirement village study in Western Australia by the same 

authors (Nathan et al., 2014a, 2014b). Transport walking was directly related to perceived 

destination distance; however, leisure walking was not. This may be because transport walking 

is associated with a task such as grocery shopping that involves the purchase of goods to carry 

home. Leisure walking was also associated with perceptions of ‘good places to walk to’ (e.g. 

leafy green open spaces) (Nathan et al., 2014a). Barriers within the retirement village 

environment itself (e.g. obstacles on footpath, poor lighting, not seeing other residents 

walking) discouraged residents from walking within the village and reaching their target of 

150 minutes of moderate physical activity per week. Results indicated that having many 

amenities within the village increased social participation (Nathan et al., 2014a), however 

other research has shown that fewer amenities within the village means residents will seek 

these out in their local neighbourhood, resulting in higher levels of incidental physical activity 

(Kerr et al., 2011).  

This study reinforces the findings from Nathan et al. (2014a) study described earlier 

in this literature review regarding policy and development where locating retirement villages 

in amenity-rich areas will contribute to improved active living, namely increased physical 

activity levels, leisure walking and transport walking, and social engagement (Nathan et al., 

2014a).  

In reviewing these exploratory studies, it is clear both the social and built 

environment are strong determinants of physical activity in residents of retirement villages. 

More research is required to investigate the potential of the retirement village setting, 

specifically the communal lifestyle it offers and the convenience of having physical activity 
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facilities and programs onsite in encouraging residents to adopt and maintain physically active 

lifestyles. Appendix A of this thesis presents a published paper on the role of the built and 

physical environment of retirement villages in supporting physical activity in their residents 

(Holt et al., 2015). 

2.17.2 Intervention studies 

Retirement villages have been identified as a setting for physical activity 

interventions for older adults. Adults living in retirement villages are typically sedentary with 

low attendance at offered physical activity programs (Mihalko, Wickley, & Sharpe, 2006). 

Yet, physical activity benefits and contributes to continuing independent living, which is a 

core value of retirement village communities (Mehrotran, 2010; Swanson, 2009). 

Physical activity programs offered in retirement villages are often therapy-based 

(e.g. falls prevention) (Lord et al., 2003; Ward, Harden, Gibson, & Byles, 2009) and 

recreational such as lawn bowls (Miller & Buys, 2007), and of low intensity (e.g. Taichi) with 

little rigorous evaluation conducted. Evidence of program implementation is minimal, with a 

very small number of studies being published, as discovered in the search for evidence for this 

present literature review (Holt et al., 2014; Kerr et al., 2011; Kerr et al., 2013; Rosenberg et 

al., 2012). In addition, these evaluations have been conducted with small samples, or the 

research was conducted over 10 years ago, limiting their application to current times (Egan, 

2010; Smith et al., 2000). Based on the lack of evidence-based programs there is an urgent 

need for the development of physical activity and nutrition interventions for older adults living 

in retirement villages, which includes rigorous evaluation. 

A pilot study conducted by Rosenburg and colleagues (2012) aimed to promote 

walking among adults aged 65 and living in retirement villages (also known as independent 

seniors living centres) in the United States. Two walking interventions of three months’ 

duration were conducted in four retirement communities that varied in size (n = 200–400) and 

location. Villages were selected based on proximity to mixed land-use, such as continuous 

sidewalks (paths) and safe road crossings (intersections). The primary aim was to test the 

feasibility and acceptability of the interventions (Rosenberg et al., 2012). As a secondary aim, 

the influence of the built environment in increasing levels of walking was also measured. 

In the study, an enhanced walking intervention (EH) was compared to a standard 

walking intervention (SI). The EH program raised participant’s awareness of walkability 

features within the retirement village (e.g. site-tailored walking maps) and local 

neighbourhood (e.g. safe walking- route maps to local destinations, step counts to and from 

local destinations). Participants were also encouraged to increase incidental walking by taking 
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the longest route to a destination within the retirement village (e.g. meals cafeteria) (Rosenberg 

et al., 2012). The SI component did not include the environmental component or the tailored 

counselling (Rosenberg et al., 2012). 

Residents were eligible to participate if they were walking less than 30 minutes per 

day, three times per week; had no falls in the last three months; and did not need assistance 

with walking (i.e. cane or walker) (Rosenberg et al., 2012). At baseline there were 87 residents 

(mean age = 84 years) participating. 

Intervention allocation occurred by retirement village site and size. Site 1 (> 400 

residents) and site 3 (< 200 residents) received the EI program, and Site 2 (> 400 residents) 

and Site 4 (< 200 residents) received the SI program. Randomising to each condition 

(Enhanced Walking intervention or the Standard Walking intervention) allowed for sites to be 

matched on size and walkability features, thus reducing bias (Rosenberg et al., 2012). 

By the end of the study 69 participants remained with a retention rate of 79%. Drop-

out was mainly due to health reasons (Rosenberg et al., 2012). 

Pedometers were used to monitor and encourage an increase in daily step counts. 

Results indicated improvements among the total sample for step counts, neighbourhood 

barriers, cognitive function, and satisfaction with walking opportunities. Satisfaction with the 

additional resources provided (e.g. walking maps, information on step-counts) was high for 

the EH group (Rosenberg et al., 2012). 

Both walking interventions were feasible to implement among older adults living in 

retirement communities (Rosenberg et al., 2012). The small sample size (n = 69) at the end of 

intervention period had some influence on the impact of the results. As such the differences 

between groups (i.e. the number of step counts, BMI, balance, gait, stability, strength and 

endurance for participants) was not significant enough to attribute to one intervention over 

another (i.e. EH vs. SI). However, this was a pilot study on feasibility and acceptability of a 

walking-based intervention in retirement communities and the results indicate the acceptability 

of walking interventions in retirement village settings (Rosenberg et al., 2012). 

Further research in this setting needs to consider the challenges around recruitment 

of participants. The small sample size recruited (n = 87) from a potential of 1200 residents, 

(i.e. four villages: two with > 400 residents and two with < 200 residents) demonstrates the 

need to enhance recruitment strategies and methods to gain larger sample sizes for studies 

conducted in this setting. 
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2.18 Conclusion 

Australia’s aging population is a priority health area. Current lifestyle practices and 

behaviours are contributing to an increase in the burden of chronic disease associated with 

aging. Overweight and obesity are major influences and are determined by decreasing physical 

activity levels and poor quality diet. As people age their physical activity levels decline, 

sedentary behaviour increases and nutritional status is often deficient. These factors exacerbate 

risk factors for chronic disease and musculo-skeletal issues. 

The impact of an aging population and chronic disease caused by poor lifestyle habits 

directly affect the health care system and health care costs. Health care expenditure on chronic 

disease can be potentially reduced through interventions that target physical activity, nutrition, 

overweight and obesity. 

A significant amount of literature on physical activity, nutrition, overweight and 

obesity aims to understand and describe patterns of behaviours in older adults. Whilst a large 

body of research has identified barriers and enablers to motivation and adherence, there is still 

scope for more research that builds on what has already been found and adds further 

knowledge. 

There is a need for physical activity programs that are flexible to suit older adults’ 

sedentary lifestyles, rather than a ‘one-size-fits-all’ approach that does not allow for the 

challenges many older adults have in reaching the guidelines of 150 minutes of moderate-

intensity physical activity per week. These programs should be tailored to individual 

characteristics and contain aerobic fitness along with muscle strengthening and balance 

exercises. There needs to be an emphasis on incorporating physical activity into the daily 

routines of older adults to assist in reaching this target. 

Health promotion practitioners need to be aware of environmental characteristics 

that can facilitate choices to become more active and that programs need to be both enjoyable 

and feasible in order to achieve high compliancy. Future research needs to focus on 

intervention studies that support the development of effective physical activity programs for 

the older population in settings they reside in. 

For older adults, retirement is a major life change that can impact on lifestyle 

behaviours but it also presents an opportunity for older adults to modify their behaviours. 

Research on older adults’ physical activity and nutrition behaviours has increased substantially 

in recent years. Interventions that target older adults within settings such as retirement villages, 

may improve the feasibility of conducting physical activity and nutrition programs for this 

group. Similar to their community-dwelling counterparts, high levels of overweight and 
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obesity exist in this population. However, evidence is limited in this setting, particularly for 

studies that evaluate the impact of physical activity and nutrition programs for residents of 

retirement villages. 

Freedom and independence are important to residents of retirement villages and 

active aging is a critical determinant of this. The built and social environment of retirement 

villages presents an opportunity for residents to remain active as they move into older age. The 

case for retirement village owner-operators to invest in wellness programs based on physical 

activity and nutrition is validated by extensive research that shows that improving physical 

activity levels and nutrition behaviours contributes to decreased health care costs, a reduced 

need of assisted daily living and less reliance on nursing costs or entry into a nursing home 

when residents remain functionally independent for longer. Successful programs need to be 

based on sound evaluation and evidence that supports high program utilisation and 

sustainability. 
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Chapter 3 

   

Methodology 

This chapter describes the study design of a six-month cluster-randomised trial based 

in retirement villages located in the Perth metropolitan area and Peel region of Western 

Australia. It outlines the selection and recruitment of retirement villages and participants and 

contains information on the measuring instruments, data collection methods, data analysis, and 

a detailed description of the intervention (program) and supporting theory. Appendix A 

contains a published paper outlining the study protocol. 

3.1 Study design 

The study comprised the development, implementation and evaluation of a physical 

activity and nutrition program for residents of retirement villages. The trial was registered with 

the Australian and New Zealand Clinical Trials Registry [ACTRN12612001168842, 

registration date 02 November 2012]. Figure 3.1 outlines the study design and recruitment 

process. 

3.2 Retirement village selection 

Data provided by the Seniors Housing Association (Western Australia) and an 

Internet search was used to construct a sampling frame that identified 80 retirement villages 

that were selected for the study based on size (having more than 30 independent living units 

(ILU) with at least 50 residents aged between 60–80 years). This selection criterion was to 

ensure that an adequate number of participants were available at each retirement village RV. 

From this identified sample of 80 RVs, 38 agreed to participate in the study. Reasons for not 

participating are shown in Figure 3.1. The 38 villages were then randomly assigned to either 

the intervention (n = 17) or control (n = 21) group using a table of random numbers as shown 

in Table 3.1. A biostatistician not affiliated with the study performed randomisation to ensure 

that the participants and research staff were blinded to allocation of intervention. This 

randomisation approach has been used in previous studies conducted by the researchers 

(Jancey et al., 2006). 
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Figure 3.1 RVPANS recruitment and allocation flow chart 
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Table 3.1 

Assignment of retirement villages to intervention and control groups (N = 38) 

Intervention group 

(n = 17) 

Size of village: 

independent 

living units 

(number of 

ILU) 

Control group 

(n = 21) 

Size of village: 

independent 

living units 

(number of 

ILU) 

Teranca Mews Mandurah 90 St Ives Centro Subiaco 225 

Ladybrand Mandurah 221 St Ives Northshore 142 

Bethanie Port Kennedy 167 Riverside Salter Point 81 

Donovan Forrestfield 62 Settlers Ravenswood 243 

Arcadia Maddington 152 Collier Park Karawara 169 

St Ives Mandurah 120 The Pines Ellenbrook 139 

Mercycare Wembley 118 Parklands Ellenbrook 114 

Harbourside Mindarie 150 Pineview Tapping 151 

Joseph Banks Canningvale 78 Lake Joondalup 173 

RAAFWA Bullcreek 240 Lisle Village Claremont 137 

Parklands Woodlands 220 St Francis Inglewood 91 

Bethanie Joondanna 51 Affinity Baldivis 150 

Craigview Bicton 70 Menora Gardens 146 

Waratah Village Mandurah 52 Swancare Bentley 577 

RAAFWA Erskine 197 Foley Village Hilton 86 

Vibe Baldivis 135 Southern Cross Success 135 

St Ives Murdoch 410 Ocean Gardens City Beach 225 

  Bethanie Menora 60 

  Bethanie Illawong Hamilton 

Hill 

150 

  Timberside Woodvale 150 

  Tuart Lakes Baldivis 135 

 

3.3 Recruitment procedure  

The managers of the identified retirement villages (n = 80) were contacted by 

telephone to discuss the purpose of the study, the feasibility of residents taking part and the 

preferred process to make contact with the residents. 

Written information regarding the project was then sent via email to the managers 

and the residents’ committee representative (details of committees provided by managers). 



 

68 

This information included: (a) the study aims and objectives; (b) contact details of all study 

investigators; (c) ethical processes; (d) a program promotional flyer; and (e) an invitation for 

residents to attend an information session (with date and time). Refer to Appendix C. 

Two methods were used to inform the potential participants of the study. Method 

one was an on-site information session promoted by the managers for interested residents. In 

addition to the information session a replied paid postcard (refer to Appendix D) was placed 

in all residents’ letterboxes. The postcard explained the program, provided the researcher’s 

contact details and invited residents in the age range of 60–80 years to return the postcard if 

interested in being involved in the program. This procedure has been used effectively in 

previous projects with the same age group (Burke et al., 2010; Jancey et al., 2008; Mihalko, 

Wickley, & Sharpe, 2006). Method two was implemented if an information session was not 

feasible and involved the distribution of postcards to all residents. 

Information sessions were provided to 30 retirement villages, and 8 villages that 

received postcard distribution only as this was their preferred method of contact. The 

information session outlined: (a) the study aims and objectives; (b) benefits to residents in 

participating and the timeline for participating (baseline and post-data collection); (c) and their 

right to withdraw at any time and, (d) that all collected data was confidential and non-

identifiable. Those recruited via post card were provided with the relevant information from 

the information session on initial contact via telephone. All residents were informed that the 

Program Manager (a qualified human movement practitioner) would deliver the program 

intervention and a qualified dietitian would oversee the nutrition component. 

A key component of the program was Program Ambassadors. Program Ambassadors 

supported the participants by guiding and mentoring them throughout the six-month 

intervention. Program Ambassadors were peer-aged volunteers (n = 5) whose role was to guide 

and mentor the participants over the six-month intervention and support program adherence 

by participants. They were selected based on their strong interest and experience working in 

the area of physical activity, nutrition and older adults. 

3.4 Participant selection process and selection criteria 

Of the 6930 residents residing in the 38 retirement villages, 1608 residents met the 

selection criteria based on age (60–80 years). From this number 583 were registered to 

participate in the study. Therefore, the appeal of the study had a reach of the 36%. These 

residents were contacted by telephone to determine if they met the selection criteria: (less than 

150 minutes of moderate intensity physical activity per week, on no special diet and not 

participating in any other physical activity program). Of the 583, 223 were excluded as they 
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were over 80 years and 23 were too active, leaving a final sample of 363 participants recruited 

into the study. Figure 3.1 shows the selection process and criteria undertaken. 

3.5 Baseline data collection procedure 

Appointments were made with eligible participants. At this time, consent forms and 

Physical Activity Readiness Questionnaire (Cardinal, Esters, & Cardinal, 1996) forms were 

distributed and completed by all participants and baseline data collected. 

At baseline, both intervention and control groups completed the Retirement Village 

Physical Activity and Nutrition for Seniors survey developed from the International Physical 

Activity Questionnaire and Fat and Fibre Barometer (Delbaere, Hauer, & Lord, 2010; 

Whiteford et al., 2012; Wright & Scott, 2000). A copy of the questionnaires is shown in 

Appendix E. A researcher trained in anthropometry took anthropometric measurements 

(height and weight, waist and hip), and systolic and diastolic blood pressure. 

3.6 Program implementation procedure 

Once baseline data was collected (as shown in Table 3.2), intervention participants 

entered the six-month physical activity and nutrition intervention. Intervention participants 

were informed of the name of the Program Ambassador assigned to their village. Program 

Ambassadors were given a list of participants from each of the intervention retirement villages 

and they contacted each participant by telephone or email within two weeks of the program 

commencing. The control participants did not receive the intervention and were included on a 

‘waiting list’ to receive the intervention at the end of the study. Controls simply completed the 

baseline and six-month questionnaire and received the program at post-data collection. 

3.7 Post-data collection procedure 

Post-data collection occurred at the six-month time-point (refer to Table 3.2). On 

completion of the six-month study period incentives were offered. Intervention participants 

received a $25 voucher at post-data collection and control participants were eligible to 

participate in a prize draw for a voucher. The $25 Myer gift card could be used to purchase 

items sold at the Myer department store. 
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Table 3.2 

RVPANS Study: Timeline for baseline and post-intervention data collection and 

intervention implementation 

Assessment Frequency 0 M* 6 M* 

Baseline & Post-intervention (Intervention & Wait-list Controls) 

IPAQ X X 

Fat & Fibre Barometer X X 

Demographics X X 

Height/Weight X X 

Waist-to-Hip Ratio X X 

Blood pressure (mean) X X 

Intervention implementation 

RVPANS Intervention (Intervention participants) 

Program Booklet X  

Exercise charts X  

Resistance band X  

Program Ambassador mentoring X  

Wait-list Controls 

Program Booklet  X 

Exercise charts  X 

Resistance band  X 

* Months 

3.8 Components of the survey instrument 

The Retirement Village Physical Activity and Nutrition for Seniors (RVPANS) 

survey instrument (Appendix E) included the International Physical Activity Questionnaire 

(IPAQ) (Heesch et al., 2008); Fat and Fibre Barometer (FFB) (Wright & Scott, 2000); 

demographic information; medical information and anthropometric measurements (refer to 

Table 3.3). The survey instrument was administered as a self-report questionnaire. A trained 

researcher performed the anthropometric measurements. 
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Table 3.3 

Measuring instruments: primary objectives 

Outcome variable  Measuring instrument 

Level of physical activity: 

intensity, frequency, duration, 

mode, context 

Sedentary behaviour 

(time spent sitting) 

International Physical Activity Questionnaire 

(IPAQ-short form) 

(Delbaere et al., 2010) 

Dietary behaviour:  

fat intake, fibre intake, 

fruit and vegetable consumption 

Fat and Fibre Barometer  

(Wright & Scott, 2000) 

Anthropometric measurements: 

height, weight, BMI, waist-hip ratio 

 

Blood pressure  

(mmHg) 

Omron Electronic Sphygmomanometer 

 (O'Brien et al., 2001) 

Demographics 

sex, age, education, marital status, smoking 

status, health status and medications 

 

Environmental: 

physical and social environmental supports  

Audit of Physical Activity Resources (APARS) 

(Kerr et al., 2011) 

 

3.8.1 Physical activity and sedentary behaviour 

The International Physical Activity Questionnaire (IPAQ) Short–form has 

undergone extensive validity and reliability testing in many countries. It was used in the 

RVPANS study to assess walking, moderate intensity activities, vigorous intensity activities 

and strength activities based on frequency (days per week) and duration (time per week). It 

has been designed for population surveillance of adults aged 15–80 (Delbaere et al., 2010). 

3.8.2 Dietary behaviours 

The Fat and Fibre Barometer (FFB) measures dietary consumption and includes 20 

questions such as “How many different types of vegetables do you eat on a typical day?” It has 

been shown to be both reliable and valid (Wright & Scott, 2000). It was deemed suitable to use 

for the target population in the study because it has low subject burden, the results obtained from 

the FFB are easy to interpret, and they provide information on the intake of fibre and fats in the 

participants, thus covering the main nutritional aspects of this study (Wright & Scott, 2000). It 

takes a short time to complete, is easy to understand and therefore was self-administered by 

participants. Reliability of the questionnaire was considered acceptable as a test-retest reliability 

of (r = 0.92) was obtained by the designers of the FFB (Wright & Scott, 2000). 
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3.8.3 Anthropometric measures 

The researchers who were trained in anthropometric measurement undertook height, 

weight, hip and waist girth measurements per a standardised protocol (Stewart, Marfell-Jones, 

Olds, de Ridder, & editors, 2011). 

Height was measured using a stadiometer to the nearest 0.1cm. Participants were 

instructed to take off shoes and socks to ensure consistency amongst measurements. A ‘Seca 

222’ wall mounted stadiometer was used to measure height. Manufactured by Seca GMBH & 

Co. Hamburg, Germany with a footplate and 4-inch head plate to increase accuracy. 

Weight was measured using calibrated scales to the nearest 0.01kg. Tanita BC 1000’ 

weight scales manufactured in Tokyo, Japan were used to measure bodyweight. All 

measurements were conducted according to the instructions.   

Body Mass Index (BMI) was calculated by dividing weight in kilograms (kg) by 

height in metres squared (m2). Participants with a BMI of 18.5–24.9 kg/m2 were classified as 

normal weight; those with a BMI of 25.0–29.9 kg/m2 were classified as overweight and those 

over 30.0 kg/m2 were classified as obese. BMI has been validated as an accurate measure of 

obesity and overweight in many studies (WHO, 2004). BMI, together with Waist-to-Hip Ratio, 

is promulgated as the most useful epidemiological measure of obesity (Whiteford et al., 2012).  

Waist and hip ratio was also performed (Welborn, Dhaliwal, & Bennett, 2003). 

Waist and hip circumference were measured to the nearest 0.5cm. The guidelines adhered to 

for these measurements were in the Anthropometry Procedures Manual (Stewart et al., 

2011). The Research Manager is a qualified Human Movement Practitioner who has 20-

years’ experience performing anthropometric measurements in the community setting. The 

Research Manager trained the Research Assistant in the principles of the ISAK method and 

again, these measurements was trialled on the Program Ambassadors (n=5) and a sample of 

(n=3) other older adults. A Lufkin W606PM was used to perform waist to hip ratio 

measurements. 

Blood pressure was measured seated using an Omron Electronic Sphygmomanometer 

(O'Brien, Waeber, Parati, Staessen, & Myers, 2001). Three measurements were taken with a 

one-minute rest period in between each measurement. A mean systolic/diastolic reading was 

calculated from the three readings. 

Participants were instructed to wear a light cotton t-shirt and shorts for the body composition 

assessment at baseline and post-intervention to minimise error. All measurements were 

performed by the same Research Assistant at baseline and post -intervention. All equipment 
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was calibrated regularly according to the manufacturers specifications. Measurements 

procedures were trialled on Program Ambassadors (n=5) and a sample of (n=3) other older 

adults.  

3.8.4 Demographic and medical information 

Demographic information included sex, age, marital status, educational status, 

smoking status, health conditions and medications specific to this target group. 

3.8.5 Environmental assessment 

The retirement village environment was evaluated (including the built environment) 

using the Audit of Physical Activity Resources for Seniors (APARS) (Kerr et al., 2011), which 

has been validated in previous studies similar to RVPANS (Kerr et al., 2011). The APARS 

tool is an audit checklist that examines both the inside and outside environments of the RV.  

There are 10 components: 

1. outside supportive physical activity features and functionality (12 items); 

2. outside aesthetics (3 items); 

3. outside hazards (4 items); 

4. outside exercise facilities (10 items); 

5. onsite services (17 items); 

6. length of longest walking path outside and number of main exits outside to ground level 

(2 items); 

7. inside communal building (8 items); 

8. inside exercise facilities (7 items); 

9. inside social facilities (19 items); 

10. resident access information (2 items).  

A score of one point is allocated to each item (Kerr et al., 2011). 

3.9 Analysis 

Statistical analysis was undertaken using SPSS Version 22. Univariate analysis was 

performed to produce descriptive statistics describing study participants and variables to 

compare the intervention and control groups. The main objective was to assess program 

effectiveness while accounting for demographic and confounding factors. Outcomes such as 

total physical activity times, time spent sitting and dietary intake were measured at baseline 

and post-intervention. Mixed regression modelling was considered appropriate because the 
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two observations collected from the same individual are correlated. The approach accounts for 

the inherent correlation of the panel data and provides appropriate estimates for the regression 

coefficients. Differences between participants as a source of extra variation are accommodated 

within the random component of the model. Intervention effects, as well as pertinent factors 

affecting the outcomes, were quantified. For the clustering of observations within retirement 

villages, multilevel mixed regression models with random effects (participants and retirement 

villages) were fitted to assess the intervention effect on changes in outcome variables over 

time, while accounting for the influence of potential confounders (age, gender, height, 

education level, relationship status and presence of co-morbidity). 

3.10 Ethics 

Consent was obtained from participants after informing them of the purpose of the 

research, of who was conducting the research, the type of involvement required by them, that 

their participation was entirely voluntary, that confidentiality would be respected, and that 

participants had the right to withdraw at any stage. This study and access to FER database was 

approved by the Curtin University Human Research Ethics Committee, ethics number HR 

128/2012 (refer to Appendix F). 

3.10.1 Confidentiality and data storage 

Validity and integrity of all data collected was protected. De-identification ensured 

confidentiality with participants identified only by code. Master lists of codes and names were 

stored in a locked environment in the CERIPH and accessible only to the CIs. Data on 

computers was password protected and only accessible to the CIs and Project Manager. 

Participants' identities have been kept anonymous in all documents (reports and journal articles 

written as part of the project). 

3.11 Qualitative Data 

3.11.1 Formative evaluation 

Formative evaluation occurred in two phases using focus groups to (a) identify 

barriers and enablers to being physically active and maintaining a healthy diet in the retirement 

village, and assessment of the program resources (booklet, exercise chart, quarterly newsetter, 

role of the Program Ambassador); and (b) to pilot-test the survey instrument (questionnaire) 

and program resources. 
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Focus groups 

The focus groups were facilitated by the Project Manager and participants were 

recruited from RVs based on the following criteria: 

 Number of independent living units (n > 30 ILU’s) 

 Number of residents between 60–80 years (> 50 per village) 

 Geographical location of village (Perth Metropolitan area). 

Three villages located within the Perth metropolitan area participated. The managers 

obtained the contact details of residents interested in participating. After agreeing to participate 

a date and time was set to conduct the focus groups at the village. A schedule of questions was 

developed (see Appendix G) and focus group discussions were recorded. 

Phase 1 – Barriers, enablers and program resources 

Three focus groups (n = 21) were conducted with five male and 16 female 

participants aged 64–79 years. The feedback from the focus groups was used to refine the 

intervention resources and program. 

Phase 2 – Refinement of survey instrument and program resources 

The participants from phase 1 participated in phase 2 of the focus group discussion. 

Two focus groups (n = 18) were conducted. Three males and 15 females took part and the 

meeting was conducted at the retirement village. The survey instrument (questionnaires) was 

pilot-tested. 

The focus group participants found the program resources (booklet, exercise chart) 

easy to read, and informative. They commented on the layout and design in a positive manner 

and agreed that the program materials would be well received by those who may participate. 

3.11.2 Process evaluation 

Program evaluation 

Process evaluation was conducted within three months of intervention commencing. 

A brief questionnaire was used to evaluate participants’ perceptions of the booklet (readability, 

comprehension and usefulness of advice, suitability and relevance to age group). Questions 

were both close-ended and open-ended. An example of a close-ended question used is: 

It has encouraged me to be physically active / It has not encouraged me to be 

physically active. 
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An example of an open-ended question used is: 

Was there anything about the booklet/exercise charts you liked/disliked? 

A Likert-scale was used to collect data and provided an opportunity for participants 

to provide suggestions for program and resources improvements (see Appendix H). 

Program Ambassador evaluation 

The assessment provided the participants with the opportunity to provide feedback 

on the Program Ambassadors guidance and mentoring. Questions evaluated the usefulness of 

advice given by the Program Ambassador, goal-setting techniques used and the numbers of 

times contact occurred. These items were rated on a Likert scale of sufficient to insufficient 

(see Appendix H). 

3.11.3 Summative evaluation 

Exit interviews  

Exit interviews were conducted by telephone on a sample of 16 participants who had 

completed (n = 8) and not completed (n = 8) the six-month intervention. The aim was to 

evaluate perceptions of the program, specifically the educational resources (booklet, exercise 

chart), and the contact with the Program Ambassadors. Participants were also asked how future 

physical activity and nutrition programs could be made more appealing to the target age group. 

The exit interviews were conducted with a small sample overall (n = 16). Respondent 

validation occurred indirectly with the data extracted from the exit interviews supporting the 

data obtained from the process interviews. 

Procedure 

Participants were randomly selected from the intervention villages. They were 

informed of the objective of the interviews and provided informed consent. Each telephone 

interview took approximately 20 minutes to complete. The Project Manager undertook the 

interviews and recorded data manually. A gift voucher was given in lieu of time and feedback 

to all participants. 

Interview schedule 

The interview schedule (Appendix I) was developed from previous studies (Burke 

et al., 2010; Jancey et al., 2006) and modified to suit the target group who participated in the 

study. It was structured but flexible to accommodate participants who wanted to provide less 

or more information. 
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Data analysis 

Data was analysed using NVivo (QSR International, 2011) to extract common 

themes from responses given. This information was then coded and categorised into specific 

content based on these themes. 

3.12 Theoretical framework 

A theoretical framework was used to guide the entire process of the study (design, 

delivery and implementation, evaluation). The framework used is based on Self-Determination 

Theory (SDT) and social cognitive theory (SCT), and informed by motivational interviewing 

(MI) (Patrick & Williams, 2012). Both theories are substantiated by many previous studies 

and have been utilised many times in physical activity and nutrition interventions (Burke, 

Howat, Jancey, Lee, & Kerr, 2008; Dorgo, Robinson, & Bader, 2009). 

SCT, SDT and MI were utilised to construct advice (messages) in an autonomous 

supportive manner to elicit behaviour change. Mapping of strategies informed by the theory 

are summarised in Table 3.4. Feedback was obtained on how the participants’ behaviours 

compared with the recommendations given in the intervention, for example improving 

frequency of walking, increasing fruit, vegetable and fibre intake and sitting less. 

3.12.1 Social Cognitive Theory 

Social Cognitive theory is based on the principle that a correlation exists between 

self-efficacy and behaviour change. It is an effective theory for physical activity and nutrition 

interventions as it has consistently been shown to assist in the adoption and maintenance of 

physical activity (Jekauc et al., 2015). SCT was used to promote behaviour change in the study 

participants as it focused on the individual’s personal, cognitive, social and environment as 

mediators of behaviour change (Artinian et al., 2010). 

3.12.2 Self Determination Theory and Motivational Interviewing 

Self-Determination Theory (SDT) is a theory of motivation that postulates behaviour 

change is more successful if its origins are in intrinsic motivation rather than extrinsic (Patrick 

& Williams, 2012). It has been applied many times in the design of physical activity and 

nutrition interventions (Resnicow, 2012) and when utilised in conjunction with motivational 

interviewing (MI) seeks to explain and support behaviour change (Teixeira, Silva, Mata, 

Palmeira, & Markland, 2012). SCT and MI was used to elicit behaviour change in participants 
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by encouraging enjoyment of the task itself (intrinsic satisfaction) rather than from an external 

reward (extrinsic satisfaction). 

Table 3.4 

Mapping of theory and strategies 

 Action taken Method 

Self Determination Theory 

Perceived benefits 

/barriers 

Participants have opportunity to 

identify the perceived benefits 

of participation. 

Educational content via printed 

resources (booklet, exercise chart, 

newsletter), Program Ambassador 

(PA) guidance and mentoring.  

Cue to action  Identify plan/actions; external 

support (practical and 

emotional), reminder, 

sequenced monitoring. 

Cues via phone contact (mentoring/role-

modelling) by PA, newsletters and 

practical resources e.g. activity 

planner, goal-setting tips.  

Self-efficacy  Identify barriers, goal setting, 

program tailored.  

PA role models; demonstrate and 

practice exercises; exercise images; 

recipes; tips. 

Motivational Interviewing 

 Increase internal motivation to 

make healthier choices.  

PA trained in MI. MI techniques 

explained and opportunity to practice. 

Resources support.  

 Assist participants to increase 

intrinsic motivation for health. 

PA phone contact–focus on positives. 

Healthier eating/physical activity; 

provide feedback. 

 Use of self-reflection and 

techniques. 

Establish personal reasons and 

techniques to increase behaviours and 

then reflect on. 

 Use push-pull motivating 

techniques.  

PA trained in push-pull motivating 

techniques.  

Social Cognitive Theory 

Environment Provide socially supportive 

environment. 

Face-face, phone contact; newsletter. 

Audit: retirement village managers 

encouraged to support policy 

development –meetings/ feedback. 

Situation Promote benefits of active aging/ 

corrected social norms. 

Resources, age specific activities, peer-

aged mentors; supportive activities 

and cues.  

Behavioural 

capabilities  

Opportunities to problem solve 

perceived barriers. 

PA to support development of strategies 

to overcome barriers via contacts and 

resources. 



 

79 

 Action taken Method 

Expectations/ 

Expectancies 

Demonstrate benefits of physical 

activity and healthy eating. 

Introductory sessions at program 

implementation, newsletters, phone 

contact, feedback. 

Self-control  Resources for self-monitoring. Activity planner (in booklet), goal 

setting tools, fitness/nutrition tips 

suggested activities. 

Observational  Activity demonstration. PA model: demonstrate physical activity 

program.  

Reinforcement Used direct/vicarious 

reinforcement.  

On-going and regular contact, support 

and feedback.   

Emotional coping 

response 

Discuss problems/barriers.  Phone contact, long-term and short-term 

goal setting (resources + supported by 

PA). 

Reciprocal 

determinism 

Behaviour change strategies.  PA, resources support reflection via goal 

setting, mentoring, reinforcement, 

feedback. 

3.13 Intervention program 

3.13.1 Description of the RVPANS program 

The intervention program builds on previous programs designed for older people 

(Burke et al., 2013; Jancey et al., 2008). It was a tailored home-based intervention designed 

specifically for those aged over 60 years. The program resources included an educational 

booklet (containing the exercise program and nutritional advice), two exercise charts, a 

resistance band, a quarterly newsletter and access to a Program Ambassador for guidance and 

support. 

The physical activity program had four main components: cardio-respiratory fitness; 

strength; balance and flexibility. It was prescriptive in nature and was adaptable to variance in 

functional capacity (in terms of fitness, strength, flexibility and balance) in the target group. It 

was based on the current national physical activity guidelines for older adults (Australian 

Government, 2014). It commenced at a low level making it suitable for participants who had 

been inactive. 

The nutritional component provided advice on diet based on the dietary guidelines 

for older adults (National Health and Medical Research Council, 2013) and the Australian 

Guide to Healthy Eating (NHMRC, 2013). It aimed to reduce fat, salt and sugar intake and 

increase fibre, fruit and vegetable intake. It contained tips for healthy eating including portion 

size and healthy eating recipes, along with motivational strategies to increase healthy eating. 
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3.13.2 Components of the program 

Program Ambassadors. 

All Program Ambassadors completed a three-hour training workshop based on the 

principles of social cognitive theory, Self-Determination Theory and motivational 

interviewing, providing them with the skills required to support behaviour change in the 

participants. 

This training workshop informed participants of Resnicow’s (2012) ‘push-pull’ 

strategies that were used by the Program Ambassadors to develop messages aimed at guiding 

and motivating participants to adhere to the program. Each Program Ambassador was provided 

with a specifically developed handbook of dietary and physical activity guidelines (based on 

national physical activity and dietary guidelines for older adults) (Australian Government, 

2014; NHMRC, 2013) and information on the program design and delivery. The Project 

Manager provided on-going support via email and telephone contact. Each Program 

Ambassador was randomly assigned to an ‘intervention’ retirement village as villages were 

recruited into the study. The Program Ambassadors’ telephone counseling provided tailored 

advice to each participant on matters such as when to change the program (e.g. increasing the 

number of days per week the program was undertaken or increasing the number of sets and 

repetitions of an exercise). The Program Ambassador also encouraged participants to make 

positive changes to their diet (increasing fruit, vegetables and fibre; reducing fat, salt and sugar 

intake). The Program Ambassadors maintained a logbook of their contact with participants 

and the discussions and activities undertaken. On completion of the program, the Program 

Ambassadors provided the logbook to the Project Manager. 

Booklet. 

The booklet provided education (knowledge and skills) on physical activity and 

healthy eating and was the main resource for the program. It was developed from previous 

projects (Burke et al., 2008) using the same target group (older adults) and was modified and 

adapted for the retirement village setting based on the focus group consultation. It included 

four sections. 

Section One introduced the program and provided the most recent guidelines on 

physical activity for older adults. It included motivational tips (using MI strategies), a ‘fitness 

check’ quiz and a table outlining the components of the program (cardio-respiratory fitness, 

strength, flexibility and balance). 

Section Two outlined the prescriptive physical activity program with photographs 

and instructions demonstrating each exercise. It also included specific exercises that could be 
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undertaken while sitting. It included advice on the importance of a warm-up and cool-down 

activity before commencing and finishing each workout. 

Section Three focused on nutrition and healthy eating. It provided the dietary 

guidelines for older people (NHMRC, 2013) and included information about the nutrient 

content of foods, portion control, healthy meal plans, recipes and tips on goal setting for 

healthy eating. The booklet encouraged participants to consume a wide variety of foods, for 

example, vegetable intake also included legumes (e.g. cooked, dried or canned beans, peas and 

lentils) 

Section Four provided information on specific health concerns for older people, with 

a health service directory. It also included a ‘Healthy Monthly Activity Planner’. This proved 

to be a practical method of monitoring personal progress and goal setting. This tool focused 

on all five components of the program (fitness activities: walking; strength; flexibility; balance 

exercise and activities to reduce sedentary behaviours). It was flexible to allow for participants 

to add their own activities to their weekly plan. 

Exercise chart. 

An exercise chart showing photographs of stretch, strength, flexibility and balance 

exercises was provided as a visual resource to prompt participants to practice the home-based 

physical activity program provided in the booklet. The front of the chart also included 

information on warming up, cooling down, exercise intensity, exercise frequency, hydration 

and safety. Participants were encouraged to display the exercise chart, for easy reference, in a 

prominent position in their home. 

Resistance bands. 

Resistance bands were distributed to all participants. The Project Manager 

demonstrated the use of the bands from the exercises in the booklet. Literature supports the 

use of resistance bands in strength exercises for older people. The flexible latex resistance 

exercise bands allowed positive and negative force to be applied to muscles to improve 

strength, range of motion and coordination (Van Norman, 2012). 

RVPANS Newsletter. 

A newsletter was distributed to all participants during the program. It reinforced the 

key messages of the program and built upon the strategies delivered. Topics included fitness 

and nutrition tips, recipes and menu plans, goal setting for dietary and physical activity 

behaviours. Previous research has indicated that newsletters were positively received and 

increased program adherence (Burke et al., 2010; Lonsdale et al., 2012). 
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Chapter 4 

   

Process Evaluation 

Process evaluation assesses the acceptability of a program and how the program 

activities are delivered along with qualitative assessment of the intended benefits (Grant, 

Treweek, Dreischulte, Foy, & Guthrie, 2013; Green & Kreuter, 2005). It is integral to 

intervention research because it helps to identify what underlying processes of the intervention 

work and do not work. By identifying the key program components that work or do not work, 

the internal validity of a study can be improved. Moreover, barriers and enablers to effective 

recruitment and retention processes to inform future programs can be established. 

4.1 Process evaluation of RVPANS program 

4.1.1 Aim and objectives  

The aim of the process evaluation was to  

 Evaluate the effectiveness of peer-aged mentors to engage and motivate older adults 

residing in retirement villages in a physical activity and dietary behaviour change 

intervention. 

 Evaluate the acceptability and appropriateness of the intervention resources (booklet, 

exercise chart, activity planner) used in an older adults’ physical activity and nutrition 

program. 

