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Abstract 
Background 

Metabolic syndrome (MetS) significantly increases the risk of developing type 2 

diabetes mellitus (T2DM) and cardiovascular disease (CVD) due to the combined 

presence of dyslipidaemia, hyperglycaemia, and hypertension. Older adults in rural 

areas have a higher risk of MetS and associated chronic disease due to the increased 

prevalence of poor diet, physical inactivity, sedentary behaviour, and 

overweight/obesity; yet interventions targeting these groups are lacking. Considering 

the poorer health outcomes and lack of access to health services in these areas, greater 

emphasis should be placed on development, implementation and evaluation of 

interventions targeting older rural Australian adults exhibiting chronic disease risk 

factors.  

Combined diet and physical activity interventions are considered to be the most 

effective for preventing and reversing MetS, individual parameters, and related chronic 

diseases; yet maintenance of diet and physical activity behaviour change is often 

difficult to achieve. This study aimed to determine the most effective behaviour change 

techniques and delivery modes for rural Australian adults with or at risk of MetS, and 

the effect on important health outcomes. The study also aimed to determine the most 

effective recruitment and retention strategies for the high risk target group.  

Methods 

This study was a 6-month randomised controlled trial (RCT) of a home-based physical 

activity and dietary behaviour change intervention for adults aged 50 to 69 years with or 

at risk of MetS, residing in rural Western Australia. Recruitment occurred in three 

stages and the procedure was staggered over a 14-month period from October 2013 to 

December 2014. Screening stage one involved 12,723 telephone calls to households in 

the region, which resulted in 1,134 participants attending a local clinic for screening 

stage two. A total of 486 participants were eligible for screening stage three, and 

randomisation occurred after MetS status was confirmed. A total of 401 participants 

were eligible for the study and randomised to intervention (n=201) or waitlisted control 

(n=200) group. The intervention group participants received printed and online 

materials designed to educate and motivate dietary and physical activity improvements 

using effective behaviour change techniques, based on the principles of Self-

Determination Theory. Goal setting, self-monitoring, feedback and shaping knowledge 
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were incorporated into the home-based program, empowering participants to self-

manage their health behaviours within their own environment. Motivational 

interviewing was implemented by trained research assistants via telephone over the six 

month intervention period.  

Data were collected at baseline and six months post-test. Primary outcome measures 

consisted of self-reported dietary and physical activity behaviours using the Fat and 

Fibre Barometer and the International Physical Activity Questionnaire (Short Form). 

Secondary outcome measures comprised anthropometry (body mass index [BMI]; waist 

circumference), blood pressure, lipid profile (total-, HDL-, LDL-, non-HDL cholesterol; 

triglycerides), and fasting plasma glucose. MetS status was determined using the 

International Diabetes Federation criteria, and CVD risk was calculated using the 

Australian Absolute Cardiovascular Disease Risk Calculator. Process evaluation was 

also conducted to identify the appropriateness of the intervention to the target group, 

and assesses the appropriateness and effectiveness of the research procedure. Evaluation 

of program materials was conducted halfway through the intervention, and exit 

interviews were conducted post-intervention. 

Results 

At post-test, 151 (75.1%) intervention and 161 (80.5%) control group participants 

attended the clinic for data collection and were included in the anthropometric analysis; 

151 intervention and 159 (79.5%) control group participants were included in the self-

report analysis, and 130 (64.7%) intervention and 144 (72.0%) control group 

participants were included in the blood sample analysis after participants with 

incomplete data were removed from the sample. Upon completion of the study, the 

intervention group marginally increased their metabolic equivalent (MET) minutes of 

moderate intensity physical activity per week (p=0.049), and significantly improved 

fibre intake (p<0.001), fat intake (p=0.003), and vegetable serves per day (p=0.002) 

from baseline to post-test relative to the control group, after controlling for confounders. 

Significant improvements in triglyceride concentration (-0.10 mM, p=0.002), total 

cholesterol concentration (-0.09 mM, p=0.02), non-HDL cholesterol concentration (-

0.08 mM, p=0.02), waist circumference (-2.11 cm, p=0.03), waist-to-hip ratio (-0.01, 

p=0.04), weight (-0.70 kg, p=0.01), and body mass index (-0.20 kg/m2, p<0.001) were 

observed. Additionally, 15 less participants were classified with MetS and 8 less were 

classified as at risk of MetS at post-test, and a significant reduction in cardiovascular 
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risk score (-0.82, p<0.001) relative to the control group was observed for the 

intervention group relative to the control group.  

After randomisation, 18% of participants withdrew from the intervention. The average 

number of motivational interview calls completed by participants who finished the six 

month intervention was three, with approximately one third (32%) completing between 

four to six calls. Most participants reported increased motivation for physical activity 

and dietary improvements due to the program resources, which they reported to be 

useful, attractive, and suitable to people their age. Suggestions to improve the program 

included face-to-face delivery mode, more regular feedback, and more incentives to 

complete the program. 

Conclusion  

The present study contributes to the knowledge for dietary and physical activity 

behaviour change interventions in rural Australia targeting adults at an increased risk of 

developing chronic disease. Identifying individuals both with and at risk of MetS 

allowed for primary and secondary prevention measures to be implemented and 

rigorously evaluated via a RCT. The findings indicate that it is worthwhile intervening 

at both levels to prevent/delay the onset of T2DM and CVD, and allows for a greater 

number of high risk individuals to be identified. The significant improvements in 

dietary and physical activity behaviour for the intervention group suggest that the 

combination of strategies and delivery modes is effective for changing many behaviours 

and health outcomes for the high risk group. The importance of health promotion, 

particularly primary prevention, to encourage and empower individuals to adopt and 

maintain healthy behaviours before the development of chronic disease should not be 

ignored. The difficulty of reversing T2DM and CVD in older age further highlights the 

need for greater primary prevention efforts, particularly in high risk groups and settings.  
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Exegesis 

1.0 Introduction  
Metabolic syndrome (MetS) is a cluster of factors that significantly increase the risk of 

type 2 diabetes mellitus (T2DM), cardiovascular disease (CVD), and all-cause mortality 

(Kaur, 2014). The prevalence of MetS and associated chronic diseases are increasing 

globally (Chen, Magliano, & Zimmet, 2012; Kassi, Pervanidou, Kaltsas, & Chrousos, 

2011; Murray & Lopez, 2013), due to the growing prevalence of overweight and 

obesity, physical inactivity, sedentary behaviour, and poor diet (Korczak, Dietl, & 

Steinhauser, 2011). These major risk factors are more prevalent in disadvantaged older 

adults who reside in rural areas of Australia (Australian Institute of Health and Welfare, 

2014); a high risk population group who has less access to health services and higher 

morbidity and mortality rates than their metropolitan counterparts (Australian Bureau of 

Statistics, 2015).  

Management of T2DM and CVD becomes difficult once developed, which highlights 

the need for early warning/screening systems to protect those at high risk (Sherwin & 

Jastreboff, 2012). Due to the amenable nature of many chronic diseases to lifestyle 

changes, both identification of high-risk populations and timely intervention are 

important preventive measures (Australian Institute of Health and Welfare, 2014). 

Identifying overweight/obese individuals with and at risk of MetS and implementing 

interventions is therefore a public health priority (Barazzoni, Silva, & Singer, 2013). 

Lifestyle interventions are generally more effective than pharmacological therapies at 

reversing MetS (Dunkley et al., 2012), and all of the clinical markers of MetS can be 

improved by interventions that promote the adoption of a healthy diet and increased 

levels of physical activity (Bassi et al., 2014); therefore weight loss via diet and 

physical activity modification is typically the focus of interventions (Mecca et al., 

2012).  

While it is generally acknowledged that diet and physical activity modifications are the 

most effective prevention and treatment of MetS, modifications are not always 

successfully administered (Kaur, 2014) due to interventions lacking effective behaviour 

change techniques. Interventions should therefore be designed to incorporate strategies 

to empower and motivate individuals, to ensure any changes are maintained beyond the 

duration of the intervention (Dunkley et al., 2012). Effective behaviour change 
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techniques for diet and physical activity improvements include goal setting, self-

monitoring, follow-up and support, counselling, and regular feedback (Greaves et al., 

2011). A number of studies have evaluated the effectiveness of such interventions for 

adults with and at risk of MetS and related chronic disease (Higgins & Green, 2011; 

Lin, Chiang, Tzeng, & Chiang, 2014), with findings indicating a need for further 

investigation into optimal delivery modes and intervention components for these high 

risk adults residing in rural areas.  

Only a small number of diet and physical activity behaviour change studies have been 

conducted in rural areas for adults with or at risk of MetS and associated chronic 

diseases (Oh et al., 2008; Perri et al., 2008; Pullen, Hageman, Boeckner, Walker, & 

Oberdorfer, 2008; Stuckey et al., 2011; Vadheim et al., 2010; Weinstock, Trief, Cibula, 

Morin, & Delahanty, 2013). The findings suggest that further research in an Australian 

context is required, to determine the optimum delivery modes and strategies. Improving 

health outcomes via prevention and management of noncommunicable disease is a 

priority public health issue, which is increasingly challenging due to the ageing 

population and adoption of lifestyle behaviours that increase the risk of chronic disease 

(Australian Institute of Health and Welfare, 2014). Currently, there is a gap in 

knowledge of physical activity and dietary behaviour change interventions in a rural 

Australian setting targeting MetS and chronic disease risk in older adults. The Albany 

Physical Activity and Nutrition (APAN) intervention aimed to increase levels of 

physical activity, reduce sedentary behaviour and improve diet via innovative behaviour 

change techniques (Michie et al., 2015), in an effort to contribute to the prevention of 

chronic diseases associated with MetS and overweight/obesity in rural areas.  

1.1 Research aims and objectives 
The aim of this study was to develop, implement, and evaluate a home-based physical 

activity and dietary behaviour change intervention for adults aged 50 to 69 years with or 

at risk of MetS, residing in rural Western Australia (WA). To achieve this aim, the 

objectives were to:  

1. Design and implement a randomised controlled trial (RCT) of a home-based 

intervention to improve the physical activity and dietary behaviours of adults aged 

50-69 years with or at risk of MetS, residing in a rural community (Publication 1, 

Appendix A);  
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2. Determine the effectiveness of strategies to recruit and retain the target group in a 

physical activity and dietary behaviour change intervention (Publication 4, 

Appendix A);  

3. Assess the acceptability and appropriateness of the intervention strategies and 

resources for the target group (Publication 4, Appendix A); 

4. Assess at post-test the change in physical activity and dietary behaviours of 

intervention participants relative to the control group (Publication 2, Appendix A); 

5. Assess at post-test the change in body composition, MetS parameters, and 

cardiovascular risk factors for the intervention group relative to the control group 

(Publication 3, Appendix A); and 

6. Assess the change in MetS status and CVD risk scores post-intervention relative to 

the control group. 

It was hypothesised that by the end of the study, the intervention group compared to the 

control group would show significant improvements in the following primary and 

secondary outcome measures: 

Primary outcome measures 

1. Self-reported physical activity behaviours: 

• Minutes of moderate and vigorous intensity physical activity per week; 

• Sitting time per week; 

• Minutes of strength exercises per week; and 

• Minutes of walking per week. 

2. Self-reported dietary behaviours: 

• Fat and fibre intake; 

• Fat avoidance; and 

• Daily serves of fruit and vegetables. 

Secondary outcome measures 

3. Anthropometry: 

• Body Mass Index (BMI) (weight/height); and 

• Waist circumference.  
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4. MetS parameters: 

• Fasting glucose concentrations; 

• Lipid profile (cholesterol and triglyceride); 

• Blood pressure; and 

• Waist circumference. 

5. MetS status; and  

6. CVD risk score. 

1.2 Significance of the research 
Building upon previous research, this study is the first trial of a home-based dietary and 

physical activity behaviour change intervention targeting older adults both with and at 

risk of MetS in a rural Australian setting. The significance of this research includes the 

following:    

1. To address the obesity epidemic as a major cause of MetS and related chronic 

diseases, it is crucial to implement healthy lifestyle interventions with those at high 

risk of chronic disease, including middle aged and older adults in rural areas. 

Intervention activities actively promoted improvements in levels of physical 

activity, strength exercises, fruit and vegetable intake, and reductions in sitting time, 

fat intake, and sugar consumption. By doing this it aimed to contribute to the 

prevention of inter-related chronic diseases associated with overweight/obesity and 

MetS.  

2. The home-based intervention incorporated effective behaviour change techniques, 

based on theories to motivate the individual rather than prescribing intervention 

components via coercion. Resources and strategies were designed for use in 

participants’ homes to enhance autonomy and self-efficacy, and to maintain 

independent living. Rigorous process evaluation was conducted to enable 

recommendations for future interventions. Implementing the intervention in a rural 

community with no other health programs occurring for the target group provided 

the opportunity to expand the knowledge base for this type of intervention with 

minimal contamination.  

3. Identifying individuals both with and at risk of MetS allowed for primary and 

secondary prevention measures to be implemented and rigorously evaluated via a 

RCT. The findings indicate that it is worthwhile intervening at both levels to 
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prevent/delay the onset of chronic disease, and allows for a greater number of high 

risk individuals to be identified.  

4. This trial, targeting individuals with and at risk of MetS in a rural community, is 

timely and placed firmly within the national research priority area of “Promoting 

and Maintaining Good Health” to achieve the “Preventive Healthcare” goal. The 

study evaluated a practical home-based program which has led to successful 

Healthway funding for a translational project to be implemented within a rural 

primary care setting in 2016-2018. This has the potential for expansion into other 

rural areas in WA, and throughout Australia.  
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2.0 Literature review 
2.1 Introduction 
MetS is considered a major public health issue due to the associated risk of developing 

T2DM and CVD (Kassi et al., 2011), which contribute significantly to the burden of 

disease worldwide (Chen et al., 2012; Murray & Lopez, 2013). Global prevalence of 

MetS continues to increase due to the apparent rise in consumption of energy-dense, 

nutrient poor foods, adoption of sedentary lifestyles, and laying down of excess body fat 

(Kaur, 2014), particularly in disadvantaged groups and rural/remote older Australians 

(Australian Institute of Health and Welfare, 2014). The upward worldwide trend in 

MetS prevalence has resulted in the development of public health efforts to both treat 

and prevent the syndrome. It is generally accepted that addressing MetS as one entity 

through lifestyle interventions is more effective than pharmacological treatments that 

focus on individual parameters (Kaur, 2014). Given the increased prevalence of the 

major MetS risk factors (poor diet, physical inactivity, sedentary behaviour and 

overweight/obesity) and the associated impact on the burden of disease among older 

rural Australian adults (Australian Bureau of Statistics, 2015), determining the most 

effective prevention strategies for these vulnerable group is imperative.         

2.2 Metabolic syndrome overview 
2.2.1 Background 

MetS has been around as a concept since the 1920s, when a link was established 

between hypertension, hyperglycaemia, and gout (Kylin, 1923). Decades later, the 

association between visceral fat and factors common to T2DM and CVD was described 

(Vague, 1947). In 1988 the term “Syndrome X” was developed as the name for a cluster 

of risk factors for T2DM and CVD (Reaven, 1988), which later became known as 

“metabolic syndrome” (Grundy, Brewer, Cleeman, Smith, & Lenfant, 2004). A number 

of criteria have been developed to define MetS (Kaur, 2014), with dyslipidaemia, 

hyperglycaemia, and hypertension being the most widely recognised metabolic risk 

factors (Grundy et al., 2005), which are present more commonly in overweight/obese 

individuals (Grundy, 2016).  
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2.2.2 Definition 

MetS can be generally defined as “a constellation of interconnected physiological, 

biochemical, clinical, and metabolic factors that directly increases the risk of CVD, 

T2DM, and all-cause mortality” (Kaur, 2014). The National Cholesterol Education 

Program Adult Treatment Panel III (ATPIII) and the International Diabetes Federation 

(IDF) (2005) criteria are the most commonly used worldwide definitions for MetS 

(Kaur, 2014). The ATPIII definition requires any three of the following parameters for 

diagnosis: increased waist circumference (≥102 cm men or ≥88cm women); raised 

triglyceride concentration (≥1.7 mM); reduced high density lipoprotein (HDL) 

cholesterol concentration (˂1.03 mM men or ˂1.29 mM women); raised blood pressure 

(≥130/≥85 mmHg); and raised fasting plasma glucose concentration (≥6.1 mM) (Han & 

Lean, 2006).  

The IDF definition incorporates abdominal obesity as a prerequisite for MetS diagnosis 

(Kassi et al., 2011), which is a focus when aiming to prevent T2DM and CVD (Han & 

Lean, 2006). The minimum requirement is central obesity as measured by ethnicity 

specific waist circumference cut-off values (≥94 cm men or ≥80 cm women [Europids, 

Sub-Saharan Africans, Eastern Mediterranean, Middle East]; ≥90cm men or ≥80cm 

women [South Asians, Chinese, Japanese]); plus any two of: raised triglyceride 

concentration (≥1.7 mM, or treatment for this); reduced HDL-cholesterol concentration 

(<1.03 mM in males and <1.29 mM in females, or treatment for this); raised blood 

pressure (systolic ≥130 mmHg or diastolic ≥85 mmHg, or treatment of previously 

diagnosed hypertension); raised fasting plasma glucose concentration (≥5.6 mM) 

(Zimmet et al., 2005).  

2.2.3 Epidemiology  

Worldwide prevalence of MetS is estimated at 25% of all adults 18+ years old 

(International Diabetes Federation, 2006). Prevalence varies across regions according to 

the definition used to define the syndrome. For example, in 2008 the prevalence in 

Greece was calculated at 24.5% of adults according to the ATPIII criteria, whereas it 

was 43.4% according to the IDF criteria (Grundy, 2008). The prevalence for Chinese 

adults aged 50 to 85 years was 15.7% using the ATPIII criteria compared to 25.8% 

using the IDF criteria (Grundy, 2008). The Australian prevalence was estimated at 

34.4% of males and 27.4% of females using the IDF criteria, and 24.4% of males and 
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19.9% of females using ATPIII in 2015 (O'Neill & O'Driscoll, 2015). Regardless of the 

definition used, an important observation is that prevalence increases as age and body 

weight increase (O'Neill & O'Driscoll, 2015).  

2.2.4 Pathophysiology  

MetS is constituted by an assemblage of metabolic factors that advance the 

development of inflammation and atherosclerosis (Grundy et al., 2004). These are 

abdominal obesity, insulin resistance, hypertension, and dyslipidaemia (O'Neill & 

O'Driscoll, 2015).      

Abdominal obesity 
Abdominal obesity, which is associated with greater metabolic risk than overall body 

weight, has been increasing steadily over time in many countries due to poor diet, 

physical inactivity and sedentary behaviour (Mozaffarian, 2016). It is defined as an 

excess accumulation of visceral fat, which is stored in the abdominal cavity around 

major organs, often leading to excess energy storage in the liver, skeletal muscles, and 

the heart (Despres & Lemieux, 2006). Abdominal obesity therefore increases the risk of 

metabolic factors that lead to T2DM and CVD (Grundy, 2012).  

Excess free fatty acids and other adipokines are released from excess adipose tissue, 

which can lead to a proinflammatory and prothrombotic state, as well as insulin 

resistance, which can lead to hyperglycaemia (Grundy, 2012). Excess free fatty acids 

can also support the development of elevated triglycerides, which can lower HDL 

cholesterol (Grundy, 2012). In summary, excess abdominal fat leads to overall systemic 

inflammation (Kaur, 2014), which increases the presence of the other MetS parameters 

(hypertension, insulin resistance, dyslipidaemia) (Despres & Lemieux, 2006). This 

highlights the importance of abdominal obesity as a central component of MetS 

diagnosis. The preferred measure of abdominal obesity is waist circumference 

(Welborn, Dhaliwal, & Bennett, 2003), which is considered a more effective biomarker 

of cardiovascular and metabolic risk than BMI (Barazzoni et al., 2013). A waist 

circumference ≥94 cm for men and ≥80 cm for women indicates increased risk of 

chronic disease (Zimmet et al., 2005).    
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Insulin resistance 
Insulin resistance is a “pathophysiological condition in which a normal insulin 

concentration does not adequately produce a normal insulin response in the peripheral 

target tissues” (Kaur, 2014). Free fatty acids, released as a result of excess abdominal 

fat, contribute to the development of insulin resistance (Prasad, Ryan, Celzo, & 

Stapleton, 2012). High plasma insulin concentration fails to bring plasma glucose 

concentration to a normal level (Han & Lean, 2006). Over time, this can lead to 

hyperglycaemia (Markku & Johanna, 2014) (fasting plasma glucose concentration 

≥5.6mM) (Zimmet et al., 2005), and increased low density lipoprotein (LDL) 

cholesterol concentration, triglyceride concentration, and blood pressure (Grundy et al., 

2004). Insulin resistance and hyperglycaemia are therefore strongly associated with 

other MetS parameters, particularly excess body weight (Grundy et al., 2004).   

Hypertension 
Hypertension, also known as high blood pressure, is defined by “the presence of a 

chronic elevation of systemic arterial pressure above a certain threshold value” which 

affects the function and structure of cardiac and vascular systems (Giles, Materson, 

Cohn, & Kostis, 2009). High blood pressure is strongly associated with CVD, renal 

disease, and mortality (Carretero & Oparil, 2000), and is often present in combination 

with other CVD risk factors such as overweight/obesity, advancing age, insulin 

resistance, and dyslipidaemia (Messerli, Williams, & Ritz). Hypertension is diagnosed 

by measuring systolic and diastolic blood pressure. Systolic pressure is generated by 

ventricular contraction, and diastolic pressure represents pressure in the arteries between 

heart beats (Messerli et al., 2007). Normal blood pressure is defined by systolic pressure 

lower than 130 mmHg and diastolic blood pressure lower than 85 mmHg; whereas 

hypertension is defined by systolic pressure of 140+ mmHg and diastolic pressure of 

90+ mmHg (Carretero & Oparil, 2000).     

Dyslipidaemia 
Dyslipidaemia is the term used to describe lipid abnormalities such as elevated fasting 

triglyceride and LDL cholesterol, and low HDL cholesterol concentrations (Kaur, 

2014). Reduced concentration of HDL cholesterol (˂1.03 mM men or ˂1.29 mM 

women) is particularly concerning due to the role in reverse cholesterol transport and 

protection against atherosclerosis (Blaha et al., 2008). Increased triglyceride 

concentration (≥1.7 mM) is associated with increased CVD risk (Bays et al., 2013). 



10 
 

Excess free fatty acids, due to excess abdominal fat and its associated insulin resistance, 

increase the production of very low lipoprotein (VLDL) cholesterol in the liver and 

decrease the clearance of LDL cholesterol in the liver (Prasad et al., 2012). 

Additionally, HDL cholesterol is correlated inversely with insulin resistance (Blaha et 

al., 2008) and elevated fasting triglyceride is associated with a low concentration of 

HDL cholesterol and high concentrations of LDL cholesterol (Ebbert & Jensen, 2013). 

There is sufficient evidence to suggest that higher concentration of HDL cholesterol is 

associated with reduced CVD risk (Ebbert & Jensen, 2013).  

2.2.5 Cost of metabolic syndrome 
As stated previously, the presence of MetS significantly increases the risk of developing 

T2DM and CVD (Blaha et al., 2008). Other systemic effects of MetS include chronic 

kidney disease, cirrhosis, non-alcoholic fatty liver disease, nondiabetic retinopathy, 

obstructive sleep apnoea, polycystic ovarian syndrome, and several cancers (Kaur, 

2014).  

Type 2 diabetes mellitus 
The presence of MetS is a highly effective predictor of new cases of diabetes (Grundy et 

al., 2004). Over the past three decades, the prevalence of diabetes has more than 

doubled globally, with T2DM accounting for 90% of cases (Chen et al., 2012). By 

2030, it is estimated that approximately 8% of the world’s adult population will have 

diabetes, which represents 439 million people (Chen et al., 2012). The Australian 

prevalence in 2013 was 10%, which is estimated to increase to 11.3% by 2030 

(Guariguata et al., 2014). The increasing trend is driven by the ageing population, as 

well as change in lifestyle leading to obesity and MetS (Guariguata et al., 2014).    

The systemic inflammatory markers associated with MetS are useful for predicting the 

development of T2DM (Esser, Legrand-Poels, Piette, Scheen, & Paquot, 2014). MetS is 

considered a pre-diabetic state due to a five-fold increase in the risk of developing 

T2DM (Grundy, 2012). Primary characteristics of T2DM include insulin resistance in 

the skeletal muscle, liver, and adipose tissue, which results from chronic 

hyperglycaemia (Esser et al., 2014). Microvascular complications arising from T2DM 

include retinopathy, neuropathy, and nephropathy (Stolar, 2010). Macrovascular 

complications include coronary heart disease, stroke, myocardial infarction, and 

cataracts (Stolar, 2010).   
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Cardiovascular disease 
CVD is the group of diseases which causes the highest number of deaths in Australia 

(Australian Institute of Health and Welfare, 2014). The leading cause of death in this 

group is ischaemic heart disease, which accounted for one in seven male deaths and one 

in eight female deaths in 2014 (Australian Bureau of Statistics, 2016). Individuals with 

MetS are characterised by increased platelet aggregation, which increases the risk of 

blood clotting (Blaha et al., 2008). The risk of ischaemic heart disease, myocardial 

infarction, and stroke is also increased significantly (Kaur, 2014). Individuals with 

MetS have three times the risk of CVD, and twice the associated mortality risk (Zimmet 

et al., 2005).  

It is recommended that individuals have their CVD risk calculated using a traditional 

scoring tool after MetS diagnosis (Blaha et al., 2008). The presence of MetS is a reliable 

indicator of long-term CVD risk due to the risk of atherothrombotic complications; 

whereas classic equations such as Framingham are more useful indicators of short-term 

risk due to the inclusion of demographics and smoking behaviour in the algorithm 

(Kaur, 2014). However, the latter does not account for the impact of excess body fat, 

particularly abdominal adiposity; therefore identifying and addressing individuals with 

MetS can assist with CVD prevention (Han & Lean, 2006).  

2.3 Metabolic syndrome risk factors  

Several risk factors are responsible for the majority of MetS cases and CVDs in 

developed countries, including Australia (Korczak et al., 2011). These include physical 

inactivity, sedentary behaviour, poor diet, and overweight/obesity (Korczak et al., 

2011). Understanding these risk factors can assist with determining prevention and 

management strategies to delay the progression to T2DM and CVD (Edwardson et al., 

2012).  

2.3.1 Physical activity   

Physical activity is defined as “any bodily movement produced by skeletal muscles that 

expends energy” which includes movement in a number of domains such as occupation, 

leisure, and transport (W. Brown, Bauman, Bull, & Burton, 2012). Individuals who are 

physically active have a reduced risk of premature death, cardiovascular-related death, 

CVD, hypertension, T2DM, MetS, some cancers (specifically breast and colon), 
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osteoporosis, and fall-related injury; and improved psychological wellbeing via reduced 

stress, anxiety and depression (I. Lee et al., 2012; Myers et al., 2015; Warburton, Nicol, 

& Bredin, 2006). Additionally, there is strong evidence for improved bone health, 

cognitive function, and functional health (I. Lee et al., 2012). Physical activity is also a 

key component of energy balance, which determines body weight and weight-related 

health complications (World Health Organization, 2010).  

Measurement of physical activity 
There are several methods for classifying and measuring physical activity. Activity can 

be classified according to the type (aerobic, strength, flexibility, and balance) and 

intensity (sedentary, light, moderate, vigorous) (World Health Organization, 2010). The 

energy expended by these activities can be quantified by determining the metabolic 

equivalents (METs) (Jette, Sidney, & Blumchen, 1990). A MET can be defined as “the 

amount of energy consumed at rest, sitting quietly in a chair, approximately 3.5 mL 

O2/kg/min” (Jette et al., 1990). Expenditure at two METs therefore requires double the 

resting metabolism, and four METs requires quadruple the resting metabolism. 

