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Abstract 

BACKGROUND: Substantial interindividual variability in response to a standard dose of 

exercise exists independent of the trait under investigation. Whether interindividual variability 

attributed to exercise exists after accounting for random variability is unknown.    

OBJECTIVE:  To determine the magnitude of the interindividual variability in response to 

exercise for waist circumference (WC) and body weight (BW) after accounting for random 

variability and, the extent to which the variability is explained by lifestyle behaviors. 

METHODS: Participants were 181 (61% female) sedentary, abdominally obese adults (mean, 

(SD); 53, (7.5) years) who completed a 24-week intervention. Participants were randomly 

assigned to: control (n=44) or 5 weekly sessions of low amount, low intensity (LALI) (180 and 

300kcal/session for women and men respectively at 50% V02peak, n=46); high amount, low 

intensity (HALI) (360 and 600kcal/session for women and men respectively at 50% V02peak, 

n=53); or high amount, high intensity (HAHI) (360 and 600kcal/session for women and men 

respectively at 75% V02peak, n=38). Adherence was ≥ 80% in all exercise groups.  Physical 

activity (PA) performed outside of the prescribed exercise was measured by accelerometer. Daily 

self-report diet records were used to derive energy intake (kcal) and diet quality (Canadian-

Healthy Eating Index-2010, Mediterranean Score). The variability in response to exercise (SDR) 

was determined by separating the random variability from the intervention variability by 

comparing standard deviations (SD) from both the control and intervention groups. 

RESULTS:  WC and BW were substantially reduced at 24 weeks in all exercise groups 

compared to control (P<0.01). The variability due to exercise (SDR) for change in WC was 3.1, -

0.3 and 3.1 cm for LALI, HALI and HAHI groups respectively.  Corresponding values for BW 

were 3.8, 2.0 and 3.5 kg for LALI, HALI and HAHI respectively. No dietary or PA variable was 
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identified as a determinant of the interindividual variability in response to exercise for WC or BW 

(p>0.05). 

CONCLUSION:  A substantial interindividual variability in response to exercise was observed 

for change in WC and BW after accounting for the random variability.  The determinants of the 

heterogeneity in response to exercise remain to be determined.   
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Chapter 1. General Introduction 

Numerous lifestyle-based interventions have been designed to target reductions in 

obesity[1-6]. The primary observation from systematic reviews confirm that a negative energy 

balance induced by exercise is associated with a substantial reduction of anthropometric including 

waist circumference (WC) and body weight (BW) [7]. The findings of these randomized 

controlled trials (RCT) were derived from the mean response of exercise groups compared to 

control. As such, the premise in which practitioners prescribe a standard exercise regimen for an 

individual is based upon the average group response to an exercise treatment.   However, the 

average response of a group does not necessarily mean that all in that group will experience a 

similar degree of benefit.  With the concept of personalized medicine emerging within clinical 

practice [8], it has become apparent that this “one size fits all” approach may be effective for 

some individuals, but not for all. 

Indeed, it is well established that individuals exhibit a wide range of response to 

standardized exercise regardless of the trait examined [9].  In the early 1980’s, Bouchard and 

colleagues were among the first to demonstrate this notion of interindividual variability in 

response to exercise [10].  For a given dose of exercise, they observed considerable variability in 

the magnitude of response for cardiorespiratory fitness (CRF), wherein some individuals 

appeared to experience substantial improvements in a trait, while others did not improve at all.  

Since these initial observations, several studies have reported considerable heterogeneity in 

response to exercise for an array of traits. To date, research has focused on the variability of CRF 

response to exercise [9, 11-13], while measures of body composition such as WC and BW have 

received less attention.  In fact, to our knowledge no study has examined individual variability for 

WC response to exercise in adults, and few have investigated the response for change in BW [14-
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16].  Given that both WC and BW are positively associated with the development of numerous 

co-morbidities [17-20], the exploration of these simple anthropometric measures in the context of 

individual response represent an opportune area of research that is of clinical interest.   

However, despite a growing body of evidence, in recent years the veracity of the 

approach to measuring interindividual variability in response to exercise has been questioned [21-

24].  Prior investigations have incorrectly assumed that the variability in response for a given trait 

is solely a consequence of exercise thereby ignoring the individual variability derived from 

numerous sources including the random variability from both day-to-day biological fluctuations 

and measurement error.   Critics assert that consideration of the control group variability is 

necessary to adequately quantify interindividual variability in response to exercise [21-23].  

Without exception, prior trials investigating individual response have ignored the variability 

observed within the control group, and consequently have not accounted for the contribution of 

random variability over time for the given trait under study.  Thus, whether interindividual 

variability attributed to exercise exists after accounting for random variability is unknown.    

Correspondingly, assuming ‘true’ variability due to exercise exists, the exploration of 

determinants could help elucidate why some individuals respond to a greater or lesser extent 

compared to another.  It is possible that changes in behaviour outside of the intervention, 

including dietary consumption or incidental physical activity (PA), may explain some of the 

variability for the change in anthropometric measures of obesity in response to exercise.  In fact, 

the relationship between diet quality and anthropometry was highlighted in a systematic review 

[25]. Thus, differences in diet quality and not just diet quantity, could offer a novel explanation 

for some of the observed variability.  Presently, no study has examined the role of diet quality as 

measured by index scores in explaining variability in response to exercise.  An understanding of 

the variability in individual response for body composition measures, and what may explain it, is 

important for the development of a more personalized approach for the management of obesity 

when using lifestyle-based strategies. 
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 Accordingly, the objective of this study was twofold. First, to determine the existence of 

interindividual variability for change in WC and BW in response to standardized exercise and 

second, to identify potential determinants of interindividual variability for change in WC and 

weight in response to standardized exercise. Our findings will provide clarification into the 

existence of interindividual variability in response to exercise, and will provide insight into 

potential determinants of the variability for WC and BW response to exercise. 
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Chapter 2. Literature Review 

2.1 Interindividual variability in response to exercise 

Interindividual variability in response to exercise was first recognized in a series of 

seminal studies conducted in the 1980s [10].  The investigations aimed to determine the genetic 

influence of individual variability of various cardiovascular adaptions (cardiorespiratory fitness 

(CRF), ventilatory aerobic and anaerobic threshold) in response to 20 weeks of standard exercise 

among ten pairs of monozygotic twins [10].  The authors reported high individual variability for 

cardiovascular adaptions to exercise and attributed the variability to, in large measure, genotype 

dependency. 

Subsequent to these initial observations, a series of reports from the HERITAGE Family 

Study examined interindividual variability for various other outcomes in response to exercise [9, 

26]. In agreement with the twin studies cited above, substantial variability in response to exercise 

was observed among individuals, regardless of the trait investigated (e.g., V02max, BW, body fat, 

HDL-cholesterol, systolic blood pressure (SBP) and heart rate at 50 watts) [9, 26, 27].  In fact, for 

a given dose of exercise, not only did the magnitude of response appear to vary, but in some 

cases, the direction of response as well, where some individuals appeared to respond adversely.  

For instance, Bouchard et al. reported that while the average change in V02max in response to 

exercise was a 25% improvement from baseline, individual response ranged from unchanged to 

doubling of V02max [26].  More recently, others have continued the investigation into individual 

response to exercise and have begun to explore potential determinants of the observed variability 

[12, 28-30]. For example, using data from the Dose-Response to Exercise in Postmenopausal 

Women (DREW) Study, Sisson et al. reported that baseline measures including age and training 

volume were key determinants of individual variability of V02max with responses ranging from -

33.2 to 76.0% change from baseline [12]. To date, the majority of research on individual 

variability in response to exercise has primarily focused on CRF and corresponding 
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cardiovascular adaptations [13, 31, 32], which has been recently reviewed [24].  In the past few 

years, however, several others have examined cardiometabolic risk factors [33] including insulin 

and glucose [11], BW [14, 15]. 

 

2.1.1 Does individual variability in response to exercise truly exist? 

Although decades of observations regarding individual variability appear convincing, the 

conclusions of the previously mentioned studies assume that the variability in response for a trait 

is solely a consequence of exercise.  In fact, the individual variability often attributed to the 

intervention group (treatment), can include numerous sources of variability such as random 

(biological and measurement) variability, between-subject variability (if unadjusted for baseline), 

subject-by-treatment interaction and within-subject variability. 

A summary of the potential sources of variability are given in Table 1. The subject-by 

treatment interaction, commonly known as the interindividual variability in response to treatment, 

represents the variability in differences of training response between individuals.  However, to 

adequately quantify the variability for the subject-by-treatment interaction, confounding sources 

of variability (mentioned above) should be considered. 

For these reasons, the early studies describing individual response to exercise have been 

criticized by those who suggest that limitations in study design and analytical approach confound 

interpretation [21-23].  Of primary concern, from a design perspective, is that these early studies 

did not include a control group [9], and consequently could not account for the random variability 

over time for the trait under study.  Furthermore, despite inclusion of a control group in the study 

design, some authors did not consider incorporating the control group data in their analysis [11, 

12, 15, 34], and thus the variability in the subject-by-treatment interaction is not truly isolated. 
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Table 1. Sources of variability for an exercise intervention 

Source of 

variability 

Description How to account for the variability? 

Random 

variability 

- Influences both pre- and post- outcome values for an 

intervention  

- Comprised of: 

o Measurement error: the difference between the 

measured value and the ‘true’ value.  Different outcome 

measures are associated with differing amounts of error  

o (ie. error for skin folds > MRI adipose tissue imaging 

measures) 

o Biological variability: random biological and behaviour 

fluctuations of an individual independent from the 

intervention.  Different outcomes are associated with 

different extents of fluctuation  

o (ie. variability of blood pressure > V02max measures) 

- Relying on the mean of multiple pre- and post- 

measures reduces measurement error  

- Use  𝑆𝐷𝑅=√𝑆𝐷𝐼
2 − 𝑆𝐷𝐶

2 to separate the 

contribution of random variability from the 

subject-by-treatment interaction variability 

Between-

subject 
- The true difference between individuals for a certain value (not 

change values) 

- (ie. true WC values at baseline vary between individuals) 

- Include baseline values as a covariate 

Subject-by-

treatment 

interaction 

- ‘True’ interindividual variability in response due to treatment 

- The true differences in training response between individuals 

- (ie. In response to standardized exercise, V02max truly 

improved to a greater extent for one individual compared to 

another) 

- Use  𝑆𝐷𝑅=√𝑆𝐷𝐼
2 − 𝑆𝐷𝐶

2 to separate this 

variability from random variability 

- Within-subject variability still remains (unless 

accounted for by methods described below) 

Within-subject  - Represents the reproducibility of training effects 

- The magnitude of change score differences if the same 

individual repeated the same intervention 

- Magnitude of this variability is currently unknown 

- (ie. After a washout period, an individual repeats the same 

intervention and improves their V02max to the same degree as 

the initial intervention) 

- Only way to discern this variability from others 

is to have an individual repeat the same 

intervention 

- Repeat measures throughout the trial could act 

as a surrogate for a repeat intervention  
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2.1.2 Consideration of random variability  

Atkinson and Batterham have addressed the analytical limitations of prior trials by 

proposing a standard statistical approach that separates the random variability from the 

intervention variability by using standard deviations (SD) from both the control and intervention 

groups [23]. 

To quantify individual response, the variation due to random error (present in both 

control and intervention groups) is separated from the variation due to the intervention alone 

(subject-by-training interaction) by using the equation (see below) described by Atkinson and 

Batterham.  In this equation, SDR represents the standard deviation (SD) of the ‘true’ 

interindividual variation in response due to treatment after adjustment for random error and is 

derived by the square root of the difference between the squares of the standard deviations of the 

change in the intervention (SDI) and the control (SDC) group.  

𝑆𝐷𝑅=√𝑆𝐷𝐼
2 − 𝑆𝐷𝐶

2 

2.1.3 Consideration of within-subject variability  

Although the equation above accounts for random variability, the within-subject 

variability remains. It is important to note that the implicit assumption for exercise interventions 

examining individual response is that the training effects among individuals are highly 

reproducible.  It is possible that the observed individual variability is, in fact, due to variable 

responsiveness to treatment for each individual.  This begs the question - would an individual 

respond similarly if they were to repeat the same intervention? This remains unknown. 

To assess within-subject variability, participants would have to repeat the intervention 

after an appropriate washout period to determine whether individuals would respond in a similar 

manner. Thus, the separation of subject interaction from within-subject variability can only be 

achieved through repeat administrations of the intervention to the same individuals.  Furthermore, 



 8 

a large scale multi-period crossover intervention design is, in fact, the only study design that can 

adequately identify all forms of variability discussed above with the addition of treatment 

variability as well (variability of the differences between each treatment phase).  However, this 

type of intervention design is not practical or may not even be feasible to carry out due to high 

participant burden, cost and uncertainty regarding washout periods for training adaptions that 

may or may not become permanent. As it stands, it remains difficult to delineate potential within-

subject variability from subject-by-treatment variability with current RCT designs. 

As an alternative solution, Hecksteden A. et al. suggests that repeat testing of outcome 

measures throughout the duration of the intervention can help account for within-subject 

variability by comparing segmental slopes of change scores for shorter durations across the 

treatment period [22].  However, this approach is limited as well. First, the close temporal 

proximity of the measures may lead to high amounts of autocorrelation (measure of randomness) 

and a violation of the assumption of random errors.  Additionally, training adaptions may not 

necessarily be linear over the course of the intervention and repeat measures may be expensive 

and impractical for some interventions. For now, this approach remains a plausible alternative to 

conducting a repeated cross-over design intervention or conducting a separate reliability 

intervention trial.  

 

2.1.4 Consideration of clinical relevance 

Taken together, consideration of the approaches suggested by Atkinson and Batterham 

and Hecksteden A. et al. can help quantify true interindividual variability due to treatment.  Once 

the variability of individual response to treatment has been quantified, it should be determined 

whether this variability is clinically relevant. Some authors suggest that only true and clinically 

relevant differences in interindividual response warrant further exploration of potential 

determinants that may explain individual response [21, 23].  Ultimately, identification of potential 
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determinants of individual variability could be helpful in elucidating behaviours or traits 

responsible for differences in response to exercise.  

 

2.1.5 Studies considering SDR 

In response to the recent criticism of the inappropriate evaluation of interindividual 

variability, one study has since reported SDR values as suggested by Atkinson and Batterham.  

Stock and colleagues were the first to report SDR values for muscular adaptions to short-term 

resistance training in a group of young-adult women (n=47) [35].  Interestingly, they noted that 

the SDR value for the majority of their outcomes (ie. change in vastus lateralis muscle thickness, 

leg extensor peak torque, biceps femoris coactivation) was <0 suggesting that variability in the 

control group was greater than treatment groups.  Thus, the authors conceded that true 

interindividual variability, as defined by Atkinson and Batterham (2015), did not exist for most 

variables beyond that of random variability due to biological fluctuations and measurement error.  

These findings contrast the implicit assumptions of Atkinson and Batterham (2015), which 

suggest that the variability in the treatment groups would be greater than the control group 

variability, albeit this may or may not represent a clinically meaningful difference. 

2.1.6 Summary 

Prior investigations have failed to consider confounding sources of random variability 

when assessing individual differences in response to aerobic exercise for all traits [35].  

Consequently, interindividual variability in response to aerobic exercise has yet to be adequately 

quantified.  Moreover, in contrast to the plethora of research on CRF, other important predictors 

of obesity-related morbidity and mortality have been left unexploited.   For instance, no study has 

accounted for random variability when examining individual response to exercise for change in 

BW. Moreover, little is known about the individual variability for WC change in response to 
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exercise.  Thus, interindividual variability in WC and BW in response to standardized exercise 

represents an opportune area for research that is of clinical interest. 

 

2.2 WC, mortality and morbidity 

With few exceptions [36, 37],  numerous prospective epidemiological studies have 

established WC as a significant predictor of morbidity and mortality independent of age, sex and 

body mass index (BMI) [19, 38-41].  A recent analysis of 650 000 participants from 11 different 

prospective cohorts, the largest sample size to date, revealed a positive linear association between 

WC and mortality risk across an extensive range of BMI categories (15-50 kg/m2) for white men 

and women [40].  With five times more deaths than any individual study, the authors reported that 

each 5 cm increment in WC was associated with a 7% and 9% increased risk of mortality for 

white men and women respectively, after adjustment for age, study, BMI, smoking status, alcohol 

consumption and physical activity (PA) [40].  Upon comparison of those in the highest versus the 

lowest WC groups, the life expectancy losses at age 40 were approximately 3 and 5 years for men 

and women respectively.  

Other large prospective cohorts that were not included in this pooled analysis are in 

agreement with these findings as well.  For instance, the European Prospective Investigation into 

Cancer and Nutrition (EPIC) cohort reported a 5 cm increment in WC was associated with a 17% 

and 13% increased risk of mortality for men and women respectively over a 9.7 year follow-up 

[42]. Additionally, prospective studies have demonstrated a positive association between WC and 

risk of developing diabetes [17, 43] and  cardiovascular disease (CVD) [19]. For example, in a 

systematic review and meta-regression analysis of prospective cohort studies that examined the 

relationship between WC and CVD, it was found that for every 1 cm increment in WC was 

associated with a 2% increase in CVD incidence in both men and women, after adjustment for 

age [44]. Thus, based on the strength of evidence mentioned above, one would predict that 
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reductions in WC would likely result in subsequent improvements in morbidity and mortality 

risk. 

To date, few prospective cohort studies have examined the association between change in 

WC and morbidity or mortality.  Among the few, Berentzen and colleagues reported that a 

change of 5 cm over 5.8 years was associated with a 9% reduction in risk of mortality after 

adjustment for change in BMI [45].  Koh-Banerjee et al. observed a positive relationship between 

WC change and diabetes risk, although this was only true for the highest quintile of WC gain 

(>14.6 cm) after adjustment for change in BW [46].  Evidence from the Danish Diet, Cancer and 

Health study found that every 5 cm change in WC was associated with a 9% increased risk for 

developing diabetes after adjustment for age, chronic disease and change in BMI, although no 

association was observed among men [17].  Additionally, it has been reported that an increase of 

1 cm is associated with a 10% increased risk of Metabolic syndrome incident over a 6.6 years 

follow-up period among middle eastern men and women [20].   

Taken together, this evidence strongly supports the notion that WC should be 

incorporated in routine clinical practice as a standard assessment (in combination with BMI) for a 

more accurate appraisal of health risk. 

 

2.3 BW, mortality and morbidity 

Several meta-analyses have reported a paradoxical association between mortality and 

excess BW, wherein those who have a higher BMI appear to have a reduced risk of mortality 

compared to normal BW, rather than the opposite [47, 48]. This relationship has been coined the 

“obesity paradox” [49-51]. 

For example, a large meta-analysis recently investigated the association between all-

cause mortality and overweight and obesity [52].  Consistent with prior meta-analyses, the 

authors reported that overweight (BMI of 25 to <30) was associated with a 6% lower mortality 
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risk compared to normal weight (BMI of 20 to <25), while obesity (BMI>30) was associated with 

a 18% higher risk of mortality compared to normal weight.  Others have found obesity to be 

associated with increased risk of mortality in addition to overweight [53].  The underlying 

mechanisms of such a relationship remain poorly understood, though several possible 

explanations have been proposed [54-56].  For instance, it is well-recognized that the major 

limitation of using BMI as a measure of obesity is that is does not differentiate differences in 

body fat distribution, hence the importance of using WC in addition to BMI, as discussed above.  

Thus, differences in body fat distribution could influence the relationship between obesity and 

mortality.  For example, several reviews have reported that, contrary to the findings derived by 

way of BMI, the use of anthropometric measures reveal a linear relationship between abdominal 

obesity and mortality [40, 57].  Additionally, others have suggested that differences in fitness in 

large measure, absolve the obesity paradox [56, 58, 59].  