4.1.2 Methods 

Two questionnaires were developed by identifying components of the RVPANS 

program and developing questions to assess each component. The brief questionnaires included 

closed and open-ended questions to collect qualitative and quantitative data on the participants’ 

perceptions of the booklet, exercise charts, the Program Ambassadors and preferred level of 

support via telephone contact. The questionnaires were administered to all intervention 

participants during the intervention period. Refer to Appendix H for Survey 1 and 2.  
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Survey 1 – RVPANS booklet and exercise chart 

The questionnaires evaluated the participants’ perceptions of the booklet and 

exercise charts using a 5-point Likert scale along with open-ended questions. The first five 

questions asked for feedback on the ‘usefulness’ (ranging from 1 = useful to 5 = not useful), 

of the printed materials as the primary resource for the participants to refer to for the physical 

activity program, dietary advice and motivational guidance and whether the booklet and 

exercise charts encouraged the participants to be more physically active (ranging from 1 = it 

has encouraged me to be physically active to 5 = it has not encouraged me to be physically 

active), reduced their sedentary time (ranging from 1 = it has encouraged me to sit less to 5 = 

it has not encouraged me to sit less) and encouraged the exercise program (ranging from 1 = 

it has encouraged me to practice the exercises to 5 = it has not encouraged me to practice the 

exercises). The remaining questions asked about the aesthetics of the booklet and exercise 

charts (ranging from 1 = eye-catching/attractive to 5 = not very eye/catching-attractive) and 

whether the resources were age-appropriate/suitable (ranging from 1 = suitable for my age to 

5 = not suitable for my age). The participants were also asked if they used the monthly activity 

planner (yes/no) and to provide reasons for not using it. The open-ended question allowed the 

participants to give more detailed feedback on what they liked and disliked about the program 

materials and suggestions for improvements.  

Survey 2 – RVPANS Program Ambassadors support 

This questionnaire evaluated the participants’ perceptions of the telephone support 

and guidance they received from the Program Ambassadors. A 5-point Likert scale assessed 

the ‘usefulness of advice’ in motivating and guiding the participants to their physical activity 

and dietary goals (ranging from 1 = very useful to 5 = not useful). It also assessed whether the 

‘guidance’ from the Program Ambassadors was sufficient (i.e. 1 = sufficient to 5 = not 

sufficient) and if the contact with the Program Ambassadors was enough to support the 

participants’ goal setting and motivational needs (1 = often enough to 5 = not often enough). 

Another question also asked if the Program Ambassador guidance encouraged the participants 

to practice the RVPANS exercises (yes/no). An open-ended question asked them to provide 

feedback about the quality of telephone support received.   

4.1.3 Analysis 

The Likert responses were summed and percentages were calculated for each 

response (strongly agree to strongly disagree). Both agree/strongly agree and disagree/strongly 

disagree were collapsed into dichotomous variables (e.g. agree and disagree) as presented in 

Table 4.1. The preferred schedule of telephone calls to each of the participants (i.e. three-

weekly or monthly) was totalled and mean values obtained. 
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4.1.4 Results 

The response rate for the surveys ranged from 60%–80% and provided valuable 

information regarding the program content and delivery. Overall, the printed materials and 

Program Ambassador support was perceived favourably by the intervention participants. The 

responses to both the closed and open-ended questions are summarised in the next section. 

Survey 1 – RVPANS booklet and exercise chart. 

Booklet 

Table 4.1 summarises the responses to survey questions regarding the booklet. A 

total of 92 participants (Response Rate = 66%) responded to the survey question “Was there 

anything you particularly liked about the booklet?” with 96% stating they liked the booklet for 

reasons similar to the following, offered by individual participants: 

 The exercises were well laid out and easy to understand. 

 The advice was clearly set out and the explanation of the exercise was good. 

 It was informative rather than useful but with sound instructions. 

 The exercises were age appropriate. 

 The photos were very good, easy to understand what to do. 

 A good range of activities (exercises) was provided and it prompted you to do something. 

Table 4.1 

Participant responses to statements relating to RVPANS program booklet 

Agree/Strongly agree with statement % n 

Useful advice in booklet (very useful) 57.8 53 

Eye catching/attractive 60.9  56 

Suitable for people my age 65.1 60 

Encouraged me to be physically active 56.4 52 

Encouraged me to do RVPANS exercises 46.6 43 

Usefulness of monthly activity planner 43.5 40 

Participants n = 92; Response Rate = 66% 

Only one participant stated they disliked the booklet because they found completing 

the activity planner difficult to understand. Only three of 92 participants who responded to the 

survey felt the booklet could have been improved for the following reasons: 
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 More on diet because this is my problem area. 

 Possibly an accompanying DVD showing the correct exercise procedure. 

 Perhaps make the area where you record exercises a little simpler. In its present form it 

was too complex and made me lose interest. 

Activity planner 

The activity planner was included in the booklet as an optional tool to assist in 

planning and setting weekly physical activity goals. It also provided a record of a participant’s 

physical activity schedule. A larger proportion (56.5%) of participants (n = 52) ‘did not’ use 

the activity planner compared to those who did so for the following reasons: 

 Used it for a short while then lost focus. 

 Don’t like filling in forms. 

 I forgot and I’m away a lot. 

 I got sick and then got out of practice. 

 Not enough time already, I work full time so I didn’t feel it was necessary. 

Exercise charts 

Table 4.2 summarises the responses from the survey regarding the exercise chart. 

From a response rate of 64% (n = 89) participants, 52.83% stated the following in response to 

the question, ‘Was there anything you particularly liked about the exercise chart?’ 

 It was a good visual reminder and the exercises were easy to follow. 

 Liked the clear instructions and the use of an older model to demonstrate them. 

 Easy to follow and easy to understand. 

 Good descriptions of the exercises and the photos provided a good explanation. 

Table 4.2 

Participants’ responses to statements relating to RVPANS program exercise chart 

Agree/Strongly agree with statement % n 

Useful advice in booklet (very useful) 64.0 57 

Eye catching/attractive 68.9 61 

Suitable for people my age 68.0 60 

Encouraged me to ‘sit less’ 45.3 40 

Encouraged me to do RVPANS exercises 44.0 39 

Participants n = 89; Response Rate = 64% 
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Only 9.0% of the respondents (n = 8) stated they ‘disliked the exercise chart’, with 

the following reasons given: 

 Would have preferred large print (font size). 

 Too many sitting exercises that I did not do. 

 The exercises were too easy. 

The following responses were obtained from the survey item ‘Do you have any 

suggestions to improve the exercise charts?’: 

 I feel the exercise could have been geared for a ‘fairly fit’ senior – they were not very 

challenging at all. 

 The exercise section could have been broken into two: more strenuous exercises for those 

under 75 years and the existing exercises for those 75 years and over. 

Survey 2 – RVPANS Program Ambassadors’ support 

The Program Ambassadors were assigned a retirement village as each intervention 

village was recruited into the program. This meant that each Program Ambassador had 

between 5 to18 participants to manage at any one time. Table 4.3 shows the preferred number 

of telephone calls (contact) negotiated with the Program Ambassador by the participants. 

Table 4.3 

Schedule of participants’ preferred contact (telephone calls) 

with Program Ambassador 

Introduction On-going guidance/support 

First fortnight 3-weekly Monthly 

n = 93 n = 51 n = 42 

 

The final question on the survey asked the participants to provide feedback on the 

quality of the telephone support received from the Program Ambassador (refer to Table 4.4). 

The following are examples of the responses obtained from individual participants: 

 Gave me encouragement without being pushy and covered all aspects of the program each time. 

 Very friendly and respected any limitations we had with the program at the time. 

 The telephone support was very good, when I started this program I wasn’t doing any exercise 

at all and I now walk five kilometres, seven days a week and play table tennis once a week. 

 It was helpful to talk about issues. Helpful sessions to assist with me diet planning. 

 Friendly support and encouraged to follow the exercise chart. 

 I felt it needed to be more often and more’ pushy’ when they called. 
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Table 4.4 

Participants’ perceived support from RVPANS Program Ambassadors 

Contact made by the Program Ambassador % n 

Usefulness of contact (very useful) 55.0 59 

Number of times contact was made (often enough) 40.5 44 

Gave me sufficient guidance 64.1 69 

Motivated me to set goals (sufficiently) 61.1 66 

Encouraged me to do RVPANS exercises 85.9 93 

Participants n = 108; Response Rate = 78% 

4.1.5 Discussion 

Process evaluation was conducted with the RVPANS intervention participants to 

determine areas of the program that worked as planned and the appropriateness of these for 

the target group. For example, are the printed resources suitable to the age group and was the 

support and guidance provided by the Program Ambassadors effective in the intervention 

delivery. The evaluation also allowed for missing components to be identified, for example 

more dietary advice or more strength training exercises. Most the participants who completed 

the survey were positive about the program, its resources and the telephone support they 

received and most reported improvements in physical activity levels and dietary habits. 

Survey 1 – RVPANS booklet and exercise chart. 

The booklet and exercise chart were well received by the participants who found them 

relevant to their age group, informative, easy to understand and the exercises clearly described, 

with 57% reporting the booklet as ‘useful’ and 64% reporting the exercise chart as ‘useful’. 

Many participants (n = 61) commented on the convenience of being able to take the booklet, 

exercise charts and resistance bands with them when they travelled. Approximately two-thirds 

of the respondents found the booklet and exercise chart suitable to their age group. However, 

when asked whether the booklet and exercise chart encouraged them to be more physically 

active, only 56% stated the booklet did and 45% stated the exercise charts did. As to dietary 

advice, participants felt that they were already aware of food groups but found the portion size 

chart to be beneficial. Many (n = 86) had their own healthy eating recipes and felt that the dietary 

advice in the booklet was a good prompt to “keep them or get them back on track”. The monthly 

activity planner was an optional component of the program, although it was suggested to the 

participants that this would be a good record to have when they received a phone call from their 

Program Ambassador. Suggestions for improvements to the booklet and exercise charts included 

the development of a DVD that showed the correct exercise procedures and that the monthly 

activity planner could have been simplified for recording daily physical activity. 
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Survey 2 – RVPANS Program Ambassadors support. 

Of the 108 participants who responded to the survey, 85.9% (n = 93) stated the 

Program Ambassadors encouraged them to do the RVPANS exercises. Overall, the fortnightly, 

then three-weekly to monthly telephone calls were deemed to be sufficient by the participants 

and they found the telephone calls to be useful in motivating and guiding them in setting 

personal goals and overcoming barriers to doing the RVPANS exercises. 

Many of the participants (n = 93) commented on the ‘peer-aged’ support from the 

Program Ambassadors as being a positive factor. This is supported in the literature by Dorgo 

et al. (2009). However, the number of telephone calls required by each participant appeared to 

vary. As outlined in the literature review presented earlier, previous research (Hersey et al., 

2015 and van Kuelen, 2011) is limited in defining the optimal dose-response relationship of 

motivational telephone counselling that is required to bring about positive changes in physical 

activity levels and dietary behaviours in older adults. The literature review also found that 

further evidence (e.g. Hersey et al., 2015 and van Kuelen, 2011) is needed to determine the 

most effective combination of physical activity and dietary advice (i.e. printed materials, 

tailored personal advice) when targeting older adults. 

4.2 Post-intervention evaluation (Exit Interviews) 

4.2.1 Aim and objectives 

The aim was to gain more in-depth information regarding the participants’ (n = 16) 

perceptions of the program, particularly the printed program materials (booklet, exercise chart 

and newsletter) and the contact they had with the Program Ambassadors, and to find out how 

the program could be improved to be more appealing to the target group (adults 60 years and 

over) and therefore inform participant retention in physical activity and nutrition programs for 

retirement village residents. 

4.2.2 Method 

Semi-structured interviews were conducted on a sub-set of intervention participants 

(n = 16) to gain more in-depth information regarding the effectiveness and efficacy of the 

program and to identify possible limitations. The sample included program completers (n = 

8), and program non-completers (n = 8), purposely selected from the intervention participants. 

Participants were invited to participate in a 15–20-minute telephone interview and an 

appointment time was negotiated at their convenience. They were provided with a gift voucher 

for their time and feedback on the program content, specifically the printed materials and 
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contact with the Program Ambassador. The exit interview schedule contained open-ended 

questions based on: 

 initial contact with the participants and recruitment 

 reasons for being involved in RVPANS 

 opinions on the design features of RVPANS (e.g. ‘home-based’ program) 

 opinions on the program’s printed materials (e.g. booklet, exercise chart, resistance band) 

 suggestions to improve the program 

 Program Ambassador guidance and support 

 personal improvements in physical activity and dietary behaviours 

 reasons for not continuing the program. 

4.2.3 Analysis 

The analysis included collating the data and extracting common key words and 

phrases from the participants’ responses and identifying common themes and ideas before 

summarising the results. These are presented and discussed in the sections below. 

4.2.4 Results 

Sample Characteristics  

The eight completers were comprised of five females and three males aged 60–80 

(mean age of 70.7 years, SD = 7.09 years). The eight non-completers comprised six females 

and two male participants aged 64–78 (mean age = 71.8 years, SD = 5.36 years). 

Overview of results from completers and non-completers 

There were common themes that arose from the exit interviews. Both the completers 

and non-completers became involved in the intervention to become more physically active and 

to participate in research focusing on older adults. Both groups felt the program resources were 

aesthetically pleasing and the information presented was easy to understand. Both groups rated 

the support from the Program Ambassadors highly (mean = 8.3/10). Feedback regarding 

improvements that could be made to the program included providing supervised exercise 

sessions onsite at the retirement village. Poor health was the main reason that the non-

completers did not continue for the six-month period and the majority expressed their 

disappointment at not being able to complete the program. 
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Completers 

Recruitment  

Program completers (n = 8) reported that the information sessions conducted at the 

retirement villages motivated them to become involved in RVPANS. Other reasons included 

the postcard distribution and promotions in the village newsletter. They also reported wanting 

to become involved in a physical activity and nutrition program because they had a keen 

interest in exercise and diet and thought it would be a good prompt to get started again after 

being physically inactive. Overall, the completers thought RVPANS was a very good program 

that helped them establish a new regime for regular physical activity, eating better and they 

liked that the program was home-based. 

Booklet and exercise charts  

Participants stated that the printed materials (e.g. booklet, exercise charts, newsletters) 

were excellent, very informative and easy to read. They found the newsletter content particularly 

useful and that it was ‘a great motivator to keep you on track’. Despite a few participants 

commenting that they had seen the RVPANS exercises before, they stated that the instructions 

and photographs on the exercise charts made the exercises easy to understand and follow, and 

found the magnet on the back of the chart useful as the chart could be placed in a prominent 

position in their home. The completers were asked for suggestions to improve the printed 

materials; their response was that the printed materials were “suitable the way they are”. 

Program Ambassador support 

The completers were also asked to give feedback about the guidance and support they 

received from the Program Ambassadors. On a scale of 1–10 (1 = not sufficient to 10 = 

sufficient), they rated the support they received in a range of 8/10 to 9/10 (mean = 8.5). Support 

from the Program Ambassadors was provided by telephone calls and these calls were negotiated 

on a-needs-be basis with each participant; the number of telephone calls received was deemed 

to be adequate and comments included: “that they were useful for keeping me on track”, 

“motivating me”, and “they were interested in what I was doing”. Only one participant felt they 

would have liked more interaction, commenting that they would have preferred face-to-face 

contact especially in the beginning. Overall, participants reported that the program did increase 

their physical activity levels, with 62.5% stating they were walking more over the six-month 

intervention. The majority of the completers reported that they added the RVPANS exercises 

from the booklet into an existing exercise program they were already doing (e.g. adding these 

exercises to a swimming or walking session) or they supplemented them for another activity 

(e.g. RVPANS program instead of group exercise class). A few stated that the RVPANS program 
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encouraged them to try new activities such as Tai Chi, Yoga and Bowen exercises. Two 

completers reported that their fruit and vegetable intake increased. However, most of the 

completers responded that their diets were already fairly healthy and they “knew what to eat”, 

“have always been a good eater’ and “I eat much the same - lots of fruit and vegies”. 

The suggestions to improve the program and make it more appealing to other older 

adults included offering supervised physical activity sessions on a group level. One participant 

commented that this would mean that those who were participating would be more motivated 

to continue if they had a regular meeting to attend. 

Non-completers 

Reasons for not completing the program 

Non-completers were participants who did not complete the program within the 

specified six-month duration. The main reason non-completers (n = 8) did not continue with 

the program was because of health reasons (75%; n = 6) These included ‘back and leg 

problems’; ‘ankle injury’; ‘knee injury’; ‘hip problems’; and ‘unwell spouse’; and having to 

care for an ill spouse (25%; n = 2). Despite only being able to participate on average for 2–4 

months, many felt the RVPANS program was beneficial. This is supported with comments 

such as, “It was a good program, I like the exercises when I could do them” and “In the 

beginning it motivated me to get back on track, but then I hurt my knee and I’ve only been able 

to get walking again”. Only one participant felt that the program was not for them, as they felt 

they were too fit for the program and that the exercises were too easy. Similar to the 

completers, two participants commented that a supervised program with face-to-face contact 

with a Program Ambassador would have suited them more. 

Booklet and exercise charts 

Feedback in regards to the printed materials was very positive. Many felt the layout 

of the book was good and that the exercises were described well with easy to understand 

instructions. When asked if there were any improvements that could have been made to the 

printed resources, one participant suggested that a few more difficult exercises (i.e. higher 

intensity) could have been included. A few (n = 3) stated that they had seen these exercises 

before but it was not necessarily a negative comment. 

Program Ambassador support 

The non-completers were very positive about the contact with the Program 

Ambassador for the time they were engaged in the program. On a scale of 1-10, (1 = not sufficient 

to 10 = sufficient), the non-completers rated the Program Ambassadors in a range of 8/10 to 
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10/10 (mean = 8.25) and that the contact they received in the short time they were participating 

was sufficient enough. Feedback included, “She was very motivating at the time’, “She was very 

good and very interested in what I was doing” and “I think there was more than enough 

encouragement from him, despite the fact I wasn’t the best candidate”. When asked how other 

older adults could be encouraged to participate in a program similar to RVPANS, two 

participants suggested offering group physical activity sessions with a trained instructor. 

4.2.5 Discussion 

Comprehensive process evaluation was conducted to determine if the intervention 

strategies were effective and appropriate for targeting older adults in this ‘niche’ setting. The 

on-site information sessions were the most effective way of recruiting residents (66.4%) into 

the study, with the postcard distribution also having a significant recruitment impact (33.6%). 

The desire to become more physically active and to improve dietary intake was the reason 

most cited for becoming involved in RVPANS. 

The provision of the Program Ambassadors encouraged the participants to remain in 

the program and was also positively received by those who did not complete the six-month 

intervention. The amount of contact required from the Program Ambassadors by the 

participants varied; however, as this was negotiated on a needs basis between participant and 

Program Ambassador, it was never seen as a barrier to retaining participants. As discussed in 

the literature review earlier, the optimal dose-response of motivational support requires further 

inquiry.(Lara et al., 2015; Resnicow et al., 2008), and it should be considered in future 

programs targeting this specific group of older adults in the particular setting investigated in 

the present research study. Adequate support could include face-to-face contact on a more 

regular basis, to be tapered off as the program progresses and as the participant becomes more 

autonomous in their motivation and adherence to the program. 

Utilisation of both indoor and outdoor physical activity facilities provided within the 

retirement village remains very low (Holt et al., 2015) and an often-cited reason for this is the 

lack of regular supervision by trained professionals (Holt et a., 2015). Finding the appropriate 

cost-effective model of providing supervised instruction that is viable and feasible to both the 

residents and owner-operators remains a challenge. Group run activities are often poorly 

attended with many residents attending fitness classes on an irregular basis (Holt et al., 2015). 

Affordability is a factor that needs to be considered to maximise attendance, suggesting 

subsidised financial support may be one option that owner-operators could consider to keep 

their residents healthy and to ensure the purpose-built facilities for physical activity and 

recreation are actually used. 
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As reported by other older adults’ physical activity and nutrition programs, injury 

and caring for a spouse were the two main reasons participants dropped out of programs (Burke 

et al., 2012; Jancey et al., 2008; Jancey et al., 2006). A study by Stigglebout et al. (2005) found 

that there were significant differences in pain score and perceived health between drop-outs 

and completers in older adults (n = 1725) across a range of organised physical activity 

programs, mainly aerobic and fitness classes. Participants with a lower perceived health status 

(poor health to good health) dropped out more often than those with a higher perceived health 

status (Stiggelbout, Hopman-Rock, Tak, Lechner, & van Mechelen, 2005). Patel et al. (2013) 

identified barriers to participation in an older adults’ (n = 80) physical activity program due to 

pain, feeling tired and health problems keeping the participants from being physically active. 

The results also reported that fear of injury and family responsibilities kept the participants 

from being physically active (Patel, Schofield, Kolt, & Keogh, 2013). Those results are 

consistent with the findings of this present evaluation. 

Intervention delivery was conducted by print and telephone. The printed materials 

were also well received although many did comment that they had seen similar materials 

before. The printed materials together with the guidance and tailored feedback from the 

Program Ambassadors was effective in supporting the participants in improving their physical 

activity levels and dietary habits. Other studies have shown that print and telephone 

interventions remain an effective strategy to increase physical activity and improve diet in 

older adults (Ball, Salmon, Leslie, Owen, & King, 2005; van Stralen, de Vries, Bolman, 

Mudde, & Lechner, 2010; van Stralen, de Vries, Mudde, Bolman, & Lechner, 2009). 

Many of the participants surveyed found the RVPANS exercises beneficial and were 

doing them on a regular basis. This supports the quantitative results that showed a significant 

improvement in strength outcome. 

4.3 Limitations 

Process evaluation based on self-report was deemed the most realistic and feasible 

way to gain information on program delivery and implementation. Whilst improvements 

occurred in moderate levels of physical activity and strength activities along with increased 

frequency of fruit and fibre intake, more face-to-face contact was desired to improve guidance 

and motivation for longer-term behaviour change. However, it appears that intervention 

strategies based on SDT and MI are effective in targeting this age group in this setting. 

Process evaluation was conducted only with the intervention participants (n = 139) 

and not the ‘wait-list’ controls (n = 141) who received the program post–intervention. The 

‘wait-list’ controls are potentially another valuable source of feedback on program delivery 

and implementation if there was potential follow-up, however due to budget and time 

constraints this was not viable. 
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Chapter 5 

   

Impact Evaluation 

5.1 Participation rate 

Three hundred and sixty-three participants (intervention; n = 197 and controls; n = 

166) residing in 38 retirement villages (intervention; n = 17 and controls; n = 21) located in 

the Perth metropolitan area and Peel region of Western Australia were recruited into the six-

month physical activity and nutrition intervention study. Of these, 280 remained in the 

program (intervention; n = 139 and controls; n = 141), giving a retention rate of 71% in the 

intervention group and 84% for the control group. 

5.2 Demographics and baseline characteristics of the 

intervention and control participants 

Table 5.1 shows the demographic characteristics of both the intervention and control 

participants (N = 363) at baseline. The mean age for the intervention participants was 72.09 

years (SD = 4.90) and 72.07 years (SD = 5.17) for the control participants. In both groups, 

there were more females than males: intervention (71.6%, n = 141) and controls (75.9%, n = 

126). It is estimated that the mean age of residents of retirement villages in Australia is 78.5 

years, with two-thirds (66.66%) being female (Petersen, 2015; Price Waterhouse Coopers., 

2015; Towart, 2013). The baseline data collected from the RVPANS participants is thus 

comparable to the national data. 

The mean height of the intervention participants was 1.63 metres (SD = 0.92) and 

for the controls it was 1.63 metres (SD = 0.98). At baseline, mean bodyweight was recorded 

as 76.8kg (SD = 16.7) for the intervention participants and 77.5kg  (SD = 17.9) for the controls. 

Smoking status (pa = 0.685) and co-morbidity (pa = 0.117) showed no significant difference 

between groups. There were also no statistical differences in systolic blood pressure (pa = 

0.616) and diastolic blood pressure (pa = 0.899) at baseline. Education level (pa = 0.416) was 

relatively comparable between the two groups, with relationship status (no partner or with 

partner) being the only characteristic showing a statistically significant difference (pa = 0.010) 

between groups. Overall, the results indicated a homogenous sample at baseline. 
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Table 5.1 

Demographic characteristics of intervention and control participants at baseline (n = 363) 

 Intervention (n = 197) Control (n = 166)  

 (n) (%) (n) (%) pa 

Gender 

Female 

 

141 

 

71.6 

 

126 

 

75.9 

0.351 

Male 56 28.4 40 24.1  

Age (years) 

mean (SD) 

 

72.09 (4.90) 

  

72.07 (5.17) 

 0.115 

Height (m) 

mean (SD) 

 

1.63 (0.92) 

  

1.63 (0.98) 

 0.914 

Bodyweight (kg) 

mean (SD) 

 

76.8 (16.7) 

  

77.5(17.9) 

 0.690 

Waist-to-Hip Ratio 

mean (SD) 

 

0.88 (0.87) 

  

0.89 (0.88) 

 0.385 

BMI (kg/m2) 

mean (SD) 

 

28.6 (5.2) 

  

29.0 (5.9) 

 0.524 

Education level 

Secondary school or 
below 

 

111 

 

56.3 

 

79 

 

47.6 

0.416 

Trade 
certificate/diploma 

36 18.3 37 22.3  

University 50 25.4 50 30.1  

Relationship status 

No partner 

 

61 

 

30.9 

 

72 

 

43.4 

0.010 

With partner 136 69.1 94 56.6  

Smoking status 

Never 

 

118 

 

59.9 

 

101 

 

60.8 

0.685 

Former/current 79 40.1 65 39.2  

Blood pressure      

Systolic (mmHg) 

mean (SD) 

 

141.01 (18.16) 

  

141.26 (18.30) 

 0.616 

Diastolic (mmHg) 

mean (SD) 

 

78.40 (9.54) 

  

78.28 (9.54) 

 0.899 

Co-morbidityb 

No 

 

55 

 

27.9 

 

20 

 

12.0 

0.117 

Yes 142 72.1 146 88.0  

SD: standard deviation 
a Chi square or t-test between intervention and control participants 
b Presence of at least one of eight common health conditions (heart disease, stroke, high blood 

pressure, diabetes, cancer, high cholesterol, osteoporosis, arthritis) 
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5.3 Demographic characteristics of participants who withdrew 

from the study 

Table 5.2 shows the demographic characteristics of the participants (n = 83) who 

withdrew from the study over the six-month intervention period. Of those who withdrew, 

69.9% (n = 58) were intervention and 30.1% (n = 25) were control participants. There were 

no significant differences in the demographic characteristics between those who were 

allocated into either the intervention or the control groups at baseline and who then 

subsequently withdrew from the study. 

Approximately two-thirds of those who withdrew were female (68.9% intervention 

and 72.0% of control participants), with the mean age being 73.38 years (SD = 4.56) and 73.12 

years (SD = 3.63) respectively. Unlike those participants who remained in the study, there was 

no significant difference in relationship status between those with or without a partner (pa = 

0.515). 

Table 5.2 

Demographic characteristics of the participants who withdrew from the study 

(n = 83) 

 Intervention (n = 58) Control (n = 25)  

 (n) (%) (n) (%) pa 

Gender 

Female 

 

40 

 

68.9 

 

18 

 

72.0 

0.782 

Male 18 31.1 7 28.0  

Age (years) 

mean (SD) 

 

73.38 (4.56) 

  

73.12 (3.64) 

 0.213 

Height (m) 

mean (SD) 

 

1.63 (0.89) 

  

1.64 (0.79) 

 0.440 

Bodyweight (kg) 

mean (SD) 

 

78.3 (16.0) 

  

79.5 (15.2) 

 0.464 

Waist-to-Hip Ratio 

mean (SD) 

 

0.89 (0.88) 

  

0.89 (0.88) 

 0.387 

BMI (kg/m2) 

mean (SD) 

 

29.7 (5.5) 

  

29.7 (5.4) 

 0.423 

Education level 

Secondary school or 

below 

 

34 

 

58.7 

 

13 

 

52.0 

0.250 

Trade 

certificate/diploma 

9 15.5 7 28.0  

University 15 25.8 5 20.0  
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 Intervention (n = 58) Control (n = 25)  

 (n) (%) (n) (%) pa 

Relationship status 

No partner 

 

39 

 

67.2 

 

14 

 

56.0 

0.515 

With partner 19 32.8 11 44.0  

Smoking status 

Never 

 

34 

 

58.6 

 

14 

 

56.0 

0.930 

Former/current 24 41.4 11 44.0  

Blood pressure      

Systolic (mmHg) 

mean (SD) 

 

141.39 (18.92) 

  

142.4 (17.88) 

 0.388 

Diastolic (mmHg) 

mean (SD) 

 

77.22 (9.57) 

  

78.28 (9.55) 

 0.577 

Co-morbidityb 

No 

 

39 

 

67.2 

 

4 

 

16.0 

0.479 

Yes 19 32.8 21 84.0  

SD, standard deviation 
a Chi-square or t-test between intervention and control participants 
b Presence of at least one of eight common health conditions (heart disease, stroke, high blood 

pressure, diabetes, cancer, high cholesterol, osteoporosis, arthritis) 

5.4 Reasons for non-completers 

The reasons the participants withdrew from the study are shown in Table 5.3. Of the 

83 participants who withdrew, 43.4% (n = 36) nominated poor health (intervention n = 25 and 

controls n = 11), 36.1% (n = 30) injury (intervention n = 23 and controls n = 7); and 20.5% (n 

= 17) family commitments (intervention n = 10 and controls n = 7). No injuries were reported 

by any of the participants as a result of the intervention. There was no statistical difference 

between the intervention and control participants in the reasons for not completing from the 

study (p = 0.694). 

Table 5.3 

Reasons for intervention and control participants not completing the study 

Reasons for not  

completing 

(n = 83) 

Intervention 

 (n = 58) 

Controls 

(n = 25) 

Total 

(n = 83) 

p n % n % % 

Poor health 25 43.0 11 44.0 43.4 0.694 

Injury 23 39.6 7 28.0 36.1 
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Reasons for not  

completing 

(n = 83) 

Intervention 

 (n = 58) 

Controls 

(n = 25) 

Total 

(n = 83) 

p n % n % % 

Family commitments*  10 17.4 7 28.0 20.5 

* For example, caring for a spouse or relative 

5.5 Comparison of demographic characteristics between those 

who completed the study and those who withdrew from the 

study  

Table 5.4 shows that there were no statistically significant differences in 

demographic characteristics between those who completed the study (n = 280) and those who 

withdrew from the study (n = 83). 
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Table 5.4 

Comparison of demographic characteristics of program completers and non-completers 

Demographic 

Characteristics 

Completers 

(n = 280) 

Non-completers 

(n = 83) 

pa 

Intervention 

(n = 139) 

Controls 

(n = 141) 

Total 

(n = 280) 

Intervention 

(n = 58) 

Controls 

(n = 25) 

Total 

(n = 83) 

Gender 

Female 

 

101 

(72.7%) 

 

108 

(76.6%) 

- 

209 

(74.6%) 

 

40 

(68.9%) 

 

18 

(72.0%) 

- 

58 

(69.9%) 

0.551 

Male 

 

38 

(27.3%) 

33 

(23.4%) 

71 

(25.4%) 

18 

(31.1%) 

7 

(28.0%) 

25 

(30.1%) 

 

Age (years) 

mean  

(SD) 

 

72.71 

(5.02) 

 

71.88 

(5.39) 

  

73.38 

(4.56) 

 

73.12 

(3.64) 

 0.960 

Height (m) 

mean 

(SD) 

 

1.63 

(0.92) 

 

1.63 

(0.98) 

  

1.63 

(0.89) 

 

1.64 

(0.79) 

 0.677 

Bodyweight(kg) 

mean 

(SD) 

 

75.57 

(14.97) 

 

76.84 

(17.36) 

  

78.29 

(15.90) 

 

79.50 

(15.19) 

 0.583 

Waist-to-Hip Ratio 

mean 

(SD) 

 

0.89 

(0.09) 

 

0.89 

(0.09) 

  

0.88 

(0.09) 

 

0.90 

(0.09) 

 0.486 
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Demographic 

Characteristics 

Completers 

(n = 280) 

Non-completers 

(n = 83) 

pa 

Intervention 

(n = 139) 

Controls 

(n = 141) 

Total 

(n = 280) 

Intervention 

(n = 58) 

Controls 

(n = 25) 

Total 

(n = 83) 

BMI (kg/m2) 

mean 

(SD) 

 

28.38 

(4.59) 

 

28.62 

(5.63) 

  

29.69 

(5.48) 

 

29.69 

(5.40) 

 0.480 

Education level 

Secondary school or 

below 

 

77 

(55.4%) 

 

66 

(46.8%) 

 

143 

(51.1%) 

 

34 

(58.7%) 

 

13 

(52.0%) 

 

47 

(56.6%) 

0.250 

Trade 

certificate/diploma 

27 

(19.4%) 

30 

(21.3%) 

57 

(20.3%) 

9 

(15.5%) 

7 

(28.0%) 

16 

(19.3%) 

 

University 35 

(25.2%) 

45 

(31.9%) 

80 

(28.6%) 

15 

(25.8%) 

5 

(20.0%) 

20 

(24.1%) 

 

Relationship status 

No partner 

 

42 

(30.2%) 

 

61 

(43.3%) 

 

103 

(36.8%) 

 

39 

(67.2%) 

 

14 

(56.0%) 

 

53 

(63.9%) 

0.164 

With partner 97 

(69.8%) 

80 

(56.7%) 

177 

(63.2%) 

19 

(32.8%) 

11 

(44.0%) 

30 

(36.1%) 

 

Smoking status 

Never 

 

84 

(60.4%) 

 

87 

(61.7%) 

 

171 

(61.1%) 

 

34 

(58.6%) 

 

14 

(56.0%) 

 

48 

(57.8%) 

0.161 

Former/current 55 

(39.6%) 

54 

(38.3%) 

109 

(38.9%) 

24 

(41.4%) 

11 

(44.0%) 

35 

(42.2%) 
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Demographic 

Characteristics 

Completers 

(n = 280) 

Non-completers 

(n = 83) 

pa 

Intervention 

(n = 139) 

Controls 

(n = 141) 

Total 

(n = 280) 

Intervention 

(n = 58) 

Controls 

(n = 25) 

Total 

(n = 83) 

Blood pressure        

Systolic (mmHg) 

mean  

(SD) 

 

141.01 

(18.17) 

 

141.26 

(18.30) 

  

141.39 

(18.92) 

 

142.42 

(17.88) 

 0.962 

Diastolic (mmHg) 

mean  

(SD) 

 

78.40 

(9.57) 

 

78.28 

(9.55) 

  

77.22 

(9.57) 

 

78.28 

(9.55) 

 0.348 

Co-morbiditya 

No 

 

25 

(18.0%) 

 

16 

(11.3%) 

 

41 

(14.6%) 

 

39 

(67.2%) 

 

4 

(16.0%) 

 

43 

(51.8%) 

0.354 

Yes 114 

(82.0%) 

125 

(88.7%) 

239 

(85.4%) 

19 

(32.8%) 

21 

(84.0%) 

40 

(48.2%) 

 

SD: standard deviation 
a Chi-square or t-test between completers and non-completers 
b Presence of at least one of eight common health conditions (heart disease, stroke, high blood pressure, diabetes, cancer, high cholesterol, osteoporosis, arthritis 
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5.6 Changes in physical activity levels before and after the intervention 

Physical activity levels were measured by self-report using the International Physical 

Activity Questionnaire (IPAQ-SF) and included total walking time (days per week and minutes 

per day), moderate physical activity (days per week and minutes per day), vigorous physical 

activity (days per week and minutes per day), strength activity (days per week and minutes per 

day) and total sitting time (minutes per day). 

Walking 

Table 5.5 shows the changes from baseline to post-intervention for walking (minutes 

per week). At baseline the intervention participants spent on average of 240 minutes (SD = 

324.68) walking per week, as compared to the controls who spent 216 minutes (SD = 275.02) 

walking per week, but the difference was not statistically significant (p2 = 0.510). There were 

no significant changes (p1 = 0.769) in minutes of walking per week in the intervention 

participants from baseline to the end of the six-month intervention. A similar result occurred 

in the control participants (p1 = 0.712). When comparing the intervention and control 

participants, there was a difference in walking time by minutes per week between them at post-

intervention. The mixed regression analysis shows that the only significant confounder was co-

morbidity (p = 0.040), however it was of marginal influence. 

Table 5.5 

Comparison of walking time (minutes per week) from baseline to post-intervention 

for participants  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Walking timea 

mean 

(SD) 

239.72 

 (324.68) 

231.59 

(260.27) 

216.01 

(275.02) 

224.45 

(270.35) 

p2 = 0.510 

p3 = 0.822 

 p1 = 0.769 p1 = 0.712  

Walking timeb,c 

 coefficient SE p 

Intercept 4.99 1.07 < 0.001 

Group: 

   Control 

   

   Intervention 0.12 0.14 0.379 

Time: 

   Baseline 

   

   Post -0.02 0.17 0.909 
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 coefficient SE p 

Group by Time 0.23 0.20 0.257 

Age (years) 0.00 0.01 0.936 

Gender: 

   Female 

   

   Male -0.16 0.18 0.370 

Education level:  

Secondary school 

or below 

   

  Trade certificate or 

diploma 

0.15 0.22 0.501 

   University 0.12 0.17 0.470 

Relationship status: 

   No partner 

   

   With partner -0.13 0.12 0.267 

Smoking status: 

   Never 

   

   Former/current -0.18 0.17 0.272 

Co-morbidity: 

   No 

   

   Yes -0.39 0.19 0.040 

a minutes per week 
b logarithmic transformed 
c linear mixed regression model 

SD, standard deviation 

SE, standard error 
p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Moderate physical activity 

Table 5.6 shows the results for moderate physical activity at baseline and post-

intervention. Mean moderate physical activity undertaken by the intervention participants was 

139.8 minutes (SD = 165.88) per week and for the control participants it was 129.2 minutes 

(SD = 257.86) per week at baseline and showed no significant difference (p2 = 0.683) between 

the two groups. At post-intervention, the intervention participants reported an increase of 80 

minutes (SD = 115.02) in moderate physical activity per week, which was statistically 

significant (p1 = 0.003). There was also a statistically significant difference (p3 = 0.004) in 

minutes per week of moderate physical activity between the intervention participants and the 

control participants. 
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After adjusting for the effects of potential confounding variables through mixed 

regression analysis, the post-intervention results showed an increase in minutes per week for 

moderate physical activity in both control and intervention groups (p = 0.011). However, the 

intervention participants spent more time participating in moderate physical activity at post-

intervention (p = 0.008) than the controls. 

Table 5.6 

Comparison of moderate physical activity (minutes per week) from baseline 

to post-intervention for participants  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Moderate physical activitya 

mean 

(SD) 

139.79 

(165.88) 

219.53 

(280.90) 

129.18 

(257.86) 

137.83 

(174.48) 

p2
 = 0.683 

p3
 = 0.004 

 p1 = 0.003 p1 = 0.692  

Moderate physical activityb 

 coefficient SE p 

Intercept 0.85 2.20 0.700 

Group: 

   Control 

   

   Intervention 0.96 0.36 0.008 

Time: 

   Baseline 

   

   Post 0.44 0.17 0.011 

Group by Time 0.07 0.21 0.726 

Age (years) 0.03 0.03 0.341 

Gender: 

   Female 

   

   Male -0.29 0.38 0.452 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 
diploma 

0.28 0.59 0.639 

   University 0.26 0.43 0.543 

Relationship status: 

   No partner 

   

   With partner 0.24 0.42 0.564 
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 coefficient SE p 

Smoking status: 

   Never 

   

   Former/current 0.68 0.43 0.114 

Co-morbidity: 

   No 

   

   Yes -0.62 0.54 0.245 

a minutes per week 
b gamma mixed regression model 

SD, standard deviation 

SE, standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Vigorous physical activity 

Only 16.5% (n = 23) of the intervention participants and 12.1% (n = 17) of the 

control participants reported performing vigorous physical activity (at least 10 minutes per 

week) as shown in Table 5.7. There was no change in the proportion of intervention 

participants and control participants performing vigorous activity. These results were further 

confirmed by logistic mixed regression analysis that accounted for the influence of 

confounding variables, which had no impact on the results. 