Different activities have different energy costs according to their MET values. Light 

intensity activities such as standing and light housework expend 1.6 to 2.9 METs; 

moderate intensity activities such as gardening, heavy housework, brisk walking and 

social tennis expend 3.0 to 5.9 METs; and vigorous intensity activities such as cycling, 

jogging, rowing, and competitive sports expend ≥ 6 METs (W. Brown et al., 2012; Jette 

et al., 1990). Sedentary activities expend <1.5 METs, and can include sitting and lying 

during leisure (such as reading and watching television), occupation (such as desk 

work), and transport (such as driving or sitting in a train) (W. Brown et al., 2012).    

There are various methods available for measuring physical activity. Indirect methods 

include self-report questionnaires, and direct methods traditionally include calorimetry, 

observation, and motion sensors such as accelerometers (Tudor-Locke & Myers, 2001). 

Accelerometers are small devices that can be worn on the hip or wrist, and have the 

capability of measuring duration and intensity of an individual’s activity based on 

recorded motion (Butte, Ekelund, & Westerterp, 2012). Accelerometers can provide 

more objective measures of physical activity intensity; however, they are unable to 

distinguish between different activity types of the same MET category (Butte et al., 

2012). They are also unable to provide context on the type of activity or the location in 
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which it is performed (Haskell, 2012). They also need to be worn during waking hours 

for five to seven days and rely on participant compliance.  

Historically, self-report methods have provided an alternative to objective measures 

which are often impractical in a range of settings (Haskell, 2012). At a population level, 

questionnaires are more feasible than other methods due to their lower cost and 

respondent burden (Scholes, Bridges, Ng Fat, & Mindell, 2016). A number of self-

report instruments have been developed, and many are able to accurately document the 

duration and type of activities, as well as intensity levels (Haskell, 2012). The 

International Physical Activity Questionnaire (IPAQ) is an example of a self-report 

instrument that was developed as a means of assessing population level physical activity 

(Craig et al., 2003). The instrument has been tested for validity and reliability in 12 

countries, and the findings demonstrate acceptable measurement of physical activity 

duration, intensity, and type (Craig et al., 2003). The IPAQ is therefore suitable for 

large population-based studies.     

Physical activity recommendations  
Because skeletal muscle is the most sensitive tissue to insulin, physical activity is one of 

the most important and effective strategies for addressing insulin resistance (Alshehri, 

2010). The impact of physical activity on the lipid concentration in skeletal muscle and 

overall insulin resistance is evident regardless of BMI (Alshehri, 2010). Combining 

strength and aerobic training is recommended for individuals with MetS, with particular 

emphasis on fast walking and jogging (moderate to vigorous intensity) (Laursen, 

Kristiansen, Marott, Schnohr, & Prescott, 2012) and reducing sedentary time (Bankoski 

et al., 2011). Australia’s Physical Activity and Sedentary Behaviour Guidelines 

(Department of Health, 2014) align with the general recommendations for addressing 

MetS and reducing risk. 

Australia’s Physical Activity and Sedentary Behaviour Guidelines comprise 

recommendations for different age groups, based on current evidence (Department of 

Health, 2014). The physical activity guidelines for adults aged 18 to 64 years are 

outlined below (W. Brown et al., 2012).  

• Doing any physical activity is better than doing none. If an individual currently does 

no physical activity, they should start by doing some, and gradually build up to the 

recommended amount. 
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• Adults should be active on most, preferably all, days every week. 

• Adults should accumulate 150 to 300 minutes (2 ½ to 5 hours) of moderate intensity 

physical activity or 75 to 150 minutes (1 ¼ to 2 ½ hours) of vigorous intensity 

physical activity, or an equivalent combination of both moderate and vigorous 

activities, each week. 

• Adults should do muscle strengthening activities on at least two days each week.  

The guidelines for adults aged 65+ years encourage participation in a range of activities 

and are less prescriptive. The full guidelines state that older people:   

• should do some form of physical activity, no matter what their age, weight, health 

problems or abilities;  

• should be active every day in as many ways as possible, doing a range of physical 

activities that incorporate fitness, strength, balance and flexibility;   

• should accumulate at least 30 minutes of moderate intensity physical activity on 

most, preferably all, days;  

• who have stopped physical activity, or who are starting a new physical activity, 

should start at a level that is easily manageable and gradually build up the 

recommended amount, type and frequency of activity; and 

• who continue to enjoy a lifetime of vigorous physical activity should carry on doing 

so in a manner suited to their capability into later life, provided recommended safety 

procedures and guidelines are adhered to (Sims et al., 2006). 

The World Health Organization (2010) recommends a gradual approach to higher 

intensity levels of physical activity for all age groups to minimise the risk of injury.   

Physical activity patterns 
Urbanisation, globalisation, and an ageing population are three major factors 

responsible for the environments and behaviours that are contributing to high levels of 

physical inactivity in Australia and globally (World Health Organization, 2010). In 

2014-15, approximately 30% of Australian adults were insufficiently active (<150 

minutes per week) and 15% were inactive (Australian Bureau of Statistics, 2015). An 

individual is considered physically inactive when their activity level does not meet the 

current physical activity guidelines (I. Lee et al.). During the same period, 24% of adults 

reported at least two days of strength training per week (Australian Bureau of Statistics, 

2015). Participation in different types of physical activity decrease as age increases, 
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with 45% of adults aged 65+ reporting no days where they achieved at least 30 minutes 

of physical activity (Australian Bureau of Statistics, 2015). Additionally, adults with 

MetS are more likely than healthy adults to be sedentary and less likely to be physically 

active (Rao, Orpana, & Krewski, 2016).  

Cost of physical inactivity 
Physical inactivity is the fourth highest mortality risk factor globally (6% of all deaths), 

behind high blood pressure (13%), tobacco use (9%), and high blood glucose (6%) 

(World Health Organization, 2010). It is estimated to be responsible for six to 10% of 

coronary heart disease, T2DM, breast cancer and colon cancer prevalence globally (I. 

Lee et al., 2012). Additionally, there is an inverse relationship between leisure-time 

physical activity and MetS (Vaughan et al., 2009), highlighting the importance of 

physical activity in the prevention of MetS.   

2.3.2 Sedentary behaviour   

Sedentary behaviour is defined as “activities that do not increase energy expenditure 

substantially above the resting level and includes activities such as sleeping, sitting, 

lying down, watching television, and other forms of screen-based entertainment” (Pate, 

O'Neill, & Lobelo, 2008). It is important to note that being sedentary is not the same as 

the absence of physical activity, or inactivity (Pate et al., 2008). The Australian 

sedentary behaviour guidelines for 18 to 64 year olds aim to minimise the amount of 

time spent in prolonged sitting; and break up long periods of sitting as often as possible 

(W. Brown et al., 2012).  

Measuring sedentary behaviour  
Sedentary activities are those which expend 1.0 to 1.5 METs (Pate et al., 2008). 

Measurement methods are similar to those used for the measurement of physical 

activity, and include both subjective and objective measures (Atkin et al., 2012). The 

limitation of accelerometers for measuring sedentary behaviour is that they quantify 

intensity levels well, but are unable to accurately distinguish between different sitting 

postures and standing (Atkin et al., 2012). Posture monitors such as ActivPALS 

(Spinney et al., 2015) are more accurate for detecting sitting behaviour; however, the 

limitation of using these devices in lieu of other activity monitors such as 

accelerometers is that they are unable to determine behaviour types and intensities 

(Atkin et al., 2012). Self-report instruments also exhibit limitations for measuring 



16 
 

sedentary behaviour. Many questionnaires are not able to measure sedentary behaviour 

with the same accuracy that they measure physical activity (Haskell, 2012). 

Additionally, self-reported sedentary behaviour is often limited by the difficulty of 

recall due to the intermittent nature of such activities (Atkin et al., 2012). However, the 

IPAQ has demonstrated fair to moderate agreement with objective measures of sitting 

for a number of population groups (Craig et al., 2003) and is therefore a suitable self-

report instrument for measuring sedentary behaviour in large groups.  

Cost of sedentary behaviour  
On average, Australian adults spend 39 hours per week engaging in sedentary activity, 

and depending on occupation, can spend at least three quarters of their day sitting 

(Australian Bureau of Statistics, 2013b). Strong evidence exists for the association of 

sedentary time with T2DM and CVD, as well as all-cause and CVD-related mortality 

(Proper, Singh, van Mechelen, & Chinapaw, 2011; Wilmot et al., 2012). Additionally, 

longer periods of sedentary behaviour increase the risk of developing MetS (Edwardson 

et al., 2012). These associations are independent of physical activity, suggesting that 

long bouts of sedentary behaviour are not balanced by increased levels of physical 

activity; they are separate and distinct behaviours with their own health risks (Wilmot et 

al., 2012). Minimising sedentary behaviour is therefore an important target in MetS 

prevention.    

2.3.3 Diet  

Nutrition research has traditionally focused on nutrients in isolation, even though 

individuals do not eat nutrients in isolation (Cespedes & Hu, 2015). Dietary pattern 

analysis is therefore important for understanding an individual’s diet as a whole, as well 

as understanding food groups, their combined nutrients, and their overall impact on 

health (Cespedes & Hu, 2015). Dietary patterns are defined as the overall combination 

of foods consumed by an individual habitually, which produce overall collective health 

benefits (Mozaffarian, 2016).  

Measurement of diet 
Measuring diet and dietary patterns can be challenging. Direct observation of free-living 

individuals is difficult, so there is typically a reliance on self-reported measures 

(Kirkpatrick et al., 2014). Self-report instruments commonly used in nutrition research 

include 24-hour recall, food record/diary, dietary history, food frequency questionnaire, 
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and screeners which incorporate questions to assess behaviour (Kirkpatrick et al., 2014). 

Each instrument type has strengths and limitations. The instruments that are capable of 

collecting detailed intake data are resource-intensive, expensive, and time-consuming, 

because they require a trained interviewer to administer (24-hour recall and dietary 

history) and are therefore not suitable for large studies (Shim, Oh, & Kim, 2014). Self-

administered surveys such as dietary records and food frequency questionnaires are 

more suitable for large epidemiological studies, yet impose a relatively large respondent 

burden. They also assess usual intake rather than actual intake, and are subject to recall 

bias (Shim et al., 2014). Screeners, or food behaviour questionnaires, are useful in 

situations where rigorous assessment of dietary intake is impractical. The Fat and Fibre 

Barometer is an example of a food behaviour questionnaire that was designed to be self-

administered relatively quickly and cost-effectively (Wright & Scott, 2000). The valid 

and reliable tool provides information on individuals and groups who may have higher 

fat and/or lower fibre intake patterns, and is suitable for use in dietary education and 

counselling programs.    

Dietary guidelines and recommendations  
The evidence for diet modifications in the prevention and treatment of individual MetS 

parameters is well-established, although there is no single diet recommended (Alshehri, 

2010). Interventions for hypertensive and normotensive adults suggest that a 

population-based approach to reduced salt intake will reduce the risk of stroke, coronary 

heart disease, and overall CVD risk (Aburto et al., 2013; He, Li, & MacGregor, 2013). 

A systematic review and meta-analysis of RCTs examining the effect of dietary sugar 

on blood pressure and lipids found that increased sugar consumption increases blood 

pressure and influences serum lipids, independent of body weight (Te Morenga, 

Howatson, Jones, & Mann, 2014). The Mediterranean Diet promotes a high intake of 

fruit and vegetables, legumes, nuts and seeds, grains and cereals, and moderate-to-low 

consumption of dairy and meat products. A systematic review of trials investigating the 

effects of the diet found that adherence decreases inflammation and reduces the risk of 

mortality and CVD (Schwingshackl & Hoffmann, 2014). Based on these studies and a 

review of the evidence for beneficial dietary patterns for MetS (Calton, James, Pannu, & 

Soares, 2014), reduced intake of sodium, salt and saturated fat, and an increased 

consumption of fruit, vegetables, wholegrains, omega-3 fatty acids and dairy is 

recommended for prevention and treatment of individual MetS parameters and 

associated chronic diseases. These recommendations align with the Australian Dietary 
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Guidelines (National Health and Medical Research Council, 2013a), and as suggested 

by Ahluwalia et al. (2013) adhering to national dietary guidelines should reduce 

inflammation and incidence of MetS.  

The Australian Dietary Guidelines provide information on quantities and types of foods 

to be consumed for health and wellbeing, based on scientific evidence (National Health 

and Medical Research Council, 2013a). The general guidelines encourage consumption 

of a wide variety of foods from the five food groups, and encourage reduced intake of 

saturated fat, added salt, added sugar and alcohol. A summary of the full guidelines is 

provided below (National Health and Medical Research Council, 2013a).  

• To achieve and maintain a healthy weight, individuals should be physically active 

and choose amounts of nutritious food and drinks to meet energy needs;   

• Enjoy a wide variety of nutritious foods from these five food groups every day: 

o Plenty of vegetables of different types and colours, and legumes/beans; 

o Fruit; 

o Grain (cereal) foods, mostly wholegrain and/or high cereal fibre varieties, such as 

breads, cereals, rice, pasta, noodles, polenta, couscous, oats, quinoa and barley; 

o Lean meats and poultry, fish, eggs, tofu, nuts and seeds, and legumes/beans; 

o Milk, yoghurt, cheese and/or their alternatives, mostly reduced fat; and 

• Drink plenty of water. 

• Limit intake of foods containing saturated fat, added salt, added sugars and alcohol;  

• Encourage, support and promote breastfeeding; and 

• Care for food; prepare and store it safely.  

The recommended quantities of each food group are provided according to serve 

numbers, which vary depending on sex and age group. For example, males generally 

require more serves of some food groups than females due to greater energy needs 

(National Health and Medical Research Council, 2013a).  
 

Cost of poor dietary patterns 
Several cardiometabolic risk factors are influenced by poor dietary habits, including 

hypertension, inflammation, oxidative stress, visceral fat, LDL cholesterol, and obesity 

(Mozaffarian, 2016). Increased consumption of refined, low-quality carbohydrates 

appears to displace or reduce consumption of healthful foods such as fruit, vegetables, 
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nuts and legumes (Mozaffarian, 2016), and is associated with insulin resistance, MetS, 

and T2DM (Blaha et al., 2008). Diets that are high in saturated fat, low in fibre content, 

and energy dense are longitudinally associated with cardiometabolic risk factors, 

particularly in obese individuals (Johns et al., 2015). Recommended dietary patterns for 

the prevention of MetS, associated chronic diseases, and general good health include 

less processed foods such as fruits, vegetables, nuts, seeds, wholegrains, legumes, and 

unsaturated vegetable oils; less red and processed meats; and less added and refined 

sugar (Mozaffarian, 2016). In 2014-15, 50% of Australian adults did not meet the 

guidelines for fruit intake, and 93% did not meet the guidelines for vegetable intake 

(Australian Bureau of Statistics, 2015). The proportion of adults meeting both 

guidelines was just 5% of the population (Australian Bureau of Statistics, 2015). 

2.3.4 Overweight/obesity 

Obesity is defined as “the disease in which excess body fat has accumulated to such an 

extent that health may be adversely affected” (World Health Organization, 2000), and is 

strongly associated with all metabolic risk factors, highlighting the link between excess 

weight and MetS (Grundy, 2016). Obesity supplies excess fat to muscles and the liver, 

as well as other organs and tissues, which is strongly associated with insulin resistance 

and other metabolic abnormalities (Grundy, 2016).    

Measurement of overweight/obesity 
BMI is the most useful measure of obesity at a population level (World Health 

Organization, 2000). BMI is calculated as weight in kilograms divided by the square of 

the height in metres (kg/m2) (World Health Organization, 2000). Individuals are 

classified according to the following guidelines: underweight (BMI < 18.50); normal 

weight (BMI 18.50 – 24.99); overweight (BMI 25.00 – 29.99); and obese (BMI ≥ 

30.00) (World Health Organization, 2000). As BMI increases, the risk of comorbidities 

increases. Waist circumference is another measure of overweight/obesity, which 

addresses the issue of BMI not accounting for variations in the distribution of body fat 

(World Health Organization, 2000). A waist circumference above 80cm for females and 

94cm for males is considered to elevate the risk of CVD (Han & Lean, 2006). Waist 

circumference serves as the first screening component for MetS when using the IDF 

criteria, providing a simple and low-cost screening process that can be performed in any 

location (Zimmet et al., 2005). The IDF criteria accounts for the association between 
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abdominal obesity and all other components of MetS, by using increased waist 

circumference as the necessary component for diagnosis (Zimmet et al., 2005).  

Epidemiology  
The global prevalence of overweight and obesity has increased substantially over the 

past 30 years (Ng et al., 2014). Between 1980 and 2008, the global prevalence of male 

obesity increased from 4.8% to 9.8% and the female prevalence increased from 7.9% to 

13.8% (Malik, Willett, & Hu, 2013). Almost two thirds of Australian adults are 

overweight or obese (63%) which has increased from 56% in 1995 (Australian Bureau 

of Statistics, 2015). Additionally, approximately 77% of males and 81% of females 

aged 55+ years have a waist circumference that places them at an increased risk of 

developing chronic disease (Australian Bureau of Statistics, 2015). These upward trends 

are predicted to in Australia and globally (Ng et al., 2014).  

Cost of overweight/obesity 
Overweight and obesity are associated with a number of comorbidities, including 

T2DM, hypertension, dyslipidaemia, CVD (specifically coronary artery disease, heart 

failure, atrial fibrillation), cerebrovascular disease, respiratory disease, gastrointestinal 

complications, osteoarthritis, chronic kidney disease, several cancers, and MetS (Guh et 

al., 2009; Han & Lean, 2006; Malnick & Knobler, 2006). Obesity is also associated 

with lower quality of life and psychosocial issues (Dixon, 2010).   

2.4 Populations at increased risk of metabolic 

syndrome 

2.4.1 Middle-age and older adults 

The prevalence of overweight and obesity in older Australians is now 75% (Australian 

Bureau of Statistics, 2011). As obesity is a strong risk factor for chronic diseases such 

as T2DM and CVD, it is not surprising that the significant increase in the prevalence of 

T2DM and CVD is age related (Australian Bureau of Statistics, 2013a). Additionally, 

advancing age is a major contributor to all MetS parameters (Grundy et al., 2004; Han 

& Lean, 2006), leading to the prevalence of MetS increasing with age (Hildrum, 

Mykletun, Hole, Midthjell, & Dahl, 2007). In particular, the incidence rises rapidly in 

those of middle-age (Mecca et al., 2012). The relative risk for CVD in men, and T2DM 

in middle-aged adults is therefore increased for those with MetS (Wilson, D'Agostino, 
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Parise, Sullivan, & Meigs, 2005). Additionally, the proportion of the total Australian 

population aged 65+ years has increased from 11.8% in 1994 to 14.7% in 2014 

(Australian Bureau of Statistics, 2014). Considering the ageing population and 

increased prevalence of major risk factors, middle-age and older adults are considered a 

high risk population group for MetS due to the potential associated burden of disease.   

2.4.2 Rural and disadvantaged areas 

Australian residential areas can be classified according to their population size. A 

metropolitan zone has an urban centre population of ≥ 100,000; a large rural zone has an 

urban centre population of 25,000 to 99,999; a small rural zone has an urban centre 

population of 10,000 to 24,999; and smaller populations are classified as remote zones 

(Australian Institute of Health and Welfare, 2004). In rural and remote areas, there is 

less access to health services, greater distances to travel for medical attention, and 

higher overall morbidity and mortality rates than metropolitan areas (Australian 

Institute of Health and Welfare, 2014). Overweight and obesity prevalence varies by 

remoteness, with 69% of adults in outer regional and remote areas classified as 

overweight or obese compared with 61% of adults who live in major cities (Australian 

Bureau of Statistics, 2015). Prevalence of waist circumference above the cut-off values 

of 94cm for men and 80cm for women is higher in outer regional and remote areas of 

Australia compared to major cities (68% of males and 72% of females versus 56% of 

males and 63% of females) (Australian Bureau of Statistics, 2015). Hypertension (E. 

Janus et al., 2008) and cholesterol concentrations are higher in rural areas compared to 

metropolitan areas of Australia (E. Janus et al., 2010). Additionally, older people are 

more likely to live outside major cities, with 16% of the population outside major cities 

being 65+ years of age compared with 13% in major cities in 2011-12 (Australian 

Institute of Health and Welfare, 2014).  

Areas can also be classified according to advantage and disadvantage. The Socio-

Economic Indexes for Areas (SEIFA) provides a rank of Australian areas based on 

relative socioeconomic advantage or disadvantage, using area-level indicators such as 

socioeconomic position, access to resources (material and social), social exclusion, 

social capital, and poverty (Pink, 2011). Areas that receive a score less than the national 

average (<1000) reveal an indicator of disadvantage that is greater than the national 

average, suggesting relative disadvantage (Pink, 2011). These areas have poorer health 

outcomes than more advantaged areas (Australian Institute of Health and Welfare, 
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2014). Structural and economic barriers to behaviour change may be greater for 

disadvantaged population groups (Ding, Do, Schmidt, & Bauman, 2015). Consequently, 

the gap between socioeconomic status groups for health risk behaviours is widening in 

Australia, particularly for fruit and vegetable intake (Ding et al., 2015). This may be due 

to the cost of a healthy basket of food being approximately 30% higher in rural and 

disadvantaged groups areas (Australian Institute of Health and Welfare, 2012). Adults 

in the least disadvantaged group are 1.5 times more likely to be sufficiently active than 

the most disadvantaged groups (Australian Bureau of Statistics, 2013b). Obesity 

prevalence increases in the most disadvantaged areas compared to the least 

disadvantaged areas (61% of males and 69% of females versus 55% of males and 60% 

of females) (Australian Bureau of Statistics, 2015). Individuals in these areas are also 

more likely than those in less disadvantaged areas to develop abnormal glucose 

metabolism, which is a risk factor for T2DM and CVD (E. Williams et al., 2012).  

In both rural and disadvantaged areas, the prevalence of MetS, overweight/obesity, and 

related chronic disease is high and needs to be addressed to ensure better health 

outcomes into older age (E.  Janus et al., 2007). This suggests that both rural and 

disadvantaged areas with high concentrations of older adults will require more targeted 

services in future years (Australian Institute of Health and Welfare, 2014). Addressing 

MetS and related risk factors is therefore imperative for the prevention of T2DM and 

CVD among these high risk groups.  

2.5 Addressing metabolic syndrome  

Traditional methods for addressing MetS include prevention and treatment strategies. 

Disease prevention is the term used to describe a range of strategies that aim to reduce 

risk factors or increase protective factors for a particular health issue or disease 

(Nutbeam, 1986). For example, interventions to reduce poor diet, physical inactivity and 

overweight/obesity aim to prevent MetS and associated chronic diseases. Treatment 

strategies that include drug therapy are recommended only when lifestyle measures fail 

to improve individual MetS parameters; however, many physicians believe that it is 

easier to administer pharmacological treatment to treat individual MetS parameters than 

to address the syndrome as one entity with lifestyle improvement (Kaur, 2014). The 

latter relies on improvements in individual behaviour change, and while this would 

provide a longer-term solution and address all MetS risk factors, the strategy is not 

always successfully administered (Kaur, 2014). While medications may be warranted 
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for certain conditions when lifestyle change is not enough, the importance of prevention 

via healthy lifestyle and reduced risk factors for MetS should not be overlooked (Binns, 

Howat, Smith, & Jancey, 2016).  

A systematic review and meta-analysis of weight maintenance RCTs was conducted to 

evaluate the effectiveness of non-surgical interventions on weight loss maintenance 

(Dombrowski, Knittle, Avenell, Araújo-Soares, & Sniehotta, 2014). Intervention types 

included lifestyle, pharmacological, or food replacement, with a primary short term 

outcome of weight loss at 12 months, and long term aim of preventing associated 

chronic diseases. The interventions which focused on diet or physical activity alone 

were not found to be effective. Many of these studies followed a regimen (prescribed 

components) which can be unrealistic for long-term maintenance (Dombrowski et al., 

2014). A systematic review of RCT interventions for MetS evaluated the impact of 

lifestyle, drug therapy, and surgery (Dunkley et al., 2012). The findings suggested that 

lifestyle interventions that incorporated diet and physical activity to maintain weight 

were the most effective for reversing MetS and reducing the risk of T2DM and CVD; 

however, the optimal intervention components and delivery mode were unclear, due to 

the differences in intervention designs that were included in the review (Dunkley et al., 

2012). Considering this, carefully designed health promotion interventions for the 

prevention of MetS and related chronic disease for high risk population groups are vital.    

Comprehensive applied health promotion increases the ability of individuals to increase 

control over the determinants of health, by altering the social, environmental, economic 

conditions in which they live (Binns et al., 2016; Nutbeam, 1998). The focus is typically 

on primary and secondary prevention, rather than tertiary prevention (treatment). Given 

the link between MetS, T2DM and CVD, both primary and secondary prevention of 

MetS and its components can delay the progression to these chronic diseases. Primary 

prevention refers to strategies that aim to prevent the initial occurrence of a health issue 

or disease, whereas secondary prevention refers to strategies that enable early detection 

and treatment of a health issue or disease, to prevent progression (Nutbeam, 1998). As 

Kaur (2014) and Dunkley et al. (2012) highlight, improving lifestyle in lieu of drug 

therapy is key to addressing MetS, provided it is administered effectively. Interventions 

can aim to change behaviours and aim to change health outcomes (Courneya, 2010). 

The primary outcome of behaviour change intervention trials is a certain aspect of 

behaviour (for example, physical activity behaviour can include type, duration or 
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intensity); whereas the primary outcome of effectiveness trials is a certain health 

outcome (such as incidence and biomarkers) (Courneya, 2010).  

The following section provides a summary of primary and secondary prevention 

interventions that aim to change health outcomes associated with MetS, followed by a 

summary of behaviour change interventions that aim to address the major behavioural 

risk factors for MetS. Interventions for rural populations will also be explored.  

2.5.1 Primary prevention  

In the context of MetS, primary prevention includes interventions to address the major 

risk factors such as poor diet, physical inactivity, sedentary behaviour, and 

overweight/obesity. These interventions target individuals who may be at risk but not 

yet diagnosed with MetS. Studies outlined in this section report on the effectiveness of 

combined diet and physical activity and overweight/obesity interventions and their 

impact on health outcomes. Participants include adults who have one of the following 

conditions which increase the risk of MetS, T2DM and CVD: impaired glucose 

tolerance, central obesity, dyslipidaemia, hypertension, or overweight/obesity. 

Numerous trials have been conducted globally that demonstrate the effectiveness of 

increased physical activity and improved diet on the incidence of diabetes for high risk 

individuals. The first RCT to demonstrate a significant reduction in diabetes incidence 

for adults with impaired glucose tolerance was the Da Qing study in 1986 (Pan et al., 

1997). Chinese adults were screened for impaired glucose tolerance and randomised to 

diet intervention group (n=130), exercise intervention group (n=141), diet plus exercise 

intervention group (n=126), or control group (n=133). The intervention components 

consisted of recommended modifications to diet and/or exercise. Incidence of diabetes 

at six years was 43.8% in the diet group, 41.1% in the exercise group, 46.0% in the diet 

plus exercise group, and 67.7% for the control group (Pan et al., 1997), which persisted 

for 20 years post-intervention (Li et al., 2008). The study incorporated some counselling 

for the intervention groups; however, this is not well described or evaluated. The 

underlying behaviour change mechanisms responsible for the reduction in diabetes 

incidence is therefore unclear. It is also difficult to extrapolate these findings to other 

ethnic and socioeconomic groups.  

The Finnish Diabetes Prevention Study evaluated the effectiveness of lifestyle 

intervention for individuals at high risk of developing T2DM (Tuomilehto et al., 2001). 
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Participants (n=522) from Finland were middle-aged (mean age 55 years) and 

overweight (mean BMI 31), with impaired glucose tolerance. Intervention group 

participants received detailed, tailored dietary advice via several one-on-one sessions 

with a nutritionist, and the physical activity component consisted of supervised strength 

training and recommendations for endurance training. The control group participants 

received oral and basic written information only. Follow-up measurements after four 

years demonstrated a significant difference between groups for the risk of diabetes and 

the incidence of diabetes (11% for the intervention group versus 23% for the control 

group), which was directly associated with lifestyle changes (Tuomilehto et al., 2001). 

