
1 | P a g e  

 

Cardiac, Vascular and Metabolic Characteristics in 

Young Women with Abdominal Obesity: 

Comparison and Intervention  

 

By 

 

Bianca Louise Share 

Bachelor of Exercise Science (Honours) 

Graduate Diploma in Education (Secondary) 

 

 

School of Exercise Science, Faculty of Health Sciences 

Australian Catholic University 

 

August 2015 

 

A thesis submitted in total fulfillment of the requirement of the degree of 

Doctor of Philosophy  

 



2 | P a g e  

 

Contents Page 

 

Thesis Declaration................................................................................................................. 6 

Acknowledgements ............................................................................................................... 7 

Publications Contributing to this Thesis ................................................................................ 9 

Conference Presentations During Candidature ..................................................................... 11 

List of Figures ..................................................................................................................... 13 

List of Tables ...................................................................................................................... 15 

Thesis Abstract ................................................................................................................... 17 

Abbreviations ...................................................................................................................... 20 

Chapter 1. Introduction and Overview ................................................................................. 23 

1.1. Cardiovascular Disease ....................................................................................... 23 

1.2. Obesity and CVD ................................................................................................ 24 

1.3. Modifiable Risk Factors for CVD ........................................................................ 26 

1.4. Women’s Heart Health ........................................................................................ 27 

1.5. Lifestyle Modification ......................................................................................... 30 

1.6. Statement of the Problem .................................................................................... 31 

1.6.1. Significance of the Study ............................................................................. 32 

1.6.2. Statement of Purpose ................................................................................... 32 

1.7. Research Question ............................................................................................... 33 

1.8. Specific Aims ...................................................................................................... 34 

1.9. Research Hypotheses ........................................................................................... 35 

Chapter 2. Literature Review ............................................................................................... 36 

2.1. Obesity and CVD ................................................................................................ 36 

2.1.1. Adipose tissue .............................................................................................. 36 

2.1.2. Obesity assessment ...................................................................................... 37 



3 | P a g e  

 

2.1.3. Abdominal obesity ....................................................................................... 38 

2.2. Modifiable Risk Factors of CVD ......................................................................... 39 

2.2.1. Inflammatory markers .................................................................................. 41 

2.2.2. The metabolic syndrome .............................................................................. 42 

2.2.3. Insulin resistance ......................................................................................... 45 

2.2.4. Vascular dysfunction ................................................................................... 46 

2.2.5. Physical inactivity ........................................................................................ 48 

2.3. Cardiac Dysfunction ............................................................................................ 49 

2.3.1. Cardiac morphology and function ................................................................ 50 

2.3.2. Myocardial characteristics and mechanics .................................................... 50 

2.3.3. Cardiac assessment ...................................................................................... 52 

2.4. CVD Risk in Premenopausal Women .................................................................. 54 

2.5. Prevention of CVD Risk ...................................................................................... 55 

2.5.1. Lifestyle intervention research trends ........................................................... 56 

Chapter 3. The effectiveness of randomised controlled trial lifestyle interventions on 

cardiovascular disease risk factors in premenopausal women with overweight and obesity: A 

systematic review ................................................................................................................ 57 

3.1. Abstract ............................................................................................................... 58 

3.2. Introduction ......................................................................................................... 60 

3.3. Methods .............................................................................................................. 61 

3.3.1. Data sources and searches ............................................................................ 61 

3.3.2. Study selection ............................................................................................. 65 

3.3.3. Data extraction and quality assessment ........................................................ 66 

3.3.4. Data analysis ................................................................................................ 67 

3.4. Results ................................................................................................................ 69 

3.4.1. Study selection and study inclusion .............................................................. 69 



4 | P a g e  

 

3.4.2. Study characteristics .................................................................................... 72 

3.4.3. Quality assessment and potential bias........................................................... 74 

3.4.4. Outcome measures of included studies ......................................................... 75 

3.5. Discussion ........................................................................................................... 78 

3.5.1. Lifestyle intervention effect on outcome measures ....................................... 79 

3.5.2. Lifestyle intervention program evaluation .................................................... 79 

3.5.3. Limitations and future directions .................................................................. 81 

3.5.4. Conclusions ................................................................................................. 82 

Chapter 4. Extended Methods.............................................................................................. 83 

4.1. Ethical Approval ................................................................................................. 83 

4.2. Research Design .................................................................................................. 83 

4.3. Participants ......................................................................................................... 85 

4.4. Lifestyle Intervention .......................................................................................... 86 

4.4.1. Participants .................................................................................................. 86 

4.4.2. Sample size power ....................................................................................... 86 

4.4.3. Study design ................................................................................................ 87 

4.4.4. Data collection ............................................................................................. 89 

4.5. Outcome Measures .............................................................................................. 90 

4.5.1. Vascular ultrasonography ............................................................................. 92 

4.5.2. Echocardiography ........................................................................................ 94 

4.5.3. Reliability analyses for echocardiography .................................................. 100 

4.5.4. Survey documents ...................................................................................... 104 

4.6. Statistical Analysis ............................................................................................ 108 

4.6.1. Normal distribution .................................................................................... 108 

4.6.2. Statistical tests ........................................................................................... 108 

4.6.3. Effect size .................................................................................................. 110 



5 | P a g e  

 

4.6.4. Power analysis ........................................................................................... 111 

4.7. Evaluation of the lifestyle intervention .............................................................. 112 

Chapter 5. Cardiometabolic and behavioural risk factors in young overweight women 

identified with simple anthropometric measures. ............................................................... 113 

Chapter 6. Young women with abdominal obesity have sub-clinical myocardial dysfunction.

 ......................................................................................................................................... 128 

Chapter 7. Effects of a multi-disciplinary lifestyle intervention on cardiometabolic risk 

factors in young women with abdominal obesity: A randomised controlled trial. ............... 146 

7.1. ADDENDUM: Perceived barriers to lifestyle change. ....................................... 171 

7.2. ADDENDUM: Evaluation of the program ......................................................... 177 

Chapter 8. Effects of a lifestyle intervention on cardiac measures in young women with 

abdominal obesity: A randomised controlled trial. ............................................................. 185 

8.1. ADDENDUM: Cardiac and vascular measures in young women with abdominal 

obesity: Short-term sustainability of outcomes following completion of a lifestyle 

intervention. ............................................................................................................. 201 

Chapter 9. Cardiovascular disease risk factor profile and lifestyle modification in young 

women with abdominal obesity: A one-year follow-up. ..................................................... 204 

Chapter 10. Discussion and Conclusion ............................................................................. 211 

10.1. Overview......................................................................................................... 211 

10.2. Linking of the studies ...................................................................................... 211 

10.3. Practical applications ....................................................................................... 219 

10.4. Limitations ...................................................................................................... 220 

10.5. Future directions.............................................................................................. 223 

10.6. Conclusion ...................................................................................................... 224 

References ........................................................................................................................ 225 

Appendices ....................................................................................................................... 251 

 



6 | P a g e  

 

Thesis Declaration 

 

This thesis contains no material published elsewhere or extracted in whole or part from a 

thesis by which I have qualified for or been awarded another degree or diploma. This thesis 

has not been submitted for the award of any other degree or diploma in any other tertiary 

institution. No other person’s work has been used without date acknowledgement in the main 

text of the thesis. All research procedures reported in the thesis received approval from the 

Australian Catholic University Human Research Ethics Committees. 

 

I give permission for the digital version of my thesis to be made available on the web, via the 

University’s digital research repository, the library catalogue, the Australian Digital Theses 

Program and also through web search engines, unless permission has been granted by the 

University to restrict access for a period of time. 

 

The author acknowledges that copyright of published works contained within this thesis 

resides with the copyright holders of those works. 

 

 

Bianca Louise Share 

 

 

Signed: …………………………………………………..      Date: August 2015  



7 | P a g e  

 

Acknowledgements 

 

I would like to thank all of the people who have aided me on my PhD journey: 

To my supervisory team: my Principal Supervisor, Justin Kemp, my Co-supervisor, 

Geraldine Naughton, and my Associate Supervisor, Philippe Obert, for their guidance and 

support at every stage of my five year doctoral journey. I am deeply grateful for everything I 

have learned from you.  

 

To those who directly assisted with the Young Women’s Heart Health Study: Jenifer Peat, 

Elizabeth Aumand, Bianca Gazzola, Melissa Nicholls, Tania Wilson, Kathryn Duncan, 

Joseph Perry, Zoe Nicolaidis, Sandrine Gayrard, Claire Maunfrais, Krystle Saunders-Stent, 

and Chandra Lennie. This project would not have been possible without each and every one 

of you! 

 

To those who offered professional expertise: Andre La Gerche, Janet Hiller, Guillaume 

Walthers, Andrew Wilson, Don Mooney, Melanie Cameron, and Helen Aucote. 

 

To all my colleagues in the School of Exercise Science, and especially the assistance from: 

Christian Lorenzen, Brett O’Connell, Doug Whyte, and Taryn Miller. Similarly, to all the 

friends and colleagues I made during my two month adventure to the Laboratory of 

Cardiovascular Pharmacology at Avignon University, France.  

 

To the camaraderie of my fellow PhD colleagues, especially, Trentham Furness, Corey 

Joseph, Eddy Crendal, Tania Gallo, and Blake McLean. A special part of my PhD journey 

has been the opportunity to be with fellow travelers along the way.  

 



8 | P a g e  

 

I am most indebted to the wonderful girls who were participants in the Young Women’s 

Heart Health Study and made the vision a reality. Many of you have made me very proud as 

you continue to shine beyond the completion of the study.  

 

This thesis would not have been possible without the financial assistance of the Australian 

Catholic Superannuation Retirement Fund Postgraduate Scholarship, ACU and the Australian 

Postgraduate Award. Your contribution enabled me to be a full-time PhD student, and travel 

to several conferences. I am appreciative for the experience, which gave me the opportunity 

to fulfill my dreams of pursuing research. 

 

To my closest friends who have kept me sane during this marathon event, including Trish, 

Mia, and “the girls” (Jess, Elise, Lisa), and to my mentor Peter Burke.  

 

Finally, to my ever supportive and patient family; my parents John and Wilma, my sister 

Leanne, and my partner Mitchel. Your constant love and understanding has enabled me to get 

through the tough and challenging times! Now onto the next chapter… 

 

 

“Go confidently in the directions of your dreams… and live the life you’ve imagined” 

Henry David Thoreau 

 

  



9 | P a g e  

 

Publications Contributing to this Thesis 

 

Published papers 

 

Share, B.L., Naughton, G.A., Obert, P., Peat, J.K., & Kemp, J.G. (2014). Cardiometabolic 

and behavioural risk factors in young overweight women identified with simple 

anthropometric measures. Journal of Science and Medicine in Sport, 17(6), 656-661.  

Copyright © 2013 Elsevier 

 

Share, B.L., La Gerche, A., Naughton, G.A., Obert, P., & Kemp, J.G. (2015). Young women 

with abdominal obesity have sub-clinical myocardial dysfunction. Canadian Journal of 

Cardiology (In Press). 

Copyright © 2014 Elsevier 

 

Share, B.L., Naughton, G.A., Obert, P., Peat, J.K., Aumand, E.A., & Kemp, J.G. (2015). 

Effects of a multi-disciplinary lifestyle intervention on cardiometabolic risk factors in young 

women with abdominal obesity: A randomised controlled trial. PLoS ONE, 10(6), e0130270. 

doi: 10.1371/journal.pone.0130270 

 

 

 

 

 

 



10 | P a g e  

 

Manuscripts currently under construction 

 

Share, B.L., Naughton, G.A., Obert, P., La Gerche, A., & Kemp, J.G. (2014). Effects of a 

lifestyle intervention on cardiac, and myocardial measures in young women with abdominal 

obesity: A randomised controlled trial. (prepared for submission to Canadian Journal of 

Cardiology) 

 

Share, B.L., Naughton, G.A., Obert, P., & Kemp, J.G. (2014). The effectiveness of 

randomised controlled trial lifestyle interventions on cardiovascular disease risk factors in 

premenopausal women with overweight and obesity: A systematic review. (prepared for 

submission to International Journal of Behavioural Nutrition and Physical Activity). 

  



11 | P a g e  

 

Conference Presentations During Candidature 

 

2010 Australian Catholic University 3 Minute Thesis Competition. 

 Melbourne, Australia. 25
th
 November, 2010. 

Oral presentation: The Metabolic Syndrome in Young Women. 

Student award: Runners-up ($500) 

Author/presenter: B L. Share  

 

 

2011  Heart Foundation Conference.  

Melbourne, Australia. 17-19 March, 2011. 

Poster presentation: Cardiovascular Disease Risk in Young Women.  

Authors: B L. Share (presenter), G. Naughton, P. Obert, A. Wilson, & J. Kemp 

 

 

Australian Catholic University 3 Minute Thesis Competition. 

Melbourne, Australia. 23
rd

 August, 2011. 

Oral presentation: Cardiovascular Health in Young Women.  

Student award: Best presentation ($1,000) 

Author/presenter: B L. Share 

 

Trans-Tasman 3 minute thesis FINAL 

Perth, Australia. 29
th
 September, 2011. 

Oral Presentation: Cardiovascular Health in Young Women.  

  Student award: Recognition of outstanding performance 

  Author/presenter: B L. Share 

 

 

 

 

 

 



12 | P a g e  

 

2012  International Congress on Physical Activity and Public Health  

Sydney, Australia. 1-3 November, 2012. 

Oral Presentation: Lifestyle Intervention Improves Cardiovascular Disease 

Risk Factors in Young Overweight Women.  

Authors: B L. Share (presenter), G. Naughton, P. Obert, E. Aumand, J. Peat, & 

J. Kemp 

 

 ACHPER conference 

 Melbourne, Australia. May 2012 

 Oral presentation: Cardiovascular Disease in Young Women: The Young 

Women’s Heart Health Study 

 Author/presenter: B L. Share  

 

 

2014 World Congress of Cardiology 

Melbourne, Australia. 4-7 May, 2014. 

Poster presentation: Assessment of Left Ventricular Mechanics Using Speckle 

Tracking Imaging Echocardiography in Young Women with Abdominal 

Obesity. 

Authors: B L. Share (presenter), G. Naughton, A. La Gerche, P. Obert, E. 

Crendal, & J. Kemp 

 

 

  



13 | P a g e  

 

List of Figures 

 

Figure 1.1. Causes of death in Australian men and women. ................................................ 24 

Figure 1.2. Global prevalence of overweight and obesity .................................................... 25 

Figure 1.3. Overweight and obesity in Australians. ............................................................. 26 

Figure 1.4. Relationship between increased adiposity, intermediate ‘modifiable risk factors’ 

and increased cardiovascular events in the general population. ............................................ 27 

Figure 1.5. Global prevalence of overweight and obesity. ................................................... 29 

Figure 1.6. Levels of exercise in premenopausal Australian women.................................... 30 

Figure 2.1. Increased risk of CVD among overweight/obese individuals ............................. 40 

Figure 2.2. Schematic representation of the conditions implicated in the pathophysiology of 

the metabolic syndrome and their potential interactions ....................................................... 44 

Figure 2.3. Associations between obesity, insulin resistance, and endothelial dysfunction .. 47 

Figure 2.4. Population attributable risk factors for heart disease in women ......................... 49 

Figure 2.5. Schematic representation of the fibre orientation and mechanics of the LV ....... 51 

Figure 2.6. Mechanics of LV untwisting/twisting ............................................................... 52 

Figure 2.7. Radial, circumferential and longitudinal planes of deformation. ........................ 53 

Figure 3.1. Flow diagram of the process of study selection. ................................................ 70 

Figure 4.1. Study design for the Young Women’s Heart Health Study. ............................... 84 

Figure 4.2. Participation of individuals in the cross-sectional studies. ................................. 85 

Figure 4.3. Data collection design for intervention and wait-list control groups. ................. 89 

Figure 4.4. Outline of the experimental procedure for laboratory session one and two. ....... 91 

Figure 4.5. Image of the common carotid artery. ................................................................ 93 

Figure 4.6. Parasternal long-axis view of the heart. ............................................................. 94 

Figure 4.7. Apical four-chamber view of the heart .............................................................. 95 

Figure 4.8. Apical five-chamber view of the heart. ............................................................. 96 

Figure 4.9. Apical two-chamber view of the heart .............................................................. 97 

Figure 4.10. Grading scheme for LV diastolic dysfunction ................................................. 98 

Figure 4.11. Parasternal short-axis view of the heart ........................................................... 99 

Figure 4.12. Example of the processing and presentation of LV longitudinal strain .......... 100 

Figure 4.13. The Transtheoretical Model of Behaviour Change ........................................ 106 

Figure 7.1. CONSORT participant flow-chart of intervention and control participants. ..... 152 



14 | P a g e  

 

Figure 7.2. Timeline of testing for intervention and wait-list control participants .............. 154 

Figure 7.3. Results for intervention and control participants from the multi-disciplinary 

lifestyle intervention.......................................................................................................... 166 

Figure 8.1. Flow diagram of participants .......................................................................... 189 

Figure 9.1. “Stage of change for exercise” for participants at longitudinal follow-up . ...... 208 

 



15 | P a g e  

 

List of Tables 

 

Table 2.1. Classification of body weight according to body mass index . ............................ 37 

Table 2.2. Historical overview of the metabolic syndrome criteria for adults. ..................... 43 

Table 3.1. Title, abstract and key words used across all database searches. ......................... 62 

Table 3.2. MeSH terms specific to Medline used in the electronic search strategy............... 63 

Table 3.3. Subject headings specific to CINAHL used in the electronic search strategy. ..... 64 

Table 3.4. The Physiotherapy Evidence Database Scale items............................................. 66 

Table 3.5. The Physiotherapy Evidence Database Scale  ..................................................... 67 

Table 3.6. Cardiovascular disease risk factors and psychological inventories. ..................... 68 

Table 3.7. Characteristics of included studies...................................................................... 71 

Table 4.1. Outline of the training program for the physical activity ..................................... 88 

Table 4.2. Outcome measures collected at each data collection time point. ......................... 90 

Table 4.3. Intra- and inter-rater reliability analyses for echocardiographic parameters. ..... 103 

Table 5.1. Cardiometabolic risk factors in participants with and without abdominal obesity, 

as defined by waist circumference ..................................................................................... 120 

Table 5.2. Cardiometabolic risk factors in participants with and without overweight/obesity, 

as defined by body mass index. ......................................................................................... 121 

Table 5.3. Associations between cardiometabolic risk factors and overweight/obesity. ..... 123 

Table 5.4. Most prevalent perceived barriers to engaging in physical activity. .................. 124 

Table 6.1. Cardiometabolic risk factors in participants with and without abdominal obesity.

 ......................................................................................................................................... 136 

Table 6.2. Cardiac morphology and function in participants with and without abdominal 

obesity. ............................................................................................................................. 138 

Table 6.3. Myocardial deformation and mechanics in participants with and without 

abdominal obesity. ............................................................................................................ 139 

Table 7.1. Outline of the 12-week multi-disciplinary lifestyle intervention. ...................... 159 

Table 7.2. Between group comparisons of cardiometabolic risk factors for the intervention 

and control groups ............................................................................................................. 162 

Table 7.3. Within-group comparisons of cardiometabolic risk factors for interventions..... 164 

Table 7.4. Within-group comparisons of cardiometabolic risk factors for controls ............ 165 



16 | P a g e  

 

Table 7.5. Personal behavioural patterns: between-group comparisons for the control and 

intervention groups at pre-intervention/pre-control and post-intervention/post-control. ..... 173 

Table 7.6. Personal behavioural patterns: within-group comparisons for the intervention 

group................................................................................................................................. 174 

Table 7.7. Questions initiated by the facilitator in the focus group. ................................... 178 

Table 8.1. Reliability analyses for waist circumference and echocardiography. ................. 192 

Table 8.2. Metabolic and vascular characteristics for the intervention and control groups . 193 

Table 8.3. Cardiac morphology and function, and myocardial deformation and mechanics for 

intervention and control groups. ........................................................................................ 195 

Table 8.4. Within-group comparisons of cardiac and vascular for the intervention group. . 202 

Table 9.1. Metabolic, lifestyle and vascular data for a subsample of participants. ............. 206 

Table 9.2. Echocardiographic data collected for a subsample of participants in the Young 

Women’s Heart Health Study. ........................................................................................... 207 



17 | P a g e  

 

Thesis Abstract 

 

Cardiovascular disease (CVD) is the leading cause of death in women worldwide. Despite 

this, CVD in women is under-researched. Overweight/obesity, particularly abdominal 

obesity, together other established risk factors, increases the chance of developing CVD. 

Previous research has also shown that young women with overweight/obesity have cardiac 

dysfunction that may predispose them to future CVD events, suggesting that early detection 

and prevention of underlying CVD risk factors may be the best public health approach. 

Lifestyle interventions incorporating exercise, diet and behavioural therapy are currently 

recommended as the cornerstone to reduce CVD risk factors in individuals with 

overweight/obesity.  

 

Part 1. Cross-sectional studies 

CVD risk factors were investigated in a cross-section of young women aged 18-30 years with 

abdominal obesity [waist circumference (WC) ≥ 80 cm, n=39] and compared with a non-

obese [WC < 80 cm, n=33] aged-matched control group. Metabolic risk factors, including 

anthropometric, blood-borne (biochemical), fitness and dietary measures (Chapter 5), 

together with cardiac and vascular characteristics (Chapter 6), were assessed. Cardiac 

morphology and function, myocardial deformation and mechanics, and carotid intima-media 

thickness (c-IMT), were measured via ultrasonography. Results showed that women with 

abdominal obesity had elevated markers of insulin resistance, low-grade systemic 

inflammation (high-sensitivity C-reactive protein) and systolic blood pressure, and poorer 

fitness, compared to women without abdominal obesity. Furthermore, the unadjusted odds 

ratio of being classified with overweight/obesity [defined by WC or body mass index] was 

high for elevated homeostatic model assessment of insulin resistance (HOMA-IR) and low 

physical activity. Cardiac morphology was similar between groups, with the exception of 

dilated left atrium in women with abdominal obesity. Cardiac function measures 

demonstrated impaired left ventricular diastolic parameters and reduced systolic tissue 

velocity in women with abdominal obesity. Longitudinal strain and diastolic strain rate were 

also reduced in women with abdominal obesity but circumferential deformation indices, 



18 | P a g e  

 

myocardial mechanics and c-IMT did not differ between groups. Therefore, a young, 

otherwise-healthy group of adult women with abdominal obesity displayed elevated markers 

of insulin resistance and low-grade systemic inflammation and subclinical cardiac 

dysfunction compared with non-obese women. 

 

Part 2. Intervention study 

A systematic review (Chapter 3) found that multi-disciplinary lifestyle interventions 

incorporating exercise, diet and/or behavioural therapy improved CVD risk factors in 

premenopausal women with overweight/obesity. However, the systematic review highlighted 

a need for more rigorous studies involving younger (< 30 years of age) women, a deeper 

understanding of mechanisms that accompany intervention-induced changes in CVD risk, 

and long-term follow-up evaluating program sustainability. 

Women identified with abdominal obesity (from Part 1) participated in a randomised wait-list 

control trial (RCT) involving a 12-week multi-disciplinary lifestyle intervention. The 

intervention design incorporated physical activity, nutrition education and cognitive 

behavioural therapy. Participants underwent screening for anthropometric, blood-borne, 

fitness and dietary risk factors for CVD (Chapter 7), as well as cardiac and vascular 

characteristics measured via ultrasonography (Chapter 8), at baseline, post-intervention, and 

at 12 weeks after post-intervention. A subsample of participants (n=7) was assessed again at 

52 weeks post-intervention (Chapter 9). Results from a linear mixed model analysis 

comparing changes in CVD risk factors and lifestyle behaviours of women completing the 

intervention (n=19) and the overweight/obese control group (n=11) showed no notable 

between-group differences for any metabolic risk factors or markers derived from cardiac and 

vascular ultrasonography. However, within-group improvements were observed in the 

intervention group for anthropometric markers, blood pressure, aerobic fitness, physical 

activity engagement, dietary energy intake and left ventricular mass indexed, with some of 

these changes maintained 12 weeks after intervention completion. Similarly, women in the 

control group displayed significant within-group improvements in anthropometric markers 

and changes in left ventricular mass indexed, suggesting that a traditional RCT design may 

not be appropriate for this population. At one-year post-intervention, further improvements in 
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anthropometric measures were evident, along with improved lifestyle behaviours for physical 

activity and dietary intake. Therefore, despite complex compliance issues with the control 

group, a multi-disciplinary lifestyle intervention improved some metabolic and cardiac risk 

factors in women with abdominal obesity compared with controls, with evidence of long-

term sustainability of behaviour modification. 

 

In summary, this thesis provides new knowledge on the cardiac, vascular and metabolic 

profiles of young (premenopausal) adult women with abdominal obesity, and a better 

understanding of the effects on CVD risk factors, and their sustainability, of a multi-

disciplinary lifestyle intervention in this under-research population.  
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Chapter 1. Introduction and Overview 

 

1.1. Cardiovascular Disease 

 

Cardiovascular disease (CVD) is a non-communicable disease involving the heart and blood 

vessels (arteries, capillaries, and veins), comprising coronary or ischaemic heart disease, 

cardiomyopathy, cerebrovascular disease, heart failure, rheumatic heart disease, peripheral 

arterial disease and hypertension (World Heart Federation, 2013). CVD is the leading cause 

of death, particularly in industrialised countries, despite improvements in life expectancy. An 

estimated 17 million people world-wide die from CVD each year, equating to approximately 

30% of all deaths, with incidences projected to increase linearly (World Health Organisation, 

2011)  

In Australia, CVD is the primary cause of mortality in both men and women (Figure 1.1). In 

2009, CVD accounted for 33 per cent of all deaths nationally (Australian Bureau of Statistics, 

2013). Additionally, CVD contributes to the social, personal and financial burden of disease, 

costing the Australian economy six billion dollars in health care expenses annually. This cost 

represents 11 per cent of the total health expenditure (Australian Institute of Health and 

Welfare, 2012). Cardiovascular health is one of eight Australian National health priority 

areas, in recognition of its high prevalence, its impact on morbidity and mortality, and its 

potential for health improvements through prevention and treatment programs (The 

Department of Health, 2012). 
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Figure 1.1. Causes of death in Australian men and women, 2009 (Data sourced from: Australian 

Bureau of Statistics, 2013). 

 

 

1.2. Obesity and CVD 

 

Excess body fat, particularly obesity, is established as a risk factor for CVD and increased 

mortality rates (Hubert, Feinleib, McNamara, & Castelli, 1983). The most serious form of 

obesity is central (i.e. abdominally located) rather than peripheral obesity, as it is associated 

with higher risks for CVD (Alberti, Zimmet, & Shaw, 2005). Incidences of overweight and 

obesity continue to rise, already reaching epidemic proportion (Figure 1.2). Worldwide, 

prevalence of overweight and obesity combined rose by 27% for adults and 47% for children 

between 1980 and 2013 (Ng et al., 2014). Globally, the proportion of adults who are either 

overweight or obese is currently 37% in men, and 38% in women (Ng et al., 2014). 

Furthermore, a large number of studies have demonstrated higher rates of death from obesity 

and CVD in people who are from a lower socioeconomic status (Houweling, Kunst, & 

Mackenbach, 2001; Woodward et al., 2015). 
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Figure 1.2. Global prevalence of overweight and obesity combined, for women (red) and men (blue), 

in developed and developing countries between 1980 and 2013 (Image modified from: Ng et al., 

2014, p.2) 

 

 

 

The prevalence of overweight and obesity among Australians has been steadily increasing for 

the past 30 years (Australian Bureau of Statistics, 2013). According to the National Health 

Survey, in 2007-08, based on body mass index, an estimated 62% of Australian adults aged 

18 years or older were overweight or obese (Australian Bureau of Statistics, 2013), equating 

to over 12 million Australian adults (Figure 1.3). It has been projected that by 2025, more 

than 75% (approximately 17 million) of Australian adults will be overweight or obese (Vic 

Health, 2014).  
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Figure 1.3. Overweight and obesity in Australians aged 15 years and older (data sourced from: 

(Australian Institute of Health and Welfare, 2012). Unshaded red, women overweight; solid red, 

women obese; unshaded blue, men overweight; solid blue, men obese. 

 

 

1.3. Modifiable Risk Factors for CVD  

 

Chronic accumulation of excess body fat can lead to the development of intermediate 

‘modifiable’ CVD risk factors (Bastien, Poirier, Lemieux, & Després, 2014). Risk factors 

describe any attribute, characteristic or exposure of an individual that increases the likelihood 

of developing a disease or injury (World Health Organisation, 2011). Modifiable risk factors 

such as physical inactivity, dyslipidemia, hypertension, insulin resistance, glucose 

intolerance, systemic inflammation, type 2 diabetes mellitus (T2DM), a prothrombotic state, 

cardiac remodelling and impaired vascular function (Alberti et al., 2009; Tadic, Ivanovic, 

Petrovic, Celic, & Neskovic, 2013) are associated with obesity and are linked to the 

development of CVD (Figure 1.4) (Bastien et al., 2014). Furthermore, as many as six in every 

ten deaths from CVD are related to modifiable risk factors, and women have a higher 

prevalence of risk factors for CVD than men (Villablanca, Jayachandran, & Banka, 2010; 
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World Health Organisation, 2011). This suggests that much of the CVD burden is avoidable, 

and efforts to decrease modifiable risk factors are urgently needed. 

 

 

Figure 1.4. Relationship between increased adiposity (overweight/obesity), intermediate ‘modifiable 
risk factors’ (e.g. hypertension, insulin resistance, the metabolic syndrome) and increased 

cardiovascular events in the general population (adapted from Bastien et al., 2014). 

 

 

1.4. Women’s Heart Health 

 

Cardiovascular disease in women is described in the international literature as under-

recognised, under treated and under researched (National Heart Foundation of Australia, 

2011). 

The Framingham Heart Study, initiated in 1948 (Dawber, Moore, & Mann, 1957), identified 

that overt CVD develops 10 years later in women than men, resulting in CVD being labelled 

a ‘male condition’. As a consequence, women experience poorer prognosis and receive 

suboptimal preventive care and treatment which, in turn, contributes to inferior outcomes in 

comparison to men (Worrall-Carter, Edward, & Page, 2012). Similarly, a systematic review 

investigating the major risk factors for CVD in women (aged > 18 years) in the published 

literature between 1999 and 2011 highlighted important differences between men and women 

relating to modifiable risk factors. Specifically, women are more likely to suffer from T2DM, 
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hypertension, physical inactivity, depression, and stress, which place them at high risk of 

CVD (Worrall-Carter, Ski, Scruth, Campbell, & Page, 2011). Similarly, others have reported 

the prevalence of several risk factors, such as hypertension, T2DM, high alcohol intake and 

low physical activity as being greater in women than men (Norhammar & Schenck-

Gustafsson, 2013). Furthermore, hypertension, elevated fasting glucose, abdominal obesity 

and dyslipidemia may have a greater impact on deleterious left ventricular remodelling in 

women than men (Tadic et al., 2013). Given that women’s health research has traditionally 

focused primarily on matters of sexual and reproductive health, enormous improvements in 

women’s CVD outcomes through targeted research are possible (Norhammar & Schenck-

Gustafsson, 2013). 

 

In Australia alone, more than 26,000 women die each year from CVD, accounting for 41% of 

all female deaths (Australian Institute of Health and Welfare, 2012). The longitudinal, 

population-based Australian Diabetes, Obesity and Lifestyle (AusDiab) Study found that 

young (premenopausal) women gained more weight and waist circumference over a 12-year 

period than men and older (post-menopausal) women (Stewart, Tikellis, Carrington, Walker, 

& O’Dea, 2008). Specifically, an average weight gain of 6 to 12 kg was observed in women 

between the ages of 20 to 30 years (Adamson et al., 2007; Lucke et al., 2007). Currently, in 

Australia, the prevalence of overweight and obesity is 35% for women aged 18-24 years, and 

42% for women aged 25-34 years (Australian Bureau of Statistics, 2013). Similarly, 51% of 

non-hispanic white American women aged 20-39 years are either overweight or 

obese (Flegal, Carroll, Kit, & Ogden, 2012), while the prevalence among women of a similar 

age (25-34 years) in the United Kingdom is 47% (Health and Social Care Information Centre, 

2011).
 
Figure 1.5 shows the global age pattern of overweight and obesity in 2013. For 

women, it is evident that rapid weight gains occurred between the ages of 20 and 40 years, 

with prevalence of overweight and obese doubling during this timeframe.  
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Figure 1.5. Global prevalence of overweight and obesity, by age, for females (red) and males (blue) 

in developed and developing countries in 2013 (Image modified from: Ng et al., 2014, p. 4).  

 

In addition to the increases in the prevalence of overweight and obesity, young women are 

also exhibiting low levels of physical activity (Figure 1.6). The greatest prevalence of 

‘sedentary’ behavior exists for women aged 25 to 34 years, with almost 35% of these women 

performing no structured physical activity (Australian Bureau of Statistics, 2013).
. 
Even for 

women aged 18 to 24 years, ‘sedentary’ behaviour exceeds 30% for that age group, with 

another 40% exhibiting low physical activity behaviour. 
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Figure 1.6. Levels of exercise in premenopausal Australian women. Results from the Australian 

National Health Survey, 2012 (Data sourced from: (Australian Bureau of Statistics, 2013). 

 

 

 

Ultimately, carrying excessive weight and exhibiting sedentary exercise behaviours 

predisposes young adult women to CVD risk and premature death. This suggests that lifestyle 

modification is critical for halting CVD risk progression in premenopausal women.  

 

1.5. Lifestyle Modification  

 

Lifestyle management and behaviour modification has shown to be effective in the reduction 

of CVD risk by reducing overweight/obesity and improving the risk factor profile associated 

with CVD development (Irving et al., 2008). In a review assessing a range of management 

strategies to address overweight and obesity, multi-disciplinary lifestyle interventions that 

incorporate diet, exercise and behavioural therapy were most effective for weight loss and 

reduction of CVD risk factors (A. Lang & Froelicher, 2006) (Wing, 2002). Thus, CVD risk 

modification through lifestyle intervention is highly recommended (Deaton et al., 2011) 

(Mosca et al., 2004), with suggestions that a heart healthy lifestyle encouraged from youth 

and continuing into adulthood is the best approach for the prevention of CVD (Mitrakou, 

2006). It is often suggested that women are underrepresented in cardiac research, in particular 

premenopausal women, because they are ‘protected’ against CVD due to the presence of 
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oestrogen, but this protective effect may not be the case (Maas et al., 2011). Therefore, the 

detection, prevention, and treatment of modifiable risk factors are strategically recommended 

for the reduction of CVD (Galassi, Reynolds, & He, 2006), and female-specific research and 

clinical programs should aim at a more multi-disciplinary approach to cardiovascular health 

in women (Worrall-Carter et al., 2011). 

 

 

1.6. Statement of the Problem 

 

Greater research is required to improve the understanding of CVD in women (Norhammar & 

Schenck-Gustafsson, 2013). However, most research of overweight/obesity and CVD risk to 

date has focused on women aged over 40 years, even though earlier detection and prevention 

of risk factors may be the best public health approach. In the Australian context, CVD 

accounts for 41% of all female deaths (Australian Institute of Health and Welfare, 2012). In 

parallel, the prevalence of overweight and obesity is 35% for women aged 18-24 years and 

42% for women aged 25-34 years (Australian Bureau of Statistics, 2013). In these age 

groups, approximately 70% of women are also classified as exhibiting ‘sedentary’ or ‘low 

activity’ exercise behaviors (Australian Bureau of Statistics, 2012). Despite these and similar 

international figures, enrolment of young adult women in clinical and epidemiological 

research remains relatively low in studies of populations with chronic disease. Thus, the 

ability to detect the establishment and progression of CVD in younger populations, and then 

put in place preventative strategies, is limited. Moreover, while lifestyle modification has 

been recommended as the cornerstone treatment of obesity and CVD risk factors (Bantle et 

al., 2008), little is known about its effectiveness for reducing modifiable CVD risk factors in 

young adult women with overweight/obesity 
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1.6.1. Significance of the Study 

This study addressed the prominent gap in CVD research concerning young adult women 

with overweight/obesity. In this project, a range of traditional and contemporary init iatives 

were utilised to examine the CVD risk profile of young women. This research then explored 

the impact of a lifestyle modification program on these risk factors. Results from this study 

are expected to provide new insights into the detection and prevention of CVD in young adult 

women, and encourage health care providers to conduct appropriate and sustainable 

interventions. Ultimately, the outcome of this thesis aimed to inform new directions for the 

management of lifestyle factors to prevent CVD and, thus, enhance the long-term health of 

young women with overweight/obesity. The results of this research are important for policy 

makers, as the knowledge gained about the health status of young women with abdominal 

obesity can be utilised to reduce personal and societal burden. This thesis also provides 

insights to inform the direction of future studies, particularly when targeting a participant 

cohort of young adult women. 

 

1.6.2. Statement of Purpose 

The collective purpose of the studies in this thesis was to investigate cardiovascular health in 

young adult women and advance the knowledge of early detection and prevention of CVD 

risk. This was achieved by (i) profiling markers of CVD risk in a cross-section of young 

women with and without abdominal obesity, and (ii) providing proof of concept in the early 

detection and prevention of CVD risk in overweight/obese young women through a multi-

disciplinary lifestyle intervention, using a randomised controlled trial (RCT) design and a 

sustainability component. 
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1.7. Research Question  

 

The research questions for this study were: 

1. What (cardio)metabolic, cardiac and vascular risk factors for CVD are associated 

with overweight/obesity, defined by abdominal obesity measured from waist 

circumference, in premenopausal adult women aged 18-30 years? 

 

2. Does a multi-disciplinary lifestyle intervention comprising exercise, nutrition 

education and cognitive behavioural therapy (CBT) improve the CVD risk factor 

profile of young women with abdominal obesity? And if so, are these improvements 

sustainable beyond the completion of the program?  
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1.8. Specific Aims  

 

The specific aims of this research were to: 

1. Investigate blood-borne metabolic and lifestyle markers of CVD risk in a cross-

sectional profile of young adult women with (and without) overweight/obesity, 

defined by both elevated waist circumference and BMI (Chapter 5). 

 

2. Investigate cardiac and vascular remodelling and myocardial function in a cross-

sectional profile of young women with and without overweight/obesity using 

traditional and advanced techniques of ultrasonography (Chapter 6). 

 

 

3. Assess the efficacy and sustainability of a 12-week multi-disciplinary (exercise + 

nutrition education + CBT) lifestyle intervention, using a randomised wait-list control 

design, for improving the metabolic and lifestyle CVD risk factor profile in young 

adult women with abdominal obesity (Chapter 7 and 9).  

 

4. Assess the efficacy and sustainability of a multi-disciplinary lifestyle intervention, 

using a randomised wait-list control design, for improving cardiac and vascular 

morphology, cardiac function, and myocardial deformation and mechanical indices, in 

young adult women with abdominal obesity, using traditional and advanced 

techniques of ultrasonography (Chapter 8 and 9). 
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1.9. Research Hypotheses  

 

The hypotheses formulated for the research were: 

Hypothesis 1 

Young adult women with abdominal obesity exhibit metabolic markers of CVD risk and 

poorer lifestyle behaviours, when compared with age-matched women without abdominal 

obesity. 

 

Hypothesis 2 

Young adult women with abdominal obesity exhibit markers of cardiac and vascular 

remodelling, and cardiac and myocardial dysfunction, measured from ultrasonography, when 

compared with age-matched women without abdominal obesity. 

 

Hypothesis 3 

Involvement in a 12-week multi-disciplinary lifestyle intervention produces improvements in 

anthropometric measures, reductions in metabolic risk factors for CVD, and lifestyle 

modifications supporting weight management, with these changes sustained or improved at 

follow-up testing, in young adult women with abdominal obesity. 

 

Hypothesis 4 

Involvement in a 12-week multi-disciplinary lifestyle intervention produces improvements in 

cardiac, vascular and myocardial measures, using ultrasonography, with these changes 

sustained or improved at follow-up testing, in young adult women with abdominal obesity. 
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Chapter 2. Literature Review  

 

2.1. Obesity and CVD 

 

The dramatic increase in obesity worldwide over the past 20-30 years has resulted in the 

World Health Organisation labelling it a “global epidemic” (World Health Organisation, 

2000). Excess body fat is an established risk factor for CVD (Hubert et al., 1983), but it also 

increases the development of other intermediate risk factors for CVD(Australian Institute of 

Health and Welfare, 2012). The understanding of the role that adipose tissue plays in 

metabolic and homeostatic regulation has advanced in recent years (Berggren, Hulver, & 

Houmard, 2005; Kershaw & Flier, 2004; Matsuzawa, 2006b). Moreover, it is now established 

that, when in excess, adipose tissue is a significant contributor to biological dysregulation and 

disease progression (Kahn, Hull, & Utzschneider, 2006). Therefore, early identification and 

control of this dysregulation is critical for individual and societal health, especially given that 

obesity is a modifiable risk factor for many diseases. With respect to this work, adipose tissue 

and obesity is addressed in the context of CVD risk, development and progression. 

 

2.1.1. Adipose tissue 

Once thought to be simply a passive storage reservoir for excess energy in the form of 

triglycerides, adipose tissue is now considered an active autocrine, paracrine and endocrine 

organ (Brugger et al., 2014; Kershaw & Flier, 2004; Matsuzawa, 2006b). Adipose tissue 

plays a prominent role not only in energy metabolism and lipolysis but also contributes to 

other important metabolic processes such as regulation of inflammation, blood pressure, 

fibrinolysis and appetite (Mitrakou, 2006; Stears & Byrne, 2001). When adipose tissue has 

reached its maximum expansion capacity, a “spill over” of lipids from adipocytes occurs, 

resulting in an increase in circulating free fatty acids (Bastien et al., 2014). Lipids then start 

to accumulate at various sites in the form of subcutaneous adipose tissue, visceral adipose 

tissue, intra-hepatic fat, intra-muscular fat, renal sinus fat, epi/pericardial fat, myocardial fat 

and perivascular fat (Bastien et al., 2014; Montani et al., 2004). It is therefore unsurprising 
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that the most critical factor in the emergence of metabolic diseases is excess adipose tissue 

(Kahn et al., 2006). 

 

2.1.2. Obesity assessment  

The most commonly used anthropometric tool to classify overweight and obesity is body 

mass index (BMI). BMI is an index of weight-for-height calculated as kg/m
2
 (World Health 

Organisation, 2000). According to this calculation, individuals with a BMI ranging from 25 

to 29.9 kg/m
2
 are classified as overweight, whilst  obesity is classified as a BMI ≥ 30 kg/m

2
 

(Table 2.1).  

 

Table 2.1. Classification of body weight according to body mass index (BMI) (adapted from: World 

Helath Organisation, 2000). 

 

Classification BMI (kg/m
2
) 

Underweight < 18.5 

Normal range 18.5 – 24.9 

Overweight 25.0 – 29.9 

Obese:  ≥ 30.0 

    Obese class I 30.0 – 34.9 

    Obese class II 35.0 – 39.9 

    Obese class III ≥ 40.0 

 

 

Although a useful and simple tool to estimate and classify obesity, BMI does not discriminate 

lean mass from fat mass, nor does it account for variations in body fat distribution (Dalton et 

al., 2003). Adiposity indices that incorporate a measure of waist circumference, including 

waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), and waist circumference itself, 

should therefore be considered by clinicians in risk stratification and to discriminate 

individuals at higher risk of chronic disease (Bastien et al., 2014; National Health and 

Medical Research Council, 2003). A cross-sectional survey of anthropometric characteristics 
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of Australian women (n = 4,487, aged 20-69 y) showed central adiposity measured by waist 

circumference, WHR, and WHtR to be better predictors of CVD risk than BMI (Goh, 

Dhaliwal, Welborn, Lee, & Della, 2014). Similarly, results from a meta-analysis of 24 cross-

sectional studies in adults showed that WHtR had a stronger ratio of relative risk for 

cardiometabolic risk than BMI (Savva, Lamnisos, & Kafatos, 2013).  

 

 

2.1.3. Abdominal obesity 

The distribution of adipose tissue, in addition to the amount of body fat, is an important 

determinant of morbidity and mortality (Landin et al., 1990). Evidence indicates that excess 

intra-abdominal fat (abdominal adiposity) is associated with greater risk of obesity-related 

morbidity than overall adiposity (Dalton et al., 2003; Zhang, Rexrode, van Dam, Li, & Hu, 

2008). Furthermore, abdominal adipose tissue plays a major role in the pathogenesis of 

atherosclerosis through various metabolic and hormonal pathways (Mitrakou, 2006). 

Abdominal obesity increases the risk of various health problems that predispose an individual 

to increased risk of CVD (Australian Institute of Health and Welfare, 2012). As a measure, 

elevated waist circumference is a reliable anthropometric index of abdominal obesity (Lucke 

et al., 2007) for the prediction of CVD risk (Goh et al., 2014); (Alberti et al., 2009). Based on 

expert consensus, the WHO has proposed sex-specific cut-off values for waist circumference 

that are associated with increased CVD risk (World Health Organisation, 2011). A waist 

circumference of ≥ 80 cm in women and ≥ 94 cm in men is indicative of increased risk, while 

a waist circumference of ≥ 88cm in women ≥ 102 cm in men and represents substantially 

increased risk. Therefore, measuring waist circumference, given its low cost and 

convenience, represents a valuable tool for health care professionals, in addition to BMI 

(Balkau et al., 2007). 

  

International Day for Evaluation of Abdominal Obesity, conducted across 63 countries, 

evaluated waist circumference in 168,000 participants aged 18-80 years who consulted with a 

primary care provider between May and July 2005 (Balkau et al., 2007). According to the 

National Cholesterol Education Program – Third Adult Education Panel (NCEP:ATP III) 
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criteria, 48% of women had abdominal adiposity (i.e. WC > 88 cm), whilst 71% of women 

had a WC ≥ 80 cm (International Diabetes Federation, 2006) Furthermore, women with an 

elevated waist circumference had an odds ratio of 1.97 for CVD (Balkau et al., 2007). 

Additionally, the Australian Diabetes, Obesity and Lifestyle Study (AusDiab), a population-

based cross-sectional survey of CVD risk factor prevalence in Australia, investigated waist 

circumference in adults aged ≥ 25 years (Dunstan et al., 2002). Abdominal obesity for 

women aged 25-34 years was 20% for WC ≥ 80 cm, and 17% for WC ≥ 88 cm (Cameron et 

al., 2003).  

 

2.2. Modifiable Risk Factors of CVD 

 

An excess in adipose tissue, or obesity, is associated with increased incidence of 

cardiovascular and cerebrovascular events in men and women (Landin et al., 1990) Large 

prospective studies such as the Framingham Heart Study have shown obesity is an 

independent predictor of CVD. Furthermore, the relationship between obesity, intermediate 

risk factors, and the development of CVD is evident (Bastien et al., 2014). Results suggest 

that increased adiposity leads to the development of CVD risk factors, and the burden of 

these risk factors, not adiposity itself, is critical to the development of CVD (Wilson, 2004) 

(Figure 1.4). Adipose tissue excess, particularly visceral (intra-abdominal) fat, is associated 

with insulin resistance, type 2 diabetes mellitus (T2DM), hyperglycemia, dyslipidemia, 

hypertension, atherosclerotic vascular disease, and prothrombotic and inflammatory states 

(Kershaw & Flier, 2004; Stears & Byrne, 2001). Furthermore, the International Diabetes 

Federation (International Diabetes Federation, 2006) has identified the direct role of visceral 

fat accumulation in the development of multiple risks and CVD. Figure 2.1 describes the 

abnormalities associated with increased risk of CVD among individuals with excessive 

adipose tissue. 
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Figure 2.1. Increased risk of CVD among overweight/obese individuals. Abbreviations: Apo, 
apolipoprotein; FFA, free fatty acids; AT adipose tissue (Sourced from: Bastien et al., 2014, p.373). 