Table 5.7 

Comparison of vigorous physical activity (by proportion of participants) from baseline 

to post-intervention 

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Vigorous activitya 

n 

% 

23 

16.5 

27 

19.4 

17  

12.1 

25 

17.7 

p2 = 0.283 

p3 = 0.716 

 p1 = 0.532 p1 = 0.181  

Vigorous activity a 

 coefficient SE p 

Intercept -0.18 1.64 0.911 

Group: 

   Control 

   

   Intervention 0.34 0.36 0.347 
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 coefficient SE p 

Time: 

   Baseline 

   

   Post 0.47 0.34 0.170 

Group by Time -0.26 0.40 0.513 

Age (years) -0.02 0.02 0.308 

Gender: 

   Female 

   

   Male 0.05 0.30 0.880 

Education level:  

Secondary school 

or below 

   

  Trade certificate or 

diploma 

0.16 0.36 0.652 

   University 0.06 0.30 0.849 

Relationship status: 

   No partner 

   

   With partner 0.04 0.34 0.915 

Smoking status: 

   Never 

   

   Former/current -0.10 0.24 0.689 

Co-morbidity: 

   No 

   

   Yes -0.36 0.27 0.171 

a participation of at least 10 minutes 
SE, standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Strength activity 

At baseline, 23.7% (n = 33) of the intervention participants and 27.7% (n = 39) of 

the control participants reported doing strength activity as shown in Table 5.8. There was a 

significant increase (p1 < 0.001) in the number of intervention participants who performed 

strength exercises (at least 10 minutes per week) at post-intervention (48%, n = 67). There was 

a statistically significant difference (p3 = 0.002) in the number of intervention (n = 67) and 

control participants (n = 42) participating in strength activity at post-test. After adjusting for 

confounding variables through logistic mixed regression analysis only education level (trade 

certificate p = 0.015) had an effect on the results, and the univariate results were confirmed 

via the significant (p < 0.001) group by time interaction term. 
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Table 5.8 

Comparison of strength activity (by proportion of participants) from baseline 

to post-intervention in participants who completed the program  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Strength activitya 

n 

% 

33 

23.7 

67 

48.2 

39 

27.7 

42 

29.8 

p2 = 0.453 

p3 = 0.002 

 p1 = 0.001 p1 = 0.693  

Strength activity 

 coefficient SE p 

Intercept -1.48 1.72 0.388 

Group: 

   Control 

   

   Intervention -0.26 0.30 0.387 

Time: 

   Baseline 

   

   Post 0.12 0.19 0.515 

Group by Time 1.14 0.31 < 0.001 

Age (years) 0.01 0.02 0.664 

Gender: 

   Female 

   

   Male 0.19 0.22 0.376 

Education level:  

Secondary school 

or below 

   

  Trade certificate or 

diploma 

0.69 0.28 0.015 

   University 0.31 0.29 0.275 

Relationship status: 

   No partner 

   

   With partner -0.14 0.26 0.609 

Smoking status: 

   Never 

   

   Former/current 0.01 0.23 0.975 

Co-morbidity: 

   No 

   

   Yes -0.64 0.35 0.072 

a participation of at least 10 minutes 

SE, standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 
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5.7 Types of physical activity reported at baseline 

Table 5.9 shows the types of physical activity reported as being undertaken by the 

intervention and control participants at baseline. The three most highly nominated moderate 

physical activities were participating in an exercise class (23.4%, n = 85), playing doubles 

tennis (20.1%, n = 74) and bowls (15.1%, n = 55). The most highly nominated vigorous 

physical activities were aerobics class/jogging (15.6%, n = 22) and cycling (5.5%, n = 20). 

The most highly nominated strength activities were free weights (16.8%, n = 61) and 

resistance/strength bands (13.2%, n = 48). 

5.8 Types of physical activity reported at post-intervention 

Table 5.10 shows the types of physical activity that the participants were doing post-

intervention (n = 280). The three most highly nominated physical activities were Aqua class 

(32.8%, n = 92), and two strength activities: using resistance/strength bands (29.3%, n = 82) 

and using free weights (20.0%, n = 56). After Aqua class, the most highly nominated moderate 

physical activities were doubles tennis (19.6%, n = 55) and swimming at a moderate pace 

(12.8%, n = 36). The two most highly nominated vigorous physical activities were aerobics 

class/jogging (10.7%, n = 30) and cycling (5.7%, n = 16). Very few participants used hand 

weights or did calisthenics (0.3%, n = 1). There was minimal change in the types of physical 

activity participants were doing from baseline to post-intervention. 
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Table 5.9 

Types of physical activity at baseline in both intervention and control participants (n = 363) 

Types of Physical Activity 

Intervention (n = 197) Controls (n = 166) TOTAL (N = 363) 

Frequency 

(n) 

Frequency 

(%) 

Frequency 

(n) 

Frequency 

(%) 

Frequency 

(n) 

Frequency 

(%) 

Moderate Physical Activity 

Exercise class 45 22.8 40 24.1 85 23.4 

Doubles tennis 50 25.4 24 14.4 74 20.1 

Bowls (e.g. indoor, outdoor, ten pin) 38 19.3 17 10.2 55 15.1 

Aqua class (includes pool walking) 30 15.2 21 12.7 51 14.0 

Dancing (e.g. line, ballroom, dance class) 31 15.7 20 12.0 51 14.0 

Swimming (moderate pace) 26 13.2 24 14.4 50 13.8 

Yoga 16 8.1 11 6.6 27 7.4 

Hydrotherapy class  11 5.6 10 6.0 21 5.8 

Vigorous Physical Activity 

Aerobics class, jogging 16 8.1 6 3.6 22 15.6 

Cycling 8 4.1 12 7.2 20 5.5 

Swimming (vigorous pace) 8 4.1 3 1.8 11 3.0 

Sports (e.g. singles tennis, badminton, squash)  - 4 2.4 4 1.1 

Strength-based Physical Activity 

Free weights (e.g. barbells, dumbbells) 32 16.2 29 17.5 61 16.8 

Resistance, strength bands 21 10.6 27 16.3 48 13.2 

Hand weights, calisthenics  1 0.5 3 1.8 4 1.1 
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Table 5.10  

Types of physical activity at post-intervention in both intervention and control groups (n = 280) 

Types of Physical Activity 

Intervention (n = 139) Controls (n = 141) TOTAL (n = 280) 

Frequency 

 (n) 

Frequency  

(%) 

Frequency  

(n) 

Frequency 

(%) 

Frequency 

 (n) 

Frequency 

(%) 

Moderate Physical Activity 

Aqua class (includes pool walking) 46 33.1 46 32.6 92 32.8 

Doubles tennis 30 21.6 25 17.7 55 19.6 

Swimming (moderate pace) 20 14.3 16 11.3 36 12.8 

Exercise class 19 13.7 13 9.2 32 11.4 

Yoga 17 12.2 15 10.6 32 11.4 

Bowls (e.g. indoor, outdoor, ten pin) 24 17.3 7 4.9 31 11.1 

Dancing (e.g. line, ballroom, dance class) 14 10.1 5 3.5 19 6.8 

Hydrotherapy class   4 2.8 4 1.4 

Vigorous Physical Activity 

Aerobics class, jogging 19 13.6 11 7.8 30 10.7 

Cycling 5 3.6 11 7.8 16 5.7 

Swimming (vigorous pace) 6 4.3 4 2.8 10 3.6 

Sports (e.g. singles tennis, badminton, squash) -  3 2.1 3 1.1 

Strength-based Physical Activity 

Resistance/ 

strength bands 

51 36.6 31 22.0 82 29.3 

Free weights (e.g. barbells, dumbbells) 28 20.1 28 19.8 56 20.0 

Hand weights, calisthenics  1 0.7   1 0.3 
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5.9 Sedentary behaviour 

Table 5.11 shows that sedentary behaviour, as measured by sitting time, was not 

statistically different (p2 = 0.812) between control and intervention participants at baseline. 

Total sitting time decreased by 175 minutes per week on average in the intervention 

participants at post-intervention although this was not statistically significant (p1 = 0.064). 

Mean total sitting time increased slightly in the control participants at post-intervention by 37 

minutes per week, however this was not statistically significant (p1 = 0.697) either. There was 

no significant difference between groups post-intervention in the total sitting time as indicated 

by a p3 value of 0.069. 

Mixed regression analysis was performed to control for the effects of retirement 

village clustering; confounders confirmed a significant result (p = 0.027) in change in sitting 

time from baseline to post-intervention, and between the two groups. The presence of a co-

morbidity (p = 0.040) also exerted some influence on the multivariate results. 

Table 5.11  

Comparison of sitting time (minutes per week) from baseline to post-intervention 

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Sitting timea 

mean 

(SD) 

2,398.13 

(905.68) 

2,223.38 

(1089.16) 

2,426.40 

(1074.20) 

2,463.25 

(1103.47) 

p2 = 0.812 

p3 = 0.069 

 p1 = 0.064 p1 = 0.697  

Sitting timeb 

 coefficient SE p 

Intercept 8.02 0.32 < 0.001 

Group: 

   Control 

   

   Intervention 0.02 0.04 0.558 

Time: 

   Baseline 

   

   Post 0.02 0.04 0.640 

Group by Time -0.11 0.05 0.027 

Age (years) -0.01 0.00 0.203 

Gender: 

   Female 

   

   Male 0.08 0.06 0.224 
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 coefficient SE p 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

-0.04 0.05 0.394 

   University 0.03 0.06 0.613 

Relationship status: 

   No partner 

   

   With partner -0.05 0.05 0.384 

Smoking status: 

   Never 

   

   Former/current -0.02 0.04 0.579 

Co-morbidity: 

   No 

   

   Yes 0.15 0.07 0.040 

a minutes per week 
b gamma mixed regression model 

SD: standard deviation 

SE: standard error 

p1: baseline versus post p value 
p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

5.10 Nutritional outcomes of participants 

The Fat and Fibre Barometer was used to collect data on dietary behaviours. Dietary 

intake included fruit and vegetable consumption, based on serves per day as well as fibre and 

fat intake scores. 

Fruit consumption  

Table 5.12 shows the frequency of fruit serves per day in the intervention and control 

participants at baseline (N = 363) and post-intervention (n = 280). There was an increase of 

3.4% (from 72.1% to 75.5%) in the number of intervention participants, who were consuming 

two or more serves of fruit per day. There was a decrease of 6.6% (from 67.5% to 60.9%) in 

the number of control participants consuming two or more serves of fruit per day. 
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Table 5.12  

Frequency of fruit consumption (serves per day) by intervention and control groups 

at baseline and post-intervention  

 Intervention Control 

 

Baseline 

(n = 197) 

Post 

(n = 139) 

Baseline 

(n = 166) 

Post 

(n = 141) 

Less than 2 serves/day     

n 

% 

55 

27.9 

34 

24.5 

54 

32.5 

55 

39.1 

Two or more serves /day     

n 

% 

142 

72.1 

105 

75.5 

112 

67.5 

86 

60.9 

 

Table 5.13 shows the changes in the frequency of fruit intake from baseline to post-

intervention in terms of consumption of at least two serves on 3–7 days per week. At baseline, 

the intervention and control participants were comparable in their frequency of fruit intake, 

with 69.1% (n = 96) of intervention and 65.2% (n = 92) of control participants consuming at 

least two servings on 3–7 days per week. There was no significant change within each group 

post-intervention: intervention (p1 = 0.286) and controls (p1 = 0.325). However, by the end of 

the intervention, there was a statistically significant difference (p3 = 0.007) between the 

intervention and control participants in fruit intake. The logistic mixed regression analysis 

shows that the likelihood of increasing fruit intake to at least two servings 3–7 days per week, 

significantly increased (p = 0.012) at post-intervention for the intervention participants 

compared to the controls, with both age (p = 0.037) and gender (p = 0.006) having some 

influence. In particular, male participants had significantly less fruit intake than their female 

counterparts. 

Table 5.13  

Comparison of fruit intake (at least two serves on 3–7 days per week) from baseline 

to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Fruit intakea 

n 

% 

96 

69.1 

104 

74.8 

92 

65.2 

84 

59.6 

p2 = 0.497 

p3 = 0.007 

 p1 = 0.286 p1 = 0.325  
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Fruit intake 

 coefficient SE p 

Intercept -2.66 1.82 0.143 

Group: 

   Control 

   

   Intervention 0.24 0.25 0.335 

Time: 

   Baseline 

   

   Post -0.30 0.19 0.118 

Group by Time 0.63 0.25 0.012 

Age (years) 0.05 0.03 0.037 

Gender: 

   Female 

   

   Male -0.73 0.27 0.006 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

0.52 0.37 0.161 

   University 0.55 0.31 0.073 

Relationship status: 

   No partner 

   

   With partner -0.37 0.25 0.148 

Smoking status: 

   Never 

   

   Former/current -0.16 0.25 0.515 

Co-morbidity: 

   No 

   

   Yes -0.25 0.47 0.602 

a consumption of at least two serves on 3 to 7 days per week 
SE, standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Vegetable consumption 

Table 5.14 shows the frequency of serves of vegetables per day in the intervention 

and control participants at baseline (N = 363) and post-intervention (n = 280). There was a 

decrease of 9.5% (from 23.9% to 14.4%) in the number of intervention participants who were 

consuming five or more serves of vegetables per day. There was a decrease of 13.8% (from 

25.9% to 12.1%) in the number of control participants consuming five or more serves of 

vegetables per day. 
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Table 5.14  

Frequency of vegetable consumption (serves per day) by intervention and control groups 

at baseline and post-intervention 

 Intervention Control 

 

Baseline 

(n = 197) 

Post 

(n = 139) 

Baseline 

(n = 166) 

Post 

(n = 141) 

Two or less serves/day     

n 

% 

14  

7.1 

12 

8.6 

51  

30.7 

44 

31.2 

Three to four serves/day     

n 

% 

136  

69.0 

107 

77.0 

72 

43.4 

80 

56.7 

Five or more serves/day     

n 

% 

47  

23.9 

20 

14.4 

43  

25.9 

17 

12.1 

 

Vegetable intake (of at least two serves on 3–7 days per week) remained constant 

across the sample as shown in Table 5.15. Within the intervention participants, there was no 

significant change from baseline (90.6%, n = 126) to post-intervention (91.4%, n = 127) and 

within the control participants it decreased slightly by 3.5% (87.2%, n = 123 to 83.7%, n = 

118). There was no significant difference between groups at baseline (p2 = 0.363) and after the 

intervention in vegetable intake (p3 = 0.052). The logistic mixed regression confirms that male 

participants (p = 0.011) had consumed less vegetables than the female participants in general. 

Table 5.15  

Comparison of vegetable intake (at least two serves on 3–7 days per week) from baseline 

to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Vegetable intakea 

n 

% 

126 

90.6 

127 

91.4 

123 

87.2 

118 

83.7 

p2 = 0.363 

p3 = 0.052 

 p1 = 0.834 p1 = 0.398  

Vegetable intake 

 coefficient SE p 

Intercept 2.63 2.44 0.280 

Group: 

   Control 

   

   Intervention 0.42 0.36 0.241 
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 coefficient SE p 

Time: 

   Baseline 

   

   Post -0.30 0.23 0.190 

Group by Time 0.39 0.45 0.378 

Age (years) -0.02 0.03 0.651 

Gender: 

   Female 

   

   Male -0.77 0.30 0.011 

Education level:  

Secondary school 

or below 

   

  Trade certificate or 

diploma 

0.57 0.51 0.265 

   University 0.25 0.39 0.522 

Relationship status: 

   No partner 

   

   With partner 0.15 0.35 0.663 

Smoking status: 

   Never 

   

   Former/current 0.21 0.28 0.469 

Co-morbidity: 

   No 

   

   Yes 0.31 0.37 0.403 

a consumption of at least two serves on 3 to 7 days per week 
SE, standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Fibre consumption 

Fibre intake as shown in Table 5.16 increased from baseline (mean score = 3.51, SD 

= 0.58) to post-intervention (mean score = 3.60, SD = 0.55) in the intervention participants 

and was statistically significant (p1 = 0.006). However, there was no significant change (p1 = 

0.616) in the control participants in their fibre intake score from baseline (mean score = 3.48, 

SD = 0.63) to post-intervention (mean score = 3.50, SD = 0.56), and there was also no 

significant difference between the two groups from baseline to post-intervention (p3 = 0.138). 

Further analysis by linear mixed regression shows no significant changes in fibre intake scores, 

although gender (male p < 0.001), education level (trade certificate/diploma p = 0.011 and 

university education p = 0.022) had some influence, with males having lower scores, but 

higher education level appears to increase fibre intake. 
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Table 5.16  

Comparison of fibre intake from baseline to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Fibre intake 

mean 

(SD) 

3.51 

(0.58) 

3.60 

(0.55) 

3.48 

(0.63) 

3.50 

(0.56) 

p2 = 0.715 

p3 = 0.138 

 p1 = 0.006 p1 = 0.616  

Fibre intake  

 coefficient SE p 

Intercept 3.09 0.54 < 0.001 

Group: 

   Control 

   

   Intervention 0.05 0.09 0.588 

Time: 

   Baseline 

   

   Post 0.02 0.04 0.545 

Group by Time 0.07 0.05 0.189 

Age (years) 0.01 0.01 0.442 

Gender: 

   Female 

   

   Male -0.22 0.05 < 0.001 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

0.23 0.09 0.011 

   University 0.17 0.07 0.022 

Relationship status: 

   No partner 

   

   With partner -0.00 0.06 0.971 

Smoking status: 

   Never 

   

   Former/current -0.08 0.06 0.216 

Co-morbidity: 

   No 

   

   Yes -0.10 0.09 0.246 

SD: standard deviation 

SE: standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 
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Fat consumption 

Fat intake as shown in Table 5.17 increased from baseline (mean score = 3.50, SD = 

0.51) to post-intervention (mean score = 3.59, SD = 0.52) in the intervention participants and 

was statistically significant (p1 < 0.001). In the control participants, there was also an increase, 

however this was not statistically significant (p = 0.092). Fat intake between groups at baseline 

(p2 = 0.162) and post-intervention (p3 = 0.527) was not significantly different. The linear mixed 

regression analysis shows that gender (male p < 0.001), education level (university p = 0.003), 

having a partner (p = 0.005) and being a former/current smoker (p < 0.001) had some influence 

on fat intake. Higher education levels (e.g. university) was positively correlated with fat 

avoidance. 

Table 5.17  

Comparison of dietary fat intake from baseline to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Fat intake 

mean 

(SD) 

3.50 

(0.51) 

3.59 

(0.52) 

3.58 

(0.47) 

3.63 

(0.44) 

p2 = 0.162 

p3 = 0.527 

 p1 = 0.001 p1 = 0.092  

Fat intake 

 coefficient SE p 

Intercept 3.24 0.35 < 0.001 

Group: 

   Control 

   

   Intervention -0.05 0.05 0.340 

Time: 

   Baseline 

   

   Post 0.05 0.03 0.106 

Group by Time 0.04 0.04 0.285 

Age (years) 0.01 0.00 0.063 

Gender: 

   Female 

   

   Male -0.26 0.07 < 0.001 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 
diploma 

0.12 0.06 0.057 

   University 0.18 0.06 0.003 
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 coefficient SE p 

Relationship status: 

   No partner 

   

   With partner -0.15 0.05 0.005 

Smoking status: 

   Never 

   

   Former/current -0.17 0.05 < 0.001 

Co-morbidity: 

   No 

   

   Yes -0.09 0.09 0.310 

SD: standard deviation 
SE: standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Fat avoidance as shown in Table 5.18 did not change significantly (p1 = 0.290) from 

baseline (mean score = 3.65, SD = 0.85) to post–intervention (mean score = 3.70, SD = 0.88) in 

the intervention participants. In the control participants, there was only a marginal change (p1 = 

0.049) from baseline (mean score = 3.51, SD = 0.94) to post-intervention (mean score = 3.62, SD 

= 0.91). The fat avoidance score was not significant between groups at baseline (p2 = 0.195) or at 

post-intervention (p3 = 0.444). After controlling for the effects of retirement village clustering and 

confounders, the linear mixed regression results confirm the lack of any significant improvements 

and changes to the fat avoidance score by the RVPANS intervention with the exception of males 

(p = 0.006) and education level (trade certificate p = 0.027). From this analysis, it appears that the 

males do not avoid fat as often in comparison to the female participants. 

Table 5.18  

Comparison of dietary fat avoidance from baseline to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Fat avoidance 

mean 

(SD) 

3.65 

(0.85) 

3.70 

(0.88) 

3.51 

(0.94) 

3.62 

(0.91) 

p2 = 0.195 

p3 = 0.444 

 p1 = 0.290 p1 = 0.049  
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Fat avoidance 

 coefficient SE p 

Intercept 4.01 0.68 < 0.001 

Group: 

   Control 

   

   Intervention 0.13 0.12 0.266 

Time: 

   Baseline 

   

   Post 0.12 0.05 0.023 

Group by Time -0.06 0.07 0.418 

Age (years) -0.01 0.01 0.480 

Gender: 

   Female 

   

   Male -0.27 0.10 0.006 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

0.31 0.14 0.027 

   University 0.07 0.12 0.528 

Relationship status: 

   No partner 

   

   With partner 0.03 0.12 0.798 

Smoking status: 

   Never 

   

   Former/current -0.19 0.11 0.076 

Co-morbidity: 

   No 

   

   Yes 0.02 0.14 0.912 

SD: standard deviation 
SE: standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

5.11 Anthropometrics and blood pressure  

Anthropometric measurements of bodyweight in kilograms (kg), body mass index 

(BMI) being weight divided by height2, Waist-to-Hip Ratio (WHR) and blood pressure (BP) 

mmHg were collected. 
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Bodyweight 

Table 5.19 shows the baseline and post-intervention bodyweight (kilograms) 

measurement for both control and intervention groups. There was no difference between 

groups in bodyweight at baseline (p2 = 0.515) however, the intervention participants had 

apparently reduced their mean bodyweight (p1 = 0.027) from 75.57kg (SD = 14.97) to 75.07kg 

(SD = 14.78) post-intervention. The control participants’ mean bodyweight remained stable 

from baseline at 76.84kg (SD = 17.36) to post-intervention at 76.86kg (SD = 17.67). There 

were no significant differences (p3 = 0.359) between the two groups post-intervention. Table 

5.19 shows consistency between the univariate (significant) (p1 = 0.027) and mixed regression 

analyses (marginally significant) (p = 0.047), after controlling for confounding factors. Age 

(p = 0.001), gender (male p < 0.001), education level (university p = 0.042) and the presence 

of a co-morbidity (p = 0.005) emerged as significant factors and influenced the results. 

Table 5.19  

Comparison of bodyweight (kg) from baseline to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Bodyweight (kg) 

mean 

(SD) 

75.57 

(14.97) 

75.07 

(14.78) 

76.84 

(17.36) 

76.86 

(17.67) 

p2 = 0.515 

p3 = 0.359 

 p1 = 0.027 p1 = 0.924  

Bodyweight (kg) 

 coefficient SE p 

Intercept 113.03 13.10 < 0.001 

Group: 

   Control 

   

   Intervention -1.30 1.61 0.423 

Time: 

   Baseline 

   

   Post 0.02 0.20 0.914 

Group by Time -0.54 0.27 0.047 

Age (years) -0.62 0.19 0.001 

Gender: 

   Female 

   

   Male 18.44 2.22 < 0.001 
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 coefficient SE p 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

-2.34 2.20 0.288 

   University -3.60 1.77 0.042 

Relationship status: 

   No partner 

   

   With partner -0.41 1.94 0.831 

Smoking status: 

   Never 

   

   Former/current 2.41 2.03 0.235 

Co-morbidity: 

   No 

   

   Yes 5.59 2.01 0.005 

SD: standard deviation 

SE: standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Body Mass Index 

Table 5.20 shows the mean Body Mass Index (BMI) for the intervention participants 

who completed the program at baseline (28.38 kg/m2, SD = 4.59) and for the control 

participants (28.62 kg/m2, SD = 5.63) placing the majority of participants in the overweight to 

obese category according to the Australian BMI classification standards (National Health and 

Medical Research Council, 2012). There were no significant changes in BMI for either group 

based on both the univariate and multivariate analyses, even though age (p = 0.027), education 

level (university p = 0.038) and the presence of a co-morbidity (p = 0.015) had some 

confounding effects on the BMI outcome. 

Table 5.20  

Comparison of Body Mass Index (BMI kg/m2) from baseline to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Body mass index (kg/m2) 

mean 

(SD) 

28.38  

(4.59) 

28.31 

(4.97) 

28.62 

(5.63) 

28.59 

(5.74) 

p2 = 0.688 

p3 = 0.667 

 p1 = 0.660 p1 = 0.669  
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Body mass index (kg/m2) 

 coefficient SE p 

Intercept 38.73 5.46 < 0.001 

Group: 

   Control 

   

   Intervention -0.08 0.60 0.893 

Time: 

   Baseline 

   

   Post -0.04 0.08 0.651 

Group by Time -0.03 0.17 0.855 

Age (years) -0.17 0.08 0.027 

Gender: 

   Female 

   

   Male 1.06 0.69 0.127 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

-0.31 0.92 0.740 

   University -1.33 0.64 0.038 

Relationship status: 

   No partner 

   

   With partner -0.16 0.73 0.825 

Smoking status: 

   Never 

   

   Former/current 0.48 0.82 0.557 

Co-morbidity: 

   No 

   

   Yes 2.11 0.86 0.015 

SD, standard deviation 
SE, standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Waist–to-hip ratio 

Mean Waist-to-Hip Ratio (WHR) was the same (p2 = 0.910) in both groups at 

baseline (0.89, SD = 0.09) as shown in Table 5.21. WHR did not change by the end of the 

intervention for both groups: intervention participants (0.89, SD = 0.09) and control 

participants (0.90, SD = 0.09) and there was no significant difference between groups either 

(p3 = 0.254). Both gender (male p < 0.001) and the presence of a co-morbidity (p = 0.002) 

were significant and were positively associated with WHR after adjusting for confounding 

variables via the linear mixed regression analysis. 
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Table 5.21  

Comparison of Waist-to-Hip Ratio (WHR) from baseline to post-intervention 

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Waist-to-Hip Ratio 

mean 

(SD) 

0.89 

(0.09) 

0.89 

(0.09) 

0.89 

(0.09) 

0.90 

(0.09) 

p2 = 0.910 

p3 = 0.254 

 p1 = 0.727 p1 = 0.093  

Waist-to-Hip Ratio 

 coefficient SE p 

Intercept 0.78 0.06 < 0.001 

Group: 

   Control 

   

   Intervention -0.01 0.01 0.468 

Time: 

   Baseline 

   

   Post 0.01 0.01 0.143 

Group by Time -0.01 0.01 0.243 

Age (years) 0.00 0.00 0.437 

Gender: 

   Female 

   

   Male 0.13 0.01 < 0.001 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

-0.00 0.01 0.944 

   University -0.01 0.01 0.457 

Relationship status: 

   No partner 

   

   With partner 0.01 0.01 0.421 

Smoking status: 

   Never 

   

   Former/current 0.01 0.01 0.254 

Co-morbidity: 

   No 

   

   Yes 0.03 0.01 0.002 

SD: standard deviation 

SE: standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 
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Blood pressure 

The mean systolic blood pressure and mean diastolic blood pressure were also similar 

at baseline for both groups as shown in Table 5.22 and Table 5.23. For the intervention 

participants mean systolic blood pressure was 141.01 mmHg (SD = 18.17) and diastolic blood 

pressure was 78.40 mmHg (SD = 9.57). For the controls mean systolic blood pressure was 

141.26 mmHg (SD = 18.30) and mean diastolic blood pressure 78.28 mmHg (SD = 9.55). As 

expected, age (p < 0.001) was significantly associated with systolic blood pressure results. Level 

of education (trade certificate/diploma p = 0.040) was a significant confounding factor in systolic 

blood pressure results as well. The linear mixed regression analysis for diastolic blood pressure 

(p = 0.032) showed a marginal effect of the intervention on diastolic blood pressure due to the 

small reduction in the intervention group, coupled with an increase in diastolic blood pressure in 

the control group. None of the other variables had a confounding effect. 

Table 5.22  

Comparison of systolic blood pressure from baseline to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Systolic blood pressure (mmHg) 

mean 

(SD) 

141.01 

(18.17) 

141.39 

(18.92) 

141.26 

(18.30) 

142.42 

(17.88) 

p2 = 0.909 

p3 = 0.640 

 p1 = 0.797 p1 = 0.434  

Systolic blood pressure (mmHg) 

 coefficient SE p 

Intercept 85.65 12.70 < 0.001 

Group: 

   Control 

   

   Intervention -0.25 2.21 0.910 

Time: 

   Baseline 

   

   Post 1.01 1.36 0.457 

Group by Time -0.79 2.41 0.743 

Age (years) 0.75 0.17 < 0.001 

Gender: 

   Female 

   

   Male -3.24 1.91 0.090 
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 coefficient SE p 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

4.73 2.29 0.040 

   University -0.52 2.62 0.843 

Relationship status: 

   No partner 

   

   With partner -0.51 2.46 0.837 

Smoking status: 

   Never 

   

   Former/current 0.27 2.18 0.903 

Co-morbidity: 

   No 

   

   Yes 2.35 2.77 0.397 

SD: standard deviation 

SE: standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 

Table 5.23  

Comparison of diastolic blood pressure from baseline to post-intervention  

 Intervention Control 

p  Baseline (n=197) Post (n=139) Baseline (n=166) Post (n=141) 

Diastolic blood pressure (mmHg) 

mean 

(SD) 

78.40 

(9.57) 

77.22 

(9.57) 

78.28 

(9.55) 

79.23 

(10.45) 

p2 = 0.915 

p3 = 0.096 

 p1 = 0.089 p1 = 0.199  

Diastolic blood pressure (mmHg) 

 coefficient SE p 

Intercept 85.06 7.06 < 0.001 

Group: 

   Control 

   

   Intervention 0.57 1.28 0.658 

Time: 

   Baseline 

   

   Post 0.92 0.52 0.077 

Group by Time -2.16 1.01 0.032 

Age (years) -0.11 0.10 0.288 
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 coefficient SE p 

Gender: 

   Female 

   

   Male 1.14 0.94 0.226 

Education level:  

Secondary school 
or below 

   

  Trade certificate or 

diploma 

1.32 1.96 0.500 

   University -0.69 1.46 0.636 

Relationship status: 

   No partner 

   

   With partner -0.98 0.93 0.291 

Smoking status: 

   Never 

   

   Former/current -0.73 1.22 0.552 

Co-morbidity: 

   No 

   

   Yes 1.30 1.32 0.325 

SD: standard deviation 

SE: standard error 

p1: baseline versus post p value 

p2: baseline intervention versus baseline control p value 

p3: post-intervention versus post-control p value 
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Chapter 6 

   

Discussion 

6.1 RVPANS research aims and outcomes 

The retirement village physical activity and nutrition for seniors (RVPANS) program 

was evaluated via a RCT and demonstrated effectiveness in improving the physical activity 

and nutrition behaviours in older adults residing in retirement villages. Specifically, the 

program was effective in decreasing bodyweight, increasing moderate physical activity 

(minutes per week), increasing fruit intake and showed improvements in fibre intake and fat 

intake. Rigorous process evaluation established a link between intervention strategies and 

outcomes, highlighting the most effective components of the program and the preferred 

method of delivery into this setting. The following section discusses the study objectives in 

relation to the results obtained and discusses the strengths and limitations of designing and 

implementing a home-based behaviour change intervention for older adults in retirement 

villages. 

6.2 Participation rates in study  

6.2.1 Program retention 

A total of (n) 363 residents were enrolled in the study at baseline. By the end of the 

study (n) 280 participants remained including (n) 139 intervention and (n) 141 control 

participants. Using these figures, an overall retention rate of 77.1% was achieved (intervention 

and control combined), which is similar to other physical activity and nutrition programs for 

older adults (Rosenberg et al., 2010; Strand, 2012). A walking intervention based in retirement 

villages in the United States had an adherence rate of 77% Rosenberg et al. (2012). The 

MIPARC intervention (n = 320; aged 65 and over), also conducted in the United States, had a 

slightly higher retention rate of 82%, however this has only been reported in the initial stages 

of the intervention (Kerr et al., 2013; Kerr, Rosenberg, et al., 2012). The overall retention rate 

(77.1%) and relatively moderate sample size (n = 280) in the RVPANS provided sufficient 

statistical power for evaluation of repeated measures (Lee, Zhao, Yau, & Xiang, 2010). 

Retention and adherence to physical activity and nutrition programs for older adults 

is often measured by drop-out and attendance rates (Picorelli, Pereira, Pereira, Felicio, & 

Sherrington, 2014). A systematic review conducted by Picorelli et al. (2014) of nine studies 
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found that program retention was better in adults 60 years and over with a higher socio-

economic status and a higher education. Program adherence was also higher in adults 60 years 

and over with higher self-rated health and fewer co-morbidities and health conditions that 

required medications (Picorelli et al., 2014) Some of these factors influenced the program 

retention and adherence in the RVPANS sample such as changes in health status (e.g. illness 

or injury) or changes in the health status of a spouse or partner or both. 

6.2.2 Non-completers 

A total of (n) 83 participants dropped out of the program. Of these (n) 58 were from 

the intervention group and (n) 25 were from the control group. There were no significant 

differences at baseline in the demographic characteristics of those who dropped out of the 

intervention and those who completed the program. Gender, age, bodyweight, body mass 

index was comparable in both the non-completers and the program completers. The majority 

of non-completers did not smoke and reported at least one of eight most common health 

conditions (e.g. heart disease, stroke, high blood pressure, high cholesterol, diabetes, cancer, 

arthritis or osteoporosis). The majority of the non-completers (43.4%) and those who remained 

(67.8%) had completed secondary school as a minimum level of education. 

The main reasons for dropping out of the intervention program were poor health (n = 

36), injury (n = 30), and family commitments (e.g. caring for a spouse) (n = 17). This is consistent 

with other physical activity and nutrition studies in this demographic group (Patel, Schofield, 

Kolt & Keogh, 2013; Stigglebout, Hopman-Rock, Tak, Lechner & van Mechelen, 2005). 

Whilst these factors are extraneous to the intervention implementation, they need to 

be considered, because they may influence the effectiveness of the RVPANS program and 

contribute to the overall outcomes that were found. They may present as potential barriers to 

participation in a physical activity and nutrition program; for example, the presence of a co-

morbidity such as high blood pressure may influence the amount of physical activity a 

participant can do or may lead to a negative health event that may determine whether a 

participant continues with the program or not. Specific data is lacking on the health status of 

older adults residing in retirement villages making it difficult to compare reasons for drop-out 

rates in the RVPANS sample to older adults living in the wider community. However, other 

research has reported that older participants will drop out of physical activity programs for 

similar reasons (Patel, Schofield, Kolt, & Keogh, 2013; Stiggelbout, Hopman-Rock, et al., 

2005). This indicates a need to further explore and assess the reasons why older adults drop 

out of physical activity and nutrition programs, thereby providing valuable information that 

can facilitate program adherence. 
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6.2.3 Attrition and adherence 

Identifying barriers to regular participation in physical activity programs can assist 

in developing strategies that reduce drop-out rates; for example, encouraging participants to 

incorporate physical activity into the routine of daily life by increasing levels of incidental 

activity (e.g. taking the stairs rather than the lift) and showing that small bouts of physical 

activity are as beneficial as a programmed physical activity session (Department of Health and 

Aging, 2010). Structured physical activity programs that are multi-component along with peer-

aged mentoring appear to have significant influence on attrition rates in older adults (Burke et 

al., 2013a; Dorgo, Robinson, & Bader, 2009; Smith-Raya et al., 2014) as does encouraging 

older adults to move in as many ways as possible (Australian Government & Department of 

Health, 2013). 

The multi-component nature of RVPANS was well-received by the program 

participants. The results from the process evaluation demonstrated the effectiveness of peer-

aged mentoring via the Program Ambassadors, along with the positive feedback pertaining to 

the RVPANS booklet, exercise charts and newsletters. These components and strategies can 

be replicated into other settings where a home-based program is a feasible and viable way of 

targeting physical activity and nutrition in older adults. 

6.3 Demographic characteristics of participants  

The demographic characteristics of ‘age’ and ‘gender’ of the RVPANS participants 

does not differ greatly from residents of other retirement village communities, nor in those 

residing in the general community. As stated by Towart (2013) two-thirds of retirement village 

residents are female and their mean age Australia-wide is 78.5 years. However, Western 

Australian data shows that the mean age from a sample of 13,495 residents residing in 122 

villages was 77.9 years (Towart, 2013). Thus, the RVPANS population mean age of 72.1 years 

from a sample of 363 participants residing in 38 villages is slightly younger by 5 years. 

Previous research has indicated that a positive correlation exists, whereby the older the village 

the older the resident by date of first occupancy (Towart, 2013). This accounts for the wide 

age-range in residents of retirement villages. 

There is very limited data on other demographic characteristics of retirement village 

residents (e.g. education level, health status) so it is difficult to establish similarities or 

differences with older adults in the wider community. This highlights the need for more 

descriptive data on the characteristics of older adults who reside in this setting, to better 

understand this growing population (Towart, 2013) and target them more effectively with 

health promotion programs (Kendig et al., 2014). 
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6.4 Changes in physical activity levels of participants in the 

intervention  

Results from this study suggest that the RVPANS physical activity program had a 

beneficial effect on the physical activity levels for the older adults who participated. 

6.4.1 Walking 

By the end of the RVPANS intervention the intervention participants did more 

walking (a total mean of 231.59 minutes per week, SD = 260.27) than the control participants 

(a total mean of 224.45 minutes per week, SD = 270.35), although the difference between the 

groups was not statistically significant (p = 0.822). The presence of a co-morbidities in this 

sample had a marginal influence on this result (p = 0.040), even though the participants cited 

poor health and injury as reasons for dropping out (refer to chapter 4). In similar studies the 

presence of co-morbidities and poor health are often cited as barriers to regular physical 

activity participation (Patel et al., 2013; Stiggelbout et al., 2005). Hence, the RVPANS sample 

shared some similarities to older adults described by epidemiological studies (Heseltine et al., 

2015). 

Declining health is a strong predictor of low physical activity levels in older adults 

(Shaw & Spokane, 2008) and was one of the main reasons for drop-out in the RVPANS 

participants. Reduced cardio-respiratory fitness resulting from a sedentary lifestyle, and as a 

consequence of having a co-morbidity, often leads to prolonged physical inactivity and 

therefore reduced physical activity tolerance (Factora, 2013). Other research has indicated that 

the presence of a co-morbidity affects regular walking for leisure and as active transport. A 

cross-sectional study by de Carvalho Mourao et al. (2013) found that walking for leisure and 

‘for commuting’ was inversely associated with having a co-morbidity and chronic 

degenerative disease because it reduced the ability in ‘getting around’ in this age group (n = 

319; mean age = 69.2 years). 