Long-term follow-up (13 years) of the participants indicated that the intensity of the 

intervention can be beneficial for delaying the onset of chronic disease (J. Lindström et 

al., 2013); however, this style of intervention may not be practical in some areas with 

limited access to services and resources, due to the face-to-face delivery mode that was 

implemented.    

Numerous studies have been conducted since the Da Qing study and Finnish Diabetes 

Prevention study. A systematic review of RCTs of lifestyle intervention for adults with 

impaired glucose intolerance was conducted, with diabetes incidence as the primary 

outcome (Yoon, Kwok, & Magkidis, 2013). Across seven trials, which produced 25 

publications, the authors concluded that lifestyle interventions can significantly reduce 

diabetes incidence (4% to 21.7%) for individuals with impaired glucose tolerance. The 

change in lifestyle was not maintained for any of the studies after completion of the 

intervention period, resulting in no long-term mortality or morbidity benefits (Yoon et 

al., 2013). The authors suggested that future interventions targeting chronic disease risk 

should incorporate behavioural components to ensure the health outcomes are 

maintained in the long-term. Another systematic review of lifestyle interventions for 

adults with and at risk of T2DM evaluated the effectiveness of delaying progression to 

diabetes or associated chronic diseases (including CVD) (Schellenberg, Dryden, 

Vandermeer, Ha, & Korownyk, 2013). Of the 20 studies included in the systematic 

review, nine targeted adults at an increased risk of T2DM, which demonstrated 

moderate-strength evidence that chronic disease risk can be reduced via comprehensive 

lifestyle intervention. Such interventions included a combination of exercise and dietary 

components, plus one other component (such as counselling, behaviour modification, or 

smoking cessation). The additional component was variable across the studies, limiting 

the authors’ ability to comment on the most effective additional method when 
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implemented in combination with diet and physical activity modifications. The 

effectiveness of these methods needs to be further explored.      

2.5.2 Secondary prevention  

In the context of MetS, secondary prevention involves early detection/diagnosis of the 

syndrome, followed by implementation of interventions to address the syndrome as one 

entity. Interventions usually incorporate strategies to address diet and physical activity 

in combination, in addition to weight control/maintenance. The following section 

provides an overview of MetS detection/diagnosis, followed by a summary of the 

effectiveness of diet and physical activity interventions and their impact on health 

outcomes for individuals with MetS.   

Early detection/diagnosis 
MetS is useful for identifying high risk individuals who would have otherwise not been 

identified using more traditional models of assessing chronic disease risk (Blaha et al., 

2008). MetS diagnosis indicates the need for aggressive CVD risk reduction (Zimmet et 

al., 2005); however, early identification and intervention is often missed by physicians, 

resulting in underdiagnoses and missed opportunities to address key chronic disease risk 

factors (Blaha et al., 2008). Obese individuals who are metabolically healthy may not 

benefit from lifestyle interventions designed for T2DM and CVD (Bays et al., 2013). 

This highlights the importance of methods that measure abdominal obesity in addition 

to other CVD risk factors. The IDF criteria is considered most suitable for clinical 

practice to prevent and manage obesity-related health issues (Kassi et al., 2011). 

Previous reviews of MetS trials highlight the need for studies to utilise the current 

evidence and provide up-to-date guidance on the use of IDF to define and screen for 

MetS (Dunkley et al., 2012; C. Lin et al., 2014).  

Metabolic syndrome interventions 
Once MetS is diagnosed, interventions should be implemented to prevent the 

progression to chronic disease. In addition to targeting individual risk factors for CVD 

and T2DM, prevention research should evaluate interventions that address MetS as one 

entity (Gami et al., 2007). A systematic review and meta-analysis of RCTs that 

examined lifestyle interventions for MetS summarised four studies that included both 

diet and physical activity components (Yamaoka & Tango, 2012). Two of these studies 

targeted middle-aged adults (55+ years), with sample sizes ranging from 335-502. Both 
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studies conducted follow-up analysis of one year post-intervention, revealing that the 

number of individuals with resolved MetS was approximately double that of the control 

groups which received conventional education (Yamaoka & Tango, 2012). A limitation 

of this study is the variation in intervention components across the studies, which made 

it difficult to determine which components were the most effective.  

Motivation to change, rather than the prescription of diet and physical activity, is key to 

resolving MetS as suggested by a review of 28 RCTs of lifestyle interventions (Bassi et 

al., 2014). Interventions should not only focus on diet and physical activity regimens; 

they should incorporate strategies to motivate the individual such as personalised 

feedback and goal setting (Bassi et al., 2014). Further to this, a systematic review of diet 

and physical activity interventions found a causal link between effectiveness and 

interventions that incorporated both diet and physical activity strategies in combination 

with social support and other behaviour change techniques (Greaves et al., 2011). 

Effectiveness was also associated with the inclusion of goal setting and review, self-

monitoring, and feedback. The authors made a number of recommendations for practice, 

that included promoting changes to both diet and physical activity using well-

established behaviour change techniques; delivering in a wide range of settings such as 

workplaces, community and homes; and a strong focus on maintenance via feedback 

and motivational techniques (Greaves et al., 2011).  

2.5.3 Behaviour change interventions  

A prerequisite for primary and secondary prevention is understanding which 

components of an intervention lead to successful outcomes (Michie, 2008). It is well 

established that diet and physical activity modifications work to address health 

outcomes associated with MetS and related chronic diseases; understanding how these 

interventions work via assessment of behaviour change components is imperative. The 

following section provides a summary of dietary and physical activity behaviour change 

interventions as key targets for addressing MetS, at both primary and secondary 

prevention levels.  

According to the National Institute for Health and Care Excellence Guidelines (2014), 

behaviour change interventions should be designed to include techniques that have 

demonstrated effectiveness in changing health outcomes. A behaviour change technique 

is “an observable and replicable component designed to change behaviour” that can be 
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self-administered or delivered by someone else (Michie et al., 2015). Effective 

behaviour change techniques include goal setting and planning, feedback and 

monitoring, shaping knowledge (instruction on how to perform the behaviour), social 

support, and self-efficacy. Delivery modes can be face-to-face (individual or group), or 

by distance (population e.g. mass media; individually tailored e.g. telephone, online) 

(Michie et al., 2015).  

A statement from the American Heart Association (2010) provides a comprehensive 

overview of lifestyle intervention components for promotion of dietary and physical 

activity behaviour change in adults at risk of CVD. The statement supports the findings 

of Michie et al. (2015) and provides a description of each behaviour change technique 

suggested to be effective (Artinian et al., 2010). Goal setting should focus on behaviour 

rather than a physiological target, and should be realistic and not too difficult to achieve. 

Self-monitoring allows individuals to recognise their progress towards specific goals 

and assists with overcoming barriers. Ongoing contact and scheduled follow-up sessions 

are usually more effective than interventions with one session only, and can be 

delivered via different modes (face-to-face, email, online). Feedback regarding 

behaviour performance can enhance motivation and keep the individual on track with 

specific goals. Self-efficacy enhancement ensures individuals believe in their ability to 

perform certain behaviours, and problem solving can assist with overcoming barriers to 

behaviour change. Motivational interviewing is a counselling style that can enhance 

adherence to behaviour change interventions, and often incorporates the other behaviour 

change techniques (Artinian et al., 2010). 

The statement from the American Heart Association (2010) also provides 

recommendations for diet and physical activity interventions targeting adults at risk of 

CVD, suggesting interventions should incorporate the following: goal setting, feedback 

on goals, self-monitoring, frequent and scheduled contacts, motivational counselling, 

and problem solving strategies. Additionally, Internet and computer-based programs are 

appropriate for certain populations (Artinian et al., 2010). These recommendations are 

supported by the findings of a systematic review of 101 dietary and physical activity 

behaviour change interventions (Michie, Abraham, Whittington, McAteer, & Gupta, 

2009). Interventions varied in duration (one session to 2.5 years), delivery mode 

(individual or group-based face-to-face), setting (community, workplace, or primary 

care), location (Australia, Canada, UK, USA, Europe, or Japan), and target group 
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(disadvantaged, sedentary, obese, at risk of chronic disease, or female). The most 

effective behaviour change techniques across the studies were self-monitoring in 

combination with at least one of the following: intention formation, specific goal 

setting, feedback on performance, and review of behavioural goals (Michie et al., 2009). 

Based on this information, it is worthwhile investigating different delivery modes for 

supporting and reaching individuals (face-to-face versus distance).  

Multicomponent behavioural weight management and weight loss interventions were 

evaluated by systematic review to determine the effectiveness of behaviour change 

techniques applied (Hartmann-Boyce, Johns, Jebb, Aveyard, & Behavioural Weight 

Management Review, 2014). Studies were included if the participants were 18 years of 

age and older with a BMI ≥ 25, yielding 37 studies representing 16,000 participants. 

Most interventions included goal setting, action planning, overcoming barriers, self-

monitoring, feedback on performance, instructions on how to perform behaviours, and 

social support. There was no evidence to suggest one delivery mode was more effective 

than the other across the studies (face-to-face versus remote) (Hartmann-Boyce et al., 

2014). It is worthwhile considering whether there is a difference in effectiveness of 

different delivery modes for interventions targeting adults with MetS.  

A systematic review of RCTs examining the impact of lifestyle modification programs 

on metabolic risks for adults with MetS was conducted using the Cochrane 

Collaboration Criteria (Higgins & Green, 2011; C. Lin et al., 2014). Interventions of 

interest were published between 1985 and 2014, incorporated self-management of diet 

and physical activity using counselling (including motivational interviewing and 

empowerment). The review found that lifestyle modification programs can improve 

health outcomes (systolic blood pressure, triglyceride concentration, and waist 

circumference), suggesting that diet and physical activity interventions incorporating 

behavioural modification components address metabolic risks effectively. However, the 

exact mechanisms of interventions is unknown, suggesting that further research is 

required to determine the most effective intervention components and delivery modes to 

achieve these outcomes.  

Face-to-face interventions 
Face-to-face interventions include individual and group-based programs. The Good 

Ageing in Lahti Region (GOAL) Lifestyle Implementation Trial (Absetz et al., 2007) 

was adapted from the Finnish Diabetes Prevention Study (Tuomilehto et al., 2001) for a 
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primary health care setting. The GOAL intervention incorporated the five key lifestyle 

changes used by the Diabetes Prevention Study, adopting a group-based counselling 

model to promote self-monitoring of behaviours, goal setting, planning, and social 

support. Patients aged 50 to 65 years who had one or more diabetes risk factors (obesity, 

hypertension, hyperglycaemia, or dyslipidaemia) were referred to a nurse who 

administered a T2DM risk assessment tool. Those with a score of 12 or more were 

eligible for inclusion in the study, with a total of 352 assigned to 36 groups. After six 

group sessions (two hours duration) across a 12 month period, several clinical risk 

factors improved (diastolic blood pressure, weight, BMI, and waist circumference) 

despite just 20% of the sample demonstrating attainment of the required lifestyle change 

objectives. Having these specific lifestyle objectives is helpful for counselling goals and 

proposed targets; however, understanding which behaviour change techniques are the 

most and least effective for physical activity and dietary changes needs further 

exploration.  

A systematic review of 74 RCTs found that diet and physical activity behaviour 

counselling for adults with CVD risk factors (including presence of MetS) supported a 

reduction in cholesterol concentration, blood pressure, fasting glucose concentration, 

and diabetes incidence at 12 to 24 months (J. Lin et al., 2014). A number of 

interventions were intensive and involved many contact hours (median 13 hours) and 

several months of counselling (median 12 months), and the authors suggested that 

adherence to the lifestyle components may be greater than in a real world setting, 

making generalisability difficult. Such interventions place a heavy burden on resources, 

making them impractical in various settings. The authors suggested that different 

methods requiring less healthcare resources should be investigated (J. Lin et al., 2014).  

Bredhal, Singhammer and Roessler (2011) investigated the change in physical activity 

and self-efficacy for middle-aged adults allocated to one of two forms of physical 

activity. Participants were predominantly female (69%) with a mean age of 54.5 (SD 

12.9). “Treatment Group” participants had a diagnosed lifestyle disease (MetS, T2DM 

or CVD) and received motivational counselling plus supervised training. “Preventive 

Group” participants were at risk of developing the aforementioned lifestyle diseases and 

received motivational counselling and participated in unassisted training. Measurements 

were taken at four, 10 and 16 months, and results highlight that physical activity levels 

can be increased with suggested activities, regardless of intervention intensity 
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(supervised versus unassisted), provided motivational counselling is incorporated 

(Bredahl et al., 2011). This suggests that the face-to-face component may not be 

essential for changing physical activity behaviour; however, lack of randomisation is a 

limitation of the study.   

A study was conducted for adults aged 50 to 75 years with either T2DM or MetS, which 

consisted of a brief physical activity intervention focusing on self-efficacy and self-

regulation (Olson & McAuley, 2015). Participants were recruited via advertisements 

posted in diabetes clinics and medical centres, and randomised to the eight week 

exercise intervention group (n=58) or online education group (n=58). Short-term (eight 

week) physical activity, self-efficacy and self-regulation outcomes improved, but these 

findings were not sustained at six month follow-up. The authors concluded that 

interventions lacking long-term efficacy will not be beneficial to overall health 

outcomes, and suggested longer interventions with strategies to promote behaviour 

maintenance such as e-health and follow-up communications (Olson & McAuley, 

2015).     

Distance interventions 
Health promotion has been adopting new modes of delivery in an attempt to reach larger 

numbers of people with lifestyle interventions (Kohl, Crutzen, & de Vries, 2013). These 

include distance interventions such as population-based or individually-tailored 

telephone or online programs. A systematic review of online lifestyle interventions 

found that several behaviour change techniques are effective for improving dietary and 

physical activity behaviours when incorporated into online programs (Kohl et al., 2013). 

These include tailored feedback, interactivity, goal setting, and personal contact. 

However, it is not known which of the intervention components are the most effective 

under different conditions. The authors suggest testing such components among 

different population groups such as high risk groups, including adults with MetS.   

A number of studies evaluate the effectiveness of online intervention programs to 

improve diet and physical activity for a range of adult target groups. A systematic 

review of computer-tailored physical activity and dietary behaviour programs revealed 

their effectiveness for improving both physical activity and dietary behaviour in healthy 

adults (Broekhuizen, Kroeze, van Poppel, Oenema, & Brug, 2012). Dynamic tailoring 

and feedback via tools that promote self-regulation, such as goal setting, email 

reminders, and self-monitoring tools can improve program effectiveness. In addition, it 
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is suggested that interactive components to enhance retention, as well as the use of 

additional media (such as printed material) should also be considered to prompt 

participants (Neville, O'Hara, & Milat, 2009). A systematic review of studies evaluating 

the effectiveness of physical activity programs highlighted numerous effective methods 

for engaging men (Bottorff, Seaton, Johnson, Caperchione, & John, 2015). Tailored, 

flexible programs with supporting resources (for example printed materials, tracking 

tools, email and motivational messages) and personal contact were most successful in 

increasing physical activity levels of male participants. A limitation of this study is that 

the findings cannot be generalised to women or adults with MetS. This should be 

investigated further.  

Other delivery modes to address diet and physical activity behaviours have been 

evaluated across a number of studies with a range of target groups, including telephone 

and social media interventions. A systematic review of physical activity and dietary 

behaviour change interventions evaluated the effectiveness for initiating and 

maintaining behaviour change (Goode, Reeves, & Eakin, 2012). Of the 25 included 

RCTs, 20 reported successful initiation of behaviour outcomes (diet or physical 

activity), demonstrated by improvements at post-test. Findings suggest that longer-

duration interventions are more effective for behaviour change. Some studies compared 

different delivery modes, and all found that the effectiveness of telephone interventions 

to be similar to face-to-face delivery modes, particularly when combined with additional 

modalities such as printed materials (Goode et al., 2012), which has implications for 

implementing strategies in different settings. A systematic review and meta-analysis of 

social media interventions for diet and physical activity behaviours found limited 

effectiveness for improving key outcomes (G. Williams, Hamm, Shulhan, Vandermeer, 

& Hartling, 2014). Most studies exhibited low participation and poor adherence; 

however, this can be improved when social media is combined with other modalities 

incorporating personal feedback and social support. Given the potential to reach large 

numbers and its popularity among various population groups, this should be further 

examined (G. Williams et al., 2014).  

Motivational interviewing and Self-Determination Theory 
As suggested by the American Heart Association (2010), behaviour change techniques 

can be enhanced by motivational interviewing. Motivation to change, rather than the 

prescription of diet and physical activity, appears to be key to resolving MetS. A 
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systematic review investigating optimal methods for achieving lifestyle change in adults 

with MetS found that interventions incorporating motivational interviewing combined 

with online monitoring and regular feedback are most effective (Bassi et al., 2014). 

Behaviour change interventions should be based on behavioural theories to explain how 

certain strategies such as counselling and goal setting can improve behaviour 

(Courneya, 2010). Interventions should be tailored to suit individual needs, based on 

assessment of motivation and readiness to change. 

There is value in identifying behaviour change theories from sociology and psychology 

to ensure sustained behaviour change resulting from interventions (Michie, 2008). Self-

Determination Theory and motivational interviewing were originally developed by 

different people and for different purposes; however, there is considerable overlap in the 

facilitation of behaviour change (Patrick & Williams, 2012). Self-Determination Theory 

emphasises autonomous motivation for behaviour change in lieu of controlled 

behaviour change (Patrick & Williams, 2012). The Theory emphasises intrinsic 

motivation to ensure behaviours are adopted for the sake of the individual rather than 

for the benefit of someone or something else. Many health behaviours are commonly 

extrinsic in nature (for example social acceptance and rewards), such as making dietary 

changes or losing weight. There is evidence that individuals with higher autonomous 

motivation and self-efficacy tend to engage in consistent health-promoting behaviours 

in the long-term, independent of age, race and income level (Janssen, Dugan, Karavalos, 

Lynch, & Powell, 2014). Considering this, intervention design should be based upon 

theories that aim to motivate autonomously. Evidence suggests that Self-Determination 

Theory provides the basis for autonomous motivation to promote sustained behaviour 

change in high risk adults (Janssen et al., 2014).  

2.6 Rural and remote interventions  
A small number of studies have been conducted in rural or remote areas targeting adults 

who have one of the following conditions which increase the risk of T2DM and CVD: 

impaired glucose tolerance, central obesity, dyslipidaemia, hypertension, 

overweight/obesity, or MetS. Studies summarised in this section included a dietary 

and/or physical activity behaviour change component with one or more of the following 

behaviour change techniques: goal setting, personal feedback, self-monitoring, or social 

support. Studies incorporating motivational interviewing, counselling, or Self-

Determination Theory have also been summarised. Outcomes reported include 
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improvements in dietary and/or physical activity behaviour or improvements in health 

outcomes associated with T2DM and CVD risk.  

Rural interventions for adults with metabolic syndrome risk factors 

(primary prevention) 
A number of studies involve participants who do not have a MetS diagnosis, but have 

one or more risk factors for T2DM or CVD. The GOAL intervention (Absetz et al., 

2007) was modified for a rural Australian context to evaluate feasibility and 

effectiveness in primary care. The Greater Green Triangle Diabetes Prevention Project 

(Kilkkinen et al., 2007) recruited 311 rural participants aged 40 to 75 years who were 

considered to be at moderate risk of T2DM (score ≥12) according to the Diabetes Risk 

Score Tool (Jaana. Lindström & Tuomilehto, 2003). The intervention component was 

similar to the GOAL intervention, with six group sessions administered over a 12 month 

period, based on the Australian Dietary Guidelines and Physical Activity Guidelines. 

Goal setting, self-regulation, self-monitoring, and social support were the main 

behaviour change techniques employed. After three months, significant improvements 

in total cholesterol concentration (-3.49%), LDL cholesterol concentration (-4.75%), 

BMI (-2.51%), weight (-2.46%), waist circumference (-1.55%), and hip circumference 

(-2.73%) were observed, and maintained over 12 months (Laatikainen et al., 2007). 

These findings suggest that this type of intervention is feasible in a primary care setting; 

however, the intensive delivery mode may not be suitable for some rural settings with 

limited resources and an inability to conduct group programs. Other delivery modes 

should also be investigated.  

The Diabetes Prevention Program (Diabetes Prevention Program Research Group, 

2002) was adapted for a rural context and implemented in Montana, USA (Vadheim et 

al., 2010). Participants (n=84) were ≥ 18 years of age, overweight or obese (BMI ≥ 25 

kg/m2), and had one of the following T2DM or CVD risk factors: prediabetes, impaired 

glucose tolerance, impaired fasting glucose, hypertension, dyslipidaemia, or a history of 

gestational diabetes. The adapted intervention was delivered by trained lifestyle coaches 

and consisted of 16 weekly group sessions for behavioural self-management strategies 

for weight loss, which covered diet education to reduce fat intake, and physical activity 

information, followed by supervised sessions. At the end of the 16 week program, 52% 

of participants reduced their body weight by the desired 7% which is comparable to the 

original study. A limitation of this study is the lack of control group and objective 



35 
 

measures. Although the original study demonstrated a reduction in diabetes incidence 

by 58% for the intervention group (Diabetes Prevention Program Research Group, 

2002), caution should be exercised when extrapolating these results to a rural sample. 

Further to this, the rural study failed to report on the intervention components which 

may have been responsible for the improved health outcomes. Further examination of 

such behaviour change techniques for rural populations is warranted.  

A similar adaptation was made from the Diabetes Prevention Program to address 

obesity in women aged 50 to 75 years, residing in rural counties across Florida (Perri et 

al., 2008). Participants (n=234) were required to have a BMI ≥ 30 kg/m2, without a 

diabetes or CVD diagnosis. Modifications of the Diabetes Prevention Program included 

the introduction of home-based physical activity sessions and group sessions instead of 

individual counselling. Three arms were included in the trial: telephone counselling 

(n=72); face-to-face counselling (n=83); and education control (n=79). Sessions in the 

two intervention arms were group-based and delivered by trained health professionals 

(such as dietitians and nutritionists), and consisted of diet and physical activity 

modifications supported by behaviour change techniques such as goal setting and self-

monitoring. Both intervention arms demonstrated significant improvement in weight (-

10.0 kg, SD 0.4) with no differences observed between the two groups. There was also a 

higher level of adherence to these two interventions than the education control, 

suggesting that the use of behaviour change techniques can improve adherence. The 

findings also suggest that telephone counselling is a cost-effective strategy for weight 

maintenance in underserved rural areas compared to other delivery modes, although the 

results cannot be extrapolated to men. The effect on diet and physical activity behaviour 

is also unknown. Considering these limitations, the effectiveness of similar intervention 

strategies for behavioural outcomes in rural men and women should be investigated.  

The Diabetes and Technology for Increased Activity study evaluated the effectiveness 

of a lifestyle intervention which consisted of self-monitoring of specific health 

outcomes (blood pressure and fasting blood glucose) and physical activity behaviour 

(Stuckey et al., 2011). The study was conducted in a rural population in Canada, and 

participants (n=24) were required to have at least two MetS risk factors (high waist 

circumference or obesity, hypertension, impaired glucose tolerance, or dyslipidaemia). 

Over the eight week program, participants attended education and training sessions 

three times per week, and transmitted their self-monitored health and behaviour 
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outcomes via wireless platforms. Significant improvements in physical activity levels, 

waist circumference (-3.86 cm) diastolic blood pressure (-5 mmHg), BMI (-0.4kg/m2) 

total cholesterol concentration (-0.29 mM), and steps per day (+1086 steps/day) were 

observed. Because this was conducted as a feasibility study, a control group was not 

included (Stuckey et al., 2011). It is worth investigating a similar strategy in a rural 

setting via a RCT to determine whether the intervention components such as self-

monitoring can be responsible for improved MetS risk factors.  

The feasibility of an online weight loss intervention for obese adults was assessed by a 

pilot study conducted in a Midwestern state of the USA (Pullen et al., 2008). 

Participants (n=21) were required to be female, aged 50 to 69 years, and overweight or 

obese (BMI ≥ 25 kg/m2), residing in a rural area, with internet and computer access. 

Randomisation into website only or website plus support group occurred after baseline 

assessment. The website consisted of diet and physical activity recommendations, based 

on the following behaviour change techniques: self-efficacy, social support, perceived 

benefits, goal setting, self-monitoring, and overcoming barriers. The support group 

received access to the website plus a peer-led support group that encouraged group 

discussion and supported the participants in their behaviour change attempts. The group 

receiving the peer-led support demonstrated greater improvement in weight, waist 

circumference, blood pressure, fruit and vegetable serves, and wholegrain serves 

compared to the website only group, suggesting that social support is an important 

inclusion in such behaviour change interventions. Limitations of this study were the 

small sample size and lack of male participants, making generalisability to other rural 

areas difficult. However, the preliminary findings are encouraging given the potential to 

implement similar interventions in underserved rural areas remotely at low cost.  

Rural interventions for adults with metabolic syndrome (secondary 

prevention) 
A small number of behaviour change interventions have been implemented in rural 

areas targeting adults with diagnosed MetS. One such study was a four week lifestyle 

modification pilot RCT targeting women with MetS in rural Korea (Oh et al., 2008). 

MetS was diagnosed using the ATPIII criteria and 32 women were randomised to an 

intervention (n=16) or a control (n=16) group. The intervention was delivered over 12 

sessions via an information booklet and consisted of education, supervised physical 

activity, diet modifications, and counselling delivered by a nurse researcher. 
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Improvements were observed for health behaviours, body weight (-4.6 kg), waist 

circumference (-6.2 cm), and triglyceride concentration (-52.2 mg/dL); however, there 

were no intervention effects for psychosocial outcomes such as self-efficacy and quality 

of life (Oh et al., 2008). Based on this pilot study, a six month intervention was 

implemented with a larger sample (n=52) of a similar target group (n=31 intervention; 

n=21 control) (Oh et al., 2010). The intervention consisted of similar components to the 

pilot, except 60 sessions were delivered over a 6 month period. Reduced prevalence of 

MetS was observed for the intervention group (67% resolved cases compared to 30% in 

the control group). The exclusion of effective behaviour change techniques in the 

intervention may explain the lack of improvement in self-efficacy; however, the 

counselling component was not well described by the authors, making it difficult to 

confirm this hypothesis. The sample size, location, and lack of male participants are 

also limitations of the study, making these results difficult to extrapolate.         

The Support, Health Information, Nutrition and Exercise program (Weinstock et al., 

2013) was another adaptation of the Diabetes Prevention Program (Diabetes Prevention 

Program Research Group, 2002), which aimed to evaluate the effectiveness of a 

telephone-delivered translation intervention. Participants (n=257) were recruited from 

five primary care provider sites in upstate New York (one site from a rural area) and 

randomised to a conference call (n=128) or individual call (n=129) intervention. 

Inclusion criteria were ≥ 18 years of age and presence of MetS using the IDF definition. 

Both interventions consisted of the Diabetes Prevention Program curriculum which 

included goal setting, self-monitoring, problem solving, and diet and physical activity 

modifications, with sessions delivered across 12 months. Results demonstrated that both 

intervention delivery modes were effective for weight loss (-5.6% body weight for the 

conference call group versus -1.8% for the individual call group), suggesting that 

telephone interventions can be implemented remotely with minimal physician 

involvement. A limitation of this study was that diet and physical activity behaviours 

were not reported, nor were other health outcomes (MetS status and individual 

parameters). It is also unknown which behaviour change techniques were the most 

effective, and whether the effects were similar in the rural site compared to the other 

sites.   