Despite the paradoxical relationship between BMI and mortality, several meta-analyses 

have established that overweight and obesity are strongly associated with numerous co-

morbidities[18].  For example, Guh and colleagues recently performed a meta-analysis on the 

incidence of co-morbidities related to obesity and overweight [18].  The authors identified 18 co-

morbidities associated with overweight and obesity including type 2 diabetes, hypertension, 

stroke and coronary artery disease.  Specifically, they noted the strongest association between 

overweight and Type 2 Diabetes in women (Relative risk (CI); 3.92 (3.10–4.97)) 

Similar to the findings noted above, evidence for the association between change in BW 

and morbidity and mortality is mixed, and at times paradoxical [60, 61].  For instance, in a meta-

analysis, Harrington and colleagues reported that intentional weight loss provided some benefit 

for individuals who were classified as unhealthy and obese, however weight loss conferred no 

benefit for those who were obese and healthy [62]. Furthermore, intentional BW loss for those 

who were of normal BW was associated with increased risk of mortality.  However, as mentioned 

above, this study is limited by using BMI as there was no consideration of differences in body 
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composition or fitness.  Despite these findings, intentional reductions in BW has been reported to 

result in several improvements in cardiovascular risk factors [63].  In fact, numerous large RCTs 

have demonstrated significant improvements in cardiometabolic risk factors with minimal to no 

BW reduction [2, 3].  For example, findings from the Look AHEAD (Action for Health in 

Diabetes) study support the notion that minimal BW loss is associated with improvements in 

cardiovascular disease, wherein those who sustained a 2 to <5% reduction in BW experienced 

increased odds of improving SBP (Hazard Ratio (HR), 1.24), glucose (HR, 1.75), Hemoglobin 

A1c (HR, 1.80) and triglycerides (HR, 1.46), compared to those who maintained BW [64].   

Taken together, although it is evident that a reduction in BW is not required per se to 

induce improvements in mortality and risk factors, it appears that intentional change in BW is 

associated with health benefit.  

 

2.4 Exercise and change in WC and BW 

Numerous lifestyle-based interventions have been designed to target reductions in 

anthropometric measures of obesity. The primary observation from systematic reviews confirm 

that a negative energy balance induced by exercise is associated with a substantial reduction in 

WC and BW [7]. Of clinical relevance, exercise consistent with consensus guidelines (150 

min/week) is an effective means of reducing BW (>2kg) and WC (>2 cm) [1, 4, 65]. Thus, 

exercise is currently considered a viable treatment option for the management of abdominal 

obesity, although, some aspects regarding the nature of the relationship between exercise and 

both WC and BW change require further research, such as individual response to exercise. To 

ultimately understand differences in individual response to exercise for anthropometric measures, 

one should first consider the average or group change in WC and BW in response to exercise. 

 

 



 14 

2.4.1 Exercise and change in WC and BW for the group  

Previous systematic reviews report that, upon comparison of numerous groups across studies 

lasting <26 weeks, a positive dose–response relationship existed between exercise-induced 

energy expenditure (amount, kcal) and both WC and BW among healthy and diabetic overweight 

adults [5, 6].  While observations based on a comparison across studies are useful, these findings 

are interpreted with caution.  Differences in study design, participant characteristics and 

methodology across studies are sources for potential confounding variables.  For instance, it is 

possible that variations in exercise intensity across studies could confound the relationship 

between exercise amount and reduction in WC and BW.  

To account for the limitations of this approach, large RCTs designed to examine the effects of 

variations in exercise dose on anthropometric measures within a study are required. In fact, the 

Dose-Response to Exercise in postmenopausal Women (DREW) study is the only RCT that has 

examined the dose-response relationship between exercise energy expenditure (amount) and WC 

and BW to date.  Church et al. investigated the effect of varying doses (50%, 100%, and 150%) of 

consensus physical activity recommendations on change in CRF among 464 hypertensive 

postmenopausal women [65].  Participants were randomized to either a non-exercise control 

group or to an exercise group that expended 4, 8 or 12 kcal/kg of BW per week.  Following 6 

months of exercise prescription, significant reductions in WC were observed in all exercise 

groups compared to control, despite an absence of BW reduction.  However, contrary to the 

findings of the prior reviews [5, 6], there were no between-group differences observed for WC 

reduction despite a tripling of energy expenditure (-1.9, - 2.9, and -1.4 cm for the 4, 8, and 12 

kcal/kg per week, respectively). 
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2.4.1.1 Separate effects of exercise amount and intensity on change in WC and BW 

The results of the DREW study are consistent with two other large RCTs which have 

examined differences in exercise amount and intensity on WC and BW reduction [1, 4]. Briefly, 

Ross et al. conducted a large RCT over 24 weeks wherein abdominally obese adults (n=300) were 

randomly assigned to one of four groups: control; low amount/low intensity (180 and 300 

kcal/session for women and men, respectively, at 50% of VO2peak); high amount/low intensity 

(360 and 600 kcal/session for women and men, respectively, at 50% of VO2peak); and high 

amount/ high intensity (360 and 600 kcal/session for women and men, respectively, at 75% of 

VO2peak) [4]. Substantial reductions in WC (~5 cm) and BW (~4.5 kg) was observed in all 

exercise groups compared to control (Figure 1); a finding consistent with other large lifestyle-

based interventions [1, 65].  However, careful inspection of Figure 1 reveals no between-group 

differences despite the doubling of energy expenditure in the high amount compared to the low 

amount group (Male: 600 vs 300kcal; Female: 360 vs 180kcal).  This occurred despite careful 

control of energy expenditure and monitoring of other potentially confounding variables that 

could have altered the prescribed negative energy balance (ie. dietary intake, change in PA 

outside of the exercise prescribed).  Although the average reduction in WC among the groups did 

not differ, it is evident by the size of the confidence intervals that there is a large range of 

individual exercise response in WC change for a given exercise dose. 
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Figure 1: Change in WC during 24 weeks of exercise 

LALI (low amount/low intensity,180 and 300 kcal/session for women and men, respectively, at 

50% of VO2peak; HALI (high amount/low intensity, 360 and 600 kcal/session for women and 

men, respectively, at 50% of VO2peak); HAHI (high amount/ high intensity, 360 and 600 

kcal/session for women and men, respectively, at 75% of VO2peak).   

Taken from Ross et al. (2015)[4] (Permission found in Appendix A).  

 

2.4.2 Interindividual variability for change in WC in response to exercise 

To my knowledge no study has quantified interindividual variability in response to 

exercise for WC change.  Given the fact that WC can occur in the absence of weight loss, it is 

important to examine the variability for change in WC in response to exercise separately.  Several 

studies have noted exercise-induced changes in WC independent of change in BW [2, 3, 15].  For 

example, King et al. noted that that those who loss less BW than predicted still experienced a 

reduction in WC of ~3 cm.  Though no study has examined individual exercise response for WC 
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per se, several studies have examined the heterogeneity of response for change in BW which may 

provide a clue as to what we would expect to observe for the variability in WC response.   

 

2.4.3 Interindividual variability for change in BW in response to exercise 

Numerous studies have noted great heterogeneity in response to exercise for BW change 

over recent decades. In 1990, Bouchard and colleagues were among the first to note substantial 

variability in BW change among 5 men [66].  Despite rigorous control of energy intake (EI) and 

living conditions, after 100 days of supervised exercise at 55% V02max twice a day for 6 days a 

week (~1000kcal per day), participants induced reductions in BW ranging from 3-12 kg.  Though 

the experimental conditions were tightly controlled, the small sample size and lack of control 

group make it difficult to account for other sources of variability as discussed above.  Since then, 

numerous studies have been performed to examine potential compensatory mechanisms to 

explain variability for BW change in response to exercise [14, 28, 29, 67]. 

For example, King and colleagues sought to investigate the interindividual variability of 

exercise-induced BW loss and potential compensatory mechanisms following 12 weeks of 

supervised exercise among 35 men and women [14].  The exercise regime was designed to induce 

a negative energy balance approximating 500 kcal per session at 70% heart rate maximum for 5 

days a week.  Despite a mean reduction in BW of 3.7 kg, a substantial heterogeneity in response 

to exercise was observed ranging from a reduction of 14 kg to a gain of 2 kg. A major limitation 

of this study is the absence of a control group.  Consequently, we cannot be certain whether 

interindividual variability exists beyond that of other random variability. 

Subsequently, Church and colleagues have extended the findings of King et al. by 

examining whether differing doses of exercise (50%, 100%, and 150% of consensus physical 

activity recommendations) influenced changes in BW, WC and compensatory responses among 

sedentary, overweight postmenopausal women [15].  Consistent with the primary investigation 
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[65], all exercise groups induced significant reductions in BW and WC, although there were no 

between group differences.  Furthermore, they reported that the amount of BW compensation 

(whether an individual lost less BW than predicted) increases with exercise dose.  This 

observation could suggest that the extent of interindividual variability in BW change in response 

to exercise is influenced by the amount of exercise performed, though they did not actually 

quantify this. 

Accordingly, Figure 2. shows the variability in BW change among individuals for each 

group in the aforementioned study.  At first glance, one can easily appreciate the wide range of 

individual response for change in BW.  However, it is just as evident that the heterogeneity of 

response appears to be fairly similar across all groups.  In fact, it appears the control group could 

potentially have greater varibability in BW change in comparsion to the exercise groups, 

suggesting that the SDR values would, perhaps, be less than 0.  Recall, as described above, the 

SDR value represents the standard deviation of the ‘true’ interindividual variation in response due 

to treatment after adjustment for random error and is derived by the square root of the difference 

between the squares of the standard deviations of the change in the intervention (SDI) and the 

control (SDC) group. This approach separates the random variability from the variability due to 

exercise. Unfortanuately, as with King et al., the authors did not include the control group in the 

analysis and, consequently, did not account for random varibility. This represents a major 

limitation when trying to parse the random error from the ‘true’ treatment response (Table 1). 

Thus, it remains unknown as to whether the heterogeneity in individual response to exercise for 

BW change really exists beyond that of random variability.  
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Figure 2. Individual response for change in BW among groups varying in exercise dose 

4KKW = 4 kcal/kg of BW per week (50% of consensus physical activity recommendations) 

8KKW = 8 kcal/kg of BW per week (100% of consensus physical activity recommendations) 

12KKW = 12 kcal/kg of BW per week (150% of consensus physical activity recommendations) 

Taken from Church et al. (2009) [15] (Permission found in Appendix A). 

 

Minimal clinically relevant difference for change in WC and BW 

As discussed in Section 2.1.5., once the ‘true’ variability of individual response to 

exercise has been quantified, it should be determined whether this variability represents a 

clinically meaningful difference. Some authors suggest that only clinically relevant differences in 

interindividual response deserve further exploration of potential determinants that may help 

explain individual response, as it is not worthwhile to identify variables that would not infer 
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meaningful benefit to an individual’s health. Thus, for the purposes of this thesis, a difference of 

2 cm and 2 kg for change in WC and BW respectively will be used to represent a MCID, based 

on the literature reviewed above (Section 2.2 and Section 2.3).  If the magnitude of 

interindividual variability in response to exercise does not meet this MCID, then further 

investigation of determinants should cease. Ultimately, if meaningful variability exists, 

identification of potential determinants of individual variability in response to exercise could be 

helpful in elucidating behaviours or traits responsible for differences in response to exercise.  

 

2.4.4 Summary 

It is evident that further research is needed to adequately quantify interindividual 

variability for both change in WC and BW. If such variability is present and represents a 

clinically meaningful difference, the identification of different inherent traits or acquired 

behaviours that influence one’s response to exercise would be of great value for the development 

of personalized exercise programs in clinical practice. 

 

2.5 Determinants of change in WC and BW in response to exercise 

 

That substantial variability of individual response (assuming this variability were true) 

was observed despite rigorously controlled and supervised exercise prescription in prior studies 

suggests that individual differences in other factors that could influence energy balance must be at 

play.  Indeed, differences in both acquired or inherent characteristics could potentially explain 

some of the variability in response to exercise.  For example, differences in sex or initial baseline 

WC or BW could influence the extent of WC or BW change.  Moreover, it is possible that 

changes in behaviour outside of the intervention, including dietary consumption or incidental PA, 

may explain some of the variability in the change of anthropometric measures in response to 

exercise. In fact, with the relationship of diet quality and anthropometry recently highlighted in a 
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systematic review, it is possible that diet quality, and not just diet quantity, may offer a novel 

explanation as to why some individuals experienced WC or BW reduction to a greater or lesser 

extent compared to another.  Indeed, whether differences in life-style based behaviours contribute 

to individual response is of particular clinical interest, as these behaviours could be adjusted 

accordingly to optimize their response to exercise in the future.  

 

2.5.1 Sex and baseline values 

It is possible that differences in sex and initial baseline measurements could influence the 

magnitude of WC and BW change in response to exercise for each individual. 

It is well-known that men are generally taller and have a larger body mass compared to 

women.  In addition, it is established that men and women differ with respect to adipose tissue 

distribution [68].  Men generally have greater central distribution of fat in contrast to 

premenopausal women, who generally have greater amounts of peripheral adipose tissue 

distribution compared to abdominal. Thus, for a given BMI, men typically have a higher BW and 

WC compared to females [69].  

In accordance with regression to the mean[70], it is reasonable to assume that differences 

in initial baseline values could explain some of the individual variability in response to exercise.  

If this were true, we would expect that individuals who began the intervention with the highest 

baseline BW and WC would be among those who experienced the greatest reductions in BW and 

WC and vise versa.  Correspondingly, under the assumption that men are typically larger than 

women, men would likely reduce their WC and BW to a greater extent than women due to the 

mere fact that they began the intervention with a higher baseline value. 

Conversely, it remains unclear as to whether men and women respond differently to the 

same exercise stimulus beyond differences in baseline body mass and adipose tissue distribution. 

Many studies have purported the notion that women reduce their BW to a lesser extent than men 
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in response to exercise [16, 71, 72], while others have failed to observe any difference between 

sex [1, 2, 73].  It is possible that differences in exercise prescription may explain the discrepant 

findings.  For instance, Donges et al. recently reported that men experienced greater absolute and 

relative reductions in abdominal and total adiposity compared to women in response to the same 

exercise prescription [71].  However, in this study, the prescribed exercise amount was based on 

number of minutes. Consequently, these results are likely confounded by differences in energy 

expenditure between men and women. For a given duration and intensity of exercise, energy 

expenditure can vary significantly between men and women due to differences in body mass [74]. 

In contrast, rigorously controlled exercise interventions which have prescribed exercise amount 

based on energy expenditure (kcal) have demonstrated that women are capable of inducing 

substantial reductions in BW in response to exercise [2] wherein they experience similar relative 

reductions in total and abdominal adiposity to that of men [3]. 

Taken together, in accordance with regression to the mean, it is possible that differences in 

baseline measurements could contribute to the heterogeneity of response for change in WC and 

BW among individuals. Similarly, differences in sex could also offer a potential explanation for 

variability in response to exercise, though this would likely be due to underlying differences in 

body fat distribution and baseline values and not necessarily due to inherent differences in 

response.  

 

2.5.2 Physical activity 

PA is defined as any bodily movement produced by skeletal muscles that results in 

energy expenditure [75] and includes activity that occurs during sleep, work and leisure [75].  It is 

possible that alterations in an individual’s amount of PA performed outside of the standardized 

exercise regimen could influence an individual’s overall amount of WC or BW change. For 

instance, an increase in the amount of PA (leisure) performed compared to their usual habits at 
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baseline could contribute to an increase in WC and BW reduction and vise versa. At present, the 

evidence appears to be inconsistent [28] in regards to whether an increase in exercise could 

potentially promote increased PA habits [76, 77] or decreased PA habits (increased sedentary 

time)[78] outside of the exercise regimen.  Though several studies examining individual response 

for change in BW noted that there was no change in the average amount PA performed outside of 

the exercise regimen at the group level [14, 15], it is possible that individual differences in PA 

behaviour could account for some of the observed heterogeneity in response for change in 

anthropometric measures. 

2.5.2.1 Accelerometry 

To determine whether PA is a potential determinant of interindividual variability in 

response to exercise requires the accurate assessment of PA performed outside of the exercise 

regimen.  Several devices such as pedometers and accelerometers have been used to obtain 

objective measures of PA patterns [79]. Specifically, accelerometers are non-invasive movement 

counters that measure acceleration forces in gravitational units.  The device is typically worn on 

the hip [80] and provides data on the frequency, amount (duration; min) and intensity of PA over 

a given time frame.   As the accelerometer detects the magnitude of an acceleration, it converts 

the data into “counts”, with higher counts representing a quicker acceleration force. The counts 

are averaged over a predetermined time frame referred to as an “epoch”. A typical epoch is 1 

minute, but can be adjusted depending on the outcome that is being studied. A computer software 

program converts the raw data into counts per minute. Using established cut-offs [81], the data 

can be classified into sedentary (<100 counts per minute), light (100-1951 counts per minute), 

moderate (1952-5724 counts per minute) and vigorous (>5724 counts per minute) activity. 

With advancements in technology, a multitude of accelerometer models have been 

developed.  For instance, uniaxial accelerometers measure acceleration in a single plane 

(vertical), while triaxial accelerometers collect motion data on 3 planes.  The triaxial device has 
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the advantage of capturing activity performed in all directions, compared to a uniaxial model.  

Modern accelerometers detect acceleration through changes in capacitance [82].  Within the 

accelerometer, a small polysilicon central plate is suspended between two other fixed plates 

creating two back-to-back capacitors.  Thus, this upgraded technology allows accelerometers 

such as the Actigraph GT1M and GT3X to detect static (gravity) and dynamic acceleration 

(movement), compared to former versions.   

At present, accelerometers are considered to be practical objective measurement 

instruments of PA.  However, these devices have notable limitations.  Accelerometers are unable 

to assess static or non-ambulatory components of exercise such as carrying weights, are costly for 

large-scale studies, and require algorithms to derive energy expenditure from raw data output [79, 

83, 84].  

In summary, the accelerometer device provides objective measures of PA which can be 

used to investigate whether differences in PA performed outside of the standardized exercise 

regimen could help explain some of the individual variability for change in WC and BW in 

response to exercise. 

 

2.5.3 Energy intake 

While it is possible that individual variability in response to exercise exists, it is also 

plausible that a large range of variability in dietary consumption exists among individuals as well.  

In fact, individual differences in dietary consumption – quantity and quality – may well explain, 

in small or large measure, the variability for change in WC or BW that is attributed to exercise.  

Intuitively, an alteration in one’s dietary intake could subsequently influence WC or BW change, 

wherein a reduction in EI would result in an increased negative energy balance and vise versa.   
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Although no study has examined the interindividual variability of WC and BW response 

to a standardized dietary regimen per se, several studies have examined dietary compensation 

behaviour and individual variability for change in BW in response to exercise.  Consistent 

findings from acute exercise studies reveal no compensatory adjustments in EI in response to an 

acute bout of exercise [85-87], though Stubbs and colleagues have reported partial compensation 

(~30%) in EI in response to standardized exercise over 2 weeks [78].  

In contrast, the relationship between chronic exercise and EI alterations has been left 

largely unexplored.  Of the few studies that have considered this, findings appear inconsistent 

[14-16, 88].  For example, a recent study reported that the amount of EI change (kcal) for a given 

dose of exercise (2500 kcal/week) among obese men and women (n=35) varied substantially over 

a 12 week exercise intervention [14].  Although there was no significant change in mean EI over 

the duration of the trial, inspection at the individual level revealed that those who lost less BW 

than predicted had an increased EI compared to those who lost their predicted amount of BW and 

whose EI remained unchanged. It is important to note that this study is limited by the absence of a 

control group and thus, the findings should be interpreted with caution.   

