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Abstract 

Over the past several decades abdominal obesity and physical inactivity have increased at 

an alarming pace. Since both are related to adverse health risk it is important to determine their 

independent influence. It is well established that cardiorespiratory fitness (CRF, the ability to 

perform physical activity) and physical activity (PA) are negatively associated with 

cardiometabolic risk factors (commonly obtained risk factors for disease, e.g: TG, HDL, etc.). In 

other words, the higher a person’s levels of PA and fitness, the lower that person’s likelihood of 

developing cardiometabolic risk factors. Abdominal obesity is positively associated with 

cardiometabolic risk factors which means the more abdominally obese a person is, the more 

prone that person is to develop cardiometabolic risk factors. However, it is unknown whether PA 

influences cardiometabolic risk factors independent of fitness level and/or abdominal obesity. 

My study objective was to examine whether PA is associated with cardiometabolic risk factors 

independent of cardiorespiratory fitness and/or abdominal obesity in inactive abdominally obese 

women. 

The study enrolled 141 inactive abdominally obese women. PA, cardiorespiratory fitness, 

and cardiometabolic risk profile were measured in all participants. A novel feature of this study 

was the use of the accelerometer to objectively measure PA and to divide exercise into different 

levels of intensity, such as: low PA, moderate to vigorous PA (MVPA), etc. My findings 

revealed that abdominal obesity was positively associated with cardiometabolic risk independent 

of PA or CRF.  I also observed that CRF was inversely related to cardiometabolic risk 

independent of PA or abdominal obesity. MVPA explained cardiometabolic risk factors by itself, 

but with insulin resistance measurements (2-hour glucose, and homeostasis model of assessment) 
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this relationship was abolished when abdominal obesity and CRF were also taken into 

consideration.  

The findings of this study provide further support for the recommendation that waist 

circumference and CRF be included as routine measures screening for cardiometabolic risk 

factors in inactive obese women. Our findings also support the suggestion that even modest 

amounts of daily MVPA that are below the recommended threshold of 30 minutes/day convey 

health benefit.  

 

 



 

IV 
 

Co-Authorship 

 I was responsible for a major part in the acquisition, analyzing, and interpreting physical activity 

data measured by accelerometer. I was also responsible for the acquisition, analyzing, and 

interpreting the magnetic resonance imaging data, and she was responsible for all statistical 

analysis and the writing of the manuscript. Dr. Robert Ross provided critical revisions for 

intellectual content within the manuscript, assist with editing the manuscript and designing the 

thesis question. 



 

V 
 

Thesis contribution 

The thesis was based on data collected from an ongoing study. Data was collected by research 

staff, graduate students, and myself. I collected part of the accelerometer data and magnetic 

resonance imaging data. Data management was performed by research personnel, graduate 

students, and myself. I was uniquely responsible for analyzing the accelerometry and magnetic 

resonance imaging data. I was also responsible for all statistical analysis and the writing of this 

thesis.  

  



 

VI 
 

Acknowledgment 

If you had asked me two and a half years ago where would I be in two years from now, I 

would have never guessed CANADA. Everything happened so fast, finishing my bachelor’s 

degree, getting married, moving to a different country, and starting a master’s degree in less than 

one month. I can conclude now, that the last two years were an amazing experience for me. In 

addition to finishing a master’s degree, I have learned about a new culture, I met many 

interesting people, and I have improved my second language of English. My master’s degree 

journey would not be completed as it is without many individuals that I have encountered on the 

way.   

First, I would like to thank Bob Ross who agreed to take an international student, with all 

the complexities that there are under this term, under his supervision. Thank you for your 

guidance, for the effort that you made to help improve my writing and my English, and for the 

financial help. Thanks to you, in addition to all the knowledge that I obtained during the last two 

year, I am finishing the master’s degree with more confidence in myself. I hope that these last 

two years will help me to choose the right direction for my future. 

Second, I would like to thank our lab staff and SERENA study participants. Paula, Jackie, 

Christine, Katie, John, Melinda, Tammy, Natascha, Pam, and Shawn, thank you for all the help, 

for the warm environment, and for the chatting. Paula and Jackie, a special you thank for being 

there when I needed, for listening to all of my complaining, for giving advice, and for being my 

friend. SERENA study participants, I enjoyed meeting you all and I wish you good luck with the 

continuation of the process of becoming healthier. 



 

VII 
 

Third, I would like to thank all the graduate students that I met in the last two years. 

Trevor- thanks for your help with my writing, my English, and the small chats that we had in the 

lab. Gifferd- sometimes it is encouraging to know that there is another person that feels like you. 

Thanks for all your help during the last two years. Andrea and Sara- thanks for the warm feeling 

in our office, thanks for the conversations, and thanks for all the help. I wish you good luck. 

John- you helped a lot with the MRI and with many other stuff, thanks and good luck with your 

degree. Mitch- I enjoyed meeting you and listening to your funny jokes, I hope that you will 

have a great time and good luck with completing your degree. Ashlee- thanks for all the help 

with the accelerometers, I could not analyze anything without you. And last, Jessica- thanks for 

the support and help with my writing. 

 Fourth, I would like to thank all our Israeli friends, for the support, and for giving us 

(Andres and I) the feeling that we have a family here in Canada. Thanks  

 Fifth, I would like to thank my family in Israel and abroad. Mom and Dad, without the 

Skype I would probably not survive. Thank you for being there all the time, for encouraging me, 

for listening, for the motivation you gave me, and for supporting me during all my life no matter 

what I decided to do. I love you!! Grandpa, I am waiting for our meetings on Saturdays, to hear 

your clever opinions, and your stories. I am so happy we could speak through Skype. Ori and 

Guy, thanks for sharing your thoughts about everything. Your opinion is very important to me 

and I am not sure that you know it, but I admire you two. I hope that all our family will soon be 

united in Israel. Itay, thanks for all the help in Canada. I do not think we would have come here 

without you. Thank you for being our family here, in Canada. 



 

VIII 
 

 Finally, a special thanks to the most important person in my life, Andres. Andres, you are 

everything. Without you nothing would have happened. You inspire me, calm me, motivate me, 

tolerate me, advise me, and are always there. You are my other half and had a main role in my 

thesis and graduation. I love you so much!!! 



 

IX 
 

Table of contents 

ABSTRACT .......................................................................................................................................................... II 

CO-AUTHORSHIP ............................................................................................................................................. IV 

THESIS CONTRIBUTION.................................................................................................................................. V 

ACKNOWLEDGMENT ..................................................................................................................................... VI 

TABLE OF CONTENTS .................................................................................................................................... IX 

LIST OF TABLES............................................................................................................................................... XI 

LIST OF FIGURES ............................................................................................................................................ XII 

LIST OF ABBREVIATIONS ............................................................................................................................ XIII 

CHAPTER 1 - INTRODUCTION ....................................................................................................................... 1 

CHAPTER 2 – LITERATURE REVIEW ........................................................................................................... 3 

2.1 OBESITY- THE 21
ST

 CENTURY DISEASE ................................................................................................................. 3 

2.2 OBESITY AND CARDIOMETABOLIC RISK ................................................................................................................ 4 

2.2.1 Cardiometabolic risk term evolution ........................................................................................................... 4 

2.2.2 Obesity and cardiometabolic risk factors .................................................................................................... 9 

2.3 CARDIORESPIRATORY FITNESS AND CARDIOMETABOLIC RISK FACTORS ............................................................. 12 

2.3.1 Cardiorespiratory fitness ........................................................................................................................... 12 

2.3.2 Cardiorespiratory fitness and cardiometabolic risk factors ...................................................................... 14 

2.3.3 Cardiorespiratory fitness, cardiometabolic risk factors, and gender ........................................................ 14 
2.3.4 Cardiorespiratory fitness and physical activity – mechanisms for improving cardiometabolic risk factors

 ............................................................................................................................................................................ 16 

2.4 PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOR ............................................................................................... 17 

2.4.1 Physical activity and total energy expenditure .......................................................................................... 17 

2.4.2 Physical activity, obesity and cardiometabolic risk factors ....................................................................... 18 

2.4.3 Physical activity, cardiorespiratory fitness and cardiometabolic risk factors ........................................... 19 

2.4.4 Measures of physical activity ..................................................................................................................... 20 

2.4.5 Accelerometry, an objective measure of physical activity ......................................................................... 23 

2.5 SUMMARY AND THESIS OBJECTIVE ..................................................................................................................... 27 

CHAPTER 3 - MANUSCRIPT .......................................................................................................................... 29 

3.1 ABSTRACT .......................................................................................................................................................... 30 

3.2 INTRODUCTION ................................................................................................................................................... 31 

3.3 METHODS ........................................................................................................................................................... 32 

3.3.1 Participants ................................................................................................................................................ 32 

3.3.2 Anthropometric measurements................................................................................................................... 33 

3.3.3 Measurement of abdominal adiposity by magnetic resonance imaging..................................................... 33 

3.3.4 Glucose and insulin measurements ............................................................................................................ 34 

3.3.5 Lipids and lipoproteins .............................................................................................................................. 34 

3.3.6 Blood pressure ........................................................................................................................................... 34 

3.3.7 Cardiorespiratory fitness ........................................................................................................................... 35 



 

X 
 

3.3.8 Physical activity ......................................................................................................................................... 35 

3.3.9 Energy intake ............................................................................................................................................. 36 

3.3.10 Statistical analysis ................................................................................................................................... 37 

3.4 RESULTS............................................................................................................................................................. 37 

3.5 DISCUSSION........................................................................................................................................................ 42 

CHAPTER 4 – GENERAL DISCUSSION ........................................................................................................ 47 

4.1 CLINICAL IMPLICATIONS .................................................................................................................................... 47 

4.2 STRENGTHS AND LIMITATIONS ........................................................................................................................... 47 

4.3 FUTURE RESEARCH ............................................................................................................................................. 49 

4.4 CONCLUSIONS .................................................................................................................................................... 51 

REFERENCE ..................................................................................................................................................... 53 

APPENDIX A- CONSENT FORM .................................................................................................................... 71 

APPENDIX C – ABDOMINAL ADIPOSE TISSUES (MRI) ............................................................................ 87 

APPENDIX D - CARDIORESPIRATORY FITNESS ...................................................................................... 88 

APPENDIX E – PHYSICAL ACTIVITY .......................................................................................................... 90 

APPENDIX F- STATISTICAL ANALYSIS .................................................................................................... 112 

APPENDIX G- LICENSE AGREEMENT FOR TABLE 1 AND 2, CHAPTER 2 ......................................... 114 

APPENDIX H- LICENSE AGREEMENT FOR FIGURE 1, CHAPTER 2 ................................................... 122 

 



 

XI 
 

List of Tables 

Chapter 2: Literature Review 

Table 1. Metabolic syndrome definitions by the World Health Organization (WHO), the European Group 

for the study of Insulin Resistance (EGIR), the National Cholesterol Education Program (NCEP ATP III)   

(taken from Alberti et al. (39)). ..................................................................................................................... 7 

Table 2. Insulin resistance syndrome* by the Association of Clinical Endocrinologist (AACE) (taken 

from Alberti et al. (39)). ................................................................................................................................ 7 

Table 3. Methods to evaluate physical activity. .......................................................................................... 26 

 

Chapter 3: Manuscript 

Table 1. Descriptive characteristics ............................................................................................................ 39 

Table 2. Correlations coefficients between WC, VAT, ASAT, CRF, PA duration and intensity, and the 

cardiometabolic risk factors ........................................................................................................................ 40 

Table 3. Correlation coefficients between WC, CRF, MVPA
#
 and cardiometabolic risk factors. ............. 41 



 

XII 
 

List of Figures 

Chapter 2: Literature Review 

Figure 1. Cardiometabolic risk term (taken from Després and Lemieux (49)). ............................................ 8 

Figure 2. Abdominal obesity and the mechanisms that lead to an in increase in CMR factors .................. 11 

 



 

XIII 
 

List of Abbreviations 

BP Blood pressure 

CMR Cardiometabolic risk factors 

CRF Cardiorespiratory fitness (VO2peak) 

CVD Cardiovascular disease 

DBP Diastolic blood pressure 

FFA Free fatty acids 

HDL High-density lipoprotein 

HOMA-IR Homeostatic model assessment of insulin resistance 

LDL Low-density lipoprotein 

LPA Light physical activity 

MRI Magnetic resonance imaging 

MVPA Moderate to vigorous physical activity 

OGTT Oral glucose tolerance test 

PA Physical activity 

ASAT Abdominal subcutaneous adipose tissue 



 

XIV 
 

SBP Systolic blood pressure 

SED Sedentary time 

TG Triglycerides 

TPA Total physical activity 

VAT Visceral adipose tissue 

WC Waist circumference 

BMI Body mass index 



 

1 
 

Chapter 1 - Introduction 

With the rapid industrialization and modernization of much of the world, there has been a 

concomitant reduction in physical activity (PA) leading to an increase in obesity (1) and obesity 

related health risks (2). Developments in technology, such as television and computer 

accessibility, the availability of transportation, and the decrease in physical labor, are the main 

reasons for PA reduction (3). While there are positive aspects to these technological 

developments, their health impacts are a cause for concern. Indeed, physical inactivity has been 

shown to be associated with an increase in all-cause mortality (4; 5). In Canada, 85% of the adult 

population is not meeting the Canadian physical activity recommendations (6). Due to the well-

established health risks of inactivity, this enormous rate of physical inactivity is worrisome.  

The increase in obesity, per se, also serves as a main reason for an increase in health 

risks. Obesity has been shown to be associated with mortality, type 2 diabetes, and 

cardiovascular disease (CVD) (2). Abdominal obesity, in particular, has been shown to be more 

associated with these events (7-9). Janssen et al. (10) showed that between 2007-2009, 35.6% 

Canadian adults had high risk waist circumference (WC) values (men ≥ 102cm and women ≥ 

88cm), thus it is essential to continue to address this issue in order to halt this alarming epidemic.  

Since both PA and abdominal obesity are predictors of health risks, it is worthwhile to 

examine whether PA, cardiorespiratory fitness (CRF, defines as “the ability to perform PA” 

(11)), and abdominal obesity are associated with health risks independent of each other. 

Some studies have demonstrated that abdominal obesity abolishes the relationship 

between CRF and cardiometabolic risk factors (CMR) (12-15), others studies reported that the 

association between CRF and CMR factors is unaffected by adjustment for abdominal obesity 
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(16; 17). Others reported that CRF and abdominal obesity are associated with insulin resistance 

independent of each other (18). 

 Low levels of physical activity (PA) increase the risk of type 2 diabetes in women (19) 

and predict the degree of insulin resistance in adults (20). Low levels of PA also increase the risk 

for cardiovascular disease (21) and predict the occurrence of the metabolic syndrome (22). 

Increasing levels of PA are positively associated with CRF (20) and inversely associated with 

abdominal obesity (23; 24). Whether the association between PA and CMR factors is through the 

causal pathway of CRF and/or abdominal obesity, or, whether PA is associated with these 

outcomes independent of CRF and abdominal obesity is unknown. 

The relationship between CRF, PA, abdominal obesity and CMR factors is worthy of 

investigation in an inactive population of women since it was previously reported that light PA 

(LPA) is associated with CMR by itself and independent of moderate-vigorous PA (MVPA) 

duration (min/day) (25; 26). Thus, I hypothesized that PA will be associated with CMR factors 

since even PA below the threshold recommendations is a good predictor of CMR factors. 

Hence, the objective of this study was to examine whether objectively measured PA, 

CRF, and abdominal obesity were associated with commonly measured CMR factors 

independent of each other in a group of inactive, abdominally obese women. 
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Chapter 2 – Literature Review 

2.1 Obesity- The 21
st
 century disease  

 Between the years 1981 and 2007-2009 the prevalence of Canadian adults with elevated 

WC increased from 11.4% to 35.6% (10). According to U.S. data, there was also an increase in 

abdominal obesity prevalence among American adults (27); an increase of 15.1% was observed 

between 1988-1994 and 2003-2004. These statistics are worrisome because abdominal obesity is 

the high-risk form of obesity and it is known to be related to increase risk of type 2 diabetes, 

CVD, and all-cause mortality (2; 7; 9; 28).  

Over the past decades, the prevalence of type 2 diabetes in the population has increased 

dramatically (29-31). In 1958 diabetes affected a mere ~1% of the American population, whereas 

in 2010, the prevalence was ~7% (29; 30). As for Canada, in 1998-1999 3.3% of the population 

had diabetes, but by 2008-2009 it had risen to 5.6% (31). A review by Whiting et al. (32) 

reported that the worldwide prevalence of type 2 diabetes is forecast to increase in 50.7% from 

the year 2011 to 2030. An increase in CVD prevalence was also observed (33; 34). The Canadian 

hospitalization due to CVD has increased from 1971/72 to 2005/6 (35). However, the last 10 

years were followed by a modest decline in the number of hospitalization due to CVD which 

might be due to improvements in medicine. As oppose to CVD hospitalization, Canadians’ 

prevalence of hypertension in 2006/7 was approximately 5.9 million and was shown to increase 

by 25% from 2006/7 to 2011/12 (34).  In 2010, 36.9% of the adult U.S. population had CVD, 

and a 9.9% increase in its prevalence is forecast for 2030. According to the World Health 

Organization (WHO), in 2008 there were 17 million deaths due to CVD and 1.3 million deaths 

due to diabetes (36). Cardiovascular disease mortality is forecast to increase by 6 million for 
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each year in the next 20 years. The increase in CVD may be partly explained by obesity, in 

particular abdominal obesity. 

Thus, it is important to identify the factors which influence type 2 diabetes and CVD as 

doing so may help identify treatment targets which would hopefully reduce the prevalence of 

these diseases and associated mortality.  

2.2 Obesity and cardiometabolic risk 

2.2.1 Cardiometabolic risk term evolution  

The term ‘cardiometabolic’ was introduced in 1923 by Kylin (37) who defined the 

syndrome as the co-presence of hypertension, hyperglycemia, and hyperuricaemia, jointly as a 

syndrome. Later on, at the end of the forties, Vague (38) was the first to differentiate body fat 

distribution and suggested the obesity phenotype (gynoid and android obesity). Moreover, he 

showed an association between upper body obesity phenotype (android) and the metabolic 

abnormalities related to health risks (CVD, type 2 diabetes). In doing so, he was the first to 

determine the association between abdominal obesity, and metabolic abnormalities. Abdominal 

obesity was later on acknowledged as an important indicator for the metabolic abnormalities 

(39). Two decades later, in the sixties, Avogardo and Crepaldi (40) further expanded the 

previous associations and recognized the copresence of hypertension, hyperglycemia, and 

obesity as a syndrome.  