 

 

The traditional approach to CVD risk assessment involves identifying and quantifying the 

presence of CVD risk factors. Estimating 10-year risk for CVD may also be performed using 

the Framingham risk score model (Dawber et al., 1957) for adults (aged ≥ 25 y). However, 

individuals at intermediate risk may benefit from identification of subclinical risk factors to 

further refine their CVD risk estimates (Stein et al., 2008). 



41 | P a g e  

 

2.2.1. Inflammatory markers 

Systemic inflammation is believed to play a role in the pathogenesis of cardiovascular events, 

and CVD (Ridker, Hennekens, Buring, & Rifai, 2000). Many inflammatory mediators 

produced by adipose tissue are altered in the obese state, particularly in individuals with 

abdominal obesity or increased visceral adipose tissue (Berggren et al., 2005; Matsuzawa, 

2006b). Adipose-secreted cytokines (or adipokines) play a role in the regulation of satiety 

(Kershaw & Flier, 2004), carbohydrate and lipid metabolism (Kondo, Kobayashi, & 

Murakami, 2006), and insulin sensitivity (Matsuzawa, 2006a). Adipokines can be classified 

into two main categories: 1) “healthy” adipokines, such as adiponectin, and 2) “unhealthy” 

adipokines, including markers of low-grade systemic inflammation (e.g. high-sensitivity C-

reactive protein, tumor necrosis factor-alpha, interleukin-6), indicators of a thrombotic state 

(e.g. plasminogen activator inhibitor-1, fibrinogen), and the satiety regulator, leptin (Ridker et 

al., 2000; You & Nicklas, 2008). 

Chronic low-grade systemic inflammation, observed in obese populations, promotes 

atherogenic profiles, endothelial dysfunction, and insulin resistance and, ultimately, coronary 

artery disease, T2DM, and heart failure (Steinbaum, 2004). While there is an array of 

commercially available assays employed in clinical settings for the analysis of inflammatory 

markers, the Centre for Disease Control and Prevention favours high-sensitivity C-reactive 

protein (hsCRP) from a clinical chemistry perspective, given its predictive abilities for CVD 

events (Pearson et al., 2003). Synthesised and secreted by the liver, hsCRP is an acute 

reactant that reflects low-grade systemic inflammation and plays a pathogenic role by acting 

on endothelial cells (McWilliam & Riordan, 2010; Mitrakou, 2006). Studies have 

consistently shown hsCRP as a strong predictor of future coronary events in apparently 

healthy men and women. Therefore, hsCRP assays are used for risk assessment of CVD, and 

used in the stratification of patients into high- and low-cardiovascular risk groups (Ridker, 

2001).  Results from the Women’s Health Study showed that hsCRP was a strong predictor of 

future cardiovascular events even among subgroups of women with no history of 

hyperlipidemia, hypertension, smoking, diabetes, or family history of coronary heart disease 

(Ridker, Buring, Shih, Matias, & Hennekens, 1998; Ridker et al., 2000). Thus, hsCRP may 

play an important role as an adjunct in the comprehensive assessment of risk in the primary 

prevention of CVD (Ridker, 2001). 
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2.2.2. The metabolic syndrome 

The metabolic syndrome, first described by Reaven as ‘syndrome X’ in 1988 (G. M. Reaven, 

1988), is a combination of atherogenic risk factors that increase the chance of developing 

CVD and T2DM (Alberti, Zimmet, & Shaw, 2006; Byrne & Wild, 2005). The metabolic 

syndrome is characterised by a clustering of several risk factors, including abdominal obesity, 

raised serum triglyceride, reduced high-density lipoprotein (HDL) cholesterol, elevated blood 

pressure, and elevated fasting plasma glucose concentrations (Kassi, Pervanidou, Kaltsas, & 

Chrousos, 2011). In many individuals, the metabolic syndrome is associated with obesity and 

a sedentary lifestyle, and is being diagnosed with increasing frequency worldwide. It is 

estimated that 20 to 25 % of the world’s adult population has the metabolic syndrome 

(International Diabetes Federation, 2006), with results from the AusDiab Study showing 

prevalence of the metabolic syndrome to be as high as 29% in Australian adults aged 25 years 

and over (Cameron, Magliano, Zimmet, Welborn, & Shaw, 2007). Individuals diagnosed 

with the metabolic syndrome are twice as likely to die from CVD and have a 1.5-fold 

increase in all-cause mortality (Mottillo et al., 2010). Moreover, the relative risk of CVD 

associated with the metabolic syndrome is higher in women than men (Galassi et al., 2006). 

Women with the metabolic syndrome are also at increased risk of complications during 

pregnancy, and offspring of obese mothers are at an elevated risk of developing the metabolic 

syndrome later in life (Ramos & Olden, 2008). Thus, the importance of early detection of the 

metabolic syndrome and its component risk factors is therefore critical in the attenuation of 

disease progression. 

Over the years, a number of international expert groups have developed clinical criteria for 

the metabolic syndrome, and in particular, the WHO, European Group for the Study of 

Insulin Resistance (EGIR), National Cholesterol Education Program – Third Adult Education 

Panel (NCEP:ATP III), the American Heart Association/National Heart, Blood and Lung 

Institute (AHA/NHBLI), and the International Diabetes Federation (IDF). All groups agreed 

on the essential components of the metabolic syndrome being abdominal obesity, glucose 

intolerance, hypertension and dyslipidaemia (Table 2.2); however, each group’s definition 

differed in its numeric criterion for each component. The application of different criteria gave 

rise to a proliferation of varying data and, thus, highlighted the need for a globally 

standardised definition (Zimmet, Alberti, & Shaw, 2005). In 2005, the IDF released a 

definition for the metabolic syndrome that introduced abdominal obesity as the pre-requisite 



43 | P a g e  

 

criterion in its diagnosis (Alberti et al., 2006; International Diabetes Federation, 2006). This 

definition addressed both clinical and research needs, focusing on abdominal obesity, and 

allowed for gender- and ethnic-specific values for waist circumference. Those involved in 

establishing this definition agreed that insulin resistance had largely been over-emphasized in 

earlier definitions, and that the essential component should be abdominal obesity, with its 

surrogate measure being waist circumference (Alberti et al., 2005). The IDF with the 

AHA/NHBLI updated the definition of the metabolic syndrome (Alberti et al., 2009) in an 

attempt to resolve the remaining differences that still existed between definitions. It was 

agreed that abdominal obesity should not be a prerequisite for its diagnosis but rather all 

individual components should be considered as important risk factors. Metabolic syndrome 

diagnosis now required the presence of any three of the five risk factors. 

 

Table 2.2. Historical overview of the metabolic syndrome criteria for adults (Kassi et al., 2011). 

 
Year Expert Group Inclusion Criteria Risk Factors 

1998 World health Organisation  

(WHO) 

Insulin resistance PLUS two other risk 

factors 

abdominal obesity (WHR), 

triglycerides, BP, 

microalbuminuria 

 

1999 European Group for the 

Study of Insulin 

Resistance (EGIR) 

Insulin resistance PLUS two other risk 

factors 

Abdominal obesity (WC), 

triglycerides, BP, fasting 

glucose 

 

2001 National Cholesterol 

Education Program – 

Third Adult Education 

Panel (NCEP – ATP III) 

Any three or more risk factors Abdominal obesity (WC), 

triglycerides, HDL, BP, 

fasting glucose 

 

 

2004 American Heart 

Association/National 

Heart, Blood and Lung 

Institute (AHA/NHBLI) 

Any three or more risk factors Abdominal obesity (WC), 

triglycerides, HDL, BP, 

fasting glucose 

 

 

2005 International Diabetes 

Federation (IDF) 

Ethnic-specific abdominal obesity 

(WC) PLUS two other risk factors 

triglycerides, HDL, BP, 

fasting glucose 

 

 

2009 AHA/NHBLI and IDF 

joint statement 

Any three or more risk factors Ethnic-specific abdominal obesity 

(WC), triglycerides, HDL, BP, 

fasting glucose 
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Although obesity and insulin resistance remain at the centre of the pathophysiology of the 

metabolic syndrome, a number of potential mechanistic factors are involved in its 

pathogenesis. Figure 2.2 presents a flowchart of the interaction of a complex multi-pathway 

relationship involving behavioural, genetic, and environmental interactions, which may 

ultimately lead to CVD. Specifically, chronic stress and dysregulation of the hypothalamic-

pituitary-adrenal axis and autonomic nervous system, increases in cellular oxidative stress, 

renin-angiotensin-aldosterone system activity, and intrinsic tissue gluco-corticoid actions 

each play a part in the pathophysiology of the metabolic syndrome (Kassi et al., 2011). Other 

conditions such as dysfunction in uric acid metabolism, haemodynamic irregularity, an 

increased pro-inflammatory state, and hyperinsulinaemia are also associated with the 

development of the metabolic syndrome (G. Reaven, 2001).  

 

 

Figure 2.2. Schematic representation of the conditions implicated in the pathophysiology of the 
metabolic syndrome and their potential interactions. Abbreviations: HPA axis, hypothalamic-

pituitary-adrenal axis; T2DM, type 2 diabetes mellitus; CRH, corticotrophin releasing hormone; AVP, 

arginine vasopressin (Image modified from: Kassi et al. (2011), p.5) 
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2.2.3. Insulin resistance 

In obese individuals, adipose tissue releases increased concentrations of many biomolecules, 

including non-esterified fatty acids, glycerol, hormones, and pro-inflammatory cytokines, that 

are involved in the development of insulin resistance (Kahn et al., 2006). Insulin resistance is 

recognised as an early metabolic abnormality that precedes the development of T2DM and 

contributes to increased incidences of CVD (Carroll & Dudfield, 2004); (Mitrakou, 2006). 

Impaired insulin action occurs when target tissues are unable to respond to normal circulating 

concentrations of insulin. As a compensatory response, pancreatic β-cells secrete increased 

amounts of insulin. Initially, this increased insulin secretion and hyperinsulinemia are 

adequate to preserve glucose homeostasis. However, when homeostasis is chronically 

disrupted, insulin resistance progressively occurs. Insulin resistance is defined as a defect in 

the ability of insulin to drive glucose into tissue (Hawley & Zierath, 2008). As a 

consequence, T2DM evolves due to the gradual development of insulin resistance and 

deterioration of the body’s ability to transport glucose from the blood across muscle, liver or 

other tissue cells. This dysfunction is typically followed by a decline in pancreatic β-cell 

function, resulting in the inability to secrete insulin in response to changes in blood glucose 

concentrations, and ultimately, a failure to produce insulin (Hawley & Zierath, 2008). In 

addition, inflammatory mediators, other adipokines, and proteins related to coagulation 

affecting glucose and fat metabolism (e.g. PAI-1) also contribute to the development of 

hepatic insulin resistance, and the progression of CVD (Mitrakou, 2006; Steinbaum, 2004). 

Even mild impairments in insulin release may have important effects on metabolic 

homeostasis (Kahn et al., 2006). Thus, the assessment of insulin sensitivity is a valuable 

clinical tool (Bonora et al., 2000). Homeostasic model assessment of insulin resistance 

(HOMA-IR) is a method of assessing β-cell function and insulin resistance from fasting 

(basal) glucose and insulin concentrations. This technique, first described in 1985 (Matthews 

et al., 1985), uses a mathematical assessment of the interaction between β-cell function and 

insulin resistance. The relationship between glucose and insulin in the basal state reflects the 

balance between hepatic glucose output and insulin secretion. Consequently, a high HOMA-

IR score denotes insulin resistance (Wallace, Levy, & Matthews, 2004).  
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2.2.4. Vascular dysfunction 

Atherosclerosis is considered a chronic, inflammatory disease of the vascular system, and a 

degenerative process that starts in childhood and progresses throughout the lifetime (Epstein 

& Ross, 1999). Atherosclerosis arises when an artery wall thickens or hardens as a result of 

fatty substance and cholesterol deposit accumulation, commonly referred to as plaque. 

Obesity and the associated elevated blood lipids, such as triglycerides and high plasma 

concentrations of low-density lipoprotein (LDL) cholesterol, are considered principle risk 

factors for atherosclerosis (American Heart Association [AHA], 2014). Imaging of arteries to 

identify and quantify the presence of vascular disease has been suggested to refine CVD risk 

assessment (Stein et al., 2008). Non-invasive assessment of carotid intima-media thickness 

(c-IMT) is an established and validated surrogate assessment used to gauge the progression 

and regression of atherosclerosis (Hodis et al., 1998). Measured by ultrasound, c-IMT 

provides a quantitative evaluation of the morphological changes in the carotid artery. 

Findings from the Genetic Epidemiology of Metabolic Syndrome (GEMS) Study showed an 

increased cross-sectional c-IMT was associated with unfavourable levels of established CVD 

risk factors and atherosclerosis in middle-aged overweight/obese adults (Genoud et al., 2008). 

Furthermore, increases in the IMT of the common carotid artery and the number of 

atherosclerotic plaques were significantly greater in participants with an elevated lipid profile 

than in normolipidemic individuals (Genoud et al., 2008). 

Arterial endothelial dysfunction precedes the development of atherosclerosis and is believed 

to play a central role in its pathophysiology (Juonala et al., 2004; Raitakari & Celermajer, 

2000). The endothelium is the monolayer of endothelial cells covering the inner surface of 

blood vessels and plays a vital role in the regulation of vascular tone and structure, as well as 

vascular inflammation and thrombosis (Giannotti & Landmesser, 2007). Furthermore, the 

higher incidences of CVD events in obese populations are proposed to be related to 

endothelial dysfunction, along with low-grade systemic inflammation and insulin resistance 

(Bastien et al., 2014). Figure 2.3 describes potential mechanisms for the association of 

obesity, insulin resistance and endothelial dysfunction. Obesity, particularly abdominal 

obesity, leads to an imbalance in the production of several metabolic products including 

hormones (e.g. leptin, resistin) and cytokines (adipokines), which precede the development of 

insulin resistance and endothelial dysfunction (A. E. Caballero, 2003). 
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Figure 2.3. Mechanisms through which obesity, insulin resistance, and endothelial dysfunction are 

closely associated (Sourced from: Caballero (2003), p. 1284). Abbreviations: FFA, free fatty acids; 

TNF-α, tumor necrosis factor alpha; IL; interleukin; PAI; plasminogen activator inhibitor; CRP; c-
reactive protein; coag/fib, coagulation/fibrinogen. 

 

 

 

It has been suggested that systemic endothelial dyfunction may modify the association 

between atherosclerosis and its risk factors. Therefore, the non-invasive ultrasonographic 

assessment of endothelial function in the peripheral vascular system has been used as a risk 

marker for CVD (Sibal, Agarwal, & Home, 2011). Briefly, this technique involves assessing 

the response of the endothelium, usually of the brachial artery, to post-occlusive (transient 

occlusion of the forearm) reactive hyperaemia, known as flow-mediated dilation (FMD) 

(Raitakari & Celermajer, 2000). In the Cardiovascular Risk in Young Finns Study, c-IMT 

together with brachial artery FMD were measured in healthy young adults (n = 2,109; age 24-

39 years), with participants grouped into ‘impaired’ or ‘normal’ FMD response. The number 

of CVD risk factors associated with increased cross-sectional c-IMT was highest in 

participants with evidence of endothelial dysfunction, but not in participants with preserved 

endothelial function (Juonala et al., 2004). This suggests a crucial link between c-IMT and 

endothelial dysfunction (Sibal et al., 2011). 
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2.2.5. Physical inactivity 

Physical inactivity is the fourth highest risk factor for reducing Australian productivity, with 

the cost of physical inactivity to the Australian economy estimated at $13.8 billion per year 

(Keegan, Keegan, Daley, Ordway, & Edwards, 2013). Furthermore, physical inactivity is 

associated with an increase in ill-health and death, particularly relating to CVD. When 

assessed against the National Physical Activity Guidelines, the majority of adult Australians 

are insufficiently active, with 54% performing less than the national recommendations (< 150 

minutes of activity per week) for health-related benefits (Australian Bureau of Statistics, 

2013).  

The current national guidelines for Australian adults recommend 300 minutes of accumulated 

moderate exercise, plus muscle strengthening activities on at least two days, each week 

(Australian Bureau of Statistics, 2013). However, only 20% of females aged 18-44 years 

participated in levels of physical activity recommended by these national guidelines 

(Australian Bureau of Statistics, 2013) (Figure 1.6) . Moreover, results from the Australian 

Longitudinal Study on Women’s Health showed that the population predicted risk of heart 

disease was possibly highest from physical inactivity (Figure 2.4), outweighing that of other 

risk factors including obesity (BMI ≥ 25 kg/m
2
), from age 30 (Brown, Pavey, & Bauman, 

2014). Smoking is also noted as an immense risk factor for heart disease in young women, 

especially between the ages of 22 to 30 years. 
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Figure 2.4. Population attributable risk factors for heart disease in women across the adult lifespan 

(Sourced from: Brown et al., 2014, p. 6).  

 

Despite the clear benefits of exercise, fewer women engage in recommended levels of 

physical activity than men (Moreno & Johnston, 2014). Researchers have identified gender 

differences in initiation and maintenance of regular physical activity (Speck & Harrell, 2003), 

with women experiencing multiple barriers to physical activity that significantly reduce the 

likelihood of engaging in physical activity long-term. These barriers are different from the 

experiences of men (Yeats, 2010), with women citing perceived lack of time, caring-giving 

demands, and self-consciousness about body size as reasons for not being physically active 

(Moreno & Johnston, 2014).  

 

 

2.3. Cardiac Dysfunction 

 

Overweight and obesity are an independent risk factor for cardiac dysfunction (Bastien et al., 

2014; Wong et al., 2004). In a recent cross-sectional study of older adults, abdominal obesity 

and other cumulative metabolic risk factors (e.g. inflammation and glucose intolerance) were 

associated with impaired systolic and diastolic function (Crendal et al., 2013). 
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2.3.1. Cardiac morphology and function  

Excess adipose tissue causes an increase in blood flow and, consequently, blood volume 

expands to compensate for the increased oxygen demand (Pascual et al., 2003). The 

subsequent expansion of blood volume results in dilation of the left ventricle (LV) and is 

accompanied by an eccentric hypertrophy of the myocardium, even in normotensive 

individuals (Di Bello et al., 2013). Furthermore, both eccentric and concentric patterns of LV 

hypertrophy have been described in overweight/obese adults (Wong et al., 2005). 

Additionally, changes in cardiac morphology and function associated with obesity are not 

isolated to adult populations, with the impact of overweight/obesity on myocardial 

dysfunction also noted in young adults (Peterson, Waggoner, et al., 2004) and youth (Obert et 

al., 2012). 

Over time, excessive accumulation of body fat causes adaptations of the heart. Specifically, 

cardiac changes associated with overweight/obesity included atrial remodelling, increased 

cardiac output (due to augmentation in circulating blood flow), reduced peripheral resistance, 

LV hypertrophy, ventricular remodelling (e.g. increased LV wall thickness, increased LV 

mass), increased LV filling pressure, diastolic dysfunction and, eventually, impairment in 

systolic function (Pascual et al., 2003). 

 

2.3.2. Myocardial characteristics and mechanics 

The architectural layout of the heart muscle plays a critical role in the mechanical and 

electrical function of the ventricles (Sengupta et al., 2006). The myocardium is described as a 

transmural continuum of two helical fibre organisations, made up of a right-handed helical 

formation in the inferior aspect of the myocardium (sub-endocardium) which gradually 

rotates into a left-handed helical formation in the superior aspect of the myocardium (sub-

epicardium) (Figure 2.5). Due largely to the architectural characteristics of fibres arranged in 

two helical orientations, contraction of these fibres causes a twisting or “wringing” motion of 

the LV around its longitudinal axis (Sengupta et al., 2006).  
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Figure 2.5. Schematic representation of the fibre orientation and mechanics of the LV. (A) LV fibre 
orientation changes from a right-handed helix in the sub-endocardium to a left-handed helix in the 

sub-epicardium at base and apex of the heart. (B) Isovolumetric contraction: endocardial fibres (blue 

dashed line) wrapped in a right-handed helix. (C) Ejection: epicardial fibres (red solid line) wrapped 
in an opposite, left-handed helix (Image modified from: Ashikaga, van der Spoel, Coppola, and 

Omens, 2009, p. 209). 

 

During a cardiac cycle, the LV wall shortens, thickens, and then twists along its long axis. 

Viewed from the apex, a clockwise rotation of the base, and a counter-clockwise rotation of 

the apex is evident (Figure 2.6). An understanding of the heart’s function and mechanical 

intricacies are important for assessing risk and pathophysiology of CVD (Sengupta et al., 

2007). 
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Figure 2.6. Mechanics of LV untwisting/twisting during isovolumetric contraction and ejection, 

respectively. Circumferential components of force (arrows) are generated by myocardial fibres 

shortening in opposite directions, causing a resultant “wringing” action.  Endocardial fibres rotate 

clockwise (untwisting, blue arrow) while epicardial fibres rotate counter-clockwise (twisting, red 
arrow), as viewed from the apex (Image modified from: Ashikaga, van der Spoel, Coppola, and 

Omens, 2009, p. 209). 

 

2.3.3. Cardiac assessment  

The non-invasive imaging technique known as transthoracic echocardiography is used to 

quantify structural and functional changes of the heart. Echocardiography permits the 

evaluation of heart morphology, blood dynamics (global function) and, more recently, 

myocardial mechanics (regional function), with relatively new techniques shown to support 

conventional ones (Di Bello et al., 2013). Conventional two-dimensional (2D) 

echocardiography is used in the assessment of adverse arterial and ventricular remodelling 

via morphological and functional indices (measured with grey-scale M-Mode imaging), and 

of blood flow impairments (measured with pulsed Doppler). Furthermore, tissue Doppler 

imaging (TDI) echocardiography is used in the evaluation of global longitudinal tissue 

motion, specifically enabling measurement of systolic (Sm), early-diastolic (Em), and late-

diastolic (Am) myocardial velocities. However, the assessment of myocardial tissue from TDI 

is limited by several factors including: (i) its inability to differentiate actively contracting 

myocardium from passive myocardial motion; (ii) measurements being susceptible to 

‘tethering’ of neighbouring segments; and (iii) its insonation angle dependence (Anderson, 

2007; Leitman et al., 2004). The introduction of 2D speckle tracking echocardiography (STE) 

in 2004 has overcome these limitations. STE is insonation angle-independent and considered 
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to be a more sensitive analysis of myocardial function (Leitman et al., 2004). Furthermore, 

the advantage of STE, compared with conventional echocardiographic and TDI techniques, is 

in the relative independence from load conditions and, in particular, from heart rotation and 

translational motion (Di Bello et al., 2013). Additionally, STE may permit earlier diagnosis 

of systolic and diastolic dysfunction, even when conventional indices of LV function remain 

within normal range (Obert et al., 2012). STE has shown excellent agreement with gold 

standard heart-imaging techniques such as Sonomicrometry (Amundsen et al., 2006) and 

tagged Magnetic-resonance imaging (Helle-Valle et al., 2005). However, STE is not without 

its limitations and may be influences by loading parameters within the human heart (Burns, 

La Gerche, D'hooge, MacIsaac, & Prior, 2010). 

STE permits the measurement of myocardial velocities and assessment of myocardial 

contraction and relaxation, known as deformation. STE works by tracking the movement of 

natural acoustic markers, known as “speckles”, throughout the cardiac cycle in ultrasound on 

2D grey scale images (Leitman et al., 2004). Deformation is typically referred to as strain, 

and its rate of deformation as strain rate (SR). Deformation occurs in three planes; 

circumferential, longitudinal, and radial (Figure 2.7). In addition to indices of deformation, 

STE permits the quantification of myocardial mechanics, including the magnitude, timing, 

and dynamics of regional LV rotation and twist/untwist. 

 

 

Figure 2.7. During a cardiac cycle, the LV wall shortens, lengthens, and twists along its long axis. 
This myocardial deformation can be measured using STE in the radial, circumferential and 

longitudinal planes (Image sourced from: http://123sonography.com/node/855).  
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The development of STE provides the potential for earlier detection of diastolic and systolic 

dysfunction and, consequently, earlier identification of subclinical diseases (Geyer et al., 

2010). This makes it a popular tool for assessing myocardial dysfunction in populations with 

subclinical risk factors for CVD, particularly in those who are overweight or obese but who 

are not yet diagnosed with CVD (Edvardsen, Helle-Valle, & Smiseth, 2006).  

 

2.4. CVD Risk in Premenopausal Women 

 

The risk of CVD increases after menopause, with several CVD risk factors such as abdominal 

obesity, the metabolic syndrome, insulin resistance, hypertension, and dyslipidemia prevalent 

in post-menopausal women (Ardern & Janssen, 2007; Paul & Smith, 2005). This has been 

linked in part to the lower circulating concentrations of estrogen and progesterone after 

menopause. For example, estrogen exerts positive regulatory effects on the vascular 

endothelium (Cid, Schnaper, & Kleinman, 2002). Nevertheless, premenopausal women also 

incur increases in CVD risk. For example, in a sample of US women of “child bearing age” 

(n = 2,027, 18-4,4 years), 24% of non-Hispanic white women were obese (BMI ≥ 30 kg/m
2
), 

42% had abdominal obesity (WC ≥ 88 cm), 25% had the metabolic syndrome, and 37% 

demonstrated clinical evidence of a pro-inflammatory state as defined by elevated serum 

hsCRP (i.e. > 3.0 mg/L) (Ramos & Olden, 2008). The pattern of prevalence was the same for 

Blacks and Hispanics, although the prevalence of each risk factor was higher in these 

racial/ethnic groups compared with non-Hispanic white women (Ramos & Olden, 2008). 

Similarly, the Madrid Riesgo Cardiovascular Study assessed the prevalence of CVD risk 

factors in a cross-section of premenopausal women aged 31-40 years (n=141). The frequency 

of abdominal obesity was 54% and 24% for an elevated waist circumference ≥ 80 cm and ≥ 

88 cm, respectively, with the metabolic syndrome prevalent in 6% of Spanish women using 

both the IDF and NCEP:ATP III definitions (Martinez et al., 2008). Similarly, the prevalence 

of the metabolic syndrome (according to the IDF definition) was reported to be 6% in 

Australian women aged 25-34 years and 15% in women aged 35-44 years (Cameron et al., 

2007). There is also evidence that obesity in young women is associated with concentric LV 

remodelling and decreased systolic and diastolic function (Peterson, Waggoner, et al., 2004). 
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These early abnormalities in cardiac morphology and function have implications for future 

myocardial dysfunction associated with increased cardiovascular morbidity and mortality. 

2.5. Prevention of CVD Risk 

 

Despite research-based gains in the treatment of CVD, it remains the leading cause of death 

in women in most developed areas of the world (World Heart Federation, 2013). Overweight 

and obesity are major preventable and modifiable risk factors for the disease. To achieve 

long-term weight loss and maintenance requires a lifelong commitment to behavioural 

change (Wing, 2002). Therefore, early detection and prevention of CVD risk factors through 

innovative lifestyle interventions may be the best public health approach in chronic disease 

management. For example, the Chicago Heart Association Detection Study assessed young 

women (n = 7302, baseline age = 18 to 39 y) for CVD risk, including overweight/obesity, 

T2DM, hypertension, elevated serum cholesterol and smoking. Those who possessed greater 

numbers of risk factors at baseline also experienced a 6-fold increase in CVD mortality risk 

at 31-year follow-up, compared to women with no risk factors at baseline (Daviglus et al., 

2004). Similarly, the Health Hunters study implemented an obesity prevention program 

targeting young women considered ‘high-risk’ (n = 30, aged 18-28 y), in that they had at least 

one severely obese parent (BMI ≥ 37 kg/m
2
). In the 12-month program, participants received 

customised dietary and physical activity advice, while the control group received standard 

care (Eiben & Lissner, 2006). At program completion, intervention participants had reduced 

their weight (group mean: -1.9 kg), while control participants experienced weight gain (+1.4 

kg). 

Non-pharmacological lifestyle management and behaviour modification have a ‘first line of 

treatment’ role in the prevention of CVD risk (Steinbaum, 2004). It has been suggested that 

the primary treatment of overweight/obesity, through lifestyle interventions, should focus on 

weight management/reduction, increased physical activity, and a heart-healthy diet, to reduce 

intermediate risk factors and prevent their progression to CVD (Paul & Smith, 2005). 

Furthermore, prevention of the development of risk factors through a positive lifestyle 

approach (lifestyle intervention) may minimise the future need for intensive or alternative 

treatment, such as drug therapy or surgery (Mosca et al., 2004). Yet for people with whom 

lifestyle change has had limited success and are considered ‘high risk’ for CVD, appropriate 
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pharmacological agents or surgical intervention (Sjöström et al., 2007) may be required 

(International Diabetes Federation, 2006). Nevertheless, lifestyle modification will continue 

to be the cornerstone of CVD treatment, irrespective of the availability of new 

pharmacological therapies (Bantle et al., 2008). 

 

2.5.1. Lifestyle intervention research trends 

The majority of research investigating the effects of lifestyle intervention on CVD risk has 

been conducted in middle-aged and older adults (Dutheil et al., 2013; Kosmala, O’Moore-

Sullivan, Plaksej, Przewlocka-Kosmala, & Marwick, 2009; Watkins et al., 2003) or 

adolescent populations (Obert et al., 2013; Tjonna et al., 2009). Meanwhile, the majority of 

studies focusing solely on female participants have assessed post-menopausal women (Kuller 

et al., 2006). This highlights the paucity of CVD-related research addressing the effects of 

lifestyle interventions on, premenopausal women, with only limited studies available (Cotie, 

Josse, Phillips, & MacDonald, 2014; Esposito et al., 2003; Thomson et al., 2008). Weight 

loss programs that use a multi-disciplinary or multi-component (e.g. exercise + diet + 

behavioural therapy) lifestyle intervention approach have been mostly proven effective for 

reducing risk factors for CVD. Markers of body composition, insulin resistance, lipid profile 

and/or systemic inflammation have been reduced with multi-disciplinary lifestyle 

interventions ranging in duration from 12 weeks to 4.5 years (Esposito et al., 2003; Kuller et 

al., 2006; Kuller, Simkin-Silverman, Wing, Meilahn, & Ives, 2001; Tjonna et al., 2009; 

Watkins et al., 2003). Furthermore, multi-disciplinary lifestyle interventions have a positive 

effect on endothelial function, LV function, myocardial mechanics, and atherosclerosis in 

programs lasting from 16 weeks to 9 months, albeit in older or youth populations (Cotie et 

al., 2014; Dutheil et al., 2013; Kosmala et al., 2009; Obert et al., 2013). Moreover, in light of 

some recent large, longitudinal intervention trials in middle-aged and older adults (Ross et al., 

2012; The Look AHEAD Research Group, 2013), it is apparent that multi-disciplinary 

lifestyle interventions have a strong evidence base for success in reducing CVD risk in a 

variety of populations. However, lifestyle interventions specifically targeting treatment or 

management in young women are limited in number and quality and, thus, the needs of this 

age group are currently unmet (Hutchesson, Hulst, & Collins, 2013). 
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3.1. Abstract 

 

Background and objectives: Cardiovascular disease (CVD) is the leading cause of death in 

women worldwide, with overweight and/or obesity a principle risk factor. To address 

overweight and obesity and reduce CVD, lifestyle modification is recommended.  Therefore, 

the aim of this paper was to systematically review the effectiveness of multi-disciplinary 

lifestyle interventions on CVD risk factors in overweight/obese premenopausal women.  

 

Data sources and study selection: A systematic search was conducted to capture all 

randomised controlled trials assessing the effect of a lifestyle intervention on CVD risk 

factors in overweight/obese premenopausal women published from 2004 to 2014. Included 

studies required the lifestyle intervention to have at least two of the following three 

components (1) exercise, (2) diet, and/or (3) behavioural therapy. Studies were excluded if 

the lifestyle intervention was less than eight weeks in duration. Three electronic databases 

were searched (MEDLINE, CINAHL, and EMBASE) during March 2014, and additional 

studies were included following manual search of eligible studies and recent reviews. 

 

Results: Five studies met the inclusion criteria. Length of the lifestyle interventions ranged 

from 10 to 104 weeks, with three studies performing follow-up. All five studies had an 

exercise component. Specifically, the lifestyle interventions consisted of: (1) exercise + diet + 

behavioural therapy (n=3), (2) exercise + diet (n=1), and (3) exercise + behavioural therapy 

(n=1). Independent of the components of the lifestyle intervention, all studies observed 

changes in some CVD risk factors, with improvements in body composition the most 

reported, while albeit few in number, blood-borne markers of CVD risk remained unchanged.  
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Conclusion: Multi-disciplinary lifestyle interventions are modestly effective in reducing 

CVD risk factors in overweight/obese premenopausal women, with no specific type of 

lifestyle intervention prevailing as demonstrating greater success than others. There remains a 

need for more rigorous studies, with long-term follow-up evaluating program sustainability. 

 

Keywords: Overweight, exercise, physical activity, female, nutrition, diet, behavioural 

therapy, metabolic syndrome, weight loss 
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3.2. Introduction 

 

In the USA, United Kingdom and Australia, 45-50% of women aged 20-39 years are 

overweight or obese (Australian Bureau of Statistics, 2013; Flegal et al., 2012; Health and 

Social Care Information Centre, 2011). Clinical and community studies have demonstrated a 

relationship between overweight and/or obesity and increased cardiovascular disease (CVD) 

risk factors in young women (Peterson, Waggoner, et al., 2004; Sokmen et al., 2013). Most 

modifiable CVD risk factors, including being overweight or obese can be improved through 

lifestyle interventions (Irving et al., 2008; Kemmler, Von Stengel, Engelke, & Kalender, 

2009). With CVD being the leading cause of death in women worldwide (World Health 

Organisation, 2011), early intervention of CVD risk may lead to more effective attenuation of 

disease progression.  

The therapeutic role of lifestyle interventions in the prevention, treatment and/or, control of 

CVD risk has been effective in adolescents (Obert et al., 2013), middle-aged women 

(Meckling & Sherfey, 2007) and older adults (Ross et al., 2012; The Look AHEAD Research 

Group, 2013). Furthermore, the management of overweight and/or obesity using lifestyle 

interventions in adults (aged 19 – 74 y) have been reviewed for their effects on long-term 

weight-loss and maintenance. It was concluded that the most effective lifestyle interventions 

were those combining diet, exercise and behavioural modification (A. Lang & Froelicher, 

2006). More recently, (Aguiar, Morgan, Collins, Plotnikoff, & Callister, 2014) reviewed the 

effects of multi-component lifestyle interventions involving diet, aerobic exercise and 

resistance training on body composition and fasting glucose in pre-diabetic middle-aged/older 

adults (54 ± 7 y). The results showed lifestyle interventions were effective for inducing 

modest weight loss and eliciting small improvements in glycemic control, together with 

improvements in aerobic fitness and dietary intake. Despite global strategies for preventive 

health, research assessing the effectiveness of lifestyle interventions specifically targeting 

overweight and/or obese premenopausal women is currently limited (Hutchesson; Hulst & 

Collins, 2013), with longer-term sustainability of multi-component lifestyle interventions 

unclear.  

Therefore, the aim of this work was to systematically review the effects of randomised 

controlled trial, multi-disciplinary lifestyle interventions that included at least two of 
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exercise, diet and/or behavioural therapy components in overweight/obese premenopausal 

women. Specifically, this review assessed the effects of these interventions on CVD 

(metabolic, cardiac and vascular) risk factors, including anthropometric measures, markers of 

the metabolic syndrome, blood biochemistry, fitness, nutrition and psychological outcomes.  

 

3.3. Methods 

 

The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 

statement (Moher, Liberati, Tetzlaff, & Altman, 2009) guided the conduct and reporting of 

this review. 

 

3.3.1. Data sources and searches  

A systematic review was performed on the literature published between 2004 and February 

2014. The search strategy consisted of three online databases: Medline, EMBASE, and 

CINAHL. The general search strategy is shown in tables 3.1, 3.2 and 3.3. 
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Table 3.1. Title, abstract and key words used across all database searches (Medline, CINAHL, 

EMBASE) in the electronic search strategy. 

 
Population Intervention components Study type Risk factors “NOT” 

Women  

Female  

 

PART A. 

Exercise  

Exercise therapy 

Resistance train* 

Weight train* 

Fitness  

Aerobic  

Physical activity 

PART B. 

Diet  

Diet therapy 

Nutrition 

Nutrition therapy  

PART C. 

Lifestyle 

Life style 

Counsel* 

Cognitive therapy 

Cognitive behaviour* 

therapy 

Motivational interviewing 

Randomized control* 

trial 

Randomised control* 

trial 

Controlled clinical trial 

Clinical trial 

 

METABOLIC 

Cardiovascular disease 

Metabolic syndrome 

Cardiometabolic  

Abdominal obesity 

Waist circumference 

Obes* 

Sedentary  

CARDIOVASCULAR 

Myocardial dysfunction 

Myocardial function  

Global strain  

Carotid intima-media 

thickness 

Echocardiogra* 

Speckle tracking imaging 

echocardiography  

Tissue Doppler imaging 

Left ventric* 

 

Pregnan* 

Breast feed* 

Postpartum 

Polycystic ovar* 

syndrome 

Post menopaus* 

Elderly  

Older  

Middle age* 

Child* 

Adolescen* 

Youth 

Juvenile 

HIV 

Bariatric surgery  

Supplement* 

Drug* 

Rehabilitation 

Cancer  

 

Footnotes: Part A and Part B, or Part A and Part C, or Part B and Part C, or Part A and Part B and Part C.  

*truncation of word. 
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Table 3.2. MeSH (2014) terms specific to Medline used in the electronic search strategy. 

 
Population Intervention components Publication type Risk factors “NOT” 

Women  

Female  

 

 

PART A. 

Exercise  

Exercise therapy  

Resistance training 

Physical fitness  

PART B. 

Diet 

Diet, Reducing 

Diet therapy  

Nutrition therapy 

PART C. 

Cognitive therapy  

Life style 

Counselling  

Motivational interviewing 

Randomized controlled trial  

Clinical trial  

METABOLIC 

Cardiovascular diseases  

Metabolic syndrome X 

Obesity 

Waist circumference 

Abdominal fat 

Abdominal obesity 

Sedentary lifestyle 

CARDIOVASCULAR 

Left ventricular function 

Lefty ventricular dysfunction 

Ventricular remodelling   

Left ventricular hypertrophy  

Carotid intima-media thickness 

Echocardiography  

Doppler echocardiography 

Pulsed Doppler 

echocardiography   

Pregnant women  

Breast feeding  

Postpartum period 

Polycystic ovary syndrome 

Postmenopause  

Middle aged 

Aged  

Child 

Adolescent 

HIV 

Bariatric surgery 

Drug therapy  

Dietary supplements  

Rehabilitation  

Cancer  
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Table 3.3. Subject headings specific to CINAHL used in the electronic search strategy.  

 
Population Intervention components Publication type Risk factors “NOT” 

Women  

Female  

 

 

PART A. 

Exercise  

Resistance training 

Group exercise 

Physical fitness  

Physical activity 

PART B. 

Diet 

Diet, reducing 

Diet therapy 

Nutrition 

PART C. 

Cognitive therapy  

Life style changes 

Counselling  

Motivational interviewing 

Randomized controlled trial 

Clinical trials 

METABOLIC 

Cardiovascular risk factors 

Metabolic syndrome X 

Obesity 

Waist circumference 

Abdominal fat 

Life style, sedentary 

CARDIOVASCULAR 

Left ventricular hypertrophy  

Ventricular remodelling 

Left ventricular function 

Carotid intima-media thickness 

Echocardiography  

Echocardiography, Doppler 

Echocardiography, Doppler, 

Pulsed 

Heart left ventricle 

 

Expectant mothers 

Breast feeding  

Postnatal period 

Polycystic ovary syndrome 

Middle aged 

Aged   

Child 

Adolescence 

HIV 

Bariatric surgery 

Drug therapy  

Pharmacological and 

biological treatments 

Dietary supplementation 

Rehabilitation  

Cancer  

 

Individual databases were searched with specific MeSH terms (Medline), subject headings 

(CINAHL) and/or title, abstract, and keywords (Medline, CINAHL, EMBASE). Select terms 

were excluded by using the Boolean operator “NOT”. Results were limited to ‘English 

language’ and publication type ‘journal article’. Age was also limited to 19-44 years for 

Medline and CINAHL, and 18-64 years for EMBASE.  

Although medication and the surgical treatment of obesity are important and critical for 

certain circumstances, this review regarding overweight and/or obesity emphasised non-

pharmacological behavioural lifestyle interventions. Thus, all studies incorporating a medical 

or surgical intervention were excluded.  
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3.3.2. Study selection 

Intervention studies investigating CVD risk factors in overweight/obese pre-menopausal 

women were included. The search strategy included the use of terms in four broad categories. 

Each category was individually searched with ‘OR’, then combined with ‘AND’ to form the 

overarching search strategy, including: 

(i) Population: only female data were included in the review. If studies incorporated both 

female and male participants, data were only included if the female data were presented 

separately. Women had to be overweight and/or obese, pre-menopausal, free from polycystic 

ovarian syndrome, and not pregnant or lactating. Studies were excluded if the mean age of 

the sample was > 40 years. Studies including women with a history of bariatric surgery were 

also excluded.  

(ii) Intervention components: the lifestyle intervention was required to have at least two of the 

following three components (or derivations of these terms): (A) exercise, (B) diet, (C) 

behavioural therapy (Tables 3.1-3.3). For the purpose of this review, exercise was referred to 

as aerobic and/or resistance training. Diet was referred to as a restriction of calories or 

nutrition education but excluded drug trials or supplementation.  The behavioural therapy 

component was referred to as counselling or motivational interviewing, either as a group or 

provided on an individual basis.  A minimum duration of 8 weeks was required for the 

lifestyle intervention. 

(iii) Study type: The search was limited to randomised controlled trials (RCT).  

(iv) Risk factors: The search was limited to key risk factors with the known potential to 

increase the development of CVD, such as overweight and/or obesity, the metabolic 

syndrome, and sedentary behaviour (referred to as metabolic in Tables 3.1-3.3). Ultrasound 

techniques used in the detection of cardiac and vascular dysfunction, including 

echocardiography, intima-media thickness and Doppler, were also searched (referred to as 

cardiovascular in Tables 3.1-3.3).  

One author (BS) conducted all electronic searches and collated the abstracts. After duplicate 

deletion, two authors (BS and GN) screened all articles based on title and abstract for 

preliminary inclusion, using the eligibility criteria below. If the abstract did not provide a 

clear indication of eligibility, the full text was obtained and reviewed. After screening titles 
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and abstracts, full text was retrieved for all potentially relevant articles and assessed 

according to the selection criteria outlined below. Manual searches were also conducted from 

the reference lists of the retrieved included articles and recent reviews. 

 

3.3.3. Data extraction and quality assessment 

After duplicate deletion, characteristics and results of studies were extracted by one author 

(BS). A single study with multiple published articles was reported as one study. Quality 

assessment of all studies included in the review were categorised via the Physiotherapy 

Evidence Database (PEDro) scale (Table 3.4). The PEDro scale is an 11-item measure of the 

methodological quality of RCTs (Maher, Sherrington, Herbert, Moseley, & Elkins, 2003). 

Each item was scored with a ‘1’ for ‘yes’ or ‘0’ for ‘no’ (Table 3.5) 

 

Table 3.4. The Physiotherapy Evidence Database (PEDro) scale items (Maher et al., 2003). 

 

1. Eligibility criteria 

2. Random allocation 

3. Concealed allocation 

4. Baseline comparability 

5. Blind subjects 

6. Blind therapists 

7. Blind assessors 

8. Adequate follow-up 

9. Intention-to-treat analysis 

10. Between-group comparisons 

11. Point estimates and variability 
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Table 3.5. The Physiotherapy Evidence Database (PEDro) Scale (Maher et al., 2003). 

 

Reference  1 2 3 4 5 6 7 8 9 10 11 Score (%) Quality 

Carroll et al  1 1 0 1 NA NA 0 1 1 1 1 7/9 (78) High 

Chang et al 1 1 0 1 NA NA 1 0 0 1 1 6/9 (67) High 

Kerksick et al 1 1 0 1 NA NA 0 0 0 1 1 5/9 (55) High 

Schmitz et al 1 1 0 1 NA NA 1 1 0 1 1 7/9 (78) High 

Silva et al 1 1 0 1 NA NA 0 1 1 1 1 7/9 (78) High 

Total  5 5 0 5 NA NA 2 3 2 5 5 6.4 (71) High 

NA, not applicable.  

 

 

3.3.4. Data analysis 

The primary outcomes of the review were between-group differences in metabolic, cardiac 

and/or vascular risk factors for CVD following the multi-disciplinary lifestyle intervention. 

Vast differences were observed in the lifestyle interventions implemented in each study in 

this review. For example, differences were apparent in exercise mode, length and intensity, 

and use of nutrition education versus calorie restriction. Therefore a meta-analysis was not 

conducted. Furthermore, it has been noted previously that meta-analysis is deemed 

inappropriate for variables where results from fewer than three studies are (Aguiar et al., 

2014); which was common in this review (Table 3.6). 
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Table 3.6. Cardiovascular disease (CVD) risk factors and psychological inventories reported across 

the studies used in the review. 

 

Variable # of studies Reference/s 

Anthropometric measures   

   Body weight (kg) 5  Silva, Schmitz, Kerksick, Carroll, Chang 

   BMI (kg/m2) 4 Silva, Schmitz, Kerksick*, Carroll 

   Body fat (%) 4 Carroll*, Silva, Schmitz, Kerksick 

   Fat mass & lean mass (kg) 3 Schmitz, Silva, Kerksick 

   Waist circumference (cm) 2 Carroll*, Kerksick 

Metabolic syndrome markers/ blood biochemistry   

   HDL-cholesterol (mmol·L-1) 2 Carroll, Kerksick  

   Triglycerides (mmol·L-1) 2 Carroll, Kerksick 

   Fasting glucose (mmol·L-1) 3 Carroll, Chang, Kerksick 

   Systolic & diastolic blood pressure (mmHg) 2 Carroll, Kerksick*  

   Total cholesterol (mmol·L-1) 2 Carroll*, Kerksick 

   LDL-cholesterol (mmol·L-1) 1 Kerksick 

   Insulin (pmol·L-1)/ HOMA-IR 1 Kerksick 

Fitness markers   

   VO2 (ml·kg-1·min-1) 2 Carroll, Kerksick 

   Physical activity#  3 Silva, Chang, Schmitz 

   Bench-press/ leg-press 1RM (kg) 2 Schmitz, Kerksick  

Dietary outcomes   

   Caloric intake§ 2 Schmitz, Kerksick 

   Fat intake¥ 2 Chang, Kerksick 

   Carbohydrate & protein intake (g·kg-1·d-1) 1 Kerksick  

   Fruit & vegetable intake (cups·d-1) 1 Chang 

Psychological characteristics   

   Perceived Stress Scale (PSS) Cohen, 1983 2 Carroll, Chang 

   General Wellbeing (GWB) Dupuy, 1977 1 Carroll  

   Positive Affect and Negative Affect Scale (PANAS) Watson, 1988 1 Chang  

   Health Care Climate Questionnaire (HCCQ) Williams et al., 1996 1 Silva 

   Treatment Self-regulation Questionnaire (TSRQ) Ryan & Connell, 1989 1 Silva 

   Self-determination Scale (SDS) Sheldon et al., 1996 1 Silva  

   Locus of Causality for Exercise Scale (LCE) Markland, 1999 1 Silva 

   Self-regulation Questionnaire (SRQ-E) Ryan & Connell, 1989 1 Silva 

   Intrinsic Motivation Inventory (IMI) McAuley et al., 1989 1 Silva 

   Exercise Motives Inventory-2 (EMI-2) Mark;and & Ingledew, 1997 1 Silva 

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA-IR, homeostasis 

model assessment of insulin resistance; 1RM, one repetition max. 
*baseline only. # presented as mins/d or MET. §presented as kcal/kg/day or kcal.  ¥ presented as % of total 

calories or g/kg/day. 
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3.4. Results 

 

3.4.1. Study selection and study inclusion 

Electronic searches returned 100, 200 and 87 results for Medline, CINAHL and EMBASE, 

respectively (Figure 3.1). From these electronic searches, duplicates were removed and 52 

articles were identified as potentially relevant after an initial examination of t itles and 

abstracts. After retrieval of full text, 44 articles were excluded due to the following: data were 

calculated as the average from male and female results (n = 23); the study design did not 

include a control group (n = 6); the intervention did not have at least two of the three 

intervention components (n = 4), the study design was not randomised (n = 4); participants 

were not classified as overweight/obese (n = 3); participants ingested a supplement as part of 

the diet  component (n = 2); the lifestyle intervention was less than 8 weeks in duration (n=1); 

or the intervention was investigating an acute response (n = 1). In total, eight papers from the 

search met the inclusion criteria. Additional manual searches, including a search of reference 

lists of included articles and recent reviews, returned four additional results, with one meeting 

the inclusion criteria (Carroll, Borkoles, & Polman, 2007). From these nine papers, five 

intervention trials were identified (i.e. three cases of multiple papers stemming from a single 

research study) and these are described in Table 3.7. 
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Figure 3.1. Flow diagram of the process of study selection.