In summary, there is a paucity of behaviour change interventions targeting rural adults 

with, or at risk of MetS, particularly in an Australian context. Rural areas of Australia 
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are unique in their chronic disease risk factors and determinants, particularly due to 

isolation and lack of access to services, which is supported by the highlighted 

differences in morbidity and mortality between rural and other areas. It is therefore 

important that behaviour change interventions are implemented and evaluated in the 

Australian context. Based on the best available evidence, rural interventions should 

incorporate both diet and physical activity modifications supported by a combination of 

behaviour change techniques, particularly goal setting and self-monitoring. Telephone 

and online delivery modes seem to have similar effectiveness as face-to-face delivery 

modes for rural populations, provided behaviour change techniques are adequately 

incorporated into interventions. Lack of access to health services in rural and remote 

areas may be overcome by offering home-based lifestyle interventions (M. Moore, 

Warburton, O'Halloran, Shields, & Kingsley, 2016) delivered via telephone and 

internet. Additionally, recruiting rural adults who are at risk of MetS (at least two risk 

factors) as well as rural adults diagnosed with MetS for behaviour change interventions 

will have a positive impact on a number of health outcomes associated with T2DM and 

CVD. These findings are based on studies with a number of limitations and as such, 

future rural interventions should engage larger sample sizes, incorporate well-defined 

behaviour change techniques, and evaluation of behavioural outcomes, health outcomes, 

and processes that are adequate to determine effectiveness.  

2.7 Process evaluation 
Recording indicators of external validity via process evaluation is essential to 

understanding the extent to which interventions can be effective in “real-world” settings 

(Goode et al., 2012). Behaviour change intervention trials should report fidelity and 

adherence to intervention components to support an understanding of their applicability 

and effectiveness in different settings (J. Lin et al., 2014). For example, most 

behavioural weight management interventions incorporate a combination of diet and 

physical activity components; however the type, number, and duration of sessions and 

behaviour change techniques differ greatly (Hartmann-Boyce et al., 2014). Determining 

the most effective components is vital to ensuring future interventions achieve their 

desired outcomes. To enable more rigorous control of potential confounders, researchers 

should clearly report the characteristics of interventions, particularly dietary and 

physical activity behaviour change techniques and components (Hartmann-Boyce et al., 

2014). This will assist with translating research findings into practice, by reporting on 

elements of the intervention such as delivery, participant reach, and fidelity.  
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2.8 Conclusions 

MetS increases the risk of T2DM and CVD, and its components are strongly associated 

with overweight/obesity and age. Older adults in rural and disadvantaged areas are 

considered to be at an increased risk of MetS and associated chronic disease due to the 

higher prevalence of risk behaviours, poorer health outcomes and less health services; 

yet interventions targeting these groups are lacking. There is a plethora of evidence to 

suggest that combined diet and physical activity interventions are the most effective for 

reversing MetS, individual parameters, and related chronic diseases. Both primary and 

secondary prevention strategies appear effective, particularly secondary prevention due 

to the opportunity to identify and target high risk individuals. Some studies highlight 

difficulty of maintaining health outcomes in the longer term. The key is how to support 

and maintain diet and physical activity behaviour change via various behaviour change 

techniques in high risk adults, to ensure improved health outcomes.  

More research into the most effective behaviour change techniques and delivery modes 

for rural Australian adults with or at risk of MetS is required. By identifying individuals 

at risk of MetS as well as those with MetS, a greater number of high risk individuals 

can be targeted. The link between poor diet, physical inactivity, central obesity, and 

MetS is well-established; therefore the use of the IDF definition for identifying adults at 

increased risk of developing T2DM and CVD should be further explored, due to the 

inclusion of central obesity in the diagnostic criteria. Primary outcomes should measure 

changes in dietary and physical activity behaviour, and secondary outcomes should 

assess changes to health outcomes. Process evaluation should also be conducted to 

report on components of the intervention that were most effective, and to ensure the 

program was implemented as intended. This is typically underreported in RCTs, and is 

particularly important in behaviour change interventions. Combining these outcome and 

process measures will enable determination of the most effective mechanisms for 

behaviour change and their subsequent impact on health outcomes.  
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3.0 Research methods 
This section expands on the protocol paper (Publication 1, Appendix A) which is 

written in future tense. It describes the study design, town selection, participant 

selection, study procedure, screening, outcome and exposure variables, sample size and 

power calculations, data analysis, ethics, intervention, and process evaluation as they 

were carried out. This section addresses Objective 1: 

1. Design and implement a RCT of a home-based intervention to improve the physical 

activity and dietary behaviours of adults aged 50-69 years with or at risk of MetS, 

residing in a rural community.  

Related publication: 

1. Blackford, K., Jancey, J., Lee, A. H., James, A., Howat, P., Hills, A. P., & 

Anderson, A. S. (2014). A randomised controlled trial of a physical activity and 

nutrition program targeting middle-aged adults at risk of metabolic syndrome in a 

disadvantaged rural community. BMC Public Health, 15, 284. 

http://dx.doi.org/10.1186/s12889-015-1613-9. [Impact Factor 2.26] 

3.1 Study design 
This study was a 6-month RCT of a home-based physical activity and dietary behaviour 

change intervention for adults aged 50 to 69 years with or at risk of MetS, residing in 

rural WA (Albany and environs). The trial was registered with the Australian and New 

Zealand Clinical Trials Registry [ACTRN12614000512628, registration date 14th May 

2014]. Table 3.1 outlines the study design and intervention process.   

Table 3.1. Intervention process 
Study group    

 0 months 
(baseline) 

Intervention 6 months (Post-test) 

Intervention (n=201) O1 X O2 

Control (n=200) O1  O2 

O = observation; X = intervention 
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3.2 Ethics  
Ethical approval of the study was obtained from the Human Research Ethics Committee 

of Curtin University, ethics approval number HR149_2013 (Appendix F, Ethics 

Approval). All participants were informed of the research aims and objectives, the 

nature of their involvement, who was conducting the research, and that confidentiality 

would be maintained throughout the study. An information sheet and consent form 

(Appendix F, Consent Form) was provided prior to entry into the study and participants 

were free to withdraw from the program at any time. Participants were given an 

opportunity to contact the research team to ask questions prior to signing the consent 

form. An opportunity was also provided at the clinic visit. Hard copies of the 

questionnaires were collected and stored at Curtin University in a locked filing cabinet. 

Only the research team had access to the questionnaires. Data were also stored 

electronically on the Curtin server which was password protected and only accessible to 

the research team. All original data will be retained for five years post publication date, 

following ethical guidelines.   

3.3 Study location selection 
The City of Albany and environs (50 km radius approximately) in the Great Southern 

region of WA was selected as the study location for this research. The combined 

residential population of the Local Government Area of Albany and environs (41,605 

residents) (Australian Bureau of Statistics, 2013d) is classified as a rural area according 

to population size (<99,999) (Australian Institute of Health and Welfare, 2004), and was 

sufficient to implement and evaluate the program. There were sufficient adults in the 

target age group of 50-69 years (10,870) (Australian Bureau of Statistics, 2013d) which 

is a similar demographic profile to other rural areas in Australia. In addition, the SEIFA 

score for Albany (987.4) indicates relative disadvantage (<1000) (Australian Bureau of 

Statistics, 2013c). Socio-economic disadvantage is associated with higher prevalence of 

risk factors for chronic disease compared with less disadvantaged areas (Australian 

Bureau of Statistics, 2013c). Figure 3.1 outlines the study location.  
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Figure 3.1. Study location 
Retrieved from www.google.com.au/maps   

3.4 Participant selection 
Prospective participants were required to be aged 50 to 69 years and satisfy the IDF 

MetS criteria (Han & Lean, 2006): central obesity (waist circumference ≥94 cm men or 

≥80 cm women [Europids, Sub-Saharan Africans, Eastern Mediterranean, Middle East]; 

≥90cm men or ≥80cm women [South Asians, Chinese, Japanese]); plus any two of: 

raised triglyceride concentration (≥1.7 mM, or treatment for this); reduced HDL-

cholesterol (<1.03 mM in males and <1.29 mM in females, or treatment for this); raised 

blood pressure (systolic ≥130 mmHg or diastolic ≥85 mmHg, or treatment of previously 

diagnosed hypertension); raised fasting plasma glucose (≥5.6 mM) (Kaur, 2014). 

However, if individuals met the above requirement for central obesity and satisfied one 

(instead of two) of the latter four conditions as specified by IDF, they were classified as 

being at risk of developing MetS and were included in the present study with the aim of 

preventing the onset of MetS and associated chronic diseases (Hsiung, Liu, Cheng, & 

Ma, 2014).  

The following exclusion criteria were applied: previous diagnosis of diabetes mellitus 

(other than gestational diabetes); receiving specific treatment to lower blood glucose; on 

a weight loss diet or having weight fluctuations of >5% within the previous 6 months; 

of Aboriginal or Torres Strait Islander decent; or involvement in another physical 

activity study or program.   
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3.5 Sample size and power calculations 
The power calculations were based on a logistic mixed regression model with the 

outcome variable being the prevalence of physical activity participation. In the power 

analyses, effect sizes of interest are associated with the time (pre-post) and intervention 

group parameters. For the mixed regression analysis, a final sample size of n=400 [100 

per gender by intervention condition] provided sufficient power (80%) to detect a 

medium effect size for physical activity behaviour as a primary outcome at 5% 

significance level for the group by time interaction term accounting for gender but 

without other covariate adjustment.   

3.6 Procedure 
Recruitment occurred in three stages and the procedure was staggered over a 14-month 

period from October 2013 to December 2014. Figure 3.2 outlines the study procedure.  

 

Figure 3.2. Study procedure 
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3.6.1 Screening stage one 
Based on a previously successful recruitment strategy (Burke et al., 2010), residents 

from the selected towns were contacted via a Computer Assisted Telephone Interview 

(CATI) system. Telephone numbers were extracted from the White Pages based on 

postcodes, and a total of 12,723 numbers were contacted. A postcard was also sent to 

residents of the towns to provide information on the study and to inform them that 

someone may contact them in the coming weeks (Iredell, Shaw, Howat, James, & 

Granich, 2004). During the initial telephone contact, the purpose of the study was 

explained and the caller determined whether the individual met the initial criteria 

(Appendix A, Initial Screening Questionnaire): aged between 50 to 69; no previous 

diagnosis of diabetes mellitus (other than gestational diabetes); not receiving specific 

treatment to lower blood glucose; not on a weight loss diet or having weight 

fluctuations of >5% within the previous 6 months; not of Aboriginal or Torres Strait 

Islander decent; and no involvement in another physical activity program.   

Individuals were then screened for diabetes risk factors based on the AUSDRISK, the 

Australian T2DM risk assessment tool (Chen et al., 2010) (Appendix D, AUSDRISK). 

This simple and reliable questionnaire identifies individuals at risk of developing T2DM 

based on demographics, health behaviours, and anthropometry (Chen et al., 2010): age, 

sex, ethnicity, family history of diabetes, previous blood glucose concentration, use of 

blood pressure medications, smoking status, physical activity level, and waist 

circumference. Of the 12,723 telephone contacts, 7,332 agreed to undertake the 

screening stage one. Table 3.2 provides a summary of reasons 5,391 contacts did not 

progress to the initial screening questions.  

Table 3.2. Recruitment call statistics   
 n 
Yes 7332 

Not willing to participate 4247 

Language barrier 45 

Business 589 

Fax 363 

Non-resident of WA 6 

Hearing impaired 37 

Other reasons 104 

Total 12723 
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Of the 7332 who agreed to undertake screening stage one, 1,134 met the selection 

criteria and achieved the required AUSDRISK score (≥ 9 female or ≥ 12 male) to be 

eligible for screening stage two. These 1,134 potential participants were informed of the 

study aims and requirements, and were invited to participate. Callers recorded contact 

details of those indicating an interest. Table 3.3 provides a summary of the reasons for 

exclusion prior to screening stage two.  

Table 3.3. Reasons for exclusion prior to screening stage two (n=6,198) 
Reason n % 
Outside age group (50-59 years) 3586 57.9 

Not in area 824 13.3 

Aboriginal or Torres Strait Islander descent 43 0.7 

Involved in another research program 31 0.5 

Weight fluctuations ± 5% body weight 215 3.5 

Diabetic 157 2.5 

Gastric banding 15 0.2 

Physically active 536 8.6 

Insufficient AUSDRISK score 791 12.8 
 

3.6.2 Screening stage two 
The 1,134 potential participants  were sent an information sheet (Appendix E, 

Information Sheet) with a covering letter (Appendix E, Cover Letter), inviting them to 

attend a clinic in a central location in Albany. The information sheet explained the 

home-based intervention, their rights, and confidentiality details. Participants were 

provided with the clinic contact details and an appointment was made to attend the 

clinic for anthropometric measurements and blood pressure readings to be taken, and 

the completion of a questionnaire (Appendix E, Questionnaire). Participants signed a 

consent form at the clinic in the presence of the Researcher prior to measurements being 

taken. A total of 526 participants attended the clinic for screening stage two.  

Waist circumference was included in screening stage two due to central obesity being 

an essential component of the IDF MetS criteria and ease of measurement (Zimmet et 

al., 2005). Participants who did not meet the central obesity criteria (waist 

circumference >94cm men or >80cm women) were excluded (n=40). An additional 16 

participants withdrew prior to their fasting blood sample, leaving a total of 470 eligible 

for screening stage three.  
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3.6.3 Screening stage three 
Individuals with confirmed central obesity were provided with a pathology form for the 

collection of a fasting blood sample (for measurement of triglyceride, glucose, and 

cholesterol concentrations) to determine their MetS status. Participants were eligible if 

they were classified as either with MetS or at risk of MetS, based on the criteria listed in 

section 3.4 Participant selection. Sixty nine participants did not meet the eligibility 

criteria based on their fasting blood samples and were therefore excluded.  

A total of 401 participants were eligible for the study and randomised to either the 

intervention (n=201) or control (n=200) group, with quota sampling for sex and MetS 

status. Table 3.4 provides a summary of the participants included in the study. 

Intervention participants received the intervention materials and the control group was 

placed on a waitlist to receive the intervention after they completed the post-test data 

collection. This group was informed of their eligibility for the study after baseline data 

collection. Previous interventions have successfully adopted this method of wait-listing 

the control group (Lewis, 2013; Nakade et al., 2012).  

Table 3.4. Participants randomised (n=401) 
MetS status and sex Intervention (n=201) Control (n=200) 
With MetS, female 67 63 

At risk of MetS, female 67 68 

With MetS, male 44 44 

At risk of MetS, male 23 25 
 

3.7 Intervention  
3.7.1 Program design 
The intervention group participants received a package of printed materials designed to 

educate and motivate nutrition and physical activity improvements and healthy weight 

management using behaviour change techniques known to be effective for dietary and 

physical activity behaviour change in adults at risk of CVD (Artinian et al., 2010). The 

program was adapted from a previous study (Burke et al., 2010) for a rural context, 

incorporating telephone support rather than face-to-face support, and was based on the 

principles of Self-Determination Theory and motivational interviewing (Kerr et al., 

2012; Patrick & Williams, 2012). The key constructs of Self-Determination Theory 

include autonomy, competence and relatedness; experiences of dealing with the 
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environment and the ability to control the course of their lives fosters motivation and 

engagement, which results in persistent and improved participant behaviours (Kerr et 

al., 2012; Patrick & Williams, 2012). Goal setting, self-monitoring, feedback and 

shaping knowledge formed the basis of the home-based program, empowering 

participants to self-manage their health behaviours within their own environment in an 

autonomous manner.  

The intervention was safe, accessible, and low-cost, commencing at a low level of 

physical activity. Exercises were based on Australia’s Physical Activity and Sedentary 

Behaviour Guidelines (Department of Health, 2014) and included aerobic, strength, and 

flexibility components, with tips and instructions for performing the exercises safely. 

The dietary component was based on the Australian Dietary Guidelines (National 

Health and Medical Research Council, 2013a), encouraging increased consumption of 

fruit and vegetables, and limiting consumption of saturated fat, sodium, and added 

sugar. The intervention also encouraged regular self-monitoring of weight and waist 

circumference, which is generally associated with greater weight loss (VanWormwer et 

al., 2009).      

3.7.2 Program materials  
Booklet 
The Albany Physical Activity & Nutrition (APAN) Eat Healthy, Move More, Sit Less 

booklet (Appendix G, APAN Booklet) was developed and comprised five sections. The 

Maintaining a Healthy Weight section included information on overweight and obesity 

as a risk factor for chronic diseases, causes of weight gain, and how to assess weight 

status using BMI and waist circumference (National Health and Medical Research 

Council, 2013b). The Physical Activity section included Australia’s Physical Activity 

and Sedentary Behaviour Guidelines (Department of Health, 2014), health benefits of 

being physically active, examples of activity types (moderate, strength, flexibility, and 

balancing exercises), goal setting and making a plan, and overcoming barriers. The 

Home-based Physical Activity Program section included instructions and illustrations 

for performing a range of exercises in the home setting. The Nutrition section 

summarised the Australian Dietary Guidelines (National Health and Medical Research 

Council, 2013a) and the five food groups, recommended serves for adults, fat types, low 

glycaemic index foods, alcohol guidelines (National Health and Medical Research 

Council, 2009), sample daily meal plans, goal setting, healthy shopping tips, and 
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healthy recipes. The Health Monthly Activity Planner section provided participants with 

6 months of activity planning and recording for the suggested activities and exercises.  

Exercise charts and resistance band 
The APAN Your Exercise Chart (Appendix G, APAN Exercise Charts) provided 

participants with a series of photos and written instructions for performing a range of 

exercises in their home. These included warm up stretches for improving flexibility; 

strength and balance exercises; exercises to be performed while watching television; 

and ‘kettle exercises’ which could be performed while waiting for the kettle to boil.    

Nutrition panel wallet card 
The APAN nutrition panel wallet cards, Reading Nutrition Panels (Appendix G, APAN 

Nutrition Panel Wallet Cards), were designed to provide assistance to participants when 

reading nutrition labels at the supermarket. The card included common information 

found on nutrition panels including total fat, saturated fat, sugar, sodium, fibre, and 

amounts per 100g considered to be healthy options (National Health and Medical 

Research Council, 2013c).   

Website and progress tracker 
The APAN Website was developed to provide all program materials in an electronic 

format. The pages followed the booklet format, and the exercise charts were available as 

downloadable documents. A blog was developed and monitored regularly to share 

program updates, news, health information and links, with a section for participants to 

comment and interact. The website also included a daily progress tracker, allowing 

participants to log their physical activity, nutrition, and weight management progress 

(Appendix G, APAN Website Progress Tracker). The website was password protected, 

allowing access to the intervention group only.  

3.7.3 Follow-up and support 
The intervention group participants were allocated to one of two research assistants who 

were trained in motivational interviewing techniques (Resnicow & McMaster, 2012). 

Telephone contact was made with participants at weeks 1, 3, 6, 12, 18, and 24 of the 

intervention to ensure effective program delivery and to maintain motivation and 

participation. The research assistants discussed and monitored goal setting and provided 

support as needed. Follow-up emails were also sent, and participants were given the 

option to contact the research assistants as required.  
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3.7.4 Control group 
After baseline data were collected and eligibility was confirmed, participants allocated 

to the control group were waitlisted and received the program materials (booklet, 

exercise chart, and resistance band only) after the post-test data was collected. No 

contact was made with the control group during the intervention other than to confirm 

eligibility for the program.  

3.8 Measures 
The following objectives are addressed in this section: 

4. Assess at post-test the change in physical activity and dietary behaviours of 

intervention participants relative to the control group (primary outcomes).  

5. Assess at post-test the change in body composition, MetS parameters, and 

cardiovascular risk factors for the intervention group relative to the control group 

(secondary outcomes).  

6. Assess the change in MetS status and CVD risk scores post-intervention relative to 

the control group (secondary outcomes).  

Table 3.5 summarises measurement of each outcome and exposure variable, measured 

at baseline and 6-months post-test.  

Table 3.5. Outcome variables and measurement instruments   
Outcome variable Measurement instrument  
Demographics and lifestyle (Sex, age, education, 
marital status, diagnosed conditions, 
medications) 

Questionnaire 

Primary outcomes  
Sedentary and physical activity behaviours IPAQ-SF (Burke et al., 2010; Craig et al., 2003) 

Dietary behaviours (fat, fibre, fruit, vegetable 
consumption) 

Fat & Fibre Barometer (Wright & Scott, 2000) 

Secondary outcomes  

Anthropometric measurements (BMI, waist 
circumference, waist-to-hip ratio, body fat and 
muscle percentage) 

Bioelectrical impedance analysis, stadiometer, 
measuring tape (O’Brien, Waeber, Parati, 
Stassen, & Myer, 2001; Omron Corporation 
Japan, 2002), 

Blood pressure OMRON automatic BP monitor 

Glucose, triglyceride, cholesterol (total, LDL, 
HDL, non-HDL, remnant chol) 

Blood samples (Grundy et al., 2004) 

MetS diagnosis/status IDF criteria (Han & Lean, 2006) 
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Outcome variable Measurement instrument  
CVD risk Australian absolute CVD risk calculator 

(National Vascular Disease Prevention Alliance, 
2012) 

 

3.8.1.1 Self-reported physical activity and dietary 
behaviours  

A self-reported questionnaire was completed by all participants at baseline and 6 

months and included questions on demographics and lifestyle, the International Physical 

Activity Questionnaire Short Form (IPAQ-SF) (Craig et al., 2003), and the Fat & Fibre 

Barometer (Wright & Scott, 2000). Demographic and lifestyle questions included sex, 

age, education, marital status, smoking status, alcohol consumption, diagnosed health 

issues, and current medications. The IPAQ-SF (Craig et al., 2003) is a self-administered 

instrument that allows population surveillance of physical activity, inactivity, and 

sedentary behaviour in adults aged 15 to 69 years. The instrument has undergone 

validity and reliability testing in 12 countries including Australia, and is recommended 

for monitoring of physical activity in large studies. The repeatability is acceptable, with 

75% of the correlation coefficients above 0.65, and the criterion validity shows fair to 

moderate agreement with accelerometers (p=0.30).  

The Fat & Fibre Barometer (Wright & Scott, 2000) is a brief self-administered dietary 

behaviour questionnaire which provides useful information on fat and fibre intake 

behaviours. The instrument is reliable (Cronbach’s alpha of 0.86) and demonstrates 

good test-retest scores (r=0.92). The relative validity when measured against the Food 

Frequency Questionnaire for total fat, percentage of energy from fat, total fibre, and 

fibre density is r=-0.60, -0.57, 0.44, and 0.76, respectively. This instrument has been 

used in recent similar studies targeting middle-to-older age adults (Burke et al., 2010; 

Holt et al., 2014).     

3.8.2 Anthropometric measures 
Anthropometric measurements were taken at baseline and at 6-months, following the 

International Society for the Advancement of Kinanthropometry guidelines (The 

International Society for the Advancement of Kinanthropometry, 2001). BMI was 

calculated by dividing weight (kg) by height (m) squared. Height was measured to the 

nearest 0.1 cm with a portable stadiometer while the participant was barefoot. Weight 
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was measured to the nearest 0.01 kg using an electronic weight scale while barefoot and 

wearing lightweight clothing. Waist circumference was measured to the nearest 0.5 cm 

at the level midway between the lowest rib margin and the iliac crest while the 

participant stood upright. Hip circumference was measured to the nearest 0.5 cm at the 

largest level of the symphysis pubis and gluteus maximus while the participant stood 

upright. Waist-to-hip ratio was calculated by dividing waist circumference (cm) by hip 

circumference (cm) (Welborn et al., 2003).  

3.8.3 Blood pressure 
Blood pressure was measured using an Omron M5-1 electronic sphygmomanometer. A 

mean value was recorded after three consecutive measurements at intervals of one 

minute (Pickering, Falkner, Jones, & Roccella, 2005). The participant was in a sitting 

position with legs uncrossed and using a back support. The cuff was placed on the upper 

arm, with the arm at the level of the right atrium and the stethoscope at the elbow crease 

over the brachial artery (Pickering et al., 2005).    

3.8.4 Fasting blood samples 
Fasting blood samples were taken by a phlebotomist at baseline and 6 months. Fasting 

plasma glucose was determined to assess glycaemic control, which is strongly 

associated with other MetS parameters and is correlated with CVD risk (Grundy et al., 

2004). Fasting lipid concentrations were determined to assess lipid profile and CVD 

risk. The concentrations of triglyceride and total cholesterol were measured allowing 

determination of LDL-, HDL-, non-HDL-, and remnant cholesterol concentrations 

(Nordestgaard & Varbo, 2014). Triglyceride, total cholesterol, HDL cholesterol and 

glucose were determined using enzyme-based colourimetric reagents (CV < 5%), and 

LDL cholesterol was estimated using the Friedewald Equation (Fukuyama et al., 2008). 

All blood tests were performed by Western Diagnostic Pathology using their routine 

automated procedures using a Siemens Advia 2400 analyser. 

3.8.5 Metabolic syndrome status 
MetS status was determined using the IDF criteria (Han & Lean, 2006), which accounts 

for central obesity being common to each of the other MetS parameters (Zimmet et al., 

2005). Under this classification, increased waist circumference was a necessary 

requirement for diagnosing individuals, which served as the initial screening test for 

MetS (Zimmet et al., 2005). As stated in section 3.6.2 Screening stage two, only 
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individuals satisfying the central obesity requirement were eligible for the subsequent 

screening stage three (fasting blood sample). Participants who satisfied the full criteria 

(central obesity plus two other parameters as listed below) were classified as with MetS; 

whereas those with central obesity (waist circumference >94 cm men or >80 cm women 

[Europids, Sub-Saharan Africans, Eastern Mediterranean, Middle East]; >90 cm men or 

>80 cm women [South Asians, Chinese, Japanese]) plus one of: raised triglyceride 

concentration (>1.7 mM, or treatment for this); reduced HDL-cholesterol (<1.03 mM in 

males and <1.29 mM in females, or treatment for this); were classified as being at risk 

of MetS. Post-test reclassification determined changes to MetS status after 6 months.  

3.8.6 Cardiovascular disease risk 
Absolute CVD risk was calculated for each participant at baseline and 6 months using 

the Australian Absolute Cardiovascular Disease Risk Calculator (National Vascular 

Disease Prevention Alliance, 2012). This calculator provides the likelihood of a 

cardiovascular event occurring within the next five years based on the individual’s sex, 

age, systolic blood pressure, smoking status, total cholesterol, HDL cholesterol, and 

presence or absence of diabetes. Individuals with a risk score greater than 15% are 

considered to be high risk; those with scores between 10-15% are medium risk; and 

individuals with a risk score less than 10% are considered low risk.   

3.9 Data analysis 
Data were coded and analysed using SPSS version 22.0. Descriptive statistics were used 

to summarise participants’ health and demographic characteristics. Comparisons 

between the intervention group and the control group were performed using univariate 

and multivariable methods. Outcome variables at baseline and 6 months post-test were 

used to test the hypotheses in association with the covariates and confounding variables. 

Independent and paired samples t-tests were applied to the continuous outcome 

variables, and Mann-Whitney U test and Wilcoxon Signed Rank test were applied to 

those variables exhibiting skewed distributions. To account for potential confounders, 

generalised estimating equation (GEE) models with exchangeable correlation structure 

were used to assess the repeated outcome variables over time. Normal GEE with 

identity link was applied to normally distributed continuous outcome variables, and 

gamma GEE with log link was applied to skewed continuous variables. All hypotheses 

were tested at the 0.05 significance level.  
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3.10 Summary of results  
A total of 312 (77.8%) participants (151 intervention and 161 control) attended the 

clinic for post-test data collection and were included in the anthropometric analysis; 310 

(77.3%) were included in the self-report analysis (151 intervention and 159 control), 

and 274 (68.3%) were included in the blood sample analysis (130 intervention and 144 

control) after participants with incomplete data were removed from the sample. Upon 

completion of the study, the intervention group marginally increased their metabolic 

equivalent (MET) minutes of moderate intensity physical activity per week (p=0.049), 

and significantly improved fibre intake (p<0.001), fat intake (p=0.003), and vegetable 

serves per day (p=0.002) from baseline to post-test relative to the control group, after 

controlling for confounders (see Publication 2 in Appendix A for full details). 

Significant improvements in triglyceride (-0.10 mM, p=0.002), total cholesterol (-0.09 

mM, p=0.02), non-HDL cholesterol (-0.08 mM, p=0.02), waist circumference (-2.11 

cm, p=0.03), waist-to-hip ratio (-0.01, p=0.04), weight (-0.70 kg, p=0.01), and body 

mass index (-0.20 kg/m2, p<0.001) were also observed (see Publication 3 in Appendix 

A for full details). Additionally, 15 less participants were classified with MetS and 8 

less were classified as at risk of MetS at post-test, and a significant reduction in 

cardiovascular risk score (-0.82, p<0.001) relative to the control group was observed 

(see Table 3.6).    