In 1988, Reaven et al. (41) revealed an important finding. He was the first to show the 

association between insulin resistance and metabolic abnormalities including: insulin resistance, 

glucose intolerance, hyperinsulinemia, increased very low density lipoprotein triglyceride, 

decreased high density lipoprotein cholesterol (HDL), and hypertension. This association was 
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named “syndrome X” and used to predict not only type 2 diabetes, but also CVD. Since this term 

was already used in cardiology (42), it was then altered to “Reaven syndrome”. However, since 

this syndrome was based on pathophysiological markers (measures that are difficult to measure 

by physicians in a clinical practice, such as insulin resistance), clinicians were not able to use it 

as a pragmatic tool to diagnose risk for type 2 diabetes and CVD. Thus, WHO (43), the European 

Group for the study of Insulin Resistance (EGIR) (44), the National Cholesterol Education 

Program (NCEP ATP III) (45), and the American Association of Clinical Endocrinologist 

(AACE) (46), suggested measuring simpler parameters such as fasting glucose, 2-hour post 

prandial plasma glucose, blood pressure (BP), triglycerides (TG), HDL cholesterol , obesity 

(WC, waist to hip ratio, body mass index (BMI)), and serum albumin (complete definitions 

presented in Table 1 and 2), which they suggested would be more useful for clinicians. This new 

characterization was termed the “metabolic syndrome”, but each organization’s diagnosis criteria 

were slightly different and included different combinations of those variables. Due to large 

variability in defining a person as having the metabolic syndrome according to the different 

definitions (47), in 2006 the International Diabetes Federation (IDF) (39) published a new global 

definition for the metabolic syndrome after convening an expert committee in 2004. This new 

definition would allow comparisons across different populations using one simple universal tool 

to assess the metabolic syndrome. It required the presence of central obesity (for north America: 

WC ≥ 102cm for men and ≥ 88cm for women) plus two or more of the followings: TG (≥ 1.7 

mmol/l), HDL (<1.03 mmol/l for men and <1.29 mmol/l for women), systolic BP (SBP, ≥ 130 

mmHg), diastolic BP (DBP, ≥85 mmHg), and fasting glucose (≥5.6 mmol/l). 

Despite the gains in predicting the development of health risks, the ability of metabolic 

syndrome parameters to predict CVD risks is limited (48; 49). Metabolic syndrome is determined 
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using arbitrary cut-off points and not as a continuous variable (48). Moreover, confounders such 

as age and smoking are not controlled for (49). And finally, the metabolic syndrome predicts an 

individual relative risk, yet an actual risk cannot be deduced since populations are being 

classified according to certain cut points and the severity of the risk cannot be evaluated (48). 

Hence, the American Diabetes Association (ADA), the European Association for the Study of 

Diabetes (EASD), and the International Chair on Cardiometabolic Risk, suggested the use of 

tools such as Framingham risk score (50), European score (51), and PROCAM (49) which 

consider common risk factors. A study by McNeill et al. (52) showed that these tools better 

predict the development of Coronary Heart Disease (CHD) than the metabolic syndrome. 

However, these tools were not as good as the metabolic syndrome in predicting type 2 diabetes 

(48). 

Thereafter, the ADA and the American Heart Association (AHA) suggested the use of 

“cardiometabolic risk”, a term which combines both the metabolic syndrome and traditional risk 

factors (53; 54). This term improves an individual’s global risk assessment for CVD and type 2 

diabetes. Since the global risk calculators (Framingham risk score, European score, and 

PROCAM) already include 3 of the metabolic syndrome variables (fasting glucose, HDL, and 

BP), the new term which combines the global risk calculator with the metabolic syndrome is still 

questionable and different approaches to define it are being proposed (53). Figure 1 summarizes 

the development of the cardiometabolic risk term.  

 

 

 

 



 

7 
 

Table 1. Metabolic syndrome definitions by the World Health Organization (WHO), the 

European Group for the study of Insulin Resistance (EGIR), the National Cholesterol 

Education Program (NCEP ATP III)   (taken from Alberti et al. (39)). 

 

Table 2. Insulin resistance syndrome* by the Association of Clinical Endocrinologist 

(AACE) (taken from Alberti et al. (39)). 
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Figure 1. Cardiometabolic risk term (taken from Després and Lemieux (49)). 
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2.2.2 Obesity and cardiometabolic risk factors 

It  is established that WC is the best surrogate measure to estimate VAT (55). Moreover, 

research has shown that abdominal obesity, in particular visceral adipose tissue (VAT), is 

positively associated with CMR factors (56-58). A study by Janssen et al. (56) showed that WC 

independent of BMI was positively associated with the metabolic syndrome in 14,924 

participants enrolled in the third National Health and Nutrition Examination Survey (NHANES 

III). Similar results were shown with VAT in place of WC. In a smaller population of 52 

premenopausal women, Després et al.(59) showed that VAT measured by computed tomography 

(CT) was independently correlated with glucose tolerance. Ross et al. (60) also examined this 

association but by using magnetic resonance imaging (MRI) to measure VAT. They found that in 

40 premenopausal women VAT was associated with glucose tolerance by itself and independent 

of abdominal subcutaneous adipose tissue (ASAT). Nicklas et al. (57) examined this association 

with other CMR factors and reported that 233 women aged 45-73 with VAT above 106 cm
2
 

(measured by CT) were more likely to have lower HDL cholesterol, hypertriglyceridemia, 

impaired glucose tolerance and hyperinsulinemia.  

The mechanisms by which abdominal obesity influences CMR factors remain unclear. 

An increase in obesity, in particular abdominal obesity, is associated with an increase in free 

fatty acids (FFA), pro-inflammatory adipokines (such as: TNF-α, IL-6, and MCP-1), and 

hyperinsulinemia, and by reduction in adiponectin levels (61; 62). These changes have a negative 

influence on health outcomes including: insulin action, fat metabolism (Figure 2).  

Bjorntorp (63) first suggested the ‘portal theory’ by which FFA increase due to increase 

in β-adrenergic receptors and inhibition, in part, of α-adrenergic receptors. This increase 
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influences on the liver metabolism in a number of pathways. First, FFA increase the liver’s 

secretion of VLDL and LDL particles. Second, portal FFA causes an increase in hepatic FFA 

oxidation and hepatic gluconeogenesis which leads to an increase in glucose production. And 

third, FFA are associated with hyperinsulinemia. This is caused by reduced number of insulin 

receptors and a decrease in insulin degradation, which results in a reduction in hepatic insulin 

clearance. 

Kissebah and Peiris (64) showed that due to peripheral resistance to the action of insulin 

causes by the reduction in insulin clearance and the concurrent decrease in insulin sensitivity, 

adipose tissue lipoprotein lipase activity is decreased and hepatic TG lipase activity is increased 

which cause a decrease in HDL. 

Abdominal obesity subjects have elevated levels of pro-inflammatory adipokines  (TNF-

α, IL-6, and MCP-1) (62; 65; 66). This increase in pro-inflammatory adipokines causes an 

inhibition of insulin action, through the inhibition of insulin receptor substrate 1 (IRS-1) 

phosphorylation, and leads to insulin resistance (62).  

As opposed to adipokines, adiponectin levels decrease in obese people (67). Reduction in 

adiponectin causes a reduction in AMP-activated protein kinase (AMPK) and a decrease in Glut4 

translocation. Less AMPK also influences lipogenesis by decreasing acetyl-CoA carboxylase 

(ACC) phosphorylation and increasing its activity (67; 68). 

Increased in LDL and TNF-α levels, as described above, may also lead to a decrease in 

endothelial nitric oxide synthase (eNOS) activity, which results in a reduction in nitric oxide 

(NO), a known vasodilator, and an increase in BP (69). 
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Another mechanism that results in increased BP is caused by hyperinsulinemia in the 

circulation which leads to an increase in sodium absorption and an increase in extracellular fluid 

volume, with a subsequent elevation in cardiac output and in BP (70).  An increase in insulin in 

the circulation also results in a stimulation of norepinephrine which also leads to an increase in 

BP (71). 

Figure 2 summaries the mechanisms that lead to an increase in CMR factors. 

Figure 2. Abdominal obesity and the mechanisms that lead to an in increase in CMR 

factors 

 

Changes in lipids, lipoprotein, glucose and insulin metabolism associated with an increase in abdominal obesity. 

Information for this figure was taken from the following references (61-64; 67-71). 
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2.3 Cardiorespiratory fitness and cardiometabolic risk factors 

2.3.1 Cardiorespiratory fitness  

As previously discussed, CMR factors can be used to assess the risk for CVD and type 2 

diabetes. However, treatment targets that may help reduce these factors have not yet been fully 

elaborated. In addition to obesity, in particular abdominal obesity, CRF, measured by VO2peak, 

may also be a treatment target since it was shown that it was associated with morbidity, 

mortality, and CMR factors (72-75). 

Hill et al. (76; 77) was the first to suggest the term “maximal oxygen uptake” (VO2max) 

in the 1920s. This term describes the body’s upper limit for oxygen consumption and utilization 

while performing exercise (78). Later, in the sixties, VO2max measurement was accepted as a 

standard reference for CRF (79). CRF is influenced by factors such as PA, environmental factors 

and genetic factors (80) 

VO2max can be measured by performing different types of exercise, such as walking or 

running on a treadmill and riding on a bicycle (79). Since all kinds of exercise involve using high 

percentage of large muscles, there is no one recommended exercise type. However, Shephard et 

al. (79) showed variability between VO2max measured on a treadmill, on bicycle ergometer, and 

in a stepping test. In addition, reaching a plateau in VO2, which is one of the requirements to 

achieve VO2max, is not always occurring (81). Thus, the term VO2peak instead of VO2max is 

appropriate since it describes the highest value that can be achieved in a certain test (81).   

It is well established that low CRF is associated with greater mortality and morbidity 

rates than moderate and high CRF (72-74). A prospective study by Blair et al. (72) examined the 

association between mortality and CRF in 10,224 men and 3,120 women. They showed that as 



 

13 
 

CRF levels decreased, mortality rate increased. Mortality was due to all-cause mortality, 

cardiovascular disease (CVD), and cancer. Another study by Blair et al. (73) strengthened these 

observations showing that in 25,341 men and 7,080 women, moderately healthy fit men and 

women had respectively, 33% and 46%, lower death rates than those at a lower fitness levels. 

The relationship between CRF and cardiovascular disease (CVD) was the subject of the Cooper 

Center Longitudinal Study (CCLS) (74), which found that in 59,820 men and 22,192 women, 

lower CRF was associated with an increase in mortality rates due to CVD and CHD. In addition, 

this prospective cohort study showed that as fitness levels decrease, TG and non-HDL 

cholesterol increase, HDL level decreases, and blood pressure. As discussed in the CMR factors 

section, high TG, high non-HDL cholesterol, low HDL, and high BP, are all associated with the 

risk for CVD and mortality. 

In addition to the association with mortality, low CRF is also associated with obesity (75; 

82), in particular abdominal obesity (83). Wang et al. (82) observed this association using 

National Health and Nutritional Examination Survey (NHANES) data, which included 3,250 

men and women from different ethnicities. They reported a negative association between obesity 

(determined using BMI categories) and CRF – irrespective of gender and ethnicity. Furthermore, 

a longitudinal study by Carnethon et al. (75) which examined 2,029 men and 2,458 women 

between the years 1985-2001, found that over the course of the 16 years, subjects gained an 

average of 12.7 kg. This was associated with a decrease in subjects’ fitness levels over the years 

they gained weight. A study by Janssen et al. (83) examined 366 sedentary men and 462 

sedentary women recruited for the HERITAGE family study and showed that for a given level of 

obesity, subjects with moderate CRF had lower levels abdominal obesity than low CRF.  
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2.3.2 Cardiorespiratory fitness and cardiometabolic risk factors 

Research has shown that cardiorespiratory fitness (CRF) is negatively associated with the 

presence of CMR factors (74; 75). A prospective cohort study by Grundy et al. (74), previously 

discussed, showed that a reduction in CRF is associated with an increase in WC, increase in TG 

and SBP, and a decrease in HDL cholesterol levels. They also demonstrated that the prevalence 

of the metabolic syndrome increases as CRF decreases. In addition to their previous 

observations, Carnethon et al. (75) showed that lower fitness levels were associated with the 

development of the metabolic syndrome, hypertension, type 2 diabetes, and 

hypercholesterolemia. Thus, high fitness levels have a protective effect on health risks. 

2.3.3 Cardiorespiratory fitness, cardiometabolic risk factors, gender, and ethnicity 

It has been shown that women’s fat distribution patterns (38; 84; 85) and metabolism (86; 

87), in particular during exercise, are very different than men’s. A study by Després et al. (85) 

showed that in 723 subjects comprised of 247 white men, 240 white women, 93 black men and 

143 black women, women had higher body fat. Despite a trend in black women, only white 

women had lower VAT than white man. Black and white women had lower TG levels and higher 

HDL levels than black and white man which probably due to higher levels of lipoprotein lipase 

in white women (LPL, its activity will be further discussed in the following section) and lower 

levels of hepatic lipase in both black and white women. Tarnopolsky et al. (86) examine the 

differences between men and women when exercising. They showed that in 28 women and 19 

men, women used more lipids and less muscle glycogen during exercise. In addition, women’s 

blood glucose levels were higher and remain more stable during exercise than men’s, suggesting 

greater concurrent insulin secretion in women. Thus, differences in insulin action due to exercise 
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were observed across gender. The influence of exercise on men and women metabolism might be 

explained, in part, by Simoneau et al.(87) that showed that men and women were differed in the 

proportion and the amount of muscle fibers. These findings suggest that the association between 

abdominal obesity, CRF, PA, and CMR factors should be investigated separately in women. 

It is well established that CMR factors and abdominal obesity vary substantially 

according to ethnicity (49; 85). In addition to gender differences, Després et al. (85) also 

examined different between ethnicity. They showed that VAT was greater in the white subjects. 

White subjects also had higher TG levels and lower HDL levels which probably due to higher 

levels of LPL and lower levels of hepatic lipase in the black subjects. Another study by Kdowaki 

et al. (88) reported that in 239 Japanese and 177 Caucasians American men, for a certain level of 

WC, Japanese had higher VAT. Since VAT is also associated with type 2 diabetes in Japanese 

population (89), they can be at a higher risk than Caucasians to develop the disease. WHO have 

also considered this issue of different health risks in different ethnicity (90). In an expert 

consultation report they concluded that the Asian population is prone to have higher fat 

percentage than the white population and that health risk can be seen in a lower BMI levels.  

To conclude, addressing the issues of both gender and ethnicity in future studies is clearly 

of a great importance. 

2.3.4 Cardiorespiratory fitness and physical activity 

Since PA and CRF are strongly associated (82; 91), it seems obvious that an increase in 

PA would be linked to an increase in CRF. However, it was previously found that there are 

interindividual variations in fitness level in response to exercise (92). In fact, performing 

exercise is not always followed by an increase in CRF. One plausible explanation is that CRF is 

also influenced by additional factors such as environmental and genetic factors (80). Another 
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explanation could be that exercise intensity was below the threshold required to modify CRF 

levels (93). Further examination of this subject is clearly in order. 

2.3.5 Cardiorespiratory fitness and physical activity – mechanisms for improving 

cardiometabolic risk factors 

This discussion of the associations between CRF and CMR raises the following 

questions: what are the main mechanisms that lead to an improvement in CMR factors with 

higher fitness levels? What are the main mechanisms that lead to an improvement in CMR factor 

as PA, a determinant of CRF, increases? The following section will address some of the potential 

mechanisms by which PA and the determinant CRF influence CMR factors. 

A meta-analysis by Cornelissen and Fagard (94) reported that with an increase in 

exercise, a subset of PA that describe planned PA, there is a decrease in BP. They suggested that 

with exercise, systemic vascular resistance is reduced while cardiac output stays the same and 

heart rate and stroke volume counterbalance each other (heart rate decreases whereas stroke 

volume increases). They also showed that the renin-angiotensin system is involved with exercise 

decrease in plasma renin activity. Endothelial function and insulin resistance are two other 

mechanisms that improve with exercise and might have an influence on BP (Figure 2). Thus, the 

risk for high SBP can be attenuated by improving several mechanisms with exercising. 

Exercise is also known to have an influence on insulin resistance. It was previously 

shown that exercise affects insulin action and glucose disposal by increasing glucose transporter 

4 (Glut 4) expression in skeletal muscle (95-98). The increase in Glut 4 may be mediated through 

AMPK and Ca
2+

 (99). This increase in Glut 4 protein reduces blood glucose and the risk for 

insulin resistance and diabetes (100). Another mechanism by which exercise influence insulin 



 

17 
 

resistance is through VAT (101). Ross et al. (101) showed that with exercise, abdominal obesity, 

measured by VAT, is decreased. Since VAT is associated with insulin resistance (58; 102), 

decrease in VAT levels may reduce the risk for insulin resistance. Pro- and anti- inflammatory 

cytokines are also being influenced by exercise (103). Petersen and Pedersen (103) showed that 

exercise suppress the increase in TNF-α and increase anti-inflammatory cytokines which might 

protect against insulin resistance (Figure 2). 

Lastly, it was previously reported that during PA LPL increases (104) and during 

physical inactivity (sedentary time) it decreases (105). LPL has an important role in regulating 

lipoproteins (104). Increase LPL levels results in a decrease in TG levels and increase in HDL 

levels. Moreover, LPL has an influence on the clearance of lipoprotein remnants. Thus, its 

reduction may lead to many health risks, such as: increasing TG levels, reducing HDL levels, 

hypertension, metabolic syndrome, and CVD (106). Thus, physical inactivity may increase 

health risks. 

2.4 Physical activity and sedentary behavior 

PA is another important treatment target for reducing CMR factors (25; 26; 107-109). 