71 | P a g e  

 

Table 3.7. Characteristics of included studies. 

Int, intervention. SDT, self-determination theory. SCT, social-cognitive theory. AHA, American Heart Association. BM, body mass. BMI, body mass index. BF, body fat. FM, fat mass. LM, lean mass. AbF, abdominal fat. WC, waist circumference. PA, physical activity, BPR, bench press. LPR, leg press. BP, blood 
pressure. HDL, high-density lipoprotein. LDL, low-density lipoprotein. TC, total cholesterol. Trig, triglycerides. FG, fasting glucose. CI, caloric intake. IN, insulin. HOMA-IR, homeostasis model assessment of insulin resistance. VO2, maximal oxygen uptake. PSS, perceived stress scale. GWB, general well-being. 
HCCQ, health care climate questionnaire. TSRQ, treatment self-regulation questionnaire. SDS, self-determination scale. LCE, locus of causality for exercise scale. SRQ-E, self-regulation questionnaire. IMI, intrinsic motivation inventory. EMI-2, exercise motives inventory-2. PANAS, Positive Affect and Negative 

Affect Scale. CHO, carbohydrate. Veg, vegetable. HC, high carbohydrate diet. VLCHP, very low carbohydrate, high protein. LCMP, low carbohydrate, moderate protein. HCLP, high carbohydrate, low protein. NS, not reported. 

Reference Population characteristics Lifestyle intervention  Data collection Results 

Authors 

(Year) 

Mean age 

(y)  

Age 

range 

(y) 

Baseline sample 

Size 

(int,  control) 

Post sample 

size (int, 

control)  

[total 

retention] 

BMI (kg/m2) 

inclusion 

criteria 

Baseline 

BMI (kg/m2)   

Exercise 

component 
Diet component 

Behavioural 

therapy 

component 

Control 

group/s 

Intervention 

duration 

Adherence to 

intervention 

Data time 

points 

(wk)  

Post 

follow-

up  

Outcome 

measures 

Major findings of 

intervention group 

Exercise + Diet + Behavioural therapy              

Carroll et al 

(2007) 

 

Carroll et al 
(2012) 

 

40 ± 8 24-55 
31 

(17, 14) 

20  

(10, 10) 

[72%] 
 

BMI ≥ 30  38.6 ± 7.6 

2 h/wk supervised, 

structured aerobic 

+ 2 h/wk 
unsupervised 

3 week 

nutrition 
education 

course led by 

dietician 

Weekly SDT-
guided lifestyle 

change sessions 

Wait-list 

design. 

Maintain 
usual lifestyle 

12 wk 89% 0, 12 
 
9 mo 

NR 

BM, BMI, 

BP, HDL, 
trig. FG, VO2, 

GWB, PSS 

 

 VO2.  

 GWB score. 

Silva et al 

(2010) 
 

Andrade et 

al (2010) 

 
Mata et al 

(2009) 

 

38 ± 7 
 

25-50 
239 

(123, 116) 

208 

(115, 93) 

[87%] 

BMI  
25-40 

31.5 ± 4.1 

Promotion through 

theory + dance 

classes and an 

activity challenge 
program 

Nutrition 

advice 

(embedded in 

behavioural 
therapy) 

Bi-monthly (30 

sessions) face-

to-face SDT-

guided program 
(120 mins) 

Bi-monthly 

(29 sessions) 

face-to-face 

health info 
(120 mins) 

52 wk 87% 0, 16, 52 

 

2 y 

NR 

BM, BMI, 
BF%, FM, 

LM,  PA, 

HCCQ, 

TSRQ, SDS, 
LCE, SRQ-E, 

IMI, EMI-2  

 BM, BMI, 

BF%, FM, LM.  

PA & steps/d. 

 self-regulation, 
self-determination, 

intrinsic 

motivation & 

exercise motives 

Chang et al 

(2010) 
 

Chang et al 

(2009) 

25 ± 4 18-34 
129 

(64, 65) 

At 8 wk: 70 

(28, 42) 

[49%] 
At 32 wk: 48 

(16, 32) 

[34%] 

 

BMI 25.0-

39.9 
NR 

Physical activity 
advice (imbedded 

in DVD) 

Nutrition 

advice 

(embedded in 

DVD) 

SCT 

framework.  
Theory viewed 

bi-weekly on a 

DVD + 5 x 30 

min peer-
support group 

teleconference 

Usual care 10 wk 66% 0, 8, 32 
 

8 mo 

BM, FG, PA, 

PSS,  
PANAS, fat 

intake, fruit & 

veg. intake 

 fruit & veg. 

 PSS score 

Exercise  + Diet                

Kerksick et 
al (2010) 

 

39 ± 8 NR 
216 

(203, 13) 

141 
(132, 9) 

[65%] 

NR 35.0 ± 6.2 

3 x wk, 30 min per 

session supervised, 
structured circuit 

resistance-training 

+ callisthenics 

One of four 

different calorie 

restriction 

diets: HC 
(n=15), 

VLCHP 

(n=60), LCMP 

(n=56) or 
HCLP (n=65) 

None  

No diet/ no ex 

(n=7)  
or  

No diet + ex 

(n=13) 

14 wk NR 0, 1, 10, 14 None 

BM, BMI, 
WC, BF%, 

FM, LM, BP, 

VO2, TC, 

HDL, LDL, 
trig, FG, IN, 

HOMA-IR, 

BPR, LPR, 

CI, fat/ CHO/ 
protein 

intake, PA 

 BM, FM LM.  
 VO2. 

 fat intake 

Exercise + Behavioural therapy               

Schmitz et 

al (2007) 

36 ± 5 

 
25-44 

164 

(82, 82) 

At 52 wk: 
138 

(71, 67) 

[84%] 

At 104 wk: 
133  (70, 63) 

[81%] 

BMI  

25-35 

29.4 ± 0.4 

 

2 x wk, 45-60 min 

per session of 
structured, 

supervised 

strength-training 

(for 16 wk); then 
unsupervised (with 

supervised session 

once per 12 wk) 

None 

SCT 
framework + 

semi-annual 

social 

gatherings + 
website, 

newsletter 

Standard care 

(AHA 

brochure) 

104 wk 

At 52 wk: 
76% 

At 104 wk: 

61% 

0, 52, 104 None 

BM, BMI, 

BF%, AbF%,  

FM, LM, PA, 

BPR, LPR, 
CI 

BF%, AbF%. 

BPR, LPR. 
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3.4.2. Study characteristics 

Of the five included studies, three were conducted in the United States (Chang, Nitzke, & 

Brown, 2010; Kerksick et al., 2010; Schmitz et al., 2007), one in the United Kingdom 

(Carroll et al., 2007) and one in Portugal (Silva et al., 2010). Inclusion criteria were similar 

across all five studies, requiring participants to be overweight and/or obese (based on BMI), 

premenopausal, sedentary, free from major illness, and not taking medication known to 

interfere with weight loss (e.g. anti-depressive). All studies stated exclusion criteria for 

participants not in good health, pregnant, or with a history of cardiovascular disorders or 

chronic disease.  

The collective sample size of the studies at baseline was 779 participants, with a range of 31 

to 239. Of these 779 participants, 577 completed post-intervention testing (range: 20 to 208). 

Participant samples were predominantly Caucasian, with Chang et al. (2010) also including 

African American participants, and Schmitz et al. (2007) using an ethnically diverse sample 

(Caucasian, Black, Asian, Native American, and Pacific Islanders). Age ranged from 18-55 

years across all studies. However, only Chang et al. (2010) had a mean participant age below 

30 years, while the other studies presented a mean age of 36 to 40 years.  

The research design components of each study are outlined in detail in Table 6. Of the five 

studies, three comprised Exercise + Diet + Behavioural therapy (Carroll; Chang; Silva), one 

comprised Exercise + Diet (Kerksick), and one comprised Exercise + Behavioural therapy 

(Schmitz). The lifestyle intervention duration ranged from 10 to 104 weeks. Data were 

collected at baseline and post-intervention time points, with three studies performing data 

collection at mid-intervention (Kerksick; Schmitz; Silva). Additionally, three studies 

performed follow-up testing at 6 months (Chang), 9 months (Carroll), and 24 months (Silva) 

after completion of the intervention, but only Chang et al. (2010) reported these data. 

Compliance rates were reported in four studies (Carroll; Chang; Schmitz; Silva), with 

adherence to the lifestyle intervention ranging from 61-89%. One study (Chang) provided 

monetary incentives to reimburse participants for their time, whilst another study provided 

free child care (Schmitz) when participants performed their supervised exercise sessions. 

The nature of the control group varied across studies. Three studies (Carroll; Chang; Schmitz) 

provided usual care (maintenance of usual lifestyle behaviour). Of these, one provided 

control participants with brochures (Schmitz) detailing the current recommendations for 
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weekly physical activity, and one used a wait-list (delayed start) design, during which 

participants were scheduled to start the intervention at the completion of the control period. 

One study (Kerksick) used a two control group design, with a (i) no diet and no exercise 

control group or (ii) exercise only (no diet) control group. One study (Silva) provided bi-

monthly, face-to-face sessions for their control group, lasting 120 minutes, on ‘lifestyle 

themes’. 

 

Exercise component 

All studies incorporated exercise as part of their lifestyle intervention. Three studies (Carroll; 

Kerksick; Schmitz) provided a combination of structured, supervised sessions conducted by a 

trainer and unsupervised sessions, 2-3 times per week, ranging from 30-120 minutes in 

duration. The exercise training comprised aerobic activities and/or strength/resistance 

training, using gym facilities to deliver the exercise component. In comparison, two studies 

(Chang; Silva) encouraged participation in physical activity and promoted the importance of 

exercise via a theory-based module designed by exercise physiologists. In both cases, 

physical activity was unstructured, unsupervised and self-driven. Silva et al. (2010) also 

offered additional, supervised dance classes and an ‘activity challenge’.  

 

Diet component  

Four studies provided a dietary component (Carroll; Chang; Kerksick; Silva). One study 

provided nutrition education delivered by a dietitian (Carroll). Two studies had nutrition 

‘themes’ designed by dieticians that were embedded in the behavioural therapy sessions 

(Chang; Silva). And one study (Kerksick) provided modest caloric restriction, with women 

randomised into one of four groups of a specific macronutrient profile, being either (i) high-

carbohydrate, (ii) low-carbohydrate with high-protein, (iii) low-carbohydrate with moderate-

protein, or (iv) high-carbohydrate with low-protein. In contrast, the other study (Schmitz) 

requested all participants to maintain their current diet throughout their trial. 
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Behavioural therapy component  

Four studies provided a behavioural therapy component (Carroll; Chang; Schmitz; Silva). 

Two studies conducted weekly (Carroll) or 120 minute bi-monthly (Silva) small group 

sessions, using a face-to-face mode as the means of intervention delivery. In both studies, 

self-determination theory (Deci & Ryan, 1985) guided the ‘lifestyle change’ program. Two 

studies (Chang, Schmitz) used social cognitive theory (Bandura, 1991) as a framework for 

developing support networks amongst intervention participants. One study (Schmitz) 

conducted semi-annual gatherings and provided a study website and monthly newsletters. 

One study (Chang) encouraged participants to view health behavioural change themes 

presented bi-weekly in their homes via DVD, and these participants were asked to complete a 

weekly worksheet to self-monitor progress and partake in a fortnightly peer-support 

teleconference lasting 30 minutes with a moderator and 10-15 other participants. 

 

3.4.3. Quality assessment and potential bias 

To estimate the quality of methods in each study, the previously validated 11-item PEDro 

scale with a cut-off at 6 was used (Maher et al., 2003). In this review, the PEDro scale was 

modified to exclude criteria 5 and 6 (blinding of all subjects to the intervention and blinding 

of therapists, respectively) which were considered difficult to implement in exercise 

intervention trials (Sherrington, Moseley, Herbert, Elkins, & Maher, 2009). 

All studies specified their eligibility criteria for participation (criterion 1) and randomised 

participants into either an intervention or control group (criterion 2). No studies reported 

group-allocation concealment (criterion 3). The analysis of baseline differences was reported 

in all studies, with no differences found between intervention and control groups (criterion 4), 

suggesting homogeneity between groups at baseline. Blinding of assessors (criterion 7) was 

reported in two studies (Chang; Schmitz), in which the measurement staff were blinded to 

group assignment during data collection and analyses. Three studies (Carroll; Schmitz; Silva) 

satisfied the criterion of obtaining key outcome measurements in 85% of participants 

(criterion 8), with a retention rate across the five studies ranging from 49-87% from baseline 

to post-intervention (see Table 6). Two studies (Carroll; Silva) specified intention-to-treat 

statistics were used (criterion 9). The determination of sample size with sufficient power was 

reported in three studies (Kerksick; Schmitz; Silva). All studies performed between-group 
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statistical comparisons (criterion 10). Both point measures and measures of variability were 

satisfactorily reported in all studies (criterion 11). Based on the remaining 9-item scale, the 

average quality of the trials was 71% (range from 55-78%), with a mean point score of 6.4 

out of 9. A score of ≥ 5 for the modified scale was indicative of ‘high’ quality (Sherrington et 

al., 2009), and was met by all studies (Table 3.5). 

 

3.4.4. Outcome measures of included studies 

A summary of the outcome measures is presented in Table 3.7. A description of the effects of 

the lifestyle interventions on key CVD risk factors for the five studies is presented below. 

Body composition was the most commonly reported outcome measure across the five studies 

(Table 3.6). Conversely, none of the studies measured cardiac or vascular outcomes using 

echocardiographic or ultrasonographic techniques. 

 

Anthropometric measures 

All participants in the five studies were classified as overweight or obese defined by BMI (≥ 

25 kg/m
2
) at baseline. A variety of anthropometric measures were also reported across the 

studies, with body mass reported in all studies, and BMI and body composition (body fat 

percentage, fat mass, lean mass) calculated in four studies (Carroll; Kerksick; Schmitz; 

Silva).  

Two of the five studies (Kerksick; Silva) reported greater between group reductions in body 

mass (kg) for their respective interventions. Silva et al. (2010) reported a time x group 

interaction for the intervention group compared with controls in percentage weight change at 

4 and 12 months (3% and 6% mean difference, respectively) compared with baseline. Silva et 

al. (2010) also demonstrated a reduction in BMI (INT -2.3 ± 1.9 vs CON 0.7 ± 1.9 kg/m
2
) at 

the end of the intervention. Similarly, the diet + exercise groups in the study of Kerksick et 

al. (2010) displayed greater group x time anthropometric (body mass) and body composition 

(fat mass, lean mass) changes, measured using dual-energy x-ray absorptiometry, compared 

with the control groups. Moreover, the intervention groups, irrespective of macronutrient 

distribution (with the exception of the high-carbohydrate diet), showed within-group 

differences from baseline for waist circumference, body mass, lean mass, fat mass and 
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percentage body fat. Overall, the largest weight loss at the conclusion of their 14-week 

intervention was reported by participants in the very-low carbohydrate, high-protein diet + 

exercise group (-5.0 ± 4.2 vs CON 0.5 ± 2.9 kg). Conversely, three studies (Carroll; Chang; 

Schmitz) reported no between-group differences in body mass at post-intervention. In 

addition, participants at post-intervention in the Schmitz et al. (2007) and Carroll et al. (2007) 

studies reported no differences in BMI compared with controls. Two studies (Silva; Schmitz) 

reported greater reductions in percentage body fat for the intervention group (Silva: -6.9 ± 

7.9% vs CON -2.5 ± 7.5%; Schmitz: -3.7 ± 1.0% vs CON -0.1 ± 1.0%) after one and two 

years, respectively. Silva et al. (2010) also reported greater reductions in fat mass (-5.6 ± 4.1 

vs CON -1.5 ± 4.3 kg) and lean mass (-1.1 ± 1.8 vs CON -0.2 ± 1.6 kg) in their intervention 

group. Conversely, fat mass, lean mass, and subcutaneous abdominal fat were not different 

between groups at post-intervention in Schmitz et al. (2010), while there were gains in intra-

abdominal fat in both groups but these gains were less for the intervention group (7.0 ± 5.1% 

vs CON 21.4 ± 5.3%).  

 

Markers of the metabolic syndrome and other blood biochemistry  

Three studies (Carroll; Chang; Kerksick) examined markers of the metabolic syndrome 

(Alberti et al., 2009) and, collectively, none of the markers were different between groups at 

post-intervention in all three studies. Specifically, HDL-cholesterol, triglycerides, glucose 

and blood pressure were unchanged in the intervention group compared with controls at three 

months, although both intervention and control participants showed favourable within-group 

changes for HDL-cholesterol and diastolic blood pressure at post-intervention (Carroll). 

Similarly, Kerksick et al. (2010) found no group x time differences for metabolic syndrome 

markers (HDL-cholesterol, triglycerides, and glucose). However, within-group analysis 

showed a reduction in fasting glucose for the high-carbohydrate, low-protein group at post-

intervention. Chang et al. (2010) examined fasting glucose exclusively and found ‘trends’ but 

no significant differences between intervention and control groups at 2 and 8 months post-

intervention.  

In addition, two studies (Carroll; Kerksick) investigated other biochemical markers 

associated with increased CVD risk; specifically cholesterol and indicators of insulin 

resistance (IDF, 2006). Both studies reported baseline total cholesterol, but only one 

(Kerksick) reported post-intervention results. Kerksick et al. (2010) reported no differences 
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between the intervention and control groups for total cholesterol and LDL-cholesterol, or for 

fasting insulin and the homeostasis model assessment of insulin resistance (HOMA-IR). 

However, a within-group improvement in both insulin and HOMA-IR was observed in the 

very-low carbohydrate, high protein intervention group.  

 

Fitness markers 

A variety of physical activity, aerobic and strength outcome measures were investigated via 

questionnaires or exercise testing across the five studies. Two studies (Carroll; Kerksick) 

measured cardiorespiratory capacity (VO2max) using a maximal treadmill walking test to 

volitational exhaustion, with both studies showing improvements in VO2max (ml·kg
-1

·min
-1

) 

following lifestyle intervention compared with controls. One study (Schmitz) used 

accelerometers to objectively assess physical activity, with no differences over at least a four-

day measurement period from the control group at one or two years of intervention. In 

contrast, self-reported physical activity was used in two studies (Chang; Silva), with 

participants detailing frequency, intensity and duration of physical activity over a 7 day 

period. Chang et al. (2010) found no between or within group differences for physical activity 

at 2 or 8 months post-intervention, while the intervention group of Silva et al. (2010) showed 

greater physical activity after the 12-months intervention. 

Two studies (Kerksick; Schmitz) measured improvements in muscular strength via a one-

repetition maximum (1RM) bench-press and leg-press. For both measures, Schmitz et al. 

(2007) reported improvements at 1 and 2 years of intervention compared to controls, while 

Kerksick et al. (2010) did not observe such improvements. However, Kerksick et al. (2010) 

did report within group improvements in 1RM (kg/kg) leg-press for three Exercise + Diet 

intervention groups, and within group improvements for 1RM bench-press for four Exercise 

+ Diet groups.  

 

Dietary outcomes 

Diet composition (e.g. calories, macronutrient distribution) was assessed in three (Chang; 

Kerksick; Schmitz) of the five studies. Kerksick et al. (2010) was the only study to 

manipulate the dietary intake of participants, reporting within group reductions in caloric 

intake (kcal/kg/day) compared with baseline at 10 and 14 weeks. However, inadequate 
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dietary recording by control group participants prevented between group analyses. In 

contrast, Schmitz et al. (2007) found no between or within group differences at any time 

point for total energy intake (kcal/day) measured via a food-frequency questionnaire. Chang 

et al. (2010) reported increases in fruit and vegetable intake behaviour at post-intervention 

compared with their control group, but this difference was no longer significant at 8-month 

follow-up.   

 

Psychological characteristics 

A variety of psychological approaches were used across three studies (Carroll; Chang; Silva). 

Carroll et al. (2007) reported improvements from pre- to post-intervention on all variables of 

the General Well-Being (GWB) schedule compared with controls. However, no between 

group differences were observed for the 9-item Perceived Stress Scale (PSS) score or its two 

subscales. In contrast, at post-intervention, Chang et al. (2007) reported improvements in the 

PSS for the intervention group compared with controls. However, no between-group 

differences were reported for the Positive Affect and Negative Affect Scale (PANAS). In the 

study of Silva et al. (2007), using seven self-determination theory-based instruments to 

investigate psychological variables, the intervention group reported higher levels of self-

determination and autonomous self-regulation after 12 months of intervention. Participants 

scored higher for exercise-related intrinsic motivation, autonomous self-regulation, and 

exercise motives. 

 

3.5. Discussion 

 

We aimed to systematically review the evidence in the existing literature (2004-2014) on the 

effectiveness of multi-disciplinary lifestyle interventions in reducing CVD risk in overweight 

and/or obese premenopausal women. With respect to the inclusion criteria of this review, 

there were only five RCT-designed studies, and there was pronounced heterogeneity in their 

research designs, intervention characteristics, and outcome measures. It was found that 

lifestyle interventions incorporating exercise, diet and/or behavioural therapy were effective 

in eliciting improvements in CVD risk in this population, appearing to induce modest weight 

loss and improve fitness and selected measures of psychological behaviour. However, four 
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studies had mean age of 36 to 40 years, highlighting the paucity of data for younger women 

below 30 years of age. Moreover, only one study reported longer term follow-up data, at 8 

months after intervention completion. Thus, the effectiveness of multi-disciplinary 

interventions for sustaining improvements in CVD risk or behavioural change is still unclear 

in this population.  

 

3.5.1. Lifestyle intervention effect on outcome measures 

All interventions in this review produced improvements in at least some markers of CVD 

risk. The most prominent change was noted in markers of weight loss, with three (Kerksick; 

Schmitz; Silva) of the five studies reporting improvements in body composition (percentage 

body mass, fat mass, lean mass) and/or anthropometric measures (body mass, BMI) 

compared to controls. Similarly, lifestyle interventions had a positive effect on estimates of 

cardiovascular fitness, represented by increased physical activity, improved aerobic capacity 

and/or improved muscular strength, reported in four (Carroll; Kerksick; Schmitz; Silva) of 

the five studies. Moreover, two (Carroll; Chang) studies incorporating a behavioural therapy 

component within their lifestyle intervention group compared with controls demonstrated 

improved scores on psychological behaviour inventories. A moderate intervention effect was 

observed in dietary composition changes, with two (Chang; Kerksick) of three studies 

showing selective improvements in dietary outcomes. In contrast, lifestyle interventions had 

no influence on markers of the metabolic syndrome (Alberti et al., 2009; Alberti et al., 2005), 

including blood lipids, fasting glucose and blood pressure, and on other measures of blood 

biochemistry (insulin, HOMA-IR, total cholesterol). 

 

3.5.2. Lifestyle intervention program evaluation  

No specific type of multi-disciplinary lifestyle intervention included in this review appeared 

to be more successful program than others, with each displaying improvements in some CVD 

risk factors. Three studies (Carroll; Silva; Schmitz) had retention rates above 72%, and these 

studies included regular contact with participants through exercise, nutrition and/or 

behavioural sessions. In contrast, the lifestyle intervention delivered via the theory-based 

education program (Chang), reported the poorest retention rates, of 49% at post-intervention 

and 34% at 8-month follow-up. Chang et al. (2009) speculated that this could be due to 
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population characteristics and economic hardship. This lifestyle intervention also delivered 

the fewest improvements for CVD risk factors. For the study of Kerksick et al. (2010), the 

retention rate was only 65%, and we speculate that this could be due to difficulties in 

adhering to a dietary intervention involving caloric restriction and macronutrient modification 

(Wycherley, Mohr, Noakes, Clifton, & Brinkworth, 2012). 

The range of body composition measures used made cross study comparisons problematic. 

Three studies (Kerksick; Schmitz; Silva) measured markers of body composition, including 

percentage body fat, fat mass and lean mass using pencil-beam scanning (Silva), dual-energy 

X-ray absorptiometry (Kerksick; Schmitz) and computed tomography scans (Schmitz), 

respectively. These techniques of body composition measurement are generally more 

accurate than standard anthropometric (e.g., body mass, WC, BMI) assessment. In the two 

studies (Carroll; Chang) not using these more sophisticated measures of body composition no 

changes were observed in anthropometric markers at post-intervention. With standard 

anthropometric measures weight loss as an outcome by itself can be confounded by the 

inability to discriminate between loss of fat mass and gains in lean mass, so the results from 

these two studies must be interpreted with caution.  

All studies included the implementation of exercise/physical activity. Exercise programs 

were well described in two studies (Kerksick; Schmitz) for duration, exercise mode, sets and 

repetitions prescribed. Conversely, the description of exercise intensity in the other studies 

(Carrolll; Schmitz; Silva) was poor. Moreover, measures of exercise-related outcomes across 

the studies ranged from self-reported questionnaires (Chang; Silva) to physical tests for 

aerobic capacity and muscular strength testing (Carroll; Kerksick; Schmitz). Exercise 

delivery also appeared to influence the chances of demonstrating improved fitness and 

physical activity outcomes. Three (Carroll; Kerksick; Schmitz) of the five studies provided 

regular supervised exercise training, one study (Silva) provided a combination of group 

exercise classes and promotion of physical activity through theory, and one (Chang) provided 

education about the importance of exercise only. The latter (Chang) was the only study not to 

produce improvements in fitness or physical activity at post-intervention, which may imply, 

that contact with fitness professionals and others during the intervention phase is important 

for realising improvements in fitness and/or physical activity outcomes.  
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Four studies implemented a dietary component in their lifestyle intervention. However, 

Carroll et al. (2007) and Silva et al. (2010) failed to report any dietary outcomes, and Chang 

et al. (2010) only reported changes in fat, fruit and vegetable intake. And while Kerksick et 

al. (2010) controlled nutritional intake by prescribing four different dietary regimens, 

inadequate dietary recording by the control group prevented any between group analyses. 

Therefore, collectively, the heterogeneity in the dietary components among studies and the 

inadequate reporting of post-intervention data do not provide additional understanding of 

dietary behaviour for weight management in premenopausal women.  

Four of the five studies incorporated a behavioural therapy component in their lifestyle 

intervention: two (Carroll; Silva) were guided by self-determination theory, and two (Chang; 

Schmitz) used the social cognitive theory framework. Only two (Carroll; Chang) of these 

studies measured the success of their behavioural therapy component through various 

psychological inventories. Without evaluation of behavioural change, it is difficult to 

determine if the addition of a behavioural therapy component in multi-disciplinary programs 

contributes to improvements in CVD risk.  

 

3.5.3. Limitations and future directions 

This review has limitations. Meta-analyses were not performed due to the lack of consistency 

in the reporting of data across studies, as well as the differences in intervention design 

characteristics. We did not include unpublished data, nor studies that were published in 

languages other than English, with the review limited to papers dating from 2004 onwards. 

Therefore, we acknowledge that there might be work that meets our inclusion criteria in the 

greater literature pool. Nonetheless, findings from this systematic review confirm that multi-

disciplinary lifestyle interventions are associated with health benefits for overweight/obese 

premenopausal women.  

It is recommended that future studies involving multi-disciplinary lifestyle interventions 

provide comprehensive descriptions of their exercise programs, and evaluate fitness and 

physical activity outcomes with objective testing measures. Furthermore, there is a need to 

include more comprehensive assessments of cardiac and vascular effects as a result of 

intervention. The non-invasive use of echocardiography and ultrasonography techniques have 

shown promise as sensitive early detection markers of CVD, particularly in young adult 
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women (Peterson, Waggoner, et al., 2004). Moreover, these techniques may provide insight 

into mechanistic changes that accompany weight loss and increased fitness. Studies that 

conduct a lifestyle intervention on a mixed-sex population should discriminate their results to 

enable sex-specific comparisons.  

 

3.5.4. Conclusions  

While the evidence is limited to only five studies, the data suggest promising trends for multi-

disciplinary lifestyle interventions which incorporate exercise, diet and/or behavioural 

therapy to improve the CVD risk profile of overweight/obese premenopausal women. 

However, these data are distinctly lacking with respect to young adult women (< 30 years of 

age). The internal validity of these and future data would be improved with more explicit and 

detailed reporting of research designs and outcome measures. Similarly, external validity 

could be improved with greater homogeneity among study designs and the reporting of data 

from longer-term follow-up. The inclusion of more advanced techniques of metabolic, 

cardiac and vascular assessment is also suggested for earlier identification of, or greater 

sensitivity to change in, CVD risk. 
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Chapter 4. Extended Methods 

 

The methods used in this thesis are described in full or in part in subsequent experimental 

chapters. Therefore, this chapter is included to detail methodological procedures not 

comprehensively described within the experimental chapters. Some methods were germane to 

all studies. The same researcher (i.e. the author of this thesis) performed all aspects of the 

methods, here and in the experimental chapters, unless otherwise stated. 

 

4.1. Ethical Approval  

 

The study and its protocols were approved by the Australian Catholic University Human 

Research Ethics Committee (V2009 91; Appendix 2). Additionally, the study was registered 

with the Australian New Zealand Clinical Trials Registry [ANZCTR] (Identifier: 

ACTRN12612001017819; Appendix 3). Written informed consent was obtained from all 

participants prior to testing (Appendix 4 & 5). 

 

4.2. Research Design 

 

The Young Women’s Heart Health Study was an efficacy trial, with all experimental 

procedures and data collection conducted on campus at the Australian Catholic University, 

Melbourne, Australia. Two separate components: (i) the cross-sectional studies and (ii) the 

lifestyle intervention (Figure 4.1), were completed between August 2010 and February 2012. 

In the cross-sectional studies, women with abdominal obesity (WC ≥ 80cm) were compared 

with an aged-matched, non-obese (WC < 80cm) control group (Figure 4.2; Chapters 5 and 6). 

Women participating in the cross-sectional studies who presented with abdominal obesity 

(WC ≥ 80cm) were invited to participate in a 12-week randomised controlled lifestyle 

intervention trial, which incorporated an experimental intervention group and a wait-list 

control group. The study design ensured all women had access to the intervention. 
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Figure 4.1. Study design for the Young Women’s Heart Health Study conducted between August 

2010 and February 2012, incorporating a cross-sectional and lifestyle intervention component.  

*four participants from the wait-list control group continued into the intervention phase. 
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Figure 4.2. Participation of individuals in the cross-sectional studies of the Young Women’s Heart 

Health Study.  

 

 

4.3. Participants  

 

Women were recruited to participate in the University-based Young Women’s Heart Health 

Study by local advertisement (Appendix 7) and internal email service. The following 

inclusion and exclusion criteria applied: All participants were Caucasian females, aged 

between 18 to 30 years, and fluent in spoken and written English. Ethnicity-related 

differences in cardiovascular risk limited recruitment to Caucasian (Ajjan, Carter, Somani, 

Kain, & Grant, 2007). Participants were excluded from the study if they were current 

smokers, pregnant or lactating, taking medication treatment for lipid abnormalities, diagnosed 

with cardiovascular or respiratory conditions that might limit participation in exercise, had a 

pre-existing physical or medical condition (liver or kidney disease, heart arrhythmia, insulin 

dependent diabetes mellitus, gestational diabetes, polycystic ovarian syndrome, or thyroid 
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abnormalities), or previous bariatric surgery. Women also completed a cardiovascular risk 

assessment (Appendix 6). Women who responded to the advertisement had their eligibility 

confirmed by attending a short consultation with the researcher before inclusion was 

permitted. 

 

4.4. Lifestyle Intervention 

 

4.4.1. Participants  

In addition to the previously listed set of inclusion criteria, eligibility for the lifestyle 

intervention was based on abdominal obesity, defined using the IDF definition [(Alberti et al., 

2005); the current definition at the time of initial recruitment] as a raised waist circumference 

≥ 80cm, and leading a sedentary lifestyle according to the then guidelines for physical 

activity (Department of Health and Ageing, 1999). All participants were willing and able to 

increase daily physical activity. A detailed CONSORT flow diagram of participants in the 

lifestyle intervention is presented in Chapters 7 and 8. 

 

4.4.2. Sample size power 

A power analysis was performed to determine the appropriate sample size. Estimates were 

based on a moderate within-subject effect size for the primary outcome criterion of waist 

circumference. With approximately 18 women per group and by offering the control group 

access to the intervention, this number per group was predicted to provide the appropriate 

statistical power to detect a large within-subject difference of 1.0 standard deviation in the 

major variable between baseline and post-intervention (ß = 80%, statistically significant at an 

alpha level of P < 0.05), assuming equal variances within groups. Allowing for 20% attrition 

(drop-out), it was calculated that 44 women (22 in each group) were required to retain 

statistical power (Peat, 2001). 
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4.4.3. Study design  

A 12-week multi-disciplinary lifestyle intervention was comprised of three components: (1) 

moderate-intensity physical activity (Table 4.1); (2) non-dieting nutrition education (i.e. 

strategies of everyday choices for nutritional balance rather than restrictive eating regimes); 

and (3) weekly (60 min) small-group cognitive behavioural therapy (CBT) sessions entitled 

“Mission Possible”.  In contrast, participants in the wait-list control group were requested to 

continue existing lifestyle choices, and after 12 (control) weeks were invited to complete the 

lifestyle intervention. The multi-disciplinary lifestyle intervention is described in detail in 

Chapters 7 and 8. 

 

Sustainability component  

The lifestyle intervention incorporated a sustainability component, in which all participants 

had outcome measures tested at 12 weeks after the conclusion of the lifestyle intervention; 

that is, 24 weeks from pre-intervention measures. During this phase, participants did not 

attend structured sessions, and despite minimal contact with the research team, were 

encouraged to maintain their new lifestyle habits. Each participant received a fortnightly 

follow-up newsletter from the researcher, via email, until the time of re-testing at 24 weeks. 

The newsletter contained lifestyle and healthy living tips. Participants were also provided 

with a booklet containing the activities they had completed during the exercise component of 

the lifestyle intervention.  
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Table 4.1. Outline of the training program for the physical activity component of the 12-week multi-disciplinary lifestyle intervention. 

  

RPE, ratings of perceived exertion (Robertson, 2004). 

 

Footnotes: Format for circuit training included alternating between aerobic (2-8 minutes in duration per activity) and strength activities (1-4 minutes in duration per activity); 

plus alternating between upper and lower body strength activities. Interval session pace was personal choice of brisk walking, jogging or running. OMNI picture scale was 

used for RPE (Robertson, 2004; Appendix 18). Sessions were conducted either in a gym or at the local park.*Bruce fitness test (Bruce, Kusumi, & Hosmer, 1973) and 5 

repetition maximum (Abadie & Wentworth, 2000) were conducted every 3 weeks (i) as an anchoring procedure for RPE and (ii) to direct progressive exercise prescription. 

Warm-up: Each session began with gentle physical activity (OMNI-scale RPE 4) that elevated body temperature (e.g. walking or jogging): weeks 1-3 (5 min) and weeks 4-

12 (10 min). Core strength: Each session included three core/abdominal activities (e.g. crunches, plank, oblique) after the completion of the circuit training. Cool-down: 

Each session concluded with 5 min of static stretching of each  major muscle group, including hamstrings, quads, hip flexors, adductors, calves, back, shoulders and trunk. 

Week Circuit Training Interval training 

 Aerobic activity Strength/resistance activity RPE Time (mins) Interval RPE 

1
*
 Cycling, rowing, step-ups Bicep curls, squats, chest press, triceps extensions, push-ups, calf-raises, lunges  5-7 30 1 min on: 4 mins off 5 

2 Cycling, rowing, step-ups Squats, triceps dips, lunges, calf-raises, push-ups 5-7 30 1 min on: 4 mins off 5 

3 Boxing, skipping, step-ups Squats, push-ups, lunges, triceps dips, box jumps 5-7 30 1 min on: 4 mins off 5 

4
*
 Boxing, skipping, step-ups Squats, push-ups, calf-raises, lunges, triceps dips, single-leg (SL) dead lift 6-8 35 2 mins on: 3 mins off 6 

5 Cycling, running, step-ups Triceps pull down, lunges, upright row, squats, bicep curls, push-ups, sprints  6-8 35 2 mins on: 3 mins off 6 

6 Cycling, running, step-ups Squats, push-ups, calf-raises, lunges, triceps dips, SL dead  lift 6-8 35 2 mins on: 3 mins off 6 

7
*
 Interval cycling  Squats, push-ups, lunges, triceps dips 7-9 40 3 mins on: 2 mins off 7 

8  Interval cycling Squats, lunges, triceps dips, SL dead lift, box jumps, push-ups, SL hopping 7-9 40 3 mins on: 2 mins off 7 

9 Stair climbing Squats, push-ups, lunges, triceps dips, calf raises, SL dead lift 7-9 40 3 mins on: 2 mins off 7 

10
*
 Stair climbing  Calf-raises, push-ups, squats, triceps dips, lunges, bridging, SL dead lift 8-10 45 4 mins on: 1 min off 8 

11 Cycling, boxing, step-ups Push-ups, bridging, lunges, biceps curls, upright row, triceps pull down, squats 8-10 45 4 mins on: 1 min off 8 

12  Cycling, boxing, step-ups Box jumps, lunges, triceps dips, squats, push-ups, bridging, calf raises, SL dead 

lift 

8-10 45 4 mins on: 1 min off 8 
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4.4.4. Data collection 

For participants allocated to the intervention group, testing was performed at pre-intervention 

(0 weeks), post-intervention (12 weeks), and again at sustainability (24 weeks post-

intervention) (Figures 4.3). For participants allocated to the wait-list control group, testing 

was performed at pre-control (0 weeks) and at post-control (12 weeks). Participants in this 

group were then provided the opportunity to continue into the intervention phase of the study. 

All measurements were taken at the same time of day (±2 hr) and by the same researcher.  

 

 

Figure 4.3. Data collection design for intervention and wait-list control groups showing each time 

point and the 12-week multi-disciplinary lifestyle intervention. 

*Also used as pre-intervention data for participants who continued into the intervention phase (n=4).  
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4.5. Outcome Measures 

 

Each data collection time point for the cross-sectional and intervention studies comprised two 

laboratory testing sessions, separated by 7 days. On each occasion, participants were 

requested to refrain from strenuous physical activity in the 24 hours prior to testing. For the 

first of the two laboratory sessions at each time point, participants were also required to fast 

from all food and beverages including vitamins, minerals and medications for a minimum 

period of 12 hours (overnight). This laboratory session lasted 75 min and involved 

anthropometric, blood, and vascular ultrasound measures. The second laboratory session only 

required participants to abstain from caffeine and alcohol in the preceding 12 hours and lasted 

60 min for fitness, echocardiography and survey measures (Figure 4.4). Menstrual cycle 

phase was recorded on the initial day of testing to ensure that re-testing occurred during the 

same phase at subsequent sessions. The same request applied to both the cross-sectional and 

intervention studies. Environmental conditions within the laboratory were maintained at 20-

23°C and 40-60% humidity. Outcome measures collected during each of the two laboratory 

visits are presented in Table 4.2.  

 

Table 4.2. Outcome measures collected at each data collection time point. 

 

Laboratory session ONE 

Category Outcome measure 

Anthropometry measures Body mass; stature; WC; hip circumference 

Metabolic syndrome markers Fasting glucose; HDL-cholesterol; triglycerides; BP 

Additional blood biochemistry Total cholesterol; insulin; hs-CRP 

Vascular ultrasonography Carotid IMT 

Laboratory session TWO 

Fitness assessment Estimated aerobic capacity 

Echocardiography Morphology, function, deformation, mechanics 

Survey documents Custom survey; psychological inventories; food recall 
WC, waist circumference; HDL, high-density lipoprotein; BP, blood pressure; hs-CRP, high sensitivity C-

reactive protein; IMT, intima-media thickness 
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Figure 4.4. Outline of the experimental procedure for laboratory session one and two. 
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In this study, WC was used to define abdominal obesity (i.e. WC ≥ 80cm) and acted as the 

primary measure to calculate sample power. WC was measured to the nearest 0.1 cm in the 

horizontal plane at the level of the midpoint between the iliac crest and lower costal margin 

(Alberti et al., 2009) using a non-elastic measuring tape, with the average of two measures 

reported. Consequently, to ensure that the measurement technique for WC assessment was 

reliable, intra-rater reliability analysis was conducted on a sample of 20 participants (see 

section 4.5.3 for calculations used for reliability measures). WC was evaluated twice by the 

same observer (i.e. author of this thesis) and reliability was determined to be: coefficient of 

variation (CV), 1.3%; intra-class coefficient [ICC (3, 1)], 0.98; limits of agreement (LOA), -

4.4 to 3.0; and measurement error (ME), ± 2.6 cm. 

Detailed explanations of the data collection procedures for anthropometric measures, 

metabolic syndrome markers, additional biochemical, and fitness assessments are presented 

in Chapter 5 and 7. Details of the procedures for vascular ultrasonography and 

echocardiography are briefly discussed in Chapters 6 and 8, with a comprehensive 

explanation of these techniques, and of the survey documents, presented below. 

 

4.5.1. Vascular ultrasonography 

As an assessment of CVD risk, the carotid artery wall can be examined to identify areas of 

increased thickness and plaque, and is used as an early marker of atherosclerosis (Bots, 2006; 

Stein et al., 2008). Specifically, the assessment of carotid arterial intima-media thickness (c-

IMT) is used as a non-invasive measure to gauge progression and regression of vascular 

pathology (Hodis et al., 1998). Examination of the right common carotid artery was 

performed with B-mode ultrasonography using standard ultrasound equipment (Vivid-i, GE 

Healthcare, Horten, Norway) in a dark, temperature-controlled room, after participants had 

rested quietly for 10 minutes in the supine position. All scans were performed according to a 

pre-determined standardised scanning protocol (Jarvisalo et al., 2002). The right common 

carotid artery was scanned longitudinally, 2cm proximal to the bulb (carotid bifurcation), 

using a high-resolution 12 MHz linear-array probe (Figure 4.5). All scans were digitally 

stored for subsequent off-line analyses (EchoPAC v108.1.5, GE Medical Systems, Horton, 

Norway). Images were analysed at the end-diastolic frame (captured adjacent to the R-wave 

on continually recorded echocardiogram), performed on the far (posterior) wall of the right 
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common carotid artery. Semi-automated, edge-detection, wall-tracking software was used to 

determine mean c-IMT, which is measured from the leading edge of the lumen-intima 

interface and the leading edge of the media-adventia interface (Chodakauskas, 2006). All 

reported measurements were averaged from three frames. 

All ultrasound data collection and analyses were performed by the same experienced 

operator, with intra-rater reliability analysis conducted for mean c-IMT on a sample of 20 

participants (see section 4.5.3 for calculations used for reliability measures). A scan of the 

right common carotid artery was evaluated twice, using off-line software analyses, by the 

same operator (author of this thesis). Reliability for mean c-IMT was determined to be: CV, 

2.3%; ICC (3, 1), 0.81; LOA, -0.03 to 0.03; and ME ± 0.02 mm. This reliability is consistent 

with previous research, with a CV of 3.9% (n=22) established for mean c-IMT (Järvisalo et 

al., 2004). 

 

 

Figure 4.5. Image of the common carotid artery, illustrating the carotid bifurcation and intima-media 

thickness (c-IMT) of the far wall (Image sourced from: Wald et al., 2009, p.156 ). 
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4.5.2. Echocardiography  

Echocardiography is a popular, non-invasive technique for obtaining markers of cardiac 

structure and function, including quantitative measures of cardiac chamber size, wall 

thickness, blood flow, and wall motion velocities (Sahn, DeMaria, Kisslo, & Weyman, 1978). 

Standard two-dimentional (2D) transthoracic echocardiographic examinations were 

conducted in accordance with American Society of Echocardiography standards (R. M. Lang 

et al., 2005). All image acquisition and subsequent off-line analyses (EchoPAC, GE Medical 

Systems ; Appendix 22) were performed by the same experienced operator using standard 

ultrasound equipment (Vivid-i, GE Healthcare, Horten, Norway) 

 

Conventional echocardiography 

Motion-mode (M-Mode) measurements were obtained in the parasternal long-axis view 

(Figure 4.6). Left atrial (LA) and LV dimensions and wall thickness were assessed at both 

end-diastole and end-systole. LV mass was calculated by the Penn-Cube method (Devereux 

et al., 1984) and indexed for height (Cornell adjustment). LV ejection fraction was quantified 

by the Simpson’s bi-plane method, with systolic dysfunction diagnosed if the ejection 

fraction was less than 50% (Nagueh et al., 2009). 

 

 

Figure 4.6. Parasternal long-axis view of the heart, showing (i) the probe and scanning view, (ii) 2D 

ultrasound image, and (iii) schematic representation of the view. 

(Image sourced from: http://www.123sonography.com).  
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Pulsed-Doppler LV transmitral flow velocity for early-diastolic (E) and late-diastolic (A) 

waves was performed in the apical four-chamber view (Figure 4.7). Isovolumetric relaxation 

time (IVRT), and aortic ejection velocity were measured by pulsed-Doppler in the apical 

five-chamber view (Figure 4.8). 

 

 

Figure 4.7. Apical four-chamber view of the heart, showing (i) the probe and scanning view, (ii) 2D 

ultrasound image, and (iii) schematic representation of the view.  LA, left atrium; MV, mitral valve; 
LV, left ventricle; RA, right atrium; TV, tricuspid valve; RV, right ventricle. 

(Image sourced from: http://www.123sonography.com).  
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Figure 4.8. Apical five-chamber view of the heart, showing (i) the probe and scanning view, (ii) 2D 

ultrasound image, and (iii) schematic representation of the view. LA, left atrium; LVOT, left 
ventricular outflow tract ; LV, left ventricle; AO, aorta; RA, right atrium; RV, right ventricle. 

(Image sourced from: http://www.123sonography.com). 