Walking interventions for older adults who may be limited by chronic conditions 

and co-morbidities should promote positive outcomes that come from even the smallest 

increases in physical activity and manage barriers to physical activity by increasing self-

efficacy in participants (Gallagher et al., 2012). Walking is the most commonly reported type 

of physical activity in older adults and often the most preferred leisure activity (de Carvalho 

Mourao, Novais, Andreoni, & Roberto-Ramos, 2013; Jancey et al., 2011). It is low impact and 

low cost, and suitable for older adults as they age (de Carvalho Mourao et al., 2013; Jancey et 

al., 2011). As such, walking is a practical and feasible component to physical activity 

interventions targeting older adults. 
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As there was no improvement in walking time in the intervention participants it is 

useful to consider the reasons specific to this study sample. Potential bias in self-report 

measures include: over-reporting and under-reporting, recall bias (this may affect minutes 

recorded per day or week), or participant burden (that may occur with keeping an exercise 

record/log); all or some may have influenced the results (Ainsworth et al., 2012). Another 

potential reason may be the replacement of walking with ‘other moderate physical activities’; 

walking may not have been the exercise of choice for this sample because moderate physical 

activity showed a statistically significant improvement. 

A more robust method of measuring walking time may be performed by using an 

objective measure, such as an accelerometer along with self-report survey (Grimm et al., 2012; 

Healy et al., 2011). Group walk leaders may have encouraged more walking, as has been 

demonstrated in other programs (Burke et al., 2012; Jancey et al., 2006).) Trained walk leaders 

are effective but may not be feasible (i.e. regular commitment and cost) so enlisting a village 

resident to champion a regular walking group may be a better option. 

6.4.2 Moderate physical activity 

The types of moderate physical activity that the RVPANS sample participated in 

were exercise classes, double tennis, indoor and outdoor bowls, aqua classes, ballroom and 

line dancing, yoga and hydrotherapy classes. The statistically significant improvements in 

moderate physical activity in this sample are corroborated by the findings of earlier studies. 

The Physical Activity and Nutrition for Seniors (PANS) study conducted by Burke et al. 

(2013a) showed significant improvements in moderate physical activity within the 

intervention group. At baseline, 70.5% of the intervention participants (n = 124) were 

performing moderate physical activity (at least 10 minutes per day). By the end of the 

intervention, 82.4% (n = 145) were doing at least 10 minutes of moderate physical activity per 

day showing a significant improvement (p1 = 0.008). There was also a significant difference 

(p3 = 0.015) between the control and intervention participants from baseline to post-

intervention. The number of control participants who participated in at least 10 minutes of 

moderate physical activity per week, only increased from 143 (71.9%) to 154 (77.4%). The 

evaluation of the Fit and Strong Plus program for overweight and obese adults 60 years and 

over who resided in retirement villages, also showed increases in minutes of moderate physical 

activity per week and strength training using resistance bands from baseline to post-

intervention (Smith-Raya et al., 2014). 

The improvements in moderate physical activity in this sample may support 

improvements in functional fitness and overall health of this particular age group (Taylor, 
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2014). Remaining functionally independent is important in this age group. Evidence supports 

improvements in functional capacity (e.g. ambulation) and functional fitness (e.g. sit-to-stand) 

in older adults from regular participation in moderate physical activity (Manini & Pahor, 

2009). A review of 66 studies on healthy community-dwelling older adults (> 65 years) found 

moderate (e.g. normal gardening or walking) to moderate-high levels of physical activity (e.g. 

brisk walking) were effective in improving functional capacity and fitness, and that ‘moderate 

physical activity’ may be the threshold at which improvements to functional independence and 

general fitness take place (Paterson & Warburton, 2010). 

Promoting moderate physical activity in older adults via any of its domains (e.g. 

leisure/recreation, transport and commuting, exercise and activities of daily living) is essential 

to creating interventions to minimise and control the health consequences related to inactivity 

and functional decline (de Carvalho Mourao et al., 2013). 

6.4.3 Moderate improvements in physical activity are beneficial to 

the overall health of older adults  

The RVPANS program resulted in modest yet realistic improvements in moderate 

physical activity in a sample of insufficiently active older adults. Even slight increases in the 

amount of physical activity performed in a previously sedentary population has benefits. At 

baseline both the intervention (approximately 140 minutes per week) and control participants 

(approximately 130 minutes per week) were not meeting the recommended 30 minutes of 

moderate physical activity on most, if not all, days of the week, however by the end of the 

intervention, the intervention participants were, with an increase of approximately 80 minutes 

per week. The analyses performed in the present study allowed for moderate physical activity 

to be reported by the RVPANS participants in smaller bouts rather than a single bout. These 

results conform to the Australian Physical Activity Guidelines for older adults which allows 

for the accumulation of 30 minutes of moderate physical activity on most, if not all, days of 

the week as being beneficial to improving health. 

From de Souto Barreto’s (2015) analysis of seven large-scale, worldwide 

longitudinal studies on sedentary to insufficiently active older adults, health gains could be 

achieved through minor increases in physical activity. In other words, doing less than the 

recommended physical activity guidelines of 150 minutes of moderate physical activity can 

still maximise health benefits and minimise adverse health effects (de Souto Barreto, 2015). 

This is important, because it may be difficult for some older adults to achieve the 

recommended physical activity guidelines as a result of on-going health concerns (de Souto 

Barreto, 2015; Sparling, Howard, Dunstan, & Owen, 2015). Warburton suggests the protective 
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role physical activity plays in reducing the risk of premature mortality and morbidity in older 

adults is not greatly influenced by dose-response relationship (Warburton, Charlesworth, Ivey, 

Nettlefold, & Bredin, 2010), but rather because the most sedentary people can greatly reduce 

their risk of all-cause mortality with even small increases in physical activity (de Souto 

Barreto, 2015). 

Findings from other studies suggest that older adults can benefit from increasing the 

amount of incidental and physical activity even at a minimal level, in terms of improving daily 

functioning, overall health and reducing the risk of co-morbidities associated with overweight 

and obesity (Burke et al., 2013a, Gulsvik et al., 2012, Kohl, 2001). For example, the study 

conducted by Rosenburg et al. (2012) in retirement villages in the United States showed that 

number of step counts, strength and endurance and BMI improved despite the short 12-week 

time-frame of the intervention. Only a small number of participants (n = 87) were involved, 

affecting generalisability of the findings, however the results from this study provide evidence 

to justify interventions with longer time-frames and larger sample sizes. 

6.4.4 Vigorous physical activity 

Very few participants were involved in any type of vigorous activity at baseline and 

there was no change in the number of intervention or control participants in this measure. This 

is consistent with other data that shows that levels of vigorous physical activity tend to decline 

with increasing age (Armstrong, Bauman, & Davies, 2000; ABS, 2013; Australian 

Government & Department of Health, 2013). Current figures on vigorous physical activity 

levels in older Australians are difficult to obtain, however only 7% of Australians aged 60–75 

were doing vigorous activity at least three times per week in 2000 (Armstrong et al., 2000). 

The lack of vigorous physical activity indicates the types of physical activities older 

adults and the RVPANS sample prefers doing (refer to Table 5.9). This information provides 

evidence that can inform future physical activity programs for older adults and thereby result 

in higher attrition and compliancy to activities that are better suited to this age group 

(Australian Government, 2014; Australian Government & Department of Health, 2013). 

Offering interesting and appropriate types of physical activity is critical to getting 

older people to become more active. The type of physical activity offered should suit the 

characteristics and diversity of the target group and the setting in which they reside, taking 

into consideration accessibility and convenience (Stegeman, Otte-Trojel, Costongs & 

Considine, 2012). The social and emotional benefits associated with group activities should 

be harnessed as a way of promoting physical activity to this age group (Picorello et al., 2014). 

Creating a sense of belonging may motivate higher levels of adherence to a physical activity 
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program (Jancey et al., 2006). Providing support and advice for those who have been 

insufficient for some time or have a contraindication (e.g. co-morbidity or poor musculo-

skeletal health) or both, also needs to be considered. 

6.4.5 Strength training  

At baseline, approximately one quarter of the total sample participated in strength 

(resistance) activity. There was a statistically significant increase in the number of intervention 

participants (p < 0.001) who participated in strength activity by the end of the intervention. 

The analysis showed that the participants’ level of education had an influence on this result. 

Whilst other research does not explicitly examine the effect of education level on participation 

in strength activity per se, it appears to have an overall influence on physical activity 

participation in general (Shaw & Spokane, 2008). 

The moderating effects of education on physical activity participation in older adults 

were examined in a study by Shaw & Spokane (2008), particularly when integrated with 

declining health. The odds of participating in regular physical activity in this study was higher 

for individuals with higher levels of education compared to individuals with lower levels of 

education (Shaw & Spokane, 2008). The researchers emphasised the importance of developing 

and promoting opportunities for physical activity in older adults with low levels of education, 

particularly when moderated by the onset of increasing age, co-morbidities and overweight or 

obesity (Shaw & Spokane, 2008). 

In addition, strength (resistance) exercise is an important component in physical 

activity programs that target weight loss for overweight and obese older adults as it often 

results in a greater reduction in body fat coinciding with increases in lean mass (Avila et al., 

2010; Brochu et al., 2009). Dietary changes, in combination with a resistance training program 

can create small but significant improvements in BMI and body composition (Straight et al., 

2012). The increases in strength training can be directly related to the provision of the 

resistance/strength bands for the intervention participants, as shown in the results of this study. 

There was an increase of 36.6% in the number of intervention participants from 21 to 51 people 

who used them. 

The results of this study from both analyses confirm the usefulness of including 

strength (resistance) training to exercise programs that target overweight and obesity in older 

adults. Further, the systematic review of Cadore et al. (2013) confirmed that multi-component 

programs that include resistance training to improve strength along with walking to improve 

aerobic capacity are more effective than single-component programs for older adults. 
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6.5 Changes in sedentary behaviour (sitting time) 

Sparling and colleagues (2015) reported that adults aged 70–79 spent 9.6 hours per 

day or 4032 minutes per week sitting. This data was collected from the US National Health 

and Nutrition Examination Survey (NHANES) on over 7000 adults by accelerometry 

(Sparling et al., 2015). In the RVPANS sample (both intervention and controls pooled 

together) sitting time was reported as 5.7 hours per day or 2412 minutes per week at baseline. 

This indicates that the RVPANS sample was doing substantially less sitting than the NHANES 

sample, however, it is important to note that the RVPANS data was self-report (rather than 

objectively collected via accelerometry) and evidence shows that participants will under-

estimate sitting time by self-report (Australian National Preventive Health Agency, 2014b; 

Bauman et al., 2011). This may account for the disparity when comparing the RVPANS 

sample to a larger population-based sample. 

There was a small but insignificant (p1 = 0.064) change in sitting time of 175 minutes 

in the intervention participants in this study. This indicates that the RVPANS program was 

effective, to a small extent, in reducing sitting time amongst the intervention participants, 

although having a co-morbidity may have influenced these results. 

As discussed earlier, the presence of a co-morbidity influences regular participation in 

physical activity (de Carvalho Mourao et al., 2013; Shaw & Spokane, 2008) and as predicted it 

encourages more sedentary behaviour. The ProAct65+ intervention reported by Heseltine et al. 

(2015) demonstrated that participants’ who were sedentary (n = 387) were more likely to have 

smoked, have more co-morbidities, take more medications and describe themselves as inactive 

than those who did not (n = 716). However, this did not appear to influence their desire to become 

more active (and therefore less sedentary) as the offer to participate in the trial was inclusive of 

all participants with varying levels of daily activity (i.e. from sedentary to very low to very high 

level of activity via self-report) and there was no difference between the inactive to the very 

active in wanting to increase physical activity levels overall (Heseltine et al., 2015). 

Many studies have suggested that long-term sedentary behaviour can have 

detrimental effects on the body’s physiology and sitting for extended periods can have long-

term health consequences (Burke et al., 2013a). This further validates the importance of 

targeting sitting time via supporting an increase in levels of incidental and programmed 

physical activity to improve physical activity levels in the older adult population (Bauman et 

al., 2011; Sparling et al., 2015). The RVPANS program resources encouraged the participants 

to reduce their sitting time through the ‘TV and Kettle’ (refer to Appendix J) exercises in the 

booklet along with informing the participants about the benefits of doing shorter bouts of 

activity throughout the day. 
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6.6 Changes in dietary behaviour, specifically changes in fruit 

and vegetable consumption, dietary fibre and fat intake 

Tackling overweight and obesity in older adults is best achieved through diet 

modification by increasing consumption of nutrient-rich foods (e.g. fruit and vegetables) and 

decreasing consumption of foods high in dietary fat, rather than by calorie restriction alone 

(Ford et al., 2013; Han, Tajar, & Lean, 2011). This helps protect against loss of important 

nutrients and therefore the risk of health issues associated with aging such as osteoporosis. 

Encouraging older adults to follow the current Australian dietary guidelines for those 

aged 60 years and over, ensures all dietary needs are met. These guidelines recommend a 

minimum of two serves of fruit and five serves of vegetables per day, adequate fibre 

consumption, a reduction in saturated fat, sugar and salt and — importantly — minimal intake 

of discretionary foods (Brownie, Muggleston, & Oliver, 2015). 

6.6.1 Fruit consumption in comparison to the Australian Dietary 

Guidelines 

At baseline, the majority of the participants in this study were consuming two or 

more serves of fruit per day (intervention (n) = 142; controls (n) = 112). By the end of the 

intervention fruit intake had increase slightly by 3.4% in the intervention participants and 

decreased by 6.6% in the control participants. In real terms, this marginal increase may have 

resulted in an extra serve of fruit over the course of a ‘whole week’. 

Although there was a very small increase of 3.4% in the intervention participants 

(from baseline 72.1% to 75.5%) who were meeting the recommendations for fruit intake by 

the end of the intervention, it needs to be noted that a large proportion were already consuming 

two serves of fruit per day. There was a decrease of 6.6% (n = 26) in the number of control 

participants (n = 141) who were meeting the recommended two servings of fruit per day. 

Current Australian figures show that 60.5% of those aged 65–74 consume two serves or more 

of fruit per day and for those aged 75–84 years, 41.4% consume two serves or more of fruit 

per day (ABS, 2014b). In this study, both the intervention and control participants were 

consuming above these national figures before and after the intervention. 

6.6.2 Vegetable consumption in comparison to the Australian 

Dietary Guidelines 

Vegetable consumption in both groups fell short of the recommended dietary 

guidelines for older adults of at least five servings of vegetables per day (Brownie, Muggleston 
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& Oliver 2015; NHMRC, 2013a). Vegetable intake of five or more serves per day decreased 

from baseline to post-intervention in both the intervention and control participants. The 

RVPANS survey measured vegetable consumption including legumes (cooked, dried or 

canned beans, peas and lentils). At baseline about one quarter of the intervention participants 

were meeting the guidelines of five serves of vegetables per day (23.9%, n = 47) and in the 

control participants, this was 25.9% (n = 43). At post-intervention, there was a decrease of 

9.5% in the number of intervention participants (14.4%, n = 20) who were meeting the 

recommendation of five serves of vegetables per day and there was a decrease of 13.8% in the 

number of control participants (12.1%, n = 17) who were meeting the recommended five 

serves of vegetables per day. However, compared with national data, only 13.0% of 

Australians aged 65–74 consume five or more serves of vegetables per day and 11.5% of 

Australians aged 75–84 consume five or more serves per day (ABS, 2014b). 

Whilst the RVPANS data is fairly consistent with the national data, it appears the 

intervention did not bring about much change to vegetable intake in the intervention 

participants. Intake was measured by self-report, which can affect the reliability of estimates 

in measuring daily intake, however recall bias was minimised as the participants were asked 

to recall intake over a fairly short period of time (i.e. serves per week) (Peltzer & Phaswana-

Mafuya, 2012). Older adults generally tend to eat smaller quantities of food on the whole and 

this may affect the proportion of vegetables within the diet (Nicklett & Kadel, 2013). Other 

reasons for low vegetable intake may include the seasonal availability of produce, reduced 

access to fruit and vegetables and difficulty in preparing and eating vegetables (Nicklett & 

Kadel, 2013). Living on one’s own is also inversely related to diet quality and fruit and 

vegetable consumption, as does the cost and affordability of fruit and vegetables (Nicklett & 

Kadel, 2013; Peltzer & Phaswana-Mafuya, 2012). 

6.6.3 Fruit and vegetable consumption: further analysis 

Further analysis of fruit and vegetable consumption (2 serves on 3–7 days per week) 

found that at baseline more than half of both the intervention participants (69.1%, n = 96) and 

control participants (65.2%, n = 92) were consuming at least two serves of fruit on 3–7 days 

per week. Fruit consumption increased in a very small number of intervention participants 

(5.7%, n = 8) and decreased in the control participants (5.6%, n = 8), however a comparison 

of the intervention and control groups shows that a significant increase in fruit consumption 

occurred (p = 0.007). Vegetable consumption remained high from baseline to post-

intervention, although neither group was meeting the recommended 5 serves of vegetables 

‘per day’. 
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The higher proportion of female participants in the RVPANS study had some 

influence over the generalisability of the findings. Many other studies have found that women 

eat more fruit and vegetables than men, even though men consume more food overall (Nguyen 

et al., 2016; Nicklett & Kadel, 2013). Low fruit and vegetable intake is more often seen in 

males: those with a lower education and older adults who are single, widowed or divorced. 

Increasing age has also been identified as having influence on fruit and vegetable consumption 

(Conklin et al., 2014; Nicklett & Kadel, 2013; Peltzer & Phaswana-Mafuya, 2012). These 

findings are consistent with the RVPANS study. Males ate less fruit and vegetables than the 

female participants, and age had a confounding influence on fruit consumption but not 

vegetable consumption. 

Some of the determinants attributed to this pattern among men are a lack of 

nutritional knowledge, less awareness of dietary recommendations and that they are often less 

involved in food preparation and cooking (Nicklett & Kadel, 2013). This reinforces the need 

to target programs to increase fruit and vegetable consumption in men, by taking these factors 

into consideration. 

6.6.4 Dietary fibre intake 

Recent research has found that a high fibre intake (from fruits, vegetables, bread and 

cereals) when compared to a low fibre intake had the most significant influence in preventing 

disease and supporting healthy aging. This population-based cohort study (n = 1600) found 

that eating the right amount of fibre could help avoid disease and disability into older age 

although the mechanisms behind this are not well understood (Gopinath, Flood, Kifley, Louie, 

& Mitchell, 2016). Good sources of fibre can include fruit and vegetables as well as cereals 

and legumes (National Health and Medical Research Council, 2013a). 

In the RVPANS study, the intervention participants reported a statistically 

significant higher fibre intake (p1 = 0.006) by the end of the study, whereas the increase in 

fibre intake was not statistically significant in the control participants. This may be related to 

the fact that the control participants were not meeting the recommended five serves of 

vegetables per day, even though they consumed two serves of vegetables, 3–7 days per week. 

However, the intervention participants were not meeting the recommended five serves of 

vegetables per day either, indicating fibre intake in the whole sample is more likely to come 

from other dietary sources such as bread, grains, and legumes. 

Fibre intake was influenced by gender and education level. Males had lower fibre 

intake overall but a higher education level was positively associated with fibre intake. A large-

scale Norwegian study (n = 17,265) showed that higher education level was associated with 
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more dietary fibre as well as less dietary fat (Jacobsen & Nilsen, 2000). Diet quality is affected 

by education level, but also by the inter-related factors of income and occupation that, in turn, 

affects food access and affordability (Darmon & Drewnowski, 2008). These factors present an 

obstacle to improving the quality of diets in these populations (Darmon & Drewnowski, 2008) 

and future interventions need to take these into consideration. 

6.6.5 Fat intake and fat avoidance 

There was a statistically significant increase in dietary fat intake in the intervention 

participants from pre- to post-intervention, and a non-significant increase for control 

participants. However, when comparing groups the change in dietary fat intake from baseline 

to post-intervention was not statistically significant. 

The confounders that had influence on these results were gender (male), education, 

having a partner and being a former or current smoker. Similar findings have been established 

from other research about dietary fat intake in older adults. High dietary fat is more common 

in men, persons who smoked, and those with lower education attainment (Ervin, 2008; 

Shatenstein et al., 2012) 

Fat avoidance did not change from baseline to post-intervention in the intervention 

participants and there was only a marginal change from baseline to post-intervention in the 

controls. Higher education levels were positively correlated to fat avoidance and it appears 

males do not avoid fat as often as females. These results reinforce those presented earlier: that 

older men, persons of low educational attainment and those who smoke, need to be the focus 

of nutritional interventions that target overweight and obesity and chronic disease. 

6.7 Changes in bodyweight, body mass index, Waist-to-Hip 

Ratio and blood pressure 

Changes in anthropometric measurements were minimal and the intervention did not 

have any effect on blood pressure. The implications of these results are discussed below. 

6.7.1 Bodyweight, body mass index and Waist-to-Hip Ratio 

Overweight and obesity rates in older adults have increased substantially due to their 

association with low levels of physical activity and poor eating habits (Australian National 

Health Preventative Agency, 2014b). Current rates show that 39.8% of adults aged 65–74 years 

and 43.2% of adults aged 74–84 years are overweight (ABS, 2015), while those aged 65–74 

years, 35.2% are obese and for those adults aged 74–84 years, 26.8% are obese (ABS, 2015). 
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Overweight and obesity have a major impact on chronic disease and co-morbidity, 

and life expectancy rates when compared to a person categorised as being of ‘healthy-weight’ 

(Riebe et al., 2009). Whilst BMI categories have been used as a marker of all-cause mortality 

rather than cause-specific mortality they often do not take in to account other factors such as 

body fat distribution, visceral fat distribution and physical activity levels (Flegal, Kit, Orpana, 

& Graubard, 2013). 

Dietary restriction alone is often not a recommended method for decreasing 

overweight and obesity in older adults because of its potential for accelerating sarcopenia and 

functional decline (Sturm, Ringel & Andreyeva, 2004). Improving diet quality by increasing 

fruit and vegetable consumption and changing dietary intake by reducing calories from dietary 

fat and sugar combined with increasing physical activity levels, is the most beneficial way to 

target overweight and obesity in this age group as it increases fat free mass and decreases fat 

mass levels (Australian and New Zealand Society for Geriatric Medicine, 2012; Han et al., 

2011; Yaskin, Toner, Goldfarb, & Management, 2009). Despite many studies addressing this 

issue, there is still a need for new and innovative ways to target this health problem in this 

population (Cottell, Dorfman, Straight, Delmonico, & Lofgren, 2011; Eyles & Ni Mhurchu, 

2009; Jyvakorpi et al., 2014; Riebe et al., 2009). 

Anthropometric measurements were taken at baseline and post-intervention to assess 

changes in bodyweight (kilograms), BMI (weight/height cm2), waist–to-hip ratio and blood 

pressure. The RVPANS program was successful in improving bodyweight in the intervention 

participants but had little effect on BMI and WHR. The bodyweight loss in the RVPANS 

participants was statistically significant (p1 = 0.027), however it was not clinically significant 

(< 5%). Whilst larger amounts of weight loss in older adults (> 10%) are associated with 

greater improvements in cardiovascular disease risk factors, modest weight loss (5%–10%) is 

still associated with significant improvements too, especially over the longer term (more than 

one year). For older adults, moderate reductions in bodyweight are often easier to maintain 

than large reductions in bodyweight, especially in this age group (Wing et al., 2011). 

Studies have shown that not all weight loss in older adults needs to be dramatic and 

that small amounts of weight loss (3%–5% of total bodyweight) can decrease the risk of 

chronic disease (Villareal et al., 2005). For example, a woman who weighs 75kg would need 

to lose between 2.25kg and 3.75kg. Although a 3%–5% decrease did not occur in this study, 

the weight loss for the intervention group was statistically significant. Minimal weight loss 

has been shown to be effective in improving metabolism, particularly when the weight loss is 

achieved through diet and physical activity, and especially if the exercise regime includes 

strength (resistance) training to build skeletal muscle and change body composition (Avila et 
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al., 2010). Resistance training builds a higher composition of skeletal muscle known to be 

more metabolically active, which improves fat oxidisation, thereby aiding in weight loss 

(Melanson, MacLean, & Hill, 2009). 

BMI and WHR are indicators of body composition. Both these indicators remained 

the same within groups and between the intervention and control group despite weight loss 

and improvements in moderate physical activity and strength exercise. With improvements in 

bodyweight, moderate physical activity and strength exercise, it can be presumed that other 

changes in body composition (i.e. small decreases in fat mass and increases in skeletal muscle 

mass), although minimal, did occur in this study even though they were not measured. Physical 

activity has many benefits to overweight and obese older adults independent of changes in 

bodyweight, such as improved cardio-respiratory fitness, prevention of disease and improved 

musculo-skeletal strength (Valencia, Stoutenberg, & Florez, 2014; Warburton, Nicol, & 

Bredin, 2006). 

6.7.2 Blood pressure 

The results of this study showed no significant improvements in systolic or diastolic 

blood pressure even though similar studies targeting this age group have seen significant 

results in decreasing both systolic and diastolic blood pressure (Blumenthal, Babyak, 

Sherwood et al., 2010a) The Dietary Approach to Stop Hypertension (DASH), a four-month 

clinically-based RCT, with 144 overweight participants who were randomly assigned to either 

the DASH diet alone (DASH-A) or the DASH-diet with aerobic exercise and calorie restriction 

(DASH-WM) or usual diet controls (UC). Whilst both the DASH-A and the DASH-WM 

groups achieved clinically significant improvements in blood pressure compared to the UC 

group, the blood pressure results for DASH-WM group were significantly higher (Blumenthal 

et al., 2010a). This study was replicated in individuals from the ENCORE Study and achieved 

similar results with the largest improvements in blood pressure occurring in the DASH-WC 

participants also (Blumenthal, Babyak, Hinderliter et al., 2010b). It suggests, then, that the 

addition of aerobic exercise to a calorie-controlled diet is more effective in reducing blood 

pressure. Whilst the RVPANS study was ineffective in changing blood pressure, many other 

studies show a positive correlation in the prevention of hypertension by physical activity and 

nutrition (Appel et al., 2003). 

6.8 Strengths of this study 

This study is one of a few randomised controlled trials conducted in the retirement 

village setting that was six months in duration; other studies targeting this age group have been 
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conducted over the short term (less than six months) (Egan, 2010; Rosenberg et al., 2012; 

Smith et al., 2000). This study included a relatively homogenous group of older adults with no 

significant differences at baseline. The relatively high retention rate is comparable to other 

studies targeting this population (Rosenberg et al., 2010; Strand, 2012). 

The intervention itself used both physical activity and nutrition to target weight loss, 

BMI and WHR, interventions shown to be successful in reducing overweight and obesity in 

other studies (Burke et al., 2013a; Jancey et al., 2008; Jancey et al., 2011; Smith-Raya et al., 

2014). The randomisation and the inclusion of a control group, allowed for potential 

confounders to be accounted for in both within-group and between-group findings. The 

improvement in both physical activity measures and dietary habits amongst the intervention 

participants, in comparison to the control participants, supports the effectiveness of the 

RVPANS program. The results from the RVPANS study are comparable to the outcomes of 

studies mentioned earlier in the literature review (Burke et al., 2013a; Jancey et al., 2008; 

Jancey et al., 2011; Smith-Raya et al., 2014). 

6.9 Limitations of this study 

Despite the results that were achieved, there are limitations in this study that need to 

be considered when interpreting the results. Participation was entirely voluntary, so self-

selection will occur with potentially more motivated individuals with a personal interest in 

physical activity and nutrition entering the study (Polgar & Thomas, 2014). However, self-

selection was minimised through randomisation to ensure at baseline that the intervention and 

control groups shared similar characteristics. Adjusting for retirement village clustering and 

potential extraneous variables through the mixed regression analysis also reduced the impact 

of these on the outcomes derived from this study. Most of the data was collected by self-report 

instruments except for the anthropometric measurements, (bodyweight, height, waist 

circumference, hip circumference and blood pressure) that were taken by two trained 

researchers. As such, any potential bias due to self-report was minimised. However, 

generalisability to other older adults residing in retirement villages is difficult because of the 

paucity of studies (specifically intervention research) in this setting (Holt et al., 2015). 
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Chapter 7 

   

Conclusions and Recommendations 

The aging of the Australian population is leading to a larger proportion of adults who 

are aged 60–80 years. This means that there is a corresponding increase in the number of older 

adults who are at risk of chronic disease and poor health associated with aging. Both physical 

activity and nutrition are known protective factors that can reduce an older adult’s risk of 

chronic disease. 

Physical activity is essential for older adults to increase their likelihood of staying 

healthy and remaining functionally independent. Developing and evaluating interventions that 

aim to improve both physical activity levels and nutrition in this population can provide 

valuable insight into the factors that can lead to improvements in these behaviours and 

influence the reduction of the risk of chronic disease. There is a need for age-appropriate 

research that targets older adults in age-specific settings such as retirement villages. 

The Retirement Village Physical Activity and Nutrition (RVPANS) program was 

implemented in retirement villages to improve the physical activity and nutrition behaviours 

of the residents who participated. It included the development, implementation and evaluation 

of the program that used both quantitative and qualitative research methods. 

Quantitative methods included assessing changes in physical activity levels, 

nutrition behaviours and dietary intake, and shifts in bodyweight, body mass index (BMI), 

waist-to–hip ratio (WHR) and blood pressure. Both process evaluation and exit interviews 

(one-to-one) were used for the qualitative assessment of the program. The results showed that 

such a program can have significant improvements in bodyweight, strength activity, and fruit 

intake among participants. 

The results from the present study indicate a need for a study design that is built to 

address the specific characteristics of the retirement village setting. Rigorous evaluation of the 

underlying mechanisms that encourage residents of retirement villages to adopt and maintain 

adequate physical activity levels and healthy nutrition behaviours needs to occur. 
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7.1 Conclusions 

7.1.1 Recruitment  

Effective recruitment strategies require further research given that this setting has 

large potential for intervention research into physical activity and nutrition behaviours of older 

adults. The present study faced challenges in recruitment despite accessibility to residents 

being granted by the owner-operators of the participating retirement villages. 

Multiple recruitment methods were used in the study including promotion of the 

program in residents’ newsletters, postcard distribution in mailboxes, onsite promotional 

flyers and engagement of residents’ committees and management. Despite aiming to involve 

members of the residents’ committee at each village to ‘champion’ the program, this was only 

successful in a very small number of villages, largely due to lack of interest in residents 

wanting to take on this role. This was further compounded by the ‘gatekeeper’ role of 

management that varied from village to village. Unique to the retirement village setting is the 

concept of ‘living independently within a gated community’; as such, this influenced how 

much input and involvement the management of each village would provide in promoting the 

program to their residents. Further qualitative research with retirement village management 

should be conducted to explore these barriers more widely. 

7.1.2 Process evaluation of program delivery and intervention 

materials 

The process evaluation that was conducted as part of this study showed that the 

printed materials (booklet, exercise charts), the resistance/strength band and the guidance and 

support provided by the peer-aged Program Ambassadors were successful components of the 

intervention implementation. 

The feedback included suggestions that group sessions held in the retirement village 

itself would have benefited some of those who took part. This included both physical activity 

sessions and nutrition sessions. Whilst many of the intervention participants found the 

telephone calls valuable and sufficient in supporting them to achieve their physical activity 

and nutrition goals, the amount and number of telephone calls received varied among the 

individuals. A few of the participants would have preferred more regular contact from their 

Program Ambassador. (i.e. the amount and number of calls to be increased) with some 

suggesting that face-to-face guidance and support would have been better for them. 
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7.1.3 Exit interviews on program delivery and intervention 

materials 

The exit interviews (n = 16) that were conducted post-intervention, also confirmed 

that these program components contributed to the results achieved in the intervention 

participants. Similar feedback was obtained regarding the support from the Program 

Ambassadors, with requests for some face-to-face contact and group exercise sessions during 

the intervention rather than telephone support only. 

7.1.4 Changes in physical activity behaviours and sedentary (sitting) 

time 

Significant changes in both moderate physical activity and strength activity occurred 

at the end of the six-month intervention for the intervention participants in comparison to the 

control participants. The provision of the resistance/strength band as a supplementary resource 

contributed to an increase in the number of intervention participants doing strength activity. 

As expected, both moderate physical activity and strength activity did not change substantially 

for the control participants at post-intervention. Also, few participants participated in any form 

of vigorous physical activity. 

Sitting time was comparative at baseline for both the intervention and control 

participants and decreased in the intervention participants at post-intervention. Conversely, it 

increased from baseline to post-intervention in the control participants. These changes were not 

statistically significant, affirming the need to develop interventions that focus more specifically 

on reducing sitting time in addition to increasing levels of physical activity. This could be 

achieved by encouraging light activity throughout the day and emphasising a ‘day long 

approach’ to physical activity, and standing or moving for at least 1–2 minutes every hour. 

7.1.5 Changes in nutritional behaviours 

Fruit and vegetable consumption was moderate in both the intervention and control 

participants, although neither the intervention nor the control were consuming the 

recommended five serves of vegetables per day. Fruit intake increased significantly in the 

intervention participants (p = 0.007) as opposed to the controls by the end of the intervention; 

however, there were minimal improvements in fibre intake and fat consumption as a whole. 

In comparison to national data on fruit and vegetable consumption in adults 60–80 

years old, the RVPANS study sample fared better. Despite this, many older adults are still not 

meeting the recommended dietary guidelines of vegetable consumption daily. This may be due 
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to a lack of general knowledge about the changing dietary needs associated with aging, along 

with a gap that exists between dietary related beliefs and behaviours in older adults and the 

changes in eating patterns that are required as people age (Peltzer & Phaswana-Mafuya, 2012; 

Nicklett & Kadel, 2013). 

It indicates a need for interventions to highlight the importance of the dietary 

guidelines for ‘older adults’ rather than the dietary guidelines for the general population, 

specifically the importance of fibre intake and dietary fat reduction. Older men and those who 

are less educated need to be targeted more frequently to improve their fruit, vegetable and fibre 

intake and reduce their dietary fat intake. Those who lived alone had a lower intake of fruit 

and vegetables and were less likely to avoid dietary fat. Other research confirms low intake in 

these groups (Peltzer & Phaswana-Mafuya, 2012; Nicklett & Kadel, 2013). 

7.1.6 Changes in bodyweight, body mass index, Waist-to-Hip Ratio, 

and blood pressure 

Both physical activity and diet are well-recognised as having major influence on 

decreasing bodyweight, BMI, WHR and blood pressure across all life stages. At baseline, there 

was no significant difference between the intervention and control participants in bodyweight, 

BMI or WHR. The RVPANS program was successful in reducing bodyweight in the 

intervention participants compared to the controls, but there were no significant changes to 

BMI or WHR. The improvements in strength activity would have corresponded to an increase 

in muscle mass to a certain extent, however this was not directly measured in this study. 

Blood pressure was similar at baseline in both groups and this did not change at the 

end of the intervention. Many of the participants were on blood pressure medication, which 

would have had some influence on these results, although changes in blood pressure 

medication was not measured as an independent outcome. 

7.2 Recommendations 

7.2.1 Recruitment and retention 

It is recommended that future research use new and innovative ways to recruit and 

retain older adults in physical activity and nutrition interventions. It is also recommended that 

research conducted in age-specific settings, such as retirement villages, needs a collaborative 

approach that includes commitment from owner-operators and management/administration as 

potential stakeholders in the research outcomes as well as the participants. 
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7.2.2 Process evaluation 

Process evaluation identifies which components and strategies of the program are 

working and allows for the review of those that are not. It should be rigorous and 

systematically performed to ensure program validity and appropriateness, especially in 

programs for older adults. Future home-based physical activity and nutrition interventions for 

older adults can build upon the most effective components of RVPANS (i.e. educational 

resources and tailored advice) whilst refining the dose-response relationship. 

7.2.3 Physical activity and nutrition programs for older adults 

Theories to support program design and development 

The design and delivery of physical activity and nutrition interventions should be 

supported by sound theories of behaviour change.  An understanding of the underlying 

mechanisms of behaviour change can be used to develop effective strategies at an individual 

and group level. 

Behaviour change theories were used extensively in the planning, development and 

delivery of the intervention. These theories had been validated in similar studies as useful in 

encouraging behaviour change in older adults. The use of Self-Determination Theory and 

motivational interviewing encouraged personal autonomy towards goal setting and motivation 

to become more active or to adopt better dietary practices in the RVPANS intervention 

participants. Social cognitive theory considered the interaction of inter-personal factors with 

social and built environment (e.g. social support via a walking group) and its influence upon 

self-efficacy. Additionally, it helped the participants to make positive changes and increased 

personal confidence in changing health behaviours. 

Formative evaluation 

The design of these interventions needs to also be supported by formative evaluation 

that includes feedback from those who are familiar with the setting (e.g. retirement villages) 

in which the research will take place. It is highly recommended that formative evaluation be 

included so that programs can be modified to ensure they are appropriate to the target group 

and the retirement village setting. 

Multi-component programs are the most beneficial 

The RVPANS physical activity program included strength based exercises using a 

resistance band, stretches to increase flexibility, balance exercises and ‘TV and Kettle’ 

exercises to reduce sitting time (i.e. sedentary behaviour). The participants were also 

encouraged through the printed educational materials to walk or find another type of aerobic 
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activity (e.g. swimming, aqua aerobics) to improve their cardio-respiratory fitness. The multi-

component nature of this program ensured that it targeted all aspects of functional fitness and 

strength to combat the aging process: strength, flexibility, balance and general fitness: all 

important features of future physical activity programs for older adults. 

Many older adults have co-morbidities that affect regular participation in physical 

activity and they are often cited as a reason for why many older adults fail to take up physical 

activity after being sedentary for some time. Walking is a favourable activity to promote in 

this specific group because it can be done at any pace, is low impact and relatively safe, has 

established cardio-respiratory benefits and has functional benefits as well (Hongu, Wisneski, 

& Orr, 2012). 

Physical activity programs need to be tailored to meet the varying capacities of older adults 

Physical activity programs need to be tailored specifically to the individual 

depending on various factors such as advancing age, ability, current fitness level and available 

resources, rather than a ‘one size fits all approach’ (Moschny, Platen, Klaassen-Mielke, 

Trampisch, & Hinrichs, 2011). Physical activity programs also need to allow for relapse 

caused by illness, competing demands and other personal factors. Allowing for a modification 

of physical activity, rather than a complete cessation of all activity, recognises that ‘something 

is always better than nothing’. 

To ensure adherence it is important to increase the dose (type, amount, frequency and 

duration) slowly, especially in inactive sedentary older adults (Hammar & Ostgren, 2013). More 

research is needed to investigate the dose-response relationship for different modes of physical 

activity that is needed to increase regular participation and retention (Hammar & Ostgren, 2013). 

Provision of dietary advice to improve nutritional behaviours  

The RVPANS educational booklet included a section that provided nutritional 

information and dietary advice suitable for older adults. The most current Australian Dietary 

Guidelines (National Health and Medical Research Council, 2013a) for adults over 60 were 

provided as a separate element in the booklet. In the introductory sessions provided by the Project 

Manager, it was emphasised that these guidelines were specific to those adults over 60 years and 

the participants’ attention bought to key areas of these guidelines (e.g. portion size and fruit and 

vegetable intake). It is recommended that any future programs include these dietary guidelines, 

which are different to those for the general population, as many older adults are unaware of the 

changing nutritional needs (e.g. increased calcium intake) associated with the aging process. 
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Guidance and support from Program Ambassadors and printed educational materials 

The use of peer-aged Program Ambassadors to guide and motivate the participants 

towards their physical activity and nutrition goals was an effective strategy in the RVPANS 

intervention. The amount of support and advice was individually determined on a needs basis, 

with some of the participants requesting face-to-face contact rather than contact by telephone. It 

is recommended that physical activity and nutrition programs include peer-aged mentoring to 

support and encourage older adults to meet their personal physical activity and nutrition goals. 