In contrast, Church et al. failed to observe differences in EI between compensators and 

noncompensators among exercise groups varying in exercise dose (50%, 100%, and 150% of 

consensus physical activity recommendations) [15]. In this context, compensation referred to the 

difference between predicted and actual weight loss.  An individual who lost less BW than 

expected were classified as compensators, while those who lost the predicted amount of BW were 

classified as noncompensators.  Differences in dietary assessment could explain the discrepant 

findings.  For instance, King et al. measured twenty-four hour energy and macronutrient intake 

from test meals at baseline and week 12, while Church et al. assessed diet with a food frequency 

questionnaire, a tool that is not intended to derive EI. 
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Thus, further research is needed to clarify the contribution of EI on individual response 

for WC and BW change in response to exercise.  Accordingly, it remains possible that individual 

differences in change in EI could explain some of the variability for WC or BW change over a 

long-duration exercise intervention despite the average EI remaining unchanged at the group 

level. 

2.5.3.1 Assessment of EI 

To clarify whether change in EI is a determinant of variability in WC and BW response 

to exercise requires the precise assessment of diet.  Accurately assessing diet has proved to be a 

challenge for nutritional research [89].  To date, dietary assessment has relied primarily on self-

report measures, which are associated with varying degrees of both random and systematic error 

[90, 91]. Random error such as the day-to-day variability in an individual’s diet can be mitigated 

with repeat measures [91].  Thus, examining 3-day diet records at multiple time points throughout 

an intervention will reflect an individual’s usual food consumption more accurately compared to 

a 3-day diet record at one time point. Systematic error, such a consistent underreporting of certain 

food items, is more difficult to correct and requires reference to another measurement instrument 

(ie. biomarkers)[91].  

Several dietary assessment instruments have been designed to capture an individual’s 

usual dietary intake including diet records and 24-hour recalls (described below). In addition, 

food frequency questionnaires (FFQs) are another commonly used instrument for assessing 

dietary intake.  These questionnaires ask respondents about the frequency of food and beverage 

consumption from a list of foods for a specific period.  FFQs are primarily implemented in large 

prospective epidemiological studies due to the large number of participants and ease of 

administration.  
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2.5.3.2 Diet record 

For the purpose of this thesis, we derived EI from self-report diet records collected from a 

previously completed trial [4]. A diet record is a common self-report tool used to assess dietary 

intake.  An individual is asked to record amounts and descriptions of all food and beverages 

consumed throughout the day.  A diet record is intended to be completed as food consumption 

occurs.  While diet records are inexpensive and simple to administer, several issues with self-

report measures have been extensively reviewed [90].  Major concerns include reactivity bias, 

social desirability bias, and participant burden which can ultimately lead to underreporting.  For 

example, the mere act of recording one’s dietary consumption as it occurs can lead to reactive 

behaviour where an individual modifies their consumption behaviour [92].  Additionally, social 

desirability can lead to further reactivity and underreporting as well [93]. Furthermore, the quality 

of diet record data has been shown to decrease with increasing amounts of records due to the 

burden of completing the records [94].  Indeed, the combination of these factors can lead to 

systematic errors in measurements often resulting in underreporting across all diet records [90, 

95]. Specifically, diet records have been shown to underestimate EI  and other macronutrients 

such as protein as much as 4-37% when compared to recovery biomarker studies [96-98]. Despite 

these limitations, diet records are inexpensive measures that can provide a plethora of general 

information regarding specific meals of the day.  Furthermore, the reactivity associated with self-

report can be used as a tool to increase awareness and self-monitoring of lifestyle behaviours 

[99]. Table 2 summarizes the strengths and limitations of self-repot diet records. 

In summary, the current limitations of self-report dietary assessment are widely 

acknowledged in nutritional science. In fact, many agree that due to these limitations diet records 

should not solely be used to derive EI [89, 90]. Nevertheless, self-report dietary assessment tools 

continue to provide valuable dietary data that current biomarkers cannot identify and thus, data 

from diet records in clinical research should not be dismissed [90].  Furthermore, the use of self-

report has ultimately lead to the recognition of numerous diet-related disease in the past [100].  
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Therefore, as we await the day of an inexpensive and non-invasive objective measure of diet, 

self-report measures continue to be a practical source of collecting dietary information among 

individuals. 
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Table 2. Strengths and limitations of a self-report diet record 

Instrument Administration Description Strengths Limitations Error 

Diet record Log/diary (paper 

or electronic) 

Respondent records 

descriptions and 

quantities for all 

foods and beverages 

consumed 

(intended to be 

completed at the time 

of consumption) 

Meal specific details 

 

No reliance of memory 

(if completed at the 

time of consumption) 

 

Minimal participant 

training 

 

Reactivity can be used 

as a tool for behaviour 

change/awareness 

Potential for reactivity 

bias (the mere act of 

recording consumption 

can induce a change their 

consumption behaviour) 

 

High participant burden 

(time consuming, 

requires considerable 

cognitive effort) 

 

Potential for social 

desirability bias 

 

If used as a 24-hour 

recall, there can be 

reliance on memory 

 

High burden for 

researchers to code 

Underestimation of EI and 

protein ranges from 4-37% 

compared to DLW [96, 97] 

 

Largest biomarker study to 

date (n=450) [98] reported an 

underestimation of  20% and 

4% for EI and protein 

respectively 

 

Reporting error increases 

with increased recording 

periods 

 

Underreporting more 

common for 

overweight/obese population 

and women 
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2.5.3.2.1 24-hour dietary recall 

For the purposes of this thesis, we used a web-based 24-hour dietary recall platform to analyze 

the self-report diet records.  Although we used this web-based platform for dietary analysis 

retrospectively, a brief description of the intended use of a typical 24-hour recall is provided below. 

A 24-hour recall asks respondents to report consumption of all food and beverages in the 

preceding 24-hours. In the past, a 24-hour recall was conducted by a trained interviewer using a structured 

interview format known as the automated multiple pass method (AMPM)[101].  The AMPM is a five step 

dietary interview designed with multiple passes and probing questions to cue an individual’s memory. 

Recently, self-administered web-based 24-hour dietary recalls have been identified as a feasible cost-

effective alternative to interview-based recalls.  Thus, in recent years, several web-based 24-hour dietary 

recalls have been created.  

2.5.3.3 Web-based automated 24-h recall 

Specifically, the web-based automated 24-h recall platform (R24W) was used to analyze dietary 

data collected from self-report diet records for this thesis.  The R24W was specifically developed [102] 

and validated [103] for the French-Canadian population inspired by the AMPM of the United States 

Department of Agriculture (USDA) [101]. In short, the R24W includes an organized list of foods and 

beverages, a search engine and suggestions for frequently forgotten foods.  Portion sizes are represented 

by up to 8 pictures, with the option to select multiplicative or a fraction of each portion selected.  The 

platform contains a database of 2865 food items with 687 pre-determined recipes for mixed dishes, 

including a variety of ethnic dishes [102]. The platform allows for automatic coding of nutrient intakes 

and diet quality scores using the 2010 Canadian Nutrient File [104] or the USDA Nutrient Database for 

Standard Reference [105] for the few items that are unavailable in the Canadian Nutrient File.  

Consequently, the program can automatically calculate a plethora of dietary information including EI, diet 

quality scores, food groups and specific nutrients.   
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2.5.4 Diet quality 

In the past, nutritional research has primarily relied on a reductionist approach when examining 

the relationship between nutrition and health outcomes [106], primarily emphasizing the role of single 

nutrients in the development of disease.  Though, in reality, single nutrients are not typically consumed in 

isolation, rather, humans consume diverse combinations of food and beverages. Correspondingly, 

nutrients have complex interactions when consumed together which can make it difficult to study the 

effect of a single nutrient on disease [107, 108].  Thus, the notion of diet quality represents a more 

comprehensive evaluation of one’s diet. While the definition of diet quality can vary within the literature, 

it is generally accepted that diet quality reflects how well an individual’s diet conforms to a set of dietary 

recommendations [109].   Diet quality is quantified with a multidimensional approach involving the 

selection of dietary components and respective cut-off values and scores (described below) [110].  A high 

diet quality score is thought to reflect a healthy, balanced diet with adequate levels of food and nutrients 

required to achieve optimal health for the prevention of disease [111, 112]. Accordingly, the relationship 

between diet quality and several health outcomes, including anthropometric measures of obesity, has 

emerged in recent years.  Therefore, diet quality, and not just diet quantity, could offer a potential 

explanation for some of the interindividual variability observed for anthropometric measures in response 

to exercise.  

2.5.4.1 Diet quality, WC and BW 

To date, no study has examined the association between diet quality and interindividual 

variability for any trait, let alone change WC or BW, in response to exercise.  However, studies that have 

examined the relationship between diet quality and change in anthropometry at the group level provide 

some insight. Specifically, the link between diet quality and anthropometric measures was recently 

highlighted in a series of systematic reviews examining the relationship between dietary patterns and 

health outcomes conducted by the USDA [25].  Evidence from numerous prospective epidemiological 

studies support the notion that higher diet quality index scores are associated with decreased BW, BMI, 



 

 32 

and WC [113-116].  Furthermore, the association between diet quality and WC was independent of EI for 

the studies (n=4) contained within this review.  

To my knowledge only two lifestyle-based interventions have examined the effects of both diet 

quality and exercise on change in WC and BW.  In 2009, Jacobs et al. examined whether change in 

dietary patterns over 1 year would modify CVD and diabetes risk among 219 (men: 198, female: 21) 

participants with cardiometabolic risk factors from the Oslo Diet and Exercise Study [113]. Briefly, the 

participants were randomized into one of four groups: control, diet, exercise or diet and exercise 

combined.  Both diet groups received 3 individualized dietary counseling sessions over the course of the 

year, whereas the exercise groups were prescribed 1 hour group exercise sessions 3 times a week.  

Attendance of exercise sessions averaged 1.8hr/wk. The study revealed that increased diet scores, which 

reflect a healthful diet, were associated with improvements in BW, WC and a variety of common 

cardiometabolic measures, independent of EI and the intervention assigned (ie. exercise only, diet only 

ect.). However, the negative energy balance was not standardized across groups and consequently, the 

findings attributed to diet could have been confounded by differences in negative energy balance overall.  

In addition, measurement of EI and energy expenditure was poor. Exercise and PA performed outside of 

the exercise regimen was not objectively measured and dietary intake was assessed with the use of the 

food frequency questionnaire, a tool which is not designed to derive EI [117].  

In a secondary analysis, Nazare et al. examined the contribution of diet quality and PA on 

anthropometric and body composition measures among 93 abdominally obese men over the first year of a 

lifestyle-based intervention (SYNERGIE study) [118]. The study aimed to induce a daily deficit of 500 

kcal with dietary counselling in addition to targeting 160 min of PA per week.  The study revealed both 

PA amount and diet quality score (DASH derived diet quality score) were independently associated with 

changes in BMI, percent fat mass and visceral adipose tissue, beyond EI. Upon stratification of 

participants into high and low PA and diet quality, it was evident that those with the highest levels of both 

PA and diet quality obtained greater reductions in WC compared to those with both the lowest PA and 

diet quality.  These findings, however, also suggested that PA may be the primary driver of the change in 
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WC compared to diet quality.  Similar with Jacobs et al., this study is limited by the measurement tools 

used for diet and PA assessment.  Furthermore, this study failed to include a control group.   

Given the evidence that diet quality appears to influence both WC and BW change at the group 

level, the investigation of diet quality as a determinant of variability at the individual level is warranted.  

2.5.4.2 Mechanisms 

A potential explanation for the inverse association between diet quality and WC measures lies 

within the concept of food synergy [5], the additive influences of different food and nutrients that 

comprise one’s diet.  Accordingly, diet quality may influence the change in anthropometric measures 

through a multitude of direct and indirect mechanisms.  

First, a high diet quality is associated with high consumption of foods that are nutrient rich and 

low in energy density (ED) such as fruits and vegetables [119, 120].  For a given volume of food 

consumption, the greater consumption of lower ED food compared to higher ED food has been associated 

with less WC and BW gain [120]. Reductions in both WC and BW could be mediated by a reduction in 

EI due to a high consumption of low ED foods.  Furthermore, the combined effects of single nutrients 

could alter metabolism and consumption behaviour [121, 122]. Food composition has been found to have 

a large influence on satiety [67, 123, 124] which can subsequently effect snacking behaviour and thus, 

potentially alter total EI.  For instance, fiber has been shown to increase satiety and decrease gastric 

emptying [125] and food with a low glycemic index has been associated with reduced hunger and EI 

[126, 127].  Therefore, there are multiple synergistic pathways through which components of a high-

quality diet can influence energy balance, and thus alter WC and BW. 

2.5.4.3 Diet quality indices 

To evaluate the contribution of diet quality to the interindividual variability for change in WC and 

BW in response to exercise, the assessment of diet quality is required.  To date, a multitude of dietary 

indices have been developed and adapted to quantify diet quality [128].  
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In general, indices are constructed by using a theoretically defined dietary pattern or an empirically-

derived pattern [129].  The first approach involves the development of a predefined index using current 

nutritional knowledge such as national dietary recommendations or recognized diets/dietary patterns (ie. 

Dietary Approaches to Stop Hypertension (DASH), Mediterranean diet).  The second approach uses 

statistical analyses (ie. factor or cluster analysis) to determine scores for nutritional components after the 

nutritional data is already collected.  The vast majority of indices have been developed based on 

nutritional guidelines or dietary patterns such as the Diet Quality Index (DQI), Healthy Eating Index 

(HEI), Healthy Diet Indicator (HDI), Mediterranean Diet Score (MDS) and Mediterranean Score to name 

a few.  Specifically, the HEI [130-132] and MDS [133] are among the most widely used indices for 

assessing diet quality, and several adaptions of these have been tailored for specific populations, including 

Canadians [134].  For the purposes of this thesis, two dietary quality indices were used to evaluate diet 

quality.  The Canadian-Healthy Eating Index (C-HEI) allowed for the assessment of diet quality based on 

national guidelines and the MedScore allowed for the assessment of diet quality based on an established 

dietary pattern that has been recently highlighted for its health benefits [135]. 

2.5.4.3.1 Canadian Healthy Eating Index (C-HEI) 

The C-HEI [134] is adapted from the 2005 American HEI [131] and incorporates two aspects of 

diet quality: adequacy and moderation.  Adequacy measures whether there is a sufficiency of intake for 

certain nutrients and foods, and moderation measures whether certain foods are overconsumed.  

Adequacy and moderation are comprised of 8 and 3 sub-components respectively with different weighted 

scores for each component (Table 3). A total C-HEI score can range from 0-100. A higher C-HEI score 

(100) reflects high adherence to Canada’s Food Guide which recommends a high intake of whole fruits 

and vegetables, dark green and orange vegetables, whole grains, nuts, legumes, unsaturated oils, low-fat 

dairy, poultry and fish and low intake of red meat, sugar-sweetened foods and beverages, high sodium 

content foods and moderate alcohol consumption [136].  Details on recommended serving sizes from 

Canada’s food guide used for the development of the C-HEI are provided in Table 3.  
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Table 3. Scoring Criteria for Canadian-Healthy Eating Index 

Component Range of Scores Scoring criteria 

Adequacy† 0 to 60 points  

Total vegetables and fruit 0 to 10 points Minimum: 0 

Maximum: 4 to 10 servings* 

Whole fruit 0 to 5 points Minimum: 0 

Maximum: 0.8 to 2.1 servings 

(21% of recommendation for total 

vegetables and fruit)* 

Dark green and orange vegetables 0 to 5 points Minimum: 0 

Maximum: 0.8 to 2.1 servings 

(21% of recommendation for total 

vegetables and fruit)* 

Total grain products 0 to 5 points Minimum: 0 

Maximum: 3 to 8 servings* 

Whole grains 0 to 5 points Minimum: 0 

Maximum: 1.5 to 4 servings (50% 

of recommendation for total grain 

products)* 

Milk and alternatives 0 to 10 points Minimum: 0 

Maximum: 2 to 4 servings* 

Meat and alternatives 0 to 10 points Minimum: 0 

Maximum: 1 to 3 servings (75 to 

225 grams)* 

Unsaturated fats 0 to 10 points Minimum: 0 

Maximum: 30 to 45 grams* 

Moderation‡ 0 to 40 points  

Saturated fats 8 to 10 points 

0 to 8 points 

Minimum 7% to 10% of total EI 

10% to maximum 15% of total EI 

Sodium 8 to 10 points 

 

0 to 8 points 

Adequate intake to tolerable upper 

intake level 

Tolerable upper intake level to 

twice tolerable upper intake level 

“Other food” 0 to 20 points Minimum: 5% or less of total EI 

Maximum: 40% or more of total EI 

*according to age and sex, as specified in Canada’s Food Guide [136] 

†for adequacy components, 0 points for minimum of less, 5 to 10 for maximum or more, and proportional for 

amounts between minimum and maximum 

‡ for moderation components, 10 or 20 points for minimum of less, 0 for maximum or more, and proportional for 

amounts between minimum and maximum 

Table taken from Garriguet, Didier (2009): 41. [134]. (Permission found in Appendix A) 
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2.5.4.3.2 Mediterranean Score (MedScore) 

 A typical Mediterranean diet is associated with daily consumption of non-refined grain products, 

fruits and vegetables, olive oil, low-fat dairy products and weekly consumption of fish, nuts and some 

poultry [137].  The Mediterranean Diet Score (MDS) was the first index developed to quantify the 

Mediterranean diet [133].  This index consisted of summed scores from eight dietary components 

resulting in a total score ranging from 0 to 16.  A higher score (16) indicated greater adherence to the 

Mediterranean diet.  Since then, numerous adaptions to this index have been constructed (ie. alternative-

MDS, Mediterranean Score, MedScore). 

Of interest to a Canadian population, Goulet and colleagues developed the MedScore in 2003 to 

examine the effects of a Mediterranean diet intervention for French-Canadian women [138].  For the 

purposes of this thesis, the MedScore was used to quantify diet quality.  Like other indices, the MedScore 

is based on the Traditional Healthy Mediterranean Diet Pyramid components [137]. The index assigns 

adjusted partial scores (0-4 points) for 11 components of the Mediterranean pyramid including: grains, 

fruits, vegetables, legumes, nuts and seeds, olive oil, dairy products, fish, poultry, eggs, sweets and red 

meat/processed meat.  The total score ranges from 0 to 44 points. A score of 44 would imply that an 

individual’s food pattern is fully consistent with the traditional Mediterranean diet. More details of the 

MedScore calculation are provided in Table 4.
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Table 4. Scoring criteria for Mediterranean Score 

Score 0 1 2 3 4 

Whole grain products1 < 1 portion/day 1-2 portions/day 3-4 portions/day 5-6 portions/day ≥ 7 portions/day 

Vegetable consumption2 < 1 portion/day 1 portion/day 2 portions/day 3 portions/day ≥ 4 portions/day 

Fruit consumption3 < 1 portion/day 1 portion/day 2 portions/day 3 portions/day ≥ 4 portions/day 

Legumes, nuts and seed consumption4 < 0.5 portion/day 0.5 portion/day 1 portion/day 2 portions/day > 2 portions/day 

Olive oil, olives and margarine made of 

olive oil consumption5 

< 1 time/day 1 time/day 2 times/day 3 times/day ≥ 4 times/day 

Milk and dairy products consumption6 < 1 portion/day or > 4 

portions/day 

4 portions/day  1 portion/day 2-3 

portions/day 

Fish and seafood (other than breaded)7 Never <1 

portion/week 

1 portion/week 2 portions/week ≥ 3 

portions/week 

Poultry (other than breaded)7 Never <1 

portion/week 

1 portion/week or ≥ 4 

portions/week 

2 portions/week 3 portions/week 

Eggs ≥ 7/week  5-6/week  0-4/week 

Sweets8 ≥ 7 times/week 5-6 times/week 3-4 times/week 1-2 times/week < 1/week 

Red meat/processed meat7 ≥ 7 portions/week 5-6 

portions/week 

3-4 portions/week 1-2 

portions/week 

< 1 

portion/week 
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1 For grain products, 1 portion = 1 slice of bread, half a cup of pasta, rice or couscous, 30 g of cereals.  Maximum of 1 point for refined grain. 

products. 