 

Pulsed tissue Doppler imaging (TDI) 

Pulsed-TDI was used to assess myocardial wall motion velocities at the mitral annulus of the 

LV, in the apical four-chamber (septal and lateral walls) and apical two-chamber (inferior and 

anterior walls) views (Figure 4.9). Systolic (Sm), early diastolic (Em) and late-diastolic (Am) 

velocity was calculated at each site.  
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Figure 4.9. Apical two-chamber view of the heart. showing (i) the probe and scanning view, (ii) 2D 

ultrasound image, and (iii) schematic representation of the view. LA, left atrium; LV, left ventricle. 
(Image sourced from: http://www.123sonography.com).  

 

 

Several estimates of diastolic function were subsequently calculated using diastolic velocities 

from transmitral flow and TDI, and measurements from IVRT. These measurements 

included: (i) the E/Em ratio, recorded at the lateral wall of the mitral annulus, used as an index 

of LV filling pressure: (ii) the E/A ratio, indicative of LV diastolic filling efficiency; and (iii) 

E-wave deceleration time (DT), representative of myocardial relaxation capacity. LV 

diastolic dysfunction was graded according to well-documented criteria (Nagueh et al., 2009) 

using indices of diastolic function (Figure 4.10). 
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Figure 4.10. Grading scheme for LV diastolic dysfunction. Av, average; LA, left atrium; Val, 

Valsalva; DT, deceleration time; e`, early diastolic (referred to as Em in this thesis); E, early diastolic; 

A, late diastolic; Ar, pulmonary venous flow reversal  
(Figure sourced from: Nagueh et al., 2009, p. 188).  

 

 

Speckle tracking echocardiography (STE) 

STE was used to quantify myocardial wall motion for the assessment of LV systolic and 

diastolic function (Leitman et al., 2004). Peak myocardial tissue deformation (or strain) and 

its rate of deformation (strain rate or SR) were assessed in the longitudinal and 

circumferential axes of the LV. In addition, myocardial mechanics, including rotation, twist 

and twist/untwist rate, were analysed. Longitudinal LV strain and SR were obtained from 2D 

harmonic grey scale images in the apical four-chamber view. Radial and circumferential 

strain and SR analysis was obtained from the parasternal short-axis view, at apical, mid, and 

basal levels of the LV (Marwick et al., 2009) (Figure 4.11). Data were recorded for 

subsequent offline analyses. 
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Figure 4.11. Parasternal short-axis view of the heart at the: A. apex, B. mid (papillary muscle), and C. 

base (mitral valve) level of the LV. RV, right ventricle, LV; left ventricle; PMPM, posteromedial 

papillary muscle; ALPM, anterolateral papillary muscle; AML, anterior mitral leaflet; PML, posterior 

mitral leaflet (Image sourced from: echocardiographer.org/TTE). 

 

 

For STE measures, following manual endocardial border tracing (Marwick et al., 2009), 

proprietary software (EchoPAC v108.1.5, GE Medical Systems, Horton, Norway) 

automatically tracked myocardial motion (Figure 4.12). Subsequently, LV Lagrangian strain 

and SR, and their time to peak values, were obtained from six anatomical segments (i.e. 

anterior, antero-septal, inferior, lateral, posterior, septal). LV rotation was assessed from 

basal and apical short axis views, with care taken to ensure that the basal short-axis plane 

contained the mitral valve, and the apical short-axis plane was acquired distally to the 

papillary muscle. LV twist was calculated as the maximal apical LV rotation, minus the 

maximal basal LV rotation (Helle-Valle et al., 2005). Only cine-loops with adequate frame 

rate (≥ 70 Hz), as well as endocardial border definition and good image tracking as 

determined by the proprietary software, were used (Leitman et al., 2004); Marwick et al., 

2009). 
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Figure 4.12. Example of the processing and presentation of LV longitudinal strain generated from 

proprietary software. A. Tracking quality approval screen; segments with adequate tracking are 

assigned a green V mark. B. Strain profile from the apical four-chamber view.  
(Image adapted from: Marwick et al., 2009, p. 82). 

 

 

4.5.3. Reliability analyses for echocardiography 

For this study, the same experienced operator performed all ultrasonography scans and 

relevant off-line analyses, using the same equipment and settings for each participant. The 

relative disadvantage of ultrasonography is that it is difficult to perform, requiring a skilled 

sonographer and an appropriate training period (Raitakari & Celermajer, 2000). A measure is 

considered reliable if it produces the same result under a number of possible situations (Peat 

& Barton, 2005). Intra-rater reliability describes the agreement between measures performed 

by the same rater on the same data on different occasions (test-retest), while inter-rater 

reliability is the agreement between measurements performed on the same data by different 

raters. In order to demonstrate that the off-line echocardiographic analyses were reproducible, 

intra- and inter-rater reliability testing was conducted for this study. For major conventional 

and TDI echocardiography variables, 10 participant scans were randomly selected for 

analysis, and for selected STE variables, 20 participant scans were randomly selected for 

analysis. Each variable was analysed twice by the same observer separated by at least two 
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days (O1 and O2), and once by another experienced observer (O3) blinded to previous 

results. The following data set comparisons were performed: O1 vs. O2, and O1 vs. O3. In 

this study, O1 and O2 represented the author of this thesis, while O3 represented an operator 

experienced in all measures listed in Table 4.3. Four measures of reliability were calculated 

for the echocardiography variables (Table 4.3), and these were: 

 

Coefficient of variation (CV) 

The mean (�̅�) and standard deviation (SD) of two data points were calculated and CVs 

established (below). A CV less than 10% is generally accepted to represent ‘good’ reliability 

(Atkinson & Nevill, 1998). Intra- and inter-observer CVs are shown in Table 3. 

 

𝐶𝑉% = (
SD

�̅�
) × 100 

 

 

Intra-class correlation coefficient (ICC) 

To calculate ICCs, a two-way, mixed effect (repeated) model ICC (3, 1) was computed in 

SPSS. The ICC reflects the degree of correspondence and agreement among ratings, with an 

ICC of 1.00 indicating perfect agreement and minimal variation within measures of interest. 

Generally, an ICC ≥ 0.75 is indicative of good reliability, whilst an ICC < 0.75 describes 

moderate to poor reliability (Portney & Watkins, 2008).  
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Limits of agreement (LOA) 

Upper and lower LOA were calculated from the Bland and Altman method (below), to 

provide a range in which 95% of the differences lie (Bland & Altman, 1999). 

 

𝐿𝑂𝐴 = mean difference ±  (1.96 × SD) 

 

 

Measurement error (ME)  

ME represents the deviation of the outcome of a measurement from the true value. ME was 

calculated (below) and subsequently converted to an error range (±) by multiplying by the 

critical value, 1.96 (Peat & Barton, 2005). 

 

𝑀𝐸 = (
SD of difference

√2
) × 1.96 
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Table 4.3. Intra- and inter-rater reliability analyses for echocardiographic parameters. 

 

CV, coefficient of variation; ICC, intra-class correlation coefficient; LOA, limits of agreement; ME, 

measurement error; TDI, tissue Doppler imaging; LV, left ventricle; LVED, left ventricular end diastolic; IVS, 

intra-ventricular septum; LVPW, left ventricular posterior wall; L, longitudinal; SR, strain rate; C, 

circumferential; S, strain; NA, not available. Circumferential and radial are the average of base and apex. 

Twist/untwist rate is the average of diastolic and systolic. 

 

In summary, all variables measured using conventional and TDI echocardiography showed 

good reliability, with CVs < 5% for both intra-rater (range: 1.1 to 3.2%) and inter-rater 

(range: 1.6 to 4.8%) reliability (Table 4.3).  In comparison, CVs of variables measured using 

STE were moderate to good for intra-rater (range: 4.0 to 9.2%) and moderate to weak for 

inter-rater (range: 5.1 to 11.7%) reliability. 

 

 

Intra-rater Inter-rater 

CV (%) ICC  LOA  ME CV (%) ICC  LOA  ME 

Conventional & TDI echocardiography (n=10)     

Morphology         

   LV mass  2.66 0.96 -6.75 to 5.98 ± 8.04 g 2.12 0.97 -13.2 to 14.1 ± 9.67 g 

   LVED diameter  1.11 0.98 -0.13 to 0.21 ± 1.19 mm 1.98 0.93 -0.09 to 0.34 ± 5.21 mm 

   IVS thickness 3.20 0.91 -0.07 to 0.14 ± 0.76 mm 4.85 0.46 -0.13  to 0.26 ± 1.40 mm 

   LVPW thickness 2.35 0.85 -0.12 to 0.12 ± 0.86 mm 3.55 0.69 -0.05 to 0.15 ± 0.72 mm 

Function         

   E Velocity 1.95 0.96 -0.09 to 0.22 ± 4.8 cm·s
-1

 1.60 0.98 -0.04 to 0.06 ± 3.5 cm·s
-1

 

   A velocity 2.53 0.99 -0.040 to 0.05 ± 3.0 cm·s
-1

 1.85 0.99 -0.03 to 0.04 ± 2.6 cm·s
-1

 

   E/A Ratio 2.51 0.97 -0.16 to 0.20 ± 0.13 1.97 0.98 -0.12 to 0.16 ± 0.10 

   Septal Sm velocity 1.41 0.68 -0.01 to 0.01 ± 0.70 cm·s
-1

 2.35 0.74 -0.09 to 0.10 ± 0.70 cm·s
-1

 

   Septal Em velocity 2.21 0.83 -0.01 to 0.02 ± 0.10 cm·s
-1

 4.03 0.56 -0.01 to 0.02 ± 1.20 cm·s
-1

 

   Septal Am velocity 1.47 0.74 -0.01 to 0.01 ± 0.80 cm·s
-1

 4.18 0.68 -0.01 to 0.01 ± 0.80 cm·s
-1

 

Speckle tracking echocardiography (n=20)     

Myocardial deformation         

   LV L strain 5.87 0.86 -2.78 to 3.65 ± 2.27 % 5.09 0.90 -2.47 to 5.34 ± 1.18 % 

   LV L diastolic SR 4.33 0.96 -0.21 to 0.16 ± 0.13 S·s
-1

 7.83 0.94 -0.02 to 0.36 ± 0.11 S·s
-1

 

   LV L systolic SR 4.10 0.89 -0.09 to 0.14 ± 0.08 S·s
-1

 5.48 0.70 -0.09 to 0.26 ± 0.08 S·s
-1

 

   LV C strain 4.67 0.91 -3.42 to 2.97 ± 2.26 % 5.51 0.99 -0.56 to 2.02 ± 0.55 % 

   LV C diastolic SR 5.73 0.95 -0.30 to 0.35 ± 2.23 S·s
-1

 8.30 0.47 -0.05 to 0.45 ± 1.00 S·s
-1

 

   LV C systolic SR 5.78 0.79 -1.10 to 1.01 ± 0.74 S·s
-1

 5.38 0.67 -0.12 to 0.31 ± 0.92 S·s
-1

 

Myocardial mechanics         

   Apical rotation 7.08 0.92 -1.12 to 0.92 ± 0.72 º 11.52 0.88 -0.18 to 1.7 ± 0.34 º 

   Basal rotation 6.56 0.97 -1.25 to 0.64 ± 0.67 º   9.73 0.95 -0.68 to 2.02 ± 0.49 º 

   LV twist 7.95 0.97 -1.35 to 1.97 ± 1.18 º   10.04 0.98 -1.24 to 2.73 ± 0.84 º  

   LV twist/untwist rate 9.20 0.82 -21.72 to 27.19 ± 8.82 º·s
-1

   11.75 0.68 -20.94 to 31.63 ± 12.36 º·s
-1
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Additionally, the variables with the strongest CV for both intra- and inter-rater reliability 

were LV end-diastolic diameter and transmitral E velocity, while the weakest CV for both 

intra- and inter-rater reliability was observed in LV twist measures. For ICC, values ranged 

between 0.46 to 0.99, with the strongest variable being transmitral A velocity, and the 

weakest ICCs were found in the variables of septal Sm velocity (intra-rater) and inter-

ventricular septum (inter-rater). Limits of agreement were similar for intra- and inter-rater 

reliability, with the exception of LV mass, which was greater for inter-rater reliability. In 

agreement with previous statistical reliability calculations, measurement error was similar for 

intra- and inter-rater reliability. However, measurement errors for LV end-diastolic diameter 

and LV twist were greater for the inter-rater measure. The same rater performed all image 

acquisition and subsequent data analyses, and all values for intra-rater CV (< 10%) and ICC 

(< 0.75) were within an acceptable range (Atkinson & Nevill, 1998; Portney & Watkins, 

2008). 

 

4.5.4. Survey documents 

Self-administered, take-home survey documents were completed by participants; once for the 

cross-sectional studies, and at the pre-intervention/pre-control, post-intervention/post-control, 

and sustainability time points for the intervention study. These documents comprised: 

 

Customised survey  

All participants completed a written custom survey (Appendix 9). It was difficult to use 

currently available surveys because they lacked detailed questions, and showed some deficits 

in age appropriateness, for the population targeted in this study. For this reason, the survey 

that participants completed was customised and based on a collection of other questionnaires. 

i.e. (i) Dietary Questionnaire for Epidemiological Studies (The Cancer Council Victoria, 

2005); (ii) Barriers to Healthy Eating Scale (Fowles & Feucht, 2004); (iii) 7-day Physical 

Activity Recall (Sallis, Buono, Roby, Micale, & Nelson, 1993); (iv) The Short Form (36) 

Health Survey (Ware, 1996); and (v) Women’s Health Australia Survey (Women's Health 

Australia, 2009). The custom survey was subsequently validated using the method of face 

validation. Face validation describes the extent to which a method (i.e. the custom survey) 

measures what it is intended to measure. A measure was therefore deemed valid if it 
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measured the construct that it aimed to measure (Peat & Barton, 2005). Based on subjective 

judgement, face validation is acknowledged to be the simplest form of validity (Gravetter & 

Forzano, 2012). To validate the customised survey used in this study, a pilot study with face 

validation was conducted. A group of young women, representative of the population (n=5) 

and several experts in the field of qualitative research (n=5), each completed the survey and 

provided feedback on its design (Appendix 8). Participants were asked if the language and 

layout of the survey were clear and easy to understand; how long it took to complete; and to 

provide comments on areas of ambiguity and/or difficult questions (Fink & Koseoff, 1985). 

Based on this peer-review process, the survey was revised before implementation. 

 

The survey document was divided into three sections: (i) health and lifestyle; (ii) nutrition; 

and (iii) physical activity. Data were collected on demographic parameters and living 

conditions, family medical history, health status, medication use, food-frequency, 

reproductive and body weight history, and frequency, duration, intensity and importance of 

physical activity. The importance (or value) placed on physical activity was assessed using a 

single-item question. Participants responding to the question using a Likert-scale (1 = not at 

all important, 5 = very important). Furthermore, physical activity records were edited for 

completeness and clarity by the researcher in the presence of the participant. These details 

provided information about each participant’s background and current lifestyle trends, which 

assisted the researcher with program design during the lifestyle intervention study.   

  

Psychological inventories  

Participants completed three self-reported psychological inventories, including:  

1) Motives for Physical Activity Measure – Revised (MPAM-R) (Ryan, Frederick, 

Lepes, Reubio, & Sheldon, 1997). The MPAM-R is a 30-item inventory intended to 

assess the strength of five general motives for participation in physical activities 

including: enjoyment (7 items), competence (7 items), appearance (6 items), fitness (5 

items), and social (5 items); with each rated on a 5-point Likert scale (1 = not at all 

true, 5 = very true). 
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2) Perceived Barriers to Activity (Booth, Bauman, Owen, & Gore, 1997; King et al., 

2000). This inventory consists of 18 often-reported personal barriers to physical 

activity participation. Participants were required to identify the frequency with which 

barriers occurred, rated on a 5-point Likert scale (1= never, 5 = very often).  

 

3) Stage of Change for Exercise (B. Marcus, Selby, Niaura, & Rossi, 1992). Participants 

provided details of their stage of exercise behaviour change by selecting the most 

appropriate response. The model, which provides an indication of readiness to 

exercise, is modelled on the Transtheoretical Stage of Change Model (Figure 4.13) 

(Prochaska & Diclemente, 1986), 1983). Participants were classified as: (i) pre-

contemplation [do not perform exercise and have no intentions of doing so within the 

next six months], (ii) contemplation [do not perform exercise, but have the intention 

of doing so within the next six months], (iii) preparation [I currently exercise, but not 

regularly], (iv) action [have performed exercise for less than six months], (v) 

maintenance [have performed exercise for more than six months], and (vi) relapse 

[performed exercise regularly, but abandoned it recently].  

 

 
 
Figure 4.13. The Transtheoretical Model of Behaviour Change, also known as the Stage of Change 

Model (image adapted from (Prochaska & Diclemente), 1983).  
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Food recall 

Participants completed a 3-day food recall (Appendix 10). This document required each 

participant to record a detailed account of all food and beverage intake for a 3-day period 

(two consecutive weekdays and either a Saturday or Sunday), without altering their normal 

consumption pattern during the recall period. Documenting began upon waking in the 

morning until going bed that evening. Information was entered into the FoodWorks® 7 

Professional (Edition 2006; Xyris Software, Highgate Hill, Queensland, Australia) database 

software system by a dietitian accredited by the Dietitians Association of Australia to 

calculate daily energy balance, macronutrient (i.e. carbohydrate, fat, protein), and 

micronutrient (i.e. iron, calcium, magnesium) intake. Information obtained at pre-intervention 

from the food recall, together with data attained from the Barriers to Healthy Eating Scale 

(Fowles & Feucht, 2004), and food frequency questions, contained within the custom survey, 

was used by the dietitian to develop the theoretical material for the nutrition component of 

the lifestyle intervention. 

 

Training diary  

Participants completed a training diary to record structured physical activities performed 

during the lifestyle intervention. Participants were required to detail the frequency, type, 

intensity and duration of any extra sessions they performed (in addition to those prescribed by 

the researcher) during the intervention period (Appendix 11). A training diary of weekly 

physical activity was also kept during the sustainability phase (Appendix 12).  
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4.6. Statistical Analysis 

 

This section describes the statistical tests conducted for the cross-sectional and intervention 

studies. All statistical procedures were performed using SPSS (Statistical Package for Social 

Sciences) version 21.0, with an alpha level of P < 0.05 representing statistical significance.  

 

4.6.1. Normal distribution  

All continuous variables were checked for normal distribution according to established 

standards, with the following critical appraisal criteria applied (Peat & Barton, 2005):  

(1) Data are continuous, interval or ratio 

(2) Difference between mean and median is < 10% 

(3) The mean is greater than twice the SD 

(4) Skewness and kurtosis scores do not exceed ± 1.00 

(5) The Shapiro-Wilk test (n<100) has P > 0.05 

 

Variables that did not satisfy the above Gaussian distribution criteria were log-transformed 

before being evaluated with parametric statistical analyses (Peat & Barton, 2005) (Appendix 

21). 

 

4.6.2. Statistical tests 

After checks for normal distribution and subsequent log transformation, data were treated 

with a variety of statistical approaches. Both parametric and non-parametric analyses were 

performed, where appropriate. 
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Cross-sectional studies  

Differences in descriptive characteristics between women with abdominal obesity (WC ≥ 

80cm) and control participants (WC < 80cm) were assessed using an independent-samples t-

test. Descriptive data were generally presented as mean ± SD, with select non-normally 

distributed data presented as median ± interquartile range. Effect sizes and power were 

calculated with Hedge’s g (uneven groups) described below. Chi-square analyses were used 

in the comparison of categorical data and for the evaluation of incidences of specific 

parameters [for example, the percentage of women with abdominal obesity who have 

elevated insulin resistance (i.e HOMA-IR score ≥ 2.0) compared with control participants 

who display elevated HOMA-IR]. Unadjusted odds ratios estimated the disease risk between 

overweight/obesity (classified by WC, BMI and WHtR) and cardiometabolic risk factors, 

with continuity correction used to establish significance (Peat & Barton, 2005). Furthermore, 

receiver operating characteristic (ROC) curves were used to establish the cut-off point and 

positive likelihood ratio in continuously distributed variables (i.e. WC, BMI, WHtR). 

Pearson’s r correlation coefficient analyses were used to measure the strength of association 

between cardiometabolic risk factors and cardiac morphology, function and myocardial 

measures (Chapter 6). 

 

Lifestyle intervention study 

Data were analysed with a linear mixed model (LMM) analysis. LMM is a longitudinal, 

multi-level model that allows for assessment of both within-subject and between-group 

differences (Chapters 7, 8 and 9). LMM is similar to a multiple regression, in which a 

separate regression is created for each individual, then the regression coordinates are 

combined into a single model (Peat & Barton, 2005). LMM has several advantages compared 

with a repeated measures analysis of variance (ANOVA), including: (i) all participants are 

included regardless of missing cells and incomplete data sets; (ii) there is no requirement for 

cell balance, sphericity or homogeneity of variance across the model; (iii) it is based on 

regression modelling, therefore allowing for unequal distances between time points; and (iv) 

interactions are not automatically included (Cnaan, Laird, & Slasor, 1997; Peat & Barton, 

2005). Conversely, one disadvantage of LMM is that no estimates of effect size are included 

in the statistical model. In this study, LMM was used to compare differences in outcome 
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measures between groups and across time (i.e. pre-intervention, post-intervention and 

sustainability) for the intervention and control groups. 

The statistical analysis included a linear mixed model using “starters” compared with 

“completers”. In addition, a per-protocol comparison was made by which only data of those 

who completed the entire trial according to protocol were counted towards the final results 

and removed participants who withdrew from the study. The same strategy applied to the 

intervention and control groups. No differences were found using both analyses. Furthermore, 

a sensitivity analysis was performed to compare differences between participants who 

represented both the wait-list control and intervention participants, with participants from the 

intervention and control groups who did not change groups. No differences were found using 

both analyses and the findings were not altered. 

 

4.6.3. Effect size  

Effect size was used to calculate the magnitude of the difference for both cross-sectional and 

intervention study variables. Equal variances were assumed An effect size of >0.2 was 

considered small, >0.5 moderate, and >0.8 large (Cohen, 1988). The following formula for 

Cohen’s d was used, where �̅�1 and �̅�2 represent the mean of two populations:  

 

𝑑 =
�̅� 1 − �̅� 2

SD 𝑝𝑜𝑜𝑙𝑒𝑑
 

 

The SD pooled was derived from the following formula (Cohen, 1988), where n1 and n2 

represents the sample sizes for the two populations, and SD1 and SD2 represents the standard 

deviation of the mean in the variable compared between each population: 

 

𝑆𝐷 𝑝𝑜𝑜𝑙𝑒𝑑 = √
(n1 − 1)SD12 + (n2 − 1)SD22

n1 + n2
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Due to uneven group sizes, Hedge’s g effect size was subsequently calculated. Therefore, 

following the calculation of Cohen’s d, Hedge’s g was obtained: 

 

𝑔 =
𝑑

√ 𝑛1 − 𝑛2
𝑛1 − 𝑛2 − 2

 

 

 

4.6.4. Power analysis 

A power analysis was conducted to determine the power achieved for effect size for variables 

were there was a significant between-group difference. Table C.1.2 in Portney and Watkins 

(2008), p. 845 was used, together with effect size achieved from Hedge’s g, to calculate 1-ß 

for a two-tailed t-test (α = 0.05). The following equation was used to determine the harmonic 

mean of the two unequal samples, where n1 and n2 represents the sample sizes for the two 

populations: 

𝑛` =
2𝑛1𝑛2

n1 + n2
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4.7. Evaluation of the lifestyle intervention 

 

At the completion of the intervention phase, a focus group (n = 7) was conducted to gather 

rich data from participants about their experience during the lifestyle intervention. In 

addition, a process evaluation survey was completed anonymously by all participants at the 

completion of the intervention. Similarly, wait-list control participants who withdrew from 

the study were invited to provide feedback regarding reasons for withdrawal. These 

procedures are described in more detail in Addendum 7.2.  

 

In summary, this chapter has presented details of methods and procedures not elsewhere 

included in the thesis. The descriptions here are provided to strengthen the rigour and 

rationale for all selected physical and statistical tests as well as protocols and procedures used 

throughout the thesis. 
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Chapter 5. Cardiometabolic and behavioural risk factors in young 

overweight women identified with simple anthropometric measures. 
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Abstract 

 

Objectives: This study aimed to (1) investigate cardiometabolic risk markers in young women 

(18-30 years) with overweight/obesity, and (2) establish whether the measures of waist 

circumference (WC) and body mass index (BMI) possess similar associations of 

cardiometabolic risk. 

 

Methods: Cross-sectional study design. Cardiometabolic risk factors including, 

anthropometric, metabolic syndrome markers, biochemical, and other health/fitness 

indicators were assessed in women when classified as overweight/obese by WC [WC 91.9 ± 

10.1 cm, age 22.3 ± 3.5 y, n=38] versus control [n=30, WC 71.4 ± 3.5 cm, age 20.1 ± 0.9 y], 

and when classified by BMI [n=35, BMI 32.2 ± 5.2 kg·m
2
, age 22.5 ± 3.6 y] versus control 

[BMI 21.7 ± 1.9 kg·m
2
, age 20.1 ± 0.9 y, n=33].  

 

Results: Compared with controls, women with overweight/obesity (classified by WC or BMI) 

displayed elevated body mass, systolic blood pressure and HOMA-IR, and reduced estimated 

VO2max and weekly physical activity, with no differences in self-reported energy intake. The 

unadjusted odds ratio of being classified with overweight/obesity and an elevated HOMA-IR 

and/or less than recommended physical activity ranged between 5.1 to 10.0. Receiver 

operator characteristic curves indicated WC, BMI and waist-to-height ratio cut-off points of ≥ 

84.2 cm, ≥ 30.6 kg·m
-2 

and ≥ 0.5, respectively, for HOMA-IR, and ≥ 80.6 cm, ≥ 25.2 kg·m
-2 

and ≥ 0.46, respectively,
 
for less than recommended physical activity.  

 

Conclusion: WC and BMI have similar associations with cardiometabolic risk, with greater 

HOMA-IR and lower physical activity, rather than differences in traditional metabolic 

syndrome markers, observed in young women with overweight/obesity.  

 

Keywords: Obese, waist circumference, body mass index, waist-to-height ratio, 

cardiovascular disease, physical activity. 
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Introduction 

 

In Australia, the prevalence of overweight/obesity is 35% for women aged 18-24 years, and 

42% for women aged 25-34 years (Australian Bureau of Statistics, 2012). However, 

cardiometabolic risk data are more frequently described in adolescents (Wedin, Diaz-

Gimenez, & Convit, 2012) and even more so in older people (Fogelholm, 2010), with women 

in young adulthood under-represented. The gains in weight in young adult women are 

paralleled by substantial declines in physical activity (Adamson et al., 2007), with the 

greatest declines occurring between 25 to 34 years of age (Australian Bureau of Statistics, 

2012). When assessed against current National Physical Activity Guidelines (Department of 

Health and Ageing, 2005), 59% of Australian women aged 18-34 years failed to achieve 

recommended weekly amounts (210 min) of moderate exercise (Cleland, Schmidt, Salmon, 

Dwyer, & Venn, 2011), while the Australian Longitudinal Study on Women’s Health found 

that 45% of overweight/obese women aged 18-23 years performed none or very low levels of 

daily physical activity (Lucke et al., 2007). A better understanding of cardiometabolic risk 

factors in this age group is important for early detection of chronic disease risk, especially 

given the rise in overweight/obesity and low prevalence of physical activity of young women. 

 

With overweight/obesity being a modifiable risk factor for cardiovascular disease (CVD), 

Type 2 diabetes mellitus, and the metabolic syndrome (Alberti et al., 2009), simple 

anthropometric measures of body mass index (BMI) and waist circumference (WC) are in 

frequent clinical use. BMI is an estimate of total fat mass and has been used as a predictor of 

health risk (National Health and Medical Research Council, 2003). For adults, a BMI of 25.0 

to 29.9 kg·m
-2

 is classified as overweight, and a BMI ≥ 30 kg·m
-2

 is classified as obese 

(World Health Organisation, 2000). Correspondingly, centrally distributed (abdominal) 

obesity using WC has gender and ethnic-specific criteria available (Alberti et al., 2009). For 

Caucasian women, abdominal obesity is defined as a WC ≥ 80 cm (Alberti et al., 2009). 

Given the differing criteria for BMI and WC in classifying overweight/obesity in young 

women, it is important to establish whether these anthropometric measures identify the 

presence and/or similar relative risk of other markers of cardiometabolic risk. 
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Therefore, the aims of this study were to: (1) investigate blood-borne and lifestyle markers of 

cardiometabolic risk in young women (18-30 years) with overweight/obesity classified by 

clinically useful methods, and (2) establish whether WC and BMI possess similar 

associations of cardiometabolic disease risk in these women. For comparative purposes, 

waist-to-height ratio (WHtR) was included in some statistical analyses. 

 

Methods  

 

Ninety-three university-enrolled participants responded to recruitment advertisements and 

emails. Of these, 11 did not meet the inclusion criteria (below) and a further 14 eligible 

participants did not continue through testing. Therefore, 68 Caucasian women aged 18 to 30 

years completed all testing, between 2010-2012. Participants were divided into two groups: 

(1) an “elevated” waist circumference ≥ 80 cm [n = 38, abdominal obesity, mean ± standard 

deviation, WC 91.9 ± 10.1 cm, age 22.3 ± 3.5 y], or (2) a waist circumference < 80 cm 

control group [n=30, WC 71.4 ± 3.5 cm, age 20.1 ± 0.9 y]. There was no difference between 

groups in socio-economic status [
2 

(4, n = 66) = 0.42, p = 0.382], with 51.4% of participants 

in the elevated WC group and 62.1% of participants in the control group living in 

metropolitan suburbs of the most advantaged quintile of socio-economic status (Australian 

Bureau of Statistics, 2011). Exclusion criteria included being pregnant or breastfeeding, liver 

or kidney disease, heart arrhythmia, insulin dependent diabetes mellitus, gestational diabetes, 

polycystic ovarian syndrome, thyroid abnormalities and a history of bariatric surgery or 

liposuction. All participants were non-smokers. For additional analysis, the same 68 

participants were divided into two groups according to the classifications of BMI, resulting in 

participants being classified as either overweight/obesity [n=35, defined as a BMI ≥ 25 kg·m
-

2
, BMI 32.2 ± 5.2 kg·m

-2
, age 22.5 ± 3.6 y] or normal BMI [n=33, BMI 18.5 - 24.9 kg·m

-2
, 

BMI 21.7 ± 1.9 kg·m
-2

, age 20.1 ± 0.9 y].  

Following approval by the University Human Research Ethics Committee (V2009-91), 

written informed consent was obtained and all participants completed a Cardiovascular Risk 

Assessment Form prior to testing. Participants arrived at the laboratory following a 12 hour 

fast. They were also requested to refrain from strenuous physical activity in the 24 h prior to 

testing.  
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Waist circumference (WC) was measured (Alberti et al., 2009) to the nearest 0.1 cm
 
using a 

non-elastic measuring tape, with the average of two measurements reported. The coefficient 

of variation for WC, assessed from duplicate measures, was 1.26%, with an intra-class 

correlation (ICC, 2, 1) of 0.986 and measurement error of 1.34%, which equates to an error 

range of ± 2.6 cm. Body mass was measured to the nearest 0.1 kg using digital scales (Tanita, 

Tokyo, Japan). Height was measured to the nearest 0.1 cm using a wall-mounted stadiometer 

(Seca, Germany). Body mass index (BMI) (weight [kg]/height [m
2
]), was defined as 

overweight BMI 25.0 – 29.9 kg·m
-2 

and obese BMI ≥ 30.0 kg·m
-2

 (World Health 

Organisation, 2000) Participants were dichotomised by waist-to-height ratio (WHtR) using 

WC divided by height. A ratio of 0.5 was defined as the boundary value (Browning, Hsieh, & 

Ashwell, 2010). 

Metabolic syndrome was defined according to the most recent and unified criteria (Alberti et 

al., 2009), where three of the following five are met: 1) waist circumference ≥ 80 cm, 2) 

raised serum triglycerides ≥ 1.7 mmol·l
-1

, 3) reduced HDL-cholesterol < 1.30 mmol·l
-1

, 4) 

raised systolic blood pressure ≥ 130 mmHg or raised diastolic blood pressure ≥ 85 mmHg, 

and 5) elevated fasting plasma glucose ≥ 5.6 mmol·l
-1

 or previously diagnosed type 2 

diabetes. No participants in this study were taking medication to treat elevated triglycerides 

or reduced HDL-cholesterol, which is considered an alternative indicator of abnormal levels 

(Alberti et al., 2009). Additional measurements of insulin resistance, including fasting insulin 

and HOMA-IR, and the pro-inflammatory marker high sensitivity C-reactive protein (hs-

CRP) were also measured in participants.  

Intravenous blood sampling provided blood lipid profiles: serum concentrations of 

triglycerides, total cholesterol and high-density lipoprotein (HDL) cholesterol (Reflotron 

Plus, Roche, Switzerland). A CV of 3.8% was found between Refloton measurements for 

total cholesterol and a standardised wet-chemistry method (Statland, 1990). Fasting plasma 

glucose, insulin and hs-CRP concentrations were analysed by a pathology unit at a leading 

hospital (reagents Beckman Coulter, assays on Olympus AU2700, Abbott Architect i1000, 

and Olympus AU640 analyser). Insulin resistance was estimated by the homeostasis model 

assessment (HOMA-IR), using the equation: HOMA-IR = fasting insulin concentration 

(µU/mL) x fasting glucose concentration (µU/mL) / 22.5 (Matthews et al., 1985). HOMA-IR 

was used as a surrogate measure of whole body insulin sensitivity and β-cell functioning and 

has been shown to correlate well with estimates using the euglycemic clamp method (r = 
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0.88) (Bonora et al., 2000; Matthews et al., 1985). A HOMA-IR value ≥ 2.0 was considered 

indicative of insulin resistance (Jensterle et al., 2008). For hs-CRP, a value of > 3.0 mg·l
-1

 

was deemed high risk (Pearson et al., 2003). Blood pressure was obtained with an automated 

digital sphygmomanometer (Dinamap, GE technology, USA).  

 

The YMCA submaximal cycle ergometer test (Golding, Meyers, & Sinning, 1989) (Appendix 

19) was used to estimate maximal oxygen uptake (predicted VO2max). After completing a 

short submaximal warm-up, participants cycled (Monark, Ergomedic 838E, Sweden) for 

three consecutive 3-min work rates at a constant cadence of 50 rpm, and an initial power 

output of 25 W, resulting in a total test time of 9 min. Heart rate during the last 15 s of stage 

one was used to determine subsequent workloads. At the completion of the test, heart rate 

was extrapolated against work rate (W) using regression analysis to estimate maximal aerobic 

capacity.  

Within the acknowledged limitations of dietary recall (Magarey et al., 2011), participants 

completed a three-day food diary of food and beverage intake on two weekdays and one 

weekend day. Macro and micro nutrients, and average daily energy intake were estimated 

(FoodWorks® 7 Professional) by a research dietician, blinded to grouping.  

Participants completed a self-administered lifestyle survey addressing (i) health status and 

medical conditions, (ii) self-reported physical activity and exercise, (iii) nutrition habits, and 

(iv) perceived barriers to physical activity (King et al., 2000). Additionally, type, frequency 

and duration of typical leisure and/or sporting activities were confirmed during an interview 

with the researcher.  

Data were analysed using IBM SPSS Statistics, Version 19 for Windows (SPSS Inc, Chicago 

IL) and first tested for normal distribution using the Shapiro-Wilk statistic and skewness and 

kurtosis values (Peat & Barton, 2005). Log transformation was used when data were not 

normally distributed. All data are presented as mean ± standard deviation, with the exception 

of medians [interquartile range] for non-normally distributed data, reported prior to log 

transformed treatment. An alpha level of p < 0.05 was used to determine significance. Group 

comparisons were performed using independent t-tests. Due to uneven group size, Hedge’s g 

calculated effect size. An effect size of ≥ 0.2 was considered small, ≥ 0.5 was considered 

medium, and ≥ 0.8 was considered large (Vincent, 1995). The mean difference between 
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overweight/obesity and control participants for each cardiometabolic risk factor included 

95% confidence intervals.  

Unadjusted odds ratios were used to estimate disease risk given exposure and describe the 

strength of association between overweight/obesity (classified by WC, BMI and WHtR) and 

cardiometabolic risk factors. Continuity correction was used to establish significance (Peat & 

Barton, 2005)  

Receiver operating characteristic (ROC) curves were plotted to determine the point that 

maximises the likelihood ratio and cut-off points for WC, BMI and WHtR. Furthermore, the 

positive likelihood ratio was computed for each cut-off point. Pearson’s Chi-square analysis 

was used to compare the frequency of scores for barriers to being physically active between 

the two groups. 

 

Results 

 

Anthropometric and cardiometabolic data are shown in Table 5.1 and Table 5.2 (see also 

graphs in Appendix 14). Compared with controls, women with abdominal obesity (WC ≥ 80 

cm) had greater body mass, body mass index, waist circumference and waist-to-height ratio 

(p < 0.001). Similar differences were observed for BMI. 
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Table 5.1. Cardiometabolic risk factors in participants with and without abdominal obesity, as defined 

by waist circumference 

 
Variable Control 

WC < 80cm 

 (n=30) 

Abdominal obesity 

WC ≥ 80cm 

 (n=38) 

P-value Effect size 

Hedge’s g 

Power 

(1-ß) 

Mean difference 

(95% CI) 

Anthropometric assessment       

 Body mass (kg) 60.3 ± 6.7 86.7 ± 18.3 <0.0001
*
 1.61 1.00 26.4 (19.9, 32.8) 

 Stature (m) 1.7 ± 0.06 1.7 ± 0.06 0.311 0.15 - -0.01 (-0.44, 0.01) 

 Body mass index (kg·m
-2

) 21.6 ± 1.9 31.5 ± 5.5 <0.0001
*
 2.00 1.00 9.9 (7.9, 11.8) 

 Waist circumference (cm) 71.4 ± 3.5 91.9 ± 10.1 <0.0001
*
 2.28 1.00 20.5 (16.9, 24.0) 

 Waist-to-height ratio (WHtR) 0.43 ± 0.02 0.55 ± 0.06 <0.0001
*
 2.41 1.00 0.13 (0.11, 0.15) 

Metabolic syndrome markers       

 Systolic BP (mmHg) 114 ± 8 121 ± 8 0.007
*
 0.60 0.75 5.7 (1.6, 9.7) 

 Diastolic BP (mmHg) 67 ± 8 67 ± 7 0.834 0.04 - -0.4 (-4.0, 3.3) 

 HDL-cholesterol (mmol·L
-1

) 1.5 ± 0.3 1.6 ± 0.5 0.241 0.26 - 0.13 (-0.08, 0.33) 

 Triglycerides (mmol·L
-1

) 1.1 ± 0.3 1.2 ± 0.4 0.400 0.17 - 0.07 (-0.10, 0.25) 

 Fasting glucose (mmol·L
-1

) 4.8 ± 0.4 4.7 ± 0.5 0.152 0.29 - -0.2 (-0.4, 0.1) 

Additional biochemical parameters       

 Total cholesterol (mmol·L
-1

) 4.6 ± 1.0 4.4 ± 0.6 0.313 0.26 - -0.2 (-0.6, 0.2) 

 Fasting insulin (mU·L
-1

)
#
 5.0 [2.2] 8.0 [5.0] <0.0001

*
 0.84 0.94 3.7 (2.0, 5.4) 

 HOMA-IR
#
 1.1 [0.5] 1.7 [1.1] <0.0001

*
 0.75 0.87 0.7 (0.3, 1.1) 

 hs-CRP (mg·L
-1

)
#
 1.4 [1.4] 1.9 [3.5] 0.024

*
 0.46 0.42 1.2 (0.2, 2.3) 

Health and fitness evaluation       

 PredictedVO2max (mL·kg
-1

·min
-1

) 41.3 ± 8.14 30.4 ± 8.2 <0.0001
*
 1.61 1.00 11.0 (7.0, 15.0) 

 Physical activity (min·wk
-1

)
#
 285 [194] 100 [124] <0.0001

*
 1.11 1.00 -193 (-275, -111) 

 Daily energy intake (KJ) 5797 ± 1421 6263 ± 2478 0.343 0.187 - -466 (-1443, 511) 

Data presented as mean ± SD or median [IQ range]; # log10 transformation; * p ≤ 0.05; blood pressure (BP); 

high-density lipoprotein (HDL); high sensitive C-reactive protein (hs-CRP); homeostasis model assessment of 

insulin resistance (HOMA-IR). An effect size of ≥ 0.2 was considered small, ≥ 0.5 was considered medium, and 

≥ 0.8 was considered large (Vincent, 1995). 
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Table 5.2. Cardiometabolic risk factors in participants with and without overweight/obesity, as 

defined by body mass index.                

 
Variable Control 

BMI 

 <24.9 kg·m
-2 

 (n=33) 

Overweight/obesity 

BMI  

≥25.0 kg·m
-2 

 (n=35) 

P-value 

 

Effect size 

Hedge’s g 

Power 

(1-ß) 

Mean difference  

(95% CI) 

Anthropometric assessment       

 Body mass (kg) 60.8 ± 6.6 88.6 ± 18.0 <0.0001
*
 2.00 1.00 27.7 (21.1, 34.4) 

 Stature (m) 1.7 ± 0.05 1.6 ± 0.06 0.254 0.36 - -0.02 (-0.05, 0.01) 

 Body mass index (kg·m
-2

) 21.7 ± 1.9 32.2 ± 5.2 <0.0001
*
 2.60 1.00 10.4 (8.5, 12.3) 

 Waist circumference (cm) 72.5 ± 4.8 92.6 ± 10.3 <0.0001
*
 2.44 1.00 20.0 (16.1, 24.0) 

 Waist-height-ratio (WHtR) 0.43 ± 0.03 0.56 ± 0.05 <0.0001
*
 3.09 1.00 0.12 (0.10, 0.15) 

Metabolic syndrome markers       

 Systolic BP (mmHg) 115 ± 8 120 ± 9 0.014
*
 0.60 0.75 5.1 (1.0, 9.2) 

 Diastolic BP (mmHg) 66.8 ± 7.9 67.3 ± 6.9 0.770 0.07 - 0.5 (-3.0, 4.1) 

 HDL-cholesterol (mmol·L
-1

) 1.5 ± 0.3 1.7 ± 0.5 0.114 0.38 - 0.17 (-0.04, 0.38) 

 Triglycerides (mmol·L
-1

) 1.2 ± 0.4 1.2 ± 0.3 0.959 0.01 - -0.00 (-0.18, 0.17) 

 Fasting glucose (mmol·L
-1

) 4.7 ± 0.4 4.7 ± 0.5 0.811 0.06 - -0.03 (-0.25, 0.20) 

Additional biochemical parameters       

 Total cholesterol (mmol·L
-1

) 4.7 ± 0.9 4.3 ± 0.6 0.128 0.40 - -0.3 (-0.7, 0.1) 

 Fasting insulin (mU·L
-1

)
#
 5.0 [3.0] 8.00 [5.00] <0.0001

*
 1.00 0.99 0.2 (0.1, 0.3) 

 HOMA-IR
#
 1.1 [0.7] 1.81 [1.08] <0.0001

*
 1.00 0.99 0.7 (0.3, 1.1) 

 hs-CRP (mg·L
-1

)
#
 1.4 [2.0] 1.98 [2.95] 0.079 0.43 - 1.0 (-0.1, 2.0) 

Health and fitness evaluation       

 Predicted VO2max (mL·kg
-1

·min
-1

) 40.9 ± 8.8 30.0 ± 7.7 <0.0001
*
 1.31 1.00 10.87 (6.89, 14.85) 

 Physical activity (min·wk
-1

)
#
 260 [220] 100 [112.50] <0.0001

*
 1.13 1.00 -179.00 (103, 257) 

 Daily energy intake (KJ) 6164 ± 1615 5946 ± 2434 0.671 0.10 - 218.14 (-804, 1241) 

Data presented as mean ± SD or median [IQ range]; # log10 transformation; * p ≤ 0.05; blood pressure (BP); 

high-density lipoprotein (HDL); high sensitive C-reactive protein (hs-CRP); homeostasis model assessment of 

insulin resistance (HOMA-IR). An effect size of ≥ 0.2 was considered small, ≥ 0.5 was considered medium, and 

≥ 0.8 was considered large (Vincent, 1995).         
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None of the women with overweight/obesity were diagnosed with the metabolic syndrome 

(Alberti et al., 2009). Of the metabolic syndrome markers, only systolic blood pressure was 

higher than controls in participants with overweight/obesity, regardless of classification. The 

proportion of women in the intervention and control groups, respectively exhibiting each of 

the metabolic syndrome markers were: WC (100%, 0%); triglycerides (8%, 6%); HDL-

cholesterol (32%, 27%); systolic blood pressure (10%, 3%); diastolic blood pressure (0%, 

0%); glucose (3%, 0%).  

Again, independent of the classification used, the two predictors of glycaemic risk, fasting 

insulin and HOMA-IR were more elevated in participants with a raised WC and/or BMI > 25 

kg.m
-2 

than controls (Tables 5.1 and 5.2).  

The pro-inflammatory marker hs-CRP was significantly (40%) higher in women with 

elevated WC than controls but did not differ when using BMI thresholds. Additionally, the 

prevalence of elevated hs-CRP > 3 mg·l
-1 

(Pearson et al., 2003) was 35% for women with 

overweight/obesity compared with 20% in the control group, for WC [
2 

(1, n = 67) = 1.20, p 

= 0.274] and BMI [
2 
(1, n = 67) = 0.22, p = 0.642]. 

Aerobic fitness estimated from a submaximal cycling protocol was 26% lower in participants 

with elevated WC than controls. Similarly, subjective approximations of weekly physical 

activity were 63% less in women with elevated WC than controls. Estimated daily energy 

intake did not differ between groups. Similar results were observed using BMI (Tables 5.1 

and 5.2). 

HOMA-IR, fasting insulin, hs-CRP and physical activity were used as dependent variables 

and anthropometric measures of WC, BMI and WHtR were the independent variables in 

calculating unadjusted odds ratios. From this analysis only HOMA-IR and physical activity 

produced significant unadjusted odds ratios (Table 5.3). Approximately 41% of participants 

in the exposed group (overweight/obesity – classified by WC, BMI and WHtR) and 6.7 to 

11.0% in the non-exposed group (controls) were diagnosed with elevated HOMA-IR. 

Furthermore, the unadjusted odds ratio for the association between overweight/obesity and 

elevated HOMA-IR ranged between 5.1 to 10.0. The percentage of less than recommended 

physical activity levels in the exposed group (approximately 80%) was double that of the 

non-exposed group (approximately 40%) (Table 5.3). 
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Table 5.3. Associations between cardiometabolic risk factors and overweight/obesity.  

 

A participant with a HOMA-IR score of ≥ 2.0 or physical activity levels of ≤ 210 minutes per week was 

allocated to the exposed group. Please note, two data sets for HOMA-IR were unavailable due to compromised 
samples. 

 

ROC curves determined the cut-off point for three anthropometric (WC, BMI, WHtR) 

measures. The area under the curve (AUC) for elevated HOMA-IR was 0.79 (p < 0.001) and 

a cut-off value of 84.25 cm when calculated for WC. Additionally, the positive likelihood 

ratio was 2.9. Less than recommended physical activity produced a value of 0.72 for the AUC 

(p = 0.002), with a cut-off value of 80.65 cm and a positive likelihood ratio of 3.3 for WC. 