The provision of a home-based physical activity and nutrition program with 

supplementary printed educational materials was well received by those who participated. The 

participants reported that these materials were age-appropriate, easy to understand and 

accessible, although many felt they had seen similar materials before. Future research needs 

to examine the dose-response relationship that will determine the most effective combination 

of physical activity and dietary advice (i.e. tailored personal advice or printed materials or 

both) when targeting older adults. 

The need for programs that focus on reducing the barriers to healthy eating in older 

adults identified as a priority 

Barriers that are specific to the groups identified in this study (older men, those who 

live alone, those with lower education levels) should be the focus of any further nutrition 

interventions and programs. This needs to go beyond simply raising awareness of the 

nutritional needs of older men by promoting the dietary guidelines for older Australians; there 

needs to be tangible and practical approaches through programs that encourage skills in 

preparing and cooking food that will improve nutritional health in this group. Using a multi-

strategy approach that includes nutrition education along with behavioural change strategies 

is more effective (CDC, 2011). The methods used to disseminate dietary knowledge need to 

consider the barriers and enablers that are the determinants of dietary behaviours in groups of 

older adults identified as having a high risk of inadequate fruit and vegetable and fibre intake 

(Dhandidevi & Jeewon, 2015). 

Programs such as the Seattle Seniors’ Farmers Market that delivers fresh fruit and 

vegetables to ‘homebound’ older adults have reported a greater increase in fruit and vegetable 

consumption for those who participated than for those who did not (CDC, 2011). Using these 

types of interventions to target vulnerable groups of older adults (older men, those living alone 

and those less educated) often results in stimulating interest in healthful eating with an overall 

improvement in fruit and vegetable consumption (CDC, 2011). 
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Many older adults in retirement villages live alone. One suggestion from 

management at one of the retirement villages participating in this study was to introduce 

‘progressive dinners’ from unit to unit. Such dinners could be used to focus on healthy eating 

with the added benefit of social interaction and inclusion. A few of the villages included in 

this study had dining rooms providing meals to residents, or social nights that provided meals 

as part of the evening’s activities. However, a barrier for many residents was cost and 

affordability. Policy needs to be developed and implemented that encourages the provision of 

healthy meal options, like those that have been established in school canteens (Australian 

Government & Department of Health, 2014) and worksites (Ni Mhurchu, Aston, & Jebb, 

2010), along with measures to reduce cost and increase affordability. 

Accessibility, affordability and availability of healthy food is determined by the 

types of food stores in a neighbourhood (CDC, 2011). Low education levels are often linked 

to low income and, therefore, the neighbourhood where people live (Gieb, 2012). Improving 

access to fruit and vegetables for those of a lower education level and lower income level 

needs to consider policies, programs and initiatives that increase the availability, affordability 

and access to healthy food within local neighbourhoods (Wrigley, Warm & Margetts, 2003). 

The evaluation of the Leeds (UK) ‘Food Desert’ study showed that those who switched to the 

new store (supermarket) with healthy affordable food increased their consumption of fruit and 

vegetables in comparison to those who remained at their regular store and showed no change 

in consumption of fruit and vegetables (Wrigley et al., 2003). 

7.3 Bodyweight, body mass index and Waist-to-Hip Ratio 

Bodyweight decreased in the intervention participants who completed the program 

whereas BMI and WHR did not shift. Large changes in these measurements would not be 

expected in this age group due to the physiological processes associated with aging. Thus, 

BMI and WHR should not be the primary focus of behaviour change programs; rather, 

increasing levels of physical activity and reducing sedentary behaviour along with improved 

dietary intake should be a priority. 

A large proportion of older adults engage in activities while sitting (e.g. craft work, 

board games). It is estimated that adults over 60 years spend 80% of their waking time in 

sedentary activities (Machado, Rey-Lopez, Matsudo & do Carmo Luiz, 2014). This equates to 

approximately 8–12 hours per day, making it important to encourage regular breaks and 

movement during these activities as well as throughout the day. 

Realistic shifts in bodyweight can be achieved and maintained when the emphasis 

of any physical activity and nutrition program is on getting people to change their behaviours 
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(e.g. move more, eat better) to improve their overall health and general feelings of wellbeing. 

The results generated by this present program demonstrated results than can be achieved. 

7.4 Current research: gaps and limitations 

Very limited research has been conducted in this setting, thereby reinforcing the need 

for innovative research to be carried out. Studies that have been conducted are of short-time 

frames (Egan, 2010; Rosenberg et al., 2012; Smith et al., 2000), include small samples and are 

mostly observational (Miller & Buys, 2007; Nathan et al., 2014a, 2014b) or cross-sectional 

(Kerr, Carlson, Rosenberg, & Withers, 2012; Kerr et al., 2011). Very few involve physical 

activity and nutrition interventions that have targeted older adults in the retirement village 

setting (Kerr, Rosenberg, et al., 2012). Therefore, the aim of any new research is to evaluate 

the effectiveness of a physical activity and nutrition program and identify the barriers and 

enablers that contribute to increasing physical activity levels in an otherwise sedentary 

population residing in retirement villages. 

7.5 Recommendations for future research  

Further research needs to be conducted over longer periods of time with larger 

samples to increase representativeness. This has been confirmed by the extensive literature 

review (chapter 2) and from the results obtained from the RVPANS study itself. These factors 

may affect generalisability; future research should take these limitations into consideration 

particularly in identifying effective recruitment procedures to increase sample size. 

It is recommended that this program be replicated in other age-specific settings 

where older adults live. However, future programs need to identify key stakeholders within 

the setting to gain their support in the development and implementation of the research 

program, thus improving the recruitment rate and making larger sized studies more attainable. 

There needs to be further investigation into a range of strategies and dissemination techniques 

that can be used to make interventions more appealing to older adults. This would also assist 

with exploring and identifying the mechanisms behind behaviour change that will promote 

physical activity and diet in relatively healthy older adults. 

Continued research into strategies that aim to improve the health and wellbeing of 

older adults through physical activity and nutrition is essential in aiding the prevention and 

management of ill-health and chronic disease. On a wider scale, this research will have a 

significant impact on the burden of disease and costs to the health system because of 

Australia’s aging population. 
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villages promoting active aging? Journal of Aging and Physical Activity, 24(3), 

407-411. 

Publications Under Review 

A.3.  Jancey, J., Holt, A-M., Lee, A., Kerr, D., Hart, E. Hills, A., Robinson, S., 

Anderson, A., & Howat, P. (2016). Retirement village physical activity and 

nutrition intervention process evaluation: informing practice. BMC Public Health. 

(Under review). 
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A.3 Retirement village physical activity and nutrition 

intervention process evaluation: informing practice  

(article under review) 

Abstract 

Issue 

Process evaluation is used to explore the effectiveness of intervention elements, the 

intervention itself and identify possible program limitations. This article describes the process 

evaluation of the Retirement village physical activity and nutrition intervention (RVPANS) 

for program strategies and their implementation. 

Methods 

The 6-month physical activity and nutrition intervention was based in retirement villages 

located in the Perth Metropolitan area in Western Australia. The intervention incorporated 

program ambassadors, educational resources and motivational telephone contact. Qualitative 

and quantitative data was collected via surveys and interviews.  

Result 

The program was found to be appropriate, acceptable and satisfied the majority of participants’ 

requirements. Intervention materials were reported to be useful (55%-64%) and suitable (65%-

68%) for the target group. The program ambassadors were particularly encouraging (85.9%). 

The main reason for not completing the program were health reasons.  

Conclusion 

This process evaluation along with the positive program outcomes provides evidence that 

RVPANS is an appropriate intervention for improving physical activity and nutrition 

behaviours in older adults residing in retirement villages. However, telephone and face-to-face 

contact were found to be the preferred methods of engaging with this age group, with the 

participants finding the program ambassadors to be particularly encouraging. 

So what 

The findings from this study add to a small research base into health behaviours in retirement 

village residents but further research is desirable to determine the most effective way to work 

with this target population. 
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1. Introduction 

Adults in the 65-84 year age group account for the greatest burden of disease in 

Australia (31%), even though  they only make up 12% of the population (Australian Institute 

of Health and Welfare, 2016). Risk factors contributing to this disease burden in this age group 

include physical inactivity, poor dietary intake, tobacco use and high body mass (Australian 

Institute of Health and Welfare, 2016). These are modifiable risk factors, thereby providing an 

opportunity to intervene to support health enhancing behaviour change. 

Australia’s aging population is rapidly expanding, and is predicted to comprise 25% 

of the population by 2042 (Australian Government, 2010, 2011), potentially placing an even 

greater strain on the health care system. Coinciding, with Australia’s growing aging population 

is an increase in the demand for retirement village living, a relatively new lifestyle concept, in 

which older adults live in supportive, usually gated communities,  whilst still maintaining their 

independence (Mehrotran, 2010). It is predicted that by 2025, 7.2% of Australians aged over 

65 will choose to live in retirement villages (Swanson, 2009).  

Currently those choosing to live in retirement villages are women (66%) (Australian 

Bureau of Statistics, 2013) who enter the villages in their early-to-late 70s for health and 

lifestyle reasons (Retirement Village Association & Deloitte, 2010). Their perception of this 

lifestyle choice is one of independent living, increased social networks, access to amenities 

and sense of community and security (Bohle, Rawlings-Way, Finnn, Ang, & Kennedy, 2014). 

However, whilst many retirement villages do provide physical activity facilities (for 

example swimming pool, gym) and physical activity programs (exercise classes), there still 

appears to be a lack of motivation by residents to utilise them (Holt, Lee, Jancey, Howat, & 

Kerr, 2015; Marshall, Bauer, & Capra, 2013), with residents often choosing a sedentary 

lifestyle. (Marshall et al., 2013). How to get these older adults to be more active whilst 

maintaining a healthy diet is a challenge. This was addressed in the Retirement Village 

Physical activity and Nutrition (RVPANS) cluster-randomised controlled trial (RCT). The 

intervention study aimed to do by conducting an intervention to improve the physical activity 

and nutrition of adults aged 60-80 years living in retirement villages based in the Perth 

metropolitan area as research indicates that targeting two or more health related behaviours in 

one intervention, such as physical activity and nutrition may increase intervention 

effectiveness and reduce costs (Burke et al., 2010). 

Program participants were provided with physical activity and nutrition information 

resources, as well as tailored feedback from a peer aged program ambassador. The study 

protocol has been published elsewhere (Holt et al., 2014). The intervention resulted in 
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significant increases in moderate-intensity physical activity, strength exercises, consumption 

of fruit and fat and fibre of the intervention group, whereas no apparent changes were observed 

in the control group (Jancey et al., 2016) 

To better understand the outcomes of such intervention programs, process evaluation 

is desirable.  Process evaluation can be used to explore the effectiveness of intervention 

elements, the intervention itself and identify possible limitations of the program (Nutbeam & 

Bauman, 2006). Reasons identified for the latter might include inappropriate program design 

or incomplete implementation, lack of uptake or poor reach (Saunders, Evans, & Joshi, 2005). 

In addition, reasons for attrition can be explored so that better approaches can be developed to 

reduce attrition in future such programs (Balk et al., 2015). This article describes the process 

evaluation of the RVPANS in relation to the program strategies and their implementation that 

are relevant to practice. 

2. Methods 

This cluster-RCT evaluated the implementation of a physical activity and nutrition 

program in Western Australian retirement villages. The study protocol (Holt et al., 2014) was 

approved by the Curtin University Human Research Ethics Committee (Approval number: HR 

128/2012). All participants provided informed consent prior to their involvement in this study 

Setting and participants 

Retirement Village selection 

Retirement villages with at least 50 residents over the age of 60 and at least 30 

independent living units (ILU), located within a 75-kilometre radius of Perth in Western Australia 

were eligible to participate. Retirement villages were identified via the Seniors Housing 

Association (Western Australia) and an internet search, of which 80   met the selection criteria. 

From this sample, 38 villages agreed to participate. Multiple of methods were used to recruit 

participants into the program. These included on site information sessions, a promotion of the 

program through postcard mail drops and advertisements in the retirement village newsletters. 

Retirement village participant selection 

From these 38 RVs, 583 participants registered their interest in the program, of which 

362 met the inclusion criteria.  Participants were required to be: aged between 60-80 years; 

insufficiently active (not meeting the 150 minutes of moderate-intensity physical activity on 

most days of the week) (Australian Government, 2014) on no special diet; and of sufficient 

health to be able to participate in a low-stress physical activity program. 
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Intervention components 

The intervention design was based on Social Cognitive Theory (SCT) and informed 

by Motivational Interviewing (MI) (Cress et al., 2005; Lonsdale et al., 2012; Resnicow & 

McMaster, 2012; Vansteenkiste & Sheldon, 2006).   SCT and MI were used to inform the 

application of an autonomous yet supportive framework to elicit behaviour change (Clark et 

al., 2011; Cress et al., 2005). The program materials were designed to improve participant self-

efficacy and highlight possible barriers to behaviour change. Program resources included an 

educational booklet (containing the exercise program and nutritional advice), two exercise 

charts (with information taken from the booklet that could be easily displayed), a resistance 

band, and a quarterly newsletter. The program was based on current national physical activity 

guidelines for adults (Australian Government, 2014) and was adaptable to a wide range of  

fitness and function levels; it commenced at a low level to  cater for people who had previously 

been inactive. The nutritional aspect of the program was based on current dietary guidelines 

for older adults (National Health and Medical Research Council, 2013) and provided advice 

that aimed to reduce fat, salt and sugar intake and increase fibre, fruit and vegetable intake. 

An activity planner was included in the booklet as an optional tool to assist in planning and 

setting weekly physical activity goals.  

A key strategy was the access to five peer-aged program ambassadors whose role 

was to guide and support the participants over the 6-month intervention and to facilitate 

program adherence. Program Ambassadors (PAs) completed a three-hour training workshop 

based on a handbook of current physical activity and nutrition guidelines specifically designed 

for older adults, and information on the program design and delivery. They were assigned to 

specific RVs and provided an opportunity for program participants to discuss goal setting, 

such as increasing the number of repetitions and sets of an exercise or increasing consumption 

of fruits and vegetables. 

Process evaluation methods 

Both qualitative and quantitative data were collected from the program ambassadors 

and participants via self-report questionnaires (between May 2014 and October 2015), and 

semi-structured interviews between January and November 2015. Data collected explored the 

appropriateness, likeability, and usefulness of the program and the program materials, 

including the support provided by the program ambassadors and suggested improvements to 

the program. 



 

173 

Questionnaires 

Two brief questionnaires gathered data on participants’ perceptions of the booklet, 

exercise charts (readability, comprehension, usefulness of advice, and suitability and relevance 

to age group), the program ambassadors (guidance and support) and preferred level of ongoing 

telephone contact. The two questionnaires included both closed and open and closed questions.  

Resources: booklet and exercise chart 

The questionnaire used a five-point Likert scale to assess participants’ perceptions 

of the booklet and exercise chart - ‘usefulness’ (1=very useful to 5= not useful), 

‘attractiveness’ (1= very eye catching/attractive to 5=not eye catching/attractive), ‘suitability 

for age group’ (1=suitable for people my age to 5=not suitable for people my age), 

‘encouragement to be physically active’ (1= encouraged me to be physically active to 5=Did 

not encourage me to be physically active), ‘encouragement to practice RVPANS exercises’ 

(1= encouraged me to practice the RVPANS exercises to 5= has not encouraged me to practice 

the RVPANS exercises). The open-ended questions explored participants’ likes and dislikes 

of the resources as well as any suggestions for improvement.  

Program Ambassador 

Participants’ perceptions of the support provided by the PAs was determined using 

five-point Likert scales - ‘usefulness of contact’ (1=very useful to 5=not useful), ‘frequency 

of contact’ (1=often to 5=not often enough), ‘sufficiency of guidance’ (1=sufficient to 

5=insufficient), and ‘sufficiency of goal setting’ (1=sufficient to 5=insufficient). Open-ended 

questions asked about the support received from their PAs and the adequacy of the frequency 

of contacts. 

Exit Interviews 

Exit interviews were conducted via telephone with a purposefully selected sample 

of program completers (n=8) and non-completers (n=8). A trained researcher conducted the 

interviews.  

The interviewer followed a semi-structured schedule that explored the participants’ 

reasons for becoming involved in the program, their perceptions of the intervention content 

and materials, as well as their thoughts on the appropriateness of the program for the target 

audience and any suggestions for improvement. Completers only were also asked about any 

physical activity and dietary changes they made because of the program. Non-completers only 

also provided reasons for their withdrawal from the program. 
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Process Evaluation Data Analysis 

The Likert responses from the questionnaires were summed and percentages were 

calculated for each response (e.g. strongly agree to strongly disagree). The responses were 

then collapsed into dichotomous variables (e.g. agree and disagree). The data for the 

qualitative responses and exit interviews were read several times, collated and common key 

words and phrases extracted from the participant responses. 

3. Results 

Questionnaires 

The process evaluation questionnaires were completed by the intervention group 

whose demographics are shown in Table 1. All intervention participants who completed the 

study were invited to participate (n=162). Comparison of all those who started (Baseline) and 

those lost to attrition (drop-outs) were similar when compared by univariate analysis.  

Table 1  

Demographic characteristics of intervention participants (n=197) 

 

Baseline 

(n=197) 

Drop outs 

(n=58)  

 n % n % P value* 

Gender 

Female 141 71.6 40 68.9 0.551 

Age (years) 

mean  

(SD) 

72.09 

(4.90) 

 73.12 

(3.64) 

  

0.960 

Education level 

Secondary school or less 

Trade certificate/diploma 

University 

111 

36 

50 

56.3 

18.3 

25.4 

34 

9 

15 

58.7 

15.5 

25.8 

 

 

0.250 

Relationship status 

With partner 

No partner 

136 

61 

69.1 

30.9 

39 

19 

67.2 

32.8 

 

0.164 

Smoking status  

Never 

Former/current 

118 

79 

59.9 

40.1 

34 

24 

58.6 

41.4 

 

0.161 

*Chi square & t test 
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Between 60-80% of participants responded to the surveys (Booklet survey n=92; 

exercise chart survey n=89; program ambassador survey n=108,).  Table 2 outlines the 

responses by participants to the various resources and strategies. 

Table 2  

Participant responses 

Resource/Strategy Agreed % (n) 

Booklet (n=92) 

Useful advice in booklet 57.8% (n =53) 

Eye catching/attractive 60.9% (n=56) 

Suitable for people my age 65.1% (n=60) 

Encouraged me to be physically active 56.4% (n=52) 

Encouraged me to do RVPANS exercises 46.6% (n=43) 

Useful monthly activity planner 43.5% (n=40) 

Exercise chart (n=89) 

Useful advice on chart 64.0% (n=57) 

Eye catching/attractive 68.9% (n=61) 

Suitable for people my age 68.0% (n=60) 

Encouraged me to sit less 45.3 % (n=40) 

Encouraged me to do RVPANS exercises 44.0% (n=39) 

Program Ambassador (n=108) 

Very useful 55.0% (n=59) 

Contact frequent enough 40.5% (n=44) 

Sufficient guidance 64.1% (n=69) 

Motivated me to set goals  61.1% (n=66) 

Encouraged me to do RVPANS exercises 85.9% (n=93) 

  

Preferred schedule of ongoing support via telephone contact 

(N=93) 

Three weekly support n=51 

Monthly support n= 42 

 

Booklet 

A total of 55 respondents answered the question “Was there anything you 

particularly liked about the booklet”, 22 (60%) answered yes; stating reasons such as “very 

informative”, “easy to read, sound information”. 

Three participants believed the booklet could have been improved through; a) More 

on diet because this is my problem area; b) an accompanying DVD showing the correct 
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exercise procedure; c) make the area where you record exercises a little simpler. One 

participant stated they disliked the booklet because they found the activity planner difficult to 

understand. Respondents indicated that they “Used it for a short while then lost focus’; “Didn’t 

like filling in forms”; “forgot and I’m away a lot”; “got sick and then got out of practice” and 

“not enough time already, I didn’t feel it was necessary”. 

Exercise charts 

Respondents indicated that what they particularly liked about the exercise chart was 

that: a) ‘It was a good visual reminder and the exercises were easy to follow’; ‘clear 

instructions and the use of an older model to demonstrate them’; ‘Easy to follow and easy to 

understand’ and ‘Good descriptions of the exercises and the photos provided a good 

explanation.’  Conversely, eight respondents indicated that there were a few practical issues 

with the exercise chart which included ‘the small font size’; too many sitting exercises and 

exercise too easy; ‘exercises needed to be more challenging’ and ‘The exercise section could 

have been broken into two – more strenuous exercises for those under 75 years and the existing 

exercises for those 75 years and over’. 

Program Ambassadors 

The program ambassadors were well received with many positive comments from 

the respondents. They indicated that the PA s were ‘encouraging but not pushy’, offering 

positive feedback to participants. The PAs were also accessible, friendly and recognised that 

people were individual. They were reported as ‘very friendly and respected any limitations we 

had with the program at the time’. 

Exit Interviews 

The age of the completers who participated in exit interviews ranged from 60   to 80 

years, with a mean age of 70. The mean age of the non-completers (Dropouts) who participated 

in the exit interviews was 74, with a range from 64 to 78. There were five female and three 

male completers, and six female and two male non-completers.    

Recruitment  

The majority of the completers (n=5) reported that the information sessions 

conducted at the retirement villages motivated them to become involved in RVPANS; others 

became aware of the program through the village manager (n=1), the postcard in their mailbox 

(n=1), or an article in the village newsletter (n=1). Half of the completers (n=4) commented 

that their motivation for joining the program was that they thought the program would be a 

good motivator to increase physical activity and improve their diet; “I really wanted to get 
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involved in something like this due to not doing any activity for some time”, “…I thought it 

looked very good, especially as I don’t really eat properly”. Five of the completers reported 

that the intervention helped them establish a new regime for regular physical activity, and 

eating better and three completers commented that they liked that the program was home-

based; “Did I increase my exercise-yes definitely”, “I guess my diet has improved by being 

more conscious of it”, “the best thing is I’m eating two pieces of fruit a day-I never did before. 

I’m eating more [vegetables] too” 

Program resources; booklet and exercise charts 

Participants stated that the printed materials (e.g. booklet, exercise charts, 

newsletters) were very good (n=6) and easy to read (n=3). They found the newsletter content 

particularly useful (n=3) and thought it to be “a great motivator to keep you on track’. Despite 

three completers and three non-completers commenting that they had seen the RVPANS 

exercises before, it was not-necessarily and negative comment, and completers (n=3) stated 

that the exercise charts were helpful in keeping them motivated. When asked for suggestions 

to improve the printed materials the majority of completers responded that the printed 

materials were suitable the way they were (n=7); “[the booklet’s] a wonderful resource”, “…it 

was colourful and easy to read”. Only one non-completer suggested that they would have 

benefited from the inclusion of a few more difficult exercises (i.e. higher intensity). 

Completers (n=2) and non-completers (n=2) felt the overall program could be improved by 

regular face to face trainer-run physical activity sessions; “I think if it was more 

supervised/more group things here at the village-it may have got more people”. 

Program Ambassadors 

On a 10 point Likert scale (1 = not sufficient, 10 = sufficient), completers and non-

completers rated the support they received from their PA between 8 and 9. The number of 

telephone calls received were deemed to be adequate by a majority of the completers (n=7). 

The completers indicated that they found the PAs a valuable resource with comments such as: 

“they were useful for keeping me on track”, “motivating me”, and “they were interested in 

what I was doing”. Only one participant felt they would have liked more face-to-face contact, 

especially in the beginning. In the short period of time they were exposed to the program, the 

non-completers also had a positive experience with their PA’s. Feedback included: “she was 

very motivating at the time’, “she was very good and very interested in what I was doing” and 

“I think there was more than enough encouragement from him, despite the fact I wasn’t the 

best candidate”.  
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Impact on behaviours of completers 

Overall, the completers interviewed reported that the program did support an 

increase in their physical activity levels (n=7), with six stating they were walking more over 

the six-month intervention. The majority (n=6) reported that they added the RVPANS 

exercises from the booklet into a regular exercise routine or supplemented them for another 

activity (e.g. RVPANS program instead of group exercise class).  One completer stated that 

the RVPANS program encouraged them to try new activities such as Tai Chi, Yoga and Bowen 

exercises. Two Completers reported that their fruit and vegetable intake increased. However, 

most of the completers (n=7) responded that their diets were already fairly healthy and they 

“knew what to eat”, “have always been a good eater’ and “I eat much the same - lots of fruit 

and vegs”.  

Non-completers reasons for not completing the program 

The non-completers participated for between two to four months, and all reported 

that the RVPANS program was beneficial whilst they were participating. This is supported 

with comments such as “It was a good program, I like the exercises when I could do them” 

and “In the beginning it motivated me to get back on track, but then I hurt my knee and I’ve 

only been able to get walking again”. Only one participant felt that the program was not for 

them, considering themselves too fit for the program “the exercises were too easy”. Two 

participants commented that a supervised program with face-to-face contact with a Program 

Ambassador would have suited them more. The main reason participants did not continue with 

the program was health reasons (n= 7). These included ‘back and leg problems’ ‘ankle injury’, 

‘knee injury’, and ‘hip problems’, and one drop out due to a ‘family situation’ they had to deal 

with.  

4. Discussion 

Process evaluation is conducted to determine intervention progress from the 

perspective of all of those who are involved in the project, including the participants and those 

implementing the program (Nutbeam & Bauman, 2006). It informs the researchers what 

aspects of the program were successful or unsuccessful, and is a vital step in ensuring a 

program is performing as expected (Nutbeam & Bauman, 2006). With the increasing demand 

for health programs that target older adults it is important to use process evaluation with this 

target group to ensure that there is sound assessment of all program elements, as the 

identification of  challenges within the program (Clark et al., 2011).  
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This process evaluation of the RVPANS program utilised both qualitative and 

quantitative data via a range of instruments, including interviews and brief questionnaires. The 

evaluation assessed the intervention in terms of participation, appropriateness and participant 

satisfaction, and provided suggestions for improvements that could be made to the program. 

The findings suggest that the program was generally appropriate, acceptable and satisfied the 

majority of participants’ requirements. Intervention materials were reported to be attractive, 

useful, suitable for the target age group, and encouraged physical activity and nutrition 

improvements.  

However, a smaller proportion of participants agreed that the program materials 

encouraged them to do the recommended exercises (n= 46.6%), or ‘sit less’ (n= 45.3%). Some 

respondents felt the exercises were ‘too easy’ for their functional ability while others found 

them very ‘challenging’. In contrast, close to 90% of participants felt the program ambassador 

encouraged them to do the RVPANS exercises. This is consistent with past research that 

suggests that a peer leader or experienced facilitator is an effective tool for motivating older 

adults (Dorgo, Robinson, & Bader, 2009; Jancey, Howat, Lee, Shilton, & Fisher, 2008) and 

reinforces the importance of personal contact.  More personal contact was also suggested by a 

number of participants as a way to improve the program, especially during the early stages of 

the program. This is something that could be considered, with a tapering of contact as the 

program progresses and participant skills grow (Burke et al., 2008). This would contain the 

program costs but still provide adequate support for participants.  In addition, this finding 

suggests that whilst it is important for retirement village residents to have relevant physical 

activity and nutrition resources they may be more likely to succeed if they have trained staff 

to provide encouragement and guidance, especially at the initial stages of adoption.  

The majority of retirement villages surveyed in a facilities audit (n=46; 96%) have 

either indoor or outdoor facilities available for use by the residents (Holt et al., 2015). Despite 

this, utilisation of these facilities tends to be very low, with only 50% of residents surveyed 

reporting that they use their village’s facilities on a weekly basis (Holt et al., 2015). This may 

suggest the need for supervision or mentorship with the provision of structural facilities. One-

on-one or tailored assistance may also be more effective than group run activities for this 

demographic, as only 48.5% of residents surveyed attended any of the fitness programs that 

were provided (for example, yoga, keep-fit class, dancing) (Holt et al., 2015). This process 

evaluation clearly showed that participants found the self-help resources and program 

appropriate; however more face-to-face engagement seems to be a more desirable approach. 

Understanding reasons for not completing a program is also important when further 

developing programs for the target group (Balk et al., 2015). The main reason for not 
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completing the RVPANS program, stated by seven of the non-completers during the exit 

interviews was health issues. Other programs have also found this result (Jancey et al., 2006) 

and this study findings reported elsewhere found that most dropped out due to poor health 

(n=36), followed by injury (n=23) (RVPANs) (Jancey et al., under review). It is positive that 

none of the non-completers cited a dislike or unsuitability of the program as being the reason 

they dropped out.  

Strengths and limitations 

A strength of this process evaluation is the mixed methods design and the use of 

qualitative data to supplement quantitative data to provide a greater insight into the program. 

The intervention strategies based on SCT and MI seemed acceptable to the target group.  The 

intervention resulted in increased minutes of moderate level physical activity and strength 

activities, increased frequency of fruit and fibre intake, (Jancey et al., 2016). Considering these 

outcomes of improved physical activity and nutrition, it would seem that this strategy was 

effective and appropriate. However, there was a desire for more face-to-face interaction.  

5. Conclusions 

This process evaluation provides insight into the effectiveness and preferred 

elements of this physical activity and nutrition intervention for older adults living in retirement 

villages. Providing participants with guidance and support during physical activity and 

nutrition programs is an effective way of motivating behaviour change. The findings from this 

study add to a small research base into health behaviours in retirement village residents but 

further research is desirable to determine the most effective way to work with this demographic 

in the retirement village setting.  
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Abstract  

Objectives: Determine changes in physical activity and nutrition behaviours and 

anthropometric measures of adults aged 60-80 years.  

Setting: Thirty-eight retirement villages located within a 75 kilometre radius of 

Perth, the capital of Western Australia with independent living residents.  

Participants: At baseline 363 participants entered the study (intervention =197; 

controls n= 166) with 280 (intervention n=139; controls n=141) completing the program. 

Participants average age was 72 (SD 5.2) most were female (74.6%). Selection criteria 

required the undertaking of less than 150 minutes of moderate-intensity physical activity per 

week and on no special diet. 

Interventions: Six-month homebased physical activity and nutrition intervention 

comprising educational resources, and program ambassadors to guide and motivate. Primary 

measures were changes in physical activity and nutrition behaviours, secondary were weight, 

waist circumference and blood pressure.  

Results: Compared to controls the intervention group had increases in time (80 

minutes more per week on average) devoted to moderate-intensity physical activity (p=0.003), 

engagement in strength exercises (from 23.7% to 48.2%) (p<0.001), frequency of fruit 

consumed (p=0.007). The intervention group had significant changes in fat (p<0.001), fibre 

(p<0.006) intake scores, and a 0.5 kg mean reduction in weight (p<0.027), whereas no apparent 

changes were observed in the control group. Mixed regression results confirmed statistically 

significant improvements in weight loss (p<0.05), engagement in strength exercises (p<0.001) 

and frequent fruit intake (p=0.012) by the intervention participants relative to controls. 

Conclusions: Retirement offers a time to reassess lifestyle, and adopt health 

enhancing physical activity and dietary behaviours. This intervention was successful in 

improving increasing levels of moderate-intensity physical activity, consumption of fruit, 

engagement in in strength exercises and improvements in weight among retirement village 

residents.  

Trial Registration: Australia and New Zealand Clinical Trial Registry: 

ACTRN12612001168842 
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Strengths and Limitations of this study 

 This is the only retirement village physical activity and nutrition intervention to be 

published, as far as we can determine.  

 Although limited to 6-months duration it is comparable other community lifestyle 

programs for older adults and this time period may be considered adequate to reflect 

changes in behaviour [44]. 

 Inherent self-selection bias could not be avoided for our voluntary participants but was 

controlled partially through the cluster-randomisation process.  

 The lack of objective physical activity and dietary assessments, despite self-report data 

deemed to be appropriate for determining behavioural changes over time [45].  

 Longer duration studies in this setting are required for future interventions to determine 

longer-term program sustainability and effectiveness.  
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1. Introduction 

As with other developed countries, Australia’s population is aging, with the 

proportion of adults aged over 65 predicted to increase to 25% by the year 2025 [1]. 

Worldwide, older adults’ are currently amongst the least physically active population group 

[2], with almost 50% of Australians aged over 60 years not meeting the recommended physical 

activity guidelines [1]. In addition, Australians consume a diet high in saturated fat, sugar and 

salt and low in fibre, fruit and vegetables [3], with between 8 and 10% of those aged 65-74 

years not meeting the recommended intake for fruit and vegetables [1, 4]. This sedentary 

lifestyle combined with a less than optimal diet contributes to the increasing proportion of 

older adults being overweight and obese (more than 60%) [5] 

Participation in regular physical activity, both aerobic and resistance training, along 

with the consumption of a healthy diet can counter functional decline and the associated 

chronic disease. Combining physical activity with dietary management can build muscle mass, 

increase metabolic rate while contributing to weight loss [4, 6]. Evidence also supports longer-

term adherence to programs that are multi-component, such as a combination of physical 

activity and nutrition, as this type of program is more challenging and less repetitious [7]. 

However, reaching, and motivating people to increase their level of physical activity and 

improve their dietary intake can be challenging, and even more so when these habits are well 

established, as with older adults  

In Australia, ‘retirement village’ refers to a range of housing types where adults live 

independently. Retirement villages are becoming an increasingly popular residential choice 

for older age groups [8]. An estimated 5.7% of Australian adults aged 65 years and over reside 

in over 2000 retirement villages, and demand for this type of accommodation is projected to 

rise to 7.5% in the next decade [8-11]. 

Retirement villages target functionally mobile and independent older adults, 

requiring no or very low level of domiciliary care [11-14]. The communities are usually ‘gated’ 

with housing purpose-built for an older population group, which offer a range of 

accommodation options, such as group housing and independent living units (ILUs) that are 

usually apartments or villas. Although there are often recreational and social facilities 

available [15, 16], the older adults residing in retirement villages tend to have sedentary 

lifestyles [10, 17, 18], with activities offered residents being poorly attended despite the 

inclusion of light recreation or therapy-based activities such as falls prevention [10]. This 

makes retirement villages an ideal setting to target those with low levels of physical activity 

and less than optimal dietary behaviours [11, 19]. 
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Retirement is a major life change that provides an opportunity for older adults to 

modify their eating and activity behaviours [20]. However, to date few randomised controlled 

trials have been undertaken [13, 21] to understand the impact of tailored physical activity and 

nutrition programs for older adults in retirement villages. This is surprising, considering the 

steady increase in the aging population and demand for this type of accommodation [9, 22]. 

This study presents the results of a physical activity and nutrition intervention for adults aged 

60 to 80 years living in retirement villages located in Perth, Western Australia. This study 

aimed to determine changes in levels of physical activity, dietary behaviours and 

anthropometry of the intervention group participants at the end of the six-month intervention 

period, in comparison to the control group participants.  

2. Methods 

Study design 

This study was a cluster-randomised controlled trial of a 6-month physical activity 

and nutrition intervention. Data were collected from the intervention and control groups at 

baseline and post-test (6month time period). Ethical approval of the study was obtained from 

the Curtin University Human Research Ethics Committee (approval number HR 128/2012). 

Trial registration was lodged with the Australia and New Zealand Clinical Trial Registry 

(ACTRN12612001168842).  

Procedure 

The study was conducted within a 75-kilometre radius of metropolitan Perth, the 

capital of Western Australia. Retirement villages with over 30 ILUs were eligible for inclusion 

if they had at least 50 residents aged between 60-80 years. Initial contact was made with the 

village management and resident committees via telephone and followed up with an email 

describing the project and its aims. Upon agreement, the retirement village residents were 

informed of the project through an onsite information session promoted by the managers, 

and/or a reply-paid postcard placed in their letterbox. The postcard explained the program, 

provided the researchers’ contact details and invited residents to return the postcard if they 

were interested in being involved in the program. This recruitment procedure had been used 

successfully in other settings with the same age group [23, 24].  

Participants 

The 38 retirement villages that agreed to take part were randomly allocated to control 

(21 sites) or intervention (17 sites) groups using a table of random numbers, while taking into 

account the relative sizes of these retirement villages and the expected lower response rate of 
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the controls. There were 1680 residents in total. From the 583 residents who registered to 

participate in the study, 363 (intervention n=197, control n=166) met the selection criteria 

(reported undertaking less than 150 minutes of moderate-intensity physical activity per week, 

on no special diet and not participating in any other physical activity program); provided 

informed consent and were subsequently included in the baseline evaluation. Figure 1 outlines 

the recruitment procedure and participant attrition. 

 

Figure 1 RVPANS recruitment and allocation flow chart 



 

191 

Intervention 

The retirement village physical activity and nutrition intervention program was 

guided by Social Cognitive Theory and Motivational Interviewing. The six-month intervention 

program was designed to support participants through personal goal setting, monitoring and 

feedback on progress, skill building as well as the provision of social support via group 

participation [25]. The program incorporated a number of educational resources (booklet, 

calendar, exercise chart and resistance bands, bi-monthly newsletters) based on the National 

Physical Activity and Dietary Guidelines [4, 26] and trained program ambassadors of a similar 

age assigned to the retirement villages. Motivational interviewing by these ambassadors via 

three to four weekly telephone contact (depending of request of participants) supported 

participant goal setting, adherence and program sustainability [27]. Full details of the 

intervention have been reported elsewhere [10]. 

Measurement instruments 

The validated International Physical Activity Questionnaire-Short Version [28] 

enabled collection of information on physical activity (walking, moderate- and vigorous-

intensity activity) and sitting time in minutes per week. Definitions and examples of moderate- 

and vigorous-intensity activities were provided on the paper based self-complete 

questionnaire. Muscle strength exercise questions were taken from the American Heart 

Association guidelines [29].  

Dietary habits were assessed via the validated Fat and Fibre Barometer [30]. This 

questionnaire contains 20 food behaviour items to assess an individual’s fat-related food intake 

(fried foods, dairy foods, meat, chicken and butter) and fibre-related food intake (whole grain 

foods, fruit and vegetables). Response values for each item range from 1 to 5, with ‘1’ representing 

food behaviour associated with the high fat intake or low fibre intake, to ‘5’ representing the low 

fat or high fibre intake. Fat and fibre scores were calculated by summing the scores from the 

corresponding fat and fibre foods consumed. Individual items on fruit and vegetables servings 

(servings were defined and depicted in the questionnaire), were also recorded.  

Anthropometric measurements were undertaken by a trained researcher and included 

height, weight, waist and hip circumferences using a portable stadiometer, calibrated 

electronic scale, and tape measure, respectively. Blood pressure was measured using an Omron 

M5-1 Electronic Sphygmomanometer. A mean value was obtained after three consecutive 

measurements. All measurements were taken at baseline and post-intervention (6 months) 

following standard protocols and guidelines. Demographic information recorded included 

gender, age, education level, relationship status, smoking status and presence of co-

morbidities. 
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Statistical analysis 

Descriptive statistics were used to summarise the baseline demographic, health and 

lifestyle characteristics. Comparisons between intervention and control groups were 

undertaken across the two-time points using independent samples and paired t-tests for 

continuous variables and chi-square test for categorical variables. 

Outcomes of interest were physical activity level (for walking, sitting time, 

moderate- and vigorous-intensity activity and strength exercises) and dietary intake behaviours 

(frequency of fruit intake, frequency of vegetables intake, fibre intake, fat intake and fat 

avoidance), along with anthropometric status (weight, body mass index (BMI), Waist-to-Hip 

Ratio (WHR)) and blood pressure. In the presence of many zeros, strength exercise and 

vigorous activity were dichotomised to indicate participation status (yes; no), whereas 

walking, sitting time and moderate-intensity physical activity remained as continuous 

variables (minutes per week). In terms of dietary behaviours, consumption of at least two 

servings of fruit (vegetables) on three to seven days per week was classified as frequent intake, 

and otherwise as infrequent. The fibre intake, fat intake and fat avoidance scores were 

calculated by summing individual item scores (range 1-5) for all corresponding applicable 

questions; the sum of each component was then divided by the number of applicable items.  