The following sections expands more about the importance of PA, the association with the other 

proposed targets (abdominal obesity and CRF) and CMR factors, and the methods to measure it. 

2.4.1 Physical activity and total energy expenditure  

PA is a strong determinant of daily energy expenditure (110). While resting metabolic 

rate contributes 60% to 75% to daily energy expenditure and the thermal effect of feeding 

contributes 10% to energy expenditure, PA contribution may vary from 15% to 30% of 24-hour 

energy expenditure (110). In fact, individual differences in daily energy expenditure are mainly 
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due to in daily energy expenditure variability in PA (111). Thus, it is important to examine PA 

when obesity and CMR factors are being investigated.   

2.4.2 Physical activity, obesity and cardiometabolic risk factors 

The association between PA and obesity has already been established. Data derived from 

the NHANES 2003-2004 cross-sectional observational study was used to examine the 

relationship between PA and obesity (112). Strath et al. showed that in 3,250 adults, both BMI 

and WC were negatively associated with moderate-vigorous PA. In a cross-sectional Japanese 

study, PA and obesity were also examined (113). Yoshioka et al. showed that in 788 Japanese 

participants, vigorous PA (measured by accelerometers) was negatively associated with being 

overweight or obese. Another study by Healy et al. (26) found that PA intensities – LPA and 

MVPA – were positively associated with WC and sedentary time (SED) was negatively 

associated with WC. Thus, to conclude, an increase in PA is followed by a reduction in 

overweight and obesity.  

 As we have previously discussed, identifying CMR factors can serve as a good 

assessment for increased risk for CVD and type 2 diabetes. Previous studies have showed that 

PA is associated with CMR factors (25; 26; 107-109). A study by Rennie et al. (107) reported 

that both vigorous PA and moderate PA separately were associated with the risk for metabolic 

syndrome in 7,959 subjects. Vigorous PA remained associated with the risk for the metabolic 

syndrome after adjusting for moderate PA. Another study by Camhi et al. (25) showed that in 

1,371 subjects recruited for the National Health and Nutritional Examination Survey 

(NHANES), an increase in lifestyle activity (LPA, min/day) was associated with higher HDL, 

lower waist circumference, lower TG, and lower risk for the metabolic syndrome. This 
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association remained after adjusting for MVPA duration (min/day). Furthermore, after 

examining the association of all PA variables and CMR factors in 169 Australians, Healy at el. 

(26) concluded that SED, LPA (min/day) and MVPA (min/day) were negatively associated with 

the clustered metabolic risk score (a score based on metabolic risk variables). Moreover, SED 

and LPA (min/day) remained associated with the clustered metabolic risk score independent of 

MVPA (min/day). However, Healy at el. showed that MVPA (min/day) – and not SED or LPA – 

was associated with only TG and not the clustered metabolic risk score independent of WC. 

Another study by Healy et al. (108) performed on the same sample found that MVPA was 

associated with 2-H glucose, and that this association remained after adjusting for waist 

circumference (108). In contrast to the first study presented by Healy at el. (26), Carnethon et al. 

(109) showed that PA was associated with incident hypertension independent of WC (This study 

will be subsequently further discussed). The association between PA, abdominal obesity, and 

CMR factors should be examined in future studies since it is still unclear whether PA was 

associated with CMR factors independent of abdominal obesity. 

2.4.3 Physical activity, cardiorespiratory fitness and cardiometabolic risk factors 

A review by Blair et al. (114) observed the associations between PA or CRF and health 

outcomes. They found that as PA increases, there is less probability of health problems. Similar 

to PA, a negative association between CRF and health problems was observed. Comparing the 

contribution of PA and CRF to the prediction of health outcomes showed that CRF was a 

stronger predictor. However, in their opinion, these results are not precise since CRF was 

measured using an objective method, whereas PA was measured using a subjective method. It 

was previously shown that using subjective methods to measure PA were markedly different 

than using objective methods (115). Thus, PA association with health problems may be skewed. 
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In a prospective study, Carnethon et al. (109) examined the association of PA, CRF, and 

incident hypertension in 4,618 subjects over a period of 20 years. They showed that both CRF 

and PA separately were associated with incident hypertension independent of WC. In addition, 

when both CRF and PA were in the same model, CRF was associated with hypertension 

independent of PA and WC. The opposite was not shown. However, just as in the review 

presented above, subjective and not objective measures were used to determine PA. Moreover, 

their subjects were young, lean, and moderately fit at baseline, and whether these baseline 

characteristics remained after 20 years and whether it had an effect on incident hypertension is 

unknown.  

2.4.4 Measures of physical activity 

 Methods commonly used to measure PA vary substantially and the major differences 

require clarification.   The methods can be divided into two categories: subjective measures (self-

reported PA) and objective measures. More than 30 different ways to evaluate PA were observed 

by Laporte et al. (116), but not all were cost-effective and represented an objective measure. It 

was already established that using self-reported PA methods in research present a limitation 

given marked differences between self-reported and objectively measured PA (115). The 

following section will provide information on common methods to evaluate PA starting with the 

objective measures. 

Direct calorimetry is considered to be the gold standard for measuring energy expenditure 

(117). Benzinger and Kitzinger (118) were the first to suggest a direct calorimeter that allows an 

accurate and reliable measure of total heat loss from the human body. Resting metabolic rate can 
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be derived using this calorimeter. Although this method is very accurate, it is expensive and only 

limited PA can be measured since it involves the use of a specific chamber (116). 

Indirect calorimetry is also one of the most accurate methods to measure PA (116). This 

technique is based on quantifying oxygen consumption and carbon dioxide production (119). It 

was first suggested at the end of the previous century and has developed over the ensuing years. 

Like direct calorimetry, limited PA can be measured since this method requires the use of a 

respiratory gas exchange machine or a human respiratory chamber (111; 116; 120). 

Another reference technique to assess PA is doubly labeled water. This method uses 

isotopic water to determine energy expenditure (121; 122). It was already established that 

oxygen in carbon dioxide is in equilibrium with the oxygen in the body water (123) and that 

turnover rates of both isotopically labeled hydrogen and isotopically labeled oxygen are different 

(hydrogen exits the body as water and oxygen exit the body as water and as carbon dioxide) 

(122). Thus, by marking the hydrogen and oxygen ions, and calculating turnover rates carbon 

dioxide can be evaluated. This method is also expensive and not feasible for a large population 

studies. However, there are no limitations in performing any type of PA (116; 122), though PA 

type, duration, and intensity cannot be evaluated. 

Direct observation is another established technique to evaluate PA (116). This technique 

involves a side observer who watches and records the subjects’ PA over a defined period of time 

(116; 124). The advantage of this method is that the observer can identify PA type, PA duration, 

and PA intensity (124) as opposed to other techniques such as doubly labeled water. However, 

this method is time consuming and hard to carry out in large populations studies (116; 124).  
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Monitoring heart rate over a certain period of time is a simpler method to determine PA. 

This method assumes that there is a linear relationship between heart rate and oxygen 

consumption that allows calculation of energy expenditure (116; 125). Both heart rate and 

oxygen consumption should be measured for each subject in order to calculate energy 

expenditure (116). Fluctuations in heart rate help to determine changes in activity, duration, and 

intensity (125). However, although using a heart rate monitor is a feasible method to derive 

energy expenditure and it is easy to carry, this method has a few limitations. Firstly, there are 

individual variations that may have an influence on heart rate and the derived energy 

expenditure. Secondly, different climates, hot or cold, may also have an influence on heart rate. 

Physical condition, emotional state, and the type of muscles that are being contracted may also 

cause changes in heart rate. Finally, oxygen consumption needs to be determined for each subject 

which is time consuming and increases the cost of this method in a large population studies (116; 

125). 

Pedometers are another objective measurement to assess PA. This technique is based on 

counting steps and calculating the distance that the subject walk in a given period of time (126). 

Although this method is quite feasible for evaluating PA in large studies, there are a few 

limitations. Firstly, this method measures walking in particular and not other types of physical 

activity. Secondly, pedometers are quite sensitive and can mistakenly count other movements of 

the body as steps. Thirdly, step size may change between running and walking phases (127), 

which means that running, which is a more intense PA, would show fewer steps and thus seem to 

indicate lower PA. And lastly, a pedometer’s step count is not sufficiently accurate in very low 

speed and high speed situations (128).  
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Two less accurate but more feasible subjective methods to evaluate PA are activity 

diaries and activity recall questionnaires. In the PA diary method subjects are required to record 

their activities for a certain period of time. Activities’ energy expenditure is derived by 

comparing subjects’ activities with an objective measure of the same activities, such as indirect 

calorimetry, that is performed in a few subjects (129; 130). This method might be useful for 

assessing PA in a large population, but it requires subjects’ reliability, and is time consuming for 

subjects (116). The activity recall method, as opposed to the activity diary, is an interview and 

not a self-administered report (116). Furthermore, it is based on memory rather than on reporting 

in the moment after an activity has been performed. The activity recall method requires the 

subject to report on both the types and intensity levels of activities that were performed a day or 

a couple of days earlier (131). Activity recall is feasible to perform in large population studies, 

but it requires memory, subjects’ reliability, and international agreement regarding the questions 

that are being asked, and the approach that is being taken to quantify the answers and to analyze 

them (132).  Table 3 summarizes the methods discussed above.  

2.4.5 Accelerometry, an objective measure of physical activity  

Observing the above, it seems that there is no consensus on the best method to measure 

PA in large population studies. Accelerometers may provide an objective measure that is 

applicable for large population studies, reliable, easy to carry and relatively inexpensive for these 

types of studies (128) (Table 3). The accelerometer measures the acceleration of body 

movements, thereby enabling assessments of intensity, movement, and duration. Currently most 

accelerometers contain piezoelectric sensors to estimate the acceleration of movements. 

Moreover, advanced accelerometers measure acceleration in three dimensions (133).  
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The accelerometer translates the acceleration of movements into a voltage signal which is 

then converted from analog to digital numbers, producing the accelerometer’s output of counts 

(133). The counts are usually averaged over an epoch of 1 minute which presents a reasonable 

period of time considering the limitations of short epoch (very low energy expenditure) and long 

epoch (misclassification of high or low intensities due to averaging). 

To clarify PA intensity over a 24-hour period, certain cut points have been developed by 

Freedson et al.(134). These cut points have been used previously by our group (91) and others 

(26). The cut points were as follows: sedentary behavior (SED, <100 counts per min (cpm)); 

total physical activity (TPA, >100 cpm), which was further subdivided into light physical 

activity (LPA, 100-1951cpm), moderate physical activity (MPA, 1952-5724 cpm), and vigorous 

physical activity (VPA, >5725 cpm). It was important to create those cut points, in particular for 

researchers, in order to enable a better understanding of the association between PA and health 

risks (134). According to Canadian guidelines for PA (135), in order to decrease health risks, 

adults between the ages of 18 and 64 should perform at least 150 minutes of MVPA per week in 

bouts of at least 10 minutes. Crouter et al. (136) observed daily activities using an accelerometer 

and showed that MVPA can be accumulated by performing activities such as brisk walking, 

running, and playing basketball. 

Although the accelerometers have many advantages, there are also limitations (Table 3). 

Firstly, not all types of accelerometers measure PA using the same technique which may cause 

different evaluations of PA (128). Secondly, some activities (such as cycling) cannot be 

accurately evaluated by accelerometer due to less movements in the hip (128). Thirdly, 

accelerometers are not highly sensitive for upper body movements (137). And lastly, uniaxial 

accelerometers are sensitive for evaluating speed, but not elevation (138), however triaxial 
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accelerometers may provide a solution for this problem, enabling a more accurate inclusion of 

activities such as running in an incline into measures of daily PA. 
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Table 3. Methods to evaluate physical activity. 

  Objectivity Feasibility Cost Advantage Disadvantage 

Direct calorimetry High Low Very high Gold standard, accurate High cost, limited PA can be measured 

Indirect calorimetry High Low High Accurate High cost, limited PA can be measured 

Doubly labeled water High Low High Accurate 
High cost for large populations studies , cannot 

evaluate type, intensity, and duration of PA 

Observations High Low High 

Can measure intensity, 

duration, frequency and type 

of PA 

Time consuming 

Accelerometer High Moderate Moderate 

Objective measure, quite 

feasible, easy to carry, 

reliable 

Cannot measure certain types of PA,  not sensitive 

to upper body movements, different types of 

accelerometer with different protocols 

Heart-rate monitoring High Moderate Moderate-high Practical, easy to carry 

Limited to environmental temperature, emotional 

and physiological state, the type of muscle that is 

being contracted. Hard to use in large population 

studies  

Padometer High Moderate Moderate 
Objective measure, quite 

feasible 

Cannot measure PA other than walking and 

running,  too sensitive to movements, step length 

might change with an increase in speed 

Activity diaries Low Moderate Low 
Can be used in a large 

population studies 

Require participant reliability and attentiveness, 

and are time consuming 

Activity recall Low High Low 
Practical, can be used in a 

large population studies 

Require reliability and international consensus 

regarding the questions that are being asked 
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2.5 Summary and thesis objective  

We have discussed the separate association between PA, CRF, abdominal obesity, and 

CMR. However, the independent associations between PA, CRF, abdominal obesity, and 

commonly measured CMR factors are still unclear. 

We are aware of a single study where the independent association between physical 

activity, CRF, abdominal obesity, and CMR factors was considered. Using a prospective design 

Carnethon et al. (109) reported a positive association between baseline CRF and incident 

hypertension independent of WC and PA after 20 years of follow-up. Whether abdominal obesity 

was associated with incident hypertension independent of CRF and PA was not reported. 

Further, in that study self-report was used to determine PA which presented a limitation given 

marked differences between self-reported and objectively measured PA (115). Moreover, their 

subjects were young, lean, and moderately fit at baseline, and whether these baseline 

characteristics remained after 20 years and whether it had an effect on incident hypertension is 

unknown.  

Previous studies showed contradictory results when the association between CRF and 

measures of abdominal obesity were examined.  

Some studies have demonstrated that abdominal obesity abolishes the relationship 

between CRF and cardiometabolic risk factors (CMR) (12-15), others studies reported that the 

association between CRF and CMR factors is unaffected by adjustment for abdominal obesity 

(16; 17). Others reported that CRF and abdominal obesity are associated with insulin resistance 

independent of each other (18). Racette et al. (139) observed that both CRF and abdominal 

obesity are associated with insulin resistance but that abdominal obesity explained the greater 

variance in insulin resistance.  It is possible that differences in physical activity levels, not 
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previously measured, confounded prior investigations as physical activity relates to both CRF 

(20) and measures of abdominal obesity (23).  Indeed, physical activity level may be associated 

with CMR factors independent of either CRF (140) or abdominal obesity (26; 108; 109). Thus, 

whether PA is independently associated with CMR factors or whether it is associated through 

WC or CRF is unknown. 

It has been shown that women’s fat distribution patterns (38; 84) and metabolism (86; 

87), in particular during exercise, are very different than men’s. In addition, women’s blood 

glucose levels were higher and remain more stable during exercise than men’s, suggesting 

greater concurrent insulin secretion in women (86). These findings suggest that the association 

between abdominal obesity, CRF, PA, and CMR factors should be investigated separately in 

women. 

This association is worthy of investigation in an inactive population since it was 

previously reported that LPA is associated with CMR factors by itself and independent of MVPA 

duration (min/day) (25; 26). Thus, we expect that PA will be associated with CMR factors since 

even PA below the threshold recommendations may predict for CMR factors. 

To conclude, the question whether objectively measured PA, CRF, and abdominal 

obesity are associated with commonly measured CMR factors in inactive abdominally obese 

women independent of each other is still unclear. 
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Associations between physical activity, cardiorespiratory fitness, abdominal obesity, and 

cardiometabolic risk factors in inactive abdominally obese women 
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3.1 Abstract 

OBJECTIVES:  To determine the independent associations between physical activity (PA), 

cardiorespiratory fitness (CRF), abdominal obesity, and cardiometabolic risk factors in inactive 

abdominally obese women. 

RESEARCH DESIGN AND METHODS:  We studied 141 abdominally obese women (waist 

circumference (WC): 106.4 ± 10.2 cm). PA duration (min/day) and intensity (cpm) were 

obtained by accelerometry. CRF was measured using a treadmill test. WC was measured at the 

iliac crest; abdominal adiposity was measured by magnetic resonance imaging. Plasma glucose 

and serum insulin measures were obtained during a 75-gram, 2-hr glucose tolerance test. The 

homeostasis model of assessment (HOMA-IR) was used to estimate insulin resistance. Fasting 

serum levels for triglycerides, total cholesterol, low- and high-density lipoproteins were also 

obtained. Blood pressure was measured using an automated method. Statistical analysis included 

simple and partial correlations. 

RESULTS: total PA duration and intensity were not significantly associated with any measure 

of glucose, insulin metabolism, lipids, or BP. However, moderate-to-vigorous PA (MVPA) 

duration was negatively associated with TG, fasting insulin and HOMA-IR (p<0.01). CRF was 

negatively associated with SBP, fasting insulin and HOMA-IR (p≤0.01) whereas WC was 

positively associated with TG, HDL, fasting insulin and HOMA-IR (p≤0.01). Following 

adjustment for CRF, MVPA and age, WC remained associated with fasting glucose, insulin, 2-hr 

glucose and HOMA-IR (p≤0.01). CRF was associated with fasting glucose as well as 1-and 2-hr 

glucose after adjusting for WC, MVPA, and age (p≤0.01). MVPA was associated with TG 

(p≤0.01) and not with glucose or insulin measures after control for CRF and WC (p>0.05).  
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CONCLUSION:  Among abdominally obese women, WC and CRF are independently 

associated with measures of glucose tolerance and insulin resistance. Even modest amounts of 

daily MVPA that are below the recommended threshold of 30 minutes/day convey health benefit.   

 

Key words: Cardiometabolic risk factors, physical activity, cardiorespiratory fitness, visceral 

adipose tissue. 