2 For vegetables, 1 portion = half a cup or one medium vegetable.  Maximum of 1 point for total number of vegetable juice portions. 

3 For fruit, 1 portion = half a cup or 1 medium fruit.  Maximum of 1 point for total number of fruit juice portions. 

4 For legumes, nuts and seeds, 1 portion = half a cup of legumes, quarter of a cup of nuts/seeds or 100 g of tofu. 

5 For olive oil, 1 point was given for each using of the oil.   Maximum of 1 point for canola oil or margarine made with this oil. 

6 For milk and dairy products, 1 portion = 1 cup of milk or enrich soy beverages, 50 g of cheese or 175 g of yoghurt. 

7 For meat/processed meat, poultry, or fish, 1 portion = 50 to 100 g. 

8 For sweets, 1 portion = 1 regular chocolate bar, 1/12 of cake or 1/6 of pie. 

Table taken from Goulet, et al. (2003) (Permission found in Appendix A)



 

 39 

2.5.4.3.3 Limitations of dietary indices 

 In response to increased attention on the assessment of diet quality, numerous indices have been 

developed over the last two decades.  However, with such a variety of indices, it can become difficult to 

make comparisons across studies.  As mentioned above, indices can be derived from a variety of 

predefined nutritional recommendations (ie. national guidelines vs Mediterranean pattern)[129]. 

Furthermore, indices differ in the selection of components. In general, indices consist of only nutrients, 

only food groups or a combination of both [129].  For instance, the C-HEI uses both nutrients and food 

groups for component scores, while the MedScore utilizes food groups alone.   

Cut-off values and scoring methodology differ among indices as well [139]. While some indices 

assign a score based off a single a cut-off value, others like the C-HEI and MedScore assign proportional 

scores based on the degree of compliance to a particular dietary recommendation.  It is likely that specific 

nutrients or foods do not contribute equally to health. While some indices attempt to address this issue by 

assigning adjusted proportional scores, these scores are arbitrarily decided and still may not be the most 

accurate [139].  Clearly, diet quality is a complex concept, and capturing the essence of one’s diet quality 

in a composite measure can be difficult and at times arbitrary.  Further research is needed to identify 

optimal cut-off scores and components for the sufficient quantification of diet quality. Finally, as with 

other research indices, the measurement instrument is only as good as the information provided.  Thus, 

like all nutritional assessment instruments, diet quality indices can potentially suffer in their ability to 

adequately assess diet if a participant is a poor self-reporter.  Despite these limitations, diet quality indices 

have proved to be valuable tools for the assessment of diet quality.  Since the development of these 

indices, numerous studies have been able to successfully identify relationships between diet quality and 

various anthropometric and cardiometabolic health outcomes [25]. 
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2.5.5 Summary   

It is unknown whether individual variability for a given trait in response to exercise truly exists.  Prior 

trials investigating interindividual variability have almost exclusively performed analysis without 

incorporation of a control group, and consequently have not accounted for the random variability over 

time for the given trait under study.  Absent from the literature is a study that adequately quantifies 

interindividual variability in response to exercise for any trait.  A study that addresses the design and 

analytical flaws of prior trials will help clarify the notion of interindividual variability in response to 

exercise.   

Both, WC and BW are significant predictors of morbidity and mortality and thus, represent traits of 

considerable clinical interest [18, 40]. In fact, no investigation has examined whether interindividual 

variability in response to exercise exists for WC change and, hence remains a significant gap in 

knowledge.  

Correspondingly, potential determinants of individual variability in WC and BW deserve further 

investigation, assuming ‘true’ variability due to exercise exists.  Indeed, it is plausible that differences in 

incidental PA, EI or diet quality could help explain variability in WC, beyond that of sex and initial 

baseline values.  With the link between diet quality and WC recently highlighted, diet quality represents a 

novel concept that has yet to be investigated as a potential determinant of individual variability in 

response to exercise for any trait.  An understanding of the factors that could alter one’s response to 

exercise could allow for the development of a more thoughtful and effective personalized approach when 

recommending lifestyle-based strategies for the management of abdominal obesity in a clinical setting. 
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Chapter 3 

Exploration of interindividual variability for change in waist circumference 

and body weight in response to standardized exercise 

3.1 Abstract 

BACKGROUND: Substantial interindividual variability in response to a standard dose of exercise exists 

independent of the trait under investigation. Whether interindividual variability attributed to exercise 

exists after accounting for random variability is unknown.    

OBJECTIVE:  To determine the magnitude of the interindividual variability in response to exercise for 

waist circumference (WC) and body weight (BW) after accounting for random variability and, the extent 

to which the variability is explained by lifestyle behaviors. 

METHODS: Participants were 181 (61% female) sedentary, abdominally obese adults (mean, (SD); 53, 

(7.5) years) who completed a 24-week intervention. Participants were randomly assigned to: control 

(n=44) or 5 weekly sessions of low amount, low intensity (LALI) (180 and 300kcal/session for women 

and men respectively at 50% V02peak, n=46); high amount, low intensity (HALI) (360 and 

600kcal/session for women and men respectively at 50% V02peak, n=53); or high amount, high intensity 

(HAHI) (360 and 600kcal/session for women and men respectively at 75% V02peak, n=38). Adherence 

was ≥ 80% in all exercise groups.  Physical activity (PA) performed outside of the prescribed exercise 

was measured by accelerometer. Daily self-report diet records were used to derive EI (kcal) and diet 

quality (Canadian-Healthy Eating Index-2010, Mediterranean Score). The variability in response to 

exercise (SDR) was determined by separating the random variability from the intervention variability by 

comparing standard deviations (SD) from both the control and intervention groups. 

RESULTS:  WC and BW were substantially reduced at 24 weeks in all exercise groups compared to 

control (P<0.01). The variability due to exercise (SDR) for change in WC was 3.1, -0.3 and 3.1 cm for 
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LALI, HALI and HAHI groups respectively.  Corresponding values for BW were 3.8, 2.0 and 3.5 kg for 

LALI, HALI and HAHI respectively. No dietary or PA variable was identified as a determinant of the 

interindividual variability in response to exercise for WC or BW (p>0.05). 

CONCLUSION:  A substantial interindividual variability in response to exercise was observed for 

change in WC and BW after accounting for the random variability.  The determinants of the heterogeneity 

in response to exercise remain to be determined.    
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3.2 Introduction 

 

It is well established that individuals exhibit a wide range of response to standardized exercise 

regardless of the trait examined. Bouchard and colleagues were among the first to demonstrate that for a 

given dose of exercise, the magnitude of response appears to vary, where some individuals appear to 

experience substantial improvements in a trait, while others do not [9, 10, 26, 27].  Research to date has 

focused on the variability of CRF response to exercise [9, 11-13], while measures of body composition 

such as WC and BW have received less attention.  In fact, to our knowledge no study has examined 

individual variability for WC response to exercise in adults, and few have investigated the response for 

change in BW [14-16].  Despite a growing body of evidence, in recent years the veracity of the approach 

to measuring interindividual variability in response to exercise has been questioned [21-24].  Prior 

investigations have incorrectly assumed that the variability in response for a given trait is solely a 

consequence of exercise thereby ignoring the individual variability derived from numerous sources 

including the random variability from both day-to-day biological fluctuations and measurement error.   

Critics assert that consideration of the control group variability is necessary to adequately quantify 

interindividual variability in response to exercise [21-23].  Without exception, prior trials investigating 

individual response have ignored the variability observed within the control group, and consequently have 

not accounted for the contribution of random variability over time for the given trait under study.   

Assuming ‘true’ variability due to exercise exists, the exploration of determinants could help 

elucidate why some individuals respond to a greater or lesser extent compared to another.  It is possible 

that changes in behaviour outside of the intervention, including dietary consumption or incidental 

physical activity, may explain some of the variability for the change in anthropometric measures of 

obesity in response to exercise.  An understanding of the variability in individual response for body 

composition measures, and what may explain it, is important for the development of a more personalized 

approach for the management of obesity when using lifestyle-based strategies. 
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 Accordingly, the objective of this study was twofold. First, to determine the existence of 

interindividual variability for change in WC and BW in response to standardized exercise and second, to 

identify potential determinants of interindividual variability for change in WC and BW in response to 

standardized exercise. Our findings will provide clarification into the existence of interindividual 

variability in response to exercise, and will provide insight into potential determinants of the variability 

for WC and BW response to exercise.  

 

3.3 Methods 

Setting and Participants 

Details of the trial design and methods [140] and the primary findings have been published 

elsewhere [4]. Briefly, we conducted a 24-week, single-center, RCT with a parallel group design between 

September 1, 2009 to May 31, 2013.  The primary objective of the original investigation was to determine 

the separate effects of exercise amount and intensity on WC and glucose tolerance among sedentary, 

abdominally obese men and women (n=300).  Potential participants were excluded if they reported a 

history of heart disease, stroke, or any condition that would prevent them from engaging in exercise, if 

they were already engaging in two or more planned exercise sessions per week, or if they were diabetic.  

All participants provided informed consent before participation.  This study was approved by the Queen’s 

University Health Sciences Research Ethics Board (Appendix B).  The manual of operating procedures is 

shown in Appendix C. 

The objective of this secondary analysis was to determine the existence of interindividual 

variability in WC and BW reduction in response to standardized exercise and to identify potential 

determinants of the individual variability in response to exercise.  Of the participants originally 

randomized (n=300), participants were excluded from this study if they did not complete the 24-week 

trial (n=83), did not have both WC and BW measurements at week 24 (n=2), had an exercise adherence 
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(number of exercise sessions attended) of less than 80% (n=26) and did not have any dietary intake data 

(n=8).  This resulted in a final sample of 181 participants. 

 

Exercise intervention 

Participants in this study were initially randomized to one of four groups: (1) no-exercise control 

(n=44); low amount/low intensity (LALI; n=46) (180 and 300 kcal/session for women and men, 

respectively, at 50% of VO2peak), high amount/low intensity (HALI; n=53) (360 and 600 kcal/session for 

women and men, respectively, at 50% of VO2peak); and high amount/ high intensity (HAHI; n=38) (360 

and 600 kcal/session for women and men, respectively, at 75% of VO2peak).  All participants preformed 

primarily walking or jogging exercise on a treadmill for the time required to achieve the desired energy 

expenditure (kcal per session) 5 times per week at the required intensity (relative to CRF [V02peak]) for 

24 weeks [4].  Using heart rate and oxygen consumption data obtained from the baseline exercise test, the 

heart rate corresponding to 50% of maximum oxygen consumption  (LALI and HALI), and 

approximately 75% (HAHI) was assigned for each participant.  At these exercise intensities, the energy 

expenditure targets (exercise amount) for women and men were 180 and 300 kcals, respectively for 

LALI, and 360 and 600 kcals respectively for both HALI and HAHI.  Follow-up V02peak exercise tests 

were conducted at weeks 4, 8 and 16 to verify the heart rate-V02 relationship. Continual adjustment of the 

heart-rate V02 relationship accounted for improvement in CRF which adjusts the time required to achieve 

the prescribed energy expenditure. Heart rate was continuously monitored at every session to ensure 

adherence to prescribed exercise intensity. All exercise sessions were supervised by trained personnel and 

all exercise participants were asked not to engage in any structured exercise outside of the supervised 

sessions.  

 

Accelerometry 

PA performed outside of the prescribed exercise regimen was monitored using ActiGraph GT3X 

accelerometers for 7-day periods at approximately weeks 0, 8, 16 and 25.  Participants were required to 
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wear the accelerometer for at least 4 days, 10 hours/day each monitoring period.  Established 

accelerometer cut points were used to classify and estimate average duration of incidental physical 

activity ( >100 counts per minute) [81].  

 

Dietary Regimen 

During a 1-week run-in period, all participants were instructed to maintain their BW and record 

their daily consumption of self-selected foods. During the intervention, participants were instructed to 

maintain the target daily EI derived from the run-in period and were prescribed a balanced diet 

(approximately 50 to 55% carbohydrate, 15–20% protein and 30% fat).   

All participants were asked to complete daily self-report diet records for the duration of the 

intervention as a strategy to help ensure compliance with the dietary regimen [2, 3, 141].  The prescribed 

target EI was revisited and adjusted if need be if a participant’s BW change deviated from the predicted 

BW loss induced from the intervention arm by more than 1 kg. All dietary procedures were conducted 

and supervised by the intervention nutritionist.  

 

Selection of diet records 

Three-day diet records (two weekdays and one weekend day) were randomly selected from the 

run-in period (baseline), and weeks during the intervention that corresponded to the weeks wherein 

accelerometry data were obtained (week 8, 16, and 25) (Appendix D). In cases where 3-day diet records 

were unavailable at these time points, the next closest 7-day period was used.  When diet records were not 

complete for criterion weekdays and weekend day, available data (ie. 2 weekdays) was analyzed at 

baseline (n=15), week 8 (n=1), week 16 (n=4) and week 24 (n=8).   

 

Dietary intake analysis 

The selected diet records for each participant were entered into a newly developed web-based 

automated 24-h recall platform (R24W).  Details of the R24W development [102] and validation [103] 
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have been published elsewhere. Briefly, the R24W was initially developed for the French-Canadian 

population and was inspired by the Automated-Multiple Pass Method (AMPM) of the US Department of 

Agriculture (USDA)[101]. Portion sizes are represented by up to 8 pictures, with the option to select 

multiplicative or a fraction of each portion selected.  The R24W allows for automatic coding of nutrient 

intakes and diet quality scores using the 2010 Canadian Nutrient File [104] or the USDA Nutrient 

Database for Standard Reference [105] for the few items that are unavailable in the Canadian Nutrient 

File. Example images from the R24W platform are displayed in Appendix E. 

EI, macronutrient and diet quality scores (Canadian Healthy Eating Index [C-HEI] and 

Mediterranean Score [MedScore]) were averaged from the 3-day diet records. The C-HEI is an adaption 

of the 2005 American HEI [131] for Canada’s dietary recommendations.  Briefly, the C-HEI consists of 8 

adequacy (total vegetables and fruit, whole fruit, dark green and orange vegetables, total grain products, 

whole grains, milk and alternatives, meat and alternatives) and 3 moderation (saturated fats, sodium, other 

food) components. The 11 individual components are summed to produce a single score between 0 and 

100, with higher scores indicating greater adherence to Canada’s Food Guide [142]. The definition and 

calculation of the C-HEI score is presented in Chapter 2, Table 3. 

The MedScore is based on the Traditional Healthy Mediterranean Diet Pyramid [137] 

components and is described by Goulet and colleagues [138] elsewhere.  The MedScore assigns adjusted 

partial scores (0-4 points) for 11 components of the Mediterranean pyramid including: grains, fruits, 

vegetables, legumes, nuts and seeds, olive oil, dairy products, fish, poultry, eggs, sweets and red 

meat/processed meat.  The total score ranges from 0 to 44 points. A score of 44 would imply that an 

individual’s food pattern is fully consistent with the traditional Mediterranean diet. More details of the 

MedScore calculation are provided in Chapter 2, Table 4. 

 

Quality of reporting  

To determine the quality of reporting, all diet records were evaluated and characterized as 

follows: excellent (quantities and descriptions for all items are complete, no apparent missing data), good 
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(quantities and descriptions are generally complete, <5% of data missing), fair (quantities and 

descriptions are fairly complete, <10% of data missing) or poor (majority of quantities and descriptions 

are incomplete, >10% of data missing). Examples of diet records with varying quality of reporting scores 

are displayed in Appendix F. 

 

Cardiorespiratory Fitness 

Cardiorespiratory fitness was assessed using standard open-circuit spirometry techniques 

(SensorMedics) during a graded exercise test in which participants walked on a treadmill at a self-selected 

speed at zero elevation for 3 minutes, after which the incline was increased by 5% for 2 minutes, then by 

2% every subsequent 2 minutes until volitional fatigue [4].  

 

Anthropometry 

WC was measured at the superior edge of the iliac crest at baseline, 8, 16 and 24 weeks for all 

participants in an exercise group, and at baseline, 16 and 24 for participants in the control group.  BW was 

measured using a calibrated scale. 

 

Statistical analysis 

A 1-way analysis of variance was performed to compare variables between groups at baseline.  A 

chi-square test was performed to compare the sex distribution between groups.  To examine between-

group differences for change in anthropometric, dietary and PA variables, a linear mixed model for 

repeated measures over time was applied. The mixed model procedure included intervention group, time 

and their 2-factor interactions; sex and its interaction with time; and age as a covariate.  The mixed model 

was extended to include the 2-way interaction of sex by group and 3-way interactions of sex by group by 

time to verify that the effect of treatment did not vary by sex.  An unstructured covariance matrix was 

imposed for the mixed model.  Change in WC and BW between baseline and 16 and 24 weeks were 

estimated and compared by using contrasts constructed from the 2-way interaction of group by time 
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within the mixed model.  Change in dietary and PA variables between baseline, 8, 16 and 24 weeks were 

estimated and compared by using contrasts constructed from the 2-way interaction of group by time 

within the mixed model. 

To quantify interindividual variability in response to exercise, the variation due to random 

variability was separated from the variation due to the intervention alone by using the following equation 

described by Atkinson and Batterham [23]: 𝑆𝐷𝑅=√𝑆𝐷𝐼
2 − 𝑆𝐷𝐶

2
.  In this equation, SDR represents the 

standard deviation (SD) of the interindividual variation in response due to treatment after adjustment for 

random variability, (SDI) and (SDC) represent the standard deviations of the change in the intervention 

and control (SDC) group respectively.  

If the SDR value was greater than or equal to the pre-determined MCID, then further exploration 

of potential determinants was performed. A MCID of 2 cm for WC and 2 kg for weight was selected 

based on evidence of the association between differences in WC and BW with cardiometabolic risk 

factors and mortality [40].   

A linear mixed model procedure was used to identify potential determinants of interindividual 

variability for change in WC and BW.  The model used restricted maximum likelihood estimation.  The 

intervention groups and control group were entered as both a fixed and random effect.  As a random 

effect, they were coded as dummy variables and entered to allow for the extra variance in the exercise 

groups to be isolated from the reference group (control).  Baseline value, sex, change in EI, diet quality 

scores, change in PA, and an interaction term between each effect and group were added to the model 

separately to identify potential determinants of individual variability in response to exercise.  If the 

variable accounted for some of the variability in response to exercise then the extra variance for that 

exercise group, beyond that in the control, would be attenuated. To increase statistical power, the same 

analysis was performed collapsed across exercise groups.  Appendix G displays an annotated output. 

For exploratory purposes, we broadened our approach and also performed simple and stepwise 

multiple regression to determine whether any of the same variables, with the addition of total energy 
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expenditure, influenced the variability due to an exercise intervention in general for WC and BW, 

regardless of the random variability. 

A one-way analysis of variance was performed to determine whether change in WC or BW 

differed between groups with various diet record compliance (amount of completed diet records).  