To accommodate the correlation of repeated pre- and post- measures from the same 

person and the clustering of observations within retirement villages, multilevel mixed 

regression models with random effects (participants and retirement villages) [31] were fitted 

to assess the intervention effect on changes in outcome variables over time, while accounting 

for the influence of potential confounders (age, gender, height, education level, relationship 

status, smoking status, and presence of co-morbidity). All binary outcomes (strength exercise, 

vigorous-intensity activity, frequent fruit intake and frequent vegetable intake) were analysed 

using logistic mixed regression models, whereas linear mixed regressions were applied to 

anthropometric outcomes (weight, BMI, WHR), blood pressure, walking time, fibre intake, fat 

intake and fat avoidance scores. The walking variable was logarithmic transformed prior to 

regression analysis due to its positively skewed distribution. Gamma mixed regression was 

considered appropriate for modelling the highly skewed sitting variable and moderate activity 

[25]. All statistical analyses were performed in the SPSS Statistical Package Version 22.0 [32]. 

3. Results 

Thirty-eight (47.5%) of the 80 eligible retirement villages agreed to participate in 

the study. The retirement village on-site information sessions were the preferred and most 

effective mechanism to promote the program and recruit residents (66.4%), with the postcard 
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distribution recruitment method being less effective (33.6%). Of the 363 residents who entered 

the program (intervention: n=197, control: n=166), 280 (intervention: n=139, control: n=141) 

remained at post-test, resulting in an overall retention rate of 77.7% (intervention: 70.5%, 

control: 80.9%). Of the 83 participants who withdrew, 43.4% (intervention: n=25, control: 

n=11) nominated poor health, 36.1% (intervention: n=23, control: n=7) were due to injury, 

and 20.5% (intervention: n=10, control: n=7) because of family commitments (See Figure 1). 

The average age of the 280 program completers was 72 (SD 5.2) years, with a mean 

height of 1.6 (SD 0.1) metres. Nearly one-third were had attained tertiary education (28.5%). 

The majority of participants were female (74.6%), had never smoked (61.1%) and experienced 

health conditions common to this age group (85.4%). Compared to controls, the intervention 

participants tended to live with a partner (p=0.024). There were no statistically significant 

differences in demographic characteristics between those who completed the study (n=280) 

and those who dropped out (n=83). Table 1 presents the characteristics of the sample at 

baseline. 

Table 1  

Baseline characteristics of intervention participants and controls 

Variables 

Total 

 
(n=280) 

Intervention 

group 
(n=139) 

Control  

group 
(n=141) p a 

Gender    0.449 

Female 209 (74.6%) 101 (72.7%) 108 (76.6%)  

Male 71 (25.4%) 38 (27.3%) 33 (23.4%)  

Education level    0.326 

Secondary school or below 143 (51.1%) 77 (55.4%) 66 (46.8%)  

Trade certificate/diploma 57 (20.4%) 27 (19.4%) 30 (21.3%)  

University 80 (28.5%) 35 (25.2%) 45 (31.9%)  

Relationship status    0.024 

No partner 103 (36.8%) 42 (30.2%) 61 (43.3%)  

With partner 177 (63.2%) 97 (69.8%) 80 (56.7%)  

Smoking status    0.827 

Never 171 (61.1%) 84 (60.4%) 87 (61.7%)  

Former/current 109 (38.9%) 55 (39.6%) 54 (38.3%)  

Co-morbidityb    0.116 

No 41 (14.6%) 25 (18.0%) 16 (11.3%)  

Yes 239 (85.4%) 114 (82.0%) 125 (88.7%)  

Age: mean (SD) years  72.00 (5.2) 72.71 (5.02) 71.88 (5.39) 0.186 

Height: mean (SD) m 1.6 (0.1) 1.63 (0.09) 1.64 (0.10) 0.504 

SD, standard deviation 
a Chi-square or t-test between intervention and control groups 
b Presence of at least one of eight common health conditions 



 

194 

Changes in physical activity 

No significant differences were recorded in mean walking, sitting time (p>0.05) and 

prevalence of vigorous-intensity activity (p>0.10) in both groups, but a significant 

improvement in moderate-intensity activity was evident in the intervention group, an increase 

of 80-min per week on average, in contrast to only 8-min per week in the controls. Similarly, 

intervention participants exhibited significantly higher levels of engagement in strength 

exercise from baseline (23.7%) to post-program (48.2%) (p<0.001) compared to a small 

increase (2%) in the control group (p=0.693). Furthermore, significant differences were found 

in the time devoted to moderate-intensity physical activity (p=0.004) and the prevalence of 

strength exercise (p=0.002) between the two groups at six months. 

Changes in dietary behaviours 

Although both groups reported similar fruit intake at baseline, intervention 

participants showed a significantly more frequent intake than controls post-program 

(p=0.007). The intervention group also showed significant increases in mean fibre (p=0.006) 

and fat intake scores (p<0.001). As expected, there was little change in dietary habits among 

controls over the 6-month period. 

Changes in anthropometry 

Mean BMI, WHR and blood pressure scores at six months did not differ from baseline 

for either group. However, a 0.5 kg reduction in mean weight was evident among the intervention 

participants from baseline to post-program (p=0.027), whereas no change was recorded in the 

control group. Table 2 summarises between-group comparisons of all outcomes. 

Table 2  

Comparison of outcomes intervention and controls at baseline and post-program 

Outcomes 

Intervention group 

(n=139) 

Control group 

(n=141)  

Baseline Post Baseline Post p 

Weight: mean (SD) kg 75.57  

(14.97) 

75.07  

(14.78) 

76.84  

(17.36) 

76.86  

(17.67) 

p2=0.515 

p3=0.359 

 p1=0.027 p1=0.924  

Body mass index: mean (SD) 

kg/m2 

28.38 

(4.59) 

28.31 

(4.97) 

28.62 

(5.63) 

28.59 

(5.74) 

p2=0.688 

p3=0.667 

 p1=0.660 p1=0.669  

Waist-to-Hip Ratio: mean (SD) 0.89 

(0.09) 

0.89 

(0.09) 

0.89 

(0.09) 

0.90 

(0.09) 

p2=0.910 

p3=0.254 

 p1=0.727 p1=0.093  
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Outcomes 

Intervention group 

(n=139) 

Control group 

(n=141)  

Baseline Post Baseline Post p 

Systolic blood pressure: mean 

(SD) mmHg 

141.01 

(18.17) 

141.39 

(18.92) 

141.26 

(18.30) 

142.42 

(17.88) 

p2=0.909 

p3=0.640 

 p1=0.797 p1=0.434  

Diastolic blood pressure: mean 

(SD) mmHg 

78.40 

(9.57) 

77.22 

(9.57) 

78.28 

(9.55) 

79.23 

(10.45) 

p2=0.915 

p3=0.096 

 p1=0.089 p1=0.199  

Walking time: mean (SD) 

minutes per week 

239.72 

(324.68) 

231.59 

(260.27) 

216.01 

(275.02) 

224.45 

(270.35) 

p2=0.510 

p3=0.822 

 p1=0.769 p1=0.712  

Sitting time: mean (SD) 

minutes per week 

2398.13 

(905.68) 

2223.38 

(1089.16) 

2426.40 

(1074.20) 

2463.25 

(1103.47) 

p2=0.812 

p3=0.069 

 p1=0.064 p1=0.697  

Moderate activity: mean (SD) 

minutes per week 

139.79  

(165.88) 

219.53 

(280.90) 

129.18  

(257.86) 

137.83  

(174.48) 

p2=0.683 

p3=0.004 

 p1=0.003 p1=0.692  

Vigorous activity: a n (%) 23  

(16.5%) 

27  

(19.4%) 

17  

(12.1%) 

25  

(17.7%) 

p2=0.283 

p3=0.716 

 p1=0.532 p1=0.181  

Strength exercise: a n (%) 33  

(23.7%) 

67  

(48.2%) 

39  

(27.7%) 

42  

(29.8%) 

p2=0.453 

p3=0.002 

 p1<0.001 p1=0.693  

Frequent fruit intake: b 

n (%) 

96  

(69.1%) 

104  

(74.8%) 

92  

(65.2%) 

84  

(59.6%) 

p2=0.497 

p3=0.007 

 p1=0.286 p1=0.325  

Frequent vegetable intake: b 

n (%) 

126  

(90.6%) 

127  

(91.4%) 

123  

(87.2%) 

118  

(83.7%) 

p2=0.363 

p3=0.052 

 p1=0.834 p1=0.398  

Fibre intake score: mean (SD) 3.51  

(0.58) 

3.60  

(0.55) 

3.48  

(0.63) 

3.50  

(0.56) 

p2=0.715 

p3=0.138 

 p1=0.006 p1=0.616  

Fat intake score: mean (SD) 3.50  

(0.51) 

3.59  

(0.52) 

3.58  

(0.47) 

3.63  

(0.44) 

p2=0.162 

p3=0.527 

 p1<0.001 p1=0.092  

Fat avoidance score: mean 

(SD) 

3.65  

(0.85) 

3.70  

(0.88) 

3.51  

(0.94) 

3.62  

(0.91) 

p2=0.195 

p3=0.444 

 p1=0.290 p1=0.049  

SD, standard deviation 
a participation of at least 10 minutes 
b consumption of at least two servings on 3 to 7 days per week 

p1: p value for baseline versus post 

p2: p value for baseline intervention versus baseline control 

p3: p value for post intervention versus post control 
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Regression analysis 

Table 3 presents results from mixed regression analyses which confirmed a marginal 

improvement in weight (p=0.047) and a significant increase in engagement in strength exercise 

(p<0.001) across the intervention relative to controls. There was also an increase in time spent 

on moderate-intensity physical activity for both groups at post-test (p=0.011), yet the 

intervention group committed significantly more minutes per week than controls (p=0.008). 

The likelihood of frequent fruit intake significantly increased in the intervention group at post-

test (p=0.012) relative to controls, whereas no change was apparent in vegetable or fibre 

intake, fat intake and fat avoidance scores for both groups (p>0.10). 

Table 3  

Mixed regression analysis of outcomes before and after intervention (n=280) 

Outcomes 

Group a 

(intervention versus 

control) 

Time a 

(post versus 

baseline) Group × time a 

COE SE p COE SE p COE SE p 

Weight b -1.30 1.61 0.423 0.02 0.20 0.914 -0.54 0.27 0.047 

Body mass index b -0.08 0.60 0.893 -0.04 0.08 0.651 -0.03 0.17 0.855 

Waist-to-Hip Ratio b -0.01 0.01 0.468 0.01 0.01 0.143 -0.01 0.01 0.243 

Systolic blood 

pressure b 

-0.25 2.21 0.910 1.01 1.36 0.457 -0.79 2.41 0.743 

Diastolic blood 

pressure b 

0.57 1.28 0.658 0.92 0.52 0.077 -2.16 1.01 0.032 

Walking time bc 0.12 0.14 0.379 -0.02 0.17 0.909 0.23 0.20 0.257 

Sitting time d 0.02 0.04 0.558 0.02 0.04 0.640 -0.11 0.05 0.027 

Moderate activity d 0.96 0.36 0.008 0.44 0.17 0.011 0.07 0.21 0.726 

Vigorous activity e 0.34 0.36 0.347 0.47 0.34 0.170 -0.26 0.40 0.513 

Strength exercise e -0.26 0.30 0.387 0.12 0.19 0.515 1.14 0.31 <0.001 

Frequent fruit intake e 0.24 0.25 0.335 -0.30 0.19 0.118 0.63 0.25 0.012 

Frequent vegetable 

intake e 

0.42 0.36 0.241 -0.30 0.23 0.190 0.39 0.45 0.378 

Fibre intake score b 0.05 0.09 0.588 0.02 0.04 0.545 0.07 0.05 0.189 

Fat intake score b -0.05 0.05 0.340 0.05 0.03 0.106 0.04 0.04 0.285 

Fat avoidance score b 0.13 0.12 0.266 0.12 0.05 0.023 -0.06 0.07 0.418 

COE, coefficient; SE, standard error 
a adjusted for age (years), height, gender, education level (secondary school or below, trade 

certificate/diploma, university), relationship status (no partner, with partner), smoking status (never, 
former/current) and co-morbidity (no, yes) 
b linear mixed regression model 
c logarithmic transformed 
d gamma mixed regression model 
e logistic mixed regression model 
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4. Discussion 

Recruitment and retention 

This study investigated the impact of a semi-tailored physical activity and nutrition 

intervention on adults aged 60 to 80 years living in retirement villages, an increasingly popular 

residential choice for the aging population. The program’s retention rate was high (77.7%) and 

compared well with similar community-based programs [25, 33]. However, some community-

based programs for older adults have reported attrition rates of 50%, suggesting this population 

may be more prone to attrition [24]. Aspects of program tailoring, increasing acceptability and 

access [34] should be considered as loss of participants may introduce bias and reduce the 

representativeness of findings. It was reassuring that the demographic characteristics of 

dropouts in this study did not differ from those of program completers. 

The initial recruitment of the retirement villages was challenging as only 38 of the 

80 village managers contacted agreed to participate. This was despite several personal contacts 

made by telephone to explain the study purpose, the feasibility of residents participating and 

their preferred process for contacting residents. Over half (n=42) of the retirement village 

managers chose not to take part, despite the program being free, managed by trained 

professionals and readily available to residents. Further investigation into reasons for their 

rejection is important in order to optimise response rates in future replications of the program. 

This research also highlighted the key role retirement village manager’s play as ‘gate 

keepers’. The support of managers for recruitment information sessions was essential, with the 

majority of participants (66.4%) being recruited via this approach. Involvement by managers 

may have led to perceived ownership of the intervention and therefore more promotion and 

ongoing support during the study period, thereby increasing program adherence and the 

likelihood of long-term sustainability after external funding ceased. Independent living is 

considered a core value of retirement villages [14] and our program was developed to support 

this core value. 

Physical activity  

By the end of the 6-month program, the intervention group showed significant 

improvements in moderate-intensity physical activity, a mean increase of ~80-min per week. 

This equated to an extra ~11-min per day and exceeding the recommended physical activity 

guidelines of 150-min per week for health benefits [26]. Consistent with previous research, 

very few participated in vigorous-intensity activity [25]. The increase in moderate-intensity 

physical activity compares favourably with similar physical activity programs for older adults 

[25, 35] and further demonstrates the substantial gains possible via a low-dose semi-tailored 
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intervention. The retirement village setting may offer even greater potential to influence 

behaviour change through the use of ‘social norms,’ due in part to the close living proximity 

of residents within these gated communities. For example, a culture of involvement in regular 

walking was seen, which might encourage other like-minded residents to participate and 

became more active. Further research is recommended to better understand how social norms 

can be utilised to support positive health behaviours in this setting [36]. 

Participation rate in strength exercise had doubled at post-test in the intervention 

group, in contrast to a small (2%) increase in the control group. Participation in strength 

exercises has the potential to provide many benefits to aging adults including a contribution to 

muscular strength and endurance with likely improvement in mobility and reducing the risk of 

falls and related injuries [37]. Strength exercises were carried out with low-cost resistance 

bands and body weight exercises, acceptable to the target group and relatively safe [25, 38]. 

The combination of strength exercises and aerobic activity has the potential to maximise 

positive health effects [39] and should be considered for any community-based program. 

Dietary behaviours 

Lack of knowledge about foods and changing dietary needs may influence the types 

of foods consumed [4, 40, 41]. This intervention aimed to increase knowledge of appropriate 

food types and meals through the provision of educational resources and motivational 

interviewing to support behaviour change. It appears to have had a positive impact in certain 

dietary behaviours, with the intervention group significantly increasing frequency of fruit 

intake across the program, along with fibre and fat intake. These changes are encouraging as 

many older Australians are not aware of their nutritional needs [4]. However, there was no 

statistically significant change in vegetable intake, which may require further investigation. 

These participants may already maintain adequate vegetable consumption, which may have 

reduced the opportunity for dietary gain [24] 

Weight loss 

The 0.5 kg mean reduction in body weight of the intervention group was also 

encouraging and the adoption of a diet high in fruit and vegetables and low in fats is associated 

with a lower BMI in older adults [42]. Weight reduction in older adults may be unhealthy if 

skeletal muscle tissue as opposed to adipose tissue is preferentially lost. We are unable to 

quantify changes in tissue composition however participants in this intervention were involved 

in a balanced combination of strength exercises, aerobic activity and dietary education. 

Considering that approximately 60% of the target population are overweight or obese [43], 
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attempts to improve body composition should involve maximising fat loss and preserving lean 

tissue and thereby supporting functional and independent living. 

Limitations 

The present intervention was limited to 6-months in duration but comparable to other 

programs for older adults in the literature. This time period may be considered adequate to 

reflect changes in behaviour [44], taking into account the likelihood of participant attrition 

over a more extended period. Nevertheless, longer duration studies are recommended for 

future interventions to determine program sustainability and effectiveness. The inherent self-

selection bias could not be avoided for our voluntary participants but was controlled partially 

through the cluster-randomisation process. Another limitation concerned the lack of objective 

physical activity and dietary assessments, despite self-report data deemed to be appropriate for 

determining behavioural changes over time [45].  

5. Conclusions 

Retirement is a period of time that offers important opportunities for individuals to 

reassess their lifestyle and adopt health-enhancing behaviours such as positive changes to 

physical activity and diet. The physical activity and nutrition program outlined was successful 

in improving body weight, engagement in strength exercises, increasing levels of moderate-

intensity physical activity and consumption of fruit among retirement village residents. These 

behaviour changes, if maintained, may contribute to delaying the onset of chronic diseases, 

support functional mobility and independent living, a core value of retirement villages. 

Strategies that enhanced such positive behaviour changes included individual knowledge, skill 

building and access to appropriate services and facilities. This is important information for 

those involved in the management of retirement villages, a growing segment of the aging 

residential population. However, more effective engagement of retirement villages and their 

managers remains a challenge in future research. 
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Appendix B 

   

Studies Used in Literature Review 

Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

Smith-Raya 

et al 

(2014) 

Fit & 

Strong 

Plus 

Follow-up study that 

compared the short–

term and long-term 

effects of multiple 

component exercise 

and behaviour 

change program that 

included a home-

based reinforcement 

component for older 

adults with lower 

extremity (LE) 

osteoarthritis  

8 weeks 

 

N= 215 

 

60+ years 

Overweight and obese  

Conducted in seniors 

centres and seniors 

housing residences 

(retirement villages) 

in Chicago 

RCT 

Replicated the program 

from the 2004 study 

and added a home-

based component 

using telephone 

counselling to 

reinforce long-term 

exercise maintenance 

Compared to controls the 

intervention participants had 

statistically significant 

improvements in exercise 

self-efficacy (p=0.001), 

minutes of 

exercise/week(p=0.000) and 

lower extremity stiffness 

(p=0.018) 

Importantly these were 

maintained at 6 months and 

included increased self-

efficacy for exercise 

(p=0.001), reduced pain 

(p=0.040) and a marginal 

improvement in self-efficacy 

for OA pain management 

(p=0.052) 

No adverse effects occurred.  

Small sample used so 

makes it difficult to 

compare to other similar 

studies that used larger 

samples 

However, a follow-up study 

with n=600 is currently 

being tested 

Difficulties in determining 

whether individual 

components of the 

program (e.g. walking or 

strength training or 

flexibility exercises) 

contributed to the results 

or did the work in 

synergy together 

 



 

206 

Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

Dorgo et al 

(2009) 

Assessed the 

acceptability and 

effectiveness of a 

peer-mentored 

exercise program vs. 

student mentored 

program 

35 weeks 

 

N=60 

62-75y  

Community-

dwelling 

older adults 

62-75y  

Community-dwelling 

older adults  

Two-arm repeated 

measures longitudinal 

intervention using 

peer-mentoring to 

provide provided 

motivational support. 

Same retention rates in both 

groups but student had 

higher overall participation. 

Both groups made significant 

improvements in majority of 

fitness measures from 

baseline to post-test. 

Two factors that improve 

adherence to PA in older 

adults are a structured 

program and peer –aged 

mentoring 

Anderson et 

al 

(2015) 

 

Tested feasibility and 

acceptability of a 

SCT model of PA 

(an internet based 

program designed to 

improve eating and 

physical activity 

habits) 

4-8 weeks N=999 

 

18-92y 

Mean age= 52.73y 

(SD=14.56y) 

Sedentary adults from 

a range of racial 

backgrounds  

73% classified as 

overweight/obese 

(BMI) 

Recruited from14 

southwestern 

Virginia (USA) 

churches 

participating in the 

baseline phase of a 

health promotion 

study 

Exploratory- cross-

sectional  

Social environment via 

social support is a key 

factor in adherence to 

physical activity via 

modelling from 

family/friends, 

support from exercise 

partners, feedback 

from exercise leaders 

Hypothesized that 

‘strength’ of church 

community would 

bring about positive 

change in PA  

 Support from family members 

and self-efficacy was 

associated with higher levels 

of physical activity 

Older participants had higher 

levels of social support for 

exercise but lower levels of 

self-efficacy 

Self-regulation had the 

strongest effect on PA. 

Social support influenced 

physical activity and 

bought about positive 

changes in self-efficacy 

and self-regulation 

 

Need further research with 

a broader population to 

understand how the 

influence of 

family/friends can 

improve 

self-regulatory behaviours 

such as planning and 

scheduling physical 

activity 
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Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

Fortier et al 

(2012) 

PESO 

A behaviour change 

trial (PESO) 

targeting exercise 

and weight loss with 

group sessions 

based on SDT 

12 months 

(included a 2 

year follow-

up) 

N= 230 

 

30-45y 

Sedentary overweight 

to mildly obese 

women 

3 cohorts randomised 

into two groups: 

SDT based 

intervention or 

control 

Investigated whether 

intrinsic motivation 

for participating in PA 

predicted long-term 

weight control in 

overweight/ 

obese adults via 

autonomous 

motivation 

PESO trial showed positive 

results in MVPA in 

intervention participants 

compared to control by end 

of 12 months and remained 

high at follow up 2-years 

later. Intervention successful 

at increasing intrinsic 

motivation via constructs of 

SDT 

Autonomous exercise 

motivation was directly 

associated with long-term 

weight control (not mediated 

by it) due to a ‘spill-over’ 

effect of eating self-

regulation  

Need studies to focus on 

both adoption and 

maintenance of behaviour 

especially in long-term 

changes in PA and 

nutrition 

Larger sample size and 

longer timeframe and 

included follow-up. 

Hsu et al 

(2013) 

Project 

CHANGE 

Tested the feasibility 

& acceptability of a 

SDT based PA 

intervention (8 

weeks RCT) that  

promoted exercise as 

a healthy lifestyle 

choice rather than 

focusing on weight 

loss itself 

8 weeks 

(included a 4 

week follow-

up) 

N=21 23-60y  

Overweight & obese 

women 

RCT 

Participants randomised 

into an exercise only 

program (EX) (n=11) 

or an exercise 

program with SDT- 

based behavioural 

intervention (S/H) 

(n=10) 

Larger effect sizes were 

observed for S/H group in 

self-determination, 

autonomy, goal –setting, 

planning and self-efficacy. 

Evidence supports use of 

SDT to inform study 

design (feasible and 

accepted by participants) 
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Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

Ability to transfer program 

to wider community is 

limited because of the 

very small sample size 

and short duration (8 

weeks) of program, 

however does provide 

evidence on benefits of 

adding SDT constructs to 

a behavioural change 

based PA intervention 

Need to develop programs 

that encourage 

autonomous motivation 

and self-regulation 

van Kuelen 

et al 

(2011) 

Vitalum 

Compared a 

computer-tailored 

print (TPC) & 

telephone MI (TMI) 

on PA, fruit & 

vegetable 

consumption (across 

4 groups) and 

pedometers assigned 

to 50% of sample 

73 weeks N=1629 45-70y 

Recruited from Dutch 

General Practices, 

and were eligible to 

participate if failed 

to meet at least 2/3 

Dutch dietary and 

PA guidelines  

50% were 

hypertensive 

RCT 

Randomized into four 

groups received either 

TPC or TMI 

intervention or 

combined TPC/TMI 

or wait-list controls 

Participants in combined 

group did show better 

behaviour change as was 

hypothesized 

TPC, TMI and combination of 

both equally effective in 

self-reported PA, fruit and 

vegetable intake 

Need to have a sound 

protocol for MI 

counsellors to use to 

regulate their activity and 

make sure consistency in 

advice given to 

participants (for treatment 

integrity) 

Optimal dose of each 

(telephone MI and printed 

materials) needs to be 

further investigated 
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Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

The stringent selection 

criteria used restricted the 

potential for other 

overweight/obese 

individuals take part in 

study and a large 

proportion were 

hypertensive – therefore 

can we implement the 

program into other 

populations. 

Resnicow et 

al 

(2008) 

Do tailored-print  

Communication 

(newsletters) 

developed from 

combined constructs 

of SDT & MI have 

any impact on 

increasing fruit & 

vegetable 

consumption 

3 months N = 423 21-70y 

African-American 

adults 

RCT 

Investigated whether 

tailored print 

intervention based on 

SDT and MI 

constructs would have 

more impact on fruit 

and vegetable intake 

than a traditional 

social cognitive 

approach 

Older adults responded better 

to SDT and MI constructs 

(autonomous support) rather 

than directive advice 

Fruit and vegetable intake 

only changed in older adults 

(54-69 years) 

Results confirmed the 

importance of individual 

differences in type and 

amount of tailoring 

needed to enhance 

message impact and bring 

about autonomous 

behaviour change 

How much and what type 

of tailoring is needed to 

impact client satisfaction 

(where some may only 

need modest amounts 

others may need more) 
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Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

Anderson-

Bill. et al 

(2011) 

Guide to 

Health 

(GTH) 

program 

The Guide to Health 

(GTH) intervention 

was designed to 

investigate whether 

improvements in 

psychosocial factors 

counteract declining 

levels of physical 

activity in adults 

aged over 60 years 

3 months N= 204 60+ years 

83% Caucasian 

females   

Single group pre/post-

test design based on 

Social Cognitive 

Theory (SCT)  

Internet-based program 

that included weekly 

modules based to 

increase self-efficacy, 

improve outcome 

expectations, 

encourage self-

regulation and 

enhanced social 

support (mainly from 

friends and family) 

Social support contributed 

positively to older adults’ 

physical activity levels 

mainly via family members 

whereas outcome 

expectations had very little 

effect and self-regulation 

was a moderate predictor of 

physical activity in older 

adults 

Age was inversely affected by 

self-efficacy where older 

participants had less 

confidence in their ability to 

overcome barriers to regular 

physical activity 

Insufficiently active older 

adults can benefit from a 

SCT-based intervention 

that targets social support, 

self-efficacy and self-

regulation to improve 

physical activity levels 

and reduce overweight 

and obesity in older 

adults 

Hanson & 

Jones 

(2014) 

Meta-analysis that 

assessed the benefits 

of outdoor walking 

groups 

3-12 months N=1843 

Mean age = 

58y 

Broad range of 

characteristics: 

various health 

conditions, obese 

and overweight, 

76% females 

Meta-analysis of RCT’s Fifteen from 42 studies 

specifically targeted older 

adults 

Walking interventions varied 

in time (2-145 hours) & 

duration (3 weeks-12 

months) and intensity 

(performed low-high) 

Outdoor walking groups 

had low attrition, high 

adherence, very few 

adverse effects especially 

for older adults. Walking 

groups are effective in 

improving PA levels in 

older adults 

Limitation was small 

sample sizes and most of 

walking interventions 

failed to meet PA 

guidelines  
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Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

Jancey et al 

(2008)  

Evaluated a 

neighbourhood-

based walking 

intervention (Perth 

Active Living 

Seniors PALS) 

6 months N=260 

65-74 years 

Sedentary community-

dwelling older 

adults recruited from 

electoral roll 

(Western Australia 

RCT 

Based on principles and 

constructs of HBM, 

PRECEDE-

PROCEED model – 

central construct of 

self-efficacy 

Successful – 65% completed 

program 

Mean average recreational 

walking time increased by 

100 minutes/week and 

average of two walking 

sessions/week 

Walking a feasible and 

acceptable PA activity for 

older adults especially 

when based in local 

neighbourhood 

Including Walking Guides 

(tertiary students) & 

printed resources resulted 

in a 65% adherence rate 

Silva et al 

(2014) 

Examined the 

influence of strength 

training on strength 

gains (dose-

response) in adults 

over 55 years 

 N= 528 

55+ years 

(many 

studies had 

participants 

70+years) 

Meta-analysis of 15 

RCT  

Examined dose-

response: intensity, 

number of sets, 

weekly frequency, 

training duration of 

strength training 

 In older adults strength 

training results in improved 

strength gains specifically as 

a direct result of dose-

response 

Overall the strength of the 

participants improved 

regardless of 

combinations of sets/reps, 

weekly frequency, 

intensity and training 

duration 

Cadore et al 

(2013) 

Systematic review of 

balance and strength  

training in older 

adults targeting 

functional decline 

and mobility 

 N=9 to 684 

participants 

Mean age = 

78.2 

(SD=+/-5.3) 

  10 studies investigated the 

effects of multi-component 

programs and 10 were 

single-component programs 

(Taichi, Resistance training 

and endurance training with 

Yoga). 

Resistance training 

performed three 

times/week with 3 sets 8-

12 reps (20-30% of 1RM) 

along with walking 

results in positive effects 

on gait, balance and falls 

reduction 
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Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

Multi-component programs 

were significantly more 

effective than single-

component programs for 

older adults because they 

involve multiple types of 

stimulus (e.g. resistance 

training, balance and 

flexibility training, aerobic 

conditioning) and alleviate 

boredom and fatigue from 

repetition of single 

component programs 

Lara et al 

(2015) 

Evaluated a 

Mediterranean diet 

(MD) intervention 

in older adults in 

Great Britain 

3 weeks N= 23 

50-84y  

(mean= 66y 

+/- 9) 

Mean BMI = 

27 +/- 5.0 

Two arms: Group1 

attended an 

educational group 

session (EGS) on 

MD and Group 2 

attended an EGS on 

MD and also 

received additional 

support through 

telephone 

counselling, written 

materials (menus 

and recipes).  

 

No control group 

Exploratory study Lack of significant difference 

between groups directed the 

researchers to treat the 

sample as a whole group.  

 

A 3-week MD based 

intervention on a sample of 

23 older adults resulted in 

greater fish intake, an 

insignificant increase in fruit 

intake and greater vegetable 

intake  

Provided useful pilot data 

to guide development of 

other larger-sized MD 

interventions in older 

adults and there is a need 

to better understand 

characteristics of dietary 

interventions for older 

people that support 

weight loss, weight 

maintenance and chronic 

disease prevention (i.e. 

behaviour change 

techniques, dose response 

of diet and PA 
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Yancy et al 

(2015) 

Evaluated whether 

choosing rather than 

being prescribed a 

diet could improve 

weight loss 

48 weeks N= 207 

75+ years 

Obese adults 

(BMI> 

30kg/m2) 

 RCT 

Two intervention group 

were able to choose to 

follow either a low-

carbohydrate diet or a 

low fat diet and 

allowed to swap at 12 

weeks (few did) The 

comparator group 

prescribed either the 

low-fat diet or the low 

carbohydrate diet.  

No control group 

Choosing a diet to follow 

rather than being prescribed 

a diet did not enhance 

weight loss 

No significant difference 

between groups in dietary 

adherence, physical activity 

or weight–related quality of 

life was found in either 

group 

 

Generalisabiity to other 

older adults may not be 

because they were 

veterans 

Only two diet options were 

provided for the 

intervention group. 

Highlighted that long 

term weight loss may be 

more effective when 

following an eating plan 

rather than a prescribed 

diet 

Lara et al 

(2014) 

Systematic review of 

dietary interventions 

using Behavioural 

Change Techniques 

(BCT) 

Short term 

interventions 

(4 to 12 

months) 

Long term 

interventions 

(13-58 

months) 

N= 63,189 

(pooled) 

54-70y 

 Meta-analysis of 22 

RCT’s 

BCT’s identified from this 

systematic review that 

influence significant dietary 

changes are: goal setting, 

barrier identification and 

solving, planning of social 

support and social change 

(i.e. constructs of SCT) 

Participants need to set 

realistic and achievable 

goals and goal setting 

needs to include self-

reflection and self-

evaluation practices 
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Hersey et al 

(2015) 

Evaluation of Eat 

Smart Live Strong 

(ESLS) program 

3 months N=614 60-80y 

Low-income older 

adults from seniors 

centres 

Pre/post quasi-

experimental  

A cognitive behavioural 

technique (CBT) & 

education-based 

intervention primarily 

focusing on improving 

fruit and vegetable 

intake in low income 

older adults (with 

added physical 

activity component) 

A four-module nutrition 

education program can 

positively affect 

fruit/vegetable consumption 

Included 30 minutes of 

moderate-intensity physical 

activity on most if not all 

days of week 

Four component program 

delivered to small groups 

of 10 participants that 

included goal setting, 

developing skills to 

overcome challenges, 

recipe enhancement 

(adding fruit and 

vegetables to classics) 

and provided resources 

for food budgeting as 

they were low-income 

adults was successful in 

improving diet and PA 

levels in sample of older 

adults 

Rees et al 

(2013) 

Evaluated the effects 

of providing dietary 

advice by 

comparing three 

modes of delivery: 

individual contact, 

group sessions and 

printed materials 

 N=18,175  Adults 18y and over Cochrane systematic 

review of 38 RCT’s 

with minimum of 

three months duration   

Dietary advice can bring about 

dietary changes in short-

term (i.e. 12mths), however 

long-term effects are 

unknown 

Significant changes in dietary 

intake, specifically 

decreased saturated fat and 

increased fruit, vegetable & 

fibre intake. 

Need to consider if short-

term changes result in 

longer-term behaviours. 
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Eyles & 

Mhurchu 

(2009) 

Systematic review 

that evaluated the 

long-term 

effectiveness of 

tailored nutrition 

education compared 

to generic education 

or no 

advice/education 

component at all 

 N=20,089 18-85y and over Systematic review of 15 

quasi & RCT’s 

Tailored nutrition education 

significantly increased 

fruit/vegetable consumption 

in 4 trials compared to 6 

trials with none 

Tailored nutrition education 

decrease dietary fat intake in 

3 trials compared to 6 with 

no education  

Strong evidence that 

tailored nutritional advice 

can positively affect fruit 

and vegetable 

consumption but need to 

take into account 

individual differences in 

design and strategies used 

in program – what may 

work in one group may 

not work in another 

Jyvakorpi 

et al 

(2012) 

Aimed to determine 

the impact of dietary 

advice on older 

adults nutritional 

intake 

 N=59 69 years Dietary education was 

tailored to each 

participant’s 

individual needs. 

Tailored nutritional 

advice provided via 

printed educational 

resources  

Participants recorded their 

daily food intake for three 

days and completed the 

validated Index of Diet 

Quality questionnaire (IDQ) 

– post-intervention IDQ 

score increased from 10.6 

point to 11.1 points 

98.3% rated the nutritional 

education highly, with 

62.1% rating it as very good 

and 36.2% rating it as good. 

94% of the participants were 

satisfied with the tailored 

nutritional advice that was 

provided 

Despite small effect size in 

dietary changes form 

baseline to post-

intervention intake of 

specific nutrients 

improved 
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Pilot study promising 

evidence for longer term, 

larger sized randomized 

controlled studies based 

on the intervention 

components above, that 

need to be conducted. 

This will  provide 

evidence on components 

of tailored nutrition 

program that target the 

specific needs and 

characteristics of older 

adults 

Burke et al 

(2013) 

Physical 

Activity 

and 

Nutrition 

for 

Seniors 

(PANS) 

Evaluated a home-

based PA and 

nutrition program 

that aimed to 

increase levels of 

PA and nutritional 

intake in 

community-

dwelling older 

adults 

6 months N = 375 65-74 y 

Community-dwelling 

sedentary older 

adults 

RCT 

Based on behaviour 

change 

models/theoretical 

constructs of Health 

Belief Model Social 

Cognitive Theory and 

Trans-Theoretical 

Model  

Significant improvements in 

both PA and nutrition 

outcomes for intervention 

participants (n=176)  

Waist –hip ratio improved but 

BMI did not, fibre intake 

and fruit & vegetable intake 

improved and reduced 

dietary fat intake 

Group guides were significant 

in motivating participants 

with 64% agreeing the 

additional support they 

offered valuable in setting 

goals 

Provide evidence that a 

home-based PA & 

nutrition program is 

effective in increasing PA 

levels and improving 

dietary habits of 

community-dwelling 

older adults  
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Multi-component 

intervention that 

included printed 

materials (booklet, 

exercise charts, 

resistance band and 

pedometers) and used 

group guides to 

support participants 

Cottell et al 

(2011) 

 

Evaluated a dietary 

education plus 

resistance training 

program to improve 

coronary heart 

(CHD) disease risk 

factors  

2 months N= 109 62-75y 

Obese 

Community-dwelling 

older adults 

recruited from 

Seniors centres 

83.3% female 

49% on lipid lowering 

medication 

Pre/post quasi-

experimental  

Participants receive a 

60- minute dietary 

education session 

(from Dietitian) and 

supervised resistance 

training per week 

(from Exercise 

Physiologist) 

Significant short-term 

improvements in 

cardiovascular risk factors 

(and blood profiles), 

bodyweight, bodyfat, waist 

to hip circumference and 

BMI 

Convenience sampling may 

have resulted in self-

selection into study by 

participants who had a 

‘personal interest’ for 

participating (increases 

bias) but did use 

community dwelling 

obese individuals and 

therefore generalizability 

to other community-

dwelling obese 

individuals’ fairly high  

Short duration (8 weeks) 

and no control group 

makes causation more 

difficult 
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Freene et al 

(2011; 

2013) 

 Physical 

Activity at 

Home 

(PAAH) 

Compared a 6-month 

home-based (HB) 

with two arms to a 

centre-based (G) PA 

program over 2 

years for long-term 

effects of PA 

intervention 

6 month 

(plus 18 month 

follow-up) 

 50-65y 

Community-dwelling 

sedentary adults and 

targeted those who 

were unable to 

attend a community-

based program 

Non-randomised trial 

over two years – with 

tailored MI (e.g. goal-

setting/barrier 

identification and 

problem -solving)  

HB program (30 

minutes MVPA on 

most if not all days of 

week) and used 

Physic-therapists 

trained in MI to 

provide tailored 

advice by telephone 

and additional HB 

control arm used 

generic printed 

materials and were 

directed toward ‘usual 

care’ – i.e. usual 

exercise regime. 

Centre –based program 

was an instructor-led 

exercise program and 

had no additional 

support by way of 

generic materials or 

counselling 

Primary outcome measure was 

long-term adherence to 

physical activity with all 

groups reporting significant 

and sustainable increases in 

physical activity and Waist-

to-Hip Ratio 

Cost-effectiveness 

measured – with HB 

program more cost-

effective. 

The G program was more 

effective in long-term 

physical activity benefits 

 

HB programs may be a 

good alternative (less 

expensive) to community 

centre-based programs 



 

219 

Author/year Aim Time frame Sample size Study population Study design/theory Results/stats Comments/findings 

Miller & 

Buys 

(2007) 

Investigated the 

impact of residential 

location on leisure –

time physical 

activity (LTPA) by 

residents of 

retirement villages 

(RV) and older 

adults living in the 

community 

 N=697 65-85y 

Random selection of 

residents  

(n= 323) from 

retirement villages 

(RV) 

Community-dwelling 

residents (n=374) 

randomly selected 

form an aged-care 

database 

Exploratory study 

Residents of RV’s took 

part in a one-hour 

face-to-face interview 

on personal health, 

social interactions and 

LTPA 

Community-dwelling 

completed a self-

report survey about 

personal health, social 

interactions and LTPA 

RV residents reported greater 

participation in LTPA 

overall 

Participation and frequency of 

LTPA was determined by 

residential location (i.e. 