3.2 Introduction 

It is well established that cardiorespiratory fitness (CRF) is negatively associated and that 

abdominal obesity is positively associated with a wide range of cardiometabolic risk factors 

(CMR) (16; 55; 59; 60; 74; 75).  Whether CRF and measures of abdominal obesity are associated 

with cardiometabolic risk factors independent of each other is unclear. Whereas some report that 

abdominal obesity abolishes the relationship between CRF and CMR factors (12-15), others 

report that the association between CRF and CMR factors is unaffected by adjustment for 

abdominal obesity (16; 17). In contrast to these observations it is reported that CRF and 

abdominal obesity are associated with CMR factors independent of each other (18). 

Low levels of physical activity (PA) increase the risk of type 2 diabetes (19) and 

cardiovascular disease (21) and predict the development of cardiometabolic risk factors (20; 22). 

Increasing levels of PA are positively associated with CRF (20) and inversely associated with 

abdominal obesity (23; 24). Whether the association between PA and CMR factors is mediated 

by CRF and/or abdominal obesity, or, whether PA is associated with these outcomes independent 

of CRF and abdominal obesity is unknown.         

We are aware of a single study wherein the independent association between physical 

activity, CRF, abdominal obesity and cardiometabolic risk factors was considered. Using a 

prospective design Carnethon et al. (109) reported a positive association between baseline CRF 
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and incident hypertension independent of waist circumference and PA after 20 years of follow-

up. Whether abdominal obesity, measured by WC, was associated with CMR factors 

independent of CRF and PA was not reported. Further, in that study self-report was used to 

determine PA which present a limitation given marked differences between self-reported and 

objectively measured PA (115).   

The objective of this study was to investigate the independent associations between PA, 

CRF, abdominal obesity, and commonly measured CMR factors. We explored these associations 

using an objective measure of PA in a group of inactive, abdominally obese women who failed 

to achieve Canadian PA guidelines (135). We hypothesized that failure to meet national PA 

guidelines would not preclude our observing significant associations between PA and measures 

of CMR factors.  This is based on reports that daily PA which is well below recommended levels 

is associated with CMR factors independent of moderate vigorous PA (MVPA) (25; 26). 

 

3.3 Methods 

3.3.1 Participants 

Participants included 164 women aged 35-69 initially recruited for participation in an 

exercise trial. Inclusion criteria included sedentary lifestyle (planned PA <1 day/week), 

abdominal obesity (waist circumference > 88 cm) and stable weight (Δ<2 kg) in the six months 

prior to recruitment. Exclusion criteria included diabetes, physical impairment preventing routine 

PA, smoking and any medication known to influence glucose or insulin metabolism (141). All 

participants gave informed consent in accordance with the ethical guidelines of Queen’s 

University.   
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To determine whether menopausal status influenced the observed associations analysis 

was performed by dividing the sample into pre- and post- menopausal groups using 50 years as 

the threshold (142). This analysis resulted in 60 subjects assumed to be pre-menopausal and 81 

subjects post-menopausal.  Without exception, the primary findings were unaltered and thus all 

results are presented collapsed across menopausal status. 

3.3.2 Anthropometric measurements 

Body mass was measured to the nearest 0.2 kg on a calibrated balance. Standing height 

was measured to the nearest 0.2 cm using a wall-mounted stadiometer to derive BMI (kg/m
2
). 

Waist circumference was obtained at the level of the iliac crest (143).  

3.3.3 Measurement of abdominal adiposity by magnetic resonance imaging  

Magnetic resonance imaging (MRI) was performed at the Department of Radiology at 

Kingston General Hospital using a General Electric, 1.5 Tesla magnet using an established 

protocol (144). Abdominal adiposity was measured from MRI images using specialized software 

(Tomovision, Montreal, Canada) as previously described (144; 145). Measures of visceral 

adipose tissue (VAT) and abdominal subcutaneous adipose tissue (ASAT) were derived from a 

single image obtained at the L4-L5 intervertebral space (146). 

Due to scheduling issues VAT and ASAT measures were available for 115 subjects. 

Analysis revealed that for age, WC, BMI, VO2peak, PA variables, glucose measurements, insulin 

measurements, triglycerides (TG), low-density lipoprotein (LDL), high-density lipoproteins 

(HDL), systolic blood pressure (SBP), and diastolic blood pressure (DBP), no difference were 

observed between those with and without MRI (P>0.01).   
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3.3.4 Glucose and insulin measurements 

Glucose tolerance was measured using a 2-hour glucose tolerance test the morning after 

an overnight fast (12 hours fast). Blood samples were collected from the antecubital vein at 0, 

30, 60, 90, and 120 minutes after ingestion of 75 g of Glucodex. Plasma glucose was determined 

using enzymatic methods on the Synchron LXH Systems (Bechkman Coulter, Inc., Brea, CA, 

USA). Serum insulin was determined using the Beckman Coulter UniCel DxI 800 Access


 

Immunoassay System. The homeostasis model of assessment (HOMA-IR) was used as a 

measure of insulin resistance and was calculated as fasting plasma glucose (mmol/L) x fasting 

serum insulin (mU/mL)/22.5 (147). 

3.3.5 Lipids and lipoproteins 

Blood samples to determine fasting TG, total cholesterol, LDL cholesterol and HDL 

cholesterol were also obtained in the morning after a 12- to 14-hour overnight fast. Serum total 

cholesterol, TG, LDL cholesterol and HDL cholesterol levels were determined using standard 

enzymatic methods on the Synchron LXH Systems (Bechkman Coulter, Inc., Brea, CA, USA). 

3.3.6 Blood pressure 

Blood pressure (BP) was measured using the automated device BP Tru Blood Pressure 

Monitor (BPTru Medical Devices, Coquitlam, BC, Canada) in the morning after an overnight 

fast (148). The device took 6 reading, in a 2 minutes space, and took an average of the last 5 

readings. 

BP measures were available for only 136 subjects. Analysis revealed that for age, WC, 

BMI, VO2peak, PA variables, glucose measurements, insulin measurements, TG, HDL, LDL, 

SBP, and DBP, no difference were observed between those with and without BP variables 

(P>0.01).   
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3.3.7 Cardiorespiratory fitness 

Cardiorespiratory fitness (VO2 peak) was determined using a maximal treadmill test 

combined with standard open-circuit spirometry techniques (SensorMedics Corp, Yorba Linda, 

California). A modified Bruce protocol was employed (149). The following criteria were used to 

assess whether the participant being tested achieved VO2peak: 1) plateau in VO2 (oxygen 

uptake) with increasing work rate. For our purposes we defined plateau in VO2 as ∆VO2 <0.05 

L/min at VO2peak between two data points distances 40 seconds from each other. 2) RER 

(respiratory exchange ratio) > 1.10, 3) Heart rate exceeding age predicted maximum. All 

participants achieved the RER and HR thresholds, and 49 met all three criteria.   

3.3.8 Physical activity 

PA was measured with the Actigraph GT3X accelerometer (Actigraph, Pensacola, 

Florida). Accelerometers were programmed to collect data in 1-minute epochs over a 7-day 

period and were worn on an elastic belt positioned over the right hip at all times except during 

water-based activities. Additionally, participants completed a log sheet indicating when they 

went to bed at night, woke up in the morning, and removed the accelerometer.  To be included in 

the analysis, participants were required to wear the accelerometer for at least four complete days, 

including one weekend day, within the monitoring period (150). A complete day was defined as 

at least 10 hours of wear time during the day (151). Wear time was calculated after extended 

periods of consecutive zero counts ≥ 60 minutes, and sleep time, which was determined using 

both the participant logs and visual examination of the data, was excluded. Based on these 

criteria PA was obtained for 141 of the 164 participants. For the 141 participants accelerometers 

were worn for an average of approximately 6.5 days and 16 hours per day.    
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The accelerometer cutpoints in this study used to translate the ‘count’ value into an 

estimate of physical activity intensity were those developed by Freedson and colleagues (134) 

and were previously used by our lab (152).  TPA was defined as counts per minute (cpm) ≥100, 

LPA as 100 to 1951 cpm, moderate physical activity (MPA) as 1952 to 5724 cpm, and vigorous 

physical activity as ≥5725. Roughly 95% of the participants in this study did not accumulate 

more than one minute per day of vigorous PA, and those who did, accrued on average less than 5 

minutes of vigorous activity per day over the entire wear period. Therefore, moderate and 

vigorous PA (MVPA) were combined. For each of the variables acquired by accelerometry 

(LPA, MVPA, and sedentary time (SED, < 100 cpm)), total minutes spent in each intensity were 

added over the entire wear period and then divided by the total number of days worn to derive 

average minutes per day spent in each intensity. Average cpm was also determined for each 

accelerometer variable by summing all cpm values within each intensity category and dividing 

by total minutes accumulated. TPA per minute was then calculated by adding all PA 

subdivisions together. TPA intensity (cpm) was then calculated by adding the average intensity 

of all PA subdivisions and dividing it by TPA duration. 

3.3.9 Energy intake 

Energy intake was determined using a self-reported, 7-day food diary (153). Prior to 

completing the food diary, participants were given instructions by the study nutritionist on how 

to complete it correctly by including specific descriptions of all the food being consumed, 

estimating the portion size, and reporting the accurate time during the day. Self-reported average 

daily energy intake was calculated for each participant (kcal/day). 
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3.3.10 Statistical analysis 

Descriptive data are expressed as means ± SD. Comparisons between those with MRI and 

those without MRI were determined using Independent Student t-test. Similar analysis was 

performed to compare those with BP data and those without. Pearson correlation coefficients 

were computed to determine simple associations between WC, VAT, ASAT, CRF, PA 

subdivisions, age, and the measures of CMR factors. Partial correlation analysis was used to 

determine independent associations between WC, CRF, MVPA and the metabolic variables with 

control for age. Due to multiple comparisons statistical significance was set at p≤0.01. The 

Statistical Package for the Social Sciences (SPSS), version 20 (SPSS Inc., Chicago) was used for 

all analyses. 

3.4 Results 

Subject characteristics shown in Table 1 confirm that the sample represented a 

homogenous group of obese, inactive women. SED represented 67.3% of time spent awake. LPA 

represented 30.9% of the time spent awake whereas MVPA contributed 1.8% to the time spent 

awake. No participant met current PA guidelines.  

Pearson correlation coefficients between the independent and dependent measures are 

shown in Table 2. WC, VAT and ASAT were positively associated with fasting insulin and 

HOMA-IR (p≤0.001) whereas CRF was negatively associated with fasting insulin and HOMA-

IR (p≤0.01). WC was also positively associated with TG and negatively with HDL (p≤0.01). 

VAT was positively associated with SBP whereas CRF was negatively associated with SBP 

(p≤0.01). TPA duration and intensity and MVPA intensity were not associated with any of the 

CMR factors (p>0.01).  However, MVPA duration (min/day) was negatively associated with 

TG, fasting insulin, and HOMA-IR (p≤0.01). SED time, LPA duration (min/day) and LPA 

intensity (cpm) were not correlated with any of the CMR factors (data not shown). Further 
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bivariate analysis demonstrated that CRF was negatively associated with WC (r=-0.45, p≤0.01), 

VAT (r=-0.45, p≤0.01) and ASAT (r=-0.37, p≤0.01). MVPA was negatively associated with WC 

(r=-0.20, p≤0.05) and VAT (r=-0.25, p≤0.01), but not ASAT (p>0.05).  MVPA and CRF were 

also positively associated (r=0.37, p≤0.01). As expected WC was positively associated with both 

VAT (r=0.71, p≤0.01) and ASAT (r=0.68, p≤0.01). 

Partial correlations between WC, CRF, MVPA duration and CMR factors are shown in 

Table 3. WC was associated with fasting glucose, fasting insulin, 2-H glucose and HOMA-IR 

after adjustment for CRF, MVPA duration, and age (p≤0.01).  CRF was negatively associated 

with fasting glucose,1-H glucose and 2-H glucose after adjustment for WC, MVPA duration, and 

age (p≤0.01). MVPA was associated with TG (p≤0.01), and did not remain associated with 

fasting insulin or HOMA-IR after adjustment for WC and/or CRF (p>0.10, Table 3).   

No associations were observed between self-reported energy intake (kcal/day) and the 

measures of glucose tolerance and insulin resistance (P>0.01).   
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Table 1. Descriptive characteristics  

              Total 

N               141 

Age (yr) 51.3 ± 7.5 (34-66) 

Weight (kg) 87.1 ± 12.7 (62.2-125.6) 

Body mass index (kg/m2) 32.6 ± 4.3 (25.1-44.7) 

Waist Circumference (cm) 105.5 ± 9.5 (85.9-130.3) 

Abdominal adiposity (L4-L5, cm3)* 
   

  VAT 152.7 ± 55.7 (55.7-376.1) 

  ASAT 393.9 ± 114.9 (150.6-688.9) 

Cardiometabolic Variables  
    

  Fasting glucose (mmol/l) 5.3 ± 0.5 (4.3-6.7) 

  Fasting insulin (mmol/l) 60.2 ± 31.5 (11-164) 

  1-hour glucose (mmol/l) 9.0 ± 2.0 (4.6-13.6) 

  2-hour glucose (mmol/l) 7.3 ± 1.5 (3.2-11.0) 

  HOMA-IR 2.1 ± 1.1 (0.3-5.7) 

  Total cholesterol (mmol/l) 5.4 ± 1.1 (2.6-8.5) 

  TG (mmol/l) 1.5 ± 0.7 (0.2-3.6) 

  HDL (mmol/l) 1.4 ± 0.4 (0.6-2.3) 

  LDL (mmol/l) 3.4 ± 0.9 (0.9-6.6) 

  SBP (mmHg)^ 121.0 ± 14.1 (91-168) 

  DBP (mmHg)^ 78.2 ± 8.3 (62-97) 

Cardiorespiratory Fitness 
    

  VO2peak (l/min) 2.3 ± 0.4 (1.1-3.4) 

  VO2peak (ml/kg–1/min–1) 26.1 ± 4.0 (12.0-42.1) 

Physical Activity Variables◦ 
     

  Duration (min/d) 
   

    TPA 305.5 ± 89.7 (88.0-619.0) 

    MVPA 17.2 ± 12.5 (1-61) 

    LPA 288.3 ± 84.8 (87-570) 

    SED 627.4 ± 85.5 (401-813) 

  Intensity (CPM) 
   

    TPA mean 668.8 ± 151.7 (422.3-1273.0) 

    MVPA 2739.1 ± 427.1 (2218-4406) 

    LPA 536.0 ± 77.9 (406-740) 

Values are expressed as mean ± SD. Values range is indicated in the parentheses.  

* N= 115. ^ N= 136.  

VAT- visceral adipose tissue;  ASAT- abdominal subcutaneous adipose tissue; HOMA-IR- homeostatic model of 

assessment; TG- triglycerides; HDL- high density lipoprotein; LDL- low density lipoprotein; SBP- systolic blood 

pressure; DBP- diastolic blood pressure; CRF- cardiorespiratory fitness; PA- physical activity, TPA- total physical 

activity; MVPA- moderate-vigorous physical activity; LPA- light physical activity; SED- sedentary time.  
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Table 2. Correlations coefficients between WC, VAT, ASAT, CRF, PA duration and intensity, 

and the cardiometabolic risk factors 

Variable 
WC 

(cm)
 

VAT 
(cm

3
)

#
 

ASAT 
(cm

3
)

#
 

CRF  

(ml/kg
–

1
/min

–1
) 

TPA 

duration 

(min/d) 

TPA 

intensity 

(cpm) 

MVPA 

duration 

(min/d) 

MVPA 

intensity 

(cpm) 

TG (mmol/l) 0.21* 0.22 0.16 -0.03 -0.13 -0.20 -0.23* -0.09 

HDL (mmol/l) -0.27* -0.20 -0.12 0.05 -0.06 -0.12 -0.14 0.01 

LDL (mmol/l) 0.02 -0.04 -0.01 -0.07 -0.05 0.01 -0.06 0.05 

SBP (mmHg)^ 0.14 0.27* 0.08 -0.22* -0.03 -0.18 -0.15 -0.22 

DBP (mmHg)^ 0.09 0.15 0.01 0.07 0.05 -0.13 -0.08 -0.17 

Fasting glucose 

(mmol/l) 
0.15 0.08 -0.06 0.03 0.09 -0.02 -0.13 -0.07 

Fasting insulin 

(mmol/l) 
0.50† 0.55† 0.29† -0.26* -0.10 -0.20 -0.24* -0.18 

1-H glucose (mmol/l) 0.07 0.03 0.06 0.12 0.04 -0.02 -0.07 -0.10 

2-H glucose (mmol/l) 0.12 0.11 0.21 0.26 0.02 -0.04 -0.09 -0.12 

HOMA-IR 0.49† 0.52† 0.26* -0.23* -0.08 -0.17 -0.25* -0.18 

N =141, # N =115, ^N=136, ^
#
 N =111 *p≤0.01, †p≤0.001 

TG, HDL, DBP, Fasting glucose, Fasting insulin, 1-H and 2-H glucose, and HOMA-IR were log transformed. 

1-H glucose was also square root transformed. 

WC- waist circumference; VAT- visceral adipose tissue; ASAT- abdominal subcutaneous adipose tissue;  

CRF- cardiorespiratory fitness (VO2peak, ml*kg–1*min–1); TPA- total physical activity;  

MVPA- moderate-vigorous physical activity; TG- triglycerides; HDL- high density lipoprotein;  

LDL- low density lipoprotein; SBP- systolic blood pressure; DBP- diastolic blood pressure;  

HOMA-IR- homeostatic model of assessment. 
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Table 3. Correlation coefficients between WC, CRF, MVPA
#
 and cardiometabolic risk factors.   