Table 3.6. Between- and within-group changes to MetS status and CVD risk scores 
(n=274)   

Outcome Intervention group 
(n=130) 

p1 Control group (n=144) p2 p3 p4 

Baseline Post Baseline Post 
With MetS 66 (50.8%) 51 (39.2%) 0.03 77 (53.5%) 78 (54.2%) 0.69 0.72 0.02 
At risk of 
MetS 

64 (49.2%) 56 (43.1%) 67 (46.5%) 46 (31.9%) 

CVD risk: 
With MetS 

8.54 (4.2) 7.44 (4.1) <0.00
1 

7.90 (4.05) 7.30 (3.9) 0.04 0.33 0.72 

CVD risk: At 
risk of MetS 

5.48 (3.5) 4.93 (3.2) 0.01 5.78 (3.6) 5.95 (3.7) 0.51 0.46 0.08 

CVD risk: All  7.03 (4.1) 6.21 (3.9) <0.00
1 

6.90 (4.0) 6.66 (3.8) 0.30 0.96 0.02 

1 Chi-square or paired t-test between baseline and post-test for the intervention group  

2 Chi-square or paired t-test between baseline and post-test for the control group 
3 Chi-square or independent t-test between intervention and control groups at baseline 
4 Chi-square or independent t-test between intervention and control groups at post-test 
 

Related publications: 

2. Blackford, K., Jancey, J., Lee, A. H., James, A., Howat, P., & Waddell, T. (2016). 

Effects of a home-based intervention on diet and physical activity behaviours for 
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rural adults with or at risk of metabolic syndrome: a randomised controlled trial. 

International Journal of Behavioral Nutrition and Physical Activity, 13, 13. 

http://dx.doi.org/10.1186/s12966-016-0337-2. [Impact Factor 4.11] 

3. Blackford, K., Jancey, J., Lee, A. H. James, A., Waddell, T., & Howat, P. (2016). 

Home-based lifestyle intervention for rural adults improves metabolic syndrome 

parameters and cardiovascular risk factors: A randomised controlled trial. 

Preventive Medicine, 16(89), 15-22. http://dx.doi.org/10.1016/j.ypmed.2016.05.012. 

[Impact Factor 2.893] 

3.11 Process evaluation 
Process evaluation is an essential requirement of reporting on public health research 

interventions and health promotion programs (Armstrong et al., 2008). Process 

evaluation provides useful information on how a successful intervention was conducted 

and how it can be replicated, and whether trial outcomes can be reproduced in a specific 

context (G. Moore et al., 2015). This is essential to identify the appropriateness of the 

intervention to the target group, and assesses the appropriateness and effectiveness of 

the research procedure. Process evaluation also assists with understanding the 

components of the intervention that were most effective in improving dietary and 

physical activity behaviours, and how these impact on health outcomes (Hartmann-

Boyce et al., 2014).   

The following components of the intervention were assessed as part of the process 

evaluation: implementation process and what was delivered (fidelity, dose, adaptations, 

and reach); participant responses to intervention interactions; and contextual or external 

factors influencing the intervention (G. Moore et al., 2015). Evaluation of program 

materials was conducted halfway through the intervention, and exit interviews were 

conducted post-intervention. This section addresses the following objectives: 

2. Determine the effectiveness of strategies to recruit and retain the target group in a 

physical activity and dietary behaviour change intervention.  

3. Assess the acceptability and appropriateness of the intervention strategies and 

resources for the target group.  

3.11.1 Materials evaluation 
Evaluation of the program materials (booklet, exercise chart, website) was conducted at 

the three-month point of the intervention using a brief online questionnaire (Appendix 
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H, Materials Evaluation). The questions were modified from those used for a previous 

study (Burke, Jancey, Howat, Lee, & Shilton, 2013). A subset of intervention 

participants with computer access (n=145) received an email link and were asked to 

comment on features of the program materials (booklet, exercise chart, and website) that 

they liked or disliked, by responding to open-ended questions and five-point Likert 

scales (e.g. not useful to useful, not very suitable to very suitable, not very eye-

catching/attractive to very eye-catching/attractive).  

3.11.2 Exit interviews 
Sixteen intervention participants (8 completers and 8 non-completers) were 

purposefully selected to participate in exit interviews post-intervention. This sample 

size was based on a previous study (Burke et al., 2010) and the literature which suggests 

that saturation occurs within the first 12 interviews (Di Cicco & Crabtree, 2006). 

Participants were contacted by telephone and asked if they were willing to participate in 

a one-on-one interview with a trained researcher. The researcher followed an interview 

schedule (Appendix H, Exit Interview Schedule – Completers), which asked the 

participant to comment on their perceptions of the program overall, the program 

materials and strategies, and the motivational interviewing. In addition, the non-

completers were asked the reasons for their withdrawal (Appendix H, Exit Interview 

Schedule – Non-Completers). Each interview took approximately 20 minutes.  

3.11.3 Qualitative analysis 
All qualitative data were transcribed within two weeks of interviewing. Data were 

coded and common themes were created. The information obtained was collated, 

presented thematically and supported by direct quotes from participants. Management 

of full transcripts and other text was facilitated by NVIVO. Participants’ permission was 

obtained but they were not identified in transcripts. 

3.11.4 Summary of results  
After randomisation, 18% of participants withdrew from the intervention. Reasons 

provided included health issues, personal issues, lost interest or changed their mind, 

travelling, moved out of the area, and work commitments. The average number of 

motivational interview calls completed by participants who finished the six month 

intervention was three, with approximately one third (32%) completing between four to 

six calls. Most participants reported increased motivation for physical activity and 
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dietary improvements due to the program resources, which they reported to be useful, 

attractive, and suitable to people their age. Reasons for being involved in the program 

included wanting to address issues with weight, expecting health benefits, wanting the 

research results to benefit the community, and enjoying the challenge. Participants also 

liked the support they received, saying it was motivating and that it helped with 

overcoming barriers. Suggestions to improve the program included face-to-face delivery 

mode, more regular feedback, and more incentives to complete the program. 

Publication 4 (Appendix A) provides the full process evaluation results.  

4. Blackford, K., Lee, A. H., James, A., Waddell, T., Hills, A. P., Anderson, A. S., 

Howat, P., & Jancey, J. (2016). Process evaluation of the Albany Physical Activity 

and Nutrition (APAN) program, a home-based intervention for metabolic syndrome 

and associated chronic disease risk in rural Australian adults. Health Promotion 

Journal of Australia. http://dx.doi.org/10.1071/HE16027. [Impact Factor 1.231] 
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4.0 Discussion  
This thesis describes the development, implementation, and evaluation of a home-based 

behaviour change intervention in a rural setting. The intervention was evaluated via a 

large RCT which demonstrated effectiveness in improving dietary and physical activity 

behaviours, improving chronic disease risk factors, and reducing MetS prevalence in 

older rural adults. This study also provided a link between intervention elements and 

outcomes via rigorous process evaluation, highlighting the most effective and preferred 

strategies and delivery modes for the high risk target group. The following section 

reflects on the study objectives and expands on the strengths and limitations that were 

discussed in each of the publications presented as part of this thesis.  

4.1 Reflection on the study objectives  
4.1.1 Objective 1 
The purpose of objective 1 was to design and implement a RCT of a home-based 

intervention to improve the physical activity and dietary behaviours of adults aged 50-

69 years with or at risk of MetS, residing in a rural community (Publication 1, 

Appendix A). Behaviour change interventions addressing MetS and related chronic 

diseases in rural areas are under-researched, particularly in an Australian context. These 

underserviced high risk groups are in need of such interventions, considering the 

increased prevalence of modifiable risk factors and burden of disease compared to 

metropolitan areas. A small number of behaviour change interventions have been 

designed and implemented for rural adults with or at risk of MetS globally. Such 

programs have mostly been adapted from large diabetes prevention studies including the 

Diabetes Prevention Program (Diabetes Prevention Program Research Group, 2002), the 

Finnish Diabetes Prevention Study (Tuomilehto et al., 2001), and the GOAL Lifestyle 

Implementation Trial (Absetz et al., 2007). Study locations for rural interventions have 

included the USA (Perri et al., 2008; Pullen et al., 2008; Vadheim et al., 2010; 

Weinstock et al., 2013), Canada (Stuckey et al., 2011), Korea (Oh et al., 2008), and one 

study which was conducted in rural Australia (Kilkkinen et al., 2007). Considering the 

lack of research in this area, the present study contributes to the knowledge of behaviour 

change interventions for those with and at risk of MetS in the rural Australian context. 

The evidence on the effectiveness of lifestyle interventions on health outcomes, 

particularly MetS, T2DM and CVD morbidity and mortality is well established. The 
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need for effective behaviour change techniques for initiation and maintenance of dietary 

and physical activity behaviours to achieve such health outcomes in various population 

groups is also well-established. Interventions typically involve individual counselling 

by trained health professionals, which is a limitation for areas with high levels of 

chronic disease prevalence and limited access to health services (Oldenburg, Absetz, 

Dunbar, Reddy, & O’Neil, 2011). Considering the increased morbidity and mortality 

associated with poor diet, physical inactivity and overweight/obesity in rural and remote 

areas of Australia, it is worthwhile determining the most effective behaviour change 

techniques to support improvements in MetS prevalence and related chronic disease 

incidence in such high-risk individuals.  

The intervention study investigated the effectiveness of dietary and physical activity 

behaviour change techniques for adults living in rural Australia. Techniques such as 

goal setting, self-monitoring and regular feedback can be enhanced by motivational 

interviewing (Artinian et al., 2010), and should be based on behavioural theory. The 

combination of motivational interviewing and Self-Determination Theory for the 

present study recognised the value of autonomous motivation in the facilitation of 

behaviour change (Patrick & Williams, 2012). Additionally, the combination of primary 

(dietary and physical activity behaviours) and secondary outcomes (biomedical and 

other health measures) enabled evaluation of the effectiveness of the intervention and its 

impact on health outcomes.  

Process evaluation was also incorporated in the study design, to ensure components of 

the intervention that were most effective and acceptable were reported on. Process 

evaluation is an important consideration for behaviour change interventions, yet is often 

underreported. This combination of measures included in the study design allowed for 

rigorous evaluation across a number of study objectives.  

4.1.2 Objective 2 
The purpose of Objective 2 was to determine the effectiveness of strategies to recruit 

and retain the target group in a physical activity and dietary behaviour change 

intervention (Publication 4, Appendix A). By using strict inclusion criteria across 

several recruitment stages, self-selection bias was minimised which enhanced internal 

validity. Although this process was resource intensive and time consuming, it did 

remove the issues associated with motivated individuals responding to general 

promotion of the study. Recruitment stage one utilised two combined methods: 
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telephone calls via the CATI system, and a postcard drop to all dwellings in the eligible 

area informing them of the incoming call and the study aims and objectives. Participants 

were also given the option to contact researchers if they were interested in participating. 

CATI statistics were recorded (as presented in section 3.6.1 Screening stage one); 

however, information was not collected to determine the usefulness of the postcards. 

Considering the wide reach and potential cost reduction associated with using postcards 

as a recruitment method (Iredell et al., 2004), it would be worthwhile recording such 

information in future studies and reporting on the effectiveness of postcards versus cold 

calling.  

Recruitment stage two highlighted the usefulness of the AUSDRISK instrument for 

identifying individuals with and at risk of MetS, which is an alternative to taking blood 

samples if the latter is impractical or too costly for large samples. A number of studies 

have used a diabetes risk assessment tool to identify and recruit participants (Nilsen, 

Bakke, & Gallefoss, 2011), such as the Finnish Diabetes Risk Score (Jaana. Lindström 

& Tuomilehto, 2003) and AUSDRISK (Chen et al., 2010). The use of such tools for 

identifying cases of MetS and MetS risk is under researched; the present study therefore 

adds to the literature in this area. Additionally, using the IDF MetS criteria for 

recruitment stage three had an advantage over other definitions, due to the use of a 

simple and inexpensive waist measurement as the necessary diagnostic requirement 

(Zimmet et al., 2005). 

Upon completion of recruitment stage three, 401 participants were randomised into 

intervention or control group. Prior to post-test data collection, 17% of participants 

withdrew from the study and a further 5% were lost to follow-up across both groups, 

giving an overall attrition rate of 22% which is slightly higher than other health 

behaviour change trials (Crutzen, Viechtbauer, Spigt, & Kotz, 2014). Although 

differential attrition was avoided due to no observed differences between the 

intervention and control groups after withdrawals and losses to follow-up, minimising 

overall attrition is a desirable outcome in intervention research to enhance internal 

validity (Dumville, Torgerson, & Hewitt, 2006). Methods to reduce attrition in such 

studies include readiness-to-change assessment (Ali, Echouffo-Tcheugui, & 

Williamson, 2012) and the provision of participant baseline chronic disease risk and 

health status prior to beginning the intervention (Groeneveld, Proper, van der Beek, 

Hildebrandt, & van Mechelen, 2009). Understanding readiness to change prior to 
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beginning the intervention is beneficial because it allows for matching between 

strategies/treatments and participants’ motivation levels (Cresci & Rotella, 2009). For 

example, if a participant is ready to lose weight, dietary and physical activity behaviour 

change techniques can be initiated; whereas a participant who is not at the same stage of 

change should have barriers addressed prior to further intervention. The attrition rate of 

the present study may have been reduced if this strategy was employed as part of the 

intervention. Additionally, if participants were provided with their chronic disease risk 

scores and other health indicators at baseline, motivation levels may have increased.  

4.1.3 Objective 3 
The purpose of Objective 3 was to assess the acceptability and appropriateness of the 

intervention strategies and resources for the target group (Publication 4, Appendix A). 

Interventions that rely on behaviour change often leave the participant feeling 

responsible for their own behaviour and its consequences, such that if an intervention is 

not assisting them with their desired outcomes they may not return for follow-up 

measurements (Crutzen et al., 2014). Similarly, participants in the intervention group 

often have higher expectations of the program than the control group who are on a 

waiting list, and when their expectations are not met they are more likely to withdraw 

(Crutzen et al., 2014). Considering this, assessing the acceptability and appropriateness 

of the intervention as well as reasons for withdrawal can assist with reducing attrition 

and potential bias in future studies.  

Delivery mode is an important consideration for rural dietary and physical activity 

behaviour change interventions. Of the studies conducted in the USA, Canada, Korea 

and Australia, the majority utilised group or individual face-to-face delivery modes 

(Kilkkinen et al., 2007; Oh et al., 2008; Stuckey et al., 2011; Vadheim et al., 2010), with 

one using a combination of face-to-face and remote delivery (Perri et al., 2008) and 

some using remote delivery only (Pullen et al., 2008; Weinstock et al., 2013). 

Considering the similarities in effectiveness across the delivery modes, it can be 

suggested that using remote delivery is less resource-intensive, more wide-reaching and 

therefore more suitable for rural areas with limited access to resources and services. The 

present study used a combination of telephone and online delivery modes, with process 

evaluation revealing that the majority of participants used the printed materials but not 

the online resources, and most did not complete all of the motivational interviewing 

sessions via telephone. Some of the participants reported that they would have preferred 
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a face-to-face component included in the intervention. The reach and scalability would 

be reduced by including a face-to-face component, so investigating alternative options 

to replace the face-to-face experience is warranted. Video calling could be investigated 

for rural areas, which may also improve participation in the motivational interviewing 

component of the intervention. Delivery via mobile phone technology is also worth 

investigating further.  

Considering the limited use of the online resources and tools by APAN participants, 

further investigation into acceptability of the delivery mode for the target group is 

warranted. Design of the online components could be improved to ensure participation 

is maintained and withdrawal is kept to a minimum. Combining effective behaviour 

change techniques with persuasive website design elements, such as self-monitoring 

tools, social support via blogs, and reminders, may improve overall use of the delivery 

mode (Short, Rebar, Plontikoff, & Vandelanotte, 2015). The present study did 

incorporate these elements; however, there may have been design flaws that made the 

tools unattractive and burdensome for participants. Other important considerations for 

online intervention components to increase exposure and improve retention are more 

frequent updates of websites and tools (Brouwer et al., 2011) and the use of tailored 

feedback (Brouwer et al., 2010; Schulz et al., 2014), which is another effective 

behaviour change technique that could be explored for the target group.  

Addressing recruitment, retention and participation issues has important implications 

for future studies and programs, particularly when allocating scarce funds to prevention 

programs. Future programs should consider both the number of participants required, 

the time required to recruit, and the number of staff to be involved in the process 

(Carroll et al., 2011). Any such constraints will affect the recruitment and retention 

methods that can be used. Comparing the process evaluation results of the present study 

to those of two similar rural interventions, the Greater Green Triangle Diabetes 

Prevention Project and the Montana Cardiovascular Disease and Diabetes Prevention 

Program (Reddy et al., 2011), provides a number of recruitment and retention 

recommendations for future interventions. These include using direct referrals from 

primary care givers rather than attempting to contact individuals in their homes; 

providing more incentives to complete the program, including the potential 

improvement in health status; ensuring long-term as well as short term goals are set by 

participants to enhance long-term commitment; and acknowledging and accounting for 
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the impact of depression on participation. The latter was not included in the present 

study, which may be a useful tool to include in future interventions for the target group 

to minimise attrition. Overall assessment of the processes of the present study suggests 

internal validity was maintained, which was further assessed by controlling for 

confounders when examining the changes to primary and secondary outcome measures 

(Objectives 4 & 5).   

4.1.4 Objective 4 
The purpose of Objective 4 was to assess at post-test the change in physical activity and 

dietary behaviours of intervention participants relative to the control group (Publication 

2, Appendix A), which were the primary outcome measures of the study. As suggested 

by the literature, the most effective interventions for MetS are combined diet and 

physical activity modifications delivered via behaviour change techniques. The present 

study used a combination of techniques that are known to be effective for influencing 

changes to dietary and physical activity behaviours, such as goal setting, self-

monitoring, frequent contacts, and motivational interviewing (Artinian et al., 2010; 

Michie et al., 2009) to determine their effectiveness for rural adults with or at risk of 

MetS using remote delivery modes. As confirmed by the process evaluation, 

intervention compliance and acceptability was adequate to ensure primary outcome 

measures were improved. These changes included significant improvements in fat, 

fibre, and vegetable intake, and modest improvement in moderate intensity physical 

activity for the intervention group after controlling for confounders, which suggest that 

the combination of behaviour change techniques and delivery modes is effective for 

changing health behaviours of such high risk groups.   

Significant improvements were not observed for a number of behaviours in the present 

study. These include walking, strength training, sitting/sedentary behaviour, and fruit 

intake. Given the health benefits of improvements in these behaviours for adults with 

and at risk of MetS, particularly strength training (Minges et al., 2012) and reduced 

sitting time (Gardiner et al., 2011), it is worthwhile determining strategies to address 

these gaps. It could be suggested that the measurement instruments were not able to 

accurately detect changes. Over reporting of physical activity and under-reporting of 

sedentary behaviour using self-report instruments such as IPAQ-SF is a recognised 

issue; however, it should be acknowledged that these instruments are nonetheless useful 

for repeated measures (P. Lee, Macfarlane, Lam, & Stewart, 2011), thus can reliably 
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detect behaviour change. Future studies could incorporate objective measures such as 

pedometers which are useful for step counts; however, it should be noted that these are 

not ideal for control groups given the tendency to motivate behaviour change via direct 

feedback to the participant (Strath et al., 2013). Other options include accelerometers to 

measure physical activity intensity and inclinometers to measure sedentary behaviour, 

which can be difficult and expensive to administer in large studies (Matthews, 

Hagströmer, Pober, & Bowles, 2012).   

4.1.5 Objective 5 
The purpose of Objective 5 was to assess at post-test the change in body composition, 

MetS parameters, and cardiovascular risk factors for the intervention group relative to 

the control group (Publication 3, Appendix A). The significant improvements in lipid 

profile and body composition for the intervention group of the present study indicates 

that improvements in dietary and physical activity behaviours have beneficial effects on 

health outcomes. It is well established that all of the clinical markers of MetS can be 

improved with positive changes to diet and physical activity behaviours (Bassi et al., 

2014). Physical activity is an effective treatment for individuals with metabolic 

abnormalities associated with insulin resistance (Blaha et al., 2008). Reduced sitting 

time (Gardiner et al., 2011) and increased strength training (Minges et al., 2012) are also 

important for MetS management and chronic disease prevention (Gardiner et al., 2011). 

Weight loss can reduce oxidative stress and improve blood-lipid regulation and other 

MetS components (Aucott, Gray, Rothnie, Thapa, & Waweru, 2011; Blaha et al., 2008). 

Weight loss via diet and physical activity modifications therefore plays an important 

role in prevention and management of MetS and related chronic diseases (Mecca et al., 

2012; Prasad et al., 2012). Considering the limitations of self-report instruments for 

dietary and physical activity behaviour change, the inclusion of biomarkers as 

secondary outcome measures provides more objective evidence of intervention 

effectiveness.  

4.1.6 Objective 6 
The purpose of Objective 6 was to assess the change in MetS status and CVD risk 

scores at post-test relative to the control group. The APAN study addressed MetS as one 

entity, in addition to dealing with individual CVD risk factors and MetS parameters as 

recommended by the literature (Gami et al., 2007). MetS is an effective indicator of 

increased lifetime risk of T2DM and CVD. Adoption of the program led to a significant 
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reduction in the number of intervention group participants with MetS compared to the 

control group, with 18% of intervention participants with or at risk of MetS at baseline 

improving their classification upon completion of the study. Significant improvement in 

MetS parameters and other CVD risk factors also led to significant improvement in 

overall CVD risk scores for the intervention group. CVD risk equations were developed 

before the obesity epidemic and therefore do not account for excess body fat or markers 

of relative weight such as BMI or waist circumference, and their influence on CVD risk 

(Han & Lean, 2006). MetS identification is therefore a useful additional tool to reduce 

the burden of chronic disease due the importance of identifying central obesity in 

addition to other CVD risk factors, which is an important target for early lifestyle 

intervention (Blaha et al., 2008). These findings demonstrate the effectiveness of the 6 

month home-based diet and physical activity intervention to potentially reduce future 

cardiovascular events.  

4.2 Study strengths  
The present study acknowledged the poorer health outcomes in older rural Australian 

adults, via targeted screening and intervention for behavioural and biomedical risk 

factors for MetS, T2DM and CVD. The study strengths are highlighted in this section.  

• Identifying individuals both at risk and with MetS allowed for primary and 

secondary prevention measures to be implemented and rigorously evaluated via a 

RCT. The findings indicate that it is worthwhile intervening at both levels to 

prevent/delay the onset of T2DM and CVD, and allows for a greater number of high 

risk individuals to be identified.  

• Using the IDF MetS definition to identify individuals at risk and with MetS ensured 

that central obesity was a minimum requirement for inclusion in the study. This 

acknowledged the importance of obesity as a risk factor for MetS and related 

chronic disease, in addition to poor diet, physical inactivity and sedentary behaviour.  

• The study design incorporated both primary and secondary outcome measures, 

which allowed for assessment of changes to important health outcomes as a result of 

behaviour change. The key to addressing MetS and chronic disease risk is effective 

behaviour change, and as such, dietary and physical activity behaviour change 

should be included as a primary outcome measure.  

• The study design included rigorous process evaluation, which is typically 

underreported in RCTs. This allowed for assessment of recruitment methods and 
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intervention compliance and acceptability, which enhanced internal validity. Process 

evaluation also determined the most effective intervention components and 

behaviour change techniques that may have influenced primary and secondary 

outcome measures. These generalisability elements are necessary to guide 

dissemination of findings and enhance external validity (Laws, St George, 

Rychetnik, & Bauman, 2012), and reduce the risk of type III error.  

• Motivational interviewing was a key component of the present study, and as such, 

autonomous motivation was promoted to enhance the effectiveness of behaviour 

change techniques. Prescribing intervention components would have likely resulted 

in less sustainable behaviour change; therefore supporting participants with goal 

setting and encouragement of self-monitoring was enhanced by motivational 

interviewing.  

4.3 Study limitations  
Study limitations are highlighted in this section.  

• The intervention duration was ample for adequate behaviour change to occur; 

however, it should be acknowledged that the findings do not highlight the effects of 

the intervention in the longer term. Sustained behaviour change can be difficult to 

achieve for many health issues and target groups, particularly for dietary and 

physical activity behaviours. Follow-up assessments post-intervention are useful for 

evaluating the long-term effects of behaviour change interventions.  

• As previously discussed, self-report instruments have their limitations for accurately 

measuring dietary and physical activity behaviours; however, they are useful for 

repeated measures (P. Lee et al., 2011). Additionally, using objective biomarkers as 

secondary outcome measures can reduce potential measurement error (Neuhouser et 

al., 2013; Subar et al., 2015), and allows for intervention effectiveness to be 

adequately determined.  

• Intention-to-treat analysis was not performed in the present study; analysis was 

performed on available cases. This may have resulted in biased estimates of 

treatment effects (Abraha et al., 2015); however, it should be noted that this does not 

always accurately estimate the clinical effectiveness of trials (Hernán & Hernández-

Díaz, 2012). Per protocol analysis can more accurately assess the effect of treatment 

based on intervention adherence/compliance (Hernán & Hernández-Díaz, 2012). 
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However, this was not possible for the present study because process evaluation data 

were not collected for all participants.  

• Cost-effectiveness analysis was not included in the present study, which would have 

allowed for economic issues to be highlighted that may have implications for future 

interventions (Green & Glasgow, 2006). However, sophisticated economic analyses 

were beyond the scope and resources of the present study. Including cost-

effectiveness analysis in future interventions can improve external validity (Laws et 

al., 2012).   
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5.0 Recommendations  
The findings of the present study highlight a number of areas to be considered when 

developing, implementing and evaluating interventions for rural adults who are at 

increased risk of developing chronic disease. Recommendations for future work are 

provided in this section.  

Recommendation 1: Follow-up data collection should occur to assess the long-term 

effectiveness of the intervention in combination with a booster intervention.  

• Maintenance of dietary and physical activity behaviour change is more likely to 

occur in interventions that are longer than 24 weeks in duration (Fjeldsoe, Neuhaus, 

Winkler, & Eakin, 2011). Reversal of metabolic syndrome remains an important 

mechanism for chronic disease prevention; however, the long-term therapeutic value 

is uncertain because of limited information on the benefit of the intervention beyond 

the period of the trial (Dunkley et al., 2012). A systematic review of long-term 

lifestyle interventions to prevent weight gain reported that few studies followed up 

participants for a significant period of time, and few were powered to detect 

differences in morbidity (T. Brown et al., 2009). Gaps in the evidence-base 

identified by the authors necessitate recommendations for future interventions to be 

sufficiently powered to detect clinical changes and incorporate longer-term follow-

up (T. Brown et al., 2009). Future studies should also investigate both the 

determinants of behaviour change initiation and maintenance (Fjeldsoe et al., 2011).    

Recommendation 2: Cost-effectiveness analysis should be conducted in future 

behaviour change interventions targeting rural adults at risk of chronic disease.  

• A key focus of the Australian health system is to improve health outcomes via better 

prevention and management of chronic diseases (Australian Institute of Health and 

Welfare, 2014). A key challenge will be dealing with the ageing population and the 

impact of lifestyle-related chronic disease (Australian Institute of Health and 

Welfare, 2014). It is therefore imperative that research and public policy efforts 

focus on more cost-effective and timely lifestyle interventions for diabetes and 

obesity (Sherwin & Jastreboff, 2012). Cost-effectiveness is determined by long-term 

health benefits rather than the direct cost of treating chronic disease; therefore 

intervention research should focus on sustainable interventions in real-world settings 
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(Norris, Kansagara, Bougatsos, & Fu, 2008). Despite the clinical value of large 

studies that incorporate intensive lifestyle programs, subsequent questioning of cost-

effectiveness highlights the need to evaluate less expensive interventions in the long 

term (Dunkley et al., 2012). Meta-analysis of MetS trials has highlighted the need 

for future trials to provide information on long-term clinical outcomes and data on 

cost-effectiveness (Dunkley et al., 2012).   