Retirement village residents 

were more likely to walk or 

lawn bowl at village, 

community-dwelling 

participants more likely to 

walk near home or swim in 

home pool rather than 

community pool) 

80% of RV residents used 

community facilities than 

those provided in RV, and 

this may be because of 

social connectedness 

seniors’ community 

programs offer  

Need to investigate 

design/features and 

mechanisms of RV 

setting that contribute to 

these findings (i.e. Effect 

of built and social 

environment)  

Research needs to 

investigate levels of PA 

in residents before they 

moved into RV – are the 

doing more/less/same to 

determine significance of 

RV setting/infrastructure 

upon PA behaviours 
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Influence of residential 

location specifically the 

proximity to facilities for 

LTPA within 

neighbourhoods that older 

adults reside in may 

influence access to PA 

facilities and programs and 

may encourage higher levels 

of PA 

Nathan, et 

al (2014a) 

Examined socio-

ecological correlates 

of active living in 

RV in Perth 

Western Australia 

(built on study 

above) 

N/a N=323 53-94 y 

(Mean 76y) 

N=32 Retirement 

Village Managers  

Exploratory cross-

sectional survey (32 

RV) -  

Managers were 

interviewed on village 

characteristics, 

perceptions of the 

retirement village 

environment and 

surrounding 

neighbourhood 

Both the built and social 

environment influenced 

active living. Proximity to 

various neighbourhood 

destinations (e.g. local 

shops) was an important 

correlate as found in the 

earlier study by the same 

authors 

Barriers within the retirement 

village environment itself 

(e.g. obstacles on footpath, 

poor lighting, not seeing 

other residents walking) 

discouraged residents from 

walking within the village 

and reaching the target of 

150 minutes of moderate 

physical activity/week 

Results indicated that 

having many amenities 

within the village 

increased social 

participation 

Need for research to 

investigate built 

infrastructure of RV as an 

enabler/barrier to 

increasing PA in residents 

and social opportunities 

this environment may 

provide  
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Residents surveyed on 

these items along with 

demographic 

characteristics, self-

report physical 

activity and wore 

accelerometers to 

objectively measure 

levels of PA 

Multiple recruitment 

strategies had to be 

employed as recruitment 

of residents was difficult 

and depended upon the 

“gatekeeper” role where 

village management were 

not always keen to take 

this role on – due to 

‘independent’ nature of 

retirement communities 

Nathan, et 

al (2014b) 

Examined the 

relationship between   

retirement village 

walking behaviours 

and perceptions of 

the built 

environment of RV 

as an enabler/barrier 

to PA 

n/a N= 323 

53-94 y 

(Mean 76y) 

Residents 

from RV 

located in 

Perth, 

Western 

Australia 

 Exploratory – cross-

sectional survey  

Participants surveyed on 

demographics, 

residency, health –

related and mobility 

factors and wore an 

accelerometer to 

objectively monitor 

physical activity for 7 

days 

Locating RV’s near amenity-

rich neighbourhoods (i.e. 

seniors centres, local 

shopping centres) may 

encourage walking for 

transport/walking for 

recreation as well as 

providing facilities within 

the village itself (tennis 

courts, walking tracks) 

Authors acknowledged this 

area/setting was very limited 

in data on RV and RV’s 

residents and so 

generalisability was limited 

Authors acknowledged this 

area/setting was very 

limited in data on RV and 

RV’s residents and so 

generalisabiity was 

limited 

Supports development and 

implementation of 

RVPANS as there is a 

need to develop PA & 

nutrition program to 

improve both of these 

behaviours in a 

predominately 

insufficiently active 

population 
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Rosenburg 

et al 

(2012) 

Assessed feasibility 

and acceptability of 

an intervention to 

promote walking in 

residents of 

retirement 

communities in 

United States 

12 weeks  N= 87 65y+ 

(Mean age =84y) 

Pilot study  

Two walking- based 

interventions in four 

RV (two x small <200 

residents and two x 

large > 400 residents) 

Randomised to either an 

enhanced walking 

intervention (EH) was 

compared to a 

standard walking 

intervention (SI) 

EH component raised 

awareness about the 

built environment as a 

enabler to PA (e.g.  

safe walking- route 

maps to local 

destinations, step 

counts to and from 

local destinations) 

79% retention rate was 

achieved in all participants 

indicating acceptability by 

most – drop-out mainly due 

to health reasons 

Satisfaction with the walking 

program was high for both 

groups & for resources 

provided (e.g. walking 

maps, information step-

counts) to EH group 

Number of step counts, BMI, 

balance, gait, stability, 

strength and endurance for 

participants were not 

significant enough to 

attribute to one intervention 

over another (i.e. EH vs. SI)  

Overall acceptability and 

feasibility of a walking 

based program is high in 

RV setting 
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RVPANS Survey Instrument 
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Focus Group Questionnaire 
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Appendix H 

   

Process Evaluation Instruments 

H.1 Booklet 
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H.2 Evaluation 
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Appendix I 

   

Copy of Exit Interview Schedule 

I.1 RVPANS exit interviews: completers 
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I.2 RVPANS exit interviews: non-completers 
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Appendix J 

   

Booklet Excerpts  and Exercise Chart 

J.1 Booklet excerpts (including TV & Kettle Exercises) 
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J.2 Exercise chart 
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Participant Consent Form 
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Screening Protocol: PARQ Instrument 

 
 



 

274 

Appendix P 

   

‘Waitlist’ Control Letter 

 
 



 

275 

Appendix Q 

   

Sample of Newsletter 

 



 

276 

 



 

277 

 



 

278 

 
 

 



 

279 

References 

Ainsworth, B.E., Caspersen, C.J., Matthews, C.E., Masse, L.C., Baranowski, T., & Zhu, W. 

(2012). Recommendations to improve the accuracy of estimates of physical activity 

derived from self-report. Journal of Physical Activity and Health, 9(1), S76-S84.  

Alter, M.J. (2004). Science of flexibility. (3rd, ed.). Champaign, IL: Human Kinetics. 

Anderson E.S., Wojcik J.R., Winett, R., & Williams, D.M. (2015). Social-cognitive 

determinants of physical activity: The influence of social support, self-efficacy, 

outcome expectations, and self-regulation among participants in a church-based health 

promotion study. Health Psychology, 25(4), 510-520. 

Anderson-Bill E, S., Winett, R. A., Wojcik, J. R., & Williams, D. M. (2011). Aging and the 

social cognitive determinants of physical activity behavior and behavior change: 

Evidence from the Guide to Health Trial. Journal of Aging Research, 1-12. 

Appel, L. J., Champagne, C. M., Harsha, D. W., Cooper, L. S., Obarzanek, E., Elmer, P. J., . 

. . Writing Group of the PCRG. (2003). Effects of comprehensive lifestyle modification 

on blood pressure control: main results of the PREMIER clinical trial. Journal of the 

American Medical Association, 289, 2083-2093.  

Arabshahi, S. (2011). Longitudinal change in diet quality in Australian adults varies by 

demographic, socio-economic, and lifestyle characteristics. Journal of Nutrition, 

141(10). 1871.  

Armstrong, T., Bauman, A., & Davies, J. (2000). Physical activity patterns of Australian 

adults. Results of the 1999 National Physical Activity Survey. Canberra, Australia: 

Author. 

Artinian, N. T., Fletcher, G. F., Mozaffarian, D., Kris-Etherton, P., Van Horn, L., 

Lichtenstein, A., … Burke, L.E. (2010). Interventions to promote physical activity and 

dietary lifestyle changes for cardiovascular risk factor reduction in adults. A scientific 

statement from the American Heart Association. Circulation, 122(4), 406-441.  

Australian Bureau of Statistics. (2010). Population by age and sex, Australian States and 

Territories. Canberra, Australia: Author. 



 

280 

Australian Bureau of Statistics. (2012). Australian health survey; first results, 2011-12. 

Canberra, Australia: Author. 

Australian Bureau of Statistics. (2013). Let’s get physical: How do Australians measure up? 

Canberra, Australia: Author. 

Australian Bureau of Statistics. (2014a). Australian health survey 2011-12. Canberra, 

Australia: Author. 

Australian Bureau of Statistics. (2014b). Australian health survey: Nutrition first results. 

Foods and nutrients, 2011-12. Canberra, Australia: Author. 

Australian Bureau of Statistics. (2014c). Australian demographic statistics. Canberra, 

Australia: Author. 

Australian Bureau of Statistics. (2015). Australian health survey 2011-13. Canberra, 

Australia: Author. 

Australian Government. (2014). Australia’s physical activity and sedentary behaviour 

guidelines for adults: 18-64 years. Canberra, Australia: Author. 

Australian Government and Department of Health. (2013). Recommendations on physical 

activity for health of older Australians. Canberra, Australia: Author. 

Australian Government & Department of Health. (2014). National Healthy School Canteens: 

Guidelines for healthy foods and drinks supplied in school canteens. Retrieved from 

Canberra, Australia: Author.  

Australian Institute of Health and Welfare. (2011). Key indicators of progress for chronic 

disease and associated determinants: data report. Canberra, Australia: Author. 

Australian Institute of Health and Welfare. (2014a). Australia’s health 2012. Canberra, 

Australia: Author. 

Australian Institute of Health and Welfare. (2014b). Australia’s health 2012: leading causes 

of ill-health. Canberra, Australia: Author. 

Australian Institute of Health and Welfare. (2015). Cardiovascular disease, diabetes and 

chronic kidney disease – Australian facts: risk factors. Canberra, Australia: Author. 

Australian National Preventative Health Agency. (2013). State of preventative health 2013. 

Report to the Australian government minister for health. Canberra, Australia: Author. 



 

281 

Australian National Preventative Health Agency. (2014a). Evidence brief – obesity: 

prevalence trends in Australia. Canberra, Australia: Author. 

Australian National Preventive Health Agency. (2014b). Evidence Brief - obesity: sedentary 

behaviours and health. Retrieved from Canberra ACT: Author. 

Australian and New Zealand Society for Geriatric Medicine. (2012). Position statement – 

obesity and the older person. Australasian Journal on Ageing, 31(4), 261-267. 

Avila, J.J., Gutierres, J.A., Sheehy, M.E., Lofgren, I.E., & Delmonico, M.J. (2010). Effect of 

a moderate intensity resistance training during weight loss on body composition and 

physical performance in overweight older adults. European Journal of Applied 

Physiology, 109(3), 517-525. 

Ball, K., Salmon, J., Leslie, E., Owen, N., & King, A.C. (2005). Piloting the feasibility and 

effectiveness of print- and telephone-mediated interventions for promoting the adoption 

of physical activity in Australian adults.  Journal of Science in Sports and Medicine, 8, 

134-142.  

Ballard-Barbash, R., Hunsberger, S., Alciati, M.H., Blair, S.N., Goodwin, P.J., McTiernan, 

A., Wing, R., & Schatzkin, A. (2009). Physical activity, weight control and breast 

cancer risk and survival: Clinical trial rationale and design considerations. Journal of 

the National Cancer Institute, 10(9), 630-643. 

Barker, J., Xia, B., Zou, J., & Zillante, G. (2012). Sustainable retirement living: what 

matters? Australian Journal of Construction Economics and Building Conference 

Series, 12(1), 56-61. 

Bauman A., Ainsworth BA., Sallis, J. F., Hagstromer, M., Craig, C. L., Bull, F. C., . . . IPS 

Group. (2011). The descriptive epidemiology of sitting. A 20-country comparison using 

the International Physical Activity Questionnaire (IPAQ). American Journal of 

Preventive Medicine, 41(2), 228-235. 

Begg, S., Vos, T., Barker, B., Stevenson, C., Stanley, L., & Lopez, A.D. (2007). The burden 

of disease and injury in Australia 2003. Canberra, Australia: Author. 

Belza, B., & PRC-HAN Physical activity conference planning workgroup. (2007). Moving 

ahead: strategies and tools to plan, conduct, and maintain effective community-based 

physical activity programs for older adults. Atlanta, Georgia: Author. 



 

282 

Benton, M., Whyte, M., & Dyal, B. (2011). Sarcopenic obesity: strategies for management. 

American Journal of Nursing, 111(12), 38-44. 

Besson, H., Ekelund, U., SA, B., Luben, R., Bingham, S., Khaw, K-T., & Wareham, N. 

(2008). Relationship between subdomains of total physical activity and mortality. 

Medicine and Science in Sports and Exercise, 40(11), 1909-1915. 

Biddle, S.J.H., & Mutrie, N. (2008). Psychology of physical activity. Determinants, well-

being and interventions. (2nd ed.). Oxon: Routledge.  

Blumenthal, J. A., Babyak, M. A., Hinderliter, A., Watkins, L. L., Craighead, L., Lin, P-H., . 

. . Sherwood, A. (2010). Effects of the DASH diet alone and in combination with 

exercise and weight loss on blood pressure and cardiovascular biomarkers in men and 

women with high blood pressure: The ENCORE Study. Archives of Internal Medicine, 

170, 126-135.  

Blumenthal, J. A., Babyak, M. A., Sherwood, A., Craighead, L., Lin, P-H., Johnson, J., . . . 

Hinderliter, A. (2010). Effects of the dietary approaches to stop hypertension diet alone 

and in combination with exercise and caloric restriction on insulin sensitivity and lipids. 

Hypertension, 55, 1199-1205.  

Bohle, P., Rawlings-Way, O., Finn, J., Ang, J., & Kennedy, D. (2014). Housing choice in 

retirement: community versus separation. Housing Studies, 29(1), 108-127.  

Boeing, H., Bechthold, A., Bub, A., Ellinger, S., Haller, D., Kroke, A., … Watzl, B. (2012). 

Critical review: vegetables and fruit in the prevention of chronic diseases. European 

Journal of Nutrition, 51(6), 637-663. 

Breen, L., & Phillips, S.M. (2013). Interactions between exercise and nutrition to prevent 

muscle waste during aging.  British Journal of Clinical Pharmacology, 75(3), 708-715. 

Brill, P. (2009). Functional fitness for older adults. Champaign, IL: Human Kinetics.  

Brochu, M., Malita, M.G., Messier, V., Doucet, E., Strychar, I., Lavoie, J-M., Prud’homme, 

D., & Rabasa-Lhoret, R. (2009) Resistance training does not contribute to improving 

the metabolic profile after a 6-month weight loss program in overweight and obese 

postmenopausal women. Journal of Clinical Endocrinology and Metabolism, 94(9), 

3226-33. 



 

283 

Brown, J., Issacs, J., Krinke, B., Lechtenberg, E., & Murtaugh, M. (2013). Nutrition through 

the Life cycle. Australia: Cengage Learning. 

Brown, K.A. (2011). A review of consumer awareness, understanding and use of food-based 

dietary guidelines. British Journal of Nutrition, 106(1), 15. 

Brown, W.J., Bauman, A.E., Bull, F.C., & Burton, N.W. (2012). Development of evidence-

based physical activity recommendations for adults (18-64 years). Report prepared for 

the Australian Government Department of Health. Canberra, Australia: Author. 

Brownie, S., & Coutts, R. (2013). Older Australian’s perceptions and practices in relation to 

a healthy diet for old age: a qualitative study. The Journal of Nutrition, Health and 

Aging, 17, 125-129. 

Brownie, S., Muggleston, H., & Oliver, C. (2015). The 2013 Australian dietary guidelines 

and recommendations for older Australians. Australian Family Physician, 44(50), 311-

315. 

Burke, V., Bellin, L., Cut, H., Mansour, J., & Mori, T. (2007). Moderators and mediators of 

behaviour change in a lifestyle program for treated hypertensives: a randomised 

controlled trial (ADAPT). Health Education Research, B 583-591. 

Burke, L., Howat, P., Jancey, J., Lee, A., & Kerr, D. (2008). A nutrition and physical activity 

booklet to engage seniors. BMC Research Notes, 1(77), 1-7. 

Burke, L., Jancey, J., Howat, P., Lee, A.., Kerr, D., Shilton, T., Hills, A., & Anderson A. 

(2010). Physical activity and nutrition for seniors (PANS): protocol of a randomized 

controlled trial. BMC Public Health, 10(1), 751. 

Burke, L., Jancey, J.M., Howat, P., Lee, A.H., & Shilton, T. (2013b). Physical activity and 

nutrition for seniors (PANS) process evaluation. Health Promotion Practice, 14(4), 

543-551. 

Burke, L., Lee, A., Jancey J., Xiang L., Kerr, D., Howat, P., Hills, A., & Anderson, A. 

(2013a). Physical activity and nutritional behavioural outcomes of a home-based 

intervention program for seniors: a randomized controlled trial.  International Journal 

of Behavioural Nutrition and Physical Activity, 10(1), 14. 



 

284 

Burke, L., Lee, A., Pasalich, M., Jancey, J., Kerr, D., & Howat, P. (2012). Effects of a 

physical activity and nutrition program for seniors on body mass index and Waist-to-

Hip Ratio: a randomised controlled trial. Preventative Medicine, 54(6), 397-401. 

Burton, Y., Killen, S.S., Armstrong, J.D., & Metcalfe, N.B. (2015). What causes 

intraspecific variation in resting metabolic rate and what are its ecological 

consequences? Proceedings of the Royal Society B. 1-9. 

Buys, L., & Miller, E. (2007). The physical, leisure and social activities of very old 

Australian men living in a retirement village and the community. Geriaction, 25(2), 15-

19. 

Cadilhac, D., Cumming, T., Sheppard, L., Pearce, D., Carter, R., & Magnus, A. (2011). The 

economic benefits of reducing physical in activity: an Australian example. International 

Journal of Behavioural Nutrition and Physical Activity, 8(1), 99. 

Cadore, E.L., Rodriguez-Manas, L., Sinclair, A., & Izquierdo, M. (2013). Effects of different 

exercise interventions on risk of falls, gait ability, and balance in physically frail older 

adults: a systematic review. Rejuvenation Research, 16(2), 105-114. 

Cardinal, B., Esters, J., & Cardinal, M. K. (1996). Evaluation of the revised physical activity 

readiness questionnaire in older adults. Medicine and science in sports and exercise, 

28(4), 468-472. 

Casado, B., L., Resnick, B., Zimmerman, S., Nahm, E.-S., Orwig, D.-W., MacMillan, K., & 

Magaziner, J. (2009). Social support for exercise by experts in older women post–hip 

fracture. Journal of Women and Aging, 21(1), 48-62. 

Castro, C.M., Pruitt, L.A., Buman, M.P., & King, A.C. (2011). Physical activity program 

delivered by professionals versus volunteers: the TEAM randomized trial. Health 

Psychology, 30(3), 285-294. 

Cederholm, T., Cruz-Jentoft, A.J., & Maggi, S. (2013). Sarcopenia and fragility fractures. 

European Journal of Physical and Rehabilitation Medicine, (49),1. 

Centers for Disease Control and Prevention. (2009). Body Mass Index: considerations for 

practitioners. Atlanta, USA: Author. 



 

285 

Centers for Disease Control and Prevention. (2011). Strategies to prevent obesity and other 

chronic diseases: the CDC guide to strategies to increase physical activity in the 

community. Atlanta, USA: Author. 

Centers for Disease Control and Prevention. (2011). Strategies to prevent obesity and other 

chronic diseases: The CDC guide to strategies to increase the consumption of fruit and 

vegetables. Retrieved from Atlanta, USA: Author. 

Chastin, S.F., Ferriollo, E., Stephens, N.A., Fearon, K.C., & Grieg, C. (2012). Relationship 

between sedentary behaviour, physical activity, muscle quality and body composition in 

healthy older adults. Age and Ageing, (41),1. 

Cohen, D.A. (2010). Not enough fruit and vegetables or too many cookies, candies, salty 

snacks, and soft drinks? Public Health Reports, 125(1),88.  

Conklin, A., Forouhi, N. G., Suhrcke, M., Surtees, P., Wareham, N. J., & Monsivais, P. 

(2014). Variety more than quantity of fruit and vegetable intake varies by 

socioeconomic status and financial hardship. Findings from older adults in the EPIC 

cohort. Appetite, 83, 248-255.  

Cottell, K.E., Dorfman, L.R., Straight, C.R., Delmonico, M.J., & Lofgren, I.E. (2011). The 

effects of diet education plus light resistance training on coronary heart disease risk 

factors in community-dwelling older adults. Journal of Nutrition Health and Aging, 

15(9), 762-767. 

Craig, C., Marshall, M., Sjostrom, A., Bauman, A., Booth, B., Ainsworth, M., … Oja P. 

(2003). International Physical Activity Questionnaire: 12 country reliability and 

validity. Medicine and Science in Sports and Exercise, 35(8), 1381-1395. 

Crisp, D. A., Windsor, T. D., Anstey, K. J., & Butterworth, P. (2013). What are older adults 

seeking? Factors encouraging or discouraging retirement village living. Australasian 

Journal on Ageing, 32(3), 163-170.  

Croucher, K. (2006). Making the case for retirement villages. York, United Kingdom: 

Joseph Rowntree Foundation. 

Crowe, F.L., Roddam, A.W., Key, T.J., Appleby, P.N., Overvad, K., Jakobsen, M., … 

Riboli, E. (2011). European investigation into cancer and nutrition (EPIC)- heart study 

collaborators. Fruit and vegetable intake and mortality from ischaemic heart disease: 

results from the European Prospective Investigation into Cancer and Nutrition. 



 

286 

(EPIC)-Heart study. European Heart Journal, 32, 1235-1243. 

Darmon, N., & Drewnowski, A. (2008). Does social class predict diet quality? The American 

Journal of Clinical Nutrition, 87(5), 1107-1177.  

Davis, C. R., Bryan, J., Hodgson, J. M., Wilson, C., & Murphy, K. J. (2015). Mediterranean 

dietary adherence amongst older Australians over 6 months: results from the MedLey 

trial. BMC Nutrition, 1(28), 2-10.  

Davis, M. G., & Fox, K. R. (2007). Physical activity patterns assessed by accelerometry in 

older people. European Journal of Applied Physiology, 100(5), 581-589. 

doi:10.1007/s00421-006-0320-8. 

De Caria, J.E., Sharp, C., & Pretrella, R.J. (2012). Scoping review report: Obesity in older 

adults. International Journal of Obesity, 36(9), 1141-1150. 

de Carvalho Mourao, A. R., Novais, F. V., Andreoni, S., & Roberto-Ramos, L. (2013). 

Physical activity in the older adults related to commuting and leisure, Maceió, Brazil. 

Revista de Saude Publica, 47(6), 1112-1122.  

Denny, A. (2008). An overview of the role of diet during the ageing process. British Journal 

of Community Nursing, 13(2), 58-67. 

Department of Health and Aging. (2010). The National Physical Activity Guidelines for 

Australians. Canberra, Australia: Author.  

Department of Health Victoria. (2010). Participation in physical activity. A determinant of 

mental and physical health. Research summary. Retrieved from Melbourne, Australia: 

Author. 

Department of Health, Western Australia. (2014). Falls prevention model of care. Retrieved 

from Government of Western Australia, Perth: Author. 

de Souto Barreto, P. (2015). Global health agenda on non-communicable diseases: has WHO 

set a smart goal for physical activity? BMJ Online, 350:h23. 

Dhaliwal, S., Howat, P., Bejoy, T., & Welborn, T. (2010). Self-reported weight and height 

for evaluating community obesity studies. American Journal of Health Behavior, 34(4), 

489-499.  



 

287 

Dhandidevi, P. E. M., & Jeewon, R. (2015). Fruit and vegetable intake: Benefits and 

progress of nutrition education interventions - narrative review article. Iran Journal of 

Public Health, 44(10), 1309-1321.  

Diehr, P., & Hirsch, C. (2010). Health benefits of increased walking for sedentary generally 

healthy older adults: Using longitudinal data to approximate an intervention trial. The 

Journals of Gerontology Series A: Biological Sciences and Medical Sciences, 65A (9), 

982-989. 

Dietitians Association of Australia. (2013). Preventing and treating malnutrition in older 

Australians pre-budget submission 2013-2014. 

Donini, L.M., Savina, C., Gennaro, E., De Felice, M.R., Rosano, A., Pandolfo, M.M., … 

Chumela, W.M.C. (2012) A systematic review of the literature concerning the 

relationship between obesity and mortality in the elderly. The Journal of Nutrition, 

Health and Aging, 16(1), 89-98.  

Dorgo, S., Robinson. K.M., & Bader, J. (2009). The effectiveness of a peer-mentored older 

adults’ fitness program on perceived physical, mental, and social function. Journal of 

the American Academy of Nurse Practitioners, 21(2), 116-122. 

Drewnowski, A. (2007). The real contribution of added sugars and fats to obesity. 

Epidemiologic Reviews, 29(1), 160-171. 

Edwards, P., & Agis, T. (2006). Promoting physical activity and active living in urban 

environments. The role of local governments. World Health Organization: the solid 

facts. WHO: Author. 

Egan, K. (2010).  Three-month trial project: implementation of Living Longer, Living 

Stronger program. Perth, Australia: Author. 

Estruch, R., Ros, E., Salas-Salvado, J., Covas, M.I., Corella, D., Aros, F., … & Martinez-

Gonzalez, M.A. (2013). Primary prevention of cardiovascular disease with a 

Mediterranean diet. New England Journal of Medicine, 368, 1279-1290. 

Ervin, R.B., (2008). Healthy eating index scores among adults, 60 years of age and over, by 

socioeconomic and health characteristics: United States, 1999-2000. Advanced Data: 

From Vital Health and Statistics (CDC), 395, 1-16. 

 



 

288 

Espinel, P.T., Chau, J.T., van der Ploeg, H., & Merom D. (2015). Older adults’ time in 

sedentary, light and moderate intensity activities and correlates. Application of the time-

use survey 2006. Journal of Science and Medicine in Sport, 18(2), 161-165. 

Eyles, H.C., & Ni Mhurchu, C. (2009). Does tailoring make a difference? A systematic 

review of the long-term effectiveness of tailored nutrition education for adults. Nutrition 

Reviews, 67(8), 464-480. 

Factora, R. (2013). Role of frailty in preventive health. Aging and Preventative Health. 

Cleveland, Ohio USA: Cleveland Clinic, Center for Continuing Education. Ohio, USA: 

Author.  

Ferriers Focus. (2011). Retirement Living: talkin’ about the next generation. Sydney. 

Flegal, K. M., Kit, B. K., Orpana, H., & Graubard, B. I. (2013). Association of all-cause 

mortality with overweight and obesity using standard Body Mass Index categories: a 

systematic review and meta-analysis. Journal of the American Medical Association, 

309(1), 71-82.  

Flood, V., Webb, K., Rochtchina, E., Kelly, B., & Mitchell, P. (2007). Fatty acid intakes and 

food sources in a population of older Australians. Asia Pacific Journal of Clinical 

Nutrition, 16(2), 322-330. 

Flood V.M., Burlutsky, G., Webb, K.L., Wang, J.J., Smith, W.T., & Mitchell, P. (2010). 

Food and nutrient consumption trends in older Australians; a 10-year cohort study. 

European Journal of Clinical Nutrition, 64(6), 603-613. 

Ford, D.W., Hartman, T.J., Still, C., Wood, C., Mitchell, D.C., Hsaio, P.Y.,  … Jensen, G.L. 

(2013). Diet-related practices and BMI are associated with diet quality in older adults. 

Public Health Nutrition, 1-5. 

Fortier, M.S., Duda, J.L., Guerin, E., & Teixeira, P.J. (2012). Promoting physical activity: 

development and testing of Self-Determination Theory-based interventions. 

International Journal of Behavioural Nutrition and Physical Activity, 9(20), 1-14. 

Franke, T., Tong, C., Ashe, M.C., McKay, H., & Sims-Gould, J. (2013). The secrets of 

highly active older adults. Journal of Aging Studies, 27(4), 398-409. 



 

289 

Freene, N., Waddington, G., Chesworth, W., Davey, R., & Goss, J. (2011). ‘Physical activity 

at home’ (PAAH), evaluation of a group versus a home-based physical activity program 

in community-dwelling middle-aged adults: rationale and study design. BMC Public 

Health, 11, 883. 

Freene, N., Waddington, G., Davey, R., & Cochrane, T. (2013). Longitudinal comparison of 

a physiotherapist-led, home-based and group-based program for increasing physical 

activity in community-dwelling middle-aged adults. Journal of Primary Health, 21(2), 

189-196.  

Friederichs, S.A.H., Oenema, A., Bolman, C., Guyaux, J., van Kuelen, H.M., & Lechner, L. 

(2014). I Move: systematic development of a web-based computer tailored physical 

activity intervention, based on motivational interviewing and Self-Determination 

Theory. BMC Public Health, 14(212). 

Fries, J.F., Bruce, B., & Chakravarty, E. (2011). Compression of morbidity 1980-2011: A 

focused review of paradigms and progress. Journal of Aging Research, 1-10. 

Frimel, T.F., Sinacore, D.R., & Villareal, D.T. (2009). Exercise attenuates the weight-loss-

induced reduction in muscle mass in frail obese older adults. Medicine and Science in 

Sports and Exercise, 40(7), 1213-1219. 

Fritschi, J.O., Brown, W.J., & van Uffelen, J.G. (2014). On your feet: protocol for a 

randomized controlled trial to compare the effects of pole walking and regular walking 

on physical and psychosocial health in older adults. BMC Public Health, 14(375). 

Frongillo, E., & Wolfe, W. (2010). Impact of participation in home-delivered meals on 

nutrient intake, dietary patterns and food insecurity for older persons in New York state. 

Journal of Nutrition for the Elderly, 29(3), 293-310. 

Gallagher, N. A., Clarke, P. J., Ronis D.L., Cherry, C. L., Nyquist, L., & Gretebeck, K. A. 

(2012). Influences on neighbourhood walking in older adults. Research in 

Gerontological Nursing, 5(4), 238-250.  

Gandy, J. (2009). Nutrition in older people. Journal of Human Nutrition and Dietetics, 22(6), 

491-492.  

Gardner, I. L., Browning, C., & Kendig, H. (2005). Accommodation options in later life: 

retirement village or community living? Australasian Journal on Ageing, 24(4), 188-

195.  



 

290 

Germain, L., Latarche, C., Kesse-Guyot, E., Galan, P., Hercberg, S., & Briancon, S. (2013). 

Does compliance with nutrition guidelines lead to healthy aging? A quality of life 

approach. Journal of the Academy of Nutrition and Dietetics, 113(2), 228-240. 

Gieb, L.T. (2012). Social determinants of health in the elderly. Ciencia & Saude Coletiva, 

17, (123-133). 

Giles-Corti, B., Broomhall, M., Knuiman, M., Collins, C., Douglas, K., Ng, K., Lange, A. & 

Donovan, R. (2005). Increasing walking: how important is distance to, attractiveness, 

and size of public open space? American Journal of Preventative Medicine, 28(2S2), 

169-176. 

Glanz, K., Rimer, B., & Viswanath, K. (Eds.). (2008). Health behaviour and health 

education: Theory, research and practice. (4th ed.). San Francisco, CA: Jossey-Bass.  

Gopinath, B., Rochtchina, E., Flood, V.M., & Mitchell, P. (2013). Diet quality is 

prospectively associated with incident impaired fasting glucose in older adults. Diabetic 

Medicine, 30(5), 557-562. 

Government of Victoria. (2014). Resistance training - health benefits. Retrieved from 

Melbourne, Australia: Author. 

Government of Western Australia. (2007). Premier’s Physical Activity Taskforce: a strategic 

plan 2007-2011. Perth, Australia: Author. 

Grant, A., Treweek, S., Dreischulte, T., Foy, R., & Guthrie, B. (2013). Process evaluations 

for cluster-randomised trials of complex interventions: a proposed framework for design 

and reporting. Trials, 14(15), 2-10. doi:10.1186/1745-6215-14-15. 

Greaves, C., Sheppard, K., Abraham, C., Hardeman, W., Roden, M., Evans, P., & Schwarz, 

P. (2011). Systematic review of reviews of intervention components associated with 

increased effectiveness in dietary and physical activity interventions. BMC Public 

Health, 11(1), 119. 

Green, L. W., & Kreuter, M. W. (2005). Health program planning: An educational and 

ecological approach (4th ed.). New York: McGraw-Hill. 

Griffin, R.W. (2013). Management. (11th ed.). Texas A & M University, South Western: 

Cengage Learning. 



 

291 

Grimm, E.K., Swartz, A.M., Hart, T., Miller, N.E., & Strath, S.J. (2012). Comparison of the 

IPAQ- Short Form and accelerometry predictions of physical activity in older adults. 

Journal of Aging and Physical Activity, 20(1), 64-79. 

Grodesky, J. M., Kosma, M., & Solomon, M., A. (2006). Understanding older adults’ 

physical activity behavior: a multi-theoretical approach. Quest, 58, 310-329.  

Gulsvik, A.K., Thelle, D.S., Samuelsen, S.O., Marius, M., Mowe, M., & Wyller, T.B. 

(2012). Ageing, physical activity and mortality - a 42-year follow-up study. 

International Journal of Epidemiology, 41(2), 521-530. 

Hammar, M., & Ostegen, C.J. (2013). Healthy aging and age-adjusted nutrition and physical 

fitness. Best Practice and Research Clinical Obstetrics and Gynecology, 27(5), 741-

752. 

Hamer, M., & Stamatakis, E. (2009). Physical activity and risk of cardiovascular disease 

events: inflammatory and metabolic mechanisms. Medicine and Science in Sports and 

Exercise, 41(6), 1206-1211. 

Han, T.S., Tajar, A., & Lean, M.E.J. (2011). Obesity and weight management in the elderly. 

British Medical Bulletin, 97(1), 169-196. 

Hanson, H.M., Ashe, M.C., McKay, H.A. & Winters, M. (2012). Intersection between the 

built and social environments and older adults’ mobility: an evidence review. 

Vancouver, Canada: Author. 

Hanson, S., & Jones, A. (2014). Is there evidence that walking groups have health benefits? 

A systematic review and meta-analysis.  British Journal of Sports Medicine, 49(11), 

705-715. 

Hanson, H.M., Schiller, C., Winters, M., Sims-Gould, J., Clarke, P., Curran, E., … Ashe, 

M.C. (2013). Concept mapping applied to the intersection between older adults’ outdoor 

walking and the built and social environments. Preventative Medicine, 57(6), 785-791. 

Haskell, W., Lee, I., Pate, R., Powell, K., Blair, S., Franklin, B., … Bauman, A. (2007). 

Physical activity and public health: Updated recommendations for adults from the 

American College of Sports Medicine and American Heart Association. Circulation, 

116, 1-13.  



 

292 

Haywood, C., Proietto, J., & Jenkins, N. (2013). Management of obesity in older people. The 

Australian Journal of Pharmacy, 94, 83-85. 

Headrick, L.B., Rowe, C.C., Kendell, A.R., Zitt, M.A., Bolton, D.L., & Langkamp-Henken, 

B. (2013). Adults in all body mass index categories underestimate daily energy 

requirements. Journal of Nutrition, Education and Behaviour, 45(5), 460-465. 

Healy, G.N., Clark, B.K., Winkler, E.A.H., Gardiner, P.A., Brown, W.J., & Matthews, C.E. 

(2011). Measurement of adults’ sedentary times in population-based studies. Herston, 

Queensland: Author. 

Hector, D., Espinel, P., & King, L. (2012). Reducing the risk of chronic disease in older 

adults; a summary report to support obesity prevention planning in NSW. Sydney, 

Australia: Author. 

Hector, D., King, L., Hardy, L., St George, A., Hebden, L., Espinel, P., & Rissel, C. (2012). 

Evidence update on obesity prevention: Across the life course. Physical Activity 

Nutrition Obesity Research Group. 

Heesch, K.C., & Brown, W.J. (2008). Do walking and leisure-time physical activity protect 

against arthritis in older women? Journal of Epidemiology and Community Health, 

62(12), 1086-1091. 

Hersey, J.C., Cates, S.C., Bilstein, J.L., Kosa, K.M., Santiago-Rivera, O.J., Conteras, D.A., 

… Berman, D.A. (2015). Eat smart, Live strong intervention increases fruit and 

vegetable consumption among low–income older adults. Journal of Nutrition in 

Gerontology and Geriatrics. 34(1), 66-80. 

Heseltine, R., Skelton D.A., Kendrick, D., Morris, R. W., Griffin, M., Haworth, D., . . . Iliffe, 

S. (2015). 'Keeping moving': factors associated with sedentary behaviour among older 

people recruited to an exercise promotion trial in general practice. BMC Family 

Practice, 16(67), 1-27.  

Hill, K., Vrantsidis, F., Clemson, L., Lovarini, M., & Russell, M. (2011). Community falls 

prevention program sustainability guidelines; supporting document. National Health and 

Medical Research Council, Canberra: Author. 



 

293 

Hobbs, N., Godfrey, A., Lara, J., Errington, L., Meyer, T.D., Rochester, L., White, M., … 

Sniehotta, F.F. (2013). Are behavioral interventions effective in increasing physical 

activity at 12 to 36 months in adults 55-70 years? A systematic review and meta-

analysis. BMC Medicine, 11(75), 1-12. 

Holt, A-M., Jancey, J., Lee, A.H., Kerr, D.A., Hills, A.P., Anderson, A.S., & Howat, P.A. 

(2014) A cluster-randomised controlled trial of a physical activity and nutrition 

programme in retirement villages: a study protocol. BMJ Open Access, 4. 

Holt, A-M., Lee, A., Jancey, J., Kerr, D., & Howat P. (2016). Are retirement villages 

promoting active aging? Journal of Aging and Physical Activity, 24(3), 407-411. 

Hongu, N., Wisneski, K. D., & Orr, B. J. (2012). Bringing university innovation to the 

retirement community: An outdoor walking program for older adults. The Forum for 

Family and Consumer Issues (FCCI), 17(1).  

Houston, D.K., Nicklas, B.J., & Zizza, C.A. (2009). Weighty concerns; the growing 

prevalence of obesity among older adults. Journal of the American Dietetics 

Association, 109(11), 1886-1895. 

Hsu, Y.T., Buckworth, J., Focht, B.C., & O’Connell, A.A. (2013). Feasibility of a Self-

Determination Theory-based exercise intervention promoting Healthy at Every Size 

with sedentary overweight women: Project CHANGE. Psychology of Sport and 

Exercise, 14(2), 10. 

Hughes, L.A., Simons, C.C., van den Brandt, P.A., Goldbohm, R.A., van Engeland, M., & 

Weijenberg, M.P. (2011). Body size and colorectal cancer risk after 16.3 years of 

follow-up: an analysis from the Netherlands Cohort Study. American Journal of 

Epidemiology, 174(10), 1127-1139. 

Hughes, S.L., Seymour, R.B., Campbell, R.T., Whitelaw, N., & Bazzarre, T. (2009). Best-

practice physical programs for older adults: findings from the National Impact Study. 

American Journal of Public Health, 99(2), 362-368. 

International Council on Active Aging. (2010). The business case for wellness programs in 

retirement communities and seniors housing: a white paper. Vancouver, Canada: 

Author. 



 

294 

Iolascon, G., Di Pietro, G., Gimigliano, F., Mauro, A., Moretti, A., Giamettei, M.T., … 

Brandi, M.L. (2014). Physical exercise and sarcopenia in older people: position paper of 

the Italian Society of Orthopaedics and Medicine (OrtoMed). Clinical Cases in Mineral 

and Bone Metabolism. Official Journal of the Italian Society of Orthopaedics and 

Medicine (OrtoMed), 11(3), 215-221. 