Variable 

WC (cm) 
 

CRF (ml/kg–1/min–1) 
 

MVPA (min/day) 

Adjust

ed for 

CRF 

Adjust

ed for 

MVPA 

Adjust

ed for  

CRF 

and 

MVPA 

 

Adjust

ed for 

WC 

Adjust

ed for 

MVPA 

Adjust

ed for 

WC 

and 

MVPA 

 

Adjust

ed for 

CRF 

Adjust

ed for 

WC 

Adjust

ed for 

CRF 

and 

WC 

TG (mmol/l) 0.18 0.15 0.17  0.02 -0.01 0.08  -0.25* -0.24* -0.25* 

HDL (mmol/l) -0.19 -0.29* -0.20  0.10 0.26* 0.14  -0.15 -0.13 -0.16 

SBP (mmHg)^ 0.16 0.17 0.15  -0.01 -0.07 0.01  -0.06 -0.05 -0.05 

Fasting glucose 
(mmol/l) 

0.26* 0.15 0.25*  0.22* 0.14 0.24*  -0.14 -0.06 -0.12 

Fasting insulin 
(mmol/l) 

0.44† 0.49† 0.43†  -0.08 -0.26* -0.04  -0.18 -0.18 -0.17 

1-H glucose 
(mmol/l) 

0.17 0.07 0.17 
 

0.21* 0.17 0.23* 
 

-0.11 -0.05 -0.11 

2-H glucose 
(mmol/l) 

0.22* 0.11 0.22* 
 

0.21* 0.16 -0.24* 
 

-0.15 -0.08 -0.14 

HOMA-IR 0.45† 0.48† 0.44† 
 

-0.03 -0.22* 0.01 
 

-0.19 -0.18 -0.18 

^N=136. *p≤0.01, †p≤0.001. 

TG, HDL, Fasting glucose, Fasting insulin, 2-H glucose, and HOMA-IR were log transformed. 

1-H glucose was square root transformed. 

Values controlled for age.  

WC- waist circumference; SED- sedentary time; CRF- cardiorespiratory fitness (VO2 peak, ml*kg–1*min–1); MVPA- moderate-

vigorous physical activity in min/d; HOMA-IR- homeostatic model of assessment; TG- triglycerides; HDL- high density 

lipoprotein;; SBP- systolic blood pressure. 

# MVPA duration (min/day). 
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3.5 Discussion 

The principal observation of this study is that among inactive abdominally obese women 

objectively measured TPA was not associated with CMR factors with or without adjustment for 

WC and CRF. Further analysis of PA components revealed that MVPA alone was related to TG, 

and measures of glucose and insulin. However, adjusted for CRF and WC, MVPA remained 

associated with TG alone. WC and CRF were related to glucose tolerance and insulin resistance, 

but not to lipoproteins, plasma lipids, and BP variables, independent of PA and each other. Our 

findings support the notion that both WC and CRF may be useful to screen for risk of glucose 

intolerance or insulin resistance. That daily MVPA was not related to measures of glucose and 

insulin independent of WC and CRF may be explained by the fact that WC and CRF are in the 

causal pathway, thus reinforcing the recommendation that even modest amounts of MVPA 

convey health benefit (20).             

To our knowledge this study is the first to explore the independent associations between 

objectively measured PA, WC and CRF with CMR factors. That WC is associated with measures 

of glucose tolerance and insulin resistance independent of objectively measured PA and CRF is a 

novel observation and extends previous reports demonstrating that WC is a strong marker of 

glucose and insulin metabolism (58).  

In contrast to our findings, previous studies have shown that abdominal obesity is 

associated with BP, plasma lipids and lipoproteins (154; 155). That we did not observe these 

associations might be due to our on average normal values for those variables. Low BP values 

for our subjects might be explained by using medications and thus, artificial normal BP values 

were not associated with abdominal obesity. Twenty-eight women (about 20% of the subjects) 

were using BP medications prior to the study. Moreover, since our study population is women, 
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this may also have an influence on our relatively high HDL values as it was shown by Leimieux 

et al (156) that for a given adiposity, HDL levels in women were higher than in men. Normal 

LDL levels may mislead us since even in normal levels of LDL change in LDL subfractions and 

concentrations, which convey a health risk, was found to be associated with increase in VAT  

(157). We are unsure why TG levels were normal in our population, although our findings 

showed an association between TG and WC.  

We are aware of a prospective study by Carnethon et al. (109) that examined the 

association of PA, CRF, abdominal obesity, and incident hypertension in 4618 subjects over a 

period of 20 years. However, in that study the authors did not consider whether WC was 

associated with CMR factors independent of PA and CRF. They also did not examine CMR 

factors other than hypertension. Moreover, they used subjective measures (e.g., self-report) and 

not objective measures to determine PA. In contrast to our findings, they showed that both CRF 

and PA separately were associated with incident hypertension independent of WC. In addition, 

they showed that CRF was associated with hypertension independent of both WC and PA. The 

dispute findings might be explained by their young, lean, and moderately fit subjects at baseline 

as opposed to our middle-age, overweight-obese, very low fit sample. Another plausible 

explanation for this difference is that in our study  there was a modest association between 

MVPA duration and TG which might indicate a tendency for a similar association with CMR 

factors in a fitter population (26). In addition, it is possible that abdominal obesity overwhelms 

or masks any potential benefit from PA below the threshold of recommendations.    

Several prospective studies demonstrate that low CRF predisposes adults to 

cardiovascular disease and type 2 diabetes (73; 158). Consistent with these observations Haufe et 

al. (16) have recently reported that the strong association observed between CRF and insulin 
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resistance (HOMA-IR) in 138 overweight and obese adults was largely unaffected by statistical 

control for either total or abdominal visceral fat. Although the relationship we observed between 

CRF and insulin resistance (HOMA-IR) was of a similar order of magnitude, the association was 

abolished after control for either WC or VAT. Our finding is consistent with others who report 

that insulin and glucose values in response to a 75 gram oral glucose tolerance test were highest 

in those with the lowest CRF (12). Moreover, in that study the authors report that difference in 

CRF was also abolished after control for differences in VAT.  In previous cross-sectional studies 

the associations between abdominal obesity, CRF, lipids, and BP variables were also observed. 

Consistent with our findings, Rheuame et al. (14) showed that CRF was associated with SBP in a 

simple association but not after adjustment for abdominal obesity. Christou et al. (15) also 

showed that CRF was not associated with lipids and BP variables after control for abdominal 

obesity. It is possible that abdominal obesity overwhelms or masks any potential benefit of CRF, 

and thus, no associations were observed after adjustment for abdominal obesity. What is clear 

from the studies presented above is that increasing CRF in obese adults has positive effects on 

insulin resistance; the mechanisms that explain the association however, remain unclear.  

Our finding that even modest (~17 min/day) levels of objectively measured sporadic 

daily MVPA is inversely associated with measures of insulin resistance and TG is encouraging 

and extend the observations of Nelson et al. (20) and Healy et al. (26)  who reported that 

objective measured MVPA was associated with HOMA-IR and TG in men and women.  

Consistent with our study, Healy et al. reported that the association between MVPA and TG 

remained after control for WC (26) . Our findings extend this observation by showing that 

MVPA was also associated with TG after adjusting for both, CRF and WC. However, in contrast 

to our finding, Nelson et al. (20) showed that MVPA remained associated with insulin resistance 



 

45 
 

after control for CRF.  That the participants in their study accumulated twice the amount of 

MVPA (31 vs 17 min/day) and the range in MVPA was markedly greater than our study may 

partially explain the discrepancy. Nevertheless, our observation suggests that the threshold for 

health benefit associated with the accumulation of MVPA may fall well below the recommended 

threshold of 30 minutes/day common to national guidelines (135).  Accordingly, obese women 

are encouraged to increase MVPA either in bouts (e.g. 10 minutes) or sporadically.  Indeed, there 

is much to learn concerning the optimum pattern of MVPA for achieving health benefit.      

That we did not observe a relationship between LPA with CMR factors, while consistent 

with Nelson et al (20), contrasts with Healy et al. (26; 108) who report that objectively measured 

LPA is associated with 2-hr glucose in 173 adults (108) and with TG and metabolic risk in 169 

adults (26) . Several differences among the studied participants may account for this 

inconsistency. Our study included only women whereas the Australian cohort included men and 

women. The Australian participants varied widely in adiposity from lean to obese and 

consequently their 2-hr glucose levels were lower compared to our sample; no baseline data on 

BP and lipids variables was presented (26). Given the potential public health implications it is 

clear that further investigation into the association of LPA on CMR factors is required.    

The cross-sectional design of this study precludes any discussion of causal inference.  

Our sample of women is rather homogenous and thus the generalizability of our findings may be 

limited. However, given the high prevalence of obesity worldwide our findings are relevant for a 

large segment of the adult population. We used a surrogate measure of insulin resistance 

(HOMA-IR) and thus it is possible that our findings may have differed were we to have 

measured insulin resistance using a criterion method such as hyperinsulinemic euglycemic clamp 

technique. However, the HOMA-IR method was sensitive enough to determine differences in 
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insulin resistance among our participants and its feasibility is relevant from a clinical 

perspective. A clear strength of our study was the objective measurement of PA and CRF in a 

relatively large number of obese women.  

  In summary, these preliminary results provide further support for the recommendation 

that WC and CRF be included as routine measures to screen for risk of glucose intolerance or 

insulin resistance in inactive obese women. Although direct measurement of CRF in routine 

clinical practice is unlikely, non-exercise algorithms using to derive CRF provide reasonable 

estimates of directly measured CRF and are readily applicable in clinical settings (159).  Our 

findings also support the suggestion that even modest amounts of daily MVPA that are below the 

recommended threshold of 30 minutes/day convey health benefit. That MVPA is not related to 

measures of glucose and insulin independent of WC and CRF is likely explained by the fact that 

WC and CRF mediate in part this relationship. Thus, our findings are consistent with the 

recommendation that abdominally obese women should be encouraged to accumulate minutes of 

MVPA whenever possible. That WC, CRF, and PA were not associated with BP and lipoproteins 

should be further examined.    
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Chapter 4 – General Discussion 

4.1 Clinical implications 

The main findings of this study support the notion that both, CRF and WC, should be 

obtained to screen for risk of glucose tolerance or insulin resistance. Although no association 

was observed between daily MVPA and lipoproteins, BP, glucose tolerance, or insulin 

resistance, even modest amount of MVPA convey health benefits. This is likely explained by the 

fact that WC and CRF mediated this relationship.  An additional finding was that among inactive 

abdominally obese women, TG was associated with MVPA duration independent of WC and 

CRF. However, lipoproteins and BP variables were not associated with CRF, WC, or PA 

independent of each other. Since our lipoproteins and BP variable were in a normal range these 

associations should be further examined.  

To our knowledge this study is the first to explore the independent associations between 

objectively measured PA, WC and CRF with measures of CMR factors. Our observations extend 

previous reports demonstrating that WC is a strong marker of glucose and insulin metabolism 

(58).  

4.2 Strengths and limitations 

The comprehensive evaluation and the objective measurements of PA and CRF 

strengthen our observations. In addition, due to the strict inclusion criteria, our study population 

was relatively homogenous; subjects were inactive abdominally obese women and were recruited 

from Kingston, Ontario, Canada and surrounding area. Moreover, that VAT did not have an 

additional effect on our results when used in place of WC also strengthened our observations and 

the use of WC as a clinical tool. 
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A number of limitations of our study should be noted. First, the cross-sectional design of 

this study precludes any discussion of cause-effect relationships. Moreover, parameters such as 

PA are examined at a certain period of time and may not be generalized to a participant’s normal 

routine.  

Second, since hormone levels were not measured we did not adjust for the hormonal 

status of our female participants. This is noteworthy since our study included women with an age 

range of 35 to 69 years, involving women in both pre- and post- menopause states (142). While 

menopause is characterized by modifications in fat accumulation patterns (160), it is still unclear 

if this transition is accompanied by alterations in cardiometabolic risk factors in all women (161; 

162). We have tried to address this concern by performing our analysis while the study sample 

was divided into pre- and post- menopausal groups according to age (142). The results were 

similar to our previous results (data not shown).   

Third, since our inclusion criteria, sedentary lifestyle and abdominal obesity, were rather 

strict, our sample of women was relatively homogenous and thus the generalizability of our 

findings may be limited. However, given the high prevalence of obesity worldwide our findings 

are relevant for a large segment of the adult population. 

And finally, we used a surrogate measure of insulin resistance (HOMA-IR) and thus it is 

possible that our findings may have differed were we to have measured insulin resistance using a 

criterion method such as hyperinsulinemic euglycemic clamp technique. However, the HOMA-

IR method was sensitive enough to determine differences in insulin resistance among our 

participants and its feasibility is relevant from a clinical perspective. 



 

49 
 

4.3 Future research 

 To overcome the limitations discussed above further research is needed. First, although 

our study examined whether objectively measured PA, CRF, and abdominal obesity are 

associated with commonly measured CMR factors independent of each other, these associations 

were determined only in an inactive relatively homogenous female population. Thus, this 

association should be examined in a more heterogeneous population where, in addition to the 

inclusion of male subjects, larger ranges of CRF, PA, abdominal obesity, and CMR factors are 

also included. Moreover, it is well established that CMR factors and abdominal obesity vary 

substantially according to race (49; 85), for example, African Americans have lower VAT and 

better lipoproteins values than Caucasians (85). Thus, future research should also address the 

association in different ethnicities. Performing the above studies will enable generalization of the 

conclusions for various populations.  

Second, as an Israeli citizen I would also like to examine this association in the Israeli 

population. Janssen et al. (163) had shown that Israeli youth’ diet composition, physical activity 

performance, and other lifestyle behaviors, were rather different than in the Canadian population. 

I am also aware of a single cross-sectional study that examined the association between BMI and 

BP independent of self-reported PA in 38,558 Israeli subjects (164). Whether this association 

exists independent of abdominal obesity or CRF in the Israeli population is still unclear. Thus, it 

is noteworthy to investigate the association between PA, CRF, abdominal obesity, and CMR 

factors in the Israeli population.  

Third, our study’s cross-sectional design is not sufficient to allow conclusions on an 

independent cause-effect relationship between PA, CRF, abdominal obesity, and CMR factors. 

Moreover, since our findings support the suggestion that even modest amounts of daily MVPA 
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that are below the recommended threshold of 30 minutes/day convey health benefit, further study 

should examine whether there is a dose-response relationship between different amounts of 

MVPA and health benefits (114). 

Forth, since hormone levels may serve as confounders in our analysis, further study 

should address this issue. Recruiting only post-menopause women is one plausible solution. 

However, in order to include in the analysis younger women, hormonal levels should be 

objectively measured to allow for more accurate differentiation between menopause states when 

adult women are being examined. The following hormones levels have been shown to be 

modified according to menopause state: luteinizing hormone (LH), follicle-stimulating hormone 

(FSH), estradiol, progesterone, and estrone (165; 166). Since hormones levels are modified 

through the menstrual cycle, when pre-menopause women are examined testing time should be 

taken into consideration (167). Performing a simple blood measure to derive these hormones will 

provide an objective classification of the menopause states.  

 Fifth, the mechanisms for the association between CMR factors and low CRF or PA 

below the national recommendations threshold are not fully understood. A study that examines 

those mechanisms will provide us with a better understanding of the influence of different 

intensity physical activities on our health. Furthermore, this may augment the current PA 

guidelines.  

 Finally, another subject that will be interesting to investigate is the influence of yoga on 

CRF, WC, and CMR factors. Over the past year I practiced ashtanga yoga and I was amazed by 

the mind and body changes that were made because of this practice. It was previously shown that 

yoga is associated with a reduction in CMR factors (168; 169). Moreover, yoga may influence on 

CMR factors differently than other types of exercise since it also has a major psychological 
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impact (168; 169). In addition, different ethnicity, such as, Indians and south Asians, may prefer 

to practice yoga and not to perform their daily exercise by doing running, biking, dancing, and 

etc. Canada total population in 2009 was 31,241,030 (170). Whereas only 10,066,290 were 

originally Canadians, 2,279,440 of the population were Indians and Asians. Thus, examining the 

effect of practicing yoga on CRF, WC, and CMR factors independent of CRF and WC, may 

provide us an insight on improving health risks in a different form of exercise. It will be 

interesting to investigate whether performing ashtanga yoga on a daily basis for a duration of 

about one and half hours per day will be associated with CRF and WC, and whether it will be 

associated with CMR factors independent of both CRF and WC. It will be also worthy to 

examine the differences between yoga and other type of exercise and their influence on CRF, 

WC, and CMR factors.  

4.4 Conclusions 

Our findings further support the notion that WC and CRF should be included as routine 

measures to screen for risk of glucose intolerance or insulin resistance in inactive obese women. 

Although direct measurement of CRF in routine clinical practice is unlikely, non-exercise 

algorithms using to derive CRF provide reasonable estimates of directly measured CRF and are 

readily applicable in clinical settings.  Our findings further support the notion that WC can be 

used as a pragmatic measure of VAT.  

 Our observations also confirm the suggestion that even modest amounts of daily MVPA 

that are below the recommended threshold of 30 minutes/day convey health benefit and that 

MVPA is possibly partly related to the measures of glucose and insulin through WC and CRF. 

Thus, our findings are consistent with the recommendation that abdominally obese women 

should be encouraged to accumulate minutes of MVPA whenever possible.  
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The associations between WC, CRF, PA, and BP and lipoproteins should be further 

examined since we did not observe any association after adjustments for the other two 

independent variables (WC and PA/ CRF and PA/ WC and CRF).    
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Appendix A- Consent Form 

CONSENT TO VOLUNTEER FOR PARTICIPATION IN A STUDY 

TITLE: Dose-response effects of exercise on abdominal obesity and risk factors for 

cardiovascular disease in women and men 

PRINCIPAL INVESTIGATOR:   Robert M.J. Ross, Ph.D. 

Queen’s University 

School of Kinesiology and Health Studies/ 

Medicine, Division of Endocrinology and Metabolism 

Kingston, Ontario, K7L 3N6 

(613) 533-6583 

 

CO-INVESTIGATORS: 

Robert Hudson, M.D., Ph.D., FRCPC 

Kingston General Hospital 

Medicine, Division of Endocrinology and Metabolism 

Kingston, Ontario, K7L 3N6 

(613) 533-2973 
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Miu Lam, Ph.D. 

Department of Community Health and Epidemiology 

Kingston, Ontario, K7L 3N6 

 

You are invited to participate in a research study on the influence of different doses (amounts) of 

exercise on abdominal fat and related health risk.  The following brief is intended to provide you 

with the details you should be aware of prior to your consent as a participant in this study.  

Please read the following information carefully and feel free to ask any question that you may 

have. 

BACKGROUND INFORMATION 

Obesity is a major risk factor for disease and a public health problem. Recent information 

suggests that body fat located in the upper body region (abdominal fat) conveys a very strong 

health risk.  Exercise is thought to be a good treatment option for reducing both abdominal fat 

and cardiovascular risk factors (e.g., blood fats (cholesterol), blood sugar and blood pressure).  