For BMI, HOMA-IR produced a value of 0.82 for the AUC (p < 0.001), with a BMI cut-off 

value of 30.61 kg·m
-2

, and a
 
positive likelihood ratio of 4.9. Moreover, the AUC for less than 

recommended physical activity levels was 0.73 (p = 0.002), with a BMI cut-off of 25.25 

kg·m
-2

, and a positive likelihood ratio of 3.7. For WHtR, HOMA-IR value for AUC was 0.76 

(p < 0.001), with a WHtR cut-off value of 0.50, and a
 
positive likelihood ratio of 1.2. 

Additionally, the AUC for less than recommended physical activity levels was 0.71 (p = 

0.003), with a WHtR cut-off of 0.46, and a positive likelihood ratio of 2.8. 

Participants completed a questionnaire, rating their perceived barriers to physical activity. 

Chi-square frequencies revealed 84% of participants agreed that exercise was important to 

them. Despite this, 65% of women with elevated WC or BMI >25 kg·m
-2 

shared difficulties 

in motivation for physical activity (17% in controls), however both groups ranked feeling too 

Variable % diagnosed in     
exposed group 

% diagnosed in non-
exposed group 

Unadjusted odds 
ratio (95% CI) 

P-value 

Waist circumference WC ≥ 80 cm WC < 80cm   

   HOMA-IR 41.7% 6.7% 10.0 (2.1, 48.6) 0.003 

   Physical activity (min·wk-1) 78.9% 36.7% 6.5 (2.2, 19.0) 0.001 

Body mass index BMI ≥ 25 kg·m-2 BMI ≤ 24.9 kg·m-2   

   HOMA-IR 42.4% 9.1% 7.4 (1.9, 29.1) 0.005 

   Physical activity (min·wk-1) 80.0% 39.4% 6.1 (2.1, 18.2) 0.002 

Waist-to-height-ratio  WHtR ≥ 0.5 WHtR < 0.5   

   HOMA-IR 40.6% 11.0% 5.1 (1.4, 18.0) 0.016 

   Physical activity (min·wk-1) 82.0% 38.2% 7.6 (2.4, 23.1) 0.001 
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tired as their number one barrier (Table 5.4). Additionally, 56% of participants with elevated 

WC or BMI >25 kg·m
-2 

reported that being self-conscious about their looks was a major 

barrier to regular physically active (3% in controls).  

 

Table 5.4. Most prevalent perceived barriers to engaging in physical activity.
 

Perceived Barrier % overweight/obesity  

(rank) 

% control  

(rank) 

Feeling too tired 79 (1) 63 (2) 

High cost of classes or venues 68 (2) 47 (4) 

Lack of motivation 65 (3) 17 (7) 

Poor weather 58 (4) 53 (3) 

Lack of time 55 (5) 73 (1) 

Self-conscious about physical appearance 55 (5) 3 (9) 

 

 

Discussion 

 

Data on the prevalence, characteristics and consequences of overweight/obesity in young 

women are important for providing an indication of the need for early detection, timely 

treatment, and the adaptation of lifelong interventions (van Emmerik et al., 2012). In this 

study, classification of overweight/obesity using WC and BMI were associated with similar 

cardiometabolic risk. Risk markers commonly used in standard health checks did not 

differentiate between women with overweight/obesity and those in healthy anthropometric 

ranges, while women with overweight/obesity did display higher markers of insulin 

resistance (fasting insulin and HOMA-IR) and lower estimates of physical activity (weekly 

exercise duration and aerobic fitness). This finding suggests that anthropometric measures are 

useful first-line diagnostic measures of cardiometabolic risk, with insulin resistance and 

lifestyle factors providing deeper insight into this risk for young adult women than traditional 

metabolic syndrome markers. 

No individual was diagnosed with the metabolic syndrome
 
(Alberti et al., 2009) and, as a 

group mean, none of the markers (i.e., other than WC) was elevated to that of the current 
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metabolic syndrome definition. In contrast, data from the Australian Diabetes, Obesity and 

Lifestyle Study (AusDiab) reported the prevalence of the metabolic syndrome in women aged 

between 25-34 years to be 6% (Cameron et al., 2007). Given the younger age of our 

participants (22.3 ± 3.5 years) compared with those in the AusDiab Study (Cameron et al., 

2007), these data suggest that traditional metabolic syndrome markers may not be sufficiently 

sensitive to indicate cardiometabolic risk in young adulthood (< 30 years). Therefore, 

markers of insulin resistance may be more useful indicators of future cardiometabolic risk in 

younger women with overweight/obesity than markers currently used in the metabolic 

syndrome definitions and during standard health checks. 

As a marker of insulin dysfunction, elevated HOMA-IR ≥ 2.0 (Jensterle et al., 2008), was 

present in more than 41% of women with overweight/obesity in the present study, compared 

with 6.7 - 11.0% of the control group. Moreover, the odds ratio for the association between 

overweight/obesity and an elevated HOMA-IR score was large, suggesting a strong 

relationship between these two variables. Raised concentrations of circulating hs-CRP were 

also present in women with an elevated WC, in agreement with previous reports (Da Costa et 

al., 2012; Ramos & Olden, 2008). These raised hs-CRP concentrations could have 

contributed to higher HOMA-IR scores in the overweight/obesity group, given that hs-CRP 

disrupts insulin signalling and action (Da Costa et al., 2012).  

Similar predictors of cardiometabolic risk were found when using WC and BMI as proxy 

measures of overweight/obesity, suggesting that both are useful markers for potential insulin 

resistance in young women. This agrees with previous results showing WC and BMI have a 

similar strength of association with CVD risk in adults, when assessed using individual 

records from 58 cohorts (Emerging Risk Factors Collaboration [ERFC], 2011). Results from 

ROC curves showed that the WC cut-off point for determining increased risk of insulin 

resistance, as measured by both fasting insulin and HOMA-IR, was ≥ 84 cm. This value is 

higher than current guidelines of ≥ 80 cm for Caucasian females (Alberti et al., 2009). Similar 

trends were observed for the cut-off point for classifications of BMI, in which a measure of ≥ 

30.0 kg·m
-2

, rather than ≥ 25 kg·m
-2

, was identified an increased risk of elevated HOMA-IR. 

In contrast, the dichotomization cut-off points for cardiometabolic risk associated with low 

physical activity (≤ 210 min of weekly exercise) in our study were determined to be ≥ 80 cm 

for WC and ≥ 25.25 kg·m
-2 

for BMI, strongly supporting the probability of risk within the 
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existing overweight/obesity classification scores (Alberti et al., 2009; World Health 

Organisation, 2000). 

The use of WHtR may also be a suitable and easy to administer anthropometric screening 

tool for the prediction of cardiometabolic outcomes applicable to a variety of populations 

(Browning et al., 2010). ROC curves showed that the WHtR margin for determining 

increased risk of insulin resistance, as measured by HOMA-IR, was ≥ 0.5, strongly 

supporting the current global boundary value (Browning et al., 2010). Additionally, a cut-off 

value of ≥ 0.46 was determined for cardiometabolic risk associated with low physical activity 

(≤ 210 min of weekly exercise), which is lower than the current threshold. Furthermore, the 

unadjusted odds ratios of WHtR in predicting risk factors are comparable to WC and BMI. 

In the present study, 80% of women with overweight/obesity failed to achieve minimum 

weekly exercise recommendations compared with 35% of the control group, while 3-day 

dietary recall data showed no differences in daily energy intake between the groups. 

Although dietary recall has limitations, these data show insufficient energy expenditure from 

physical activity relative to energy intake appears to be a significant factor in weight gain in 

the young women in our study. From data reported in a qualitative questionnaire, a prominent 

barrier to being active for the overweight/obesity women was self-conscious feelings about 

their own appearance. Therefore, lifestyle interventions for the prevention/reduction of 

overweight/obesity need to address psychological barriers to physical activity.  

The study has several limitations. The cross-sectional design could conceivably be a 

weakness, but it provided proof of concept prior to larger trials. Future studies using a 

prospective design could provide predictive data that addresses WC/BMI and the 

development of cardiometabolic disease. Ideally, central fat distribution would be measured 

using MRI, but waist circumference still provided a level of sensitivity relevant to most 

clinical settings (National Health and Medical Research Council, 2003). Additionally, the 

results are specific to Caucasian women
 
at a tertiary institution and largely from suburbs in 

the most advantaged quintile of socio-economic status. Given this however, our data raise 

concerns that key health promotion messages are either poorly sourced or understood, and/or 

are very difficult to apply. When more educated, advantaged young women have difficulties, 

it may be assumed that individuals from less advantaged backgrounds may at least share 

these health issues.  
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Conclusion 

 

This study supports the use of WC and BMI as first-line diagnostic measures of 

cardiometabolic risk. However, risk markers beyond the traditional metabolic syndrome 

blood-borne criteria, such as fasting insulin and HOMA-IR, may be required when screening 

further for cardiometabolic risk in young women. A higher order of investigation (e.g. blood 

sampling) may help convince young women of the need to take action. Furthermore, 

sedentary behaviour in young women with overweight/obesity is a lifestyle risk factor of 

concern, with a need for addressing identified age- and gender-specific barriers to 

engagement. The value of additional research into managing cardiometabolic risk in young 

women cannot be understated. 

 

Practical Implications 

 

 In young adult women, WC and BMI as measures of overweight/obesity have similar 

associations with other cardiometabolic risk factors. 

 

 Markers of insulin and HOMA-IR may be useful indicators of future cardiometabolic 

risk in younger women with overweight/obesity. 

 

 The first line of treatment for cardiometabolic risk should be centred on modifiable 

lifestyle changes, such as those associated with sedentary behaviour through increased 

physical activity. 

 

 Given the poor engagement in physical activity in our study population, the approach 

to engagement should be age and gender appropriate, and take into account perceived 

barriers to physical activity. 

 

  



128 | P a g e  

 

Chapter 6. Young women with abdominal obesity have sub-clinical 
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Abstract 

 

Background: Abdominal obesity is an independent risk factor for cardiovascular disease. The 

impact of abdominal obesity on myocardial function in young obese women remains 

unknown. Therefore, we aimed to investigate cardiac morphology and function, myocardial 

deformation and mechanical indices, in young women with and without abdominal obesity. 

 

Methods: Cross-sectional analyses of 39 women with abdominal obesity (waist 

circumference ≥ 80 cm) and 33 non-obese controls (waist circumference < 80cm) aged 18-30 

years underwent conventional echocardiographic measures of cardiac morphology and 

function together with tissue Doppler, and 2D speckle tracking measures of myocardial 

deformation and mechanics. Cardiometabolic risk factors including anthropometric, 

hypertension, biochemistry and fitness were also assessed. 

 

Results: Standard echocardiography results for cardiac morphology and function were similar 

between women with abdominal obesity and their age and-gender-matched controls, with the 

exception of larger left atrial dimensions in women with abdominal obesity (P ≤ 0.05). 

Compared with controls, women with abdominal obesity also demonstrated reduced systolic 

(Sm) and diastolic (Em) mitral annular plane velocities, increased LA pressure surrogates 

(E/Em), and prolonged timing measures of diastolic function including isovolumic relaxation 

time and transmitral deceleration time (P ≤ 0.05). In addition, longitudinal strain and diastolic 

strain rate were reduced in women with abdominal obesity (P ≤ 0.05) but circumferential 

deformation and myocardial mechanics (twist indices and rotation) were preserved.  

 

Conclusion: A young, otherwise-healthy group of women with abdominal obesity displayed 

sub-clinical cardiac dysfunction indicated by selected TDI and STE measures. 

 

Keywords: Waist circumference, cardiometabolic, speckle tracking imaging, 

echocardiography, female, tissue Doppler imaging.  
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Introduction 

 

Obesity is an established independent risk factor for cardiovascular disease (CVD), with a 

global, increasing prevalence reaching epidemic proportions (Grundy, 2008; World Health 

Organisation, 2000). In countries such as Australia, the prevalence of obesity in young 

women appears to be increasing at an exponential rate (Lucke et al., 2007). Elevated waist 

circumference, is a reliable anthropometric index of abdominal obesity (Klein et al., 2007), 

allowing early identification of CVD risk (Share, Naughton, Obert, Peat, & Kemp, 2013). 

However, the cardiac consequences of risk factors are poorly understood in young women; a 

population emerging as highly vulnerable to cardiometabolic disorders. 

Young women specifically continue to be underrepresented in cardiac research (Rosenfeld, 

2006), perhaps due to the misperception that females are ‘protected’ against CVD via the role 

of oestrogen in pre-menopausal females (Maas et al., 2011). Additionally, enrolment of 

women in clinical and epidemiological research remains relatively low in studies of 

populations with chronic disease (Melloni et al., 2010).  

Obesity can unfavourably alter left ventricular (LV) morphology and function with greater 

LV hypertrophy and cardiac remodelling observed in both adolescent (Obert et al., 2012; 

Shah et al., 2011) and older females populations (Orhan et al., 2010). Early detection of 

myocardial abnormalities in obese individuals may represent a critical and cost-effective 

strategy to attenuate the time-related consequences of CVD (Orhan et al., 2010). Despite this, 

the understanding of the effects of obesity on CVD risk in women is largely limited to 

middle-aged and older individuals with scarce attention to young obese females (Di Bello et 

al., 2013; Peterson, Waggoner, et al., 2004). Therefore, it remains unclear whether or not 

obesity in young women is associated with cardiac dysfunction. As such, identification of 

sub-clinical disease such as myocardial dysfunction in young women with obesity would 

highlight a group in which targeted interventions may be of greatest impact. Furthermore, the 

recently described “obesity paradox” (Lavie et al., 2013) creates some ambiguity surrounding 

the effects of obesity on cardiac function and it may be argued this issue is particularly 

pertinent to young women with obesity in whom targeted interventions may be of greatest 

value. 
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Sub-clinical cardiac dysfunction can be detected using non-invasive conventional and tissue 

Doppler imaging (TDI) echocardiography (Ho & Solomon, 2006; Wong, Leano, & Marwick, 

2006). However, speckle tracking echocardiography (STE), a deformation imaging 

technique, was developed to address potential limitations in the sensitivity of existing 

measures for detecting subtle myocardial dysfunction. Speckle tracking echocardiography 

may help overcome the limitations of conventional and TDI echocardiography by permitting 

angle-independent evaluation of strain and strain rate (SR) in the longitudinal and 

circumferential planes, as well as rotation and twist mechanics (Esch & Warburton, 2009; K. 

A. Marcus et al., 2011).  

The aim of this study was to investigate cardiac morphology and function, myocardial 

deformation and mechanical indices, in a cross-sectional profile of young women with and 

without abdominal obesity using traditional and advanced techniques of echocardiography.  

 

Methods 

 

Participants 

Ninety-three university-enrolled women aged 18 to 30 years responded to recruitment 

advertisements. Participants were a low-risk population, free of CVD risk factors 

(hypertension, diabetes, and smoking), or endocrine disorders who had not undergone 

bariatric surgery and were not pregnant. Eleven women did not meet the inclusion criteria 

and a further ten eligible participants did not complete testing. Therefore, 72 women (all 

Caucasian) completed testing between August 2010 and February 2012. Participants were 

divided into two groups; (1) 39 women with abdominal obesity defined by a waist 

circumference (WC) ≥ 80 cm, and (2) 33 women without abdominal obesity (WC < 80 cm). 

Participants arrived at the laboratory following a 12 hour fast and were requested to refrain 

from strenuous physical activity in the 24 hours prior to testing.  

The study was approved by the Australian Catholic University Human Research Ethics 

Committee (V2009-91), and participants provided written informed consent.  
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Cardiometabolic risk factors 

A range of clinical characteristics were assessed to profile the population. Body mass was 

measured to the nearest 0.1 kg (Tanita, Tokyo, Japan). Height was measured to the nearest 

0.1 cm (Seca, Germany). Body mass index (BMI) was subsequently calculated as weight 

[kg]/height [m
2
]

 
(World Health Organisation, 2000). Waist circumference and hip 

circumference were measured (Alberti et al., 2009) to the nearest 0.1 cm, with the average of 

two measurements reported. Measurements relating to waist circumference including, waist-

to-hip ratio (WHR), and waist-to-height ratio (WHtR) were also calculated. Values of ≥ 0.8 

for WHR (Dalton et al., 2003; World Health Organisation, 2000) and 0.5 for WHtR 

(Browning et al., 2010) have been considered indicative of increased CVD risk.  

Blood pressure and resting heart rate were obtained with an automated digital 

sphygmomanometer (Dinamap, GE technology, USA). Fasting venous blood samples were 

analysed for the following biochemical parameters: triglycerides, total cholesterol, high-

density lipoprotein (HDL), plasma glucose, insulin and high sensitivity C-reactive protein 

(hs-CRP). Insulin resistance (IR) was estimated by the homeostasis model assessment 

(HOMA-IR) (Matthews et al., 1985), with values > 2.5 considered
 
indicative of IR (Jensterle 

et al., 2008). For hs-CRP, a value of > 3.0 mg·l
-1

 was considered high CVD risk
 
(Pearson et 

al., 2003). 

A submaximal cycle ergometer test (Golding et al., 1989) was used to predict maximal 

oxygen uptake (estimated VO2max) by extrapolating heart rate against work rate (W) on a 

regression analysis to estimate maximal aerobic capacity. Estimated VO2max was indexed for 

body mass to provide a relative measurement. Participants self-reported habitual weekly 

physical activity levels. 

 

Echocardiography examination 

Participants underwent a standard two-dimensional (2D) transthoracic echocardiography 

examination for the assessment of both global and regional ventricular function in accordance 

with the recommendations of the American Society of Echocardiography (R. M. Lang et al., 

2005). Image acquisition was performed by the same experienced operator using a 

commercially available ultrasound (Vivid i, GE Healthcare, Horten, Norway) with a 3.5 MHz 

phased-array transducer. Participants were examined in the left-lateral decubitus position in a 
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dark room and connected to a 3-lead ECG. A minimum frame rate of 70 Hz was used when 

acquiring gray-scale cine-loops. Digital data were stored for subsequent off-line analyses 

with specific software (EchoPAC v108, GE Medical Systems, Horton Norway) by an 

observer blinded to group assignment. All reported measurements were averaged from three 

consecutive cardiac cycles. 

M-mode measurements were obtained in the parasternal long-axis view for the quantification 

of cardiac chamber size and ventricular mass, using the Penn-Cube method (Devereux et al., 

1984) and indexed for height (Cornell adjustment). LV volumes and ejection fraction were 

quantified using a Simpson’s bi-plane method. 

Pulsed-wave Doppler-derived transmitral inflow velocities were obtained from the apical 

four-chamber view with the sample volume at the tips of the mitral leaflets. Early-diastolic 

(E), E-wave deceleration time, late-diastolic (A) waves and the E/A ratio were calculated. 

Isovolumetric relaxation time (IVRT) was obtained from pulse-wave Doppler in the apical 

five-chamber view. Pulsed tissue Doppler Imaging (TDI) was used to measure mitral annular 

velocities during systole (Sm), early-diastole (Em) and late-diastole (Am). The Sm, Em, and Am 

are means of four sites at the mitral annulus from apical 4-chamber (septal, lateral) and 2-

chamber views (inferior, anterior). The E/Em ratio, recorded from the mitral annulus lateral 

wall, was used as an index of LV diastolic filling pressure. 

STE analysis of myocardial wall motion was performed using frame-by-frame tracking of 

natural acoustic markers known as “speckles” in a region of interest from greyscale images. 

Using proprietary software (EchoPAC v108, GE Medical Systems, Horton Norway), 

endocardial borders were manually traced and the region of interest was adjusted to include 

all of the myocardium. Results were expressed as the average from all segments but strain 

and SR data was excluded if there were more than two segments in which tracking was 

inadequate (assessed visually). Both systolic and diastolic strain rate (SRs and SRe, 

respectively) were calculated in the longitudinal and circumferential axis of the LV. The 

values from circumferential apical and basal views were averaged. Twist (calculated as the 

difference between basal and apical rotations), twist rate, untwist rate, and apical and basal 

rotational mechanics of the LV, were calculated. To allow for inter-participant differences in 

heart rate, customised software (Scilab 4.1, Avignon University, Avignon, France) was used 

to normalise time sequence as a percentage of systolic duration. 
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Statistics 

Data were analysed using IBM SPSS Statistics, Version 20 for Windows (SPSS Inc, Chicago 

IL). Normal distribution of qualitative variables was checked using skewness, kurtosis
 
and

 
the 

Shapiro-Wilk test (Peat & Barton, 2005). Log transformation was used where appropriate. 

Variables were analysed as continuous variables, and are presented as mean (standard 

deviation). Group comparisons were performed using independent t-tests. Additionally, 

Hedge’s g was used to calculate magnitudes of differences, with an effect size of ≥ 0.2 

considered small, ≥ 0.5 considered medium, and ≥ 0.8 considered large (Cohen, 1988). 

Pearson’s r correlation coefficient analysis was used to identify associations between 

cardiometabolic risk factors and morphological, global function and myocardial measures. 

An alpha level of p < 0.05 was considered statistically significance.  

Intra and inter-observer reproducibility were estimated for major cardiac variables in 

randomly selected participants (conventional echocardiography and TDI, n=10; STE, n=20) 

in order to demonstrate the reproducibility of off-line analyses. Variables were evaluated 

twice by the same observer, and once more by another experienced observer, both blinded to 

participant details.  

 

Results 

 

Cardiometabolic risk factors  

Table 6.1 summarises the clinical characteristics of the two groups. No differences were 

found for height, blood pressure, triglycerides, HDL-cholesterol, or resting heart rate when 

comparing women with abdominal obesity (WC 92.5 ± 10.6 cm, range 80.5 -123.0 cm, age 

22.4 ± 3.5 y) and the control group (WC 72.5 ± 4.8 cm, range 63.6 – 77.8 cm, age 20.0 ± 0.7 

y). Independent of obesity status, all participants were eumennorehic. Additionally, the young 

women with abdominal obesity in this study can be described as non-diabetic, non-insulin 

resistant and normotensive. When anthropometric measures were compared with controls, 

women with abdominal obesity had greater body mass, BMI, waist circumference, hip 

circumference, WHR and WHtR (P < 0.001). The average BMI for women with abdominal 

obesity placed them in the obese category and average WHR and WHtR placed them in an 

increased CVD risk range. Women with abdominal obesity also had greater elevated fasting 
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insulin, HOMA-IR, and hs-CRP (P < 0.05) than the control group. However, the mean 

HOMA-IR value remained within normal range. In contrast, the elevated hs-CRP in the 

women with abdominal obesity was deemed ‘high’ risk (> 3.0 mg·l
-1

). Pearson’s r correlation 

showed a strong relationship between abdominal obesity and both fasting insulin (r = 0.521, 

P < 0.01) and HOMA-IR (r = 0.455, P < 0.01), without a significant relationship with hs-

CRP. Relative to controls, women with abdominal obesity performed 63% less weekly 

physical activity (P < 0.001) and had reduced aerobic capacity (predicted VO2max). Perhaps 

surprisingly, control participants had slightly higher fasting glucose and total cholesterol (P < 

0.05) than women with abdominal obesity but notably values remained within normal ranges.  
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Table 6.1. Cardiometabolic risk factors in participants with and without abdominal obesity. 

  

Data expressed as mean ± SD. WC: waist circumference, BMI: body mass index, BP: blood pressure; HDL: 

high-density lipoprotein, HOMA-IR: homeostatic model assessment of insulin resistance, hs-CRP: high 

sensitivity C-reactive protein, CI: confidence interval. #Data are log transformed. * P ≤ 0.05. An effect size of ≥ 

0.2 was considered small, ≥ 0.5 was considered medium, and ≥ 0.8 was considered large (Vincent, 1995). 

 

 

 

Controls 

WC < 80 cm  

(n = 33) 

Abdominal obesity 

WC ≥ 80 cm  

(n = 39) 

P-value 

Hedge’s g 

Effect size 

Power 

(1-ß) 

Mean difference  

(95% CI) 

Anthropometric assessment        

  Body mass (kg)  61.6 ± 7.4  88.2 ± 19.6 <0.001
*
 1.72 1.0 26.6 (19.7, 33.4) 

  Stature (cm)  1.7 ± 0.1  1.7 ± 0.1 0.44 0.00 - 0.0 (-0.04, 0.02) 

  BMI (kg·m
-2

)  22.1 ± 2.5  31.9 ± 6.0 <0.001
*
 2.05 1.0 9.8 (7.6, 11.9) 

  Waist circumference (cm)  72.5 ± 4.8  92.5 ± 10.6 <0.001
*
 2.34 1.0 20.0 (16.2, 23.8) 

  Hip circumference (cm)  96.9 ± 5.9  115.2 ± 12.5 <0.001
*
 1.80 1.0 18.3 (13.8, 22.8) 

  Waist-to-hip ratio  0.75 ± 0.03  0.80 ± 0.04 <0.001
*
 1.38 1.0 0.05 (0.03, 0.07) 

  Waist-to-height ratio  0.43 ± 0.03  0.56 ± 0.06 <0.001
*
 2.64 1.0 0.13 (0.10, 0.14) 

Blood Pressure evaluation         

  Systolic BP (mmHg)  115.6 ± 8.3  119.5 ± 9.9 0.08 0.42 - 3.9 (-0.5, 8.1) 

  Diastolic BP (mmHg)  67.8 ± 7.5  65.9 ± 7.2 0.26 0.26 - -1.9 (-5.4, 1.5) 

Blood biochemistry         

  Fasting glucose (mmol·L
-1

)  4.9 ± 0.4  4.6 ± 0.5 0.01
*
 0.65 0.75 0.3 (-0.5, -0.1) 

  Triglycerides (mmol·L
-1

)  1.1 ± 0.3  1.2 ± 0.4 0.31 0.28 - 0.1 (-0.1, 0.3) 

  HDL cholesterol (mmol·L
-1

)  1.4 ± 0.3  1.7 ± 0.5 0.13 0.70 - 0.3 (0.1, 0.5) 

  Total cholesterol (mmol·L
-1

)  4.7 ± 1.0  4.3 ± 0.5 0.01
*
 0.51 0.60 -0.4 (-0.8, 0.1) 

  Fasting insulin (mU·L
-1

)
#
  5.9 ± 2.6  8.9 ± 4.6 0.01

*
 0.78 0.94 3.0 (1.2, 4.7) 

  HOMA-IR
#
  1.3 ± 0.6  1.8 ± 1.0 0.03

*
 0.59 0.75 0.5 (0.1, 0.9) 

  hs-CRP (mg·L
-1

)
#
  1.7 ± 1.6  3.3 ± 2.9 0.01

*
 0.66 0.75 1.6 (0.5, 2.7) 

Fitness variables         

  Resting heart rate (bpm)  73.9 ± 12.6  71.9 ± 12.1 0.49 0.16 - 2.0 (-7.9, 3.8) 

  Estimated VO2max (mL·kg
-1

·min
-1

)  40.7 ± 7.8  30.1 ± 9.1 <0.001
*
 1.23 1.0 10.6 (-14.6, -6.5) 

  Physical activity (min·wk
-1

)
#
  302 ± 201  110 ± 82 <0.001

*
 1.28 1.0 192 (-267, -116) 
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Cardiac morphology and function 

Despite similar LV ejection fractions, women with abdominal obesity displayed greater LA 

dimensions than controls (P < 0.05). A modest correlation was also observed between 

abdominal obesity and the internal diameter of the LA (r = 0.437, P < 0.01). In contrast, no 

differences were found between groups for LV structural parameters such as mass, internal 

dimensions, or wall thickness (Table 6.2). 

Women with abdominal obesity displayed impaired LV diastolic parameters, including 

greater decreases in transmitral E, Em, and greater increases in E/Em, IVRT and DT (P < 0.05) 

than controls. Additionally, systolic tissue velocity (Sm) was reduced in women with 

abdominal obesity (P < 0.05) relative to controls. Although these values remained within 

ranges that would be considered “normal” in clinical settings, statistically significant 

differences were supported by moderate effect sizes. No differences were found between 

groups for E/A ratio, and parameters of late-diastolic function including transmitral A, and 

Am. 
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Table 6.2. Cardiac morphology and function parameters measured from conventional and tissue 

Doppler imaging echocardiography in participants with and without abdominal obesity. 

Data expressed as mean ± SD. LA: left atrium, LV: left ventricle, LVED: left ventricular end-diastolic, LVES: 

left ventricle end-systolic, PW: posterior wall, IVS: inter-ventricular spetum, IVRT: isovolumic relaxation time, 

CI: confidence interval. Sm, Em, & Am are means of four sites at the mitral annulus from apical 4-chamber 

(septal, lateral) and 2-chamber views (inferior, anterior). #Data are log transformed. * P ≤ 0.05. An effect size 

of ≥ 0.2 was considered small, ≥ 0.5 was considered medium, and ≥ 0.8 was considered large (Vincent, 1995). 

Reference values/ranges: aadults 25-32 y (Takahashi et al., 2010); badults 21-40 y(Nagueh et al., 2009); cwomen 
20-40 y (Kou et al., 2014); dadults 20-60 y (Roberto M Lang et al., 2015); eadults 20-40 y (L. Caballero et al., 

2015). 

 

  

 

Control 

WC < 80 cm  

(n = 33) 

Abdominal obesity 

WC ≥ 80 cm  

(n = 39) 

P-value 

Hedge’s g  

Effect size 

Power 

(1-ß) 

Mean difference  

(95% CI) 

Reference 

values/ranges  

Cardiac Morphology        

  LA diameter (mm) 30.2 ± 4.3 32.7 ± 4.6 0.02* 0.55 0.60 2.5 (0.04, 0.5) 27.0 to 38.0
d
 

  LV mass (g) 148 ± 31 149 ± 40 0.98 0.03 - 1.0 (-17.8, 18.1) 103.9 ± 28.3
c
 

  LV mass indexed (g·m
-2.7

) 37.5 ± 7.4 40.5 ± 7.0 0.11 0.41 - 3.0 (-0.7, 6.6) - 

  LVED diameter (mm) 44.4 ± 4.5 44.0 ± 3.8 0.71 0.09 - 0.4 (-0.2, 0.2) 43.0 ± 4.1
c
 

  LVES diameter (mm) 28.8 ± 3.5 29.4 ± 4.4 0.55 0.15 - 0.6 (-0.1, 0.2) 28.8 ± 4.3
c
 

  LV PW thickness (mm) 9.7 ± 1.4 10.3 ± 1.7 0.12 0.38 - 0.6 (-0.02, 0.1) 8.5 ± 1.5
c
 

  IVS thickness (mm) 10.0 ± 1.4 10.5 ± 1.7 0.21 0.31 - 0.5 (-0.03, 0.1) 8.2 ± 1.5
c
 

  LV shortening fraction (%) 34.9 ± 5.7 32.7 ± 6.9 0.17 0.34 - -2.2 (-5.3, 1.0) - 

Cardiac Function        

  LV ejection fraction (%) 64.0 ± 8.1 61.0 ± 10.2 0.09 0.32 - -3.0 (-0.6, 6.7) 59.2 ± 4.6
a
 

  Stroke volume (ml) 58.8 ± 16.0 53.7 ± 12.7 0.16 0.35 - -5.1 (-12.3, 2.0) - 

  E velocity (cm.s
-1

) 96.7 ± 13.0 87.0 ± 14.7 0.01* 0.70 0.87 -9.7 (-0.2, -0.03) 72.0 ± 12.0
a
 

  A velocity (cm.s
-1

) 44.7 ± 12.0 42.4 ± 11.0 0.40 0.20 - -2.5 (-0.08, 0.03) 40.0 ± 8.0
a
 

  E/A ratio  2.3 ± 0.7 2.2 ± 0.6 0.44 0.15 - -0.1 (-0.4, 0.2) 1.85 ± 0.38
a
 

  Deceleration time (ms) 174.4 ± 34.9 209.0 ± 29.8 <0.001* 1.06 1.00 34.6 (19.2, 50.1) 166.0 ± 14.0
b
 

  IVRT (ms) 78.4 ± 9.9 85.8 ± 10.7 0.01* 0.71 0.87 7.4 (2.5, 12.4) 77.9 ± 8.8
a
 

  Sm velocity (cm.s
-1

) 10.4 ± 1.3 9.0 ± 1.4 <0.001* 0.94 0.99 -1.4 (-0.02, -0.01) - 

  Em velocity (cm.s
-1

) 17.2 ± 2.3 14.6 ± 2.7 <0.001* 1.10 1.00 -2.6 (-0.04, -0.01) 14.9 ± 2.0
e
 

  Am velocity (cm.s
-1

) 6.9 ± 1.2 6.9 ± 1.1 0.99 0.00 - 0.0 (-0.01, 0.01) - 

  E/Em lateral wall  4.9 ± 0.7 5.4 ± 1.4 0.04* 0.47 0.60 0.5 (0.02, 1.1) 5.5 ± 1.0
e
 



139 | P a g e  

 

Myocardial deformation and mechanics 

Women with abdominal obesity had lower longitudinal strain and diastolic SR (P < 0.05) 

than controls (Table 6.3). Circumferential strain and SR parameters were not different 

between the groups with and without abdominal obesity. No differences were found between 

groups in apical and basal rotation, as well as resultant twist. Similarly, twist and untwist rate 

did not differ between women with abdominal obesity and controls. 

 

 

Table 6.3. Myocardial deformation and mechanics measured using speckle tracking imaging 

echocardiography in participants with and without abdominal obesity. 

 

Data expressed as mean ± SD. LV: left ventricle, L: longitudinal, C: circumferential, SR: Strain rate, CI: 

confidence interval. Circumferential (average of apical and basal views). #Data are log transformed. *P ≤ 0.05. 

Nb. four data sets were excluded from STE analysis in the abdominal obesity group (n=35) due to poor image 

quality. An effect size of ≥ 0.2 was considered small, ≥ 0.5 was considered medium, and ≥ 0.8 was considered 

large (Vincent, 1995). Reference values/ranges: ayoung adults 25-32 y (Takahashi et al., 2010); badults 18-80 y, 

data expressed as mean ± standard error (Marwick et al., 2009); cadults 47± 11 y (Yingchoncharoen, Agarwal, 

Popović, & Marwick, 2013).  

 

 

  

Control 

WC < 80 cm  

(n = 33) 

Abdominal obesity 

WC ≥ 80 cm  

(n = 39) 

P-value 

Hedge’s g 

Effect size 

Power 

(1-ß) 

Mean difference  

(95% CI) 

Reference 

values/ranges 

Myocardial Deformation        

  L Strain (%) -17.6 ± 3.0 -16.1 ± 2.1 0.05
*
 0.55 0.60 -1.5 (-0.01, 3.0) -18.6 ± 0.1

b
 

  L Systolic SR (strain.s
-1

) -0.9 ± 0.2 -0.9 ± 0.1 0.18 0.00 - 0.0 (-0.03, 0.1) -1.10 ± 0.01
b
 

  L Diastolic SR (strain.s
-1

) 1.4 ± 0.3 1.1 ± 0.3 0.01
*
 0.87 0.94 -0.3 (-0.5, -0.1) 1.02 ± 0.01

b
 

  C Strain (%) -20.8 ± 2.4 -19.8 ± 2.9 0.15 0.37 - -1.0 (-0.4, 2.3) -20.9 to -27.8
c
 

  C Systolic SR (strain.s
-1

) -1.3 ± 0.2 -1.3 ± 0.2 0.19 0.00 - 0.0 (-0.03, 0.1) - 

  C Diastolic SR (strain.s
-1

) 2.0 ± 0.3 1.8 ± 0.3 0.08 0.66 - 0.2 (-0.3, 0.02) - 

Myocardial Mechanics        

  Apical rotation (°) 4.6 ± 1.8 4.7 ± 1.9 0.78 0.05 - 0.1 (-0.8, 1.1) 8.9 ± 3.5
a
 

  Basal rotation (°) -5.6 ± 2.3 -5.8 ± 2.3 0.85 0.09 - 0.2 (-1.5, 1.3) -4.8 ± 2.5
a
 

  Twist (°) 6.2 ± 2.7 7.2 ± 3.1 0.26 0.34 - 1.0 (-0.8, 2.8) - 

  Twist rate (°.s
-1

) 68.8 ± 22.1 70.3 ± 18.8 0.80 0.07 - 1.5 (-10.4, 13.4) 62.5 ± 17.4
a
 

  Untwist rate (°.s
-1

)
#
 -76.8 ± 39.1 -62.2 ± 18.8 0.11 0.48 - -14.6 (-2.8, 32.0) -82.3 ± 32.8

a
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Reliability 

Intra and inter-observer CVs for selected conventional echocardiographic and TDI indices 

were: 1.9% and 1.6%, respectively for E velocity; 2.5% and 1.8%, respectively for A 

velocity; 2.2% and 4.0%, respectively for Septal Em; 1.5% and 4.2%, respectively for Septal 

Am, and 1.4% and 2.4%, respectively for Septal Sm. Additionally, intra and inter-observer 

CVs for select STE indices were: 5.9% and 5.1%, respectively for longitudinal strain; 4.3% 

and 7.8%, respectively for longitudinal diastolic SR; 4.7% and 5.5%, respectively for 

circumferential strain; 7.0% and 11.5%, respectively for apical rotation; 6.5% and 10.0%, 

respectively for basal rotation, and 9.2% and 10.0% respectively for LV twist. Previous 

research reports an intra and inter-observer CV of 7.1% and 8.1%, respectively for global 

longitudinal strain and, 7.5% and 10.2%, respectively for circumferential strain (K. A. 

Marcus et al., 2011). A CV of 1.26% in WC measures was also reported in 20 participants.  

 

 

Discussion  

 

This cross-sectional study used a combination of cardiometabolic risk factors and 

comprehensive measures of cardiac morphology and function, myocardial deformation and 

mechanical indices in young women with and without abdominal obesity. We showed that 

young women with relatively moderate abdominal obesity displayed subtle early myocardial 

impairment identified by traditional and advanced echocardiography measures compared 

with controls. The value of using both traditional echocardiography methods (conventional 

and TDI markers) and more advanced techniques (STE) lies in a comprehensive description 

of some measures of cardiac morphology and function that may be associated with obesity in 

young females. This data advances the understanding of CVD risk factors in a population 

which is currently under-represented in the literature. Specifically, our findings extend 

existing knowledge by demonstrating that young women with moderate abdominal obesity 

displayed some markers of (1) sub-clinical cardiac abnormalities that may have been 

associated with remodelling, and (2) myocardial dysfunction. We can confirm, for the first 

time in this population, the presence of subtle early myocardial dysfunction in the 
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longitudinal axis but preserved circumferential deformation and twist mechanics - identified 

using STE - of young women with abdominal obesity.  

 

Effects of obesity on sub-clinical cardiac abnormalities in cardiac morphology 

 Women with abdominal obesity had larger LA dimensions than controls but otherwise 

cardiac morphology were similar. The LA enlarges in response to increases in LV pressure 

due to impaired LV filling, making it a useful adjunct in the assessment of chronic diastolic 

dysfunction (Gottdiener et al., 2004). Prior studies have found an association between LA 

dimensions and obesity in females. Specifically, abnormalities in LA diameter have been 

linked to obesity in a group of young women (29 ± 10 years, n=48) with isolated obesity 

(Pascual et al., 2003), in a population of slightly older (32 ± 4 years) obese young adults 

(Peterson, Waggoner, et al., 2004), and in obese middle-aged adults (Orhan et al., 2010; 

Wong et al., 2004), with normal EF. In light of this, the findings form our study is potentially 

of even greater concern in a population of women who were notably younger and had milder 

obesity than previously reported studies. Mechanisms behind this link may occur as a 

consequence of the hemodynamic changes associated with obesity (Wong & Marwick, 

2007a). LV structure was similar between groups, as were the load -dependent 

echocardiographic indices of systolic function. Similarly, no between-group differences were 

observed for LV end-systolic and LV end-diastolic diameters. 

 

Effects of obesity on sub-clinical cardiac abnormalities in cardiac function  

Obesity impairs cardiac loading (Wong et al., 2004). In our study, conventional load-

dependent parameters of LV diastolic function, including reduced mitral inflow velocity (E-

wave), and indicators of filling and relaxation, including elevated E/Em, and elongated IVRT, 

and elongated DT (a measure of LV stiffness), were observed more frequently in women with 

abdominal obesity than controls. These observations are supported by previous literature on 

diastolic dysfunction, suggesting underlying abnormalities in relaxation and/or myocardial 

compliance, in obese individuals without hypertension or cardiac hypertrophy (Crendal et al., 

2013). However, this is the first study to identify diastolic impairment in such a young group 

of females in the absence of cardiac ventricular hypertrophy and hypertension.  
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In the present study, women with abdominal obesity also demonstrated attenuated TDI-

derived velocities including significantly lower systolic (Sm) and early-diastolic (Em) function 

than the control group. The TDI echocardiography parameters of Sm, Em and E/Em have 

established independent prognostic value in a wide variety of cardiac disorders and are 

powerful predictors of cardiac mortality (Wang et al., 2003). In the present study, we reported 

decreased Sm indicating systolic dysfunction in women with abdominal obesity Additionally, 

low Em values may be indicative of abnormal LV relaxation, has previously been reported to 

correlate with IVRT. In our study, IVRT was elongated and Em reduced, albeit only minimal, 

which may link to early onset of cardiac dysfunction in this young population. Despite 

significant differences between groups, women with abdominal obesity displayed normal 

“within range” LV filling pressure, indicated by the E/Em ratio being ≤ 8 (Nagueh et al., 

2009). Thus, early but not late diastolic dysfunction was associated with obesity among the 

young women in the present study. 

The negative impact of obesity on early diastolic function has been reported but, again, these 

results were found in older, less healthy adults. Also, in a group of 29 middle-aged adults (49 

± 8 years) with isolated obesity (average BMI of 37.2 ± 2.7 kg/m
2
), participants had reduced 

Em velocity, and significantly increased IVRT, DT, and E/Em ratio than 20 aged-matched 

non-obese controls (Orhan et al., 2010). It is again striking that we identified similar diastolic 

changes to those observed in this older mixed gender population of more profoundly obese 

participants who also had greater LV mass. It may be possible that the observed dysfunction 

is part of a disease progression from subtle myocardial dysfunction and atrial remodelling to 

also eventually involve structural remodelling of the ventricles. Longitudinal studies are 

required to investigate this question further. In addition, a focus on weight reduction, 

including the prevention and early detection of cardiometabolic risk factors in young obese 

adults, might be advantageous for inducing positive reversible changes in cardiac 

morphology and function.  

 

Effects of obesity on myocardial dysfunction via deformation 

Non-invasive ultrasound techniques such as conventional and TDI echocardiography have a 

major role in the diagnosis and management of CVD. An inability to accurately differentiate 

actively contracting myocardium from passive myocardial motion is one of the principle 

limitations of conventional and TDI echocardiography in the assessment of LV structure and 
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function (Anderson, 2007). The innovation of STE enables unique acoustic speckles within 

the myocardium to be tracked thereby permitting analysis of the relative regionals of the 

myocardium, thus separating deformation from passive motion (Brugger et al., 2014). In 

some settings, STE has enabled early diagnosis of systolic and diastolic dysfunction, even 

when conventional and TDI echocardiography parameters of LV function remain within 

normal range (Di Bello et al., 2013; Nagueh et al., 2009). In our study, we confirmed and 

extended previous data by demonstrating that young women with abdominal obesity 

displayed impaired longitudinal myocardial dysfunction, but preserved circumferential 

function, compared with the control group. While the exact mechanisms behind this remain 

unclear, the finding is consistent with previous studies in older, disease-free populations 

(Crendal et al., 2013). The reduced longitudinal strain and SR in our women with abdominal 

obesity highlight early diastolic and systolic dysfunction that could be explained by depressed 

relaxation and compromised contractile properties of myocardial fibres. Although measures 

of deformation are less load dependent than some traditional parameters, it is clear that strain 

and SR are still influenced by loading conditions and it is difficult to completely isolate 

change in contractility from the aforementioned change in load (Burns et al., 2010). It is 

possible that increases in ventricular and atrial filling pressure are both a cause and 

consequence of reduced myocardial deformation.  

The reduced LV strain observed in our young women with abdominal obesity has been 

reported previously. A study of obese middle-aged women (n=663, 47.8 ± 13.6 years, waist 

circumference 88.5 ± 11.7 cm) showed a strong relationship between elevated waist 

circumference and an undesirable reduction in LV strain (Dalen et al., 2011). Similarly, other 

research has shown reduced strain indices and reduced E velocity in 26 middle-aged women 

(49 ± 8 years) with isolated obesity (WC 105 ± 7.0 cm), compared with 18 age-matched non-

obese controls (Orhan et al., 2010). The identification of these pre-clinical myocardial 

abnormalities in obese young women provides a marker which could be followed through 

treatment interventions with the logical hypothesis that weight reduction and increased 

physical activity may attenuate further decline in myocardial function. 

 

Effects of obesity on myocardial dysfunction via mechanics 

Speckle tracking echocardiography can also be used to assess myocardial mechanics such as 

twist and twist rate which describe the torsional rotation of the heart produced by the helical 
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structure in which the myocardial fibres are arranged (Sengupta et al., 2007; Wong, Leano, et 

al., 2006). Twist and the resulting rate of untwist have been promoted as sensitive 

determinants of cardiac performance, particularly during diastolic relaxation and filling 

(Beladan, Calin, Rosca, Ginghina, & Popescu, 2014). However, their acceptance in clinical 

practice has been limited by reproducibility issues (Beladan et al., 2014). Therefore, the 

improvements in sensitivity provided by deformation and the twist-based mechanical actions 

of the LV remain unclear.  

Nevertheless, the role of LV twist as a major contributor to LV filling has generated much 

interest (Sengupta, Tajik, Chandrasekaran, & Khandheria, 2008). For example, reductions in 

diastolic and systolic LV twist as well as basal rotation showed a stronger correlation with 

waist circumference (r=-0.24, P<0.05) in obese middle-aged (44 ± 10 years) participants 

compared with non-obese controls (Wong, Leano, et al., 2006). Similarly, obese adolescents 

had more pronounced LV twist and greater apical rotation than lean controls, confirming the 

feasibility of detection in younger populations (Obert et al., 2012). It was postulated that, 

even in adolescent populations, the greater LV twist in the obese individuals could be viewed 

as a compensatory phenomenon for their depressed longitudinal function, critical for LV 

filling and ejection (Obert et al., 2012). However, previous LV myocardial mechanics in 

rotational indices of twist/untwist rates were not supported by the results from the present 

study. Variability may have limited accurate conclusions from these results, with the 

coefficient of variability for intra-and inter-observer differences averaging around 9.6%. 

Discrepancies in twist mechanics between obese and control could also be related to 

difficulties in imaging capacities, particularly for apical rotation (Beladan et al., 2014).  

Obesity is strongly associated with insulin resistance, impaired glucose tolerance and 

diabetes. The metabolic changes, as well as activation of the sympathetic nervous system and 

renin-angiostensin-aldosterone system, provide possible links between obesity and 

myocardial dysfunction (Wong & Marwick, 2007a). In our study, changes in cardiac and 

myocardial parameters were accompanied by some but not all biological markers in women 

with abdominal obesity compared with non-obese controls. However, the correlations 

between significant markers of TDI and STE with biomarkers of CVD risk were only 

moderate. We propose that obesity is directly related to a sequence of yet to be clarified early 

markers of cardiac risk. 
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Study limitations  

The cross-sectional design of this study means that we cannot address the intriguing 

hypotheses regarding changes in myocardial function over time and the resulting clinical 

consequences. However, this novel demonstration of significant myocardial dysfunction in a 

young population provides necessary motivation for longitudinal interventional studies. 