Participants were classified into three groups: excellent compliance (3-day diet records were complete for 

baseline, week 8, 16 and 24) (n=97), good compliance (3-day diet records were complete for 3 of the 4 

time periods) (n=29), poor compliance (3-day diet records only complete for 1 or 2 of the 4 time 

periods)(n=11). An independent samples t-test was performed to determine whether change in WC or BW 

differed between groups with high or low diet quality reporting.  Participants were classified into two 

groups: high (good or excellent scores)(n=98) or low quality reporting scores (acceptable or poor 

scores)(n=39).  Quality of reporting scores were described in detail above. 

A 2-sided α of 0.05 was used to determine statistical significance, and no adjustment was made 

for multiple comparisons.  All analyses were performed using SAS, version 9.4 (SAS Institute) and SPSS 

software, version 24.0 (SPSS Inc). 

3.4 Results 

Participant characteristics are summarized in Table 1.  With the exception of MedScore, there 

were no significant between group differences for any baseline characteristic (p>0.05).    

Table 2 and Table 3 show the separate effects of exercise amount and intensity on change in 

anthropometric, diet and PA variables at 24 weeks.  Reductions in WC were greater in the LALI (adjusted 

mean difference, -4.7 cm, [CI, -6.4 to -3.0]), HALI (-5.3cm, [-7.0 to -3.6]), and HAHI (-5.8cm, [-7.6 to -

4.0]) groups compared to control (P<0.05), but did not differ from each other (P>0.05). Reductions in BW 

were greater in the LALI (adjusted mean difference, -4.0 kg, [CI, -5.7 to -2.3]), HALI (-5.1 kg [-6.7 to -

3.4]), and HAHI (-5.2 kg ([-7.0 to -3.4]) groups compared to control (P<0.05), but were not different from 

each other (P>0.05). Change in C-HEI was greater for the LALI (7.2 [0.1 to 14.0]) group compared to the 

control (P<0.05) Change in EI and MedScore did not differ between groups at 24 weeks (P>0.05). With 



 

 51 

the exception of HALI (3.1 [0.2 to 5.9]), the change in amount of PA (% of day) performed outside of the 

exercise prescribed was not significant compared to control (p>0.05).  

Table 1. Baseline characteristics 

Characteristics Total 

(n=181) 

Control  

(n=44) 

LALI  

(n=46) 

HALI  

(n=53) 

HAHI  

(n=38) 

P 

value 

Age (y) 52.7 (7.5) 52.0 (7.7) 53.4 (7.1) 1.1 (50.5) 52.8 (7.4) 0.84 

Sex ratio (F:M) 111:70 27:17 28:18 33:20 23:15 0.99 

Anthropometric       

  WC (cm) 110.2 (11.3) 109.3 (10.6) 109.9 (11.2) 110.3 (11.9) 111.8 (11.9) 0.79 

  BW (kg) 94.9 (16.6) 95.0 (17.2) 92.8 (14.0) 95.1 (19.2) 97.2 (15.5) 0.69 

  BMI (kg/m2) 33.1 (4.5) 33.1 (4.7) 33.0 (4.1) 33.2 (5.2) 32.9 (3.7) 0.99 

Dietary       

EI* (kcal/day) 2053.9 

(511.6) 

2116.8 

(461.2) 

2054.2 

(462.9) 

1996.2 

(491.6) 

2053.7 

(664.8) 

0.75 

C-HEI* 57.6 (13.7) 57.5 (13.6) 56.9 (12.7) 14.1 (2.1) 53.5 (13.5) 0.12 

MedScore* 16.4 (4.8) 17.1 (5.1) 17.0 (4.3) 16.7 (4.1) 14.2 (5.4) 0.04 

Fat       

  (g) 79.7 (24.6) 82.7 (23.4) 82.9 (28.2) 75.5 (20.2) 77.5 (27.3) 0.41 

  (%) 34.9 (5.6) 35.1 (5.9) 36.1 (6.8) 34.1 (4.1) 34.2 (5.5) 0.36 

Carbohydrate       

  (g) 239.6 (69.6) 248.3 (61.0) 229.8 (60.4) 240.4 (70.7) 239.2 (89.8) 0.70 

  (%) 44.9 (6.4) 45.4 (6.6) 43.1 (6.7) 46.2 (5.5) 44.6 (6.7) 0.16 

Protein       

  (g) 85.7 (22.1) 87.5 (20.7) 85.0 (20.8) 84.8 (22.5) 85.8 (25.7) 0.94 

  (%) 16.9 (3.0) 16.7 (2.8) 16.8 (3.2) 17.2 (2.9) 17.1 (3.2) 0.90 

DR quality score 2.4 (0.7) 2.3 (0.7) 2.6 (0.5) 2.3 (0.7) 2.2 (0.9) 0.13 

CRF§       

  (L/min) 2.7 (0.7) 2.8 (0.8) 2.6 (0.6) 2.7 (0.7) 2.8 (0.7) 0.64 

  (mL/kg/min) 28.8 (5.3) 29.5 (5.8) 28.3 (5.4) 28.9 (5.0) 28.5 (5.0) 0.71 

PA†       

  (min/day) 298.3 (80.9) 308.0 (86.9) 301.6 (78.1) 295.8 (72.2) 285.8 (89.8) 0.68 

  (% of day) 32.3 (7.8) 33.4 (8.4) 32.3 (8.1) 31.9 (7.0) 31.3 (7.6) 0.66 

 

Values are presented as means (SD) unless otherwise indicated. Sample size are shown unless otherwise 

indicated.  M = male; F = female; WC = waist circumference; BW = body weight; BMI = body mass 

index; EI = energy intake; C-HEI = Canadian – Healthy Eating Index; MedScore = Mediterranean diet 

score; DR = diet record; CRF = cardiorespiratory fitness; PA = total physical activity performed outside 

of the exercise regimen; LALI = low amount, low intensity exercise; HALI = high amount, low intensity 

exercise; HAHI = high amount, high intensity exercise.  
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* Control (n = 42), LALI (n = 40), HALI (n = 46), HAHI (n = 30) 

§ Control (n = 44), LALI (n = 46), HALI (n = 53), HAHI (n = 38) 

† Control (n = 41), LALI (n = 44), HALI (n = 47), HAHI (n = 34) 
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Table 2. Differences between exercise groups and control for change in anthropometric, dietary and PA variables at 24 weeks 

 

Values are presented as least-squares estimated means (95% CIs) adjusted for age and sex. 

* indicates significant difference between groups at p<0.05. 

WC = waist circumference; BW = body weight; C-HEI = Canadian – Healthy Eating Index; MedScore = Mediterranean Score; 

Physical activity = total physical activity performed outside of the exercise regimen; LALI = low amount, low intensity exercise; 

HALI = high amount, low intensity exercise; HAHI = high amount, high intensity exercise.  

 

Variable LALI vs Control HALI vs Control HAHI vs Control 

  Value (CI)  P value Value (CI) P value Value (CI) P value 

Anthropometric       

  WC (cm)     -4.7 (-6.4 to -3.0) <.0001* -5.3 (-7.0 to -3.6) <.0001*   -5.8 (-7.6 to -4.0) <.0001* 

  BW (kg)    -4.0 (-5.7 to -2.3) <.0001* -5.1 (-6.7 to -3.4) <.0001*   -5.2 (-7.0 to -3.4) <.0001* 

Dietary       

  EI (kcal) -44.6 (-273.7 to 184.5) 0.702 148.3 (-73.6 to 370.3) 0.189 43.6 (-207.7 to 294.9) 0.733 

  C-HEI       7.2 (0.1 to 14.3) 0.048* -1.4 (-8.3 to 5.4) 0.681   2.1 (-5.7 to 9.9) 0.596 

  MedScore      2.3 (-0.3 to 4.8) 0.088  1.4 (-1.1 to 3.9) 0.272   2.5 (-0.3 to 5.4) 0.081 

Physical activity       

  % of day    2.2 (-0.8 to 5.1) 0.148   3.1 (0.2 to 5.9) 0.034*   2.8 (-0.3 to 5.9) 0.078 
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Table 3. Differences between exercise groups for change in anthropometric, dietary and PA variables at 24 weeks 

 

Values are presented as least-squares estimated means (95% CIs) adjusted for age and sex. 

* indicates significant difference between groups at p<0.05. 

WC = waist circumference; BW = body weight; C-HEI = Canadian – Healthy Eating Index; MedScore = Mediterranean Score; 

Physical activity = total physical activity performed outside of the exercise regimen; LALI = low amount, low intensity exercise; 

HALI = high amount, low intensity exercise; HAHI = high amount, high intensity exercise.   

Variable HALI vs LALI HAHI vs LALI HAHI vs HALI 

  Value (CI) P value Value (CI) P value Value (CI) P value 

Anthropometric       

  WC (cm) -0.6 (-2.3 to 1.1) 0.467 -1.1 (-2.9 to 0.7) 0.237        -0.5 (-2.2 to 1.3) 0.595 

  BW (kg) -1.1 (-2.7 to 0.5) 0.186 -1.3 (-3.0 to 0.5) 0.163        -0.2 (-1.9 to 1.6) 0.853 

Dietary       

  EI (kcal) 192.9 (-26.6 to 412.4) 0.085 88.2 (-161.0 to 337.3) 0.486 -104.7 (-347.4 to 138.0) 0.396 

  C-HEI -8.6 (-15.4 to -1.8) 0.013*    -5.1 (-12.8 to 2.7) 0.198        3.5 (-4.0 to 11.1) 0.357 

  MedScore    -0.9 (-3.3 to 1.6) 0.498 0.3 ( -2.5 to 3.1) 0.847      1.1 (-1.6 to 3.9) 0.418 

Physical activity       

  % of day    0.9 (-1.8 to 3.6) 0.513    0.6 (-2.4 to 3.6) 0.689         -0.3 (-3.2 to 2.6) 0.840 
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Figure 1 and Figure 2 illustrate the individual change values for WC and BW at 24 weeks.  For 

change in WC at 24 weeks, the SDR values were 3.1, -0.3 and 3.1 cm for LALI, HALI and HAHI 

respectively.  For change in BW at 24 weeks, the SDR values were 3.8, 2.0 and 3.5 kg for LALI, HALI 

and HAHI respectively. 

Table 4 and Table 5 show the results of the analysis performed to identify the determinants of 

interindividual variability for change in WC and BW.  No dietary or PA variable accounted for 

interindividual variability for change in WC or BW for any exercise group (p>0.05).  Baseline values 

accounted for approximately 19% and 16% of the interindividual variability for both change in WC and 

BW, respectively, in response to exercise for LALI alone (p<0.05). Sex accounted for about 13% of the 

interindividual variability for WC within the LALI group only (p<0.05). Sex did not account for 

interindividual variability in any group for change in BW (p>0.05).  

We further examined the contribution of potential determinants of interindividual variability for 

change in WC and BW in response to exercise collapsed across groups (Table 6).  No dietary or PA 

variable accounted for interindividual variability for change in WC or BW in response to exercise 

(p>0.05).  Sex accounted for about 13% of the interindividual variability for the change in WC (p<0.05) 

and approached significance for change in BW (p=0.06).  Baseline values did not account for the 

variability in WC (p>0.05), but approached significance for change in BW (p=0.06). 
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Figure 1. Change in WC at 24 weeks for each participant per group 

Bars represent change in WC (cm) for each participant. WC = waist circumference; SDR = standard deviation (SD) of the interindividual variation in 

response due to treatment after accounting for random error, a (-) SDR value indicates the random variability was greater than the variability due to 

treatment; LALI = low amount, low intensity exercise; HALI = high amount, low intensity exercise; HAHI = high amount, high intensity exercise 
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Figure 2. Change in BW at 24 weeks for each participant per group 

Bars represent change in BW (kg) for each participant. BW = body weight; SDR = standard deviation (SD) of the interindividual variation in response due 

to treatment after accounting for random error; LALI = low amount, low intensity exercise; HALI = high amount, low intensity exercise; HAHI = high 

amount, high intensity exercise 
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Table 4. Potential determinants of interindividual variability for change in WC in response to exercise 

Variable ¶ Control LALI HALI HAHI 

 n n Mean (CI) 
P 

value 
SDR 
ref 

SDR 
group 

n Mean (CI) 
P 

value 
SDR 
ref 

SDR 
group 

n Mean (CI) 
P 

value 
SDR 
ref 

SDR 
group 

Baseline WC 44 46 -0.158 (-0.32 to 0.00) 
0.05* 

3.1 2.5 53 0.063 (-0.08 to 0.20) 
0.37 

0.0 0.0 38 -0.065 (-0.24 to 0.10) 
0.45 

3.1 3.0 

Sex 44 46 3.883 (0.29 to 7.47) 
0.03* 

3.1 2.7 53 1.976 (-1.13 to 5.09) 
0.21 

0.0 0.0 38 2.476 (-1.43 to 6.39) 
0.21 

3.1 3.0 

Change in EI† 35 37 -0.016 (-0.06 to 0.03) 
0.47 

3.5 3.8 41 -0.031 (-0.07 to 0.02) 
0.07 

0.0 0.0 22 0.011 (-0.05 to 0.08) 
0.73 

3.9 4.4 

C-HEI 40 46 -0.066 (-0.23 to 0.10) 
0.43 

3.1 3.0 52 0.005 (-0.12 to 0.13) 
0.94 

0.0 0.0 37 0.028 (-0.14 to 0.20) 
0.74 

3.2 3.3 

MedScore 40 46 -0.215 (-0.70 to 0.27) 
0.39 

3.1 3.1 52 -0.105 (-0.49 to 0.28) 
0.59 

0.0 0.0 37 0.246 (-0.43 to 0.55) 
0.80 

3.2 3.2 

Change in PA 31 37 -0.150 (-0.45 to 0.15) 
0.33 

3.5 3.4 42 -0.043 (-0.35 to 0.26) 
0.78 

0.0 0.0 30 -0.106 (-0.50 to 0.29) 
0.60 

3.3 3.3 

  

Values are presented as estimated means (CIs). All estimated means represent the average change in WC (cm) per 1 unit increase in the corresponding variable 

compared to the control group, unless otherwise noted.  WC = waist circumference; SDR = the standard deviation (SD) of the interindividual variation in 

response to treatment after adjustment for random error (control), 𝑆𝐷𝑅=√𝑆𝐷𝐼
2 − 𝑆𝐷𝐶

2; SDR ref = SDR value before accounting for potential determinants (used as a 

reference); SDR group = SDR value after accounting for a potential determinant; WC = waist circumference (cm); EI = energy intake (kcal); C-HEI= Canadian-

Healthy Eating Index, MedScore = Mediterranean Score, PA = total physical activity performed outside of exercise regimen (% of day).  

¶ All variables represent interaction terms (Group x variable) 

* indicates variable predicts change in WC differently from change in reference group at p≤0.05 

† estimated means represent the average change in WC (cm) per 10 unit increase in the corresponding variable compared to the control group.  
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Table 5. Potential determinants of interindividual variability for change in BW in response to exercise. 

Variable¶§ Control LALI HALI HAHI 

 n n Mean (CI) 
P 

value 

SDR 

ref 

SDR 

group 
n Mean (CI) 

P 

value 

SDR 

ref 

SDR 

group 
n Mean (CI) 

P 

value 

SDR 

ref 

SDR 

group 

Baseline BW 44 46 -0.145 (-0.26 to -0.03) 
0.01* 

3.8 3.2 53 -0.025 (-0.10 to 0.06) 
0.54 

2.0 1.9 38 -0.080 (-0.19 to 0.03) 
0.17 

3.5 3.3 

Sex¥ 44 46 3.000 (-0.54 to 6.54) 
0.10 

3.8 3.5 53 1.860 (-1.06 to 4.78) 
0.21 

2.0 1.8 38 2.677 (-0.98 to 6.33) 
0.15 

3.5 3.2 

Change in EI† 35 37 -0.031 (-0.08 to 0.01) 
0.17 

3.9 3.6 41 -0.026 (-0.06 to 0.01) 
0.12 

1.8 0.3 22 0.050 (-0.08 to 0.24) 
0.67 

4.1 4.2 

C-HEI 40 46 -0.134 (-0.30 to 0.03) 
0.11 

3.7 3.4 52 0.013 (-0.11 to 0.13) 
0.84 

1.7 1.7 37 -0.026 (-0.19 to 0.14) 
0.76 

3.4 3.4 

MedScore 40 46 -0.258 (-0.74 to 0.22) 
0.29 

3.7 3.6 52 -0.050 (-0.42to 0.32) 
0.79 

1.7 1.6 37 -0.027 (-0.49 to 0.44) 
0.91 

3.4 3.5 

Change in PA 31 37 -0.220 (-0.52 to 0.08) 
0.15 

3.9 3.5 42 -0.058 (-0.37 to 0.25) 
0.71 

2.0 1.9 30 -0.043 (-0.44 to 0.35) 
0.83 

3.4 3.5 

 

Values are presented as estimated means (CIs). All estimated means represent the average change in WC (cm) per 1 unit increase in the corresponding variable 

compared to the control group, unless otherwise noted.  BW = body weight; SDR = standard deviation (SD) of the interindividual variation in response to 

treatment after adjustment for random error (control), 𝑆𝐷𝑅=√𝑆𝐷𝐼
2 − 𝑆𝐷𝐶

2; SDR ref = SDR value before accounting for potential determinants (used as a reference); 

SDR group = SDR value after accounting for a potential determinant; EI = energy intake (kcal); C-HEI= Canadian-Healthy Eating Index, MedScore = 

Mediterranean Score, PA = total physical activity performed outside of exercise regimen (% of day).  

¶ All variables represent interaction terms (Group x variable) 

* indicates variable predicts change in weight differently from change in reference group at p≤0.05 

† estimated means represent the average change in weight (kg) per 10 unit increase in the corresponding variable compared to the control group.  
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Table 6. Potential determinants of interindividual variability in change in WC and BW collapsed across exercise groups 

Variable¶ Control WC§ BW 

 n n Mean (CI) P value SDR ref 
SDR 

group 
n Mean (CI) P value SDR ref 

SDR 

group 

Baseline value 44 84 -0.12 (-0.3 to 0.0)  0.10 3.1 2.7 137 -0.069 (-0.1 to 0.0) 0.06 3.1 2.9 

Sex 44 84 3.25 (0.1 to 6.4)  0.04* 3.1 2.8 137 2.467 (-0.1 to 5.0) 0.06 3.1 2.9 

Change in EI† 35 59 -0.01 (-0.1 to 0.0)  0.64 3.7 3.6 100 -0.024 (-0.06 to 0.01) 0.16 3.3 3.0 

C-HEI 40 83 0.00 (-0.1 to 0.1)  1.00 3.1 3.1 135 -0.028 (-0.1 to 0.1) 0.60 3.0 2.9 

MedScore 40 83 -0.05 (-0.4 to 0.3)  0.82 3.1 3.1 135 -0.079 (-0.4 to 0.2) 0.62 3.0 2.9 

Change in TPA 31 67 -0.14 (-0.4 to 0.2)  0.35 3.2 3.1 109 -0.142 (-0.4 to 0.1) 0.28 3.1 2.9 

 

Values are presented as estimated means (CIs). All estimated means represent the average change in WC (cm) or weight (kg) per 1 unit increase in the 

corresponding variable collapsed across all exercise groups compared to the control group, unless otherwise noted.  SDR = the standard deviation (SD) of the 

interindividual variation in response to treatment after adjustment for random error (control), 𝑆𝐷𝑅=√𝑆𝐷𝐼
2 − 𝑆𝐷𝐶

2; SDR ref = SDR value before accounting for 

potential determinants (used as a reference); SDR group = SDR value after accounting for a potential determinant; EI = energy intake (kcal); C-HEI= Canadian-

Healthy Eating Index, MedScore = Mediterranean Score, TPA = total physical activity performed outside of exercise regimen (% of day).  