However, the specific exercise strategy or program required to achieve optimal benefit continues 

to be the source of considerable debate.  At present, health professionals are unsure of the 

specific type, amount, pattern, and intensity of exercise that provides optimal health benefits.  

Therefore, you are invited to participate in a study to assess the relationships between exercise 

dose (how much) and intensity (how hard) on abdominal fat, and cardiovascular risk factors 

(e.g., blood sugar and fats).  The results of the study may have important implications for 
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development of public health messages and clinical guidelines for prevention and treatment of 

obesity and associated health risks through exercise.       

 

EXPLANATION OF PROCEDURES 

Pre-participation screening 

You will be required to complete a medical questionnaire and make an appointment with 

your family physician prior to participation in this study.  Your physician will also complete a 

medical questionnaire and may perform a medical examination on you. If your family physician 

charges you for completion of this exam, an invoice can be faxed to the Project Coordinator 613-

533-2580 for payment or, the study investigators will reimburse you fully. In addition to the 

medical exam, you will have a fasting blood test to measure your blood fat and sugar levels. We 

will also measure your waist circumference. These measures are explained in further detail on 

pages four (4) and five (5) of this form.  

 

Study Protocol 

The exercise study will be approximately 7 months in duration.  The 6-month exercise 

period will begin and end with a 1 to 2 week weight maintenance period. By volunteering to 

participate in this study, your name will be selected by chance and placed into one of the 

following four groups: (1) Control - no exercise, (2) Low volume-Low intensity exercise, (3) 

High volume- Low intensity exercise, (4) Low volume-High intensity exercise. You will have a 
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1 in 4 chance of being placed in one of the four study groups. You will not be able to choose 

which group you will be in.  

 

The follow-up study will take place during Months 7-13. During this part of the study, 

you will be asked to continue the same exercise routine that you followed for the first six 

months. The reason for the 6-month follow-up is to find out whether you have been able to 

maintain the exercise level prescribed at start of the study. 

 

Expectations 

You will be expected to: 

1. Accept your group assignment 

2. Participate fully in your assigned groups for the duration of the study 

3. Keep all testing appointments  

4. Provide accurate answers on all questionnaires 

 

You can expect: 

1. Full disclosure of all procedures required for participation in this study 

2. To be treated fairly and with respect 

3. Any information that is disclosed will be private and confidential 

4. No one will be coerced or forced to do anything they wish not to do 

5. To have all your questions answered fully and as promptly as possible 
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6. To not be penalized for choosing to withdraw from the study for any reason  

 

Control Group:  For the entire study the men and women in this group will consume a healthful 

diet.  Thus there will be no weight loss or exercise. 

Low volume-Low intensity group:  As a participant in this exercise group you will be asked to 

perform walking type exercise on a motorized treadmill for around 30 minutes, 5 times per week, 

at about 50% of your maximum fitness level (e.g., low-to-moderate paced walking) for the 

duration of the 6 month treatment period. During each exercise session we will measure your 

heart rate every 5 minutes using an automated heart rate monitor. All of your exercise sessions 

will be by appointment and performed under supervision of a trained professional within our 

laboratory at Queen’s.  

High volume-Low intensity group: As a participant in the aerobic exercise group you will be 

asked to perform walking type exercise on a motorized treadmill for around 60 minutes, 5 times 

per week, at about 50% of your cardiovascular fitness level (e.g., low-to-moderate paced 

walking) for the duration of the 6 month treatment period.  During each exercise session we will 

measure your heart rate every 5 minutes using an automated heart rate monitor.  All of your 

exercise sessions will be by appointment and performed under supervision within our laboratory 

at Queen’s.  

Low volume-High intensity group:  As a participant in the aerobic exercise group you will be 

asked to perform walking and/or jogging type exercise on a motorized treadmill for around 30 

minutes, 5 times per week, at about 75% of your cardiovascular fitness level (e.g., brisk walking) 

for the duration of the 6 month treatment period.  During each exercise session we will measure 
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your heart rate every 5 minutes using an automated heart rate monitor.  All of your exercise 

sessions will be by appointment and performed under supervision within our laboratory at 

Queen’s.  

Diet Program:  All participants in each group will eat the same type of foods.  The diet will 

consist of regular foods that you will buy and prepare yourself.  All aspects of the diet plan will 

be explained to you by a nutritionist.  The session will take place at the beginning of the study, 

with several additional sessions planned throughout to help you follow the diet plan.  If someone 

else shops for your food or prepares your meals, or if you share those tasks with someone else, 

that person is invited to meet with the nutritionist as well.  You will be required to record the 

food you eat each day for the duration of the study.  All of your meetings with the nutritionist 

will be in Dr. Ross’s laboratory within the School of Kinesiology & Health Studies at Queen’s.   

At the beginning of the study, using the diet records that you complete, the number of 

calories required to maintain your body weight will be determined.  During the study the 

nutritionist will work with you to help you to maintain this caloric (number of calories) intake.  

In other words, the nutritionist will help you eat an amount of food that would normally maintain 

your body weight.  Thus any weight loss you experience will be the result of an increase in 

exercise.  

 

Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) is a method for creating pictures of body structures 

or organs.  MRI gives pictures (images) in slices comparable to those produced by x-ray 

tomography (e.g., CT scan).  One of the primary advantages of MRI is that it does not use x-rays 
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or other forms of radiation.  Instead, a large magnet, a radio transmitter/receiver and a computer 

are used to gather information from the body, and to produce pictures of internal anatomy.  No 

harmful effects have been associated with MRI under existing conditions of use. However, if you 

feel claustrophobic during the scan you can end the test immediately.    

As mentioned, the MRI procedure is very similar to a scanner examination.  You will be 

placed on a table and moved smoothly into the scanner.  A loud-speaker within the magnet 

makes it possible for you to keep in constant contact with the staff.  At all times the operator can 

see and hear you and if you need help or have questions, you can be removed from the machine 

if necessary.  The whole procedure takes about 30 minutes and will be performed by 

appointment at Kingston General Hospital once at the beginning of the study and one at the end 

of the exercise study (week 24).  

Anthropometry (Skinfolds and Circumferences) 

Many circumference measurements will be taken at numerous places on your body.  

These measurements can be used to derive estimates of body composition.  Skinfold callipers 

(skinfold thickness) will be measured at 4 different places on your body. Circumferences 

measurements using a measuring tape will also be obtained at different places on the body. These 

measurements require about 45 minutes to complete and will be obtained at Dr. Ross’s 

laboratory within the School of Kinesiology & Health Studies at Queen’s.   

We will collect these measurements five times throughout the study: at the beginning 

(week 0), then after two months (week 8), four months (week 16), at the end of the exercise 

training period (week 24), and at follow-up (week 48, six months after the end of the exercise 

training period).  
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Assessment of Cardiovascular Fitness 

We will measure your cardiovascular fitness (endurance) using a treadmill (VO2) test.  

The test will begin at a level you can easily accomplish and will be advanced in stages, 

depending on your capacity to do so.  We may stop the test at any time because of signs of 

fatigue or you may stop the test because of personal feelings of fatigue or discomfort.   

The treadmill test involves risks comparable to any strenuous exercise situation.  They 

include very rare instances of abnormal blood pressure, fainting, disorders of the heartbeat, and 

heart attack.  Every effort will be made to minimize your risk by preliminary medical 

examination and observation during the test.  A Research Assistant at Hotel Dieu Hospital, with 

a trained paramedic or medical doctor on-site, will conduct your fitness test.  You will perform 

the exercise test 6 times: at the beginning (Week 0), after one month (week 4), after two months 

(week 8), after four months (week 16), at the end of the exercise training period (week 24), and 

at follow-up (week 48, six months after the end of the exercise training period).  

 

Assessment of Daily Physical Activity 

 How physically active you are throughout the day will be measured by two small devices 

known as accelerometers: one is worn on your arm (armband) and one is worn on your hip 

(Actigraph).  The armband involves wearing a monitor that is worn on your upper right arm that 

will track the amount of energy you burn and the amount of physical activity that you 

perform. The Actigraph is a small unit that you wear on your belt at the level of your hip and this 

device also measures the amount of physical activity that you perform. You will wear these 

monitors during all of your waking hours and will remove the monitor when you sleep or 



 

79 
 

participate in water activities such as showering, bathing, or swimming.  You will wear this 

device for 7 consecutive days at 0, 8, 16, and 24 weeks.   

 

Laboratory measurements (blood glucose (sugar) and lipid (fat) tests) 

The measurement of how much sugar and fat are in your blood will be done at Dr. Ross’s 

laboratory within the School of Kinesiology & Health Studies at Queen’s.  To determine your 

ability to manage blood sugar you will be asked to perform an Oral Glucose Tolerance Test.  

You will be asked to arrive at the lab in the morning after an overnight fast (no eating after 7pm 

the night before).  The first step of this test will be the insertion of a saline lock into a vein in 

your arm. This allows the nurse to take blood at different times without having to re-puncture 

each time. She will then remove about 30 ml (3 tablespoons) of blood.   The only risk from this 

procedure is possible local pain and bruising at the time of the blood test.    In addition, you will 

be asked to drink a fluid that contains 75 grams of sugar (like an orange drink).  At 30-minute 

intervals for 2 hours after drinking the sugar solution, a small amount of blood will be taken 

(through the saline lock) for the purpose of measuring the amount of sugar in the blood. This test 

will be performed four times during the study: at week 0, after four months (week 16), at the end 

of the exercise period (week 24) and at the end of the follow-up (week 48). 

 

Summary of Appointments and Time Requirements 

All appointments will be scheduled at a time that is convenient for you.  For the testing 

you will be required to make six 45-minute appointments at the Hotel Dieu Hospital to complete 
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the cardiovascular fitness (VO2max).  We will also arrange two 30-minute appointments to 

complete the MRI (Kingston General Hospital).  The other testing will be done at Dr. Ross’s 

laboratory in the School of Kinesiology & Health Studies at Queen’s.  This includes: four 2.5-

hour appointments for the oral glucose tolerance test and blood lipid/cholesterol tests (fasting 

blood draw); and five 45-minute anthropometric measurement appointments.  In addition, we 

will ask you to make appointments for dietary counselling and for exercise (if you are 

randomized into one of the exercise groups). The total time commitment for all testing 

appointments and exercise sessions over the total 13-month study will be between 86 and 149 

hours. 

Time commitment per participant 

Measure/Task Time per session Number of sessions Total time 

Anthropometrics 1 hr 5 5 hr 

Fitness (VO2) test 1 hr 6 6 hr 

OGTT 2.5 hr 4 10 hr 

MRI 0.75 hr 2 1.5 hr 

Dietary Counsel 0.5-1 hr 6-12 3-6 hr 

Exercise 0.5-1 hr 120 60-120 hr 

TOTAL   86-149 hours 
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Benefits of Participation 

You will gain no direct benefit through participation in this study. 

 

Risks of Participation 

Participation may involve some risks.  The known risks are:   

1) Insertion of a catheter in your arm or hand vein may cause bruising, bleeding, soreness or 

infection. 

2) For MRI, there are certain conditions that would exclude you from participating in this 

study. These include cardiac pacer, aneurysm clip, cochlear implant, intra-uterine 

device (IUD), shrapnel, neurostimulators or other metal devices.  Metal objects 

present in the body could be moved by the large magnet involved in the MRI, and 

such movement could cause serious injury. Fear of closed spaces (claustrophobia) is 

also a reason you would be excluded from the study.  No serious biological effects 

have been reported from being in a magnet.  If you experience a fear of the confined 

space while in the magnet, you can terminate the study.  Trained personnel are always 

in attendance during these studies. 

3) The exercise test may cause muscle soreness or fatigue.  In any individual, there is a 

minute risk of a heart attack or death from the exercise test. A trained paramedic or 

medical doctor will be on-site.  If you develop chest pain, the test will be stopped 

immediately. 

4) Risk of Wearing the Activity Monitor: Some people may experience mild skin irritation 

at the site where the activity monitor is worn. One cause of skin irritation has already 
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been identified in people who wear the armband for extensive periods of time (i.e., more 

than 24 hours). Specifically, the build-up of sweat that can be trapped between the skin 

and the armband can cause pink pustules or pimples to appear. This condition is named 

miliaria, or prickly heat. This condition is common and occurs in 10% to 25% of people 

(10 to 25 out of 100 people) that wear the armband. To help to prevent this condition you 

should clean your arm using rubbing alcohol before putting on the activity 

monitor.  Also, you should use soap and water to clean the elastic strap that attaches the 

monitor to your arm before each use.  You should also wipe off the monitor using 

rubbing alcohol and allow this to dry before putting it on your arm. 

 

You should inform the investigators if you have participated in any other research study 

during the previous year.  This will help to ensure that you have not been exposed to a procedure 

in another study that may influence your ability or eligibility to participate in this one.  You 

should understand that this study is a research study and may not be of direct benefit to you.  If 

requested, a report will be generated for your medical record, which will include any information 

important for your medical care. 

 

CONFIDENTIALITY 

All information obtained during the course of this study is strictly confidential and your 

anonymity will be protected at all times.  Your information will be kept in locked files and will 

be available only to Dr. Robert Ross and those working within his laboratory.  Your identity will 

not be revealed in any description or publication. 
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In the event you that you are injured as a result of the study procedures, medical care will 

be provided to you until resolution of the medical problem.  By signing this consent form, you do 

not waive your legal rights nor release the investigator(s) and sponsors from their legal and 

professional responsibilities.  

Financial remuneration ($100) for parking, gas, and other costs associated with 

participation in the study will be provided to you.  

 

VOLUNTARY CONSENT 

I have been given an opportunity to ask any questions concerning the procedures.  All of 

my questions regarding the research project have been satisfactorily answered.  I understand that 

my test results are considered confidential and will never be released in a form that is traceable 

to me, with the exception of my family physician or myself.  I understand that all my lab results 

will be sent to my family physician. I do understand that I am free to deny consent if I so desire, 

and may withdraw from the study at any time without prejudicing current or future medical care.  

Should I have any questions about the study, I know that I can contact any of the 

following:  Dr. Robert Ross (613 533-6583), Dr. Jean Coté, Head, School of Kinesiology and 

Health Studies (613 533-6601), or Dr. Albert Clark, Chair, Queen’s Health Sciences & Affiliated 

Teaching Hospitals Research Ethics Board (613 533-6081).  A copy of this consent form will be 

provided me for my records.  My signature below means that I freely agreed to participate in this 

study. 
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    __________________________________   ________________ 

         Volunteer’s Signature                                   Date:   

    

STATEMENT OF INVESTIGATOR 

I, or one of my colleagues, have carefully explained to the subject the nature of the above 

research study.  I certify that, to the best of my knowledge, the subject understands clearly the 

nature of the study and demands, benefits, and risks involved to participants in this study. 

 

 

__________________________________                   ________________ 

    Principal Investigator’s Signature               Date 



 

85 
 

 Appendix B- Waist Circumference 

 

GENERAL WAIST PROCEDURE 

1. Clear the client’s abdomen of all clothing and accessories.  If you find resistance to 

the suggestion to fully remove shirt, roll up the shirt to allow free access to 

measurement sites and hold in place with a clip (i.e. hair clip). 

 

2. Position the client with feet shoulder width apart and arms crossed over the chest in a 

relaxed manner.   

3. Take a position to the right side of the client’s body on one knee.   

 

4. Position the tape directly around the abdomen so that the inferior edge of the tape is at 

the level of the landmarked point. Use a cross-handed technique to bring the zero line 



 

86 
 

of the tape in line with the measuring aspect of the tape. Ensure that the measuring 

tape is positioned in a horizontal plane around the abdomen. Apply tension to the tape 

to ensure it is snug, without causing indentation to the skin.  Walk around the 

participant to ensure the tape is straight all around the abdomen. Alternatively, if a 

mirror is available – use this to ensure proper tape alignment. 

 

5. At the end of a normal expiration, take the measurement. 

WAIST – ILIAC CREST - top of the iliac crest. To find this landmark, palpate the upper 

right hipbone and draw a line where you locate the uppermost lateral border of the iliac crest.   

WAIST – LAST RIB – bottom of rib cage on right side.  To find this landmark, palpate the 

lower right rib cage and draw a line where you locate the lowest lateral border of the ribs. 

WAIST – MIDPOINT BETWEEN ILIAC CREST AND LAST RIB – midpoint between 

the bottom of the rib cage and the top of the iliac crest (use the landmarks from the previous 

two waist circumference measures to locate this). 
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Appendix C – Abdominal Adipose Tissues (MRI) 

 

Magnetic resonance imaging (MRI) was performed at the Department of Radiology at 

Kingston General Hospital using a General Electric, 1.5 Tesla magnet, according to an 

established protocol. Abdominal adiposity was measured from MRI images using specialized 

software- Slice-O-Matic (Tomovision, Montreal, Canada) according to a previously describe 

method (144; 145). First, muscle, fat, bones, and other lean tissue (such as veins, nerves, etc.) 

were segemented using colors. Then, volume of a certain tissue in 1 cm thick was evaluated by 

quantifying the voxel area of each color.  

Measures of visceral adipose tissue (VAT) and abdominal subcutaneous adipose tissue 

(ASAT) were derived from a single image obtained at the L4-L5 intervertebral space (Figure 1.) 

(146).  

Figure 1. VAT and ASAT at the L4-L5 intervertebral space. Colors in the right image represent 

the following tissues: light green- ASAT; dark green- lean tissue other than bone or muscles; 

light blue- VAT; red- muscle; white-bone. Analysis results revealed that VAT was 97.9 cm
3
 and 

ASAT was 286.9 cm
3
. 
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Appendix D - Cardiorespiratory Fitness 

 

Cardiorespiratory fitness measured as oxygen consumption per unit of time (VO2 peak) 

was determined using a maximal treadmill test combined with standard open-circuit spirometry 

techniques (SensorMedics Corp, Yorba Linda, California). The test followed modified Bruce 

protocol adapted for our subjects (149). Test began with walking at relatively brisk pace with 0% 

grade initially. Speed remained constant while grade was increased to 5% at the third minute. 