Moreover, results are specific to Caucasian women
 
at a tertiary institution; however, the 

selected population could also be interpreted as truly representative of a relatively educated 

group of young women in Australia. Also, ultrasound acquisition and analyses are dependent 

on operator skill. Whilst this is a potential explanation of the failure to demonstrate 

differences in some myocardial mechanical indices, the reliability reported for the current 

study was similar to previously published work. Additionally, we did not assess right 

ventricular function or myocardial reserve during exercise studies and it is possible these 

specialised measures may have corroborated our findings of diminished cardiac performance 

(La Gerche, Claessen, & Burns, 2013). Finally, central fat distribution in these young women 

could have been more ideally measured using more precise estimations from devices such as 

MRI and dual energy x-ray absorptiometry.  

 

 

Conclusion 

 

Young women with moderate abdominal obesity, measured by waist circumference, 

displayed larger left atrial dimensions and reduced measures of diastolic and systolic 

myocardial function, compared with non-obese controls. Low grade systemic inflammation 

was also present in young women with abdominal obesity. These findings may provide 

important insights into the links between obesity and the increased incidences of 

cardiometabolic disease. Furthermore, our data provides additional motivation for 

prospective studies which assess whether lifestyle interventions may attenuate the increased 

risk of cardiovascular morbidity.  
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Abstract  

 

Background: Young women are under-represented in chronic disease research, with 

interventions for obesity and other CVD risk factor generally targeting older adults. 

Therefore, this study aimed to assess the impact of a 12 week multi-disciplinary lifestyle 

intervention on reducing cardiometabolic risk in sedentary Caucasian women with abdominal 

obesity.  

 

Methods: Women aged 18-30 y with abdominal obesity [waist circumference (WC) ≥ 80 cm] 

participated in a 12 week lifestyle intervention. Using a randomised controlled design, an 

intervention group undertook physical activity, nutrition education and cognitive behavioural 

therapy (n = 26) alongside a wait-list (delayed-start) control group (n = 17). Both groups 

completed anthropometric, biochemical, nutrition and fitness testing, at pre-intervention/pre-

control (0 week) and post-intervention/post-control (12 week), and with intervention 

participants only, completing follow-up testing at 24 weeks. Physical activity and dietary 

behaviour were also documented at each time-point 

 

Results: Results from a linear mixed model showed no between-group differences other than 

increased physical activity (minutes/week) in the intervention group following the 

intervention. In the intervention group alone, positive within-group changes were observed in 

WC, waist-hip-ratio (WHR), waist-height-ratio (WHtR), resting heart rate, blood pressure, 

predicted VO2max, and total energy intake, with most of these changes maintained at 12 

weeks after intervention cessation. Similar within-group improvements in WC, WHR, WHtR, 

and systolic blood pressure were observed in control participants, but no changes were 

detected in their self-reported markers of nutrition and physical activity. 

 

Conclusions: CVD risk factors were decreased as a result of a lifestyle intervention in young 

women with abdominal obesity. It is difficult to describe observations in the control group 

without a greater understanding of the behaviour of wait-list participants.  New thinking for 

control group designs in studies with Generation Y women is recommended. 
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Trial registration: Australian New Zealand Clinical Trials Registry (anzctr.org.au) Identifier: 

ACTRN12612001017819 

 

Key words: Female, waist circumference, abdominal obesity, physical activity, sustainability, 

cardiovascular disease, control group, multi-disciplinary. 
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Background  

 

Cardiovascular disease (CVD) represents a major health threat to women worldwide (World 

Health Organisation, 2006), consequently placing substantial burden on public health 

systems. Most risk factors for CVD, including overweight/obesity and physical inactivity, can 

be modified through lifestyle interventions (Irving et al., 2008; Kemmler et al., 2009). The 

rising prevalence of overweight and obesity is a worldwide concern among young women 

from developed and developing nations (Stewart et al., 2008). Currently, 51% of non-

hispanic white American women aged 20-39 years are either overweight or obese (Flegal et 

al., 2012), while prevalences among women in the United Kingdom (Health and Social Care 

Information Centre, 2011), and Australia (Australian Bureau of Statistics, 2013) aged 25-34 

years are 47% and 42%, respectively. An average weight gain of 6 to 12 kg between the ages 

of 20 to 30 years was noted in a large longitudinal study of women’s health (Lucke et al., 

2007), and this weight gain was more than for any other age group (Adamson et al., 2007; 

Lucke et al., 2007) . Concurrently, sedentary behaviour is increasing in young 

women (Cleland et al., 2011), with 85% of women aged 18-35 years reporting inactive 

lifestyles and decreased physical activity (Adamson et al., 2007). Among women, weight 

gain is not only a risk factor for CVD but increases the risk of the metabolic 

syndrome (Alberti et al., 2009), type 2 diabetes mellitus, depression, polycystic ovarian 

syndrome, infertility and adverse pregnancy outcomes (Emaus et al., 2008). 

Despite global strategies for preventive health, there is poor understanding of early risk 

factors (cardiometabolic risk factors) in young women, and lifestyle interventions can 

improve health outcomes. Moreover, research assessing the effectiveness of weight 

management interventions specifically targeting young women is relatively 

recent (Hutchesson et al., 2013). Effective age-appropriate interventions for improving 

cardiometabolic risk are required for young adults born between 1977 to 1994 (“Generation 

Y”) who share an urgency for feedback and success (Gokee-LaRose et al., 2009; Martin, 

2005). The limited research that has been conducted in young overweight/obese women 

suggests they are difficult to recruit forweight management trials, with high attrition and 

limited success in losing weight compared with older populations (Griffin, O'Connor, 

Rooney, & Steinbeck, 2013). 
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 Therefore, the primary aim of this study was to assess the feasibility of a lifestyle 

intervention for reducing CVD risk in young women with abdominal obesity, using a 

randomised controlled trial (RCT) design. Specifically, the RCT involved a 12-week multi-

disciplinary program (physical activity, nutrition education, cognitive behavioural therapy) 

with Caucasian women aged 18 to 30 years, who shared the cardiometabolic risk factor of 

abdominal obesity [elevated waist circumference (WC) ≥ 80 cm]. A secondary aim was to 

examine the effectiveness of the intervention through an improved understanding of the 

sustainability of any changes. It was hypothesised that the lifestyle intervention would be 

effective (and sustainable) in reducing cardiometabolic risk in young women with abdominal 

obesity. 

 

Methods 

 

Ethics statement  

The study protocol was approved by the Australian Catholic University Human Research 

Ethics Committee (V2009-91). Written informed consent was obtained, together with a 

cardiovascular risk assessment, from all participants prior to testing.  

 

Participants  

 

Sixty-two female Caucasian tertiary students at risk of CVD volunteered for this study. Data 

were collected between August 2010 and February 2012. Advertisements for recruitment 

specifically sought young women with abdominal obesity (WC ≥ 80 cm), who were also 

leading a sedentary lifestyle. Prospective participants were contacted and underwent an initial 

screening to confirm eligibility. Included were women aged 18 to 30 years; with a waist 

circumference ≥ 80 cm, and who were physically inactive (< 210 minutes per week of 

organised physical activity in the past six months). Exclusion criteria were being pregnant or 

breastfeeding; with a history of bariatric surgery; and/or having a diagnosis of liver or kidney 

disease; heart arrhythmia; insulin dependent diabetes mellitus; polycystic ovarian syndrome; 

thyroid abnormalities. All participants were non-smokers.  
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A power analyses estimated that 18 participants per group would provide the appropriate 

sample size to detect a large within-subject difference of 1.0 standard deviation (β = 80%, 

alpha P < 0.05) in waist circumference from pre-intervention to post-intervention. To allow 

for 20% attrition, there was an attempt to recruit an initial sample size of 44 participants (22 

per group). Figure 7.1 shows the participation of individuals in this study. From 62 women 

who responded to the recruitment strategy, 11 prospective participants were excluded, and a 

further 12 did not respond to preliminary contact. Therefore, 39 willing participants 

underwent pre-intervention/pre-control testing, after which group (block) randomisation 

occurred via a central administrator who allocated participants to either the intervention 

group or wait-list (delayed-start) control group. Block randomisation involved a block size of 

four participants thus allowing for six sequences for allocating participants to the two arms of 

the intervention (Peat & Barton, 2005). Group allocations occurred using identical opaque 

envelopes. Anecdotally, none of the participants assigned to the control group provided an 

immediately negative response. A wait-list control design was chosen because the 

investigators desired an ethically-sound model which provided all participants with access to 

the lifestyle intervention. Also, a wait-list control group was considered more appropriate 

than a passive control group given that health risks were comparable in both groups. After 

allocation to the wait-list control group for 12 weeks, only four participants continued into 

the lifestyle intervention phase. Participants were not blinded to their group, but where 

possible assessors were blinded to group allocation. 

 

 

 

  



152 | P a g e  

 

 

Figure 7.1. CONSORT participant flow-chart of intervention and control participants. (note: four 
participants from the wait-list control group continued into the intervention phase.  
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Experimental design 

 

For each testing period (0, 12, 24 weeks), participants attended the laboratory on two 

occasions. They were requested to refrain from strenuous physical activity in the 24 hours 

prior to all laboratory sessions. The first visit required the participant to arrive in a fasted 

state and clinical testing lasted 75 minutes. The second visit of 60 minutes required 

participants to abstain from caffeine and alcohol for 12 hours. A time course of the 

experimental procedures in these testing sessions is presented in Figure 4.4.  

 

For the intervention group, testing of cardiometabolic risk factors was performed at pre-

intervention (0 weeks), post-intervention (12 weeks) and following a sustainability phase (24 

weeks). The control group underwent testing at pre-control and post-control (12 weeks) time 

periods only (Figure 7.2). For all testing, measurements were taken at the same time of day 

(±2 hours) and by the same researcher. For participants in the control group, monthly contact 

was made to remind them of the control criteria. For the sustainability phase between post-

intervention (12 weeks) testing and the following 12 weeks, a sustainability strategy was 

delivered electronically to the intervention group. This involved a fortnightly newsletter on 

healthy living tips from evidence-based resources.  

 

Neither the investigators nor the participants were blinded to group allocation as this was 

considered impractical for the long-term investigation and limited members of the research 

team. However, to minimise contamination, participants in the intervention group were asked 

to refrain from disclosing their intervention experience to researchers assigned to data 

collection and/or analysis and to wait-list control participants. To further minimise bias, 

assessor blinding occurred within dietary measures and biochemical analyses. For the 

primary outcome variable of WC, measures were completed in duplicate with reported 

measures of reliability: coefficient of variation (CV), intraclass correlation coefficient (ICC) 

and measurement error (ME). 
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Figure 7.2. Timeline of testing for intervention and wait-list control participants 
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Testing measures 

 

Survey data 

A self-administered lifestyle survey was completed to provide data on (i) health status and 

medical conditions, (ii) nutrition (including alcohol consumption), and (iii) current physical 

activity habits. The lifestyle survey was developed specifically for the study and validated 

using the process of face validation (Gravetter & Forzano, 2012). 

 

Anthropometric assessment 

Body composition was assessed via waist circumference (WC), hip circumference, body 

mass index (BMI), and body mass. WC was measured to the nearest 0.1 cm in the horizontal 

plane at the level of the midpoint between the iliac crest and lower costal margin (Alberti et 

al., 2009) using a non-elastic measuring tape, with the average of two measures reported. For 

WC, CV = 1.26%, ICC (3, 1) = 0.986 and ME = 1.34%, which equates to an error range of ± 

2.6 cm. Body mass was measured to the nearest 0.1 kg using digital scales (Tanita, Tokyo, 

Japan) with participants wearing light clothing and no footwear, and height was estimated to 

the nearest 0.1 cm using a wall-mounted stadiometer (Seca, Germany). BMI was calculated 

as weight (kg)/height (m
2
), with overweight/obesity defined as BMI ≥ 25 kg·m

-2 
(World 

Health Organisation, 2006). 

 

Metabolic syndrome markers and additional biochemical parameters 

Metabolic syndrome was defined according to the most recent and unified criteria (Alberti et 

al., 2009), in which three of the following five markers were met:  (1) waist circumference ≥ 

80 cm, (2) serum triglycerides ≥ 1.7 mmol·l
-1

, (3) HDL-cholesterol <1.29 mmol·l
-1

, (4) 

systolic blood pressure (SBP) > 130 mmHg or diastolic blood pressure (DBP) > 85 mmHg, 

and (5) fasting plasma glucose ≥ 5.6 mmol·l
-1

 or previously diagnosed type 2 diabetes. 

Markers of insulin resistance, including fasting insulin and homeostasis model assessment of 

insulin resistance (HOMA-IR), and the pro-inflammatory marker high sensitivity C-reactive 

protein (hs-CRP), were also measured in this study.  
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Following an overnight fast, intravenous blood was collected (8:00-11:00am) from the 

antecubital vein. Blood lipid profiling of serum concentrations of triglycerides, total 

cholesterol and high-density lipoprotein (HDL) cholesterol were measured using the 

Reflotron Plus desktop analyser (Roche, Switzerland). A CV of 3.8% is reported between  

Refloton measurements for total cholesterol and a standardised wet-chemistry method 

(Statland, 1990). Fasting plasma glucose, insulin and hs-CRP concentrations were analysed 

by clinical pathology at a leading hospital. Insulin resistance was estimated by HOMA-IR 

using the equation: HOMA-IR = fasting insulin concentration (µU/mL) x fasting glucose 

concentration (mmol/L) / 22.5 (Matthews et al., 1985).
 
HOMA-IR is a surrogate measure of 

whole body insulin sensitivity and β-cell functioning correlates (r = 0.88) well with estimates 

using the euglycemic clamp method (Bonora et al., 2000)
, 
with a value ≥ 2.0 considered 

indicative of insulin resistance (Jensterle et al., 2008).
 
For hs-CRP, a value > 3.0 mg·l

-1
 was 

deemed high risk (Pearson et al., 2003).  

For SBP and DBP, duplicate assessments were obtained from the left arm with an automated 

digital sphygmomanometer (Carescape V100, Dinamap, GE technology, USA).  

 

Health and Fitness evaluations 

The YMCA graded submaximal cycle ergometer test (Golding et al., 1989) was used to 

estimate aerobic power (predicted VO2max), where heart rate was extrapolated against work 

rate (W) using regression analysis. Physical activity behaviour was obtained via a 7-day 

recall (Sallis et al., 1993). 

Within the acknowledged limitations of dietary recall (Magarey et al., 2011), participants 

completed a three-day food and beverage recall (including vitamins, minerals and/or 

supplements) on two consecutive weekdays and on either a Saturday or Sunday of their usual 

diet. Participants were encouraged not to alter their habitual diet during the recall period. 

Macro- and micro-nutrient intakes were analysed by a research dietician, blinded to grouping, 

using the FoodWorks® 7 Professional program (Xyris software, Highgate Hill, Queensland, 

Australia). An estimation of average daily energy intake was also calculated. 
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Intervention 

 

The 12-wk lifestyle intervention was comprised of three main components: (1) physical 

activity (2) nutrition education, and (3) cognitive behavioural therapy (Table 7.1). Total time 

for participants in the intervention group was approximately 4.5 hours per week. Specifically, 

exercise participation time averaged 3 hours per week. The intervention also included 60 

minutes of psychological support (CBT) plus a 30 minutes nutrition session weekly. 

Participants met in smaller groups for nutrition and exercise sessions while the CBT was one 

larger group per week. In contrast, participants in the wait-list control group (n=17) were 

instructed to continue existing lifestyle choices, and after 12 weeks were invited to complete 

the lifestyle intervention. 

 

Physical activity 

Participants undertaking the intervention completed two supervised exercise sessions 

(progressive circuit training) and one unsupervised, but were prescribed one home-based 

session (brisk walk or jog) per week. The supervised sessions were administered by a 

qualified Exercise Scientist and consisted of a general warm-up, a combination of aerobic 

activities, dynamic strength and/or resistance training, abdominal conditioning, and 

stretching. Session duration lasted approximately 60 min, with the intensity of the exercise 

increasing from 60% to 85% on the OMNI Picture System (range (Robertson, 2004), by the 

end of the 12-week period. The OMNI Picture System is a rating of perceived exertion (RPE) 

scale (ranging from 0 = extremely easy to 10 = extremely hard), with which participants were 

well-familiarised prior to intervention commencement. Evidence supports the use of the 

OMNI-RPE scale by young women (n=34, 18-36 y) to estimate RPE (Utter et al., 2004). A 

positive linear relationship was found between the OMNI-RPE scale and %VO2max (r
2
 = 

0.72), and heart rate (r
2
 = 0.63), respectively, during a graded treadmill exercise test (Utter et 

al., 2004). Intensity was verified by comparing heart rates with RPE during most exercise 

sessions with a Polar heart rate monitor (Polar Electro, Finland). This occurred at the 

completion of the aerobic component of the exercise session. The home-based, unsupervised 

training session involved a brisk walk or jog at an RPE of 5-7 on the OMNI Picture System 

(Robertson, 2004). Participants were encouraged to incorporate intermittent high-intensity 

intervals into their session. Duration of the session progressed from 30 minutes at 
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intervention commencement to 45 minutes at program completion. As a measure of 

compliance, participants maintained a detailed training diary including any extra activities 

they completed during the intervention. The Bruce protocol (Bruce et al., 1973)  was 

completed every three weeks to ensure accuracy of progressive overload of aerobic fitness 

during the program. Upper (chest-press) and lower (leg-press) body strength was tested via a 

5-repetition maximum test to guide the strength and resistance component of the exercise 

intervention (Abadie & Wentworth, 2000). Results from the Bruce protocol and strength test 

provided individualised heart rate and RPE zones and initial loads for the training program, 

respectively. To replicate community resources, sessions occurred in both the gym on campus 

and at a local park.  

 

Nutrition education 

Participants in the intervention group received weekly nutrition education sessions guided by 

a dietician about healthy eating choices from the existing Australian Dietary Guidelines 

(National Health and Medical Research Council, 2005). This information provided education 

regarding non-dieting weight management and healthy eating principles. Following baseline 

analysis of a three-day food and beverage recall, nutrition education topics targeted the 

perceived needs of the female participants, such as appropriate snacks, portion sizes, and 

responsible alcohol consumption.  

 

Cognitive behavioural therapy 

Within the framework of self-determination theory (Deci & Ryan, 1985), weekly 60-minute 

group sessions with a counsellor provided participants with psychosocial support and 

developed skills to overcome personal barriers to lifestyle change. Topics included changing 

behaviour, goal setting, self-efficacy and building self-confidence. The program aimed, 

ultimately, to empower individuals to develop healthier eating and physical activity patterns 

(Miller & Jacob, 2001). 
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Table 7.1. Outline of the 12-week multi-disciplinary lifestyle intervention of physical activity, nutrition education and cognitive behavioural therapy. 

 

5-RM repetition max 

 

  

Week Physical Activity Nutrition Education Cognitive Behavioural Therapy (CBT) 

 Supervised 

session 

intensity 

(%) 

Unsupervised 

session 

duration 

(mins) 

Fitness 

testing 

Weekly Topics Weekly Topics 

“Mission Possible” 

1 60 30 

30 

30 

Bruce, 5-RM Australian dietary guidelines for adults  Group formation and introductions 

2 60 Australian physical activity guidelines for adults Changing Behaviour: Benefits of change 

3 65 Label reading and interpretation  Identifying strengths: Building momentum 

4 65 35 

35 

35 

Bruce, 5-RM Serving size Motivation: Goal setting for success 

5 70 Glycemic index  Overcoming the barriers to change 

6 70 Separating fact from fiction Food for health: Making nutrition work for you 

7 75 40 

40 

40 

Bruce, 5-RM  Food variety, dietary fibre and snack choices Letting go of the ‘uncontrollable’ 

8 75 Dietary fats and take-away food Examining self-talk and building self-confidence 

9 80 Fluids, hydration and alcohol Physical activity and mood 

10 80 45 

45 

45 

Bruce, 5-RM  

 

Protein and iron Social support 

11 85 Fad diets and body image Behavioural change for life 

12 85 Dairy products and calcium Group endings  
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Statistical analyses 

 

Data were analysed using IBM SPSS Statistics, Version 20 for Windows (SPSS Inc, Chicago 

IL). Data were tested for normal distribution using the Shapiro-Wilk statistic and skewness 

and kurtosis (Peat & Barton, 2005). Log transformation was performed with data not 

normally distributed. All data are presented as means ± standard deviation. Statistical 

significance was set at P ≤ 0.05. A linear mixed-model analysis was used to calculate the 

differences between groups and across time for the intervention and control groups. Hedge’s 

g effect size was used to assess the magnitude of effect. An effect size ≥ 0.2 was considered 

small, ≥ 0.5 medium, and ≥ 0.8 large (Cohen, 1988). Mean differences and 95% confidence 

intervals (CI) are reported.   

 

 

Results  

 

A total of 39 participants were included in the analysis. For reasons described in Figure 7.1, 

27% of intervention participants and 35% of control participants failed to maintain study 

involvement beyond pre-intervention/pre-control measures. However, for those completing 

the intervention, compliance rates were high with 80% attendance at physical activity and 

nutrition sessions and 74% at CBT sessions. 

A per-protocol analysis (n=30) was performed on participants who completed the entire study 

excluding those who withdrew (n=9). Additionally, a sensitivity analysis was conducted to 

compare the means of those participants (n=4) who were allocated to the wait-list control 

group and who then undertook the intervention. No differences were found using both 

analyses and the findings were not altered. 
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Between group differences 

Table 7.2 shows the results of comparisons between the intervention and control groups 

before and following the intervention, using a linear mixed model analysis. With only one 

difference observed between groups at pre-intervention, this supports the homogeneity of the 

groups. The baseline difference was found in a higher resting heart rate, in the intervention 

group, with a moderate effect size (g=0.79). At post-intervention, only physical activity was 

higher in the intervention group than the control group, with a large effect size (g=2.14). 
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Table 7.2. Between group comparisons of cardiometabolic risk factors for the intervention and control group at pre (0 weeks) and post (12 weeks). 

 

Data presented as mean ± standard deviation, # log10 transformation, * P ≤ 0.05. BP blood pressure, HDL high-density lipoprotein, HOMA-IR homeostasis model 

assessment of insulin resistance, hs-CRP high sensitivity C-reactive protein, CHO carbohydrates. Effect size ≥ 0.2 small, ≥ 0.5 medium, ≥ 0.8 large (Vincent, 1995). 

 

 

 Pre-control/pre-intervention (0 weeks) Post-control/post-intervention (12 weeks) 

Control 

(n=17) 

Intervention 

(n=26) 
P value 

Effect size 

(Hedge’s g) 

Mean difference 

(95%CI) 

Control 

(n=11) 

Intervention 

(n=19) 
P value 

Effect size 

(Hedge’s g) 

Mean difference 

(95%CI) 

Anthromometric assessment           

   Body mass (kg) 86.1 ± 17.8 89.8 ± 21.1 0.564 0.18 3.7 (-9.2 to 16.6) 82.5 ± 19.5 86.9 ± 20.5 0.609 0.21 4.4 (-11.2 to 20.1) 

   Body mass index (kg·m
-2

) 31.4 ± 6.6 32.2 ± 5.9 0.674 0.13 0.8 (-3.1 to 4.8) 30.0 ± 6.6 31.3 ± 0.9 0.724 0.31 1.3 (-3.5 to 6.0) 

   Waist circumference (cm) 92.8 ± 10.8 93.1 ± 11.7 0.930 0.03 0.3 (-7.1 to 7.7) 87.2 ± 10.5 87.3 ± 9.8 0.910 0.01 0.1 (-7.7 to 8.0) 

   Hip circumference (cm) 113.8 ± 11.5 116.3 ± 13.3 0.537 0.19 2.5 (-5.7 to 10.7) 111.1 ± 11.9 114.2 ± 13.50 0.696 0.23 3.1 (-6.9 to 13.2) 

   Waist-hip-ratio 0.81 ± 0.03 0.79 ± 0.05 0.242 0.46 0.02 (-0.04 to 0.01) 0.78 ± 0.03 0.77 ± 0.04 0.581 0.26 -0.01 (-0.05 to 0.01) 

   Waist-height-ratio 0.56 ± 0.06 0.56 ± 0.06 0.989 0.00 0.0 (-0.04 to 0.04) 0.53 ± 0.06 0.53 ± 0.05 0.927 0.00 0.0 (-0.04 to 0.04) 

Metabolic syndrome markers           

   Systolic BP (mmHg) 119 ± 8 120 ± 11 0.669 0.10 1.0 (-5.0 to 7.8) 111 ± 12 116 ± 9 0.312 0.48 5.0 (-2.4 to 13.1) 

   Diastolic BP (mmHg) 64 ± 8 68 ± 6 0.115 0.10 4.0 (-0.8 to 8.1) 59 ± 5 64 ± 9 0.108 0.62 5.0 (-1.5 to 10.3) 

   HDL-cholesterol (mmol·L
-1

) 1.7 ± 0.6 1.7 ± 0.5 0.887 0.00 0.0  (-0.4 to 0.3) 2.0 ± 0.5 1.9 ± 0.5 0.706 0.19 -0.1 (-0.4 to 0.3) 

   Triglycerides (mmol·L
-1

)
#
 1.2 ± 0.4 1.3 ± 0.5 0.838 0.21 0.1 (-0.2 to 0.4) 1.5 ± 0.6 1.4 ± 0.7 0.255 0.15 -0.1 (-0.7 to 0.3) 

   Fasting glucose (mmol·L
-1

)
#
 4.5 ± 0.6 4.6 ± 0.4 0.353 0.20 0.1 (-0.2 to 0.5) 4.4 ± 0.6 4.6 ± 0.4 0.325 0.40 0.2 (-0.2 to 0.5) 

Additional biochemical parameters           

   Total cholesterol (mmol·L
-1

) 4.3 ± 0.5 4.4 ± 0.6 0.645 0.17 0.1 (-0.3 to 0.5) 4.3 ± 0.4 4.3 ± 0.8 0.746 0.00 0.0 (-0.5 to 0.6) 

   Fasting insulin (mU·L
-1

)
#
 8.1 ± 4.4 9.4 ± 4.7 0.720 0.28 1.3 (-1.9 to 4.4) 7.4 ± 2.7 8.1 ± 2.6 0.203 0.26 0.7 (-1.3 to 2.8) 

   HOMA-IR  1.6 ± 1.0 1.9 ± 1.0 0.331 0.29 0.3 (-0.4 to 0.9) 1.4 ± 0.5 1.6 ± 0.5 0.614 0.39 0.2 (-0.2 to 0.6) 

   hsCRP (mg·L
-1

)
#
 2.9 ± 2.6 3.5 ± 3.0 0.495 0.21 0.6 (-1.4 to 2.4) 3.9 ± 3.7 4.6 ± 4.9 0.579 0.15 0.6 (-2.9 to 4.2) 

Fitness appraisal           

   Resting heart rate (bpm) 67 ± 10 76 ± 12 0.019* 0.79 9.0 (0.9 to 15.8) 67 ± 9 68 ± 8 0.929 0.12 1.0 (-6.0 to 6.9) 

   Predicted 2OV max (L·min
-1

) 2.7 ± 0.2 2.4 ± 0.5 0.515 0.74 -0.3 (-0.7 to 0.1) 2.5 ± 0.6 2.8 ± 0.6 0.347 0.49 0.3 (-0.2 to 0.7) 

   Predicted 2OV max (mL·kg
-1

·min
-1

) 32.0 ± 10.3 27.9 ± 7.0 0.133 0.47 -4.1 (-9.8 to 1.5) 31.7 ± 10.9 32.6 ± 6.8 0.245 0.10 0.9 (-5.7 to 7.5) 

   Physical activity (min·week
-1

)
#
 118 ± 89 97 ± 62 0.870 0.27 21 (-73.4 to 30.9) 121 ± 81 280 ± 67 < 0.001

*
 2.14 159 (103.0 to 215.5) 

Nutrition evaluation           

   Energy (kj) 6657 ± 3310 6535 ± 2183 0.945 0.04 122 (-2501 to 2255) 5065 ± 1346 5223 ± 1725 0.743 0.10 158 (-1266 to 1581) 

   CHO (g) 194 ± 87 166 ± 74 0.386 0.34 28 (-88.7 to 33.7) 205 ± 101 178 ± 96 0.443 0.27 -27 (-112.1 to 59.0) 

   Protein (g)
#
 135 ± 93 173 ± 86 0.097 0.42 38 (-30.1 to 107.6) 137 ± 59 138 ± 63 0.857 0.01 1.0 (-53.9 to 55.0) 

   Total fat (g)
#
 66 ± 38 66 ± 34 0.734 0.00 0.0 (-27.9 to 27.6) 50 ± 13 55 ± 14 0.457 0.36 5.0 (-7.0 to 17.0) 
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Intervention group  

For the intervention group, there were positive significant (P ≤ 0.05) changes pre-to post-

intervention for WC (-6.4%), WHR (-2.5%), WHtR (-5.5%), SBP (-3.4%), DBP (-5.8%), 

resting heart rate (-11%), predicted VO2max (+15%), physical activity (+97%) and total energy 

intake (-22%) (Table 7.3 and Figure 7.3). Absolute protein intake (g) decreased but this 

difference disappeared when the decreased total energy intake was accounted for. Many of 

these improvements were maintained at sustainability (24 weeks) testing, and while predicted 

VO2max and physical activity reduced during the 12-week sustainability phase, physical 

activity remained greater than at pre-intervention.  

 

Control group  

Despite being requested to maintain normal lifestyle habits, the control group displayed 

several improvements from pre- to post-testing, including WC (-6.2%), WHR (-3.8%), WHtR 

(-5.5%) and SBP (-7.0%), while circulating triglycerides rose (Table 7.4 and Figure 7.3). In 

contrast to the intervention group, there were no changes in reported DBP, reported physical 

activity, predicted VO2max, resting heart rate and energy intake following the 12-week control 

period.  
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Table 7.3. Within-group comparisons of cardiometabolic risk factors for the intervention group at 

pre-intervention, post-intervention, and sustainability 

Data presented as mean ± standard deviation, # log10 transformation, * P ≤ 0.05. Int, intervention. BP blood 

pressure, HDL high-density lipoprotein, HOMA-IR homeostasis model assessment of insulin resistance, hs-CRP 
high sensitivity C-reactive protein, CHO carbohydrates.   

    P-values  

Variable 

Pre-int. 

 (0 weeks) 

(n=26) 

Post-int. 

(12 week) 

(n=19) 

Sustainability  

(24 week) 

(n=19) 

 

Pre-int.  

vs 

Post-int. 

 

 

Pre-int. 

vs 

Sustainability 

 

 

Post-int.  

 vs 

Sustainability 

 

Anthropometric assessment       

   Body mass (kg) 
89.8 ± 21.1 86.9 ± 20.5 

86.1 ± 20.3 0.791 0.408 
0.369 

   Body mass index (kg·m
-2

) 
32.2 ± 5.9 31.3 ± 0.9 

31.0 ±  6.1 0.447 0.197 
0.291 

   Waist circumference (cm) 
93.1 ± 11.7 87.3 ± 9.8 

87.8 ± 9.4 < 0.001
*
 0.002

*
 

0.696 

   Hip circumference (cm) 
116.3 ± 13.3 114.2 ± 13.50 

114.5 ± 13.9 0.309 0.627 
0.734 

   Waist-hip-ratio 
0.79 ± 0.05 0.77 ± 0.04 

0.77 ± 0.04 0.002
*
 0.018

*
 

0.998 

  Waist-height-ratio 
0.56 ± 0.06 0.53 ± 0.05 

0.53 ± 0.05 < 0.001
*
 0.001

*
 

0.841 

Metabolic syndrome markers 
  

   
 

   Systolic BP (mmHg) 120 ± 11 116 ± 9 
116 ± 11 0.047

*
 0.131 

0.967 

   Diastolic BP (mmHg) 68 ± 6 64 ± 9 
64 ± 6 0.040

*
 0.050* 

0.841 

   HDL-cholesterol (mmol·L
-1

) 1.7 ± 0.5 1.9 ± 0.5 
1.9 ±  0.4 0.193 0.386 

0.726 

   Triglycerides (mmol·L
-1

)
#
 1.3 ± 0.5 1.4 ± 0.7 

1.5 ± 1.0 0.855 0.271 
0.221 

   Fasting glucose (mmol·L
-1

)
#
 4.6 ± 0.4 4.6 ± 0.4 

4.6 ± 0.5 0.728 0.559 
0.756 

Additional biochemical parameters 
  

   
 

   Total cholesterol (mmol·L
-1

) 4.4 ± 0.6 4.3 ± 0.8 
4.3 ± 0.6 0.542 0.671 

0.937 

   Fasting insulin (mU·L
-1

)
#
 9.4 ± 4.7 8.1 ± 2.6 

8.8 ± 4.7 0.957 0.466 
0.344 

   HOMA-IR 1.9 ± 1.0 1.6 ± 0.5 
1.80 ± 0.97 0.176 0.575 

0.480 

   hsCRP (mg·L
-1

)
#
 3.5 ± 3.0 4.6 ± 4.9 

4.7 ± 3.8 0.743 0.148 
0.140 

Fitness appraisal 
  

   
 

   Resting heart rate (bpm) 76 ± 12 68 ± 8 
66 ± 9 0.020

*
 0.004

*
 

0.489 

   Predicted 2OV max (L·min
-1

) 2.4 ± 0.5 2.8 ± 0.6 
2.5 ± 0.6 0.029

*
 0.471 

0.179 

   Predicted 2OV max (mL·kg
-1

·min
-1

) 27.9 ± 7.0 32.6 ± 6.8 
30.9 ± 9.7 0.000

*
 0.248 

< 0.001
*
 

   Physical activity (min·week
-1

)
#
 97 ± 62 280 ± 67 

143.7 ± 48.4 < 0.001
*
 0.002

*
 

< 0.001
*
 

Nutrition evaluation       

   Energy (kj) 
6535 ± 2183 5223 ± 1725 

5538 ± 2588 0.007
*
 0.269 

0.161 

   CHO (g) 
166 ± 74 178 ± 96 

154 ± 83 0.638 0.928 
0.638 

   Protein (g)
#
 

173 ± 86 138 ± 63 
150 ± 86 0.012

*
 0.520 

0.079 

   Total fat (g)
#
 

66 ± 34 55 ± 14 
56 ± 20 0.227 0.575 

0.513 



165 | P a g e  

 

Table 7.4. Within-group comparisons of cardiometabolic risk factors for the control group at pre-

control and post-control. 

 

Variable 

Pre-control 

(0 weeks) 

n = 17 

Post-control 

 (12 weeks) 

n = 11 

P value 

Anthropometric assessment    

   Body mass (kg) 86.1 ± 17.8 82.5 ± 19.5 0.893 

   Body mass index (kg·m-2) 31.4 ± 6.6 30.0 ± 6.6 0.775 

   Waist circumference (cm) 92.8 ± 10.8 87.2 ± 10.5 < 0.001* 

   Hip circumference (cm) 113.8 ± 11.5 111.1 ± 11.9 0.894 

   Waist-hip-ratio 0.81 ± 0.03 0.78 ± 0.03 0.001* 

   Waist-height-ratio 0.56 ± 0.06 0.53 ± 0.06 0.011* 

Metabolic syndrome markers    

   Systolic BP (mmHg) 119 ± 8 110 ± 12 0.012* 

   Diastolic BP (mmHg) 64 ± 8 59 ± 5 0.115 

   HDL-cholesterol (mmol·L
-1

) 1.7 ± 0.6 2.0 ± 0.5 0.194 

   Triglycerides (mmol·L
-1

)
# 1.2 ± 0.4 1.5 ± 0.6 0.034* 

   Fasting glucose (mmol·L
-1

)
# 4.5 ± 0.6 4.4 ± 0.6 0.662 

Additional biochemical parameters    

   Total cholesterol (mmol·L
-1

) 4.3 ± 0.5 4.3 ± 0.4 0.730 

   Fasting insulin (mU·L-1)# 8.1 ± 4.4 7.4 ± 2.7 0.775 

   HOMA-IR  1.6 ± 1.0 1.4 ± 0.5 0.522 

   hsCRP (mg·L-1)# 2.9 ± 2.6 3.9 ± 3.7 0.727 

Fitness appraisal    

   Resting heart rate (bpm) 67 ± 10 67 ± 9 0.919 

   Predicted 2OV max (L·min-1) 2.7 ± 0.2 2.5 ± 0.6 0.962 

   Predicted 2OV max (mL·kg-1·min-1) 32.0 ± 10.3 31.7 ± 10.9 0.945 

   Physical activity (min·week-1)# 118 ± 89 121 ± 81 0.362 

Nutrition evaluation    

   Energy (kj) 6657 ± 3310 5065 ± 1346 0.115 

   CHO (g) 194 ± 87 205 ± 101 0.745 

   Protein (g)# 135 ± 93 137 ± 59 0.947 

   Total fat (g) # 66 ± 38 50 ± 13 0.213 

BP blood pressure, HDL high-density lipoprotein, HOMA-IR homeostasis model assessment of insulin 

resistance, hs-CRP high sensitivity C-reactive protein, CHO carbohydrates. Data presented as mean ± standard 

deviation, # log10 transformation, * P ≤ 0.05 
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Figure 7.3. Mean and 95% CI for intervention (n=26) and control (n=11) participants during the 

multi-disciplinary lifestyle intervention at pre-intervention, n=26/pre-control, n=17 (0 weeks), post-
intervention, n=19/post-control, n=11 (12 weeks) and sustainability, n=19 (24 weeks) for (i) waist 

circumference, (ii) physical activity, and (iii) energy intake.  

‘a’ denotes. P ≤ 0.05 from pre-intervention to post-intervention. 

‘b’ denotes. P ≤ 0.05 from pre-intervention to sustainability. 

‘c’ denotes. P ≤ 0.05 from post-intervention to sustainability 

‘d’ denotes. P ≤ 0.05 between intervention and control groups (at post). 

‘e’ denotes. P ≤ 0.05 from pre-control to post-control. 
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Discussion  

 

The effectiveness of the multi-disciplinary lifestyle intervention for reducing CVD risk in 

young women was highlighted by within-group improvements in a range of risk factors for 

the intervention group, with several of these improved markers retained 12 weeks after 

completion of the lifestyle intervention. Thus, these data suggest a relatively successful 

intervention for reducing CVD risk with promising sustainability. However, when between-

group comparisons were made with the control group, the findings suggested a 

research design that was largely unsuccessful in identifying the effectiveness of the 

intervention phase.  This raises several concerns associated with a wait-list control design 

when used with overweight/obese young women. Concerns from the current study support 

previous findings that describe more difficulties in retaining younger than older females to 

research trials (Hutchesson et al., 2013). 

Positive changes within the intervention group were demonstrated with improvements in WC 

related measures, systolic and diastolic blood pressure, aerobic fitness and physical activity, 

and dietary energy intake. Collectively, these measures imply that the intervention produced 

cardiovascular, more so than metabolic, benefits for the intervention group. The use of 

investigative procedures such as non-invasive echocardiography or MRI may provide insight 

into the significance of these changes (Kosmala et al., 2008).  

Improvements in fitness and physical activity and reduced energy intake also suggest that the 

exercise and nutrition education components of the intervention, respectively, were effective. 

Moreover, there was strong evidence for sustainability of intervention-induced improvements 

at 24 weeks, suggesting that the CBT component produced positive behavioural change in 

participants. 

However, similar post-intervention changes in our wait-list control group, made it difficult to 

detect any anthropometric, biochemical, fitness or dietary differences between groups 

following the 12-week intervention phase. The control group in this RCT also displayed a 

decrease in WC that paralleled the intervention group, despite undetectable changes in self-

reported physical activity and nutrition. The decreased WC of the control group is 

particularly difficult to explain without further investigative procedures such as 

accelerometry for physical activity and more rigorous dietary monitoring, but does suggest 
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that basic awareness of CVD risk might be enough to evoke change in targeted populations 

(Wake et al., 2013; Waters, George, Chey, & Bauman, 2012).  

Randomised controlled trials provide the highest level of evidence for the effects of an 

intervention and are deemed to be scientifically rigorous (Peat, 2001), with control groups 

employed to provide a contrast for the experimental group (Elliott & Brown, 2002) and for 

establishing the efficacy of an intervention (Baucom, Hahlweg, & Kuschel, 2003). But 

changed outcomes that arise from a wait-list control condition can be detrimental rather than 

beneficial to a randomised controlled trial (Elliott & Brown, 2002), and this occurred in the 

current study. Therefore, wait-list control designs might not be appropriate for this 

population.  

Retention and compliance of wait-list participants is also an issue for consideration when 

planning control conditions essential for maintaining the rigour of a randomised control 

design. In this study, more than one-third of the control group failed to return for post-testing 

at 12 weeks despite researcher attempts to maintain contact. In contrast, once engaged in the 

intervention group, retention to lifestyle change was high for at least 24 weeks. It is 

postulated that assigning participants to the control group decreased their motivation to 

participate. Thus, the duration (12 weeks) and/or conditions (no changes to existing lifestyle) 

of the control group do not appear suitable for women of this age group and demographic. 

Alternative strategies for immediate engagement, perhaps via topics of interest using 

multimedia such as health-related apps or support groups might improve commitment and 

maintain control group compliance. There were also some difficulties encountered with 

recruitment, with almost a quarter of interested and eligible participants failing to engage 

after initial commitment (prior to group allocation). Complexities associated with recruiting 

young women for weight management trials, especially from ‘Generation Y’, may result in 

smaller sample sizes and require shorter periods of engagement (Griffin et al., 2013).  

Although not always the case (Crist et al., 2012), successful outcomes have been observed 

following lifestyle interventions with middle-aged (Irving et al., 2008) and older women 

(Kemmler et al., 2009). But there is a lack of effective lifestyle interventions for young 

adults, with no weight loss programs to date developed specifically to address the needs of 

this age group. Outcomes, enrolment and retention rates have been compared between 

younger (18-35 years, n=21) and more mature (> 35 years, n = 277) adults (66% female) 

engaged in similar behavioural weight loss and physical activity programs (Gokee-LaRose et 
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al., 2009). Results showed attendance was 30% lower in young adults and they were 30% less 

likely to be retained for the 6-month assessment. Weight loss and increases in total physical 

activity from baseline to 6 months were significantly less in the younger population.  

Although the number of younger adults was relatively small, these results indicated that 

traditional interventions were less successful in young adults (Gokee-LaRose et al., 2009). 

These findings are supported by results from other studies attempting to engage young adults 

(Chang et al., 2010; Donnelly et al., 2003; Thomson et al., 2008). 

This study is not without limitations. Despite recruitment and retention strategies, the sample 

size, particularly in the control condition, was lower than anticipated at completion of the 

study, suggesting it was slightly under-powered. Additionally, the results are specific to 

Caucasian women
 
at a tertiary institution. To capture any potential changes to control groups 

in a wait-list design, objective measures (e.g. accelerometers, fortnightly anthropometric 

measures) might be useful. In addition, the use of more objective measures of physical 

activity and dietary compliance would strengthen evidence of change in this age group of 

women.  

Nonetheless, the study contributes to a very limited number of healthy lifestyle interventions 

in young adult women (< 30 years of age) with cardiometabolic risk factors (Chang et al., 

2010). The multi-disciplinary lifestyle intervention confirms the potential value in health 

changes observed post-intervention, with favourable sustainability at a 12 weeks. 
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Conclusions  

 

Within-group analysis showed that the multi-disciplinary lifestyle intervention comprising 

physical activity, nutrition education and CBT was positive for the reduction of CVD risk 

factors both immediately after and beyond the completion of the program. However, we also 

observed positive, but unexpected and difficult to explain, changes in the wait-list control 

group. Therefore, comparative lifestyle benefits for the intervention group may have been 

masked by undetectable weight management behaviour in the control group. When 

considered alongside the difficulties faced with recruitment and retention, especially in the 

nature of the control group, these results provide a challenge for prospective study designs 

with young women with cardiometabolic risk factors. Traditional RCT designs may be 

problematic for healthy lifestyle interventions in young women. 
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7.1. ADDENDUM: Perceived barriers to lifestyle change. 

 

Introduction 

 

While participation in regular physical activity is vital for health, women experience many 

and varied barriers to participating in physical activity (Yeats, 2010). In adult women, lack of 

time is often cited as the most prominent barrier to participation in physical activity, with 

work and study attributed to lack of time (Arango, Patiño, Quintero, & Arenas, 2011). 

Parenting/caring demands, body image and safety concerns are also highly ranked as 

perceived barriers for women (Yeats, 2010). 

In the present study, selected psychological instruments were surveyed for a range of 

personal behavioural patterns. The objective was to determine the importance, motives, stage 

of change, and perceived barriers for participation in physical activity, together with 

information about perceived barriers to healthy eating. 

 

Methods 

 

At the pre-intervention/pre-control, post-intervention/post-control, and sustainability testing 

periods, participants completed three psychological instruments to address physical 

activity/exercise related behaviours. These inventories, described in Chapter 4, were: 

1) Motives for Physical Activity Measure – Revised (MPAM-R) (Ryan et al., 1997). 

 

2) Perceived Barriers to Activity (Booth et al., 1997; King et al., 2000). 

 

3) Stage of Change for Exercise (B. Marcus et al., 1992). 

In addition, participants specified their perception of ‘exercise importance’ and rated 

perceived barriers for healthy eating (Fowles & Feucht, 2004) on a 5-pointLikert-scale. 
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Results 

 

Table 7.5 presents the personal behavioural patterns for the intervention and control groups at 

the pre-intervention/pre-control (0 weeks) and post-intervention/post-control (12 weeks) time 

periods. The three major barriers to physical activity and healthy eating are shown. For the 

motives for physical activity, the responses are ranked from most (1) to least (5) important. 

For the stage of change for exercise, the percentage distribution for each participant group is 

provided, as is the distribution of responses for perceived exercise importance, calculated 

from cross-tabulations. Similarly, Table 7.6 presents the responses for participants who 

completed the lifestyle intervention, with data gathered at the pre-intervention (0 weeks), 

post-intervention (12 weeks) and the ‘sustainability’ (24 weeks) time periods. 
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Table 7.5. Personal behavioural patterns: between-group comparisons for the control and intervention groups at pre-intervention/pre-control and post-

intervention/post-control. 
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Table 7.6. Personal behavioural patterns: within-group comparisons for the intervention group at pre-intervention, post-intervention, and sustainability.. 

 



175 | P a g e  
 

Discussion 

 

An understanding of the barriers to behaviour change, and the motives and importance given 

to such change by individuals, is important when considering the implementation and 

assessment of intervention programs and their outcomes. For the young women involved in 

the intervention study of this thesis, the majority of participants viewed exercise as very 

important or important. The motives for exercise participation and the barriers to healthy 

lifestyle change were similar to previous reports of in adults < 40 years of age (Arango et al., 

2011; Lovell, El Ansari, & Parker, 2010).  

At baseline, the spread of behaviour patterns reported by participants was similar between the 

intervention and control groups (Table 7.5). In the present study, the primary barriers to 

exercise was “feeling too tired”. This agrees with previous work with adults (age 37 ± 8 y, 

60% female) in which the highest ranked perceived barrier to physical activity was ‘lack of 

will power’ (Arango et al., 2011). In this same study, women reported higher barrier scores 

than men, and obese participants reported a greater proportion of barriers than their non-

obese counterparts. Thus, analysis of barriers to physical activity faced by overweight/obese 

women is essential when planning any strategy to increase the motivation and adherence to 

an active lifestyle. For motives to engage in physical activity in the present study, “fitness” 

was ranked second behind “appearance” as the most prominent. This is in agreement with 

work with non-exercising female university students (age 19 ± 1 y) who reported their 

greatest perceived benefit from exercise to be ‘physical performance’ (Lovell, El Ansari & 

Parker, 2010). 