Recommendation 3: Implementation and evaluation of the intervention in different 

settings with more substantial resourcing, such as primary care, should occur.  

• Traditionally, general practitioners often treat individual components of MetS with 

drug therapy, rather than managing the syndrome as a whole (Kaur, 2014). This may 

be due to the belief that it is more efficacious to prescribe medication for 

hypertension, hyperglycaemia or dyslipidaemia rather than working towards a 

longer term strategy to increase physical activity, improve dietary intake and lose 

excess weight as a means to improve glycaemic control and lipid profiles (Kaur, 

2014). The ability of the APAN intervention to reduce the prevalence of MetS 

supports lifestyle interventions as an effective alternative to more medicalised 

treatment methods, and one that general practitioners could adopt as part of their 

usual practice (Binns et al., 2016). This would also address recruitment issues 

identified in the present study, by removing the requirement for cold calling and the 

costs associated with this method.  

Overall, the evidence generated by the present study supports the notion that health 

status would be improved into older age if people maintained healthy dietary and 

physical activity behaviours across the lifespan. The importance of health promotion, 

particularly primary prevention, to encourage and empower people of all ages to adopt 

and maintain healthy behaviours before the development of chronic disease should not 

be ignored. The challenge of reversing T2DM and CVD in older age further highlights 

the need for greater primary prevention efforts, particularly in high risk groups and 

settings. Unfortunately, the lack of resources from national governments to support such 

ongoing preventive health promotion (Binns, Howat, & Jancey, 2014) means there is an 

ongoing requirement to intervene later in life to at least moderate the effects of 

unhealthy lifestyle behaviours, particularly in rural areas.  
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Publication 1: A randomised controlled trial of a physical activity and nutrition 

program targeting middle-aged adults at risk of metabolic syndrome in a 

disadvantaged rural community. 

This publication addresses Objective 1: 
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physical activity and dietary behaviours of adults aged 50-69 years with or at 
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Publication 2: Effects of a home-based intervention on diet and physical activity 

behaviours for rural adults with or at risk of metabolic syndrome: a randomised 

controlled trial.  

This publication addresses Objective 2: 

2. Assess at post-test the change in physical activity and dietary behaviours of 

intervention participants relative to the control group. 
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Publication 3: Home-based lifestyle intervention for rural adults improves 

metabolic syndrome parameters and cardiovascular risk factors: A randomised 

controlled trial.  
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(APAN) program, a home-based intervention for metabolic syndrome and 

associated chronic disease risk in rural Australian adults.  

This publication addresses Objectives 5 and 6: 
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6. Assess the acceptability and appropriateness of the intervention strategies and 

resources for the target group.  

 

 

 

 

 

 

 

 

 

 

 

Citation: 

Blackford, K., Lee, A. H., James, A., Waddell, T., Hills, A. P., Anderson, A. S., 

Howat, P., & Jancey, J. (2016). Process evaluation of the Albany Physical Activity and 

Nutrition (APAN) program, a home-based intervention for metabolic syndrome and 

associated chronic disease risk in rural Australian adults. Health Promotion Journal of 

Australia (Online Early). http://dx.doi.org/10.1071/HE16027 [Impact Factor 1.231].  



124 
 



125 
 



126 
 



127 
 



128 
 



129 
 



130 
 

  



131 
 

Appendix B: Copyright permissions 
Blackford, K., Jancey, J., Lee, A. H., James, A., Howat, P., Hills, A. P., & 

Anderson, A. S. (2014). A randomised controlled trial of a physical activity and 

nutrition program targeting middle-aged adults at risk of metabolic syndrome in a 

disadvantaged rural community. BMC Public Health, 15, 284. 

http://dx.doi.org/10.1186/s12889-015-1613-9. [Impact Factor 2.26] 

This article is published under license to BioMed Central Ltd. This is an Open Access 

article distributed under the terms of the Creative Commons Attribution License 

(https://creativecommons.org/licenses/by/4.0/legalcode), which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is 

properly cited.     

Blackford, K., Jancey, J., Lee, A. H., James, A., Howat, P., & Waddell, T. (2016). 

Effects of a home-based intervention on diet and physical activity behaviours for 

rural adults with or at risk of metabolic syndrome: a randomised controlled trial. 

International Journal of Behavioral Nutrition and Physical Activity, 13, 13. 

http://dx.doi.org/10.1186/s12966-016-0337-2. [Impact Factor 4.11] 

This article is published under license to BioMed Central Ltd. This is an Open Access 

article distributed under the terms of the Creative Commons Attribution License 

(https://creativecommons.org/licenses/by/4.0/legalcode), which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is 

properly cited.     

Blackford, K., Jancey, J., Lee, A. H. James, A., Waddell, T., & Howat, P. (2016). 

Home-based lifestyle intervention for rural adults improves metabolic syndrome 

parameters and cardiovascular risk factors: A randomised controlled trial. 

Preventive Medicine, 16(89), 15-22. http://dx.doi.org/10.1016/j.ypmed.2016.05.012. 

[Impact Factor 2.893] 

This article is published under license to Elsevier. This is an Open Access article 

distributed under the terms of the Creative Commons Attribution License 

(https://creativecommons.org/licenses/by/4.0/legalcode), which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is 

properly cited.     



132 
 

Blackford, K., Lee, A. H., James, A., Waddell, T., Hills, A. P., Anderson, A. S., 

Howat, P., & Jancey, J. (2016). Process evaluation of the Albany Physical Activity 

and Nutrition (APAN) program, a home-based intervention for metabolic 

syndrome and associated chronic disease risk in rural Australian adults. Health 

Promotion Journal of Australia (Online Early). http://dx.doi.org/10.1071/HE16027. 

[Impact Factor 1.231] 

© Australian Health Promotion Association 2016 ‐ reproduced with permission. 

Copyright approval has been granted to replicate the article in this thesis from Health 

Promotion Journal of Australia and all copyright and licensing requirements of the 

journal have been followed. 



133 
 

Appendix C: Statements of contribution 

 



134 
 

 



135 
 

 



136 
 

 



137 
 

 



138 
 

 



139 
 

  



140 
 

Appendix D: Screening stage 1 instrument
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Appendix E: Screening stage 2 instruments
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Appendix G: Intervention materials 
Below is a selection of APAN Booklet sections: 
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APAN exercise charts: 
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APAN nutrition panel wallet cards: 
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APAN website and progress tracker:  

 

 

 

 



171 
 

 



172 
 

  



173 
 

Appendix H: Process evaluation instruments  



174 
 



175 
 



176 
 



177 
 



178 
 



179 
 



180 
 



181 
 



182 
 



183 
 



184 
 

 

  



185 
 

Bibliography  
Aalbers, T., Baars, M., Rikkert, M., & Olde, G. (2011). Characteristics of effective 

Internet-mediated interventions to change lifestyle in people aged 50 and older: A 

systematic review. Ageing Research Reviews, 10(4), 487-497. 

http://dx.doi.org/10.1016/j.arr.2011.05.001 

Abraha, I., Cherubini, A., Cozzolino, F., De Florio, R., Luchetta, M., Rimland, J., . . . 

Montedori, A. (2015). Deviation from intention to treat analysis in randomised 

trials and treatment effect estimates: meta-epidemiological study. British Medical 

Journal, 350. http://dx.doi.org/10.1136/bmj.h2445 

Absetz, P., Valve, R., Oldenburg, B., Heinonen, H., Nissinen, A., Fogelholm, M., . . . 

Uutela, A. (2007). Type 2 diabetes prevention in the “real world”: One-year 

results of the GOAL Implementation Trial. Diabetes Care, 30(10), 2465-2470. 

http://dx.doi.org/10.2337/dc07-0171 

Aburto, N., Ziolkovska, A., Hooper, L., Elliott, P., Cappuccio, F., & Meerpohl, J. 

(2013). Effect of lower sodium intake on health: systematic review and meta-

analyses. British Medical Journal, 346. http://dx.doi.org/10.1136/bmj.f1326 

Ackerman, R., Cheadie, A., Sandhu, N., Madsen, L., Wagner, E., & LoGerfo, J. (2003). 

Community exercise program use and changes in healthcare costs for older adults. 

American Journal of Preventive Medicine, 25(3), 232-237. 

http://dx.doi.org/10.1016/S0749-3797(03)00196-X 

ActiGraph. (2013). ActiLife 6 Retrieved from 

http://www.actigraphcorp.com/products/actilife-6/ 

Ahluwalia, N., Andreeva, V. A., Kesse-Guyot, E., & Hercberg, S. (2013). Dietary 

patterns, inflammation and the metabolic syndrome. Diabetes & Metabolism, 

39(2), 99-110. http://dx.doi.org/10.1016/j.diabet.2012.08.007 

Ahmed, H., Blaha, M., Nasir, K., Rivera, J., & Blumenthal, R. (2012). Effects of 

physical activity on cardiovascular disease. American Journal of Cardiology, 109, 

288-295. http://dx.doi.org/10.1016/j.amjcard.2011.08.042 



186 
 

Alberti, K., Eckel, R., Grundy, S., Zimmet, P., Cleeman, J., Donato, K., . . . Smith, S. 

(2009). Harmonizing the metabolic syndrome: A Joint Interim Statement of the 

International Diabetes Federation Task Force on Epidemiology and Prevention; 

National Heart, Lung, and Blood Institute; American Heart Association; World 

Heart Federation; International Atherosclerosis Society; and International 

Association for the Study of Obesity. Circulation, 120(16), 1640-1645. 

http://dx.doi.org/10.1161/circulationaha.109.192644 

Ali, M., Echouffo-Tcheugui, J., & Williamson, D. (2012). How effective were lifestyle 

interventions in real-world settings that were modeled on the Diabetes Prevention 

Program? Health Affairs, 31(1), 67. http://dx.doi.org/10.1377/hlthaff.2011.1009 

Alshehri, A. (2010). Metabolic syndrome and cardiovascular risk. Journal of Family 

and Community Medicine, 17(2), 73-78. http://dx.doi.org/10.4103/1319-

1683.71987 

Armstrong, R., Waters, E., Moore, L., Riggs, E., Cuervo, L., Lumbiganon, P., & Hawe, 

P. (2008). Improving the reporting of public health intervention research: 

advancing TREND and CONSORT. Journal of Public Health, 30(1), 103-109. 

http://dx.doi.org/10.1093/pubmed/fdm082 

Artinian, N., Fletcher, G., Mozaffarian, D., Kris-Etherton, P., Van Horn, L., 

Lichtenstein, A., . . . Burke, L. (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, 122(4), 406-441. 

http://dx.doi.org/10.1161/CIR.0b013e3181e8edf1 

Atkin, A., Gorely, T., Clemes, S., Yates, T., Edwardson, C., Brage, S., . . . Biddle, S. 

(2012). Methods of measurement in epidemiology: Sedentary behaviour. 

International Journal of Epidemiology, 41(5), 1460-1471. 

http://dx.doi.org/10.1093/ije/dys118 

Aucott, L., Gray, D., Rothnie, H., Thapa, M., & Waweru, C. (2011). Effects of lifestyle 

interventions and long-term weight loss on lipid outcomes – a systematic review. 

Obesity Reviews, 12, e412-e425. http://dx.doi.org/10.1111/j.1467-

789X.2010.00819.x 



187 
 

Australian Bureau of Statistics. (2011). Profiles of Health, Australia, 2011-13. 

Retrieved from Canberra: 

http://www.abs.gov.au/ausstats/abs@.nsf/mediareleasesbyReleaseDate/01ADF9F

A15B6AAB3CA25789C0023DCE3?OpenDocument  

Australian Bureau of Statistics. (2013a). Australian Health Survey: Biomedical Results 

for Chronic Diseases, 2011-12 (4364.0.55.005). Retrieved from Canberra: 

http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4364.0.55.005Main+Featur

es12011-12?OpenDocument 

Australian Bureau of Statistics. (2013b). Australian Health Survey: Physical Activity, 

2011-12. Retrieved from Canberra: 

http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.004main+features12

011-12  

Australian Bureau of Statistics. (2013c). Australian Health Survey: Updated Results, 

2011-2012  Retrieved from 

http://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.003 

Australian Bureau of Statistics. (2013d). Census QuickStats.   Retrieved from 

http://www.censusdata.abs.gov.au/census_services/getproduct/census/2011/quicks

tat/5001?opendocument&navpos=220 

Australian Bureau of Statistics. (2014). 3101.0 - Australian Demographic Statistics, Jun 

2014.   Retrieved from 

http://www.abs.gov.au/ausstats/abs@.nsf/0/1CD2B1952AFC5E7ACA257298000

F2E76?OpenDocument 

Australian Bureau of Statistics. (2015). 4364.0.55.001 - National Health Survey: First 

Results, 2014-15.   Retrieved from 

http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.001~2

014-15~Main%20Features~Key%20findings~1 

Australian Bureau of Statistics. (2016). 3303.0 - Causes of Death, Australia, 2014.   

Retrieved from http://www.abs.gov.au/ausstats/abs@.nsf/mf/3303.0 

http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.004main+features12011-12
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.004main+features12011-12


188 
 

Australian Institute of Health and Welfare. (2004). Rural, regional and remote health: A 

guide to remoteness classifications Retrieved from Canberra: 

http://www.aihw.gov.au/WorkArea/DownloadAsset.aspx?id=6442459567 

Australian Institute of Health and Welfare. (2012). Australia's Health 2012 (978-1-

74249-305-3). Retrieved from Canberra: 

https://www.aihw.gov.au/WorkArea/DownloadAsset.aspx?id=10737422169 

Australian Institute of Health and Welfare. (2012). Australia’s Food & Nutrition 2012. 

Retrieved from Canberra: 

http://www.aihw.gov.au/WorkArea/DownloadAsset.aspx?id=10737422837 

Australian Institute of Health and Welfare. (2014). Australia's Health 2014. Retrieved 

from Canberra: http://www.aihw.gov.au/publication-detail/?id=60129547205 

Baillot, A., Romain, A., Boisvert-Vigneault, K., Audet, M., Baillargeon, J., Dionne, I., . 

. . Langlois, M.-F. (2015). Effects of lifestyle interventions that include a physical 

activity component in Class II and III obese individuals: A systematic review and 

meta-analysis. PLoS One, 10(4). http://dx.doi.org/10.1371/journal.pone.0119017 

Balk, E., Earley, A., Raman, G., Avendano, E., Pittas, A., & Remington, P. (2015). 

Combined diet and physical activity promotion programs to prevent type 2 

diabetes among persons at increased risk: A systematic review for the Community 

Preventive Services Task Force. Annals of Internal Medicine, 163(6), 437. 

http://dx.doi.org/10.7326/M15-0452 

Ball, K., Lamb, K., Costa, C., Cutumisu, N., Ellaway, A., Kamphuis, C., . . . Zenk, S. 

(2015). Neighbourhood socioeconomic disadvantage and fruit and vegetable 

consumption: a seven countries comparison. International Journal of Behavioral 

Nutrition and Physical Activity, 12, 68. http://dx.doi.org/10.1186/s12966-015-

0229-x 

Bankoski, A., Harris, T., McClain, J., Brychta, R., Caserotti, P., Chen, K., . . . Koster, 

A. (2011). Sedentary activity associated with metabolic syndrome independent of 

physical activity. Diabetes Care, 34(2), 497-503. http://dx.doi.org/10.2337/dc10-

0987 

http://www.aihw.gov.au/WorkArea/DownloadAsset.aspx?id=10737422837


189 
 

Barazzoni, R., Silva, V., & Singer, P. (2013). Clinical biomarkers in metabolic 

syndrome. Nutrition in Clinical Practice, 29(2), 215-221. 

http://dx.doi.org/10.1177/0884533613516168 

Bassi, N., Karagodin, I., Wang, S., Vassallo, P., Priyanath, A., Massaro, E., & Stone, N. 

(2014). Lifestyle modification for metabolic syndrome: A systematic review. 

American Journal of Medicine, 127(12), 1242.e1241-e1210. 

http://dx.doi.org/10.1016/j.amjmed.2014.06.035 

Bays, H., Toth, P., Kris-Etherton, P., Abate, N., Aronne, L., Brown, W., . . . Samuel, V. 

(2013). Obesity, adiposity, and dyslipidemia: A consensus statement from the 

National Lipid Association. Journal of Clinical Lipidology, 7(4), 304-383. 

http://dx.doi.org/10.1016/j.jacl.2013.04.001 

Binns, C., Howat, P., & Jancey, J. (2014). Health promotion success in Australia and a 

note of warning. Health Promotion Journal of Australia, 25(3). 

http://dx.doi.org/10.1071/HEv25n3_ED 

Binns, C., Howat, P., Smith, J., & Jancey, J. (2016). The medicalisation of prevention: 

health promotion is more than a pill a day. Health Promotion Journal of 

Australia, 27, 91-93. http://dx.doi.org/10.1071/HEv27n2_ED 

Blackford, K., Jancey, J., Lee, A., James, A., Howat, P., Hills, A., & Anderson, A. 

(2015). A randomised controlled trial of a physical activity and nutrition program 

targeting middle-aged adults at risk of metabolic syndrome in a disadvantaged 

rural community. BMC Public Health, 15. http://dx.doi.org/10.1186/s12889-015-

1613-9 

Blackford, K., Jancey, J., Lee, A., James, A., Howat, P., & Waddell, T. (2016). Effects 

of a home-based intervention on diet and physical activity behaviours for rural 

adults with or at risk of metabolic syndrome: a randomised controlled trial. 

International Journal of Behavioral Nutrition and Physical Activity, 13(13). 

http://dx.doi.org/10.1186/s12966-016-0337-2 

Blackford, K., Jancey, J., Lee, A., James, A., Waddell, T., & Howat, P. (2016). Home-

based lifestyle intervention for rural adults improves metabolic syndrome 

parameters and cardiovascular risk factors: A randomised controlled trial. 

Preventive Medicine, 89, 15-22. http://dx.doi.org/10.1016/j.ypmed.2016.05.012 



190 
 

Blaha, M., Bansal, S., Rouf, R., Golden, S., Blumenthal, R., & DeFilippis, A. (2008). A 

practical "ABCDE" approach to the metabolic syndrome. Mayo Clinic 

Proceedings, 83(8), 932-943. http://dx.doi.org/10.4065/83.8.932 

Bottorff, J., Seaton, C., Johnson, S., Caperchione, C., & John, L. (2015). An updated 

review of interventions that include promotion of physical activity for adult men. 

Sports Medicine, 45(6), 775-800. http://dx.doi.org/10.1007/s40279-014-0286-3 

Brauer, P., Gorber, S., Shaw, E., Singh, H., Bell, N., Shane, A., . . . Tonelli, M. (2015). 

Recommendations for prevention of weight gain and use of behavioural and 

pharmacologic interventions to manage overweight and obesity in adults in 

primary care. Canadian Medical Association Journal, 187(3), 184-195. 

http://dx.doi.org/10.1503/cmaj.140887 

Bredahl, T., Singhammer, J., & Roessler, K. (2011). "Is Intensity Decisive?" Changes in 

levels of self-efficacy, stages of change and physical activity for two different 

forms of prescribed exercise. Sport Science Review, XX(3-4), 85-112. 

http://dx.doi.org/10.2478/v10237-011-0056-1 

Broekhuizen, K., Kroeze, W., van Poppel, M., Oenema, A., & Brug, J. (2012). A 

systematic review of randomized controlled trials on the effectiveness of 

computer-tailored physical activity and dietary behavior promotion programs: an 

update. Annals of Behavioral Medicine, 44(2), 259-286. 

http://dx.doi.org/10.1007/s12160-012-9384-3 

Brouwer, W., Kroeze, W., Crutzen, R., de Nooijer, J., de Vries, N., Brug, J., & Oenema, 

A. (2011). Which intervention characteristics are related to more exposure to 

internet-delivered healthy lifestyle promotion interventions? A systematic review. 

Journal of Medical Internet Research, 13(1), e2. 

http://dx.doi.org/10.2196/jmir.1639 

Brouwer, W., Oenema, A., Raat, H., Crutzen, R., de Nooijer, J., de Vries, N., & Brug, J. 

(2010). Characteristics of visitors and revisitors to an Internet-delivered computer-

tailored lifestyle intervention implemented for use by the general public. Health 

Education Research, 25(4), 585-595. http://dx.doi.org/10.1093/her/cyp063 

Brown, T., Avenell, A., Edmunds, L., Moore, H., Whittaker, V., Avery, L., & 

Summerbell, C. (2009). Systematic review of long-term lifestyle interventions to 



191 
 

prevent weight gain and morbidity in adults. Obesity Reviews, 10, 627-638. 

http://dx.doi.org/10.1111/j.1467-789X.2009.00641.x 

Brown, W., Bauman, A., Bull, F., & Burton, N. (2012). Development of Evidence-based 

Physical Activity Recommendations for Adults (18-64 years). Retrieved from 

Canberra: http://www.health.gov.au/internet/main/publishing.nsf/Content/health-

pubhlth-strateg-phys-act-guidelines/$File/DEB-PAR-Adults-18-64years.pdf 

Burke, L., Howat, P., Jancey, J., Lee, A., Kerr, D., & Shilton, T. (2008). Development 

of a nutrition and physical activity booklet to engage seniors. BMC Research 

Notes, 1(77), 1-7. http://dx.doi.org/10.1186/1756-0500-1-77 

Burke, L., Jancey, J., Howat, P., Lee, A., Kerr, D., Shilton, T., . . . Anderson, A. (2010). 

Physical activity and nutrition for seniors (PANS): protocol of a randomized 

controlled trial. BMC Public Health, 10(751). http://dx.doi.org/10.1186/1471-

2458-10-751 

Burke, L., Jancey, J., Howat, P., Lee, A., & Shilton, T. (2013). Physical Activity and 

Nutrition Program for Seniors (PANS): Process evaluation. Health Promotion 

Practice, 14(4), 543 - 551. http://dx.doi.org/10.1177/1524839912461504 

Burke, L., Lee, A., Jancey, J., Xiang, L., Kerr, D., Howat, P., . . . Anderson, A. (2013). 

Physical activity and nutrition behavioural outcomes of a home-based intervention 

program for seniors: A randomized controlled trial. International Journal of 

Behavioral Nutrition and Physical Activity, 10(14). 

http://dx.doi.org/10.1186/1479-5868-10-14 

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. Preventive Medicine, 54, 397-401. 

http://dx.doi.org/10.1016/j.ypmed.2012.03.015 

Butte, N., Ekelund, U., & Westerterp, K. (2012). Assessing physical activity using 

wearable monitors: Measures of physical activity. Medicine & Science in Sports 

& Exercise, 44(1S), S5–S12. http://dx.doi.org/10.1249/MSS.0b013e3182399c0e 

Calton, E. K., James, A. P., Pannu, P. K., & Soares, M. J. (2014). Certain dietary 

patterns are beneficial for the metabolic syndrome: reviewing the evidence. 



192 
 

Nutrition Research, 34(7), 559-568. 

http://dx.doi.org/10.1016/j.nutres.2014.06.012 

Camhi, S., Stefanick, M., Katzmarzyk, P., & Young, D. (2010). Metabolic syndrome 

and changes in body fat from a low-fat diet and/or exercise randomized controlled 

trial. Obesity, 18, 548-554. http://dx.doi.org/10.1038/oby.2009.304 

Carretero, O., & Oparil, S. (2000). Essential Hypertension Part I: Definition and 

Etiology. Circulation, 101(3), 329-335. http://dx.doi.org/10.1161/01.cir.101.3.329 

Carroll, J., Yancey, A., Spring, B., Figueroa-Moseley, C., Mohr, D., Mustian, K., . . . 

Fiscella, K. (2011). What are successful recruitment and retention strategies for 

underserved populations? Examining physical activity interventions in primary 

care and community settings. Translational Behavioral Medicine, 1(2), 234-251. 

http://dx.doi.org/10.1007/s13142-011-0034-2 

Carter, P., Gray, L., Troughton, J., Khunti, K., & Davies, M. (2010). Fruit and vegetable 

intake and incidence of type 2 diabetes mellitus: systematic review and meta-

analysis. British Medical Journal, 341, 1-8. http://dx.doi.org/10.1136/bmj.c4229 

Cespedes, E., & Hu, F. (2015). Dietary patterns: from nutritional epidemiologic analysis 

to national guidelines. The American Journal of Clinical Nutrition, 101(5), 899-

900. http://dx.doi.org/10.3945/ajcn.115.110213 

Chen, L., Magliano, D., Balkau, B., Colagiuri, S., Zimmet, P., Tonkin, A., . . . Shaw, J. 

(2010). AUSDRISK: an Australian Type 2 diabetes risk assessment tool based on 

demographic, lifestyle and simple anthropometric measures. Medical Journal of 

Australia, 192(4), 197-202.  

Chen, L., Magliano, D., & Zimmet, P. (2012). The worldwide epidemiology of type 2 

diabetes mellitus-present and future perspectives. Nature Reviews Endocrinology, 

8(4), 228-236. http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1038/nrendo.2011.183 

Courneya, K. (2010). Efficacy, effectiveness, and behavior change trials in exercise 

research. International Journal of Behavioral Nutrition and Physical Activity, 7. 

http://dx.doi.org/10.1186/1479-5868-7-81 



193 
 

Coviello, J., Knobf, T., & Laclergue, S. (2013). Assessing and managing metabolic 

syndrome and cardiovascular risk in midlife women. Journal of Cardiovascular 

Nursing, 28(2), 147-156. http://dx.doi.org/10.1097/JCN.0b013e31823cbef8 

Craig, C. L., Marshall, A. L., Sjostrom, M., Bauman, A., Booth, M. L., Ainsworth, B. 

E., . . . Oja, P. (2003). International Physical Activity Questionnaire: 12-country 

reliability and validity. Medicine and Science in Sports and Exercise, 35. 

http://dx.doi.org/10.1249/01.mss.0000078924.61453.fb 

Cresci, B., & Rotella, C. M. (2009). Motivational readiness to change in lifestyle 

modification programs. Eating and Weight Disorders, 14(2-3), e158-162.  

Crutzen, R., Viechtbauer, W., Spigt, M., & Kotz, D. (2014). Differential attrition in 

health behaviour change trials: A systematic review and meta-analysis. 

Psychology & Health, 30(1), 122-134. 

http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1080/08870446.2014.953526 

Department of Health. (2014). Australia's Physical Activity and Sedentary Behaviour 

Guidelines.   Retrieved from 

http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-

strateg-phys-act-guidelines 

Despres, J.-P., & Lemieux, I. (2006). Abdominal obesity and metabolic syndrome. 

Nature, 444(7121), 881-887. http://dx.doi.org/10.1038/nature05488 

Dhaliwal, S., Welborn, T., Goh, L., & Howat, P. (2014). Obesity as assessed by body 

adiposity index and multivariable cardiovascular disease disk. PLoS One, 9(4), 

e94560. http://dx.doi.org/10.1371/journal.pone.0094560 

Di Cicco, B., & Crabtree, B. (2006). Making sense of qualitative research: The 

qualitative research interview. Medical Education, 40, 314-321. 

http://dx.doi.org/10.1111/j.1365-2929.2006.02418.x 

Diabetes Prevention Program Research Group. (2002). Reduction in the incidence of 

type 2 diabetes with lifestyle intervention or metformin. New England Journal of 

Medicine, 346(6), 393-403. http://dx.doi.org/10.1056/NEJMoa012512 



194 
 

Ding, D., Do, A., Schmidt, H.-M., & Bauman, A. (2015). A widening gap? Changes in 

multiple lifestyle risk behaviours by socioeconomic status in New South Wales, 

Australia, 2002-2012. PLoS One, 10(8). 

http://dx.doi.org/10.1371/journal.pone.0135338 

Dixon, J. (2010). The effect of obesity on health outcomes. Molecular and Cellular 

Endocrinology, 316(2), 104-108. http://dx.doi.org/10.1016/j.mce.2009.07.008 

Dombrowski, S., Knittle, K., Avenell, A., Araújo-Soares, V., & Sniehotta, F. (2014). 