Thereafter, grade was further increased by 2% every two minutes until 15% grade (Figure 1.). In 

accordance with subject’s exhaustion, speed increased by 0.2 mph. VO2max was determined 

using standard open spirometry techniques. VO2max was attained when at least three of the 

following was achieved: VO2max reached plateau with a continuous increase in subject’s effort, 

respiratory quotient (RQ) was above 1.1, heart rate exceeded age predicted maximum heart rate 

minus 12 bpm, and/or participant estimation of exhaustion was ten in Borg scale. 

Figure 1. VO2max test 
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VO2max data collection sheet 

Maximal Oxygen Consumption Test - SERENA Study  

Visit:   V00  V04  V08  V16  V24  V48    Mask Size: ________ 

Date:____________________ Participant ID: _________________ 

Height (cm):______________ DOB: _________________________ 

Weight(kg): ______________ Age Predicted HR: 220-12- ____=____ 

Speed: __________________ Tester:__________________________ 

Checklist: 1. RQ>1.1 _____ 2. HR ≥ HRmax____3. VO2 plateau____4. BORG =10____ 

Time 

(min) 

 

Grade 

(%) 

HR 

(bpm) 

 Time 

(min) 

Grade 

(%) 

HR 

(bpm) 

00:00 0   11:00 13  
00:20    11:20   
00:40    11:40   
01:00    12:00   
01:20    12:20   
01:40    12:40   
02:00    13:00 15  
02:20    13:20   
02:40    13:40   
03:00 5   14:00   
03:20    14:20   
03:40    14:40   
04:00    15:00 15 ↑spd  
04:20    15:20   
04:40    15:40   
05:00 7   16:00   
05:20    16:20   
05:40    16:40   
06:00    17:00 15 ↑spd  
06:20    17:20   
06:40    17:40   
07:00 9   18:00   
07:20    18:20   
07:40    18:40   
08:00    19:00 15 ↑spd  
08:20    19:20   
08:40    19:40   
09:00 11   20:00   
09:20    20:20   
09:40    20:40   
10:00    21:00 15 ↑spd  
10:20    21:20   
10:40    21:40   
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Appendix E – Physical Activity  

 

Physical activity (PA) was measured with the Actigraph GT3X accelerometer (Actigraph, 

Pensacola, Florida). Accelerometers were programmed to collect data in 1-minute epochs over a 

7-day period and were worn on an elastic belt positioned over the right hip at all times except 

during water-based activities. Additionally, participants completed a log sheet indicating when 

they went to bed at night, woke up in the morning, and removed the accelerometer.  To be 

included in the analysis, participants were required to wear the accelerometer for at least four 

complete days, including one weekend day, within the monitoring period. A complete day was 

defined as at least 10 hours of wear time during the day. Wear time was calculated after extended 

periods of consecutive zero counts ≥ 60 minutes, and sleep time was determined using both the 

participant logs and visual examination of the data. PA was calculated only for participants who 

followed the requirements. 

Accelerometry cut points were used to distinguish between PA intensities. These cut 

points have been used previously by our group (91) and others (26) . The cut points were as 

follows: sedentary behavior (SED, <100 counts per min (cpm)); total PA (TPA, >100 cpm), 

which was further subdivided into light PA (LPA, 100-1951cpm), moderate PA (MPA, 1952-

5724 cpm), and vigorous PA (VPA, >5725 cpm). Roughly 95% of the participants in this study 

did not accumulate more than one minute per day of vigorous PA, and those who did accrued on 

average less than 4 minutes of vigorous activity per day over the entire wear period. Therefore, 

moderate and vigorous PA (MVPA) were combined. For each of the variables acquired by 

accelerometry (LPA, MVPA, and SED), total minutes spent in each intensity were added up over 

the entire wear period and then divided by the total number of days worn to derive average 
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minutes per day spent in each intensity. Average cpm was also determined for each 

accelerometer variable by summing up all cpm values within each intensity category and 

dividing by total minutes accumulated. Total PA (TPA) per minute was than calculated by 

adding all PA subdivisions together. Total PA (TPA) intensity (cpm) was than calculated by 

adding the average intensity of all PA subdivisions and dividing it by TPA duration.  

The following figure demonstrates 24-hour PA data derived from an accelerometer. 

 

 

Figure 1. 24-hours PA data derived from an accelerometer and divided into 

subcategories. 
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Accelerometers protocol: 

Measurement Device 

GT3X Actigraph Activity Monitor (Pensacola, FL) 

 

Measurement Procedures 

Preparing the Accelerometer for Data Collection 

1. The accelerometer has a rechargeable battery that should be fully charged before being 

given to a participant.  The accelerometer can be recharged via a standard 2.0 USB 

connection plugged into a computer or a 7-terminal charging hub which is plugged into a 

regular electrical outlet.  A fully depleted battery takes approximately 3 hours to fully 

recharge.  Note: When the battery is plugged in and recharging a red light will flash.  

When this red light stops flashing and stays on, the battery is fully charged.  

2. When the accelerometer is charged it can be initialized.  Double-click the Actilife 

software icon on the desktop.   

3. When the Actilife program is open on the computer, use a USB 

connection to connect the accelerometer to the computer (as 

shown in the picture below – the arrow on the USB cable 
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should be facing up). A new driver has to be installed for each port that the USB + 

accelerometer is plugged into.   

4. Once the accelerometer is plugged in the screen will change to look like the one below. 

Check the battery of the accelerometer to make sure it is fully charged.  

 

5. Click on the ‘Initialize’ button to initialize the accelerometer. The following screen will 

pop up. Ensure all boxes checked in the snapshot below are also checked on your screen. 

Fill in the appropriate start and stop times. The accelerometer should start at midnight on 

the first day and stop at 11:59 pm on the last day. The accelerometer will start the day 

after the participant picked-up his accelerometer. Note: after the accelerometer has been 

initialized the red light will flash until it hits the programmed start time.  The red light 

will start flashing again once it reaches the stop time until the data is downloaded. Once 

the appropriate boxes have been checked and the start and stop times have been set, click 

“Enter Subject Info…”.  
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6. After you click “Enter Subject Info…” the following pop up window will appear. Change 

the subject name field to reflect the participant’s ID and visit number followed by the day 

number the accelerometer has been initialized for. In the example below S001 is the 

participants ID, V00 is the visit number (baseline) and _1 refers to the accelerometer 

being initialized for Monday. _1 reflects an accelerometer starting on Monday, _2 is 

Tuesday, _3 is Wednesday and so on. Once this field is filled in, click “Initialize All”.  
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7. Once the accelerometer has been successfully initialized the box below will pop up.  

Double-check that the start date and time are correct.  Disconnect the accelerometer from 

the USB cable. 

 

8. Attach the accelerometer to an appropriately sized elastic band. 

9. Record the serial number of the accelerometer on the SERENA accelerometer wear 

spreadsheet so we can track who was wearing which accelerometer (on repeat 

measurements the participant should receive the same accelerometer every time to reduce 

variation). This excel document is located in the “Accelerometry Data” folder on the 

Serena network.  
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10. Below is the Flashing Light Reference for the accelerometer 

 

Preparing the Participant 

1. There are no guidelines the participant needs to follow prior to getting the accelerometer. 

2. The accelerometer will be attached to an elastic band to be worn around the waist next to 

the skin (or over a light, tight-fitting shirt if it is too itchy) to minimize extra motion and 

will be situated directly over the right hip. 

3. The participant will be asked to wear the accelerometer for a 7 day period and to remove 

it only for water activities (eg, swimming, showering, or bathing).  

4. The participant will also be given a log (attached below the protocol) where they will 

record when and why the accelerometer was removed and provide comments. 

 

Important Points to Mention During the Initial Meeting with the Participant 
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1. We are putting an activity monitor on which will give us an indication of how much 

physical activity you do. It records how often you move around and how quickly you 

move around. 

2. The activity monitor does not interfere with any medical devices and is not harmful.  

3. The activity monitor should be worn on the elastic band around your waist, preferably 

right next to the skin but it can go over a tight-fitting shirt if it is itchy, or can be looped 

through belt holes on pants and should be situated directly above the right hip. Please 

ensure that the elastic is not loose and the activity monitor is not flopping around because 

it will not collect good data.  

4. The activity monitor should be worn at all times for the next 7 days and nights except it 

should be removed for all water-based activities such as swimming, showering, or 

bathing because it is not waterproof.  If you are uncomfortable wearing the accelerometer 

to sleep or if you try it and it keeps you awake, do not feel obligated to wear it at night.  It 

is most important that you are wearing it during your waking hours.  So, if you are not 

wearing it to sleep, please put it on as soon as you wake up in the morning and remove it 

immediately prior to climbing into bed at night.  

5. If the monitor is removed, please record on this log sheet what time(s) and why the 

activity monitor was removed.  Also, please record the times you wake up in the morning 

and fall asleep at night.  Finally, if you experience any problems or have any comments 

or suggestions please write that in on the bottom of the sheet. Alternatively, if you have 

any immediate concerns while wearing the device please contact (???) at (???).  

6. Although the activity monitor is very durable, please be careful and gentle with it as it is 

very expensive. 
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7. Have you made an appointment to come back next week?  Please remember to wear the 

activity monitor back and bring the log sheet to that appointment.  If you do not have an 

appointment than we can arrange a time when I can meet you at the front doors of the 

SKHS building to pick it up from you.  You will receive a call the day before it is to 

come back to remind you and make arrangements if necessary. 

 

Data Management  

Acquiring Data 

1. Retrieve accelerometer and log from the participant.   

2. Open the Actilife program, connect the accelerometer to the computer via USB 

connection and click the ‘download’ button on the left side of the screen. The box below 

should pop up on the screen. 

 

3. Once the data has been successfully downloaded, the box below will pop up. Select 

‘Subject Name’ then click “Download All Devices”. Note: The data will be stored in the 

accelerometer until it has been initialized again and at this point it is deleted.  So, be sure 

data has been downloaded before initializing any device. 
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4. Name and save the raw data file (it will be a .AGD file) using the convention 

IDVvisit_day of the week. For day of the week, Monday = 1, Tuesday = 2, Wednesday = 

3 and so on. For example, if S001 received the accelerometer on Wednesday at visit 00 

the file would be saved as S001V00_3. Save this in: SERENA folder  Accelerometry 

Data  under the correct visit folder.   

 

5. Export the .AGD file to both a .dat file and a .CSV file. This is done by going to file, 

clicking “Import/Export” then choosing the appropriate file conversion. Make sure to safe 
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the files in the appropriate folders, which are arranged by visit. Within each visit folder, 

there are subfolders arranged by file type.  

This file conversion can only be done on the complete version Actilife which is located 

on two computers in the Ross Lab.  

6. Next, in “Actilife Version 4” under ‘Analyze Data’ (left side of screen at the top) select 

‘create graph (Microsoft Excel)‘. A popup will appear – click ‘ok’. Microsoft Excel will 

load. Click ‘Enable Macros’. The security settings must be set to medium to enable this 

program to work (Go to the ‘Tools’ menu, select ‘Macro’, then select ‘Security’ then 

select ‘Medium’. You will likely then have to close the program and try to re-open). 

Click on the blue graphic displayed in the middle of the screen (shown below) and select 

the raw .dat file you want to graph. 

 

7. After the .dat file has been selected the box below will appear.  Ensure you have checked 

the boxes that are checked below and then click ‘Continue’.  Excel will create the graphs 

and display the data requested. 
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8. You will see a graph for each of the 3 axes and the inclinometer selected above for each 

day the accelerometer was worn (each graph is on a separate sheet). You will also have a 

‘Numeric Data’ tab and ‘Daily Totals’ tab.  In the Numeric Data tab, there should be a 

column of data for each day which includes: date and time every 60 seconds, activity 

counts, horizontal activity counts, 3
rd

 axis activity counts, step count, and inclinometer 

(figure a below shows a snapshot of the numeric data and figure b is a snapshot of the 

activity counts graph). This file will be used to do an initial data quality assessment.  

Note: for the graphs to work properly, the computer needs to be set to ‘English (United 

States)’ under the regional language and time settings (in Control Panel). 

9. Name and save using the convention ID_time in folder SERENA PA data.   

10. The waist bands will need to be washed between participants. They should be hand-

washed in hypo-allergenic formula and hung to dry.  
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Figure a 

 

Figure b 
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Initial Data Quality Assessment 

1. This will be done using the graphs created above.  First, scan the graphs for spurious data 

(eg, extended periods of zeros) or accelerometer malfunction (eg, counts/minute ≥32767). 

Note: The Actilife program will often recognize if the accelerometer has malfunctioned 

and a pop-up will appear when the accelerometer is plugged in that provides details about 

the problem.  If extended periods of zeros are detected, cross-reference with the log 

sheets to determine if the accelerometer was removed. There should be some periods of 

zeros if the participant showered. Also ensure that sleep and wake times look logical.  

See graph below for a graph that is not logical. 

 

2. Next, determine the number of days the accelerometer was worn and record using the 

excel spreadsheet ‘SERENA study accelerometer DQA’ found in the SERENA PA 

folder. For each day record whether the accelerometer was worn for either a) a full 

waking day (defined as at least 12 hours) or b) a full 24 hour day (defined as at least 19 

hours).  Along the top of the spreadsheet there are two columns per day, one that says 12 

hrs and one that says 19 hrs so just check off the appropriate one.  At the end please total 

the number of 12 hr and 19 hr days there are (there are two columns for each of these 

values to go in).  
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3. Once the file has been assessed, bin it into the appropriate folder according to the number 

of days the accelerometer was worn.  The options are 7, 6, 5, 4, or less than 4.  Within 

each of these folders there is a DAT folder (for the raw data file) and a DQA file (for the 

excel file).    

4. Next, go to the ‘Inclinometer’ tabs and scan of the inclinometer graphs.  All data should 

range between 0 – 4.  The chart below indicates what each number means. If something 

weird is noted (i.e., the code is 1 all night long) the inclinometer is likely not working 

properly.  

 

 

 

Program Development 

In-house program was developed by the Cardiometabolic and Lifestyle Research Unit’s 

programmer to read the raw data within the excel file. The program Visual Basic Application for 

Excel Version 6 (Microsoft, 1991) was used which is a third generation event driven 

programming language and integrated development environment. Two programs were developed 

utilizing this tool. The first will be referred to as the Epoch Development Program and the 

second will be referred to as the Accelerometer Program.  
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Epoch Development Program 

1. Each minute of wear is referred to as an epoch. For the Accelerometer Program to work, each 

epoch requires a specific number. These numbers are used for two important processes: 1) To 

provide a specific epoch number for sleep start and stop time for each day of wear and 2) The 

determination of both mean duration and intensity within a given intensity (i.e. SED, LPA, 

MPA and IPA). Thus, the Epoch Development Program was created which assigns a number 

for each epoch of wear. For example, the first minute of wear on the excel file would be 

labelled ‘1’.   

2. During periods of non-wear the accelerometer does not provide an epoch or a zero count 

however the Epoch Development Program registers the elapsed time based on the date and 

time of accelerometer removal and replacement on the waist. For such periods the program 

automatically includes the period of non-wear into the epoch number total. For example, if a 

participant takes the accelerometer off at 11:31 PM which corresponds with an epoch number 

of ‘560’ and replaces the accelerometer the following day at 6:30 AM the program will 

automatically add in the 419 missing minutes and thus, the next epoch number will be ‘979’. 

Sleep Start and Stop Time Procedure  

1. To determine the epoch number associated with sleep start and stop time a graduate student 

or research associate will visually inspect the raw data along with the log sheet completed by 

the participant. Sleep start and stop times will be entered directly into the Epoch Program. 

For each day of accelerometer wear the participant ID Number, visit (V00) along with epoch 

numbers for sleep start and stop time for each day of wear will be entered.  

2. Visual inspection of the data is as follows: 
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a. The first epoch on the raw excel file (typically the first minute on the first day of 

accelerometer wear) will be considered the sleep stop time for the first day.  

b. Sleep stop time on following days of wear will be indicated when there are at least 10 

consecutive count values (located in the columns associated with the transverse and 

longitudinal axes) with epoch value > 50. The research associate/graduate student is 

to record the corresponding epoch number for sleep stop time in the Accelerometer 

Program (as displayed below). 

 

c. After recording sleep stop time, the research associate/graduate student will scroll 

down the file while paying close to attention to the acceleration counts in the 

transverse and longitudinal axes along with the date and time. Sleep start time is 

indicated when there are at least 10 consecutive counts < 50. While the participant 

may display some restlessness prior to falling asleep, this rule generally allows for a 

fairly accurate assessment of true sleep start time. If the participant however, takes 

the accelerometer off at night the last epoch number for that day of wear will be 

recorded as sleep start time. The research associate/graduate student is to record the 

corresponding epoch number for sleep start time in the Accelerometer Program (as 

displayed below).   
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d.  The above processes for determining sleep stop and start time should continue for 

each day of recorded wear and the corresponding epoch numbers should be entered in 

the Accelerometer Program.  

e. This process will be completed for each participant.  

Accelerometer Program   

1. After pressing Load on the main accelerometer page (displayed on the previous page in 

Section 2.b), the following screen will appear: 

 

2. In the first line the file location which contains the raw excel files must be copied and pasted 

(.DAT files). 

3. The second line requires the file location where the data will be stored.  

4. Max length of time should always be ‘60’ and ‘Activity’ should be selected.  
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5. ‘Load Data’ will load the raw excel file into a first draft access file.  

6. ‘Separation’ then determines waking hours for each participant using the sleep stop and start 

times.  

7. Click on the ‘Settings’ tab. The following screen should appear: 

 

 

8. Keep the wear-time requirements as already provided. Click on ‘Day Separation’ which 

determines if participants met wear time requirements (> 10 hrs of wear/day for at least 4 

days which had to include 3 weekday days and 1 weekend day). This step also completes 

calculations for mean duration and intensity within each category (sedentary, light, moderate 

and vigorous).  



 

109 
 

9. Clicking on ‘Categories’ is not always necessary. It depends on whether you are planning to 

look at bouted activity. For the purposes of the current thesis, bouted activity was used to 

determine which participants met with consensus guidelines. If bouted activity is necessary, 

click on the ‘Bouts’ tab prior to clicking ‘Categories’. This following screen should appear: 

 

 

10. The ‘PA Range’ indicate the PA cut-points for sedentary, light, moderate, and vigorous 

activity can be adjusted depending on the needs of the research.  