Jacobsen, B. J., & Nilsen, H. (2000). High education is associated with low fat and high 

fibre, beta-carotene and vitamin C - computation of nutrient intake based on a short 

food frequency questionnaire in 17,265 men and women in the Tromsø Study. 

Norwegian Journal of Epidemiology, 10(1).  

Jancey, J., Clarke, A., Howat, P., Lee, A., Shilton, T., & Fisher, J, (2008). A physical activity 

program to mobilize older people: a practical and sustainable approach. Gerontologist, 

48(2), 251-257. 

Jancey, J., Howat, P., Lee, A., Clarke, A., Shilton, T., Fisher, J., & Iredell, H. (2006). 

Effective recruitment and retention of older adults in physical activity research: PALS 

study. Perth Active Living Seniors project. American Journal of Health Behaviour, 30, 

626-635. 

Jancey, J., Howat, P., Maycock, B., & Lee, A.H. (2009). Perceptions of physical activity by 

older adults: a qualitative study. Health Education Journal, 68(3), 196-206. 

Jancey, J., Lee, A., Howat, P., Burke, L., Leong, C., & Shilton, T. (2011). The effectiveness 

of a walking booster program for seniors. American Journal of Health Promotion, 

25(6), 363-367. 

Jekauc, D., Völkle, M., Wagner, M. O., Mess, F., Reiner, M., & Renner, B. (2015). 

Prediction of attendance at fitness center: a comparison between the theory of planned 

behavior, the social cognitive theory, and the physical activity maintenance theory. 

Frontiers in Psychology, 6(121). 

Johnson, M. (2013). Strategies to improve diet in older adults. Proceedings of the Nutrition 

Society, 72(1), 166-172. 

Jyvakorpi, S.K., Pitkala, K.H., Kautiainen, H., Puranen, T.M., Laakonen, M.L., & Suominen 

M.H. (2014). Nutrition education and cooking classes improve diet quality, nutrient 

intake, and psychological well-being of home-dwelling older people: a pilot study. The 

Journal of Aging Research and Clinical Practice, 3(2), 120-124. 



 

295 

Katzmarzyk, P. (2011). The health economics of physical inactivity in Canada. Health and 

Fitness Journal of Canada, 4(1), 30-31. 

Kazak, A.E., Prestwich, A., Sniehotta, F.F., Whittington, C., Dombrowski, S.U., Rogers, L., 

& Michie, S. (2014). Does theory influence the effectiveness of health behaviour 

interventions? Meta-analysis. Health Psychology, 33(5), 465-474. 

Kendig, H., Crisp, D., Gong, C., Conway, E., & Squires, B. (2014). An investigation of the 

IRT retirement community landscape: A pilot study. Retrieved from Centre for Research 

on Ageing, Health and Wellbeing. The Australian National University, Canberra ACT. 

Kerr, J., Carlson, J.A., Rosenberg, D.E., & Withers, A. (2012). Identifying and promoting 

safe walking routes in older adults. Science and Research, 4 (Special Issue 1), 720-724. 

Kerr, J., Carlson, J.A., Sallis, J.F., Rosenburg, D., Leak, C.R., Saelens, B.E., …  King, A.C. 

(2011). Assessing health-related resources in senior living residences. Journal of Aging 

Studies, 25(3), 206-214. 

Kerr, J., Crist, K., Marshall, S, Rosenburg, D., Castro, C., Sallis, J., Wasilenko, K., … Chen, 

J. (2013). MIPARC. Comprehensive evaluation of a multilevel physical activity 

intervention in older adults. Paper presented at the Active Living Research Conference. 

San Diego, USA. 

Kerr, J., Rosenburg, D., Nathan, A., Millstein, R., Carlson, J., Crist, K., & Marshall, S. 

(2012). Applying the ecological model of behaviour change to a physical activity trial in 

retirement communities: description of the study protocol. Contemporary Clinical 

Trials, 33(6), 1180-1188. 

Kim, J., & Jo, I. (2011). Grains, vegetables, and fish dietary pattern is inversely associated 

with the risk of metabolic syndrome in South Korean Adults. Journal of the American 

Dietetic Association, 111(8), 1141-1149. 

King, D. (2008). Neighbourhood and individual factors in activity in older adults: results 

from the neighbourhood and senior health study. Journal of Aging and Physical 

Activity, 16(2), 144-170. 

Kirkpatrick, S., Reedy, J., Butler, E., Dodd, K., Subar, A., Thompson, F., & McKinnon, R. 

(2014). Dietary assessment in food environment research: A systematic review. 

American Journal of Preventive Medicine, 46(1), 94-102. 



 

296 

Kirshbaum, M. (2010). Does protein and energy supplementation benefit older people at risk 

of malnutrition? Nursing Times, 106(39), 22. 

Kohl, H.W. (2001). Physical activity and cardiovascular disease: evidence for a dose 

response. Medicine and Science in Sports and Exercise, 33(6 Suppl), S472-483. 

Kolbe-Alexander, T.L., Lambert, E.V., Harkins, J.B., & Ekelund, U. (2006). Comparison of 

two methods of measuring physical activity in South African older adults. Journal of 

Aging and Physical Activity, 14(1), 98-114. 

Kowalski, K., Rhodes, R., Naylor, P-J., Tuokko, H., & MacDonald, S. (2012). Direct and 

indirect measurement of physical activity in older adults: a systematic review of the 

literature. International Journal of Behavioural Nutrition and Physical Activity, 9, 148 

Lara, J., Evans, E.H., O’Brien, N., Moynihan, P.J., Meyer, T.D., Adamson, A.J., … Mathers, 

J.C. (2014). Association of behaviour change techniques with effectiveness of dietary 

interventions among adults of retirement age: a systematic review and meta-analysis of 

randomize controlled trials. BMC Medicine, 12(177). 

Lara, J., Turbett, E., McKevic, A., Rudgard, K., Hearth, H., & Mathers, J.C. (2015). The 

Mediterranean diet among British older adults: its understanding, acceptability and the 

feasibility of a randomised brief intervention with two levels of dietary advice. 

Maturitas, 82(4), 387-393. 

Lee, A. H., Zhao, Y., Yau, K., & Xiang, L. (2010). How to analyse longitudinal multilevel 

physical activity data with many zeros? Preventative Medicine, 51(10), 476-481.  

Lee, I., & Buchner, D. (2008). The importance of walking to public health. Medicine and 

Science in Sports and Exercise, 40(S512-S518). 

Lee, P., Macfarlane, D., Lam, T.H., & Stewart, S. (2011). Validity of the International 

Physical Activity Questionnaire Short Form (IPAQ-SF): a systematic review.  

International Journal of Behavioural Nutrition and Physical Activity, 8 (1), 115. 

Levy, S., Macera, C., Hootman, J., Coleman, K., Lopez, R., Nichols, J., … Ji, M. (2012). 

Evaluation of a multi-component group exercise program for adults with arthritis: 

Fitness and Exercise for People with Arthritis (FEPA). Disability and Health Journal, 

5(4), 301-311. 



 

297 

Litchford, M. (2015). The role of nutrition in modifiable geriatric syndromes. Annals of Long 

Term Care, 23(2). 

Liu, C.J., & Latham, N.K. (2009). Progressive resistance strength training for improving 

physical function in older adults. Cochrane Database Systematic Reviews, 

3:CD002759. 

Lloyd-Jones, D.M., Hong, Y., Labarthe, D., Mozaffarian, D., Appel, L.J., Van Horn, L., … 

Rosamond, W.D. on behalf of the American Heart Association Strategic Planning Task 

Force Statistics Committee. (2010). Defining and setting national goals for 

cardiovascular health promotion and disease reduction: The American Heart 

Association’s strategic impact goal through 2010 and beyond. Circulation, 121(4), 586-

613. 

Lonsdale, C., Hall, A., Williams, G., McDonough, S., Ntoumanis, N., Murray, A., & Hurley, 

D. (2012). Communication style and exercise compliance in physiotherapy 

(CONNECT). A cluster-randomized controlled trial to test a theory-based intervention 

to increase chronic low back pain patients' adherence to physiotherapists' 

recommendations: study rationale, design, and methods. BMC Musculoskeletal 

Disorders, 13(1), 104. 

Lord, S.R., Castell, S., Corcoran, J., Dayhew, J., Matters, B., Shan, A., & Williams, P.T. 

(2003). The effect of group exercise on physical functioning and falls in frail older 

people living in retirement villages: a randomized controlled trial. Journal of American 

Geriatric Society, 51(12), 1685-1692. 

Machado de Rezende, L.F., Rey-Lopez, J.P.R., Matsudo, V. K.R., do Carmo Luiz, O. 

(2014). Sedentary behaviour and health outcomes among older adults: a systematic 

review. BMC Public Health, 14, 333. 

Manini, T.M & Pahor, M. (2009). Physical activity and maintaining physical function in 

older adults. British Journal of Sports Medicine, 43, 28-31. 

Martin, J.T., Wolf, A., Moore, J.L., Rolenz, E., DiNinno, A., & Reneker, J.C. (2013). The 

effectiveness of physical therapist-administered group-based exercise on fall prevention: 

a systematic review of randomized controlled trials. Journal of Geriatric Physical 

Therapy, 36(4), 182-193. 

Maughan, K.K. (2008). Does balance training improve balance in physically active older 

adults? (Retrospective Theses and Dissertations), IOWA State University, Iowa, U.S.A. 



 

298 

McCullough, M.L., Patel, A.V., Kushi, L.H., Patel, R., Willet, W.C., Doyle, C., Thun, M.J., 

&  Gapstur, S.M. (2011). Following cancer prevention guidelines reduces risk of cancer, 

cardiovascular disease, and all-cause mortality. Cancer Epidemiology, Biomarkers and 

Prevention, 20(6), 1089-1097. 

McNaughton, N.A., Crawford, D., Ball, K., & Salmon, J. (2012). Understanding 

determinants of nutrition, physical activity and quality of life among older adults: The 

Wellbeing, Eating and Exercise for a Long Life (WELL) study. Health and Quality of 

Life Outcomes, 10(1), 109. 

McTiernan, A. (Ed.). (2006). Cancer prevention and management through exercise and 

weight control. Boca Raton FL: Taylor and Francis Group. 

Mehrotran, A. (2010). The village of the future: Babyboomers and Retirement Living. 

Colliers, Perth: Author. 

Melanson, E. L., MacLean, P. S., & Hill, J. O. (2009). Exercise improves fat metabolism in 

muscle but does not increase 24-h fat oxidation. Exercise and Sport Science Review, 

37(2), 93-101.  

Mihalko, S.L., Wickley, K.L., & Sharpe, B.J. (2006). Promoting physical activity in 

independent living communities. Medicine and Science in Sports and Exercise, 38(1), 

112-115. 

Miller, E., & Buys, L. (2007). Predicting older Australian’s leisure time physical activity. 

Activities, Adaptation and Aging, 31(3), 13-30. 

Miller, P.E., Morey, M.C., Hartman, T.J., Snyder, D.C., Sloane, R., Cohen, H.J., & Demark-

Wahnefried W. (2012). Dietary patterns differ between urban and rural older, long-term 

survivors of breast, prostate, and colorectal cancer and are associated with body mass 

index. Journal of the Academy of Nutrition and Dietetics, 112(6), 824-831. 

Miller, W.R., & Rollnick, S. (2013). Motivational Interviewing. Helping people change. 

New York: The Guildford Press. 

Miranda, A., Picorelli, A.M.A., Pereira, D.S., Felicio, D., Dos-Anjos, D.M., Pereira, D.A., 

… Pereira, L.S.M. (2014). Adherence of older women with strength training and 

aerobic exercise. Clinical Interventions in Aging, 9, 323-331. 



 

299 

Mitchell, W.K., Williams, J., Atherton, P., Larvin, M., Lund, J., & Narici, M. (2012). 

Sarcopenia, Dynapenia and the impact of advancing age on human skeletal muscle size 

and strength: a quantitative review. Frontiers in Psychology, 3, 260. 

Moschny, A., Platen, P., Klaassen-Mielke, R., Trampisch, U., & Hinrichs, T. (2011). 

Barriers to physical activity in older adults in Germany: a cross-sectional study. 

International Journal of Behavioral Nutrition and Physical Activity, 8, 121. 

Morey, M.C., Snyder, D.C., Sloane, R., Cohen, H.J., Peterson, B., Hartman, T.J., Miller, P., 

Mitchell, D.C., & Denmark-Wahnefried, W. (2009). Effects of a home-based diet and 

exercise on functional outcomes among older, overweight long-term cancer survivors.  

The Journal of the American Medical Association, 301(18), 1883-1891. 

Na, H-K., & Oliynyk, S. (2011). Effects of physical activity on cancer prevention. Annals of 

the New York Academy of Sciences, 1229(1), 176-183. 

Nathan, A., Wood, L., & Giles-Corti, B. (2014a). Examining correlates of self-reported and 

objectively measured physical activity among retirement village residents. Australasian 

Journal on Ageing, 33(4), 250-256. 

Nathan, A., Wood, L., & Giles-Corti, B. (2014b). Perceptions of the built environment and 

associations with walking among retirement village residents. Environment and 

Behavior, 46(1), 46-69. 

National Cancer Institute. (2009a). What is the relationship between physical activity and 

breast cancer risk? Bethesda, MD: Author. 

National Cancer Institute. (2009b). What is the relationship between physical activity and 

colon cancer risk?  Bethesda, MD: Author. 

National Health and Medical Research Council. (2012). Management of overweight and 

obesity in adults, adolescents and children. Clinical guidelines for primary health care 

professionals – draft. Canberra, ACT: Author. 

National Health and Medical Research Council. (2013a). Australian dietary guidelines. 

Canberra, ACT: Author. 

National Health and Medical Research Council. (2013b). Clinical practice guidelines for the 

management of overweight and obesity in adults, adolescents and children in Australia. 

Canberra, ACT: Author. 



 

300 

National Health Performance Authority. (2013). Overweight and obesity rates across 

Australia, 2011-2012. Sydney: NSW: Author. 

National Institute for Health and Clinical Excellence. (2007). A rapid review of economic 

literature related to environmental interventions that increase physical activity levels. 

London, UK: Author.  

National Institute for Health and Clinical Excellence. (2008). Promoting and creating built 

or natural environments that encourage and support physical activity. London, UK: 

Author. 

National Institute on Aging. (2007). Growing old in America: the health and retirement 

study. Bethesda, MD: National Institute on Aging. 

National Institutes of Health. (2012). Osteoporosis and Arthritis: two common but different 

conditions. Retrieved from Bethesda, MD: Author. 

Ng, M., Fleming, T., Robinson, M., Thomson, B., Grates, N., Margono, C., … Gakidou, E. 

(2015). Global, regional and national prevalence of overweight and obesity in children 

and adults during 1980-2013: a systematic analysis for the Global Burden of Disease 

study 2013. The Lancet, 384(9945), 766-781. 

Nguyen, B., Bauman, A., Gale, J., Banks , E., Kritharides, L., & Ding Ding, D. (2016). Fruit 

and vegetable consumption and all-cause mortality: evidence from a large Australian 

cohort study. International Journal of Behavioral Nutrition and Physical Activity, 13(9), 

2-10.  

Nicklett, E. J., & Kadel, A. R. (2013). Fruit and vegetable intake among older adults: a 

scoping review. Maturitas, 75(4), 305-312.  

Ni Mhurchu, C., Aston, L. M., & Jebb, S. A. (2010). Effects of worksite health promotion 

interventions on employee diets: a systematic review. BMC Public Health, 10(62), 1-7.  

O'Brien, E., Waeber, B., Parati, G., Staessen, J., & Myers, M. G. (2001). Blood pressure 

measuring devices: recommendations of the European Society of Hypertension. British 

Medical Journal, 322(7285), 531-536. 

Obesity Australia. (2014). No time to weight. Obesity: a national epidemic and its impact on 

Australia. Canberra, ACT: Author. 



 

301 

Oude Griep, L.M., Geleijnse, J.M., Kromhout, D., Ocke, M.C., & Verschuren, W.M.M. 

(2010). Raw and processed fruit and vegetable consumption and 10-year coronary heart 

disease incidence in a population-based cohort study in the Netherlands. PLoS ONE, 

5(e13609). 

Owen, N., Healy, G.N., Matthews, C.E., & Dunstan, D.W. (2010). Too much sitting: the 

population-health science of sedentary behaviour. Exercise and Sports Science Reviews, 

38(3), 105-113. 

Pampel, F.C., Krueger, P.M., & Denney, J.T. (2010). Socioeconomic disparities in health 

behaviours. Annual Review of Sociology, 36, 349-370. 

Patel, A., Schofield, A., Kolt, G., & Keogh, J. W. L. (2013). Perceived barriers, benefits and 

motives for physical activity: an examination of older adults from two primary care 

physical activity prescription programs. Journal of Aging and Physical Activity,, 21, 85-

99.  

Paterson, D.H., & Warburton, D.E. (2010). Physical activity and functional limitations in 

older adults: a systematic review related to Canada’s physical activity guidelines. 

International Journal of Behavioural Nutrition and Physical Activity, 7, 39. 

Patrick, H., & Williams, G. (2012). Self-Determination Theory: its application to health 

behavior and complementarity with motivational interviewing. International Journal of 

Behavioral Nutrition and Physical Activity, 9(1),18. 

Peel, N.M., McClure, R.J., & Bartlett, H.P. (2005). Behavioural determinants of healthy 

ageing. American Journal of Preventative Medicine, 28(3), 298-304.  

Peltzer, K., & Phaswana-Mafuya, N. (2012). Fruit and vegetable intake and associated 

factors in older adults in South Africa. Global Health Action, 5(18668). doi: 

http://dx.doi.org/10.3402/gha.v5i0.18668. 

Petersen, M. (2015). Retirement villages: the last housing decision? Paper presented at the 

Australasian Housing Researchers Conference Hobart. 

Pettigrew, S., Pescud, M., & Donovan, R.J. (2012). Older people’s diet-related beliefs and 

behaviours: Intervention implications. Nutrition and Dietetics, 69(4), 260-264. 



 

302 

Picorelli, A. M. A., Pereira, L. S. M., Pereira, D. S., Felicio, D., & Sherrington, C. (2014). 

Attendance to exercise programs for older people is influenced by program 

characteristics and personal factors: a systematic review. Journal of Physiotherapy, 60, 

151-156.  

Pinto, B.M., Frierson, G.M., Rabin, C., Trunzo, J.L., & Marcus, B.H. (2005). Home-based 

physical activity intervention for breast cancer patients. Journal of Clinical Oncology, 

23(15), 3577-3587. 

Polgar, S., & Thomas, S. A. (2014). Introduction to research in the Health Sciences (6th ed.) 

Sydney, Australia: Churchill Livingstone Elsevier. 

Polychronopoulos, E., Pounis, G., Bountzioiuka, V., Zeimbekis, A., Tsiligianni, I., Qira, B-

E., … Panagiotakos, D. (2010). Dietary meat fats and burden of cardiovascular disease 

risk factors in the elderly: a report from the MEDIS study. Lipids in Health and 

Disease, 9(1), 30. 

Price Waterhouse Coopers. (2015). PwC/Property Council Retirement Census. Retrieved 

from Retirement Living Australia. 

QSR International. (2011). NVivo 9. In QSR International Pty Ltd (Ed.), (Vol. 9). 

Queensland Government. (2014). Using body mass index. Queensland: Author. 

Quicke, J.G., Foster, N.E., Thomas, M.J., & Holden, M.A. (2015). Is long-term physical 

activity safe for older adults with knee pain? A systematic review. Osteoarthritis and 

Cartilage, pii (15)01159-0, S1063-4584. 

Ramic, E., Pranjic, N., Batic Mujanovic, O., Karic, E., Alibasic, E., & Alic, A. (2011). The 

effect of loneliness on malnutrition in elderly population. Medicinski archive, 65(2), 92-

95. 

Reddy, K.S. (2013). Coronary Heart Disease: prevention. Encyclopedia of Human Nutrition 

(3rd ed.). Waltham: Academic Press. 

Rees, K., Dyakova, M., Ward, K. Thorogood, M., & Brunner, E. (2013). Dietary advice for 

reducing cardiovascular risk. Cochrane Database of Systematic Review, 28(3). 

Remigio-Baker, R.A., LaCroix, A., Carlson, J.A., Kerr, J., & Allison, M.A. (2015). Walking 

may be a viable alternative to recreational physical activity for promoting physical and 

mental wellbeing among the elderly. Circulation,131, (P128). 



 

303 

Renehan, E., Doe, B., Lin, X., Blackberry, I., Haapla, I., Gaffy, E., & Hendy S., (2012). 

Healthy ageing literature review. Government of Victoria, Melbourne: Author. 

Resnicow, K., Davis, R.E., Zhang, G., Konkel, J., Strecher, V.J., Shaikh, A.R., … Wiese, C. 

(2008). Tailoring a fruit and vegetable intervention on novel motivational constructs: 

results of a randomized study. Annals of Behavioural Medicine, 35(2), 159-169. 

Resnicow, K., & McMaster, F. (2012). Motivational interviewing: moving from why to how 

with autonomy support. International Journal of Behavioural Nutrition and Physical 

Activity, 9(19). 

Riebe, D., Blissmer, B.J., Greaney, M.L., Garber, C.E., Lees F.D., & Clark P.G. (2009). The 

relationship between obesity, physical activity, and physical function in older adults. 

Journal of Aging and Health, 21(8), 1159-1178. 

Rogers, C.J., Colbert, L.H., Greiner, J.W., Perkins, S.N., & Hursting, S.D. (2008). Physical 

activity and cancer prevention: pathways and targets for intervention. Sports Medicine, 

38(4), 271-296. 

Rosenberg, D. E., Depp, C., Vahia, I., Reichstadt, J., Palmer, B., Kerr, J., . . . Jeste, D. V. 

(2010). Exergames for subsyndromal depression in older adults: a pilot study of a novel 

intervention. American Journal of Geriatric Psychiatry, 18(3), 221-226.  

Rosenberg, D.E., Kerr, J., Sallis, J.F., Norman G.J., Clafas, K., & Patrick, K. (2012). 

Promoting walking among older adults living in retirement communities. Journal of 

Aging and Physical Activity, 20(3), 379-394. 

Rosenberg, M., Mills, C., McCormack, G., Martin, K., Grove, B., Pratt, S., Braham, R. 

(2010). Physical activity levels of Western Australian adults 2009: findings from the 

Physical Activity Taskforce Adult Physical Activity Survey. Perth, Western Australia: 

Author. 

Russell, J., Flood V., Rochtchina, E., Gopinath, B., Allman-Farinelli, M., Bauman, A., & 

Mitchell, P. (2013). Adherence to dietary guideline and 15-year risk of all-cause 

mortality. British Journal of Nutrition, 109(3), 547-555. 

Ryan, R.M., & Deci, E.L. (2000). Self-Determination Theory and the facilitation of intrinsic 

motivation, social development, and well-being. American Psychologist, 55, 68-78. 



 

304 

Sales, M.P.R., Polman, R., Hill, K.D., Karaharju-Huisman, T., & Levinger, P. (2015). A 

novel dynamic exercise initiative for older people to improve health and wellbeing: 

study protocol for a randomised controlled trial. BMC Geriatrics, 15, 68. 

Sallis, J.F., Spoon, C., Cavill, N., Engelberg, J.K., Gebel, K., Parker, M., … Ding Ding, D. 

(2015). Co-benefits of designing communities for active living: an exploration of 

literature. International Journal of Behavioural Nutrition and Physical Activity, 12(30), 

1-10. 

Salzman, B. (2010). Gait and balance disorders in older adults. American Family Physician, 

82(1), 61-68. 

Sanchez, N.F., Stierman, B., Saab, S., Mahajan, D., Yeung, H., & Francois, F. (2012). 

Physical activity reduces risk for colon polyps in a multiethnic colorectal cancer 

screening population. BMC Research Notes, 20(5), 312. 

Seco, J., Abecia, L.C., Echevarria, E., Barbero, I., Torres-Unda, J., Rodriguez, V., & Calvo, 

J.I. (2013). A long-term physical activity training program increases strength and 

flexibility, and improves balance in older adults. Rehabilitation Nursing, 38(1), 37-47. 

Shatenstein, B., Gauvin, L., Keller, H., Richard, L., Gaudreau, P., Giroux, F., . . . Payette, H. 

(2012). Baseline determinants of global diet quality in older men and women from the 

Nuage cohort. The Journal of Nutrition, Health & Aging, 17, 419-425.  

Shaw, B. A., & Spokane, L. S. (2008). Examining the association between education level 

and physical activity changes during early old age. Journal of Aging & Health, 20(7), 

767-787. 

Shim, J.-S., Oh, K., & Kim, H. (2014). Dietary assessment methods in epidemiologic 

studies. Epidemiology and Health, 36(e2014009). 

Silsbury, Z., Goldsmith, R., & Rushton, A. (2015). Systematic review of the measurement 

properties of self-report physical activity questionnaires in healthy adult populations. 

BMJ Open, 5(e008430).  

Silva, N.L., Oliveira, R.B., Fleck, S.J., Leon A.C., & Farinatti, P. (2014). Influence of 

strength training variables on strength gains in adults over 55 years-old: a meta-analysis 

of dose-response relationships. Journal of Science and Medicine, 17(3), 337-344. 



 

305 

Sjöblom, S., Suuronen, J., Rikkonen, T., Honkanen, R., Kroger, H., & Sirola, J. (2013). 

Relationship between post-menopausal osteoporosis and the components of clinical 

sarcopenia. Maturitas, 75(2), 175-180. 

Smietniansky, M., Boietti, B. R., Cal, M. A., Riggi, M. E., Fuccile, G. P., Camera, L. A., & 

Waisman, G. D. (2015). Impact of Physical Activity on Frailty Status and How to Start 

a Semiological Approach to Muscular System. AIMS Medical Science, 3(1), 52-60. 

Smith, R., Black, K., Bryce, A., Dyson, C., Gilsenan, B., & Gough J. (2000). Well for life: 

Improving the nutrition and physical activity for residents of aged care facilities, 

summary report. Melbourne, Victoria: Author. 

Smith-Raya, R.L., Fitzgibbon, M.L., Tussing-Humphreys, L., Schiffer, L., Shah, A., Huber, 

G.M., … Hughes, S.L. (2014). Fit and Strong! Plus: Design of a comparative 

effectiveness evaluation of a weight management program for older adults with 

osteoarthritis. Contemporary Clinical Trials, 37(2), 178-188. 

Sofi, F., Abbate, R., Gensini, G.F., & Casini, A. (2010). Accruing evidence on benefits of 

adherence to the Mediterranean diet on health: an updated systematic review and meta-

analysis. American Journal of Nutrition, 92, 1189-1196. 

Sparling, P., Howard, B., Dunstan, D., & Owen, N. (2015). Recommendations for physical 

activity in older adults. BMJ Online, (350:h100). 

Spence, M., Livingstone, M.B.E., Hollywood, L.E., Gibney, E.R., O’Brien, S.A., 

Pourshahidi, L.K., & Dean, M. (2013). A qualitative study of psychological, social and 

behavioural barriers to appropriate food portion size control. International Journal of 

Behavioural Nutrition and Physical Activity, 10(92), 1-10. 

Squires, B., & Crisp, D. (2015). An investigation of the IRT retirement community 

landscape: a pilot study. Paper presented at the Australian Association of Gerontology 

(NSW) & Aged and Community Services (NSW & ACT) Regional Conference.  

Stegeman, I., Otte-Trojel, T., Costongs, C., & Considine J.  (2012). Healthy and Active 

Ageing Report. Retrieved from EuroHealthNet: Federal Centre for Health Education. 

Brussels: Author. 

Stenholm, S., Harris, T.B., Rantanen, T., Visser, M., Kritchevsky, S.B., & Ferrucci, L. 

(2008). Sarcopenia obesity: definition, cause and consequences. Current Opinion in 

Clinical Nutrition and Metabolic Care, 11(6), 693-700. 



 

306 

Stewart, A., Marfell-Jones, M. J., Olds, T. S., & de Ridder, H. (2011). International 

standards for anthropometric assessment. Adelaide: International Society for the 

Advancement of Kinanthropometry. 

Stigglebout, M., Hopman-Rock, M., Tak, E., Lechner, L., & van Mechelen, W. (2005). 

Dropout from exercise programs for seniors: a prospective cohort study. Journal of 

Aging and Physical Activity, 13, 409-421. 

Straight, C.R., Dorfman, L.R., Cottell, K.E., Krol, J.M., Lofgren, I.M., & Delmonico, M.J. 

(2012). Effects of resistance training and dietary changes on physical function and body 

composition in overweight and obese older adults. Journal of Physical Activity and 

Health, 9(6), 875-83. 

Strand, K. A. (2012). Promoting older adult wellness through an intergenerational physical 

activity exergaming program. (Masters of Science), Iowa State University, Ames, Iowa.   

Sturm, R., Ringel, J.S., & Andreyeva, T. (2004) Increasing obesity rates and disability 

trends. Health Affairs, 23(2), 199-205. 

Sugiyama, T., & Ward-Thompson, C. (2008). Associations between characteristics of 

neighbourhood open space and older people’s walking. Urban Forestry and Urban 

Greening, 7(1), 41-51. 

Swanson, H. (2009). Retirement Living Australia: Healthcare and Retirement Living. 

Colliers International Market Indicators report. [Internet]. 2009 [cited 2011 Dec 9]. 

Tarantino, U., Baldi, J., Celi, M., Rao, C., Liuni, F.M., Iundusi, R., & Gasbarra, E. (2013). 

Osteoporosis and sarcopenia: the connections. Aging Clinical Experimental Research, 

25(Suppl 1: S93-5). 

Taylor, D. (2014). Physical activity is medicine for older adults. Postgraduate Medical 

Journal, 90, 26-32.  

Teixeira, P.J., Carraca, E.V., Marques, M.M., Rutter, H., Oppert, J-M., De Bourdeaudhuji, I., 

Lakerveld, J., & Brug, J. (2015). Successful behavior change in obesity interventions in 

adults: a systematic review of self-regulation mediators. BMC Medicine, 13, 84. 



 

307 

Teixeira, P.J., Palmeira, A.L., & Vansteenkiste, M. (2012). The role of Self-Determination 

Theory and motivational interviewing in behavioural nutrition, physical activity, and 

health: an introduction to the IJBNPA special series. International Journal of 

Behavioural Nutrition and Physical Activity, 9(17).  

Teixeira, P. J., Silva, M. N., Mata, J., Palmeira, A. L., & Markland, D. (2012). Motivation, 

self-determination, and long-term weight control. International Journal of Behavioral 

Nutrition and Physical Activity, 9(22). doi:10.1186/1479-5868-9-22. 

Thomson, C.A., & Ravia, J. (2011). A systematic review of behavioural interventions to 

promote intake of fruit and vegetables. Journal of American Dietetics Association, 

111(10), 1523-1535. 

Tiedemann, A., Hassett, L., & Sherrington, C. (2015). A novel approach to the issue of 

physical inactivity in older age. Preventative Medicine Reports, 2, 595-597.  

Towart, L. (2013). Who lives in retirement villages? Are they wealthy enclaves, ghettos or 

connected communiites? Paper presented at the State of Australian Cities Conference 

2013: Refereed Proceedings. 

Tran, D.V., Lee, A.H., Au, T.B., Nguyen, C.T., & Hoang, D.V. (2013). Reliability and 

validity of the International Physical Activity Questionnaire – Short Form for older 

adults in Vietnam. Health Promotion Journal of Australia, 24(2), 126-131. 

Valencia, W. M., Stoutenberg, M., & Florez, H. (2014). Weight loss and physical activity for 

disease prevention in obese older adults: an important role for lifestyle management. 

Current Diabetes Report, 14(10), 539. 

Van Holle, V., Van Cauwenburg, J., Deforche, B., Van de Weghe, N., De Bourdeaudhuji, I., 

& Van Dyck, D. (2015). Do psychosocial factors moderate the association between 

objective neighbourhood walkability and older adults’ physical activity? Health Place, 

34, 118-125. 

van Keulen, H, M., Mesters, I., Ausems, M., van Breukelen, G., Campbell, M., Resnicow, K., 

Brug, J., & de Vries H. (2011). Tailored print communication and telephone motivational 

interviewing are equally successful in improving multiple lifestyle behaviors in a 

randomized controlled trial. Annals of Behavioral Medicine, 41(1), 104-118. 

Van Norman, K. (2012). Resistance band exercises improves older adults’ body strength. 

Illinois, USA: Human Kinetics. 



 

308 

van Stralen, M.M., de Vries, H., Mudde, A.N., Bolman, C., & Lechner, L. (2009). Efficacy 

of two tailored interventions promoting physical activity in older adults. American 

Journal of Preventive Medicine, 37, 405-417. 

van Stralen, M.M., de Vries, H., Bolman, C., Mudde, A.N., & Lechner, L. (2010). Exploring 

the efficacy and moderators of two computer-tailored physical activity interventions for 

older adults: a randomized controlled trial. Annals of Behavioural Medicine, 39, 139-

150 

van Stralen, M.M., de Vries, H., Mudde, A.N., Bolman, C., & Lechner, L. (2011). The long-

term efficacy of two computer-tailored physical activity interventions for older adults: 

main effects and mediators. Health Psychology, 30(4), 442-452. 

Villareal, D.T., Apovian C.M., Kushner, R.F., & Klein, S. (2005). Obesity in older adults: 

technical review and position statement of the American Society for Nutrition and 

NASSO, The Obesity Society. American Journal of Clinical Nutrition, 82(5), 923-934. 

Vincent, H.K., Raiser, S.N., & Vincent, K.R.(Hughes et al., 2011) (2012). The aging 

musculoskeletal system and obesity-related considerations with exercise. Ageing 

Research Review, 11(3), 361-373. 

Visser, M. (2011). Obesity, sarcopenia and their functional consequences in old age. Paper 

presented at the Conference on ‘Nutrition and health: cell to community’. Edinburgh, 

United Kingdom.  

Wang, Z., & Lee, C. (2010). Site and neighborhood environments for walking among older 

adults. Health & Place, 16, 1268-1279. 

Warburton, D. E., Charlesworth, S., Ivey, A., Nettlefold, L., & Bredin, S. S. (2010). A 

systematic review of the evidence for Canada’s Physical Activity Guidelines for Adults. 

International Journal of Behavioral Nutrition and Physical Activity, 7(39), 1-4. 

Warburton, D. E. R., Nicol, C. W., & Bredin, S. D. D. (2006). Health benefits of physical 

activity: the evidence. Canadian Medical Association Journal, 174(6), 801-809 

Ward, J., Harden, M., Gibson, R., & Byles, J. (2009). Prevention of falls in residential aged 

care. Sydney, NSW: Author. 

Waters, D.L., Ward, A.L., & Villareal, D.T. (2013). Weight loss in obese adults 65 years and 

older: a review of the controversy. Experimental Gerontology, 48(10), 1054-1061. 



 

309 

Welborn, T., Dhaliwal, S., & Bennett, S. (2003). Waist-hip ratio is the dominant risk factor 

predicting cardiovascular death in Australia. Medical Journal of Australia, 179(11-12), 

580-585. 

Wells, Y. (2013). Review of meal services under the Home and Community Care (HACC) 

program: Final report-implications for meal services in the Commonwealth Home 

Support. 

Wert, D. M., Talkowski, J. B., Brach, J., & VanSwearingen, J. (2010). Characteristics of 

walking, activity, fear of falling, and falls in community-dwelling older adults by 

residence. Journal of Geriatric Physical Therapy, 33.  

Western Australian Government. (2007). Premier’s Physical Activity Taskforce: strategic 

plan 2007-2011. Perth: Author. 

Whiteford, J., Kerr, D., Dhaliwal, S., Ackland, T., James, T., Woodhouse, J., & Prince, R. 

(2012). Agreement between physical activity measurement tools in the assessment of 

older men in a resistance exercise intervention study. Paper presented at the 8th 

International Conference on Diet and Activity Methods, Rome. La Trobe University, 

Melbourne: Author. 

Wichi, R.B., De Angelis, K., Jones, L., & Irigoven, M.C. (2009). A brief review of chronic 

exercise intervention to prevent autonomic nervous system changes during the aging 

process. Clinics, 64(3), 253-258. 

Wiley-Blackwell. (2009). Progressive resistance strength training helps older people in daily 

life. Science Daily. 

Williams, S.B., Brand, C.A., Hill, K.D., Hunt, S.B., & Moran, H. (2010). Feasibility and 

outcomes of a home-based exercise program on improving balance and gait stability in 

women with lower-limb osteoarthritis or rheumatoid arthritis: a pilot study. Archives of 

Physical Medicine and Rehabilitation, 91, 106-114. 

Wilson, P.M., Mack, D., & Grattan, K. (2008). Understanding motivation for exercise: a Self-

Determination Theory perspective. Canadian Journal of Psychology, 49(3), 250-256. 

Wing, R.R., Lang, W., Wadden, T.A., Safford, M., Knowler, W.C., Bertoni, A.G., … The 

Look Ahead Research Group. (2011). Benefits of modest weight loss in improving 

cardiovascular risk factors in overweight and obese individuals with Type 2 Diabetes. 

Diabetes Care, 34, 1481-1486. 



 

310 

Withrow, D., & Alter, D.A. (2011). The economic burden of obesity worldwide: a 

systematic review of the direct costs of obesity. Obesity Review, 12(2), 131-141. 

World Health Organization. (2010). Global recommendations on physical activity for health. 

WHO, Geneva, Switzerland: Author. 

World Heart Federation. (2012). Physical inactivity and cardiovascular disease. Geneva, 

Switzerland: Author. 

Wright, L., Cotter, D., Hickson, M., & Frost, G. (2005). Comparison of energy and protein 

intakes  of older people consuming a texture modified diet with a normal hospital 

diet. Journal of Human Nutrition and Dietetics, 18(3), 213-219. 

Wright, J., & Scott, J. (2000). The fat and fibre barometer, a short food behaviour 

questionnaire: reliability, relative validity and utility. Australian Journal of Nutrition 

and Dietetics, 57(1), 33-39. 

Wrigley, N., Warm, D., & Margetts, B. (2003). Deprivation, diet, and food-retail access: 

findings from the Leeds ‘food deserts’ study. Environment & Planning A, 35, 151-188. 

Yancy, W.S., Mayer, S.B., Coffman, C.J., Smith V.A., Kolotkin, R.L., Geiselman, P.J., 

McVay, M.A., Oddone, E.Z., & Voils, C.I. (2015). Effect of allowing choice of diet on 

weight loss: a randomized trial. Annals of Internal Medicine, 162(12), 805-814.  

Yaskin, J., Toner, R.W., & Goldfarb, N. (2009). Obesity management interventions: a 

review of the evidence. Population Health Management, 12(6), 305-316. 

Zhu, K., Devine, A., Suleska, A., Tan, C. Y., Toh, C. Z. J., Kerr, D., & Prince, R. L. (2010). 

Adequacy and change in nutrient and food intakes with aging in a seven-year cohort 

study in elderly women. Journal of Nutrition, Health and Aging, 14(9), 723-729. 

Zhuang, J., Huang, L., Wu, Y., & Zhang, Y. (2014). The effectiveness of a combined 

exercise intervention on physical fitness factors related to falls in community-dwelling 

older adults. Clinical Interventions in Aging, 9, 131-140.  

Every reasonable effort has been made to acknowledge the owners of the copyright material. 

I would be pleased to hear from any copyright owner who has been omitted or incorrectly 

acknowledged. 