At baseline for “stage of change for exercise”, the majority of participants in the intervention 

and control groups were in the contemplation/preparation. This is consistent with other work 

(Arango et al., 2011) with adults (age 37 ± 8 y, 60% female) where the most prevalent stage 

of change for exercise was ‘contemplation’, followed by ‘preparation’. It was concluded that 

barriers to increased physical activity were most prominent in women and obese individuals 

who identified themselves as being in the ‘contemplation’ and ’preparation’ stage of change 

(Arango et al., 2011). This further highlights the importance of collecting and understanding 

these types of semi-quantitative data when designing and implementing lifestyle programs. 
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Following the 12-week intervention, participants demonstrated shifts in “stage of change for 

exercise” ratings, from a pre-intervention value of 0% for the ‘action phase’ to 68% by 

intervention completion. The intervention group also demonstrated a change in their 

perspective of exercise importance, with 84% of the group expressing exercise as ‘very 

important or important’ compared with only 50% at pre-intervention. These shifts could 

indicate a greater knowledge in the participants of the value of exercise and of strategies for 

incorporating it into their lifestyle routines, as highlighted in post-intervention focus group 

testing and anonymous program evaluations (see Addendum 7.2 for more details). However, 

at the ‘sustainability’ testing phase at 12 weeks after completion of the intervention (Table 

7.6), a move back towards relapse/preparation was observed. This might reflect the rebound 

previously reported once an intervention program has been withdrawn, even when 

behavioural change strategies have been implemented (Wycherley et al., 2012). 

Similarly, the control group displayed a shift in “stage of change for exercise” ratings in the 

same direction, although to a lesser extent, as the intervention group. Specifically, 22% of the 

control group reported being in the ‘action phase’ at post-control assessment, compared with 

0% at the pre-control phase. This general change from pre-contemplation/contemplation to 

preparation/action in the control group provided evidence of a shift in motivation to 

commence lifestyle change, despite instructions to maintain current behaviours for the 12-

week control period. The shift might be associated with improvements observed in some 

CVD risk factors (in particular, waist circumference) at the post-control testing, despite no 

detectable changes in self-reported physical activity and nutrition behaviours (see Chapter 7). 

The results of the current study have implications for the design of physical activity programs 

and lifestyle interventions. The analysis of barriers that hinder physical activity engagement 

of participants, and their stage of change for exercise, is essential if successful behavioural 

change strategies are to be maintained. This is of particular importance if strategies are to 

target overweight/obese women and if exercise is to be a component of the intervention. 

Therefore, results of psychological changes in the current study support the need for age- and 

context-specific programs when attempting to engage sedentary young women in exercise 

programs. 
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7.2. ADDENDUM: Evaluation of the program 

 

Introduction 

 

A RCT design is widely accepted as the most reliable method for determining effectiveness 

(Oakley, Strange, Bonell, Allen, & Stephenson, 2006); (Campbell et al., 2000). Additionally, 

if possible, a RCT should always be considered because it is the most robust method of 

preventing bias (Campbell et al., 2000). The present study employed a “complex 

intervention” design that was multi-disciplinary, with three interacting components (i.e. 

physical activity, nutrition education, CBT).Due to their multifaceted nature and dependence 

on social context, complex interventions pose methodological challenges (Medical Research 

Council, 2000; Oakley et al., 2006). Therefore, it has been suggested that a lack of 

intervention impact may reflect implementation failure rather than genuine ineffectiveness 

and, thus, process evaluation is needed to identify implementation problems (Medical 

Research Council, 2000). Including a process evaluation of a RCT intervention is 

recommended to explain discrepancies between expected and observed outcome, to 

understand how context influences outcomes, and to provide insight to direct future 

implementation (Medical Research Council, 2000).  

In the present work, several processes were implemented with the aim to better understand 

the experiences of the participants and, ultimately, to inform the evaluation of the lifestyle 

intervention and study overall. Three methods were used for the data collection process 

evaluation including:  

 A focus group session at the completion of the intervention. 

 

 Anonymous completion of an evaluation form at the completion of the intervention.  

 

 Feedback from wait-list control group participants who withdrew from the study. 

 

 An appraisal of recruitment, attendance, and retention rates of intervention 

participants. 
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Methods 

 

At the completion of the lifestyle intervention, a focus group was conducted to gather rich 

data from participants about their experiences (Appendix 16). A facilitator qualified in the 

area of counselling conducted a 60-minute focus group with participants from the study, 

selected at random (n=7). The facilitator asked a series of semi-structured questions (Table 

7.7) to encourage discussion within the group. The session audio was digitally recorded and 

transcribed verbatim to allow for theoretical analyses. Data were categorised and coded 

according to the researcher’s perspectives of emergent themes. 

 

Table 7.7. Questions initiated by the facilitator used to develop discussion in the focus group. 

1. What did being involved in the study mean to you? 

2. Why did you respond to the initial email request for participants? 

3. What is your current exercise regimen? 

4. How have your nutritional choices been affected by your participation? 

5. What or who are the biggest challenges to your healthy lifestyle? 

6. What or who helps you lead a healthy lifestyle? 

7. What are your short and long term healthy lifestyle goals?  

8. What are two main things you learnt about changes you needed to make? 

 

In addition to the focus group, an evaluation survey was completed anonymously by all 

participants, to gather feedback on the lifestyle intervention program (Appendix 17). The 

questionnaire evaluated several aspects of the program including: characteristics of the 

exercise instructor (who also delivered key nutrition messages prepared by a dietician) and 

group CBT counsellor; attainment of personal goals; each of the three intervention 

components (i.e. physical activity, nutrition education, and CBT); and, if the program met 

personal expectations.  
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Throughout the course of the control period, six wait-list control participants withdrew from 

the study. These participants were invited to provide feedback regarding reasons for 

withdrawal and three participants responded. These participants were asked two questions: 

1) How did you feel when you were initially assigned to the control group? 

 

2) Did your involvement in the study as a control participant trigger you to change 

anything about your current lifestyle? 

 

A record of the flow of participants through the intervention was maintained using the 

CONSORT guidelines (Schulz, Altman, & Moher, 2010) to detail; (i) number of initial 

responses to study advertisements, (ii) number of eligible and ineligible participants, (ii) 

participant withdrawal/retention rates for the intervention and control groups, and (iv) those 

participants who were represented in both the intervention and control groups. Furthermore, 

attendance at training sessions and the group CBT classes, together with a detailed training 

diary kept by all intervention participants, were used to evaluate program adherence. 

 

Results 

 

Focus group (intervention participants) 

A record of the post-intervention focus group session, transcribed from an audio recording, 

was analysed for emergent themes. From this analysis, the top five emergent themes were:  

 

1. ‘OPPORTUNITY’. 

Participants enrolled in the lifestyle intervention program because they considered it an 

opportunity for much needed lifestyle change, and were attracted by the program’s 

convenient location (i.e. based at on campus). 
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2. ‘LIFESTYLE’. 

Prior to involvement in the lifestyle intervention, the greatest challenge to participating in 

regular physical activity included:  

(i)  themselves (i.e. ‘being lazy’);  

(ii)   feeling too tired from juggling university and work life; 

(iii)  leading a sedentary lifestyle that involved a lot of sitting. Moreover, participants 

agreed that portion size, excessive alcohol intake, and no money for ‘healthy’ food 

(such as vegetables) were their barriers to a healthy diet.  

 

 

3. ‘ACCEPTABLE CHANGES’. 

After program completion, participants now:  

(i)  engage in ‘active transport’ (e.g. walk rather than take the tram/bus; take the stairs 

rather than the elevator) as a means of incidental exercise;  

(ii)   structure physical activity into their daily routine;  

(iii)  use exercise as a means of socialising with friends (i.e. go for a walk together); 

(iv)   are generally more aware of portion sizes and ‘healthy’ food in general. 

 

 

4. ‘WALKING’. 

Walking (structured and/or incidental) as a means of physical activity was the most 

popular choice of exercise, performed alone or with family/friends.  

 

 

5. ‘POSITIVE EXPERIENCE’. 

Participants agreed that, overall, the lifestyle intervention had motivated them to be 

healthier, had empowered them with the skills for lifelong change, and had been a 

positive experience. 
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Anonymous evaluation (intervention participants) 

Analysis of the anonymous completion by participants of the post-intervention evaluation 

form demonstrated that:  

1. Attitudes toward exercise had changed as a result of participation in the lifestyle 

intervention, with the following themes emerging about feelings towards exercise 

participation: feeling more motivated; exercise had become an important aspect of 

their life; exercise is now a priority; they now enjoyed physical activity. 

2. The nutrition education component appeared to have resulted in: more 

awareness/conscious of healthy options; eating better foods; consuming smaller 

portions. 

3. The emotional state of participants had improved as a result of the CBT sessions, with 

participants feeling ‘much happier’ and less moody after the completion of the 

lifestyle intervention.  

4. There was consensus that the most enjoyable part of the intervention was: training 

with others; social interactions; being part of a group. 

5. Participants had a preference for ‘more variety’ in the exercise program because there 

was ‘too much repetition’. 

 

Reasons for withdrawal (wait-list control participants) 

Of the three wait-list control participants who provided feedback regarding their withdrawal 

from the study: 

 

 In response to Question 1, “How did you feel when you were initially assigned to the 

control group?”: 

Two participants stated that they were ‘disappointed’ once allocated to the wait-list control 

group, while the other said she was ‘not fussed’ by the allocation. 
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 In response to Question 2, “Did your involvement in the study as a control participant 

trigger you to change anything about your current lifestyle?”: 

One participant said she maintained her usual lifestyle habits as instructed to by the 

researcher. However, two participants indicated that their participation in pre-control testing 

triggered them to increase exercise and become more conscious about food choices, despite 

being allocated to the wait-list control and asked to maintain normal lifestyle habits.  

 

Attendance, recruitment and retention rates. 

Results showed that of the initial 62 women who inquired about participation in the Young 

Women’s Heart Health Study, 63% (n=39) underwent baseline testing, with 77% of these 

participants (n=30) going on to complete post-intervention/post-control and sustainability 

testing. Retention in the intervention group was higher (73%) compared with wait-list control 

participants (64%). At the completion of the wait-list control period, only four women went 

on to complete the lifestyle intervention and associated testing. Adherence to the physical 

activity (80%) and CBT (74%) components of the lifestyle intervention was high. 

 

Discussion 

 

The appraisal of the lifestyle program by participants in this study is in line with 

recommendations that process evaluation of an intervention should be conducted to better 

understand study outcomes and to direct future implementation (Medical Research Council, 

2000; Oakley et al., 2006). Collectively, the major findings from the focus group and 

anonymous evaluations demonstrated five emergent themes including ‘opportunity’, 

‘lifestyle’, ‘acceptable changes’, ‘walking’, and ‘positive experience’. This information 

suggested that the program had provided participants with strategies to implement both 

exercise and dietary planning into their behavioural routines. Moreover, the social interaction 

components of the intervention were expressed as critical to their enjoyment of the program.  

The evaluation processes revealed that participants perceived all three components (exercise, 

nutrition education, CBT) of the lifestyle intervention to be of importance in fostering 
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positive lifestyle behaviour changes. This was most apparent in the responses regarding 

planning and engagement in exercise. Participants offered evidence that the program had 

imparted to them strategies to incorporate both incidental and structured physical activity into 

their current lifestyle, with walking as the principle exercise modality. Similarly, participants 

expressed a greater knowledge of the importance of dietary planning and of strategies to 

achieve improvements in their nutritional choices. The importance of socialising reported by 

the participants, particularly in the context of exercise, is consistent with findings in the 

systematic review (Chapter 3), where only studies that included contact with fitness 

professionals and others during the intervention phase resulted in increases in fitness or 

physical activity engagement (Carroll et al., 2007; Kerksick et al., 2010; Silva et al., 2010).  

In contrast, although the data are from three wait-list control participants only, the responses 

support the notion that a RCT study design may not be appropriate when study volunteers are 

ready for lifestyle change. The responses of these participants provided evidence of a 

motivation to commence lifestyle change, despite the study requirement of maintaining 

current behaviours during the control period. This is supported by the “state of change for 

exercise” data presented in Addendum 7.1, where wait-list control participants were primarily 

in ‘preparation’ for change, similar to the participants allocated directly to the intervention 

phase. Similarly, the majority of wait-list control participants rated “exercise importance” as 

‘very important or important’ (see Addendum 7.1), suggesting a desire to commence an 

intervention for lifestyle change. These are critical insights given that the control group 

demonstrated a reduction in WC and improvements in CVD risk profile (see Chapter 7) while 

undertaking the ‘control’ phase of the intervention study. This might be, in part, a response to 

knowledge of their pre-control test data, which was provided as a condition and incentive for 

taking part in the study (Appendix 20). Upon reflection, this knowledge may have influenced 

subsequent behaviour change, given that unanticipated weight loss is not normally observed 

in participants under wait-list control conditions (Waters et al., 2012).  

Appraisal of recruitment rates demonstrated that the conversion rate of participants from 

initial recruitment to baseline testing was modest. However, the retention rate of participants 

in the intervention and control groups was lower than expected, with an allowance of 20% 

drop-out calculated to maintain sample power. In the current study, drop-out rates were 27% 

and 36% for the intervention and control groups, respectively. Moreover, there was evidence 

of poor transition from the wait-list control condition into the lifestyle intervention, with only 



184 | P a g e  
 

23% of women initially allocated to the control group completing the intervention phase. In 

contrast, program adherence for physical activity and CBT components was high among 

intervention participants. This data may provide insight into to recruitment and retention of 

young women with abdominal obesity to a lifestyle intervention, and important information 

about the behavious of participants initially allocated to a wait-list control group. 

Furthermore, because of the richness of data provided by process evaluation, future studies 

could be enhanced by the inclusion of perceptions from compliant control group members as 

well as intervention drop-outs. 

In summary, the responses from participants who completed the lifestyle intervention 

indicated that its multi-disciplinary focus was a crucial feature in producing behaviour change 

and associated strategies for future weight control. This is in agreement with 

recommendations (A. Lang & Froelicher, 2006; Wing, 2002) that management strategies to 

address overweight and obesity should incorporate diet, exercise and behavioural therapy. 
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Abstract 

 

Young adult women with obesity have shown subclinical cardiac dysfunction. Lifestyle 

interventions are recommended for prevention of cardiovascular disease in obese populations. 

In a randomised controlled trial using conventional, tissue Doppler imaging, and 2D speckle 

tracking imaging echocardiography, we assessed changes in cardiac morphology and 

function, including myocardial deformation and mechanical indices, in women (18-30 y) with 

abdominal obesity (n = 26) following a 12-week, multi-disciplinary lifestyle intervention. 

Echocardiographic measures at baseline and post-intervention were compared to a wait-list 

control group (n = 17). The 12-week lifestyle intervention did not result in significant 

changes in cardiac function.  

 

Keywords: Waist circumference, speckle-tracking-imaging, echocardiography, exercise, 

physical activity, female 

 

 

Summary 

Lifestyle interventions are recommended for preventing cardiovascular disease and obesity. 

Abdominal obesity, even in young adults, is linked to abnormal cardiac remodelling and 

dysfunction. Technical advances in echocardiography can permit early detection and 

prevention of cardiac abnormalities using 2D speckle tracking imaging. The potential effect 

of lifestyle interventions on cardiovascular health of obese young women requires attention.  
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Introduction 

 

Cardiovascular disease (CVD) is the leading cause of death among women (World Health 

Organisation, 2000), with abdominal obesity (Alberti et al., 2009) increasing the chance of 

developing cardiac and vascular dysfunction (Wong, Byrne, et al., 2006). In the USA, United 

Kingdom and Australia, 45-50% of women aged 20-39 years are overweight or obese 

(Australian Bureau of Statistics, 2013; Flegal et al., 2012; Health and Social Care Information 

Centre, 2011). Although the cardiovascular complications of obesity have been documented, 

efficacious lifestyle intervention strategies in obese young women are yet to be established. 

Understanding the impact of lifestyle interventions on cardiovascular impairment is important 

for lifelong cardiovascular health. 

Cardiac dysfunction may be identified as changes in cardiac morphology and function using 

conventional techniques and tissue Doppler imaging (TDI) echocardiography. Using these 

techniques, previous cross-sectional work found subclinical abnormalities in left ventricular 

(LV) structure and function in young women (mean 32 ± 4 y; range 21-37 y) with obesity 

(Peterson, Herrero, et al., 2004). More recently [Share et al. (2014) under review], cardiac 

and myocardial dysfunction was explored in young women (mean 22 ± 4 y; range 18-30 y) 

with abdominal obesity, using a combination of these traditional echocardiographic 

techniques and the newer technique of 2D speckle tracking imaging echocardiography (STE), 

which may possess greater sensitivity for detecting early changes (K. A. Marcus et al., 2011). 

The women with abdominal obesity were found to display subclinical cardiac remodelling of 

the left atrium (LA), reduced mitral annular plane velocities, increased LA pressure 

surrogates, and prolonged timing measurements of diastolic dysfunction, when compared to 

aged-matched, non-obese controls. These women also exhibited reductions in LV 

longitudinal strain and systolic strain rate when using STE. These findings show that early 

intervention strategies in this population have emerging importance (K. A. Marcus et al., 

2011), to arrest further progression of subclinical cardiac dysfunction and other markers of 

CVD. However, there are few randomised controlled trial (RCT) investigations (Chang et al., 

2010) of such strategies in young adult women (< 30 yr), despite the increasing prevalence of 

overweight/obesity in this population 
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Therefore, the primary aim of this RCT was to examine the effects of a multi-disciplinary 

lifestyle intervention on measures of cardiac function, using conventional, TDI and STE 

echocardiography, in young adult women with abdominal obesity.  

 

Methods 

 

Ethics statement 

Participants provided written informed consent following approval of the Australian Catholic 

University Human Research Ethics Committee (V2009-91). The intervention received 

clinical trial registration from the Australian New Zealand Clinical Trials Registry 

(ACTRN12612001017819). All testing was completed between August 2010 and February 

2012.  

 

Participants  

Sixty-two university-enrolled women aged 18 to 30 years with abdominal obesity [waist 

circumference (WC) ≥ 80 cm] and leading a sedentary lifestyle (< 210 min per week of 

organised physical activity in the past six months (Department of Health and Ageing, 1999) 

were invited to participate in a randomised controlled trial. Participants were free from CVD 

risk factors (hypertension, diabetes, and smoking) and endocrine disorders, had not 

undergone bariatric surgery, and were not pregnant. 

From 62 women who responded to recruitment, 11 women did not meet the inclusion criteria 

and a further 12 eligible participants did not complete testing (Figure 8.1). Therefore, 39 

participants who underwent baseline testing were randomisation to either the intervention or 

wait-list control group. A wait-list (delayed-start) control design was chosen to allow all 

participants access to the lifestyle intervention. 

All participants who attended two testing sessions at both pre-intervention (0 wk) and post 

12-wk intervention, had refrained from strenuous physical activity in the preceding 24 hours. 

For the first testing session (anthropometric, blood biochemical, vascular measures), 

participants were in a fasted state, while for the second session (echocardiography, fitness 

measures), participants refrained from caffeine and alcohol in the preceding 24 hours. Wait-
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list control participants were assessed at three times (0 wk; post-control period (12-wk); post 

12 wk intervention).  

 

 

 

Figure 8.1. Flow diagram of participants 
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Metabolic and vascular characteristics 

Body mass was measured to the nearest 0.1 kg (Tanita, Tokyo, Japan), and stature was 

measured to the nearest 0.1 cm (Seca, Germany). Body mass index was calculated (World 

Health Organisation, 2000) . WC was measured to the nearest 0.1 cm at the midpoint between 

sub-costal and supra-iliac landmarks, with the average of two measurements reported. Blood 

pressure and heart rate were measured in a supine position after 15 minutes rest using an 

automated digital sphygmomanometer (Dinamap, GE Technology, USA). Following an 

overnight fast, intravenous blood was collected from the antecubital vein. Blood lipids 

[triglycerides, total cholesterol, high-density lipoprotein (HDL)] were measured using the 

Reflotron Plus desktop analyser (Roche, Switzerland). Fasting plasma glucose, insulin and 

high sensitivity C-reactive protein (hs-CRP) concentrations were analysed in a clinical 

pathology laboratory. Insulin resistance (IR) was estimated by the homeostasis model 

assessment (HOMA-IR) (Matthews et al., 1985). A graded submaximal cycle ergometer test 

(Golding et al., 1989) was used to estimate cardiorespiratory fitness (Predicted VO2max). 

Participants self-reported habitual weekly physical activity. 

Ultrasonography scans for carotid intima-media thickness (c-IMT) were performed on the far 

(posterior) wall of the right common carotid artery. Semi-automated edge-detection wall-

tracking software was used to analyse images (Chodakauskas, 2006). 

 

Echocardiography 

Standard 2D transthoracic echocardiography examination was conducted in accordance with 

the recommendations of the American Society of Echocardiography (R. M. Lang et al., 

2005). Image acquisition was performed by the same experienced operator using a 

commercially available ultrasound device (Vivid i, GE Healthcare, Horten, Norway). Digital 

data were stored for subsequent off-line analyses (Echopac, GE Medical Systems). All 

measurements were the averages derived from three consecutive cardiac cycles.  

M-mode measurements were obtained in the parasternal long-axis. LV volumes and ejection 

fraction were quantified using a Simpson’s bi-plane method. Pulsed-wave Doppler-derived 

transmitral inflow velocities were obtained from the apical four-chamber view with the 

sample volume at the tips of the mitral leaflets. TDI was used to measure mitral annular 
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velocities. Data are reported as the average of four sites from apical 4-chamber (septal and 

lateral wall) and 2-chamber (inferior and anterior walls) views. 

STE analysis of myocardial wall motion was performed on greyscale images acquired at a 

minimum frame rate of 70 Hz. The values from circumferential apical and basal views were 

averaged. Twist, twist/untwist rate, and apical and basal rotational mechanics of the LV were 

also calculated. Customised software (Scilab 4.1, Avignon University, Avignon, France) was 

used to normalise time sequence as a percentage of systolic duration. 

 

Lifestyle intervention 

The 12-wk multi-disciplinary lifestyle intervention comprised three main components: (1) 

moderate-intensity physical activity, (2) nutrition education, and (3) small-group cognitive 

behavioural therapy (CBT). In contrast, participants in the wait-list control group were 

instructed to continue existing lifestyle choices, and after 12 weeks were invited to complete 

the same lifestyle intervention (Table 7.1).  

 

Statistics  

Descriptive statistics are presented as mean ± SD. Following tests for normal distribution, 

group comparisons over time were performed using a general liner mixed-model analysis. 

This statistical test was chosen based on its ability to analyse unbalanced repeated measures 

data (Cnaan et al., 1997). IBM SPSS statistical software, Version 20 for Windows (SPSS Inc, 

Chicago IL) was used for analyses and statistical significance was set at P ≤ 0.05. Hedge’s g 

was used for effect size calculations. Intra- and inter-observer reliability was performed for 

key variables and reported as coefficient of variation (CV) (Table8.1)  
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Table 8.1. Reliability analyses for waist circumference and major echocardiographic parameters. 

 

 
 Coefficient of variation (CV) (%) 

n Intra-observer Inter-observer 

Waist circumference 20 1.26 NA 

Carotid IMT 20 2.26 NA 

Conventional & TDI echocardiography 10   

LV mass  2.7 2.1 

LVED diameter  1.1 2.0 

IVS thickness  3.2 4.8 

PW thickness  2.3 3.5 

E velocity  1.9 1.6 

A velocity  2.5 1.8 

E/A ratio  2.5 2.0 

Septal Sm velocity  1.4 2.3 

Septal Em velocity  2.2 4.0 

Septal Am velocity  1.5 4.2 

Speckle tracking echocardiography 20   

LV L strain  5.9 5.1 

LV L diastolic SR  4.3 7.8 

LV L systolic SR  4.1 5.5 

LV C strain  4.7 5.5 

LV C diastolic SR  5.7 8.3 

LV C systolic SR  5.7 5.3 

Apical rotation  7.0 11.5 

Basal rotation  6.5 9.7 

LV twist  9.2 10.0 

IMT: intima-media thickness, LV: left ventricle, LVED: left ventricular end-diastolic, IVS: inter-ventricular 

septum, PW: posterior-wall, L: longitudinal, C: circumferential (average of apical and basal views). 

 

Results  

Thirty-nine participants were included in the analysis. After baseline testing and 

commencement of the intervention period, 27% of intervention participants (n = 7) and 35% 

of control participants (n = 6) withdrew from the study (Figure 8.1). In contrast, compliance 

rates within the intervention group showed 80% attendance for the physical activity sessions 

and 74% for the CBT sessions.  

 

Table 8.2 lists the anthropometric, metabolic, fitness and vascular characteristics of the 

intervention and control groups at pre- and post-intervention. All markers were similar 

between groups at baseline, with physical activity being the only between-group difference 

post-intervention, with an effect size (g) of 2.14. Within-group changes for the intervention 
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group from baseline to post-testing were a reduction in WC and systolic blood pressure, and 

improvements in markers of fitness (predicted VO2max and physical activity – see table 8.2) 

and a Bruce treadmill protocol time increased from 10.5 ± 2.2 min to 11.8 ± 2.2 min (P < 

0.001). The vascular measure of c-IMT was unchanged by the intervention. In the control 

group, despite participants reporting maintained lifestyle habits during the control period, a 

reduction in both WC and systolic blood pressure was observed. 

 

 

Table 8.2. Metabolic and vascular characteristics for the intervention and control groups at pre-
intervention/pre-control, and post-intervention/post-control. 

 

  
Pre-control/Pre-intervention  

(0 wk) 

Post-control/Post-intervention 

(12 wk) 

 
Control 

(n=17) 

 

 

Intervention 

(n=26) 
P value 

Control 

(n=11) 

Intervention 

(n=19) 

Between 

group P 

  Age (years) 22.8 ± 3.4  22.0 ± 3.7 0.56    

  Body mass (kg) 86.1 ± 17.8  89.8 ± 21.1 0.56 82.5 ± 19.5 86.9 ± 20.5 0.61 

  BMI (kg·m
-2

) 31.4 ± 6.6  32.2 ± 5.9 0.67 30.0 ± 6.6 31.3 ± 0.9 0.72 

  Waist circumference (cm) 92.8 ± 10.8  93.1 ± 11.7 0.93 87.2 ± 10.5
§
 87.3 ± 9.8

§
 0.91 

  Systolic blood pressure (mmHg) 119 ± 8  120 ± 11 0.67 111 ± 12
§
 116 ± 9

§
 0.31 

  Diastolic blood pressure (mmHg) 64 ± 8  68 ± 6 0.11 59 ± 5 64 ± 9 0.11 

  Fasting glucose (mmol·L
-1

)
#
 4.5 ± 0.6  4.6 ± 0.4       0.35 4.4 ± 0.6 4.6 ± 0.4 0.32 

  Triglycerides (mmol·L
-1

)
#
 1.2 ± 0.4  1.3 ± 0.5 0.84 1.5 ± 0.6 1.4 ± 0.7 0.25 

  HDL-cholesterol (mmol·L
-1

) 1.7 ± 0.6  1.7 ± 0.5 0.89 2.0 ± 0.5 1.9 ± 0.5 0.71 

  Total cholesterol (mmol·L
-1

) 4.3 ± 0.5  4.4 ± 0.6 0.64 4.3 ± 0.4 4.3 ± 0.8 0.75 

  Fasting insulin (mU·L
-1

)
#
 8.1 ± 4.4  9.4 ± 4.7 0.72 7.4 ± 2.7 8.1 ± 2.6 0.20 

  HOMA-IR  1.6 ± 1.0  1.9 ± 1.0 0.33 1.4 ± 0.5 1.6 ± 0.5 0.61 

  hs-CRP (mg·L
-1

)
#
 2.9 ± 2.6  3.5 ± 3.0 0.49 3.9 ± 3.7 4.6 ± 4.9 0.58 

  Resting heart rate (bpm) 63 ± 12  69 ± 10 0.10 73 ± 20 67 ± 14 0.37 

  Predicted 2OV max (mL·kg
-1

·min
-1

) 32.0 ± 10.3  27.9 ± 7.0 0.13 31.7 ± 10.9 32.6 ± 6.8
§
 0.24 

  Physical activity (min·wk
-1

)
#
 118 ± 89  97 ± 62 0.87 121 ± 81 280 ± 67

§
 < 0.001

*
 

  Carotid IMT (mm) 0.41 ± 0.04  0.41 ± 0.03 0.43 0.40 ± 0.03 0.37 ± 0.14 0.15 

Data are mean ± standard deviation. BMI: body mass index, HDL: high-density lipoproteins, HOMA-IR: 

homeostatic model assessment of insulin resistance, hs-CRP: high sensitivity C-reactive protein, IMT: intima 

media thickness. CI: confidence interval. * P ≤ 0.05. # data were log transformed before reported P-values were 

obtained. *between-group differences (at post) P < 0.001. §within-group differences P ≤ 0.05. 
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Table 8.3 shows the primary variables of interest in this study. Specifically, there were no 

differences between intervention and control groups for cardiac morphology, cardiac 

function, myocardial deformation or myocardial mechanics at baseline or post-intervention. 

However, a within-group change was observed for both groups, with an increase in LV mass 

indexed. 
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Table 8.3. Cardiac morphology and function, and myocardial deformation and mechanics for intervention and control groups at pre-intervention/pre-control, 

and post-intervention/post-control. 

Data are mean ± standard deviation. LA: left atrium, LV: left ventricle, LVED: left ventricular end-diastolic, LVES: left ventricle end-systolic IVS: inter-ventricular spetum, 

PW:  posterior wall,  Circumferential is the average of apical and basal views. Sm, Em, & Am are means of four sites at the mitral annulus from apical 4-chamber (septal, 
lateral) and 2-chamber views (inferior, anterior). CI: confidence interval. # data were log transformed before reported P-values were obtained. *between-group differences P 

≤ 0.05. §within-group differences P ≤ 0.05. 

 Pre-control/Pre-intervention (0 wk) Pre-control/Post-intervention (12 wk) 

Control  

n = 17 

Intervention 

n = 26 

Between 

group P 

 Hedges’ g 

Effect Size 

Mean Difference 

(95% CI) 

Control      

n = 11 

Intervention  

n = 19 

Between 

group P 

 Hedges’ g 

Effect Size 

Mean Difference 

(95% CI) 

Cardiac morphology           

  LA diameter (mm)  32.5 ± 3.8 32.9 ± 5.3 0.80 0.08 0.4 (-2.7 to 3.4) 30.8 ± 5.4 31.5 ± 3.0 0.76 0.17 0.7 (-2.7 to 3.4) 

  LV mass indexed (g·m
-2.7

) 34.1 ± 10.2 40.3 ± 10.8 0.12 0.57 6.3 (-1.3 to 13.8) 43.1 ± 9.0
§
 45.0 ± 10.5

§
 0.67 0.18 1.9 (-7.0 to 10.7) 

  LVED diameter (mm) 44.6 ± 2.5 43.5 ± 4.5 0.37 0.28 -1.0 (-3.7 to 1.7) 43.0 ± 5.5 41.7 ± 4.3 0.50 0.27 -1.3 (-5.1 to 2.5) 

  LVES diameter (mm) 29.5 ± 3.6 29.3 ± 5.0 0.96 0.04 -0.1 (-3.3 to 3.0) 28.5 ± 3.9 29.6 ± 5.1 0.45 0.22 -1.3 (-3.3 to 3.1) 

  LV PW thickness (mm) 9.7 ± 1.1 10.5 ± 1.6 0.31 0.55 0.8 (-0.3 to 1.8) 10.4 ± 3.7 11.5 ± 2.7 0.31 0.28 -1.1 (-3.5 to 1.7) 

  IVS thickness (mm)  10.3 ± 2.0 10.6 ± 1.5 0.57 0.17 0.27 (-0.9 to 1.5) 10.4 ± 1.5 11.4 ± 1.3 0.07 0.70 1.0 (-0.1 to 2.2) 

Cardiac function           

  LV ejection fraction (%)
# 

 62.1 ± 5.8 64.1 ± 4.3 0.33 0.39 2.1 (-1.6 to 5.8) 60.3 ± 5.8 63.7 ± 6.6 0.23 0.52 3.4 (-2.4 to 9.2) 

  E velocity (cm·s
-1

) 86.1 ± 16.6 87.7 ± 13.5 0.79 0.10 1.6 (-8.2 to 11.5) 89.6 ± 21.8 89.2 ± 18.6 0.88 0.02 -0.4 (-15.8 to 14.9) 

  A velocity (cm·s
-1

) 41.3 ± 9.5 43.3 ± 12.2 0.57 0.18 2.0 (3.6 to 9.4) 40.3 ± 8.4 41.4 ± 12.4 0.81 0.09 1.0 (-7.7 to 9.7) 

  E/A ratio 2.2 ± 0.5 2.2 ± 0.6 0.95 0.00 0.01 (-0.4 to 0.4) 2.3 ± 0.6 2.3 ± 0.6 0.97 0.00 -0.02 -0.5 to 0.4) 

  Sm velocity (cm·s
-1

) 8.6 ± 1.2 9.4 ± 1.6 0.05 0.54 0.8 (-0.2 to 1.8) 9.0 ± 0.9 9.0 ± 1.3 0.72 0.00 0.0 (-1.0 to 1.1) 

  Em velocity (cm·s
-1

) 14.6 ± 2.9 14.6 ± 2.6 0.96 0.00 0.0 (-2.0 to 2.0) 14.0 ± 2.2 15.0 ± 2.9 0.50 0.36 1.0 (-1.5 to 3.5) 

  Am velocity (cm·s
-1

) 6.8 ± 1.1 7.2 ± 1.1 0.15 0.36 0.4 (-0.3 to 1.4) 7.2 ± 1.3 7.6 ± 1.1 0.27 0.33 0.4 (-0.6 to 1.5) 

Myocardial deformation            

  Longitudinal strain (%) -15.9 ± 2.2 -16.3 ± 2.0 0.49 0.19 -0.5 (-2.3 to 1.4) -16.5 ± 1.5 -17.1 ± 1.1 0.21 0.46 -0.7 (-2.0 to 0.6) 

  Circumferential strain (%) -19.5 ± 2.5 -20.1 ± 3.2 0.54 0.20 0.6 (-1.6 to 2.7) -18.3 ± 2.6 -18.8 ± 1.9 0.64 0.67 0.5 (-1.5 to 2.2) 

Myocardial mechanics      

  Apical rotation (˚) 4.5 ± 1.7 4.4 ± 1.4 0.73 0.06 -0.1 (-1.3 to 1.1) 4.0 ± 1.5 4.6 ± 1.7 0.29 0.35 0.6 (-0.7 to 2.0) 

  Basal rotation (˚) -5.3 ± 1.9 -5.5 ± 1.8 0.87 0.10 -0.2 (-1.8 to 1.4) -5.6 ± 1.4 -4.0 ± 2.0 0.07 0.82 1.6 -0.3 to 3.4) 

  Twist (˚) 6.7 ± 1.8 8.2 ± 3.3 0.10 0.53 1.6 (-0.6 to 3.7) 5.1 ± 2.5 5.2 ± 2.5 0.87 0.04 0.1 (-2.7 to 2.5) 

  Twist rate (˚·s
-1

)
#
 68.1 ± 18.0 72.0 ± 19.9 0.63 0.20 3.8 (-11.8 to 19.5) 52.8 ± 15.6 47.3 ± 15.0 0.34 0.35 -5.4 (-18.5 to 7.7) 

  Untwist rate (˚·s
-1

) -58.2 ± 17.8 -65.1 ± 19.6 0.35 0.35 -6.8 (-22.3 to 8.6) -52.4 ± 25.1 -44.4 ± 14.5 0.30 0.41 8.0 (-8.2 to 24.3) 
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Discussion 

 

The aim of this study of young women with abdominal obesity (a group under-represented in 

the literature) was to examine the effects of a multi-disciplinary lifestyle intervention on 

cardiac, vascular and myocardial measures. Specifically, we assessed the effects of an 

intervention which incorporated physical activity, nutrition education and CBT, using 

conventional, TDI and 2D speckle-tracking echocardiographic techniques. The 12-week 

lifestyle intervention produced no marked changes in cardiac morphology or function, c-IMT, 

or myocardial deformation or mechanical indices, despite significant changes in WC, systolic 

blood pressure and cardiorespiratory fitness. 

Similar to our study, an 8-week lifestyle intervention of exercise and diet was not associated 

with improvements in LV diastolic function measured using conventional and TDI makers in 

a cohort of obese middle-aged adults (47 ± 11 y), despite reduced body composition markers 

(Wong, Byrne, et al., 2006). Likewise, Millen et al. (2014) delivered a 6-week exercise 

program (without a dietary component) to overweight and obese middle-aged adults (42 ± 18 

y) of similar WC (94 ± 18 cm) to our study. Again, the intervention failed to produce 

improvements in indices of LV diastolic function, including tissue velocities measured with 

TDI, despite improved cardiorespiratory fitness.  

There are several possible reasons to explain why we observed no changes in myocardial 

function following the multi-disciplinary lifestyle intervention. The 12-week duration may 

not have been sufficient to drive significant reductions in the cardiac, vascular and 

myocardial measures of interest. Similarly, the intensity and/or frequency of the exercise 

sessions may have been too low to produce changes in these measures. In comparison, using 

a 12-month lifestyle intervention of daily endurance exercise and resistance training, Dutheil 

et al. (2013) reported that adults (59 ± 5 y) with central adiposity (WC: 102 ± 9 cm) had 

improved c-IMT, although their greater age and WC might be factors in the observed 

improvements. Similarly, Eriksson et al. (2010) conducted a 6-month, low-intensity exercise 

intervention with women (47 ± 8 y) with abdominal obesity (WC: 103 ± 8 cm). Again, these 

women were older and more obese than the women in our study. Their intervention produced 

improvements in longitudinal right ventricular (RV) systolic function, and small but 

significant changes in LV systolic and RV diastolic dimensions (), when using conventional 

and Doppler echocardiography.  
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Another reason for no changes in myocardial function could be related to the nutritional 

component of our study. Specifically, we provided nutrition education as a means for 

behaviour change in dietary habits, rather than implementing caloric restriction which may 

not be sustainable in the longer term (Wycherley et al., 2012). However, successful outcomes 

have been observed with programs based on diet restriction. For example, severely obese 

adolescents (15 ± 2 y) who participated in a 9-month lifestyle intervention of caloric 

restriction and exercise had improved LV mitral annular plane velocities, and longitudinal 

strain (Obert et al., 2013). However, myocardial twist mechanics and LV morphology 

remained unchanged following the 9-month program. 

This study has some possible limitations. Firstly, there is potential masking of comparative 

benefits for the intervention group due to unexpected decreases in WC in the control group, 

despite undetectable changes in their weight management behaviour. However, these 

undetected changes might be a consequence of problems associated with self-reporting of 

nutritional and/or physical activity habits over the 12-week control period. Some may argue 

shortcomings associated with ultrasonography acquisition and analyses being dependent on 

operator skill, but intra- and inter-reliability measures for the present study were similar to 

previous reports (K. A. Marcus et al., 2011). Finally, central fat distribution was not 

measured using more precise estimations (e.g., MRI and dual energy x-ray absorptiometry), 

but WC does provides a level of sensitivity relevant to most clinical settings(National Health 

and Medical Research Council, 2005).  

 

Conclusion  

 

This work contributes to the limited RCT literature addressing lifestyle interventions on 

cardiovascular risk in young adult women, providing novel data from conventional and TDI 

echocardiography and STE. Although decreases in WC and increases in cardiorespiratory 

fitness were noted following the lifestyle intervention, there were no changes in cardiac 

morphology or function, or in myocardial deformation or mechanical indices.  
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Supplementary Material 

 

This section contains supplementary method which will accompany the short report during 

submission. This information is presented in Chapters 4 and 7. 

 

Participants 

 

All participants attended the laboratory on two occasions at both baseline and post-

intervention, and were requested to refrain from strenuous physical activity in the 24 hours 

prior to testing on all occasions. During the first visit participant arrived in a fasted state and 

clinical testing lasted 75 min. The second visit only required participants to abstain from 

caffeine and alcohol for 12 hr and lasted 60 min. Testing was performed at pre-

intervention/pre-control (0 wks) and again at post-intervention/post-control (12 wks). All 

measurements were taken at the same time of day (±2 hr) and by the same researcher.  

 

Metabolic and vascular characteristics 

 

Blood samples were drawn from an antecubital vein into a 10 ml evacuated, lithium heparin 

anticoagulant vacutainer tube by a qualified phlebotomist. Blood samples were then 

centrifuged at 3000 rpm for 10 min (Spinton, Australia, GT-175BR) to obtain plasma for 

subsequent analysis by spectophotometrically using a Reflotron PLUS
TM 

analyser, and further 

analyses performed by pathology. The Reflotron requires a 30 μL droplet of blood placed on 

specialised measuring strips to be fed into the desktop analyser. Insulin resistance (IR) was 

estimated by the homeostasis model assessment (HOMA-IR), using the equation: HOMA-IR 

= fasting insulin concentration (µU/mL) x fasting glucose concentration (mmol/l) / 22.5 

(Matthews et al., 1985)
 
, with values more than 2.5 considered

 
indicative of IR (Jensterle et 

al., 2008). For hs-CRP, a value of > 3.0 mg·l
-1

 was considered high risk (Pearson et al., 2003) 
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Echocardiography 

 

Image acquisition was performed by the same experienced operator using a commercially 

available ultrasound (Vivid i, GE Healthcare, Horten, Norway) with a 3.5 MHz phased-array 

transducer. Participants were examined in the left-lateral decubitus position in a dark room, 

and connected to a 3-lead ECG. A minimum frame-rate of 70 Hz was used when acquiring 

gray-scale cine-loops. Digital data were stored for subsequent off-line analysis with specific 

software (Echopac, GE Medical Systems) by an observer blinded to subject assignment. 

Speckle tracking imaging echocardiography (STE) analysis of myocardial wall motion was 

performed using frame-by-frame tracking of natural acoustic markers known as “speckles” in 

a region of interest from greyscale images. Using proprietary software (EchoPAC v108.1.5, 

GE Medical Systems, Horton Norway), endocardial borders were manually traced and region 

of interest adjusted to include all of the myocardium.  

 

Lifestyle intervention 

 

The 12-wk lifestyle intervention was comprised of three main components: (1) moderate-

intensity physical activity (2) nutrition education, and (3) small-group cognitive behavioural 

therapy. In contrast, participants in the wait-list control group were instructed to continue 

existing lifestyle choices, and after 12 weeks were invited to complete the same lifestyle 

intervention. 

1. Physical activity: participants completed two supervised exercise sessions (progressive 

aerobic and resistance training circuit) with a qualified Exercise Scientist, and one 

unsupervised, but prescribed home-based session (brisk walk or jog with intermittent 

high-intensity intervals) per week. The supervised sessions lasted approximately 60 min, 

with the intensity of the exercise increasing from 60% to 85% on the OMNI Picture 

System (Robertson, 2004), by the end of the 12-wk period. To replicate community 

resources, sessions occurred in both the gym on campus and at a local park. Participants 

maintained a detailed training diary. The standard Bruce treadmill protocol (Bruce et al., 
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1973) was completed every three weeks (0, 4, 8, 12 weeks) by intervention participants to 

assist with prescription of progressive overload of aerobic activities during the program. 

 

2. Nutrition education: participants in the intervention group received weekly nutrition 

education sessions from a dietician about healthy eating choices from the existing 

Australian Dietary Guidelines (National Health and Medical Research Council, 2005) . 

Information provided education regarding non-dieting weight management and healthy 

eating principles tailored to the perceived needs of the female participants.  

 

3. Cognitive behavioural therapy (CBT): intervention participants undertook weekly 60-min 

group cognitive CBT sessions with a counsellor, which provided psychosocial support 

and developed skills to overcome personal barriers to lifestyle change. The program 

aimed to empower individuals to develop healthier eating and physical activity patterns 

 

Statistics  

 

Data were tested for normal distribution using the Shapiro-Wilk statistic and skewness and 

kurtosis (Peat & Barton, 2005). Log transformation was performed on data not normally 

distributed. Hedge’s g calculated effect size to assess magnitude, with an effect size of ≥ 0.2 

considered small, ≥ 0.5 considered medium, and ≥ 0.8 considered large (Cohen, 1988). Mean 

differences and 95% confidence intervals (CI) for each variable were also reported. 

Where possible, measures were completed in duplicate and intra and inter-observer 

coefficient of variation (CV) was reported. CV was conducted on major cardiometabolic risk 

factors (n=20), and cardiac variables in randomly selected participants (conventional and TDI 

echocardiography, n=10; STE, n=20) in order to demonstrate the off-line analyses were 

reproducible. Variables were evaluated twice by the same observer, and once more by 

another experiences observer, both blinded to participant details.  

 

 

 



 

201 | P a g e  

 

8.1 ADDENDUM: Cardiac and vascular measures in young women with abdominal 

obesity: Short-term sustainability of outcomes following completion of a lifestyle 

intervention. 

 

Introduction 

 

The data presented in Chapter 8, entitled “Effects of a lifestyle intervention on cardiac 

measures in young women with abdominal obesity: A randomised controlled trial, have been 

prepared for submission to the Canadian Journal of Cardiology.  In Chapter 8, pre- and post-

intervention data are presented for cardiac morphology and function, myocardial deformation 

and mechanical indices, and carotid IMT following a 12-week, multi-disciplinary lifestyle 

intervention. These data were obtained from conventional, TDI, and STE-derived 

ultrasonography.  

In this addendum, data for cardiac morphology and function, myocardial deformation and 

mechanical indices and carotid IMT, collected at follow-up testing performed at 24 weeks 

(i.e. 12 weeks after post-intervention testing), are presented. These within-group 

‘sustainability’ data were collected from all participants who completed the lifestyle 

intervention (n=19), using conventional, TDI and STE-derived ultrasonography. These data 

were not included in the manuscript forming Chapter 8 given that the lifestyle intervention 

did not result in any significant changes in these measures at the post-intervention period 

compared with the control group.  

 

Methods 

 

The experimental methods are described in Chapters 4, 6 and 8. All data were checked for 

normality according to established standards (Peat & Barton, 2005) prior to statistical 

analyses. A linear mixed model was then computed to assess within-group comparison across 

time period.  
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Results 

 

Table 8.4 describes and compares the cardiac and vascular data derived from ultrasonography 

analyses for all participants at pre-intervention (n=26) and for participants completing the 

intervention and returning for sustainability testing at 24 weeks (n = 19). The majority of 

cardiac measures did not change from pre-intervention to sustainability testing. Specifically, 

for cardiac morphology and function parameters measured via conventional and TDI 

echocardiography, there were no changes over the 24-week period. Differences in myocardial 

measures obtained from STE, were observed for circumferential strain and in twist and twist 

rate. For the vascular measure of carotid IMT, there was no change at the sustainability 

phase. 

 

Table 8.4. Within-group comparisons of cardiac and vascular data collected from conventional, TDI 

and STE-derived ultrasonography at pre-intervention (0 week) and sustainability (24 week) for the 
intervention group.  