¶ All variables represent interaction terms (Group x variable) 

§ all analyses for change in WC were performed collapsed across LALI and HAHI groups only 

* indicates variable predicts change in WC (cm) or weight (kg) differently from change in reference group at p≤0.05 

† estimated means represent the average change in WC (cm) or weight (kg) per 10 unit increase in the corresponding variable compared to the control group. 
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For exploratory purposes, we broadened our approach and simply examined whether any of the 

same variables, with the addition of total energy expenditure, influenced change in WC and BW for the 

control and exercise groups separately, regardless of the random variability. No variable was associated 

with change in WC or BW in the control group (p>0.05). Table 7 and Table 8 present the associations 

between the selected variables and change in WC and BW respectively collapsed across exercise groups.  

Baseline WC and BW, sex, change in EI, and total energy expenditure (kcal) over the 24 weeks were 

associated with change in WC and BW (p ≤0.05).  In stepwise regression, sex and change in EI alone 

entered in the model for change in WC (r2=0.15, p<0.05).  For change in BW, baseline BW, MedScore 

and total energy expenditure alone entered in the model (r2=0.20, p<0.05).  Appendix H, Figure 1 and 

Appendix H, Figure 2 presents scatterplots for each variable with change in WC and BW respectively 

collapsed across exercise groups. 

To examine whether potential adjustments in EI targets during the early weeks of the trial 

influenced the relationship between change in EI and change in WC and BW, the relationship between 

change in EI from week 8 to week 24 and change in WC and BW was assessed (Appendix I, Table 1). 

The association between change in EI and change in WC was no longer significant (p>0.05), while the 

association between change in EI and change in BW (r=0.21) remained significant (p<0.05). 

Appendix I, Table 2 and Appendix I, Table 3 presents the change WC and BW across groups 

differing in diet record compliance (amount of diet records completed) and quality of reporting 

respectively collapsed across groups.  Change in WC and BW did not differ between groups with 

different amounts of compliance (excellent, good or poor) (p>0.05).  Change in WC and BW did not 

differ between groups with high quality reporting (excellent and good scores) and low quality reporting 

scores (acceptable and poor scores)(p>0.05). 
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Table 7. Associations between sex, baseline, dietary, PA and energy expenditure variables with change in WC 

Variable Simple Regression for ∆ WC (cm) Stepwise Multiple Regression for ∆ WC (cm) 

    Model 1 Model 2 

 n B R2 Sig. n B R2 Sig. n B R2 Sig. 

Baseline WC 137 -0.064 0.028 0.052         

Sex 137 2.358 0.067 0.002 80 3.075 0.098 0.005 80 3.091 0.154 0.002 

Change in EI 100 -0.003 0.08 0.004     80 -0.002 - 0.028 

Change in PA 109 -0.068 0.011 0.279         

C-HEI 135 -0.029 0.005 0.405         

MedScore 135 -0.026 0.001 0.795         

Total energy expenditure 137 -6.60E-05 0.064 0.003         

 

Variables offered for stepwise multiple regression: Baseline waist circumference, Sex, Change in EI, Change in TPA, HEI, C-HEI, Medscore and 

Total energy expenditure. 

B= unstandardized beta; WC = waist circumference (cm); EI = energy intake; PA = total physical activity performed outside of exercise regimen 

(% of day); C-HEI = Canadian – Healthy Eating Index; Sex, males=0, females=1; R2 = variance explained 

*significant associations (p ≤0.05) 
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Table 8. Associations between sex, baseline, dietary, PA and energy expenditure variables with change in BW 

Variable 
Simple Regression for ∆ BW 

(kg) 
Stepwise Multiple Regression for ∆ BW(kg) 

    Model 1 Model 2 Model 3 

 n B R2 Sig. n B R2 Sig. n B R2 Sig. n B R2 Sig. 

Baseline BW 137 -0.071 0.067 0.002 80 -0.083 0.079 0.012 80 -0.1 0.141 0.003 80 -0.067 0.197 0.054 

Sex 137 2.487 0.072 0.002             

Change in EI 100 -0.003 0.082 0.004             

Change in PA 109 -0.121 0.031 0.066             

C-HEI 135 -0.043 0.011 0.23             

MedScore 135 -0.09 0.006 0.377     80 -0.319 - 0.021 80 -0.395 - 0.005 

Total energy expenditure 137 -7.9x10-05 0.09 0.000         80 -8.1x10-5 - 0.024 

 

Variables offered for stepwise multiple regression: Baseline BW, Sex, Change in EI, Change in TPA, C-HEI, MedScore and Total energy 

expenditure. 

B= unstandardized beta; BW = body weight (kg); EI = energy intake; PA = total physical activity performed outside of exercise regimen (% of 

day); C-HEI = Canadian – Healthy Eating Index; Sex, males=0, females=1; R2 = variance explained 

*significant associations (p ≤0.05) 
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3.5 Discussion 

The primary and novel finding of this study is substantial interindividual variability in 

response to exercise independent of amount or intensity was observed for change in WC and BW 

after accounting for the random variability.  However, we were unable to demonstrate that any 

dietary or PA behaviours performed outside of the intervention were determinants of the 

variability observed in our sample.  The current findings underscore the presence of substantial 

heterogeneity in response to standardized exercise beyond that attributed to random variation, and 

support the need for further investigation into determinants that may help to explain the 

individual response to exercise for WC and BW. 

To our knowledge, this is the first study to quantify interindividual variability for change 

in WC and BW in response to standardized exercise after accounting for the random variability of 

the control group. Since the early observations of Bouchard and colleagues [10, 27], a growing 

body of evidence has supported the observation that substantial variability exists for numerous 

traits in response to a standard dose of exercise. [9, 11, 12, 15, 42].  However, without exception, 

prior studies have assumed the variability was a result of exercise alone.  A failure to consider the 

variability due to day-to-day biological fluctuations and measurement error (random variability) 

precludes the accurate quantification of interindividual variability for a given trait. To address 

this, our study applied the approach suggested by Atkinson and Batterham that distinguishes the 

random variability from the intervention variability by comparing standard deviations (SD) from 

both the control and intervention groups [23]. By adequately quantifying the magnitude of 

interindividual variability in response to exercise, our investigation overcomes the limitations of 

prior trials and extends the observations of years of research on individual variability due to 

exercise, confirming the notion that each individual responds uniquely to a standardized 

treatment.  
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While the SDR value proposed by Atkinson and Batterham represents a straightforward 

way to isolate the variability due to treatment from the random variability, this approach is not 

immune to limitations. The underlying assumption of the SDR equation is that the random 

variability present in the control group is similar to that of the intervention group, and thus the 

remaining variability in the intervention group is attributed to exercise.  However, the utility of 

this equation is questioned in instances wherein the variability in the exercise group is, in fact, 

homogenized due to treatment or where the control group is contaminated with other sources of 

variability, beyond that of random variability [143-145]. For instance, the finding that the HALI 

group had less variability for change in WC than the control group highlights the limitations of 

the SDR value as it is unlikely that variability in individual response for WC existed for only two 

of the three exercise groups.  Though this finding remains unexplained, that the HALI group 

experienced substantial variability in BW and not WC, indicates this observation may, perhaps, 

be due to chance. While we concede that the SDR approach is a useful tool to partition some of 

the random variability from the variability due to treatment, the accurate quantification of 

interindividual variability due to treatment remains somewhat elusive.  

With few exceptions, no determinants were identified for change in WC and BW in any 

group. However, for a few of the variables, we observed a large effect size despite the confidence 

intervals (CI) containing the null hypothesis (P>0.05) which suggests that our analysis may have 

been underpowered to detect such differences of differences.  

For example, the results for the HAHI group, indicate that a female lost on average ~2.5 

kg less than a male in that group relative to control, despite a p-value >0.05. Such a large 

difference in BW reduction is of clinical importance and should not be dismissed.  Furthermore, 

despite collapsing across groups in an attempt to increase sample size, the results remained 

unchanged. That we were unable to identify determinants of variability despite our relatively 

large sample size suggests that much larger samples are needed, which may not be practical. For 

instance, if we were to investigate whether the effect of treatment differed between sex in a 
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simple 2 x 2 factorial study, we calculate that it would take approximately 126 individuals per 

group to detect a moderate effect size of the treatment effect to achieve 80% power at a two-sided 

α=0.05 [146]. A total sample size (n=504) of that magnitude is not pragmatic nor feasible for 

most research groups.  Therefore, we emphasize the need to develop pragmatic solutions, whether 

in initial study design or statistical approach to elucidate potential determinants of interindividual 

variability in the future.  

Our study has several limitations.  While the SDR approach accounts for random 

variability, it does not separate the within-subject variability from the interindividual variability 

due to exercise, and consequently, the response due to exercise is not completely isolated from all 

other sources of variability.  Limitations associated with self-report diet records including self-

representation and reactivity bias, may have prevented us from accurately assessing the influence 

of individual differences in both diet quality and change in EI on WC and BW change.  It has 

been previously reported that self-report can underestimate EI and other macronutrients such as 

protein as much as 4-37% when compared to recovery biomarker studies [96-98].  Additionally, 

our sample is limited to sedentary, abdominally obese adult men and women who are primarily 

Caucasian.  Thus, our results may not apply to other populations differing in age and ethnicity.  

The principle strengths of this study include rigorously controlled exercise prescriptions 

with supervised exercise and frequent fitness tests.  In addition, PA performed outside of the 

intervention was measured objectively using accelerometers at multiple times throughout the trial.  

In summary, our study supports the existence of substantial interindividual variability in 

response to exercise for change in WC and BW after accounting for random variability, though 

we were unable to identify any lifestyle-based factors as determinants of the heterogeneity in 

response to exercise.  These findings underscore the need for the appropriate and pragmatic 

quantification of individual variability for other health-related traits and support the continued 

exploration of determinants that may explain the substantial variability in response to exercise. 
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Chapter 4. General Discussion 

4.1 Summary of Key Findings 

 

The primary finding of this study is that substantial interindividual variability in response 

to exercise independent of amount or intensity was observed for change in WC and BW after 

accounting for random variability. However, we were unable to identify any differences in dietary 

or PA behaviours as determinants of the variability observed.  To our knowledge, this is the first 

study to quantify interindividual variability for change in WC and BW in response to 

standardized exercise after accounting for the random variability of the control group.  

Furthermore, we are the first to assess the contribution of diet quality, as measured by index 

scores, on individual exercise response. 

Since the initial observations made in the early 1980’s, substantial interindividual 

variability in response to a standard dose of exercise has been reported for a myriad of traits. [9, 

11, 12, 15, 42].  However, prior studies have assumed exercise to be the sole source of the 

observed heterogeneity of response.  A failure to account for other sources of variability due to 

day-to-day biological fluctuations and measurement error (random variability) precludes the 

accurate quantification of interindividual variability for a given trait.  Correspondingly, to date, 

no prior study had adequately quantified the interindividual variability in response to exercise 

beyond that of the random variability.  In response, our study applied the statistical approach 

suggested by Atkinson and Batterham, that distinguishes the random variability from the 

intervention variability by comparing standard deviations (SD) from both the control and 

intervention groups [23].  Consequently, our investigation overcomes the limitations of prior 

studies and extends the literature on variability in exercise response. The current findings 

highlight the existence of substantial heterogeneity in response to standardized exercise beyond 
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that attributed to random variation, and support the need for further investigation into 

determinants that may help to explain the individual response to exercise for WC and BW. 

 

4.2 Key strengths and Limitations 

 

The principle strengths of our study include the rigorous control of exercise prescriptions.  

We ensured participants performed the prescribed exercise amount and intensity by supervising 

all exercise sessions and included multiple fitness tests throughout the duration of the trial.  In 

addition, our study included multiple objective measures of PA performed outside of the 

prescribed exercise regimen using accelerometers. Furthermore, daily dietary intake was assessed 

throughout the duration of the trial.   

Despite the large sample size of this study, the primary limitation of this investigation is 

that we were likely underpowered to detect the contribution of potential determinants of 

individual variability in response to exercise.   Our study was also limited by using self-report 

diet records for the derivation of EI and diet quality.  The limitations of self-report are well-

documented with reports suggesting an underestimation of EI and other macronutrients such as 

protein as much as 4-37% when compared to recovery biomarker studies. 

 

4.3 Directions for future research 

 

 Our findings highlight the need for further investigation into several areas of clinical 

interest including the need for the appropriate quantification of interindividual variability, the 

identification of determinants of individual response and the accurate assessment of dietary 

intake. 

 Though the results of this study provide novel insight into individual variability in 

response to exercise for WC and BW, further investigation is necessary to confirm our 
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observations.  Furthermore, the question remains whether ‘true’ variability exists for other traits.  

As the majority of research has focused on CRF, it would be of great interest to examine whether 

the observed variability in prior studies exists beyond that of random variability as well. 

Additionally, no prior study has teased out the magnitude for which within-subject 

differences contribute to variability in response.  The quantification of within-subject variability 

requires a repeated cross-over study design.  While this type of investigation may not be feasible 

to carry out on a large scale, small cross-over trials may provide valuable insight in regards to the 

contribution of within-subject variability and subsequently allow for further isolation of the ‘true’ 

variability in response to exercise. 

The fact that we were likely underpowered to detect potential determinants of individual 

variability in response to exercise calls for a reconsideration of the approach used to identify 

determinants of individual variability in response to exercise. While we await an RCT with a 

large enough sample size to detect determinants of individual response, the development of novel 

statistical approaches may be required to tease out the contributing factors for the time being. 

 The identification of lifestyle-based determinants not only requires the appropriate 

statistical approach and study design, but necessitates the accurate assessment of behaviours 

performed outside of the intervention.  As such, the need for objective measures of dietary intake 

remains a significant limitation for nutritional research. To date, only a few biomarkers have been 

identified for specific components of dietary intake and thus more research is needed to develop a 

comprehensive measurement of dietary intake. 

 

4.4 Contributions to the field 

 

Our study was the first to quantify interindividual variability in response to exercise for 

any trait after accounting for random variability.  Our observations provide initial support for the 

existence of substantial variability in exercise response for WC and BW and correspondingly 
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highlight the need for further investigation into whether ‘true’ variability due to exercise exists 

for other traits as well. 

A noteworthy issue that arose during our study was that we were unable to detect any 

lifestyle-based determinants of individual variability.  This observation suggests that the 

limitations in the current design and/or statistical approach need to be addressed in future studies. 

While the SDR approach suggested by Atkinson and Battherahm is a straightforward means to 

isolate the variability due to exercise from the random variability [23], our finding that one of our 

exercise groups had less variability than the control group suggests that this approach may be 

limited.  This observation alludes to notion that the various sources of variability may be of 

different magnitudes between groups which challenges the implicit assumptions of the SDR 

approach.  Thus, we encourage the exploration and development of methods to quantify the 

different sources of variability in an intervention. 

 To note, that we were unable to identify any lifestyle-based variable as a determinant of 

individual response does not discount the importance of such behaviours for good health.  In fact, 

the benefits of a healthful diet have been recently highlighted in large scale RCT and we may not 

have been powered to detect any contributions of diet to individual response for WC and BW. 

 

4.5 Summary and Conclusions 

 

In summary, our study supports the existence of substantial interindividual variability in 

response to exercise for change in WC and BW after accounting for random variability, though 

we were unable to identify any lifestyle-based factors as determinants of the heterogeneity in 

response to exercise.  These findings underscore the need for the appropriate and pragmatic 

quantification of individual variability for other health-related traits and support the continued 

exploration of determinants that may explain the substantial variability in response to exercise. 



 

 71 

References 

1. Slentz, C.A., et al., Effects of the amount of exercise on body weight, body composition, 

and measures of central obesity: STRRIDE—a randomized controlled study. Archives of 

internal medicine, 2004. 164(1): p. 31-39. 

2. Ross, R., et al., Exercise‐induced reduction in obesity and insulin resistance in women: a 

randomized controlled trial. Obesity research, 2004. 12(5): p. 789-798. 

3. Ross, R., et al., Reduction in obesity and related comorbid conditions after diet-induced 

weight loss or exercise-induced weight loss in men. A randomized, controlled trial. 

Annals of internal medicine, 2000. 133(2): p. 92-103. 

4. Ross, R., et al., Effects of Exercise Amount and Intensity on Abdominal Obesity and 

Glucose Tolerance in Obese AdultsA Randomized TrialEffects of Exercise on Obesity and 
Glucose Intolerance. Annals of internal medicine, 2015. 162(5): p. 325-334. 

5. Ross, R. and I. Janssen, Physical activity, total and regional obesity: dose-response 

considerations. Med Sci Sports Exerc, 2001. 33(6 Suppl): p. S521-7; discussion S528-9. 

6. Shalev-Goldman, E., T. O’Neill, and R. Ross, 25 Energy Cost of Exercise, Postexercise 

Metabolic Rates, and Obesity. Introduction to Systems Ecology, 2012: p. 281. 

7. Galani, C. and H. Schneider, Prevention and treatment of obesity with lifestyle 

interventions: review and meta-analysis. International Journal of Public Health, 2007. 

52(6): p. 348-359. 

8. Buford, T.W., M.D. Roberts, and T.S. Church, Toward exercise as personalized 

medicine. Sports Med, 2013. 43(3): p. 157-65. 

9. Bouchard, C. and T. Rankinen, Individual differences in response to regular physical 

activity. Medicine and science in sports and exercise, 2001. 33(6 Suppl): p. S446-51; 

discussion S452-3. 

10. Prud'homme, D., et al., Sensitivity of maximal aerobic power to training is genotype-

dependent. Med Sci Sports Exerc, 1984. 16(5): p. 489-93. 

11. de Lannoy, L., et al., Effects of intensity and amount of exercise on measures of insulin 

and glucose: Analysis of inter-individual variability. PLOS ONE, 2017. 12(5): p. 

e0177095. 

12. Sisson, S.B., et al., Volume of exercise and fitness non-response in sedentary, post-

menopausal women. Medicine and science in sports and exercise, 2009. 41(3): p. 539. 

13. Bonafiglia, J.T., et al., Inter-Individual Variability in the Adaptive Responses to 

Endurance and Sprint Interval Training: A Randomized Crossover Study. PLOS ONE, 

2016. 11(12): p. e0167790. 

14. King, N.A., et al., Individual variability following 12 weeks of supervised exercise: 

identification and characterization of compensation for exercise-induced weight loss. 
International Journal of Obesity, 2008. 32(1): p. 177-184. 

15. Church, T.S., et al., Changes in weight, waist circumference and compensatory responses 
with different doses of exercise among sedentary, overweight postmenopausal women. 

PloS one, 2009. 4(2): p. e4515. 

16. Donnelly, J.E., et al., Effects of a 16-month randomized controlled exercise trial on body 
weight and composition in young, overweight men and women: the Midwest Exercise 

Trial. Archives of internal medicine, 2003. 163(11): p. 1343-1350. 

17. Berentzen, T.L., et al., Changes in Waist Circumference and the Incidence of Diabetes in 

Middle-Aged Men and Women. PLOS ONE, 2011. 6(8): p. e23104. 

18. Guh, D.P., et al., The incidence of co-morbidities related to obesity and overweight: A 
systematic review and meta-analysis. BMC Public Health, 2009. 9(1): p. 88. 



 

 72 

19. Huxley, R., et al., Body mass index, waist circumference and waist: hip ratio as 

predictors of cardiovascular risk—a review of the literature. European journal of clinical 

nutrition, 2010. 64(1): p. 16-22. 

20. Hosseinpanah, F., et al., Effect of changes in waist circumference on metabolic syndrome 

over a 6.6-year follow-up in Tehran. European journal of clinical nutrition, 2010. 64(8): 

p. 879-886. 

21. Hopkins, W.G., Individual responses made easy. 2015, Am Physiological Soc. 

22. Hecksteden, A., et al., Individual response to exercise training-a statistical perspective. 
Journal of Applied Physiology, 2015. 118(12): p. 1450-1459. 