11. The ‘Bout Time’ can also be adjusted depending on the length of bouts for each intensity.   

12. After completing bout time information, click on ‘Categories’ to complete the process.  

13. All data output will be provided in an Access File.  
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14. For SPSS purposes data will be exported to Excel and finally, exported to SPSS.  

Data Checking  

A number of checks will be carried out to ensure that the reliability and validity of both the 

Epoch Development Program and the Accelerometer Program.  

Epoch Development Program Checks: 

1. The programmer will perform a logical check to ensure that the algorithm developed is 

taking into account participant differences and measuring what it purports to measure. 

2. A graduate student/research associated will at random select a raw excel file that has 

undergone the Epoch Development Program.  

3. The research associate/graduate student will scroll through the raw excel file looking for 

large jumps in the epoch numbers. For example, a jump in the epoch number from ‘899’ to 

‘1400’. To ensure that the program has correctly added in the missing time, the research 

associate/graduate student would look at the corresponding stop/start time of accelerometer 

wear to determine the actual minutes of elapsed time. For this example, there would have 

been a total of 501 minutes of elapsed time. In the case that this is incorrect, additional 

participants will be checked. If errors are still found, the graduate student will converse with 

the programmer, inspect the code and determine where the bug may be within the script. 

4. Such checks will continue until a number of participants are found to have correct epoch 

numbers for start/stop time.  
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    ACTIVITY MONITOR LOG          Participant ID:                             Monitor ID:               Return Date: 

 Day One Day Two Day Three Day Four Day Five Day Six Day Seven 

Dates        

Time Awake        

Time Asleep        

Monitor Off __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ 

Why?        

Monitor Off __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ 

Why?        

Exercise Time __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ __:__ to __:__ 

Any 

problems? 

Please 

explain. 

       

The activity monitor should be worn around your waist (situated on the right hip), either right next to the skin or over a tight-fitting 

shirt. Please ensure that the elastic is not loose and the activity monitor is not flopping around.  

The activity monitor should be worn at all times for the next 7 days and nights except during water-based activities.  If you are 

uncomfortable wearing the accelerometer to sleep or if you try it and it keeps you awake, do not feel obligated to wear it at night.  It is 

most important that you are wearing it during your waking hours.  So, if you are not wearing it to sleep, please put it on as soon as you 

wake up in the morning and remove it immediately prior to climbing into bed at night.  

If you have any questions or concerns please call 613-533-6000 x: 75118  

Thank you for your participation! 
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Appendix F- Statistical Analysis 

An example of the simple correlation analysis: 

CORRELATIONS 

  /VARIABLES=WstICV00 VO2mxkgV00 TPAepoch HOMAIRV00 

  /PRINT=TWOTAIL NOSIG 

  /MISSING=PAIRWISE. 

Correlations 

Correlations 

 WstICV00 VO2mxkgV00 TPAepoch HOMAIRV00 

WstICV00 

Pearson Correlation 1 -.447
**

 -.088 .490
**

 

Sig. (2-tailed)  .000 .299 .000 

N 141 141 141 141 

VO2mxkgV00 

Pearson Correlation -.447
**

 1 .260
**

 -.233
**

 

Sig. (2-tailed) .000  .002 .005 

N 141 141 141 141 

TPAepoch 

Pearson Correlation -.088 .260
**

 1 -.083 

Sig. (2-tailed) .299 .002  .329 

N 141 141 141 141 

HOMAIRV00 

Pearson Correlation .490
**

 -.233
**

 -.083 1 

Sig. (2-tailed) .000 .005 .329  

N 141 141 141 141 

**. Correlation is significant at the 0.01 level (2-tailed). 
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An example of the partial correlation analysis: 

PARTIAL CORR 

  /VARIABLES=WstICV00 HOMAIRV00 BY Age VO2mxkgV00 TPAepoch 

  /SIGNIFICANCE=TWOTAIL 

  /MISSING=LISTWISE. 

 

Partial Corr 

Correlations 

Control Variables WstICV

00 

HOMAIR

V00 

Age & VO2mxkgV00 

& TPAepoch 

WstICV00 

Correlation 1.000 .424 

Significance (2-

tailed) 

. .000 

df 0 136 

HOMAIR

V00 

Correlation .424 1.000 

Significance (2-

tailed) 

.000 . 

df 136 0 
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This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or one 

of its group companies (each a "Wiley Company") or a society for whom a Wiley Company has 

exclusive publishing rights in relation to a particular journal (collectively "WILEY"). By clicking 

"accept" in connection with completing this licensing transaction, you agree that the following 

terms and conditions apply to this transaction (along with the billing and payment terms and 

conditions established by the Copyright Clearance Center Inc., ("CCC's Billing and Payment 

terms and conditions"), at the time that you opened your RightsLink account (these are available 
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that you identified in the licensing process. Any form of republication granted by this license 
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manner or for any other purpose. Permission is granted subject to an appropriate 
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shall also duplicate the copyright notice that appears in the Wiley publication in your use of the 

Material. Permission is also granted on the understanding that nowhere in the text is a previously 

published source acknowledged for all or part of this Material. Any third party material is 

expressly excluded from this permission. 

3. With respect to the Materials, all rights are reserved. Except as expressly granted by the terms 
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4. The Materials and all of the intellectual property rights therein shall at all times remain the 

exclusive property of John Wiley & Sons Inc or one of its related companies (WILEY) or their 
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You agree that you own no right, title or interest in or to the Materials or any of the intellectual 

property rights therein. You shall have no rights hereunder other than the license as provided for 
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above in Section 2. No right, license or interest to any trademark, trade name, service mark or 

other branding ("Marks") of WILEY or its licensors is granted hereunder, and you agree that you 

shall not assert any such right, license or interest with respect thereto. 

5. NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR 

REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY, EXPRESS, 

IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS OR THE ACCURACY 
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LIMITATION, ANY IMPLIED WARRANTY OF MERCHANTABILITY, ACCURACY, 

SATISFACTORY QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY, 

INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES ARE 

HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED BY YOU. 

6. WILEY shall have the right to terminate this Agreement immediately upon breach of this 

Agreement by you. 

7. You shall indemnify, defend and hold harmless WILEY, its Licensors and their respective 

directors, officers, agents and employees, from and against any actual or threatened claims, 

demands, causes of action or proceedings arising from any breach of this Agreement by you. 

8. IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR ANY 

OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY SPECIAL, 

CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR PUNITIVE DAMAGES, 

HOWEVER CAUSED, ARISING OUT OF OR IN CONNECTION WITH THE 

DOWNLOADING, PROVISIONING, VIEWING OR USE OF THE MATERIALS 

REGARDLESS OF THE FORM OF ACTION, WHETHER FOR BREACH OF CONTRACT, 

BREACH OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR OTHERWISE 

(INCLUDING, WITHOUT LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, 

DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND 

WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH 

DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY FAILURE 

OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED HEREIN. 

9. Should any provision of this Agreement be held by a court of competent jurisdiction to be 

illegal, invalid, or unenforceable, that provision shall be deemed amended to achieve as nearly as 

possible the same economic effect as the original provision, and the legality, validity and 

enforceability of the remaining provisions of this Agreement shall not be affected or impaired 

thereby. 

10. The failure of either party to enforce any term or condition of this Agreement shall not 

constitute a waiver of either party's right to enforce each and every term and condition of this 

Agreement. No breach under this agreement shall be deemed waived or excused by either party 

unless such waiver or consent is in writing signed by the party granting such waiver or consent. 

The waiver by or consent of a party to a breach of any provision of this Agreement shall not 

operate or be construed as a waiver of or consent to any other or subsequent breach by such other 

party. 
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11. This Agreement may not be assigned (including by operation of law or otherwise) by you 

without WILEY's prior written consent. 

12. Any fee required for this permission shall be non-refundable after thirty (30) days from 

receipt 

13. These terms and conditions together with CCC's Billing and Payment terms and conditions 

(which are incorporated herein) form the entire agreement between you and WILEY concerning 

this licensing transaction and (in the absence of fraud) supersedes all prior agreements and 

representations of the parties, oral or written. This Agreement may not be amended except in 

writing signed by both parties. This Agreement shall be binding upon and inure to the benefit of 

the parties' successors, legal representatives, and authorized assigns. 

14. In the event of any conflict between your obligations established by these terms and 

conditions and those established by CCC's Billing and Payment terms and conditions, these 

terms and conditions shall prevail. 

15. WILEY expressly reserves all rights not specifically granted in the combination of (i) the 

license details provided by you and accepted in the course of this licensing transaction, (ii) these 

terms and conditions and (iii) CCC's Billing and Payment terms and conditions. 

16. This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type was 

misrepresented during the licensing process. 

17. This Agreement shall be governed by and construed in accordance with the laws of the State 

of New York, USA, without regards to such state's conflict of law rules. Any legal action, suit or 

proceeding arising out of or relating to these Terms and Conditions or the breach thereof shall be 

instituted in a court of competent jurisdiction in New York County in the State of New York in 

the United States of America and each party hereby consents and submits to the personal 

jurisdiction of such court, waives any objection to venue in such court and consents to service of 

process by registered or certified mail, return receipt requested, at the last known address of such 
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Wiley Open Access Terms and Conditions 

Wiley publishes Open Access articles in both its Wiley Open Access Journals program 

[http://www.wileyopenaccess.com/view/index.html] and as Online Open articles in its 

subscription journals. The majority of Wiley Open Access Journals have adopted the Creative 

Commons Attribution License (CC BY) which permits the unrestricted use, distribution, 

reproduction, adaptation and commercial exploitation of the article in any medium. No 

permission is required to use the article in this way provided that the article is properly cited and 
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the Creative Commons Attribution Non Commercial License (CC BY-NC), which permits use, 

distribution and reproduction in any medium, provided the original work is properly cited and is 

not used for commercial purposes. 
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Online Open articles - Authors selecting Online Open are, unless particular exceptions apply, 

offered a choice of Creative Commons licenses. They may therefore select from the CC BY, the 

CC BY-NC and the Attribution-NoDerivatives (CC BY-NC-ND). The CC BY-NC-ND is more 

restrictive than the CC BY-NC as it does not permit adaptations or modifications without rights 

holder consent. 

Wiley Open Access articles are protected by copyright and are posted to repositories and 

websites in accordance with the terms of the applicable Creative Commons license referenced on 

the article. At the time of deposit, Wiley Open Access articles include all changes made during 

peer review, copyediting, and publishing. Repositories and websites that host the article are 

responsible for incorporating any publisher-supplied amendments or retractions issued 

subsequently. 

Wiley Open Access articles are also available without charge on Wiley's publishing 

platform,Wiley Online Library or any successor sites. 

Conditions applicable to all Wiley Open Access articles: 

 The authors' moral rights must not be compromised. These rights include the right of 

"paternity" (also known as "attribution" - the right for the author to be identified as such) 

and "integrity" (the right for the author not to have the work altered in such a way that the 

author's reputation or integrity may be damaged).  

 Where content in the article is identified as belonging to a third party, it is the obligation 

of the user to ensure that any reuse complies with the copyright policies of the owner of 

that content.  

 If article content is copied, downloaded or otherwise reused for research and other 

purposes as permitted, a link to the appropriate bibliographic citation (authors, journal, 

article title, volume, issue, page numbers, DOI and the link to the definitive published 

version on Wiley Online Library) should be maintained. Copyright notices and 

disclaimers must not be deleted. 

o Creative Commons licenses are copyright licenses and do not confer any other 

rights, including but not limited to trademark or patent rights. 

 

 Any translations, for which a prior translation agreement with Wiley has not been agreed, 

must prominently display the statement: "This is an unofficial translation of an article that 

appeared in a Wiley publication. The publisher has not endorsed this translation."  

Conditions applicable to non-commercial licenses (CC BY-NC and CC BY-NC-ND) 

For non-commercial and non-promotional purposes individual non-commercial users 

may access, download, copy, display and redistribute to colleagues Wiley Open Access 

articles. In addition, articles adopting the CC BY-NC may be adapted, translated, and 

text- and data-mined subject to the conditions above. 
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Use by commercial "for-profit" organizations 

Use of non-commercial Wiley Open Access articles for commercial, promotional, or 

marketing purposes requires further explicit permission from Wiley and will be subject to 

a fee. Commercial purposes include: 

o Copying or downloading of articles, or linking to such articles for further 

redistribution, sale or licensing;  

o Copying, downloading or posting by a site or service that incorporates advertising 

with such content;  

o The inclusion or incorporation of article content in other works or services (other 

than normal quotations with an appropriate citation) that is then available for sale 

or licensing, for a fee (for example, a compilation produced for marketing 

purposes, inclusion in a sales pack)  

o Use of article content (other than normal quotations with appropriate citation) by 

for-profit organizations for promotional purposes  

o Linking to article content in e-mails redistributed for promotional, marketing or 

educational purposes;  

o Use for the purposes of monetary reward by means of sale, resale, license, loan, 

transfer or other form of commercial exploitation such as marketing products  

o Print reprints of Wiley Open Access articles can be purchased 

from:corporatesales@wiley.com  

The modification or adaptation for any purpose of an article referencing the CC 

BY-NC-ND License requires consent which can be requested 

fromRightsLink@wiley.com . 

 

 

Other Terms and Conditions:  

BY CLICKING ON THE "I AGREE..." BOX, YOU ACKNOWLEDGE THAT 

YOU HAVE READ AND FULLY UNDERSTAND EACH OF THE SECTIONS 

OF AND PROVISIONS SET FORTH IN THIS AGREEMENT AND THAT 

YOU ARE IN AGREEMENT WITH AND ARE WILLING TO ACCEPT ALL 

OF YOUR OBLIGATIONS AS SET FORTH IN THIS AGREEMENT. 

 

v1.8 

mailto:corporatesales@wiley.com
mailto:RightsLink@wiley.com


 

121 
 

If you would like to pay for this license now, please remit this license along with your 

payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be 

invoiced within 48 hours of the license date. Payment should be in the form of a check or 

money order referencing your account number and this invoice number RLNK501070089. 

Once you receive your invoice for this order, you may pay your invoice by credit card. 

Please follow instructions provided at that time. 

 

Make Payment To: 

Copyright Clearance Center 

Dept 001 

P.O. Box 843006 

Boston, MA 02284-3006 

 

For suggestions or comments regarding this order, contact RightsLink Customer 

Support:customercare@copyright.com or +1-877-622-5543 (toll free in the US) or +1-978-

646-2777. 

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable 

license for your reference. No payment is required. 
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Appendix H- License Agreement for Figure 1, Chapter 2 

NATURE PUBLISHING GROUP LICENSE 

TERMS AND CONDITIONS 

Jul 19, 2013 

 

 
 

This is a License Agreement between Einat Shalev-Goldman ("You") and Nature Publishing 

Group ("Nature Publishing Group") provided by Copyright Clearance Center ("CCC"). The 

license consists of your order details, the terms and conditions provided by Nature Publishing 

Group, and the payment terms and conditions. 

All payments must be made in full to CCC. For payment instructions, please see 

information listed at the bottom of this form. 

License Number 

3192530835891 

License date 

Jul 19, 2013 

Licensed content publisher 

Nature Publishing Group 

Licensed content publication 

Nature 

Licensed content title 

Abdominal obesity and metabolic syndrome 

Licensed content author 

Jean-Pierre Despres and Isabelle Lemieux 

Licensed content date 

Dec 13, 2006 



 

123 
 

Volume number 

444 

Issue number 

7121 

Type of Use 

reuse in a thesis/dissertation 

Requestor type 

academic/educational 

Format 

print 

Portion 

figures/tables/illustrations 

Number of figures/tables/illustrations 

1 

High-res required 

no 

Figures 

Figure 2 

Author of this NPG article 

no 

Your reference number 

Title of your thesis / dissertation 



 

124 
 

ASSOCIATIONS BETWEEN PHYSICAL ACTIVITY, CARDIORESPIRATORY FITNESS, 

AND ABDOMINAL OBESITY WITH CARDIOMETABOLIC RISK FACTORS IN 

INACTIVE OBESE WOMEN 

Expected completion date 

Jul 2013 

Estimated size (number of pages) 

117 

Total 

0.00 USD 

Terms and Conditions 

Terms and Conditions for Permissions 

Nature Publishing Group hereby grants you a non-exclusive license to reproduce this material for 

this purpose, and for no other use,subject to the conditions below: 

1. NPG warrants that it has, to the best of its knowledge, the rights to license reuse of this 
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print version.Where print permission has been granted for a fee, separate permission must 
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3. Permission granted for a first edition does not apply to second and subsequent editions 

and for editions in other languages (except for signatories to the STM Permissions 

Guidelines, or where the first edition permission was granted for free). 
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abstract in print. In electronic form, this acknowledgement must be visible at the same 

time as the figure/table/abstract, and must be hyperlinked to the journal's homepage. 
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5. The credit line should read: 

Reprinted by permission from Macmillan Publishers Ltd: [JOURNAL NAME] (reference 

citation), copyright (year of publication) 

For AOP papers, the credit line should read: 

Reprinted by permission from Macmillan Publishers Ltd: [JOURNAL NAME], advance 

online publication, day month year (doi: 10.1038/sj.[JOURNAL ACRONYM].XXXXX) 

 

Note: For republication from the British Journal of Cancer, the following credit lines 

apply. 
Reprinted by permission from Macmillan Publishers Ltd on behalf of Cancer Research 

UK: [JOURNAL NAME] (reference citation), copyright (year of publication)For AOP 

papers, the credit line should read: 

Reprinted by permission from Macmillan Publishers Ltd on behalf of Cancer Research 
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6. Adaptations of single figures do not require NPG approval. However, the adaptation 
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Adapted by permission from Macmillan Publishers Ltd: [JOURNAL NAME] (reference 

citation), copyright (year of publication) 

 

Note: For adaptation from the British Journal of Cancer, the following credit line 

applies. 
Adapted by permission from Macmillan Publishers Ltd on behalf of Cancer Research 

UK: [JOURNAL NAME] (reference citation), copyright (year of publication) 
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visithttp://www.macmillanmedicalcommunications.com for more 
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