Outcome measure  
Pre-intervention 

(n = 26) 

Sustainability 

(n = 19) 

2D and m-mode   

   LA diameter (mm) 32.9 ± 5.3 31.8 ± 3.6 

   LV mass indexed (g/m-2.7) 40.3 ± 10.8 43.8 ± 8.9 
   LV end-diastolic diameter (mm)  43.5 ± 4.5 44.8 ± 3.9 

   LV end-systolic diameter (mm)  29.3 ± 5.0 30.2 ± 4.6 

   LV PW thickness (mm)  10.5 ± 1.6 11.0 ± 1.6 

   IVS thickness (mm)  10.6 ± 1.5 10.6 ± 1.5 

   LV ejection fraction (%) #  64.1 ± 4.3 62.4 ± 7.0 

   Carotid IMT (mm) 0.41 ± 0.03 0.40 ± 0.03 

Pulsed-wave Doppler   

   E velocity  (cm·s-1) 87.7 ± 13.5 81.1 ± 14.8 

   A velocity (cm·s-1) 43.3 ± 12.2 42.1 ± 9.8 

   E/A ratio 2.2 ± 0.6 2.0 ± 0.4 

Tissue Doppler imaging   
   Sm (cm·s-1) 9.4 ± 1.6 8.8 ± 1.3 

   Em (cm·s-1) 14.6 ± 2.6 14.7 ± 2.8 

   Am (cm·s-1) 7.2 ± 1.1 7.1 ± 1.2 

Speckle tracking echocardiography  

   Longitudinal strain (%) -16.3 ± 2.0 -16.6 ± 1.5 

   Circumferential strain (%) -20.1 ± 3.2 -17.3 ± 4.3* 

   Apical rotation (˚) 4.4 ± 1.4 3.9 ± 1.7 

   Basal rotation (˚) -5.5 ± 1.8 -4.5 ± 2.4 

   Twist (˚)  8.2 ± 3.3 4.8 ± 1.5* 

   Twist rate (˚·s-1) 72.0 ± 19.9 51.1 ± 17.9* 

   Untwist rate (˚·s-1) -65.1 ± 19.6 -53.7 ± 20.3 

Data presented as mean ± SD. IMT, intima-media thickness. # log10 transformation. *significant difference (P < 
0.05). LA, left atrium. LV, left ventricular. IVS, Inter-ventricular septum. PW,  posterior wall. 
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Discussion 

 

At 12 weeks after completion of the lifestyle intervention (i.e. 24 weeks from study 

commencement), there were no changes in cardiac morphology or function or c-IMT for 

participants who had completed the 12-week multidisciplinary program. These within-group 

outcomes are consistent with the data collected immediately upon completion of the lifestyle 

intervention (presented in Chapter 8), with the exception of left ventricle mass indexed to 

height. There was an increase in mass indexed at post-intervention in Chapter 8, but at the 

testing scheduled for the sustainability phase of the intervention (Table 1), the increase no 

longer reached statistical significance. It is hypothesised that this loss in mass indexed from 

post-intervention could be related to a rebound in lifestyle behaviours, such as losses in 

physical activity and dietary improvements (see Chapters 7 and 9), when the intensive 

support of the intervention has ceased (Wycherley et al., 2012)  

With respect to myocardial deformation and mechanical indices, three STE-derived 

parameters changed from pre-intervention at 24 weeks. These parameters were 

circumferential strain, twist and twist rate (with twist rate dependent on the ‘twist’ measure). 

These ‘sustainability’ changes are difficult to explain, in magnitude and direction, given that 

they were not different from baseline when assessed immediately post-intervention (see 

Chapter 8). Therefore, future CVD intervention studies should incorporate these STE-derived 

measures to substantiate these findings.  

In summary, when the ‘sustainability’ data were considered alongside post-intervention data 

(Chapter 8), it was apparent that the 12-week intervention delivered in this thesis was not 

associated with improvements in echocardiographic measures or c-IMT. Some possible 

reasons for this are addressed in more detail in Chapter 8, including an intervention duration, 

exercise intensity and/or dietary component insufficient to produce significant cardiac or 

vascular adaptations. However, the findings of Chapter 6 should also be considered, in which 

women with abdominal obesity, when compared to those with a WC < 80 cm, displayed 

cardiac abnormalities associated with remodelling and myocardial dysfunction. These 

‘abnormalities’ were not considered of ‘clinical’ consequence, given that each parameter was 

still within its ‘normal’ range. Therefore, it is possible that the degree of CVD progression in 

these markers, at this stage of early detection, is not substantive enough for a lifestyle 

intervention to demonstrate significant improvements in cardiac or vascular outcomes.  
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Chapter 9. Cardiovascular disease risk factor profile and lifestyle 

modification in young women with abdominal obesity: A one-year 

follow-up.  

 

Introduction 

 

Long-term sustainability of behaviour change addressed with lifestyle intervention programs 

have been met with limited success (Wycherley et al., 2012). In Chapter 3, a systematic 

review of the literature found only five RCT studies of premenopausal adult women (mean 

age ≤ 40 years) in the past decade investigating the effectiveness of a multi-disciplinary 

lifestyle intervention on CVD risk profile. Of these, three reported that follow-up testing was 

conducted, at 32 weeks (Chang et al., 2010), 36 weeks (Carroll et al., 2007), and 96 weeks 

(Silva et al., 2008) after completion of the intervention. However, only one of these studies 

(Chang et al., 2010) reported data from this follow-up testing. Therefore, there is a clear need 

for long-term follow-up to evaluate the sustainability of behaviour change and CVD risk 

factor modification, once the research-based delivery of a lifestyle intervention is completed.  

In this supplementary chapter, data from a subsample of intervention participants who 

completed follow-up testing at 52 weeks post-intervention are addressed. The aim of this 

testing was to evaluate the sustainability of CVD risk factor improvements and lifestyle 

behaviour changes observed immediately post-intervention. 

 

Methods 

 

The ‘longitudinal’ follow-up was performed on a subsample of women (n=7) who completed 

the lifestyle intervention and were available at 52 weeks post-intervention. ‘Longitudinal’ 

testing was identical to that performed at the pre-intervention, post-intervention, and 

‘sustainability’ phases. Briefly, metabolic, vascular and cardiac variables were collected over 

two laboratory sessions for the assessment of anthropometry, metabolic syndrome markers, 

blood biochemistry, aerobic capacity, vascular morphology, cardiac morphology and 

function, and myocardial deformation and mechanical indices. Data relevant to lifestyle 
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behaviour, including weekly physical activity, dietary habits, and stage of change were also 

collected. The methodological procedures for the collection of these data are reported in 

Chapters 4 to 8. All data were checked for normality according to established standards (Peat 

& Barton, 2005) prior to statistical analyses. A linear mixed model was then computed to 

assess within-group comparisons across the four testing periods.  

 

Results 

 

Tables 9.1 and 9.2 present metabolic, vascular and cardiac data for a subsample of 

participants (n=7) in the Young Women’s Heart Health Study across four time-points (pre-

intervention, 0 weeks; post-intervention, 12 weeks; sustainability, 24 weeks; longitudinal 

follow-up, 52 weeks). The metabolic outcome measures (Table 9.1), from pre-intervention  to 

post-intervention, participants showed significant reductions in WC-dependent measures 

(WC, WHR, WHtR), increased HDL-cholesterol, improved predicted VO2max, increased 

weekly physical activity, and a reduced daily energy intake. Some of these measures (WHR, 

WHtR), together with fasting glucose and resting heart rate, were significantly improved 

from pre-intervention to sustainability. At longitudinal follow-up, indices of WC (WC, WHR, 

WHtR), resting heart rate, weekly physical activity and daily energy intake were again 

significantly improved from pre-intervention. Additionally, body mass, BMI, WC, hip 

circumference and WHtR all improved from sustainability (24 weeks) to longitudinal follow-

up (52 weeks).  

For vascular measures (Table 9.1), blood pressure was unchanged by the intervention. 

Conversely, carotid IMT was significantly reduced from pre-intervention to sustainability, 

but was no longer different from pre-intervention at longitudinal follow-up.  
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Table 9.1. Metabolic, lifestyle and vascular data collected at pre-intervention (0 wk), post-

intervention (12 wk), sustainability (24 wk), and longitudinal follow-up (52 wk), for a subsample (n = 
7) of participants in the Young Women’s Heart Health Study.  

Outcome measure 
Pre-intervention  

(0 weeks) 

Post-intervention 

(12 weeks) 

Sustainability  

(24 weeks) 

Longitudinal  

(52 weeks) 

Metabolic     

Body mass (kg) 85.4 ± 18.9 85.4 ± 21.3 84.7 ± 22.2 80.3 ± 17.2b 

Body mass index (kg/m2) 31.7 ± 4.0 31.5 ± 5.07 31.3 ± 5.6 29.8 ± 4.5b 

Waist circumference (cm) 93.5 ± 6.8 88.9 ± 8.5a 90.4 ± 9.8 86.1 ± 8.9a,b 

Hip circumference (cm) 115.8 ± 12.7 116.2 ± 14.3 116.5 ± 15.3 110.9 ± 12.3b 

Waist-hip-ratio 0.81 ± 0.06 0.77 ± 0.05a 0.78 ± 0.05a 0.78 ± 0.05a 

Waist-height-ratio 0.57 ± 0.02 0.54 ± 0.03a 0.55 ± 0.05a 0.53 ± 0.05a,b 

Fasting glucose (mmol·L
-1

) 4.9 ± 0.5 4.5 ± 0.2 4.4 ± 0.2a 4.0 ± 1.8 

Fasting insulin (mU·L-1)# 8.9 ± 3.1 8.3 ± 1.9 9.4 ± 6.5 7.4 ± 2.5 

HOMA-IR# 2.1 ± 0.8 1.8 ± 0.4 2.1 ± 1.3 1.6 ± 0.6 

Total cholesterol (mmol·L
-1

) 4.7 ± 0.6 4.4 ± 0.8 4.2 ± 0.5 4.3 ± 0.8 

HDL-cholesterol (mmol·L
-1

) 1.5 ± 0.5 1.9 ± 0.5a 1.4 ± 0.2 1.8 ± 0.4 

Triglycerides (mmol·L
-1

) 1.3 ± 0.6 1.6 ± 1.0 1.8 ± 1.5 1.7 ± 0.7 

hs-CRP (mg·L-1)# 3.5 ± 1.9 3.8 ± 2.6 4.0 ± 2.3 3.3 ± 1.9 

Resting heart rate (bpm) 81 ± 10 72 ± 8 65 ± 10a 66 ± 18a 

Predicted VO2max (mL·kg-1·min-1)# 29.8 ± 8.2 31.8  ± 6.1a 34.5 ± 11.2 30.6 ± 5.8 

Physical activity (min·wk-1)# 98.6 ± 63.3 282.8  ± 81.0a 159.28 ± 38.88 216.4 ± 112.9a 

Daily energy intake (Kj)# 61117 ± 666 4957 ± 1315a 5331 ± 1175 4359 ± 745a 

Vascular     

Carotid IMT (mm) 0.40 ± 0.02 0.42 ± 0.03 0.37 ± 0.01a 0.42 ± 0.03b
 

Systolic blood pressure (mmHg) 121 ± 7 117 ± 8 115 ± 12 117 ± 14 

Diastolic blood pressure (mmHg) 71 ± 6 66 ± 11 63 ± 6 67 ± 10 

Data presented as mean ± SD. n = 7. HOMA-IR, homeostasis model assessment of insulin resistance; HDL, 

high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; IMT, intima-media thickness. #log10 

transformation to satisfy Gaussian distribution prior to further statistical tests asignificantly different to pre-

intervention (P ≤ 0.05); bsignificant difference from sustainability to longitudinal (P ≤ 0.05). 

 

 

Among cardiac outcomes (Table 9.2), systolic mitral annular plane tissue velocity (Sm), 

myocardial twist, and rate of twist/untwist were significantly reduced from pre-intervention 

to post-intervention. Differences from pre-intervention to sustainability were observed for 

increased IVRT and reduced circumferential strain. However, by longitudinal testing, no 

differences were present when compared with pre-intervention, nor were there changes from 

the sustainability phase. 
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Table 9.2. Echocardiographic data collected at pre-intervention (0 wk), post-intervention (12 wk), 

sustainability (24 wk), and longitudinal follow-up (52 wk), for a subsample (n = 7) of participants in 
the Young Women’s Heart Health Study. 

Outcome measure 
Pre-intervention  

(0 weeks) 

Post-intervention 

(12 weeks) 

Sustainability  

(24 weeks) 

Longitudinal  

(52 weeks) 

Cardiac     
LA diastolic diameter (mm) 26.6 ± 12.7 31.7 ± 2.1 33.2 ± 3.5 31.0 ± 3.1 
LV mass (g) 153.5 ± 39.9 175.3 ± 34.4 175.5 ± 34.6 154.9 ± 33.6 
LV mass indexed (g·m-2.7) 41.4 ± 13.6 47.1 ± 11.5 48.1 ± 7.9 42.0 ± 13.9 

LVED diameter (mm) 42.9 ± 4.5 41.7 ± 4.5 44.8 ± 3.1 43.0 ± 4.5 
LVES diameter (mm) 27.3 ± 5.7 26.8 ± 2.8 28.4 ± 3.9 29.7 ± 4.1 
LV PW thickness (mm) 10.4 ± 1.7 12.1 ± 3.3 11.2 ± 1.6 10.0 ± 2.0 
IVS thickness (mm) 10.4 ± 1.7 11.9 ± 1.7 10.8 ± 1.9 11.0 ± 1.0 
LV EF (%) 55.2 ± 3.1 61.9 ± 7.4 61.4 ± 3.8 66.6 ± 13.3 
E velocity (cm·s-1) 84.9 ± 7.8 75.9 ± 9.4 75.3 ± 10.9 76.0 ± 13.4 
A velocity (cm·s-1) 38.7 ± 11.4 31.0 ± 4.6 37.0 ± 3.5 45.2 ± 14.3 
E/A ratio  2.4 ± 0.7 2.5 ± 0.3 2.1 ± 0.4 1.9 ± 0.5 

IVRT (ms) 71.9 ± 31.8 94.7 ± 14.8 96.3 ± 17.6 92.4 ± 8.5 
Deceleration time (ms)# 215.3 ±24.1 233.9 ± 69.6 276.7 ± 33.9a 236.0 ± 37.1 
Sm velocity  (cm·s-1) 9.4 ± 1.8 8.7 ± 1.5a 8.9 ± 1.6 9.0 ± 1.1 
Em velocity (cm·s-1) 14.9 ± 1.7 13.3 ± 2.9 13.4 ± 2.4 14.8 ± 1.0 
Am velocity  (cm·s-1) 7.0 ± 1.6 7.4 ± 1.6 6.9 ± 1.6 7.3 ± 1.1 
E/Em lateral wall 5.2 ± 1.2 4.6 ± 1.2 4.4 ± 1.2 4.1 ± 0.4 
Longitudinal strain (%) -17.2 ± 2.4 -17.5 ± 0.5 -16.7 ± 1.5 -17.1 ± 2.1 
Circumferential strain (%) -19.2 ± 5.2 -19.3 ± 2.6 -18.2 ± 4.6a -17.3 ± 4.5 

Apical rotation (˚) 5.4 ± 2.3 4.7 ± 1.8 4.2 ± 2.4 5.1 ± 2.0 
Basal rotation (˚) -3.6 ± 3.0 -4.3 ± 1.7 -5.3 ± 3.6 -3.9 ± 0.8 
Twist (˚) 9.0 ± 3.2 5.8 ± 1.5a 5.6 ± 2.0 6.5 ± 2.1 
Twist rate (˚·s-1) 79.5 ± 15.5 42.2 ± 22.7a 53.8 ± 26.8 65.1 ± 21.6 
Untwist rate (˚·s-1) -73.0 ± 20.7 -31.6 ± 19.3a -52.3 ± 28.1 -56.5 ± 10.7 

Data presented as mean ± SD. n=7. Sm, Em and Am are means of four sites at the mitral annulus from apical 4-

chamber and 2-chamber view. LA, left atrium; LV, left ventricle; LVED, left ventricle end-diastolic; LVES, left 

ventricle end-systolic; PW, posterior wall; IVS, inter-ventricular septum; EF, ejection fraction; IVRT, 

isovolumetric relaxation time; S, systolic; E, early-diastolic; A, late-diastolic; SR, strain rate. #log10 

transformation to satisfy Gaussian distribution prior to further statistical tests. asignificantly different to pre-

intervention (P ≤ 0.05).  

 

 

Figure 9.1 presents data for “stage of change for exercise”. Of note, at pre-intervention, all 

participants indicated that they were in ‘contemplation’ (n=3) or ‘preparation’ (n=4). 

However, upon completion of the lifestyle intervention at post-intervention testing, six of the 

seven women had moved into the ‘action’ phase. At sustainability, three participants were 

still in the ‘action’ phase, an indication that they had maintained exercise beyond the 

completion of the intervention, while the other four had returned to ‘preparation’. Responses 

varied at longitudinal follow-up, with three participants indicating for the first time that they 

had entered the ‘maintenance’ phase. Meanwhile, one participants was in ‘action’, while 

others had returned to ‘contemplation’ (n=1) or ‘preparation’ (n=2). 
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Figure 9.1. “Stage of change for exercise” for participants at longitudinal follow-up testing (n=7). 

 

 

Discussion 

 

In this supplementary study, a subsample of participants who completed the multi-

disciplinary lifestyle intervention was followed up one year later. At this longitudinal follow-

up, participants exhibited significant reductions in WC-dependent anthropometric measures 

when compared to pre-intervention values, representing a favourable change in abdominal 

adiposity. These women also reported increased engagement in weekly physical activity and 

reductions in daily energy intake, representing positive modifications to lifestyle behaviours 

to support weight management. However, care must be taken when interpreting these data for 

possible bias, given that the women returning for longitudinal testing may have been the 

more compliant of the intervention participants. 

Immediately post-intervention (12 weeks), results for this subsample demonstrated that a 

short-term, multi-disciplinary lifestyle intervention was effective for reducing a number of 

metabolic and lifestyle risk factors, including WC-dependent anthropometric measures, 

fitness variables and energy intake. However, at the sustainability phase (24 weeks), an 

emergent ‘rebound’ trend was evident for several variables, with the post-intervention 
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improvements in WC, fitness and nutritional measures no longer different from pre-

intervention. There was also a reduction in weekly physical activity by 24 weeks from post-

intervention. This rebound effect is also observed in the sustainability data presented for the 

intervention group as a whole (n=19) in Chapter 7, and has previously been reported in adults 

in intervention studies investigating chronic disease (Wycherley et al., 2012). At longitudinal 

follow-up, WC-dependent measures, physical activity levels and energy intake displayed 

changes were again significantly improved compared with pre-intervention values. This is in 

contrast to another lifestyle intervention study with young adult women with 

overweight/obesity (Chang et al., 2010), where reported improvements in fruit and vegetable 

intake behaviour at post-intervention were no longer present at 8-month follow-up.  

This rebound trend was reflected in the “stage of change” data, which showed that some 

participants formerly in ‘action’ at post-intervention had regressed to the ‘preparation’ phase 

at sustainability. However, at longitudinal follow-up, several participants returned to ‘action’ 

or ‘maintenance’. It is speculated that this pattern of regression noted at sustainability testing 

was initiated by the suspension of supervised physical activity and CBT group sessions when 

the lifestyle intervention concluded (Wycherley et al., 2012). The trigger for renewed 

improvements in lifestyle behaviours from sustainability to longitudinal follow-up, which 

resulted in improvements in the WC-dependent measures, requires further investigation. 

Further evidence of this ‘rebound’ effect is evident from individual data obtained from the 

primary outcome variable of WC (data not shown). It was revealed that from post-

intervention to sustainability: (i) one participant had a reduced WC (3.0 cm); (ii) three 

participants had maintained their WC; and (iii) three had increased WC (range: 4.1 to 5.0 

cm). In comparison, from sustainability to longitudinal follow-up: (i) five participants had 

reduced WC (range: 4.0 to 10.6 cm); and (ii) two participants had maintained WC. Moreover, 

at longitudinal testing, all but one participant displayed a WC that was less than at pre-

intervention. In addition, at longitudinal follow-up, two participants were no longer 

considered ‘abdominally obese’ (i.e., their WC < 80 cm). And although not statistically 

different from pre-intervention, mean body mass and hip circumference had reduced by 4.5% 

and 5%, respectively, at longitudinal follow-up, further suggesting sustained lifestyle 

behaviours beyond the completion of the intervention.  

There were changes observed in some cardiac and vascular (ultrasonography) markers, from 

pre-intervention to post-intervention and sustainability, in this subsample of seven women. 
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These changes are difficult to explain given that they were not observed in the post-

intervention (Chapter 8) and sustainability (Addendum 8.1) data of the entire intervention 

cohort (n=19), except for a decrease in circumferential strain at the sustainability phase. 

However, by one-year follow-up, there were no differences from pre-intervention values for 

any cardiac or vascular measure assessed with ultrasonography. 

In summary, the follow-up testing at 24 weeks provides evidence that positive behaviour 

modifications developed during the lifestyle intervention demonstrate a ‘rebound’ after 

withdrawal of the intervention and its intensive support. However, further follow-up testing at 

52 weeks suggests that participants re-engage in positive lifestyle behaviours and, 

concomitantly, exhibit improvements in CVD risk factors similar to those observed 

immediately post-intervention. Importantly, the key improvement in CVD risk status at 52 

weeks was a significant reduction in WC, representing a favourable change in abdominal 

adiposity. Therefore, despite a small sample size at one-year follow-up, a multi-disciplinary 

lifestyle intervention comprising physical activity, nutrition education and CBT can be 

considered an effective approach for long-term, sustained improvements in CVD risk profile 

for young adult women with abdominal obesity. However, it is possible that this outcome 

reflects a bias of only the most committed participants returning for longitudinal testing. 
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Chapter 10. Discussion and Conclusion  

 

10.1. Overview  

 

Overweight and obesity continues to escalate in developed and developing countries (Ng et 

al., 2014). Obesity is an independent risk factor for CVD and is associated with the 

progression of other risk factors that increase the chance of developing CVD (Kahn et al., 

2006) in middle-aged and older adults, particularly in post-menopausal women (Galassi et al., 

2006; Hubert et al., 1983; Worrall-Carter et al., 2011). Similar trends are now emerging in 

premenopausal women (Peterson, Herrero, et al., 2004; Peterson, Waggoner, et al., 2004). 

Young women in particular are at risk of future CVD events, with weight gain rising steeply 

between the ages of 19 to 40 years (Ng et al., 2014). Despite this, premenopausal women are 

under-represented in CVD research (Chomistek, Mukamal, Eliaseen, & Rimm, 2014; 

Hutchesson et al., 2013). Data on the prevalence, characteristics and consequences of 

overweight/obesity in young women are important for early detection, timely treatment and 

adaptation of lifestyle interventions (van Emmerik et al., 2012). 

 

10.2. Linking of the studies  

 

The narrative literature review (Chapter 2) highlighted an under-representation of work 

examining CVD risk in premenopausal adult women, with a paucity of data regarding more 

contemporary early detection markers such as ultrasonographic measures of cardiac and 

vascular risk. There was limited attention to strategies within population to address CVD risk 

progression, with multi-component lifestyle intervention proposed as an effective non-

pharmacological approach for reducing overweight/obesity and other modifiable risk factors. 

The systematic literature review (Chapter 3) revealed only five RCT studies since 2004 to 

address the efficacy of a multi-disciplinary lifestyle intervention for reducing CVD risk in 

premenopausal women (≤ 40 years of age) with overweight/obesity. Of these five studies: (i) 

only one had a mean participant age below 36 years; (ii) none had investigated cardiac and/or 
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vascular measures using ultrasonography, and (iii) sustainability measures following 

interventions were lacking. 

The series of studies described in Chapters 5 to 8 were conducted with the primary purpose of 

advancing the knowledge of reducing CVD risks in young women and, in particular, those 

with overweight/obesity. This thesis first focussed on the early identification of CVD risk 

factors that are modifiable, reversible and preventable, using a cross-sectional design for the 

assessment of metabolic, cardiac and vascular markers of CVD risk and associated lifestyle 

behaviours. This was followed with a RCT intervention study of lifestyle modification 

(intended at being realistic, sustainable, and age- and gender-appropriate) to assess its 

effectiveness in reducing identified risk factors, and included tracking the sustainability of 

any intervention-induced changes in CVD risk. These investigations of CVD risk in young 

adult women with overweight/obesity presented in this thesis have produced a number of 

notable and novel contributions towards the understanding of early detection and intervention 

of CVD in this population.  

 

Research question 1: What (cardio)metabolic, cardiac and vascular risk factors are 

associated with overweight/obesity in premenopausal women aged 18-30 years? 

 

It was hypothesised that young women with overweight/obesity exhibit elevated markers of 

CVD risk for metabolic and lifestyle factors, and display cardiac and vascular dysfunction 

measured by ultrasonography. These risk factors may evolve as a result of excess adiposity 

and lead to the development of CVD. Many risk factors are modifiable, reversible and 

preventable with appropriate strategies. In this thesis, waist circumference ≥ 80 cm as a 

surrogate measure of abdominal obesity was selected to define ‘overweight/obesity’. Waist 

circumference is a reliable and inexpensive index of adiposity that correlates well with 

advanced measuring techniques (Goh et al., 2014; National Health and Medical Research 

Council, 2003). Compared with non-overweight/obese (WC < 80 cm), age-matched (18-30 

years) controls, it was established that young women with abdominal obesity had elevated 

CVD risk in measures of insulin resistance (HOMA-IR), low-grade systemic inflammation 

(hs-CRP) and systolic blood pressure, and lower levels of physical activity and fitness. In 

contrast, traditional markers of CVD risk, such as those associated with the metabolic 
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syndrome (i.e., blood lipids and fasting glucose), did not differentiate between 

overweight/obese women and age-matched women in the healthy anthropometric range. 

Similarly, increased c-IMT as a vascular marker of developing atherosclerosis was not 

evident in the overweight/obese group. However, the elevations in HOMA-IR and systolic 

blood pressure for women with abdominal obesity were within ‘acceptable’ limits (Jensterle 

et al., 2008; Pearson et al., 2003), while the elevated hs-CRP was deemed ‘high’ risk (> 3.0 

mg·l
-1

). But given the between-group differences, these elevated CVD risk markers might be 

more useful for early detection of future CVD risk in this population than those (e.g., 

metabolic syndrome markers) currently used in standard health checks. Moreover, the 

calculation of unadjusted odds ratios produced significant outcomes for insulin resistance and 

physical activity, indicating that a HOMA-IR score ≥ 2.0 and exercise engagement < 210 min 

per week were risk factors associated with overweight/obesity in this population. Therefore, 

mild abdominal obesity could be considered as among the first stages in a sequence of early 

markers of CVD risk. 

Young women with abdominal obesity also displayed cardiac remodelling. Obesity is 

independently associated with increased LV mass, with eccentric hypertrophy the most 

common form associated with this metabolic disorder (Wong et al., 2004). In this thesis, the 

increased LA diameter was consistent with these findings, and has been reported to occur to 

compensate for a greater haemodynamic load in obesity. Thus, cardiac hypertrophy may be 

an early marker in the sequence of cardiac events (Wong & Marwick, 2007b). These women 

also displayed subtle, subclinical cardiac dysfunction, providing support to the only other 

study to report such measures in young obese women (Peterson, Waggoner, et al., 2004). In 

the present study, the overweight/obese group exhibited reduced systolic (Sm) and diastolic 

(Em) mitral annular plane velocities, increased LA filling pressure surrogates (E/Em), and 

prolonged timing measures of diastolic function. While the specific values for these measures 

in the overweight/obese group are still considered ‘normal’ in the clinical setting (Nagueh et 

al., 2009), the presence of between-group differences again suggest their usefulness as early 

detection markers. In addition, the advances in echocardiographic techniques over the past 

decade may provide avenues for earlier detection of cardiac dysfunction. In this thesis, 

circumferential deformation and myocardial mechanical indices (twist indices and rotation) 

were similar between groups. However, longitudinal deformation was impaired in women 

with overweight/obesity compared with controls. Similarly, reduced global longitudinal LV 

strain was observed in a cross-sectional study of obese children and adolescents when 
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compared to age-matched non-obese controls (Shah et al., 2011). These results indicate 

emerging systolic involvement early in the process of obesity in these young populations 

(Barbosa, Mota, e Silva, Maria do Carmo, & Barbosa, 2013).  

Taken together, these findings suggest that WC was useful as a first-line diagnostic measure 

of CVD risk. Similarly, BMI (≥ 25 kg/m
2
) and WHtR (> 0.50) as anthropometric measures 

for overweight/obesity were also useful as first-line diagnostic measures of CVD risk in this 

age group, given they predicted CVD risk factors (i.e., insulin resistance and physical 

inactivity) similar to waist circumference. Anthropometric measures of abdominal adiposity 

have previously shown strong and positive associations with all-cause CVD mortality 

independent of BMI (Zhang et al., 2008). Specifically, elevated WC has been associated with 

increased CVD mortality even among normal-weight women (Zhang et al., 2008). 

Furthermore, the Emerging Risk Factors Collaboration [ERFC] (2011) showed that WC, 

BMI, WHtR, and WHR each had similar strengths of association with CVD risk. Therefore, 

data in this thesis are in agreement with previous literature, given the results of the present 

study found WC, BMI and WHtR each predicted similar CVD risk factors in young women, 

while WHR was not a strong predictor. 

The detection of differences in selected metabolic and cardiac parameters in young obese 

women in this thesis, albeit relatively subtle, is concerning and, thus, a better understanding 

of heart health in these early stages of adulthood is required. When seeking deeper insight 

into the progression of CVD risk, measures of glycaemic control and lifestyle factors appear 

more informative than traditional metabolic syndrome markers at this younger age. There is 

also value in echocardiographic techniques for advancing this insight, given the findings of 

this thesis that premenopausal women with mild abdominal obesity demonstrate abnormal 

cardiac function at a younger age, and in earlier stages of obesity, than previously reported 

(Kosmala et al., 2009; Wong, Byrne, et al., 2006). In summary, the data from the cross-

sectional studies of this thesis support the hypotheses that young women with 

overweight/obesity (compared with their non-obese counterparts) exhibit markers of CVD 

risk in their metabolic profile and display subclinical cardiac dysfunction measured from 

echocardiography. These findings demonstrated the emerging importance of early 

intervention strategies in this population to arrest further progression of CVD. Effective 

lifestyle intervention strategies that promote weight loss and reduce risk factors for CVD 
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through early detection and prevention will, ultimately, reduce CVD and the associated 

personal and financial burden of the disease on individuals and society. 

 

Research question 2: Does a multi-disciplinary lifestyle intervention comprising physical 

activity, nutrition education and CBT improve CVD risk factors in young women with 

abdominal obesity? And if so, are these improvements sustainable beyond the completion of 

the program?  

 

A number of multi-component lifestyle intervention studies have produced beneficial 

outcomes for body composition, fitness, and cardiometabolic parameters (Carroll et al., 2007; 

Dutheil et al., 2013; Irving et al., 2008). Lifestyle interventions incorporating exercise, 

dietary and behavioural components are considered the most successful design for health 

outcomes, including weight loss and reductions in CVD risk factors (Wing, 2002) As 

highlighted in the systematic literature review (Chapter 3), the effects and sustainability of 

multi-disciplinary lifestyle interventions for young adult women with overweight/obesity 

(particularly aged ≤ 30 years) are noticeably under-researched. In the present study, the 12-

week multi-disciplinary lifestyle intervention produced some within-group improvements in 

CVD risk factors for young women with abdominal obesity. Interestingly, these risk factor 

improvements were primarily limited to the metabolic and lifestyle markers identified in the 

cross-sectional studies (Chapters 5 and 6) as showing poorer values in women with 

overweight/obesity. Specifically, anthropometric measures related to waist circumference, 

systolic (and diastolic) blood pressure, and measures of physical activity engagement, aerobic 

fitness and total energy intake improved at post-intervention. Improvements in these CVD 

risk factors are consistent with other RCT studies that have assessed the effectiveness of 

multi-disciplinary interventions with premenopausal women with overweight/obesity 

(Kerksick et al., 2010; Silva et al., 2010). While metabolic risk factors related to 

anthropometry and blood pressure improved to be better aligned with young, non-obese 

women (see Chapter 5), in contrast, other risk factors like fasting insulin, HOMA-IR and hs-

CRP were unaffected by the intervention. Similarly, cardiac and vascular properties assessed 

with ultrasonography were unaffected at post-intervention. This might reflect an intervention 

of insufficient duration or intensity or lifestyle manipulation to drive change in many of the 

outcome measures. But it is also possible that this early stage of CVD progression in women 
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with abdominal obesity insufficiently advanced for a lifestyle intervention to generate 

sizeable or detectable improvements in metabolic, cardiac and/or vascular risk factors. This 

was supported by the between-group findings in Chapter 5, in which elevated hs-CRP in the 

overweight/obese women was the only risk factor deemed to be of ‘high’ risk. Similarly, 

while differences between obese and non-obese women were observed in echocardiographic 

markers in Chapter 6, the specific values for these measures in the women with abdominal 

obesity were still considered ‘normal’ in the clinical setting. 

Once leaving the intervention program, women maintained their post-intervention 

improvements in anthropometric measures, blood pressure, resting heart rate and physical 

activity engagement at 24 weeks. Similarly, daily energy intake was still 15% lower than pre-

intervention levels, although statistical significance was not reached (P = 0.269). However, 

levels of physical activity at 24 weeks had declined significantly from the greatly increased 

weekly engagement at immediately post-intervention, and this likely explains the return of 

aerobic fitness to a level no longer different from pre-intervention. This might reflect the 

frequent rebound that can occur once the intensive support of an intervention program is 

withdrawn, even when behavioural change strategies have been implemented (Wycherley et 

al., 2012). However, collectively, the maintenance of the intervention-induced improvements 

above suggest that the intervention produced longer lasting lifestyle modifications and, thus, 

its characteristics were realistic, sustainable, and age- and gender-appropriate for young, 

university-educated adult women. 

The data collected at one-year post-intervention provide supportive evidence of an 

intervention that was successful in establishing sustainable lifestyle behaviours in young 

adult women. For the seven women who returned for this follow-up testing, the outcomes for 

the majority of the metabolic, cardiac and vascular measures did not differ from the pre-

intervention data. This could be considered a positive outcome from the perspective of an 

absence of deleterious progression of CVD risk in these participants. Moreover, there was a 

significant decrease in all anthropometric markers at this time point, including WC, BMI, 

WHR, WHtR, body mass and hip circumference. These body composition changes reflect a 

significant decrease in general adiposity, with the reduction in waist circumference indicating 

a decrease in abdominal adiposity. It is predicted that these reductions in adiposity will result 

in positive changes in the intermediate modifiable risk factors (Bastien et al., 2014) and in 

circulating adipokines and inflammatory mediators (Berggren et al., 2005; Matsuzawa, 
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2006a). It is likely that improvements in other CVD risk markers will emerge more explicitly 

over a longer time period if the anthropometric corrections are maintained or further 

enhanced.  

From a behavioural modification perspective, the seven participants at one year had 

substantially increased their weekly engagement in physical activity and reduced their dietary 

energy intake when compared to pre-intervention values. The combination of these outcomes 

result in a negative shift in total energy balance, which is consistent with the decreases in 

body mass and related anthropometry observed at this time point. These one-year post-

intervention data for physical activity and dietary patterns also reversed the rebound towards 

pre-intervention levels observed at 24 weeks in these lifestyle behaviours. These positive 

lifestyle modifications developed by one year also provide evidence that the intervention 

delivered in this thesis was successful and sustainable long-term for this population. 

However, it is important to acknowledge that a possible bias exists with the seven women 

who returned for longitudinal testing. These women may have been more compliant than 

other intervention participants given their availability for one-year follow-up testing. 

While within-group changes observed in the intervention group showed the lifestyle 

intervention to be successful in mitigating some CVD risk, between-group comparisons with 

the overweight/obese control group suggested a research design that was largely unsuccessful 

in discriminating the effectiveness of the intervention phase. In fact, only physical activity 

engagement was significantly different between groups, with the overweight/obese women in 

the wait-list control group displayed similar patterns of effect in anthropometric, biochemical, 

fitness and dietary measures at post-control testing. Most notable was a decrease in WC that 

paralleled changes in the intervention group, despite undetected changes in self-reported 

physical activity and nutrition behaviour of the control group participants. Unanticipated 

improvements in the behaviour of control participants have been observed in intervention 

trials targeting physical activity and chronic disease management, but weight loss 

improvements are not normally observed in wait-list control conditions (Waters et al., 2012). 

In the current study, participants appear to have experienced an increase in motivation for 

change simply through assignment to a control group. Therefore, a wait-list (delayed-start) 

control group design may not be appropriate for ‘Generation Y’ women who share urgency 

for feedback and success (Griffin et al., 2013) This was highlighted by the (presumed) poor 

compliance to pre-recruitment lifestyle behaviours, as indicated by a decrease in WC similar 
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to the intervention group, as well as poor continuation into the intervention phase upon 

completion of the control phase. These limitations and difficulties have been previously 

documented, with one study acknowledging that young obese women are difficult to recruit 

to weight management trials (Griffin et al., 2013). Young women have been identified in the 

research as a high risk group (Gokee-LaRose et al., 2009; Hutchesson et al., 2013), with 

standard weight loss programs not meeting the weight control needs of young adults and 

research urgently required to improve recruitment and retention efforts within this group 

(Gokee-LaRose et al., 2009).  

In summary, results from the intervention study of this thesis support the hypothesis that a 

12-week multi-disciplinary lifestyle intervention would produce anthropometric and CVD 

risk factor improvements, albeit subtly, in young adult women with abdominal obesity. 

Similarly, the behaviour change associated with the intervention was successful in sustaining 

several improvements in the cardiovascular health profile of these women longer term. Given 

the association of abdominal obesity with CVD risk, an important outcome was that the 

decrease in WC exhibited at the completion of the intervention phase was maintained at 24 

weeks and 1 year later. However, this perspective extends from the intervention group data 

alone, where the intervention itself appeared appropriate to initiate improvements in CVD 

risk and behaviour change for the sustainability of healthier lifestyle management. In 

contrast, the RCT research design with its use of a wait-list control group does not appear 

appropriate for testing the effectiveness of an intervention when control participants are 

seeking change.  
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10.3. Practical applications  

 

The series of studies comprising this thesis have contributed knowledge to direct future 

interventions and strengthen the evidence base for health promotion strategies in young 

women at risk of chronic disease. Moreover, the findings reported in this thesis have 

implications for the design and implementation of effective multi-disciplinary lifestyle 

interventions for young adult women. Based on the evidence from the cross-sectional studies 

and the intervention study, the following practical applications are recommended for the 

future of cardiovascular health in young women with abdominal obesity: 

 

 Traditional markers of CVD risk, including markers of the metabolic syndrome, may 

not be appropriate for the early detection of risk in this age group (18 to 30 years) of 

women. Indicators of low-grade systemic inflammation (i.e. hs-CRP) appear more 

sensitive for identifying early stages of CVD progression. Indicators of insulin 

resistance (HOMA-IR) and physical activity engagement may also be useful adjuncts 

in the early detection of CVD progression, rather than metabolic syndrome markers. 

 

 WC, BMI and WHtR all show similar risk factors for CVD in young adult women 

and, given their ease and cost of measurement, are useful first-line detection tools for 

CVD risk in clinical settings.  

 

 The inclusion of mechanistic data obtained from cardiac and vascular imaging may 

improve diagnosis  

 

Additionally, based solely on evidence obtained from the lifestyle intervention program in 

this thesis, the following points for the implementation of future multi-disciplinary lifestyle 

interventions are recommended: 

1. Provide opportunities for women to develop self-efficacy for behavioural change. In 

this study, women were introduced to exercise techniques in training that can be 

implemented in everyday life. 

  

2. Provide opportunities for social interaction and support (groups). 
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3. Teach women to value exercise and use the health belief model to provide 

experiences and empowerment in the knowledge around the importance of healthy 

lifestyle choices. 

 

4. Ensure that women who exercise outdoors have access to low-cost, local locations in 

which they feel safe. 

 

5. Develop age- and sex-specific approaches to prevention, diagnosis, and treatment. 

 

 

10.4. Limitations  

 

The following are potential study limitations and associated strengths, when considering the 

respective study designs, population, and statistical methodologies employed: 

 

 The lifestyle intervention sample was under-powered.  

Power calculations showed that 44 participants were required to meet appropriate power, 

taking into account a 20% attrition rate. From an initial recruitment of 39 women, there were 

30 by program completion. This was primarily due to the greater attrition rate in control 

group, given that the retention rate in intervention group was as expected. This provides 

further support to the supposition that wait-list control designs may not be an appropriate 

approach for this population.  

 

 Intra- and inter-rater reliability for some STE parameters (e.g. rotation and twist) 

with a CV of 9% to 12% 

Despite this, both intra- and inter-reliability was comparable to other studies reporting similar 

variables (K. A. Marcus et al., 2011). Additionally, a minimum of three cycles/images were 

averaged for all echocardiography analyses, in order to further minimise measurement error. 

However, other reliability measures of STE were acceptable and well within previous reports. 
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 Due to the lack of echogenicity in the study population (particularly women with 

abdominal obesity), clear echocardiographic imaging was difficult in some 

circumstances.  

This precluded accurate estimation of radial deformation and, thus, these data were not 

included in any analyses. 

 

 STE represents an objective and angle-independent modality for non-invasive 

quantification of LV deformation (strain and strain rate) and mechanics (rotation and 

twist) that play an important role in ejection and filling of the LV (ref).  

The importance of STE lies in its potential for early detection of pathology (Obert et al., 

2012). However, despite STE showing excellent agreement with gold-standard heart imaging 

techniques such as tagged magnetic resonance imaging, it is not without its limitations. For 

example, preload and afterload may influence contractile responses of the myocardium and 

should be considered in all STE analyses (Burns et al., 2010). 

 

 Advanced techniques, such as DEXA, were not used for the assessment of body 

composition.  

Despite the popularity of weight loss among populations of young women, weight loss was 

not the goal of this thesis. The focus was on metabolic health outcomes and as such remained 

on waist circumference rather than whole body weight loss. Ideally, weight loss refers to 

losses of fat mass, but without a DEXA, this type of evidence was not possible. In an 

intervention with a high probability of increasing lean mass (at the same time as decreasing 

fat mass) weight changes may not have been observed. Furthermore, WC is recognised as a 

clinically relevant tool in the assessment of abdominal obesity (National Health and Medical 

Research Council, 2003). Additionally, while WC is a simple measure, it is unrelated to 

height, correlates closely with BMI and WHR, and is an approximate index of intra-

abdominal fat mass and total body fat (Australian Institute of Health and Welfare, 2010). In 

this study, the intra-rater reliability for WC was very strong (CV = 1.3%), highlighting that it 

was reliably implemented as a tool for body composition assessment.  
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 Recruitment of Caucasian participants and from middle-high socioeconomic status. 

Caution must be exercised when generalising the results of this thesis to other race/ethnic 

populations, given previous work highlighting differences in CVD risk between ethnicities 

(Ajjan et al., 2007). Additionally, participants in this study were university students, mostly 

residing in middle-high socioeconomic areas, non-smoking and possibly well informed about 

health issues. Therefore, the limit to external validity is acknowledged. 

 

 Validity, reliability and sensitivity of outcome measures. 

It is possible to be critical of the sensitivity to change of both the waist circumference and 

ultrasound measures used in this program of research. Selected outcome measures were often 

dependent on the available budget but could be more carefully considered in future funding 

initiatives. Additionally, the validity and reliability of dietary recall of the types, amounts, 

preparations and brands of food recall are well acknowledged in the literature (Magarey et al., 

2011) and apply to the interpretation of results in the current program of research. 

Furthermore, despite the acknowledged rigour of assessors being blinded to group allocation, 

not all researchers involved in data collection in the present program of research were able to 

be precluded to the knowledge of the participants’ grouping. As such, larger, future trials 

should have a greater number of staff to avoid the bias that potentially comes with knowledge 

of group allocation. 

 

 Effects of the menstrual cycle and the oral contraceptive pill on outcome measures. 

Participants were tested during the same phase of their menstrual cycle at baseline and on 

subsequent testing occasions but the differences in the phase of the menstrual cycle is a 

limitation of this protocol. Furthermore, future studies should also consider the potential 

limitations imposed by young women’s use of oral contraception, particularly if vascular 

function is of interest (Minson, Halliwill, Young, & Joyner, 2000).  
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10.5. Future directions  

 

Early detection or progression of CVD, may indicate that impaired endothelial function in the 

vascular system is the beginning of physiological event in atherogenesis, often detected 

before the existence of vascular plaques and the clinical detection of vascular disease 

(Celermajer, et al., 1992). Furthermore, endothelial dysfunction may act as a prospective 

indicator of increased cardiovascular risk (Kuvin, et al., 2001), and can be measured via a 

technique known as flow-mediated dilation, which describes the vasodilatory response of a 

vessel to elevations in blood flow (Pyke, & Tschakovsky, 2005). It is recommended that 

future studies of CVD risk incorporate markers of vascular dysfunction, including future 

work investigating young adult women with overweight/obesity. 

The implementation of intervention studies with young adult women requires paramount 

consideration of the research design for targeting this population. Specifically, the use of a 

randomised, wait-list control design might not be appropriate for gauging the effectiveness of 

an intervention with this population. This is particularly important if participants recruited 

into a study are ready for change. Thus, knowledge of the current ‘state of change’ of 

proposed participants, as well as an understanding of their barriers to lifestyle change, will 

help direct the research design in order to increase the likelihood of short-term retention and 

long-term sustainability. Future studies with larger sample sizes should also consider 

stratification for age and baseline waist circumference (e.g. categories such as 80-90 cm and 

>90 cm). Interventions with a multi-disciplinary approach, incorporating exercise, diet and 

behavioural therapy components, are recommended. In addition, long-term follow-up (e.g. at 

one year or later) is likely to provide greater insight into the sustainability success of the 

intervention, rather than shorter-term follow-up only. 
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10.6. Conclusion 

 

In this thesis, young adult women, a population under-represented in CVD research, were 

investigated from a perspective of early identification of CVD risk and progression, and from 

a perspective of lifestyle and behavioural change for weight loss. This involved the use of 

traditional and contemporary measures of metabolic, cardiac and vascular risk, including a 

mechanistic evaluation of cardiac function performed with traditional and advanced 

echocardiography techniques. It was established that young women with mild abdominal 

obesity have elevated markers of insulin resistance and low-grade systemic inflammation (i.e. 

hsCRP) as well as subclinical cardiac dysfunction, when compared with a healthy control 

group (defined by WC < 80 cm). However, these comparative perturbations in CVD markers 

were still within clinical norms, with the exception of elevated hsCRP. Despite this, the early 

identification of changes in CVD risk factors in young women in the current study may help 

guide future detection strategies. Such strategies may be critical to halting and reversing CVD 

development while in its earliest stages of progression. This outcome would substantially 

decrease the social and financial costs from the perspective of the individual, as well as the 

longer term burden on national health costs.  

The intervention component of this thesis demonstrated that a multi-disciplinary approach to 

lifestyle change, incorporating exercise, nutrition and behavioural strategies, can be effective 

in short-term maintenance or improvements in modifiable CVD risk factors. There was also 

evidence, among highly compliant individuals, that this type of intervention can be effective 

for lifestyle behaviour modifications conducive to sustainable weight loss and, thus, 

improved CVD risk profile. For future implementation studies targeting young adult women, 

the current study provides important information when considering the features of study 

design. Most notably, a RCT design with a wait-list control group may not meet the needs of 

“Generation Y” women who share a need for urgent feedback and success.  

Findings from larger, future trial, informed by this thesis will hopefully contribute to stronger 

clinical outcomes, translatable to the broader community.  
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