Long term maintenance of weight loss with non-surgical interventions in obese 

adults: systematic review and meta-analyses of randomised controlled trials. 

British Medical Journal, 348. http://dx.doi.org/10.1136/bmj.g2646 

Dumville, J., Torgerson, D., & Hewitt, C. (2006). Reporting attrition in randomised 

controlled trials. British Medical Journal, 332(7547), 969-971. 

http://dx.doi.org/10.1136/bmj.332.7547.969 

Dunkley, A., Charles, K., Gray, L., Camosso-Stefanovic, J., Davies, M., & Khunti, K. 

(2012). Effectiveness of interventions for reducing diabetes and cardiovascular 

disease risk in people with metabolic syndrome: systematic review and mixed 

treatment comparison meta-analysis Diabetes, Obesity and Metabolism, 14, 616-

625. http://dx.doi.org/10.1111/j.1463-1326.2012.01571.x 

Eakin, E., Lawler, S., Vandelanotte, C., & Owen, N. (2007). Telephone interventions 

for physical activity and dietary behavior change: A systematic review. American 

Journal of Preventive Medicine, 32(5), 419-434. 

http://dx.doi.org/10.1016/j.amepre.2007.01.004 

Eakin, E., Reeves, M., Lawler, S., Graves, N., Oldenburg, B., Mar, C., . . . Barnett, A. 

(2009). Telephone counseling for physical activity and diet in primary care 

patients. American Journal of Preventive Medicine, 36(2), 142-149. 

http://dx.doi.org/10.1016/j.amepre.2008.09.042 

Eakin, E., Reeves, M., Marshall, A., Dunstan, D., Graves, N., Healy, G., . . . Wilkie, K. 

(2010). Living Well with Diabetes: A randomized controlled trial of a telephone-

delivered intervention for maintenance of weight loss, physical activity and 

glycaemic control in adults with type 2 diabetes. BMC Public Health, 10, 452. 

http://dx.doi.org/10.1186/1471-2458-10-452 



195 
 

Ebbert, J., & Jensen, M. (2013). Fat depots, free fatty acids, and dyslipidemia. 

Nutrients, 5(2), 498-508. http://dx.doi.org/10.3390/nu5020498 

Edwardson, C., Gorely, T., Davies, M., Gray, L., Khunti, K., Wilmot, E., . . . Biddle, S. 

(2012). Association of sedentary behaviour with metabolic syndrome: A meta-

analysis. PLoS One, 7(4), e34916. http://dx.doi.org/10.1371/journal.pone.0034916 

Epidemiology Branch. (2011). Adult Population Profile, Health and Wellbeing 

Surveillance System, 2010: Health Regions. Retrieved from Perth: 

https://www.health.wa.gov.au/publications/documents/All_Health_Regions_HWS

S_Adult_Profile_2010.pdf 

Esposito, K., Marfella, R., Ciotola, M., Di Palo, C., Giugliano, F., Giugliano, G., . . . 

Giugliano, D. (2004). Effect of a Mediterranean-style diet on endothelial 

dysfunction and markers of vascular inflammation in the metabolic syndrome: a 

randomized trial. Journal of the American Medical Association, 292. 

http://dx.doi.org/10.1001/jama.292.12.1440 

Esser, N., Legrand-Poels, S., Piette, J., Scheen, A., & Paquot, N. (2014). Inflammation 

as a link between obesity, metabolic syndrome and type 2 diabetes. Diabetes 

Research and Clinical Practice, 105(2), 141-150. 

http://dx.doi.org/10.1016/j.diabres.2014.04.006 

EuroQol Group. (1990). EuroQol-a new facility for the measurement of health-related 

quality of life. Health Policy, 16, 199-208.  

Fjeldsoe, B., Neuhaus, M., Winkler, E., & Eakin, E. (2011). Systematic review of 

maintenance of behavior change following physical activity and dietary 

interventions. Health Psychology, 30(1), 99-109. 

http://dx.doi.org/10.1037/a0021974 

Fukuyama, N., Homma, K., Wakana, N., Kudo, K., Suyama, A., Ohazama, H., . . . 

Tanaka, E. (2008). Validation of the Friedewald Equation for evaluation of 

plasma LDL-cholesterol. Journal of Clinical Biochemistry and Nutrition, 43(1), 1-

5. http://dx.doi.org/10.3164/jcbn.2008036 

Gami, A., Witt, B., Howard, D., Erwin, P., Gami, L., Somers, V., & Montori, V. (2007). 

Matabolic syndrome and risk of incident cardiovascular events and death: A 



196 
 

systematic review and meta-analysis of longitudinal studies. Journal of the 

American College of Cardiology, 49(4). 

http://dx.doi.org/10.1016/j.jacc.2006.09.032 

Gardiner, P., Healy, G., Eakin, E., Clark, B., Dunstan, D., Shaw, J., . . . Owen, N. 

(2011). Associations between television viewing time and overall sitting time with 

the metabolic syndrome in older men and women: the Australian Diabetes, 

Obesity and Lifestyle study. Journal of the American Geriatrics Society, 59(5), 

788-796. http://dx.doi.org/10.1111/j.1532-5415.2011.03390.x. 

Giles, T., Materson, B., Cohn, J., & Kostis, J. (2009). Definition and classification of 

hypertension: An update. The Journal of Clinical Hypertension, 11(11), 611-614. 

http://dx.doi.org/10.1111/j.1751-7176.2009.00179.x 

Goode, A., Reeves, M., & Eakin, E. (2012). Telephone-delivered interventions for 

physical activity and dietary behavior change: An updated systematic review. 

American Journal of Preventive Medicine, 42(1), 81-88. 

http://dx.doi.org/10.1016/j.amepre.2011.08.025 

Gordon, B., Chen, S., & Durstine, J. L. (2014). The effects of exercise training on the 

traditional lipid profile and beyond. Current Sports Medicine Reports, 13(4). 

http://dx.doi.org/10.1249/JSR.0000000000000073 

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. 

http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1186/1471-2458-11-119 

Green, L., & Glasgow, R. (2006). Evaluating the relevance, generalization, and 

applicability of research: Issues in external validation and translation 

methodology. Evaluation & the Health Professions, 29(1), 126-153. 

http://dx.doi.org/10.1177/0163278705284445 

Grimbeek, P., Bryer, F., Beamish, W., & D'Netto, M. (2005). Use of data collapsing 

strategies to identify latent variables in CHP questionnaire data. Paper presented 

at the 3rd International Conference on Cognition, Language, and Special 

Education, Gold Coast. 



197 
 

Groeneveld, I., Proper, K., van der Beek, A., Hildebrandt, V., & van Mechelen, W. 

(2009). Factors associated with non-participation and drop-out in a lifestyle 

intervention for workers with an elevated risk of cardiovascular disease. 

International Journal of Behavioral Nutrition and Physical Activity, 6(1), 1-9. 

http://dx.doi.org/10.1186/1479-5868-6-80 

Grundy, S. (2008). Metabolic syndrome pandemic. Arteriosclerosis, Thrombosis, and 

Vascular Biology, 28(4), 629-636. http://dx.doi.org/10.1161/atvbaha.107.151092 

Grundy, S. (2012). Pre-diabetes, metabolic syndrome, and cardiovascular risk. Journal 

of the American College of Cardiology, 59(7), 635-643. 

http://dx.doi.org/10.1016/j.jacc.2011.08.080 

Grundy, S. (2016). Metabolic syndrome update. Trends in Cardiovascular Medicine, 

26(4), 364-373. http://dx.doi.org/10.1016/j.tcm.2015.10.004 

Grundy, S., Brewer, H., Cleeman, J., Smith, S., & Lenfant, C. (2004). Definition of 

metabolic syndrome: Report of the National Heart, Lung, and Blood 

Institute/American Heart Association Conference on Scientific Issues Related to 

Definition. Circulation, 109, 433-438. 

http://dx.doi.org/10.1161/01.CIR.0000111245.75752.C6 

Grundy, S., Cleeman, J., Bairey Merz, C., Brewer, H., Clark, L., Hunninghake, D., . . . 

Stone, N. (2004). Implications of recent clinical trials for the National Cholesterol 

Education Program Adult Treatment Panel III Guidelines. Circulation, 110. 

http://dx.doi.org/10.1161/01.cir.0000133317.49796.0e 

Grundy, S., Cleeman, J., Daniels, S., Donato, K., Eckel, R., Franklin, B., . . . Costa, F. 

(2005). Diagnosis and Management of the Metabolic Syndrome: An American 

Heart Association/National Heart, Lung, and Blood Institute Scientific Statement. 

Circulation, 112(17), 2735-2752. 

http://dx.doi.org.10.1161/circulationaha.105.169404 

Guariguata, L., Whiting, D., Hambleton, I., Beagley, J., Linnenkamp, U., & Shaw, J. 

(2014). Global estimates of diabetes prevalence for 2013 and projections for 2035. 

Diabetes Research and Clinical Practice, 103(2), 137-149. 

http://dx.doi.org/10.1016/j.diabres.2013.11.002 



198 
 

Guh, D., Zhang, W., Bansback, N., Amarsi, Z., Birmingham, C., & Anis, A. (2009). 

The incidence of co-morbidities related to obesity and overweight: A systematic 

review and meta-analysis. BMC Public Health, 9(1), 1-20. 

http://dx.doi.org/10.1186/1471-2458-9-88 

Haby, M., Marwick, A., Peeters, A., Shaw, J., & Vos, T. (2011). Future predictions of 

body mass index and overweight prevalence in Australia, 2005–2025. Health 

Promotion International, 27(2). http://dx.doi.org/10.1093/heapro/dar036 

Hamer, M., & Stamatakis, E. (2013). Screen-based sedentary behavior, physical 

activity, and muscle strength in the English Longitudinal Study of Ageing. PLoS 

One, 8(6), e66222. http://dx.doi.org/10.1371/journal.pone.0066222 

Han, T., & Lean, M. (2006). Metabolic syndrome. Medicine, 34(12), 536-542. 

http://dx.doi.org/10.1016/j.mpmed.2010.10.010 

Harkins, C., Shaw, R., Gillies, M., Sloan, H., MacIntyre, K., Scoular, A., . . . Findlay, I. 

(2010). Overcoming barriers to engaging socio-economically disadvantaged 

populations in CHD primary prevention: a qualitative study. BMC Public Health, 

10(1), 1-7. http://dx.doi.org/10.1186/1471-2458-10-391 

Hartmann-Boyce, J., Jebb, S., Fletcher, B., & Aveyard, P. (2015). Self-help for weight 

loss in overweight and obese adults: Systematic review and meta-analysis. 

American Journal of Public Health, 105(3), E43-E57. 

http://dx.doi.org/10.2105/AJPH.2014.302389 

Hartmann-Boyce, J., Johns, D., Jebb, S., Aveyard, P., & Behavioural Weight 

Management Review, G. (2014). Effect of behavioural techniques and delivery 

mode on effectiveness of weight management: systematic review, meta-analysis 

and meta-regression. Obesity Reviews, 15(7), 598-609. 

http://dx.doi.org/10.1111/obr.12165 

Haskell, W. (2012). Physical activity by self-report: A brief history and future issues. 

Journal of Physical Activity and Health, 9(Suppl 1), S5-S10.  

He, F., Li, J., & MacGregor, G. (2013). Effect of longer term modest salt reduction on 

blood pressure: Cochrane systematic review and meta-analysis of randomised 

trials. British Medical Journal, 346. http://dx.doi.org/10.1136/bmj.f1325 



199 
 

Hernán, M., & Hernández-Díaz, S. (2012). Beyond the intention-to-treat in comparative 

effectiveness research. Clinical Trials, 9(1), 48-55. 

http://dx.doi.org/10.1177/1740774511420743 

Higgins, J., & Green, S. (2011). Cochrane Handbook for Systematic Reviews of 

Interventions (Vol. Version 5.1.0): The Cochrane Collaboration. 

Hildrum, B., Mykletun, A., Hole, T., Midthjell, K., & Dahl, A. (2007). Age-specific 

prevalence of the metabolic syndrome defined by the International Diabetes 

Federation and the National Cholesterol Education Program: the Norwegian 

HUNT 2 study. BMC Public Health, 7(1), 1-9. http://dx.doi.org/10.1186/1471-

2458-7-220 

Holt, A., Jancey, J., Lee, A., Kerr, D., Hills, A., Anderson, A., & Howat, P. (2014). A 

cluster-randomised controlled trial of a physical activity and nutrition programme 

in retirement villages: a study protocol. BMJ Open, 4(9), e005107. 

http://dx.doi.org/10.1136/bmjopen-2014-005107 

Hsiung, D.-Y., Liu, C.-W., Cheng, P.-C., & Ma, W.-F. (2014). Using non-invasive 

assessment methods to predict the risk of metabolic syndrome. Applied Nursing 

Research(0). http://dx.doi.org/10.1016/j.apnr.2014.12.001 

International Diabetes Federation. (2006). The IDF consensus worldwide definition of 

the metabolic syndrome.   Retrieved from 

https://www.idf.org/webdata/docs/MetS_def_update2006.pdf 

Iredell, H., Shaw, T., Howat, P., James, R., & Granich, J. (2004). Introductory 

postcards: do they increase response rate in a telephone survey of older persons. 

Health Education Research, 19(2), 159-164. http://dx.doi.org/10.1093/her/cyg015 

Jancey, J., Clarke, A., Howat, P., Lee, A., & Shilton, T. (2008). A physical activity 

program to mobilize older people: A practical and sustainable approach. 

Gerontologist, I48(2).  

Jancey, J., Lee, A., Howat, P., Clarke, A., Wang, K., & Shilton, T. (2008). Reducing 

attrition in physical activity programs for older adults. Journal of Aging and 

Health, 15(2), 152-165.  



200 
 

Jancey, J., Lee, A., Howat, P., Clarke, A., Wang, K., & T., S. (2008). The effectiveness 

of a physical activity intervention for seniors. American Journal of Health 

Promotion, 22(5), 318-321. http://dx.doi.org/10.4278/ajhp.22.5.318 

Janssen, I., Dugan, S., Karavalos, K., Lynch, E., & Powell, L. (2014). Correlates of 15-

year maintenance of physical activity in middle-aged women. International 

Journal of Behavioral Medicine, 21(3), 511–518. 

http://dx.doi.org/10.1007/s12529-013-9324-z 

Janus, E., Bunker, S., Kilkkinen, A., Mc Namara, K., Philpot, B., Tideman, P., . . . 

Dunbar, J. (2008). Prevalence, detection and drug treatment of hypertension in a 

rural Australian population: the Greater Green Triangle Risk Factor Study 2004–

2006. Internal Medicine Journal, 38(12), 879–886. 

http://dx.doi.org/10.1111/j.1445-5994.2007.01583.x 

Janus, E., Laatikainen, T., Dunbar, J., Kilkkinen, A., Bunker, S., Philpot, B., . . . 

Heistaro, S. (2007). Overweight, obesity and metabolic syndrome in rural 

southeastern Australia. The Medical Journal of Australia, 187(3), 147-152.  

Janus, E., Tideman, P., Dunbar, J., Kilkkinen, A., Bunker, S., Philpot, B., . . . 

Laatikainen, T. (2010). Dyslipidaemia in rural Australia: prevalence, awareness, 

and adherence to treatment guidelines in the Greater Green Triangle Risk Factor 

Study. The Medical Journal of Australia, 192(3), 127-132.  

Jette, M., Sidney, K., & Blumchen, G. (1990). Metabolic equivalents (METS) in 

exercise testing, exercise prescription, and evaluation of functional capacity. 

Clinical Cardiology, 13(8), 555-565. http://dx.doi.org/10.1002/clc.4960130809 

Johns, D., Lindroos, A.-K., Jebb, S., Sjöström, L., Carlsson, L., & Ambrosini, G. 

(2015). Dietary patterns, cardiometabolic risk factors, and the incidence of 

cardiovascular disease in severe obesity. Obesity, 23(5), 1063-1070. 

http://dx.doi.org/10.1002/oby.20920 

Kassi, E., Pervanidou, P., Kaltsas, G., & Chrousos, G. (2011). Metabolic syndrome: 

definitions and controversies. BMC Medicine, 9(48), 1-13. 

http://dx.doi.org/10.1186/1741-7015-9-48 



201 
 

Kaur, J. (2014). A comprehensive review on metabolic syndrome. Cardiology Research 

and Practice, 2014. http://dx.doi.org/10.1155/2014/943162 

Kelders, S., Kok, R., Ossebaard, H., & Van Gemert-Pijnen, J. (2012). Persuasive system 

design does matter: A systematic review of adherence to web-based interventions. 

Journal of Medical Internet Research, 14(6), e152. 

http://dx.doi.org/10.2196/jmir.2104 

Kelley, G., Kelley, K., & Tran, Z. (2005). Aerobic exercise, lipids and lipoproteins in 

overweight and obese adults: a meta-analysis of randomized controlled trials. 

International Journal of Obesity, 29, 881-893. 

http://dx.doi.org/10.1038/sj.ijo.0802959 

Kerr, D., Pollard, C., Howat, P., Delp, E., Pickering, M., Kerr, K., . . . Boushey, C. 

(2012). Connecting Health and Technology (CHAT): protocol of a randomized 

controlled trial to improve nutrition behaviours using mobile devices and tailored 

text messaging in young adults. BMC Public Health, 12(477), 1-10. 

http://dx.doi.org/10.1186/1471-2458-12-477 

Kilkkinen, A., Heistaro, S., Laatikainen, T., Janus, E., Chapman, A., Absetz, P., & 

Dunbar, J. (2007). Prevention of type 2 diabetes in a primary health care setting: 

Interim results from the Greater Green Triangle (GGT) Diabetes Prevention 

Project. Diabetes Research and Clinical Practice, 76(3), 460-462. 

http://dx.doi.org/10.1016/j.diabres.2006.09.027 

Kirk, S., Penney, T., McHugh, T., & Sharma, A. (2012). Effective weight management 

practice: a review of the lifestyle intervention evidence. International Journal of 

Obesity, 36(2), 178-185. http://dx.doi.org/10.1038/ijo.2011.80 

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. 

http://dx.doi.org/10.1016/j.amepre.2013.08.015 

Kohl, L., Crutzen, R., & de Vries, N. (2013). Online prevention aimed at lifestyle 

behaviors: a systematic review of reviews. Journal of Medical Internet Research, 

15(7), e146. http://dx.doi.org/10.2196/jmir.2665 



202 
 

Korczak, D., Dietl, M., & Steinhauser, G. (2011). Effectiveness of programmes as part 

of primary prevention demonstrated on the example of cardiovascular diseases 

and the metabolic syndrome. GMS Health Technology Assessment, 7. 

http://dx.doi.org/10.3205/hta000093 

Kristén, L., Ivarsson, A., Parker, J., & Ziegert, K. (2015). Future challenges for 

intervention research in health and lifestyle research - A systematic meta-literature 

review. International Journal of Qualitative Studies on Health and Well-Being, 

10. http://dx.doi.org/10.3402/qhw.v10.27326 

Kylin, E. (1923). Studien ueber das Hypertonie-Hyperglyka "mie-Hyperurika" 

miesyndrom. Zentralblatt fuer Innere Medizin, 44, 105-127.  

Laatikainen, T., Dunbar, J., Chapman, A., Kilkkinen, A., Vartiainen, E., Heistaro, S., . . 

. Janus, E. (2007). Prevention of type 2 diabetes by lifestyle intervention in an 

Australian primary health care setting: Greater Green Triangle (GGT) Diabetes 

Prevention Project. BMC Public Health, 7, 249. http://dx.doi.org/10.1186/1471-

2458-7-249 

Laursen, A., Kristiansen, O., Marott, J., Schnohr, P., & Prescott, E. (2012). Intensity 

versus duration of physical activity: implications for the metabolic syndrome. A 

prospective cohort study. BMJ Open, 2(5). http://dx.doi.org/10.1136/bmjopen-

2012-001711 

Laws, R., St George, A. B., Rychetnik, L., & Bauman, A. (2012). A systematic review 

of external validity in lifestyle interventions. American Journal of Preventive 

Medicine, 43(2), 205-214. http://dx.doi.org/10.1016/j.amepre.2012.04.017 

Lee, I., Shiroma, E., Lobelo, F., Puska, P., Blair, S., & Katzmarzyk, P. (2012). Effect of 

physical inactivity on major non-communicable diseases worldwide: an analysis 

of burden of disease and life expectancy. The Lancet, 380(9838), 219-229. 

http://dx.doi.org/10.1016/S0140-6736(12)61031-9 

Lee, P., Macfarlane, D., Lam, T., & Stewart, S. (2011). Validity of the international 

physical activity questionnaire short form (IPAQ-SF): A systematic review. 

International Journal of Behavioral Nutrition and Physical Activity, 8(1), 1-11. 

http://dx.doi.org/10.1186/1479-5868-8-115 



203 
 

Lemieux, I., Poirier, P., Bergeron, J., Almeras, N., Lamarche, B., Cantin, B., . . . 

Despres, J. P. (2007). Hypertriglyceridemic waist: A useful screening phenotype 

in preventive cardiology? Canadian Journal of Cardiology, 23(Suppl B), 23B-

31B.  

Lewis, K. (2013). Can a practical and scalable lifestyle intervention produce meaningful 

weight loss in primary care patients? Journal of Clinical Outcomes Management, 

20(5), 197.  

Li, G., Zhang, P., Wang, J., Gregg, E., Yang, W., Gong, Q., . . . Bennett, P. (2008). The 

long-term effect of lifestyle interventions to prevent diabetes in the China Da 

Qing Diabetes Prevention Study: a 20-year follow-up study. The Lancet, 

371(9626), 1783-1789. http://dx.doi.org/10.1016/S0140-6736(08)60766-7 

Lin, C., Chiang, S., Tzeng, W., & Chiang, L. (2014). Systematic review of impact of 

lifestyle-modification programs on metabolic risks and patient-reported outcomes 

in adults with metabolic syndrome Worldviews on Evidence-Based Nursing, 

11(6), 361-368. http://dx.doi.org/10.1111/wvn.12069 

Lin, J., O'Connor, E., Evans, C., Senger, C., Rowland, M., & Groom, H. (2014). 

Behavioral counseling to promote a healthy lifestyle in persons with 

cardiovascular risk factors: A systematic review for the U.S. Preventive Services 

Task Force Annals of Internal Medicine, 161(8), 568-578. 

http://dx.doi.org/10.7326/M14-0130 

Lin, X., Zhang, X., Guo, J., Roberts, C., McKenzie, S., Wu, W., . . . Song, Y. (2015). 

Effects of exercise training on cardiorespiratory fitness and biomarkers of 

cardiometabolic health: A systematic review and meta-analysis of randomized 

controlled trials. Journal of the American Heart Association, 4(e002014). 

http://dx.doi.org/10.1161/JAHA.115.002014 

Lindström, J., Peltonen, M., Eriksson, J., Ilanne-Parikka, P., Aunola, S., Keinänen-

Kiukaanniemi, S., . . . Tuomilehto, J. (2013). Improved lifestyle and decreased 

diabetes risk over 13 years: long-term follow-up of the randomised Finnish 

Diabetes Prevention Study (DPS). Diabetologia, 56(2), 284-293. 

http://dx.doi.org/10.1007/s00125-012-2752-5 



204 
 

Lindström, J., & Tuomilehto, J. (2003). The Diabetes Risk Score: A practical tool to 

predict type 2 diabetes risk. Diabetes Care, 26(3), 725-731. 

http://dx.doi.org/10.2337/diacare.26.3.725 

Madigan, C., Aveyard, P., Jolly, K., Denley, J., Lewis, A., & Daley, A. (2013). Regular 

self weighing to promote weight maintenance after intentional weight loss: a 

quasi-randomised controlled trial Journal of Public Health, 36(2). 

http://dx.doi.org/10.1093/pubmed/fdt061 

Malik, V., Willett, W., & Hu, F. (2013). Global obesity: trends, risk factors and policy 

implications. Nature Reviews Endocrinology, 9(1), 13-27. 

http://dx.doi.org/10.1038/nrendo.2012.199 

Malnick, S., & Knobler, H. (2006). The medical complications of obesity. QJM, 99(9), 

565-579. http://dx.doi.org/10.1093/qjmed/hcl085 

Markku, L., & Johanna, K. (2014). Insulin resistance and hyperglycaemia in 

cardiovascular disease development. Nature Reviews Endocrinology, 10(5), 293. 

http://dx.doi.org/10.1038/nrendo.2014.29 

Matei, R., Thuné-Boyle, I., Hamer, M., Iliffe, S., Fox, K., Jefferis, B., & Gardner, B. 

(2015). Acceptability of a theory-based sedentary behaviour reduction 

intervention for older adults ('On Your Feet to Earn Your Seat'). BMC Public 

Health, 15, 606. http://dx.doi.org/10.1186/s12889-015-1921-0 

Matthews, C., Hagströmer, M., Pober, D., & Bowles, H. (2012). Best practices for using 

physical activity monitors in population-based research. Medicine & Science in 

Sports & Exercise, 44(1 Suppl 1), S68-S76. 

http://dx.doi.org/10.1249/MSS.0b013e3182399e5b 

McNaughton, S., 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). http://dx.doi.org/10.1186/1477-7525-10-109 

Mecca, M., Moreto, F., Burini, F., Dalanesi, R., McLellan, K., & Burini, R. (2012). 

Ten-week lifestyle changing program reduces several indicators for metabolic 



205 
 

syndrome in overweight adults. Diabetology & Metabolic Syndrome, 4(1), 1-7. 

http://dx.doi.org/10.1186/1758-5996-4-1 

Messerli, F., Williams, B., & Ritz, E. (2007). Essential hypertension. The Lancet, 

370(9587), 591-603. http://dx.doi.org/10.1016/S0140-6736(07)61299-9 

Michie, S. (2008). Designing and implementing behaviour change interventions to 

improve population health. Journal of Health Services Research & Policy, 

13(suppl 3), 64-69. http://dx.doi.org/10.1258/jhsrp.2008.008014 

Michie, S., Abraham, C., Whittington, C., McAteer, J., & Gupta, S. (2009). Effective 

techniques in healthy eating and physical activity interventions: a meta-regression. 

Health Psychology, 28. http://dx.doi.org/10.1037/a0016136 

Michie, S., Wood, C., Johnston, M., Abraham, C., Francis, J., & Hardeman, W. (2015). 

Behaviour change techniques: the development and evaluation of a taxonomic 

method for reporting and describing behaviour change interventions (a suite of 

five studies involving consensus methods, randomised controlled trials and 

analysis of qualitative data). Health Technology Assessment, 19(99). 

http://dx.doi.org/10.3310/hta19990 

Minges, K., Magliano, D., Owen, N., Daly, R., Salmon, J., Shaw, J., . . . Dunstan, D. 

(2012). Associations of strength training with impaired glucose metabolism: The 

AusDiab Study. Medicine & Science in Sports & Exercise, 45(2), 299-303. 

http://dx.doi.org/10.1249/MSS.0b013e31826e6cd1 

Moore, G., Audrey, S., Barker, M., Bond, L., Bonell, C., Hardeman, W., . . . Baird, J. 

(2015). Process evaluation of complex interventions: Medical Research Council 

guidance British Medical Journal, 350, h1258 

http://dx.doi.org/10.1136/bmj.h1258 

Moore, M., Warburton, J., O'Halloran, P., Shields, N., & Kingsley, M. (2016). Effective 

community-based physical activity interventions for older adults living in rural 

and regional areas: A systematic review. Journal of Aging and Physical Activity, 

24(1), 158. http://dx.doi.org/10.1123/japa.2014-0218 



206 
 

Mozaffarian, D. (2016). Dietary and policy priorities for cardiovascular disease, 

diabetes, and obesity: A comprehensive review. Circulation, 133(2), 187-225. 

http://dx.doi.org/10.1161/CIRCULATIONAHA.115.018585 

Murphy, S. (2009). Review of physical activity measurement using accelerometers in 

older adults: Considerations for research design and conduct. Preventive 

Medicine, 48, 108-114. http://dx.doi.org/10.1016/j.ypmed.2008.12.001 

Murray, C., & Lopez, A. (2013). Measuring the global burden of disease. New England 

Journal of Medicine, 369(5), 448-457. http://dx.doi.org/10.1056/NEJMra1201534 

Myers, J., McAuley, P., Lavie, C., Despres, J.-P., Arena, R., & Kokkinos, P. (2015). 