23. Atkinson, G. and A.M. Batterham, True and false interindividual differences in the 

physiological response to an intervention. Exp Physiol, 2015. 100(6): p. 577-88. 

24. Williamson, P.J., G. Atkinson, and A.M. Batterham, Inter-Individual Responses of 

Maximal Oxygen Uptake to Exercise Training: A Critical Review. Sports Medicine, 

2017: p. 1-13. 

25. USDA, A series of systematic reviews on the relationship between dietary patterns and 
health outcomes. 2014, Alexandria: United States Department of Agriculture. v + 501 pp. 

26. Bouchard, C., Individual differences in the response to regular exercise. International 

journal of obesity, 1995. 19: p. S5-S8. 

27. Bouchard, C. Human adaptability may have a genetic basis. in Health Risk Estimation, 

Risk Reduction and Health Promotion. Proceedings of the 18th Annual Meeting of the 
Society of Prospective Medicine. Ottawa: Canadian Public Health Association. 1983. 

28. King, N.A., et al., Metabolic and behavioral compensatory responses to exercise 

interventions: barriers to weight loss. Obesity, 2007. 15(6): p. 1373-1383. 

29. King, N.A., et al., Exercise, appetite and weight management: understanding the 

compensatory responses in eating behaviour and how they contribute to variability in 
exercise-induced weight loss. Br J Sports Med, 2012. 46(5): p. 315-22. 

30. Mann, T.N., R.P. Lamberts, and M.I. Lambert, High responders and low responders: 

factors associated with individual variation in response to standardized training. Sports 

Medicine, 2014. 44(8): p. 1113-1124. 

31. Scharhag-Rosenberger, F., et al., Differences in adaptations to 1 year of aerobic 
endurance training: individual patterns of nonresponse. Scandinavian Journal of 

Medicine & Science in Sports, 2012. 22(1): p. 113-118. 

32. Karavirta, L., et al., Individual responses to combined endurance and strength training in 
older adults. Medicine & Science in Sports & Exercise, 2011. 43(3): p. 484-490. 

33. Leifer, E.S., et al., Adverse cardiometabolic response to aerobic exercise training: 

Should this be a concern? Medicine and science in sports and exercise, 2016. 48(1): p. 

20-25. 

34. Ross, R., L. de Lannoy, and P.J. Stotz. Separate effects of intensity and amount of 
exercise on interindividual cardiorespiratory fitness response. in Mayo Clinic 

Proceedings. 2015. Elsevier. 

35. Stock, M.S., et al., Evidence of muscular adaptations within four weeks of barbell 

training in women. Human movement science, 2016. 45: p. 7-22. 

36. Price, G.M., et al., Weight, shape, and mortality risk in older persons: elevated waist-hip 
ratio, not high body mass index, is associated with a greater risk of death. The American 

journal of clinical nutrition, 2006. 84(2): p. 449-460. 

37. Walter, S., et al., Mortality and disability: the effect of overweight and obesity. 

International Journal of Obesity, 2009. 33(12): p. 1410-1418. 

38. Zhang, C., et al., Abdominal obesity and the risk of all-cause, cardiovascular, and cancer 

mortality: sixteen years of follow-up in US women. Circulation, 2008. 117(13): p. 1658-

67. 



 

 73 

39. Després, J.-P. and I. Lemieux, Abdominal obesity and metabolic syndrome. Nature, 2006. 

444(7121): p. 881-887. 

40. Cerhan, J.R., et al., A pooled analysis of waist circumference and mortality in 650,000 

adults. Mayo Clin Proc, 2014. 89(3): p. 335-45. 

41. Berentzen, T.L., et al., Changes in waist circumference and mortality in middle-aged men 
and women. PLoS One, 2010. 5(9): p. e13097. 

42. Pischon, T., et al., General and abdominal adiposity and risk of death in Europe. N Engl 

J Med, 2008. 359(20): p. 2105-20. 

43. Qiao, Q. and R. Nyamdorj, Is the association of type II diabetes with waist circumference 

or waist-to-hip ratio stronger than that with body mass index? Eur J Clin Nutr, 2010. 

64(1): p. 30-4. 

44. de Koning, L., et al., Waist circumference and waist-to-hip ratio as predictors of 

cardiovascular events: meta-regression analysis of prospective studies. Eur Heart J, 

2007. 28(7): p. 850-6. 

45. Berentzen, T.L., et al., Changes in waist circumference and mortality in middle-aged men 
and women. PLoS One, 2010. 5(9). 

46. Koh-Banerjee, P., et al., Changes in Body Weight and Body Fat Distribution as Risk 

Factors for Clinical Diabetes in US Men. American Journal of Epidemiology, 2004. 

159(12): p. 1150-1159. 

47. McGee, D.L. and D.P. Collaboration, Body mass index and mortality: a meta-analysis 
based on person-level data from twenty-six observational studies. Annals of 

epidemiology, 2005. 15(2): p. 87-97. 

48. Janssen, I. and A.E. Mark, Elevated body mass index and mortality risk in the elderly. 
Obesity reviews, 2007. 8(1): p. 41-59. 

49. Islam, M.S. and M.A. Hossain, Obesity and Cardiovascular Disase Risk Factors, 
Paradox and Impact of Weight Loss. KYAMC Journal, 2017. 5(1): p. 476-479. 

50. Romero-Corral, A., et al., Association of bodyweight with total mortality and with 

cardiovascular events in coronary artery disease: a systematic review of cohort studies. 
The Lancet, 2006. 368(9536): p. 666-678. 

51. Gruberg, L., et al., The impact of obesity on the short-term and long-term outcomes after 
percutaneous coronary intervention: the obesity paradox? J Am Coll Cardiol, 2002. 

39(4): p. 578-84. 

52. Flegal, K.M., et al., Association of All-Cause Mortality With Overweight and Obesity 
Using Standard Body Mass Index Categories: A Systematic Review and Meta-analysis. 

JAMA, 2013. 309(1): p. 71-82. 

53. Curtis, J.P., et al., The obesity paradox: body mass index and outcomes in patients with 

heart failure. Archives of internal medicine, 2005. 165(1): p. 55-61. 

54. Després, J.-P., Excess Visceral Adipose Tissue/Ectopic Fat. Journal of the American 

College of Cardiology, 2011. 57(19): p. 1887-1889. 

55. Goyal, A., K.R. Nimmakayala, and J. Zonszein, Is There a Paradox in Obesity? 

Cardiology in review, 2014. 22(4): p. 163-170. 

56. McAuley, P.A. and S.N. Blair, Obesity paradoxes. Journal of sports sciences, 2011. 

29(8): p. 773-782. 

57. Coutinho, T., et al., Central Obesity and Survival in Subjects With Coronary Artery 

Disease. Journal of the American College of Cardiology, 2011. 57(19): p. 1877-1886. 

58. McAuley, P.A., et al. Obesity paradox and cardiorespiratory fitness in 12,417 male 

veterans aged 40 to 70 years. in Mayo Clinic Proceedings. 2010. Elsevier. 

59. McAuley, P.A., et al., The joint effects of cardiorespiratory fitness and adiposity on 

mortality risk in men with hypertension. American journal of hypertension, 2009. 22(10): 

p. 1062-1069. 



 

 74 

60. Andres, R., D.C. Muller, and J.D. Sorkin, Long-term effects of change in body weight on 

all-cause mortality: A review. Annals of Internal Medicine, 1993. 119(7_Part_2): p. 737-

743. 

61. Lee, D.-c., et al., Long-Term Effects of Changes in Cardiorespiratory Fitness and Body 

Mass Index on All-Cause and Cardiovascular Disease Mortality in Men: The Aerobics 
Center Longitudinal Study. Circulation, 2011. 124(23): p. 2483-2490. 

62. Harrington, M., S. Gibson, and R.C. Cottrell, A review and meta-analysis of the effect of 

weight loss on all-cause mortality risk. Nutrition Research Reviews, 2009. 22(1): p. 93-

108. 

63. Williamson, D.F., et al., Intentional weight loss and mortality among overweight 

individuals with diabetes. Diabetes care, 2000. 23(10): p. 1499-1504. 

64. Wing, R.R., et al., Benefits of Modest Weight Loss in Improving Cardiovascular Risk 

Factors in Overweight and Obese Individuals With Type 2 Diabetes. Diabetes Care, 

2011. 34(7): p. 1481-1486. 

65. Church, T.S., et al., Effects of different doses of physical activity on cardiorespiratory 
fitness among sedentary, overweight or obese postmenopausal women with elevated 

blood pressure: a randomized controlled trial. Jama, 2007. 297(19): p. 2081-2091. 

66. Bouchard, C., et al., Long-term exercise training with constant energy intake. 1: Effect on 
body composition and selected metabolic variables. International journal of obesity, 

1990. 14(1): p. 57-73. 

67. Hall, K.D., et al., Energy balance and its components: implications for body weight 

regulation. The American journal of clinical nutrition, 2012. 95(4): p. 989-994. 

68. Kuk, J.L., et al., Waist circumference and abdominal adipose tissue distribution: 
influence of age and sex. The American journal of clinical nutrition, 2005. 81(6): p. 1330-

1334. 

69. Stevens, J., E.G. Katz, and R.R. Huxley, Associations between gender, age and waist 

circumference. European journal of clinical nutrition, 2010. 64(1): p. 6. 

70. Shephard, R.J., Regression to the mean. Sports medicine, 2003. 33(8): p. 575-584. 

71. Donges, C.E. and R. Duffield, Effects of resistance or aerobic exercise training on total 

and regional body composition in sedentary overweight middle-aged adults. Applied 

Physiology, Nutrition, and Metabolism, 2012. 37(3): p. 499-509. 

72. Despres, J.P., et al., Physical training and changes in regional adipose tissue 

distribution. Journal of Internal Medicine, 1987. 222(S723): p. 205-212. 

73. Irwin, M.L., et al., Effect of exercise on total and intra-abdominal body fat in 

postmenopausal women: a randomized controlled trial. Jama, 2003. 289(3): p. 323-330. 

74. Tooze, J.A., et al., Total daily energy expenditure among middle-aged men and women: 

the OPEN Study. The American journal of clinical nutrition, 2007. 86(2): p. 382-387. 

75. Caspersen, C.J., K.E. Powell, and G.M. Christenson, Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. Public health 

reports, 1985. 100(2): p. 126. 

76. Hunter, G.R., et al., Resistance training increases total energy expenditure and free-

living physical activity in older adults. J Appl Physiol (1985), 2000. 89(3): p. 977-84. 

77. Jakicic, J.M., R.R. Wing, and C. Winters-Hart, Relationship of physical activity to eating 
behaviors and weight loss in women. Med Sci Sports Exerc, 2002. 34(10): p. 1653-9. 

78. Stubbs, R.J., et al., Rate and extent of compensatory changes in energy intake and 
expenditure in response to altered exercise and diet composition in humans. American 

Journal of Physiology-Regulatory, Integrative and Comparative Physiology, 2004. 

286(2): p. R350-R358. 

79. Ainsworth, B., et al., The current state of physical activity assessment tools. Progress in 

cardiovascular diseases, 2015. 57(4): p. 387-395. 



 

 75 

80. Trost, S.G., K.L. McIver, and R.R. Pate, Conducting accelerometer-based activity 

assessments in field-based research. Medicine & Science in Sports & Exercise, 2005. 

37(11): p. S531-S543. 

81. Freedson, P.S., E. Melanson, and J. Sirard, Calibration of the Computer Science and 

Applications, Inc. accelerometer. Med Sci Sports Exerc, 1998. 30(5): p. 777-81. 

82. John, D. and P. Freedson, Actigraph and actical physical activity monitors: a peek under 

the hood. Medicine and science in sports and exercise, 2012. 44(1 Suppl 1): p. S86-S89. 

83. Butte, N.F., U. Ekelund, and K.R. Westerterp, Assessing physical activity using wearable 
monitors: measures of physical activity. Medicine & Science in Sports & Exercise, 2012. 

44(1S): p. S5-S12. 

84. Matthew, C.E., Calibration of accelerometer output for adults. Med Sci Sports Exerc, 

2005. 37(11 Suppl): p. S512-22. 

85. Blundell, J.E., et al., Cross talk between physical activity and appetite control: does 
physical activity stimulate appetite? Proceedings of the Nutrition Society, 2007. 62(3): p. 

651-661. 

86. King, N., et al., High dose exercise does not increase hunger or energy intake in free 

living males. European journal of clinical nutrition, 1997. 51(7): p. 478-483. 

87. King, N.A., A. Tremblay, and J.E. Blundell, Effects of exercise on appetite control: 
implications for energy balance. Medicine and science in sports and exercise, 1997. 

29(8): p. 1076-1089. 

88. Donnelly, J.E. and B.K. Smith, Is exercise effective for weight loss with ad libitum diet? 

Energy balance, compensation, and gender differences. Exercise and sport sciences 

reviews, 2005. 33(4): p. 169-174. 

89. Thompson, F.E., et al., The National Cancer Institute’s Dietary Assessment Primer: A 

resource for diet research. Journal of the Academy of Nutrition and Dietetics, 2015. 

115(12): p. 1986-1995. 

90. Subar, A.F., et al., Addressing current criticism regarding the value of self-report dietary 

data. The Journal of nutrition, 2015. 145(12): p. 2639-2645. 

91. Kipnis, V., et al., Structure of Dietary Measurement Error: Results of the OPEN 

Biomarker Study. American Journal of Epidemiology, 2003. 158(1): p. 14-21. 

92. Vuckovic, N., et al., A qualitative study of participants' experiences with dietary 

assessment. J Am Diet Assoc, 2000. 100(9): p. 1023-8. 

93. Maurer, J., et al., The psychosocial and behavioral characteristics related to energy 
misreporting. Nutr Rev, 2006. 64(2 Pt 1): p. 53-66. 

94. Gersovitz, M., J.P. Madden, and H. Smiciklas-Wright, Validity of the 24-hr. dietary 

recall and seven-day record for group comparisons. J Am Diet Assoc, 1978. 73(1): p. 48-

55. 

95. Briefel, R.R., et al., Dietary methods research in the third National Health and Nutrition 
Examination Survey: underreporting of energy intake. Am J Clin Nutr, 1997. 65(4 

Suppl): p. 1203s-1209s. 

96. Trabulsi, J. and D.A. Schoeller, Evaluation of dietary assessment instruments against 

doubly labeled water, a biomarker of habitual energy intake. Am J Physiol Endocrinol 

Metab, 2001. 281(5): p. E891-9. 

97. Poslusna, K., et al., Misreporting of energy and micronutrient intake estimated by food 

records and 24 hour recalls, control and adjustment methods in practice. Br J Nutr, 

2009. 101 Suppl 2: p. S73-85. 

98. Prentice, R.L., et al., Evaluation and Comparison of Food Records, Recalls, and 
Frequencies for Energy and Protein Assessment by Using Recovery Biomarkers. Am J 

Epidemiol, 2011. 174(5): p. 591-603. 



 

 76 

99. Burke, L.E., J. Wang, and M.A. Sevick, Self-Monitoring in Weight Loss: A Systematic 

Review of the Literature. Journal of the American Dietetic Association, 2011. 111(1): p. 

92-102. 

100. Lumley, J., et al., Periconceptional supplementation with folate and/or multivitamins for 

preventing neural tube defects. Cochrane Database Syst Rev, 2001. 3. 

101. Moshfegh, A.J., et al., The US Department of Agriculture Automated Multiple-Pass 

Method reduces bias in the collection of energy intakes. The American journal of clinical 

nutrition, 2008. 88(2): p. 324-332. 

102. Jacques, S., et al., Development of a Web-Based 24-h Dietary Recall for a French-

Canadian Population. Nutrients, 2016. 8(11). 

103. Lafrenière, J., et al., Validation of a newly automated web-based 24-hour dietary recall 

using fully controlled feeding studies. BMC Nutrition, 2017. 3(1): p. 34. 

104. Canada, H. Canadian Nutrient File (cnf).  24 March 2015]; Available from: 

http://webprod3.hc-sc.gc.ca/cnf-fce/language-

langage.do?url=t.search.recherche&lang=eng. 

105. Agriculture, U.S.D.o. National Nutrient Database for Standard Reference.  23 March 

2015]; Available from: http://ndb.nal.usda.gov/ndb/search. 

106. Messina, M., et al., Reductionism and the narrowing nutrition perspective: time for 

reevaluation and emphasis on food synergy. Journal of the Academy of Nutrition and 

Dietetics, 2001. 101(12): p. 1416. 

107. Council, N.R., Diet and health: implications for reducing chronic disease risk. 1989: 

National Academies Press. 

108. Hu, F.B., Dietary pattern analysis: a new direction in nutritional epidemiology. Curr 

Opin Lipidol, 2002. 13(1): p. 3-9. 

109. Wirt, A. and C.E. Collins, Diet quality–what is it and does it matter? Public health 

nutrition, 2009. 12(12): p. 2473-2492. 

110. Waijers, P.M., E.J. Feskens, and M.C. Ocké, A critical review of predefined diet quality 
scores. British Journal of Nutrition, 2007. 97(2): p. 219-231. 

111. Elmadfa, I. and A.L. Meyer, Diet Quality, a Term Subject to Change over Time. 

International Journal for Vitamin and Nutrition Research, 2012. 82(3): p. 144-147. 

112. Alkerwi, A.a., Diet quality concept. Nutrition, 2014. 30(6): p. 613-618. 

113. Jacobs, D.R., et al., Association of 1-y changes in diet pattern with cardiovascular 
disease risk factors and adipokines: results from the 1-y randomized Oslo Diet and 

Exercise Study. The American journal of clinical nutrition, 2009. 89(2): p. 509-517. 

114. Kesse-Guyot, E., et al., Association between the French nutritional guideline-based score 

and 6-year anthropometric changes in a French middle-aged adult cohort. American 

journal of epidemiology, 2009. 170(6): p. 757-765. 

115. Rumawas, M.E., et al., Mediterranean-style dietary pattern, reduced risk of metabolic 

syndrome traits, and incidence in the Framingham Offspring Cohort. The American 

journal of clinical nutrition, 2009. 90(6): p. 1608-1614. 

116. Tortosa, A., et al., Mediterranean diet inversely associated with the incidence of 

metabolic syndrome. Diabetes care, 2007. 30(11): p. 2957-2959. 

117. Willett, W., Nutritional epidemiology. 2012: Oxford University Press. 

118. Nazare, J.-A., et al., Changes in both global diet quality and physical activity level 
synergistically reduce visceral adiposity in men with features of metabolic syndrome. The 

Journal of nutrition, 2013. 143(7): p. 1074-1083. 

119. Du, H., et al., Dietary Energy Density in Relation to Subsequent Changes of Weight and 

Waist Circumference in European Men and Women. PLOS ONE, 2009. 4(4): p. e5339. 

120. Prentice, A. and S. Poppitt, Importance of energy density and macronutrients in the 
regulation of energy intake. International Journal of Obesity, 1996. 20: p. S18-S23. 

http://webprod3.hc-sc.gc.ca/cnf-fce/language-langage.do?url=t.search.recherche&lang=eng
http://webprod3.hc-sc.gc.ca/cnf-fce/language-langage.do?url=t.search.recherche&lang=eng
http://ndb.nal.usda.gov/ndb/search


 

 77 

121. Newby, P.K., et al., Dietary patterns and changes in body mass index and waist 

circumference in adults. Am J Clin Nutr, 2003. 77(6): p. 1417-25. 

122. Jacobs, D.R. and L.M. Steffen, Nutrients, foods, and dietary patterns as exposures in 

research: a framework for food synergy. The American journal of clinical nutrition, 

2003. 78(3): p. 508S-513S. 