Physical activity and cardiorespiratory fitness as major markers of cardiovascular 

risk: Their independent and interwoven importance to health status. Progress in 

Cardiovascular Diseases, 57(4), 306-314. 

http://dx.doi.org/10.1016/j.pcad.2014.09.011 

Nakade, M., Aiba, N., Suda, N., Morita, A., Miyachi, M., Sasaki, S., & Watanabe, S. 

(2012). Behavioural change during weight loss program and one-year follow-up: 

Saku Control Obesity Program (SCOP) in Japan. Asia Pacific Journal of Clinical 

Nutrition, 21(1), 22-34.  

National Health and Medical Research Council. (2009). Australian guidelines to reduce 

health risks from drinking alcohol. Retrieved from Canberra: 

https://www.nhmrc.gov.au/guidelines-publications/ds10 

National Health and Medical Research Council. (2013a). Australian Dietary Guidelines. 

Retrieved from Canberra: 

https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/n55_australian

_dietary_guidelines_130530.pdf 

National Health and Medical Research Council. (2013b). Clinical practice guidelines 

for the management of overweight and obesity in adults, adolescents and children 

in Australia. Retrieved from Melbourne: https://www.nhmrc.gov.au/guidelines-

publications/n57 

National Health and Medical Research Council. (2013c). Eat for Health Educator 

Guide: Information for nutrition educators. Retrieved from Canberra: 



207 
 

https://www.eatforhealth.gov.au/sites/default/files/files/the_guidelines/n55b_eat_f

or_health_educators_guide.pdf 

National Institute for Health and Care Excellence. (2014). NICE Guidelines: Behaviour 

change - individual approaches (PH49). Retrieved from London: 

https://www.nice.org.uk/guidance/ph49/resources/behaviour-change-individual-

approaches-1996366337989 

National Vascular Disease Prevention Alliance. (2012). Guidelines for the management 

of absolute cardiovascular disease risk Retrieved from Canberra: 

https://heartfoundation.org.au/images/uploads/publications/Absolute-CVD-Risk-

Full-Guidelines.pdf 

Neuhouser, M., Di, C., Tinker, L., Thomson, C., Sternfeld, B., Mossavar-Rahmani, Y., . 

. . Prentice, R. (2013). Physical activity assessment: Biomarkers and self-report of 

activity-related energy expenditure in the WHI. American Journal of 

Epidemiology, 177(6), 576-585. http://dx.doi.org/10.1093/aje/kws269 

Neville, L., O'Hara, B., & Milat, A. (2009). Computer-tailored dietary behaviour change 

interventions: a systematic review. Health Education Research, 24(4), 699-720. 

http://dx.doi.org/10.1093/her/cyp006 

Ng, J., Ntoumanis, N., Thogersen-Ntoumani, C., Deci, E., Ryan, R., Duda, J., & 

Williams, G. (2012). Self-determination theory applied to health contexts: a meta-

analysis. Perspectectives on Psychological Science, 27, 289-289. 

http://dx.doi.org/10.1177/1745691612447309 

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C., . . . 

Gakidou, E. (2014). 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. 

http://dx.doi.org/10.1016/S0140-6736(14)60460-8 

Nilsen, V., Bakke, P., & Gallefoss, F. (2011). Effects of lifestyle intervention in persons 

at risk for type 2 diabetes mellitus - results from a randomised, controlled trial. 

BMC Public Health, 11(1), 1-9. http://dx.doi.org/10.1186/1471-2458-11-893 



208 
 

Nordestgaard, B., & Varbo, A. (2014). Triglycerides and cardiovascular disease. The 

Lancet, 384(9943), 626-635. http://dx.doi.org/10.1016/S0140-6736(14)61177-6 

Norris, S., Kansagara, D., Bougatsos, C., & Fu, R. (2008). Screening adults for type 2 

diabetes: A review of the evidence for the US Preventive Services Task Forces 

Annals of Internal Medicine, 138(3), 215-229.  

Nutbeam, D. (1986). Health promotion glossary. Health Promotion International, 1(1), 

113-127. http://dx.doi.org/10.1093/heapro/1.1.113 

Nutbeam, D. (1998). Health promotion glossary1. Health Promotion International, 

13(4), 349-364. http://dx.doi.org/10.1093/heapro/13.4.349 

Nutbeam, D. (2006). Evaluation in a nutshell: A practical guide to the evaluation of 

health promotion programs North Ryde, N.S.W.: North Ryde, N.S.W. : McGraw-

Hill. 

O'Hara, B., Phongsavan, P., Venugopal, K., & Bauman, A. (2011). Characteristics of 

participants in Australia's Get Healthy telephone-based lifestyle information and 

coaching service: reaching disadvantaged communities and those most at need. 

Health Education Research, 26(6), 1097-1106. 

http://dx.doi.org/10.1093/her/cyr091 

O'Neill, S., & O'Driscoll, L. (2015). Metabolic syndrome: a closer look at the growing 

epidemic and its associated pathologies. Obesity Reviews, 16, 1-12. 

http://dx.doi.org/10.1111/obr.12229 

O’Brien, J., Waeber, B., Parati, G., Stassen, J., & Myer, M. (2001). Blood pressure 

measuring devices: recommendations of the European Society of Hypertension. 

British Medical Journal, 322, 531.  

Oh, E., Bang, S., Hyun, S., Kim, S., Chu, S., Jeon, J., . . . Lee, J. (2010). Effects of a 6-

month lifestyle modification intervention on the cardiometabolic risk factors and 

health-related qualities of life in women with metabolic syndrome. Metabolism, 

59(7), 1035-1043. http://dx.doi.org/10.1016/j.metabol.2009.10.027 

Oh, E., Hyun, S., Kim, S., Bang, S., Chu, S., Jeon, J., & Kang, M. (2008). A 

randomized controlled trial of therapeutic lifestyle modification in rural women 



209 
 

with metabolic syndrome: a pilot study. Metabolism, 57(2), 255-261. 

http://dx.doi.org/10.1016/j.metabol.2007.09.009 

Oldenburg, B., Absetz, P., Dunbar, J., Reddy, P., & O’Neil, A. (2011). The spread and 

uptake of diabetes prevention programs around the world: a case study from 

Finland and Australia. Translational Behavioral Medicine, 1(2), 270-282. 

http://dx.doi.org/10.1007/s13142-011-0046-y 

Olson, E., & McAuley, E. (2015). Impact of a brief intervention on self-regulation, self-

efficacy and physical activity in older adults with type 2 diabetes. Journal of 

Behavioral Medicine, 38(6), 886-898. 

http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1007/s10865-015-9660-3 

Omron Corporation Japan. (2002). Omron Health Care Singapore PTE Ltd.  

Pan, X., Li, G., Hu, Y., Wang, J., Yang, W., An, Z., . . . Xiao, J. (1997). Effects of diet 

and exercise in preventing NIDDM in people with impaired glucose tolerance: the 

Da Qing IGT and Diabetes Study. Diabetes Care, 20(4), 537-544.  

Parry, O., Bancroft, A., Gnich, W., & Amos, A. (2001). Nobody home? Issues of 

respondent recruitment in areas of deprivation. Critical Public Health, 11(4), 305-

317. http://dx.doi.org/10.1080/09581590110094585 

Pate, R., O'Neill, J., & Lobelo, F. (2008). The evolving definition of "sedentary". 

Exercise and Sport Sciences Reviews, 36(4), 173-178. 

http://dx.doi.org/10.1097/JES.0b013e3181877d1a 

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(18), 1-12. 

http://dx.doi.org/10.1186/1479-5868-9-18 

Pattyn, N., Cornelissen, V., Toghi Eshghi, S., & Vanhees, L. (2013). The effect of 

exercise on the cardiovascular risk factors constituting the metabolic syndrome. 

Sports Medicine, 43, 121-133. http://dx.doi.org/10.1007/s40279-012-0003-z 

Perri, M., Limacher, M., Durning, P., Janicke, D., Lutes, L., Bobroff, L., . . . Martin, A. 

(2008). Extended-care programs for weight management in rural communities: 



210 
 

The treatment of obesity in underserved rural settings (tours) randomized trial. 

Archives of Internal Medicine, 168(21), 2347-2354. 

http://dx.doi.org/10.1001/archinte.168.21.2347 

Pickering, T., Falkner, B., Jones, D., & Roccella, E. (2005). Blood pressure 

measurement in humans: A statement for professionals from the subcommittee of 

Professional and Public Education of the American Heart Association Council on 

High Blood Pressure Research. Hypertension, 45, 142-161. 

http://dx.doi.org/10.1161/01.HYP.0000150859.47929.8e 

Pink, B. (2011). Socio-Economic Indexes for Areas (SEIFA): Technical Paper. 

Retrieved from Canberra: 

http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/22CEDA8038AF7A0DC

A257B3B00116E34/$File/2033.0.55.001%20seifa%202011%20technical%20pap

er.pdf 

Pollard, C., Miller, M., Woodman, R., Meng, R., & Binns, C. (2009). Changes in 

knowledge, beliefs, and behaviors related to fruit and vegetable consumption 

among Western Australian adults from 1995 to 2004. American Journal of Public 

Health, 99(2), 355-361. http://dx.doi.org/10.2105/AJPH.2007.131367 

Prasad, H., Ryan, D., Celzo, M., & Stapleton, D. (2012). Metabolic syndrome: 

Definition and therapeutic implications. Postgraduate Medicine, 124(1), 21-30. 

http://dx.doi.org/10.3810/pgm.2012.01.2514 

Pronk, N., & Remington, P. (2015). Combined diet and physical activity promotion 

programs for prevention of diabetes: Community Preventive Services Task Force 

Recommendation Statement. Annals of Internal Medicine, 163(6), 465. 

http://dx.doi.org/10.7326/M15-1029 

Proper, K., Singh, A., van Mechelen, W., & Chinapaw, M. (2011). Sedentary behaviors 

and health outcomes among adults: A systematic review of prospective studies. 

American Journal of Preventive Medicine, 40(2), 174-182. 

http://dx.doi.org/10.1016/j.amepre.2010.10.015 

Pullen, C., Hageman, P., Boeckner, L., Walker, S., & Oberdorfer, M. (2008). Feasibility 

of internet-delivered weight loss interventions among rural women ages 50-69. 

Journal of Geriatric Physical Therapy, 31(3), 105-112.  



211 
 

Rao, D., Orpana, H., & Krewski, D. (2016). Physical activity and non-movement 

behaviours: their independent and combined associations with metabolic 

syndrome. International Journal of Behavioral Nutrition and Physical Activity, 

13(1), 26. http://dx.doi.org/10.1186/s12966-016-0350-5 

Reaven, G. (1988). Role of insulin resistance in human disease. Diabetes, 37(12), 1595–

1607. http://dx.doi.org/10.2337/diab.37.12.1595 

Reddy, P., Hernan, A., Vanderwood, K., Arave, D., Niebylski, M., Harwell, T., & 

Dunbar, J. (2011). Implementation of diabetes prevention programs in rural areas: 

Montana and south-eastern Australia compared. Australian Journal of Rural 

Health, 19(3), 125-134. http://dx.doi.org/10.1111/j.1440-1584.2011.01197.x 

Resnicow, K., & McMaster, F. (2012). Motivational Interviewing: moving from why to 

how with autonomy support. International Journal of Behavioral Nutrition and 

Physical Activity, 9(19), 1-9. http://dx.doi.org/10.1186/1479-5868-9-19 

Salas-Salvado, J., Fernandez-Ballart, J., Ros, E., Martinez-Gonzalez, M., Fito, M., 

Estruch, R., . . . Covas, M. (2008). Effect of a meditteranean diet supplemented 

with nuts on metabolic syndrome: One year results of the PREDIMED 

randomized trial. Archives of Internal Medicine, 168(22), 2449-2458. 

http://dx.doi.org/10.1001/archinte.168.22.2449 

Saunders, R., Evans, M., & Joshi, P. (2005). Developing a process-evaluation plan for 

assessing health promotion program implementation: A how-to guide. Health 

Promotion Practice, 6, 134-147. http://dx.doi.org/10.1177/1524839904273387 

Schellenberg, E., Dryden, D., Vandermeer, B., Ha, C., & Korownyk, C. (2013). 

Lifestyle interventions for patients with and at risk for type 2 diabetes: A 

systematic review and meta-analysis. Annals of Internal Medicine, 159(8), 543-

551. http://dx.doi.org/10.7326/0003-4819-159-8-201310150-00007 

Scholes, S., Bridges, S., Ng Fat, L., & Mindell, J. (2016). Comparison of the Physical 

Activity and Sedentary Behaviour Assessment Questionnaire and the Short-Form 

International Physical Activity Questionnaire: An analysis of Health Survey for 

England data. PLoS One, 11(3), e0151647. 

http://dx.doi.org/10.1371/journal.pone.0151647 



212 
 

Schulz, D., Kremers, S., Vandelanotte, C., van Adrichem, M., Schneider, F., Candel, 

M., & de Vries, H. (2014). Effects of a web-based tailored multiple-lifestyle 

intervention for adults: A two-year randomized controlled trial comparing 

sequential and simultaneous delivery modes. Journal of Medical Internet 

Research, 16(1), e26. http://dx.doi.org/10.2196/jmir.3094 

Schwingshackl, L., & Hoffmann, G. (2014). Mediterranean dietary pattern, 

inflammation and endothelial function: A systematic review and meta-analysis of 

intervention trials. Nutrition, Metabolism and Cardiovascular Diseases, 24(9), 

929-939. http://dx.doi.org/10.1016/j.numecd.2014.03.003 

Sherwin, R., & Jastreboff, A. (2012). Year in Diabetes 2012: The Diabetes Tsunami. 

Journal of Clinical Endocrinology & Metabolism, 97(12), 4293-4301. 

http://dx.doi.org/10.1210/jc.2012-3487 

Shim, J.-S., Oh, K., & Kim, H. (2014). Dietary assessment methods in epidemiologic 

studies. Epidemiology and Health, 36, e2014009. 

http://dx.doi.org/10.4178/epih/e2014009 

Short, C., Rebar, A., Plontikoff, R., & Vandelanotte, C. (2015). Designing engaging 

online behaviour change interventions: A proposed model of user engagement. 

The European Health Psychologist, 17(1), 32-38.  

Sims, J., Hill, K., Haralambous, B., Brown, A., Engel, L., Huang, N., . . . Ory, M. 

(2006). National physical activity recommendations for older Australians: 

Discussion document. Retrieved from Canberra: 

http://www.health.gov.au/internet/main/publishing.nsf/Content/B656FF3728F488

60CA257BF0001B09D9/$File/pa-guide-older-disc.pdf 

Skinner, T., Cradock, S., Arundel, F., & Graham, W. (2003). Four theories and a new 

philosophy: Self-management education for individuals newly diagnosed with 

type 2 diabetes. Diabetes Spectrum, 16(2), 75-80. 

http://dx.doi.org/10.2337/diaspect.16.2.75 

Spinney, R., Smith, L., Ucci, M., Fisher, A., Konstantatou, M., Sawyer, A., . . . Marmot, 

A. (2015). Indoor tracking to understand physical activity and sedentary 

behaviour: Exploratory study in UK office buildings. PLoS One, 10(5), e0127688. 

http://dx.doi.org/10.1371/journal.pone.0127688 



213 
 

Stiggelbout, M., Hopman-Rock, M., Crone, M., Lechner, L., & van Mechelen, W. 

(2006). Predicting older adults’ maintenance in exercise participation using an 

integrated social psychological model. Health Education Research, 21(1), 1-14. 

http://dx.doi.org/10.1093/her/cyh037 

Stolar, M. (2010). Glycemic control and complications in type 2 diabetes mellitus. The 

American Journal of Medicine, 123(3, Supplement), S3-S11. 

http://dx.doi.org/10.1016/j.amjmed.2009.12.004 

Strath, S., Kaminsky, L., Ainsworth, B., Ekelund, U., Freedson, P., Gary, R., . . . 

Swartz, A. (2013). Guide to the assessment of physical activity: Clinical and 

research applications. Circulation, 128(20), 2259-2279. 

http://dx.doi.org/10.1161/01.cir.0000435708.67487.da 

Stuckey, M., Russell-Minda, E., Read, E., Munoz, C., Shoemaker, K., Kleinstiver, P., & 

Petrella, R. (2011). Diabetes and Technology for Increased Activity (DaTA) 

Study: Results of a remote monitoring intervention for prevention of metabolic 

syndrome. Journal of Diabetes Science and Technology, 5(4), 928-935. 

http://dx.doi.org/10.1177/193229681100500416 

Subar, A., Freedman, L., Tooze, J., Kirkpatrick, S., Boushey, C., Neuhouser, M., . . . 

Krebs-Smith, S. (2015). Addressing current criticism regarding the value of self-

report dietary data. The Journal of Nutrition, 145(12), 2639-2645. 

http://dx.doi.org/10.3945/jn.115.219634 

SurveyMonkey. (2016). SurveyMonkey.   Retrieved from 

https://www.surveymonkey.com/ 

Tambalis, K., Panagiotakos, D., Kavouras, S., & Sidossis, L. (2009). Responses of 

blood lipids to aerobic, resistance, and combined aerobic with resistance exercise 

training: A systematic review of current evidence. Angiology, 60(5), 614-632. 

http://dx.doi.org/10.1177/0003319708324927 

Te Morenga, L., Howatson, A., Jones, R., & Mann, J. (2014). Dietary sugars and 

cardiometabolic risk: systematic review and meta-analyses of randomized 

controlled trials of the effects on blood pressure and lipids. The American Journal 

of Clinical Nutrition, 100(1), 65-79. http://dx.doi.org/10.3945/ajcn.113.081521 



214 
 

The International Society for the Advancement of Kinanthropometry. (2001). 

International Standards for Anthropometric Assessment. Underdale, SA: The 

University of South Australia. 

Tudor-Locke, C., & Myers, A. (2001). Challenges and opportunities for measuring 

physical activity in sedentary adults. Sports Medicine, 31(2), 91-100. 

http://dx.doi.org/10.2165/00007256-200131020-00002 

Tuomilehto, J., Lindström, J., Eriksson, J., Valle, T., Hämäläinen, H., Ilanne-Parikka, 

P., . . . Uusitupa, M. (2001). Prevention of type 2 diabetes mellitus by changes in 

lifestyle among subjects with impaired glucose tolerance. New England Journal of 

Medicine, 344(18), 1343-1350. 

http://dx.doi.org/10.1056/NEJM200105033441801 

Vadheim, L., Brewer, K., Kassner, D., Vanderwood, K., Hall, T., Butcher, M., . . . 

Harwell, T. (2010). Effectiveness of a lifestyle intervention program among 

persons at high risk for cardiovascular disease and diabetes in a rural community. 

The Journal of Rural Health, 26(3), 266-272. http://dx.doi.org/10.1111/j.1748-

0361.2010.00288.x 

Vague, J. (1947). Sexual differentiation, a factor affecting the forms of obesity. Presse 

Med, 30, 339-340.  

VanWormwer, J., Martinez, A., Martinson, B., Crain, A., Benson, G., Cosentino, D., & 

Pronk, N. (2009). Self-weighing promotes weight loss for obese adults. American 

Journal of Preventive Medicine, 36(1), 70-73. 

http://dx.doi.org/10.1016/j.amepre.2008.09.022 

Varbo, A., Benn, M., Tybjærg-Hansen, A., Jørgensen, A., Frikke-Schmidt, R., & 

Nordestgaard, B. (2013). Remnant cholesterol as a causal risk factor for Ischemic 

Heart Disease. Journal of the American College of Cardiology, 61(4), 427-436. 

http://dx.doi.org/10.1016/j.jacc.2012.08.1026 

Vaughan, C., Schoo, A., Janus, E., Philpot, B., Davis-Lameloise, N., Lo, S. K., . . . 

Dunbar, J. (2009). The association of levels of physical activity with metabolic 

syndrome in rural Australian adults. BMC Public Health, 9, 273. 

http://dx.doi.org.dbgw.lis.curtin.edu.au/10.1186/1471-2458-9-273 



215 
 

Warburton, D., Nicol, C. W., & Bredin, S. (2006). Health benefits of physical activity: 

the evidence. Canadian Medical Association Journal, 174(6), 801-809. 

http://dx.doi.org/10.1503/cmaj.051351 

Watson, S., Woodside, J., Ware, L., Hunter, S., McGrath, A., Cardwell, C., . . . 

McKinley, M. (2015). Effect of a web-based behavior change program on weight 

loss and cardiovascular risk factors in overweight and obese adults at high risk of 

developing cardiovascular disease: Randomized controlled trial. Journal of 

Medical Internet Research, 17(7), e177. http://dx.doi.org/10.2196/jmir.3828 

Weinstock, R., Trief, P., Cibula, D., Morin, P., & Delahanty, L. (2013). Weight loss 

success in metabolic syndrome by telephone interventions: Results from the 

SHINE study. Journal of General Internal Medicine, 28(12), 1620-1628. 

http://dx.doi.org/10.1007/s11606-013-2529-7 

Welborn, T., Dhaliwal, S., & Bennett, S. (2003). Waist-hip ratio is the dominant risk 

factor for predicting cardiovascular death in Australia. The Medical Journal of 

Australia, 179(1/15), 580-585.  

Williams, E., Magliano, D., Zimmet, P., Kavanagh, A., Stevenson, C., Oldenburg, B., & 

Shaw, J. (2012). Area-level socioeconomic status and incidence of abnormal 

glucose metabolism: the Australian Diabetes, Obesity and Lifestyle (AusDiab) 

study. Diabetes Care, 35(7), 1455-1461. http://dx.doi.org/10.2337/dc11-1410 

Williams, G., Hamm, M., Shulhan, J., Vandermeer, B., & Hartling, L. (2014). Social 

media interventions for diet and exercise behaviours: a systematic review and 

meta-analysis of randomised controlled trials. BMJ Open, 4(2). 

http://dx.doi.org/10.1136/bmjopen-2013-003926 

Wilmot, E., Edwardson, C., Achana, F., Davies, M., Gorely, T., Gray, L. J., . . . Biddle, 

S. (2012). Sedentary time in adults and the association with diabetes, 

cardiovascular disease and death: systematic review and meta-analysis. 

Diabetologia, 55(11), 2895-2905. http://dx.doi.org/10.1007/s00125-012-2677-z 

Wilson, P., D'Agostino, R., Parise, H., Sullivan, L., & Meigs, J. (2005). Metabolic 

syndrome as a precursor of cardiovascular disease and type 2 diabetes mellitus. 

Circulation, 112(20), 3066-3072. 

http://dx.doi.org/10.1161/CIRCULATIONAHA.105.539528 



216 
 

Wirstrom, T., Hilding, A., Gu, H., Ostenson, C., & Bjorklund, A. (2012). Consumption 

of whole grain reduces risk of deteriorating glucose tolerance, including 

progression to prediabetes. American Journal of Clinical Nutrition, 97(1), 179-

187. http://dx.doi.org/10.3945/ajcn.112.045583 

World Health Organization. (2000). Obesity: Preventing and Managing the Global 

Epidemic. Retrieved from Geneva: 

http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/ 

World Health Organization. (2010). Global Recommendations on Physical Activity for 

Health. Geneva: WHO Press. 

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.  

Yamaoka, K., & Tango, T. (2012). Effects of lifestyle modification on metabolic 

syndrome: a systematic review and meta-analysis. BMC Medicine, 10(138). 

http://dx.doi.org/10.1186/1741-7015-10-138 

Yoon, U., Kwok, L., & Magkidis, A. (2013). Efficacy of lifestyle interventions in 

reducing diabetes incidence in patients with impaired glucose tolerance: A 

systematic review of randomized controlled trials. Metabolism, 62(2), 303-314. 

http://dx.doi.org/10.1016/j.metabol.2012.07.009 

Zimmet, P., Alberti, G., & Shaw, J. (2005). A new IDF worldwide definition of the 

metabolic syndrome: The rationale and the results. Diabetes Voice, 50(3), 31-33.  

 

Every reasonable effort has been made to acknowledge the owners of copyright 

material. I would be pleased to hear from any copyright owner who has been omitted or 

incorrectly acknowledged.  

 


	Author’s Declaration
	Abstract
	Acknowledgements
	List of publications as part of the thesis
	Statement of Contribution of Others
	List of Conference Presentations
	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations
	Exegesis
	1.0 Introduction
	1.1 Research aims and objectives
	1.2 Significance of the research

	2.0 Literature review
	2.1 Introduction
	2.2 Metabolic syndrome overview
	2.2.1 Background
	2.2.2 Definition
	2.2.3 Epidemiology
	2.2.4 Pathophysiology
	Abdominal obesity
	Insulin resistance
	Hypertension
	Dyslipidaemia

	2.2.5 Cost of metabolic syndrome
	Type 2 diabetes mellitus
	Cardiovascular disease


	2.3 Metabolic syndrome risk factors
	2.3.1 Physical activity
	Measurement of physical activity
	Physical activity recommendations
	Physical activity patterns
	Cost of physical inactivity

	2.3.2 Sedentary behaviour
	Measuring sedentary behaviour
	Cost of sedentary behaviour

	2.3.3 Diet
	Measurement of diet
	Dietary guidelines and recommendations
	Cost of poor dietary patterns

	2.3.4 Overweight/obesity
	Measurement of overweight/obesity
	Epidemiology
	Cost of overweight/obesity


	2.4 Populations at increased risk of metabolic syndrome
	2.4.1 Middle-age and older adults
	2.4.2 Rural and disadvantaged areas

	2.5 Addressing metabolic syndrome
	2.5.1 Primary prevention
	2.5.2 Secondary prevention
	Early detection/diagnosis
	Metabolic syndrome interventions

	2.5.3 Behaviour change interventions
	Face-to-face interventions
	Distance interventions
	Motivational interviewing and Self-Determination Theory


	2.6 Rural and remote interventions
	Rural interventions for adults with metabolic syndrome risk factors (primary prevention)
	Rural interventions for adults with metabolic syndrome (secondary prevention)

	2.7 Process evaluation
	2.8 Conclusions

	3.0 Research methods
	3.1 Study design
	3.2 Ethics
	3.3 Study location selection
	3.4 Participant selection
	3.5 Sample size and power calculations
	3.6 Procedure
	3.6.1 Screening stage one
	3.6.2 Screening stage two
	3.6.3 Screening stage three

	3.7 Intervention
	3.7.1 Program design
	3.7.2 Program materials
	Booklet
	Exercise charts and resistance band
	Nutrition panel wallet card
	Website and progress tracker

	3.7.3 Follow-up and support
	3.7.4 Control group

	3.8 Measures
	3.8.1.1 Self-reported physical activity and dietary behaviours
	3.8.2 Anthropometric measures
	3.8.3 Blood pressure
	3.8.4 Fasting blood samples
	3.8.5 Metabolic syndrome status
	3.8.6 Cardiovascular disease risk

	3.9 Data analysis
	3.10 Summary of results
	3.11 Process evaluation
	3.11.1 Materials evaluation
	3.11.2 Exit interviews
	3.11.3 Qualitative analysis
	3.11.4 Summary of results


	4.0 Discussion
	4.1 Reflection on the study objectives
	4.1.1 Objective 1
	4.1.2 Objective 2
	4.1.3 Objective 3
	4.1.4 Objective 4
	4.1.5 Objective 5
	4.1.6 Objective 6

	4.2 Study strengths
	4.3 Study limitations

	5.0 Recommendations
	6.0 References
	Appendices
	Appendix A: Thesis publications
	Appendix B: Copyright permissions
	Appendix C: Statements of contribution
	Appendix F: Ethics
	Appendix G: Intervention materials
	Appendix H: Process evaluation instruments

	Bibliography