123. Covasa, M. and R.C. Ritter, Adaptation to high-fat diet reduces inhibition of gastric 

emptying by CCK and intestinal oleate. American Journal of Physiology-Regulatory, 

Integrative and Comparative Physiology, 2000. 278(1): p. R166-R170. 

124. Stubbs, R. and S. Whybrow, Energy density, diet composition and palatability: influences 

on overall food energy intake in humans. Physiology & behavior, 2004. 81(5): p. 755-

764. 

125. Kimm, S.Y., The role of dietary fiber in the development and treatment of childhood 

obesity. Pediatrics, 1995. 96(5): p. 1010-1014. 

126. Ludwig, D.S., The glycemic index: physiological mechanisms relating to obesity, 

diabetes, and cardiovascular disease. Jama, 2002. 287(18): p. 2414-2423. 

127. Jenkins, D.J., et al., Glycemic index: overview of implications in health and disease. The 

American journal of clinical nutrition, 2002. 76(1): p. 266S-273S. 

128. Waijers, P.M., E.J. Feskens, and M.C. Ocké, A critical review of predefined diet quality 
scores. British Journal of Nutrition, 2007. 97(02): p. 219-231. 

129. Kant, A.K., Indexes of overall diet quality: a review. Journal of the American Dietetic 

Association, 1996. 96(8): p. 785-791. 

130. Kennedy, E.T., et al., The Healthy Eating Index: Design and Applications. Journal of the 

American Dietetic Association, 1995. 95(10): p. 1103-1108. 

131. Guenther, P.M., et al., Development and evaluation of the healthy eating index-2005. 

2007, United States. Department of Agriculture. Center for Nutrition Policy and 

Promotion. 

132. Guenther, P.M., et al., Update of the healthy eating index: HEI-2010. Journal of the 

Academy of Nutrition and Dietetics, 2013. 113(4): p. 569-580. 

133. Trichopoulou, A., et al., Diet and overall survival in elderly people. Bmj, 1995. 

311(7018): p. 1457-1460. 

134. Garriguet, D., Diet quality in Canada. Health Reports, 2009. 20(3): p. 41. 

135. Estruch, R., et al., Primary prevention of cardiovascular disease with a Mediterranean 

diet. New England Journal of Medicine, 2013. 368(14): p. 1279-1290. 

136. Katamay, S.W., et al., Eating well with Canada's Food Guide (2007): development of the 

food intake pattern. Nutr Rev, 2007. 65(4): p. 155-66. 

137. Willett, W.C., et al., Mediterranean diet pyramid: a cultural model for healthy eating. 

The American journal of clinical nutrition, 1995. 61(6): p. 1402S-1406S. 

138. Goulet, J., G. Nadeau, and S. Lemieux, Effect of a nutritional intervention promoting the 
Mediterranean food pattern on plasma lipids, lipoproteins and body weight in healthy 

French-Canadian women. Atherosclerosis, 2003. 170(1): p. 115-124. 

139. Kourlaba, G. and D.B. Panagiotakos, Dietary quality indices and human health: a review. 

Maturitas, 2009. 62(1): p. 1-8. 

140. Ross, R., et al., Dose–response effects of exercise on abdominal obesity and risk factors 
for cardiovascular disease in adults: Study rationale, design and methods. Contemporary 

clinical trials, 2013. 34(1): p. 155-160. 

141. Davidson, L.E., et al., Effects of exercise modality on insulin resistance and functional 

limitation in older adults: a randomized controlled trial. Archives of Internal Medicine, 

2009. 169(2): p. 122-131. 



 

 78 

142. Canada, H. Eating Well with Canada’s Food Guide.  26 March 2015]; Available from: 

http://www.hc-sc.gc.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/food-guide-

aliment/view_eatwell_vue_bienmang-eng.pdf. 
143. Waters, L., et al., Control group improvements in physical activity intervention trials and 

possible explanatory factors: a systematic review. Journal of Physical Activity and 

Health, 2012. 9(6): p. 884-895. 

144. Waters, L., et al., Weight change in control group participants in behavioural weight loss 

interventions: a systematic review and meta-regression study. BMC Medical Research 

Methodology, 2012. 12(1): p. 120. 

145. Becker, H., G. Roberts, and W. Voelmeck, Explanations for improvement in both 

experimental and control groups. West J Nurs Res, 2003. 25. 

146. Lachenbruch, P.A., A note on sample size computation for testing interactions. Statistics 

in Medicine, 1988. 7(4): p. 467-469. 

 

 

 

 

 

 

 

 

 

http://www.hc-sc.gc.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/food-guide-aliment/view_eatwell_vue_bienmang-eng.pdf
http://www.hc-sc.gc.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/food-guide-aliment/view_eatwell_vue_bienmang-eng.pdf


 

 79 

Appendix A: Permissions 

Chapter 2, Figure 1 

 



 

 80 

 

 

 

 

9/8/2017 RightsLink - Your Account

https://s100.copyright.com/MyAccount/web/jsp/viewprintablelicensefrommyorders.jsp?ref=d9b1b3eb-b261-4f02-a7ec-b19066d74139&email= 2/3

Kingston, ON K7L 3N6
 Canada

 Attn: Queen's University

Billing Type Invoice

Billing Address Queen's University
 28 Division St.

 

Kingston, ON K7L 3N6
 Canada

 Attn: Queen's University

Total 0.00 CAD

Terms and Conditions

STANDARD TERMS AND CONDITIONS FOR REPRODUCTION OF MATERIAL

Background

The Publisher for this copyrighted Licensed Material is American College of Physicians, Inc. ("ACP"). 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 Copyright Clearance Center, Inc. ("CCC"), at the time that

you opened your CCC account and that are available at any time at http://myaccount.copyright.com).

Grant of License

ACP hereby grants to you a nonexclusive License to use this Licensed Material subject to the terms and conditions indicated within

the Rightslink transaction. Licenses are for onetime use only, with a maximum distribution equal to the number that you identified in

the licensing process.
 

If you seek a License to use a figure, photograph, table, or illustration from the Annals of Internal Medicine, it is your responsibility to

examine each item as published to determine whether a credit to, or copyright notice of, a thirdparty owner was published adjacent

to the item. Permission to use any Licensed Material published in the Annals of Internal Medicine which is reprinted with permission

of a third party must be obtained from the thirdparty owner. The ACP disclaims any responsibility for any use you make of items

owned by third parties without their permission.
 

Within the scope of the License granted, the Licensed Material may be translated from the original English into another language,

where specifically covered in the grant of License. If translation rights are granted, the content must be reproduced word for word with

the integrity and original meaning of the content preserved.
 

ACP reserves all rights not specifically granted in (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.

Alterations and Modifications to Licensed Material

You may not alter or modify the Licensed Material in any manner, except for the following: The Licensed Material may be superficially

modified within the scope of the License granted (color, layout, etc.) to suit the style/format of the proposed republication provided

that specific content or data are not altered, omitted, or selectively presented; modification must not alter the meaning of the Licensed

Material or in any way reflect negatively on the ACP, the journal, or author(s).

Restrictions

ACP does not allow its content to be posted on websites other than annals.org. ACP encourages linking to content in Annals of

Internal Medicine, as long as these guidelines are followed: the link does not suggest that ACP promotes or endorses any causes,

ideas, web sites, products, or services; the link is not used for commercial purposes; the link(s) is not the primary component of

another organization's site; and the link is in no way unlawful or harmful to any other person or entity. To link to content that is not

freely available, please contact permissions@acponline.org.
 

This permission for the Licensed Material does not apply to and is not valid for photographs depicting identifiable individuals.
 

ACP's copyrighted content may not be used in any manner that implies endorsement, sponsorship, or promotion of any entity,

product, or service by ACP or its publications. ACP cannot and does not authorize the use of any author's name on promotional

materials; such approval must be obtained directly from the author.

Acknowledgement

You must include the following citation, copyright, and permission notice in connection with any reproduction of the Licensed Material:

"From Annals of Internal Medicine, Author(s), Article Title, Volume No., Issue No., Pages. Copyright © [notice year] American College

of Physicians. All Rights Reserved. Reprinted with the permission of American College of Physicians, Inc."

Term and Termination

Any form of granted republication must be completed within one (1) year from the date hereof (although copies prepared before then

may be distributed thereafter), and any electronic posting is limited to a period of one (1) year. This permission shall automatically



 

 81 

 

 

 

 

9/8/2017 RightsLink - Your Account

https://s100.copyright.com/MyAccount/web/jsp/viewprintablelicensefrommyorders.jsp?ref=d9b1b3eb-b261-4f02-a7ec-b19066d74139&email= 3/3

terminate if you fail to comply with the terms of this License.

Payment Terms

While you may exercise the rights licensed immediately upon issuance of the License at the end of the licensing process for the

transaction, provided that you have disclosed complete and accurate details of your proposed use, no License is finally effective

unless and until full payment is received from you (either by ACP or by CCC) as provided in CCC's Billing and Payment terms and

conditions. If full payment is not received on a timely basis, then any License preliminarily granted shall be deemed automatically

revoked and shall be void as if never granted. Further, in the event that you breach any of these terms and conditions or any of

CCC's Billing and Payment terms and conditions, the License is automatically revoked and shall be void as if never granted. Use of

Licensed Materials as described in a revoked License, as well as any use of the Licensed Materials beyond the scope of an

unrevoked License, may constitute copyright infringement and ACP reserves the right to take any and all action to protect its

copyright in the Licensed Materials.

General Terms

Warranties

The Licensed Material is provided on an "as is" basis. ACP makes no representations or warranties with respect to, and disclaims all

warranties, express or implied, relating to the Licensed Material, including without limitation, implied warranties of merchantability or

fitness for a particular purpose...

Indemnifications

You hereby indemnify and agree to hold harmless ACP and CCC, and their respective officers, directors, employees and agents,

from and against any and all claims, liability, damages, costs, and expenses, including reasonable attorney's fees, arising out of your

use of the Licensed Material other than as specifically authorized pursuant to this License, including claims for defamation or

infringement of or damage to rights of copyright, publicity, privacy, or other tangible or intangible property.

Assignment

This License is only granted to you and your company (if noted in the License) and may not be sublicensed, assigned, or transferred

by you to any other person without ACP's written permission.

Notices

This License may not be amended except in writing and signed by both parties (or, in the case of ACP, by CCC on ACP's behalf).

Objection to Contrary Terms

ACP hereby objects to any terms contained in any purchase order, acknowledgment, check endorsement or other writing prepared by

you, which terms are inconsistent with these terms and conditions or CCC's Billing and Payment terms and conditions. These terms

and conditions, together with CCC's Billing and Payment terms and conditions (which are incorporated herein), comprise the entire

agreement between you and ACP (and CCC) concerning this licensing transaction. 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.

Jurisdiction and Governing Laws

This license transaction shall be governed by and construed in accordance with the internal laws of the Commonwealth of

Pennsylvania, without regard to choice of law principals. Any disputes concerning this License shall be subject to the exclusive

jurisdiction of the federal and state courts in the Commonwealth of Pennsylvania and both parties hereto consent to the subject

matter and personal jurisdiction of such courts over any such dispute. In the case of any dispute concerning this Agreement, the

prevailing parties shall be entitled to its reasonable attorney's fees incurred in enforcing its rights hereunder.

Other Terms and Conditions:

v1.0

Questions? customercare@copyright.com or +18552393415 (toll free in the US) or +19786462777.



 

 82 

Chapter 2, Figure 2 

 



 

 83 

 

 

9/9/2017 Creative Commons — Attribution 4.0 International — CC BY 4.0

https://creativecommons.org/licenses/by/4.0/legalcode 1/5

Creative Commons Legal Code

Attribution 4.0 International

Official translations of this license are available in other languages.

Creative Commons Corporation (“Creative Commons”) is not a law firm and does not provide legal

services or legal advice. Distribution of Creative Commons public licenses does not create a lawyer

client or other relationship. Creative Commons makes its licenses and related information available on

an “asis” basis. Creative Commons gives no warranties regarding its licenses, any material licensed

under their terms and conditions, or any related information. Creative Commons disclaims all liability

for damages resulting from their use to the fullest extent possible.

Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and conditions that creators and

other rights holders may use to share original works of authorship and other material subject to

copyright and certain other rights specified in the public license below. The following considerations are

for informational purposes only, are not exhaustive, and do not form part of our licenses.

Considerations for licensors: Our public licenses are intended for use by those authorized to give

the public permission to use material in ways otherwise restricted by copyright and certain other

rights. Our licenses are irrevocable. Licensors should read and understand the terms and

conditions of the license they choose before applying it. Licensors should also secure all rights

necessary before applying our licenses so that the public can reuse the material as expected.

Licensors should clearly mark any material not subject to the license. This includes other CC

licensed material, or material used under an exception or limitation to copyright. More

considerations for licensors.

Considerations for the public: By using one of our public licenses, a licensor grants the public

permission to use the licensed material under specified terms and conditions. If the licensor’s

permission is not necessary for any reason–for example, because of any applicable exception or

limitation to copyright–then that use is not regulated by the license. Our licenses grant only

permissions under copyright and certain other rights that a licensor has authority to grant. Use of

the licensed material may still be restricted for other reasons, including because others have

copyright or other rights in the material. A licensor may make special requests, such as asking that

all changes be marked or described. Although not required by our licenses, you are encouraged to

respect those requests where reasonable. More considerations for the public.

Creative Commons Attribution 4.0 International Public License

By exercising the Licensed Rights (defined below), You accept and agree to be bound by the terms and

conditions of this Creative Commons Attribution 4.0 International Public License ("Public License"). To the

extent this Public License may be interpreted as a contract, You are granted the Licensed Rights in

consideration of Your acceptance of these terms and conditions, and the Licensor grants You such rights

in consideration of benefits the Licensor receives from making the Licensed Material available under

these terms and conditions.
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Section 1 – Definitions.

a. Adapted Material means material subject to Copyright and Similar Rights that is derived from or

based upon the Licensed Material and in which the Licensed Material is translated, altered,

arranged, transformed, or otherwise modified in a manner requiring permission under the

Copyright and Similar Rights held by the Licensor. For purposes of this Public License, where the

Licensed Material is a musical work, performance, or sound recording, Adapted Material is always

produced where the Licensed Material is synched in timed relation with a moving image.

b. Adapter's License means the license You apply to Your Copyright and Similar Rights in Your

contributions to Adapted Material in accordance with the terms and conditions of this Public

License.

c. Copyright and Similar Rights means copyright and/or similar rights closely related to copyright

including, without limitation, performance, broadcast, sound recording, and Sui Generis Database

Rights, without regard to how the rights are labeled or categorized. For purposes of this Public

License, the rights specified in Section 2(b)(1)(2) are not Copyright and Similar Rights.

d. Effective Technological Measures means those measures that, in the absence of proper

authority, may not be circumvented under laws fulfilling obligations under Article 11 of the WIPO

Copyright Treaty adopted on December 20, 1996, and/or similar international agreements.

e. Exceptions and Limitations means fair use, fair dealing, and/or any other exception or limitation

to Copyright and Similar Rights that applies to Your use of the Licensed Material.

f. Licensed Material means the artistic or literary work, database, or other material to which the

Licensor applied this Public License.

g. Licensed Rights means the rights granted to You subject to the terms and conditions of this

Public License, which are limited to all Copyright and Similar Rights that apply to Your use of the

Licensed Material and that the Licensor has authority to license.

h. Licensor means the individual(s) or entity(ies) granting rights under this Public License.

i. Share means to provide material to the public by any means or process that requires permission

under the Licensed Rights, such as reproduction, public display, public performance, distribution,

dissemination, communication, or importation, and to make material available to the public

including in ways that members of the public may access the material from a place and at a time

individually chosen by them.

j. Sui Generis Database Rights means rights other than copyright resulting from Directive 96/9/EC

of the European Parliament and of the Council of 11 March 1996 on the legal protection of

databases, as amended and/or succeeded, as well as other essentially equivalent rights anywhere

in the world.

k. You means the individual or entity exercising the Licensed Rights under this Public License. Your

has a corresponding meaning.

Section 2 – Scope.

a. License grant.

1. Subject to the terms and conditions of this Public License, the Licensor hereby grants You a

worldwide, royaltyfree, nonsublicensable, nonexclusive, irrevocable license to exercise

the Licensed Rights in the Licensed Material to:

A. reproduce and Share the Licensed Material, in whole or in part; and

B. produce, reproduce, and Share Adapted Material.

2. Exceptions and Limitations. For the avoidance of doubt, where Exceptions and Limitations

apply to Your use, this Public License does not apply, and You do not need to comply with

its terms and conditions.

3. Term. The term of this Public License is specified in Section 6(a).

4. Media and formats; technical modifications allowed. The Licensor authorizes You to

exercise the Licensed Rights in all media and formats whether now known or hereafter

created, and to make technical modifications necessary to do so. The Licensor waives

and/or agrees not to assert any right or authority to forbid You from making technical

modifications necessary to exercise the Licensed Rights, including technical modifications

necessary to circumvent Effective Technological Measures. For purposes of this Public

License, simply making modifications authorized by this Section 2(a)(4) never produces

Adapted Material.

5. Downstream recipients.

A. Offer from the Licensor – Licensed Material. Every recipient of the Licensed Material

automatically receives an offer from the Licensor to exercise the Licensed Rights
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under the terms and conditions of this Public License.

B. No downstream restrictions. You may not offer or impose any additional or different

terms or conditions on, or apply any Effective Technological Measures to, the

Licensed Material if doing so restricts exercise of the Licensed Rights by any

recipient of the Licensed Material.

6. No endorsement. Nothing in this Public License constitutes or may be construed as

permission to assert or imply that You are, or that Your use of the Licensed Material is,

connected with, or sponsored, endorsed, or granted official status by, the Licensor or others

designated to receive attribution as provided in Section 3(a)(1)(A)(i).

b. Other rights.

1. Moral rights, such as the right of integrity, are not licensed under this Public License, nor are

publicity, privacy, and/or other similar personality rights; however, to the extent possible, the

Licensor waives and/or agrees not to assert any such rights held by the Licensor to the

limited extent necessary to allow You to exercise the Licensed Rights, but not otherwise.

2. Patent and trademark rights are not licensed under this Public License.

3. To the extent possible, the Licensor waives any right to collect royalties from You for the

exercise of the Licensed Rights, whether directly or through a collecting society under any

voluntary or waivable statutory or compulsory licensing scheme. In all other cases the

Licensor expressly reserves any right to collect such royalties.

Section 3 – License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the following conditions.

a. Attribution.

1. If You Share the Licensed Material (including in modified form), You must:

A. retain the following if it is supplied by the Licensor with the Licensed Material:

i.  identification of the creator(s) of the Licensed Material and any others

designated to receive attribution, in any reasonable manner requested by the

Licensor (including by pseudonym if designated);

ii. a copyright notice;

iii. a notice that refers to this Public License;

iv. a notice that refers to the disclaimer of warranties;

v. a URI or hyperlink to the Licensed Material to the extent reasonably

practicable;

B.  indicate if You modified the Licensed Material and retain an indication of any previous

modifications; and

C.  indicate the Licensed Material is licensed under this Public License, and include the

text of, or the URI or hyperlink to, this Public License.

2. You may satisfy the conditions in Section 3(a)(1) in any reasonable manner based on the

medium, means, and context in which You Share the Licensed Material. For example, it may

be reasonable to satisfy the conditions by providing a URI or hyperlink to a resource that

includes the required information.

3. If requested by the Licensor, You must remove any of the information required by Section

3(a)(1)(A) to the extent reasonably practicable.

4. If You Share Adapted Material You produce, the Adapter's License You apply must not

prevent recipients of the Adapted Material from complying with this Public License.

Section 4 – Sui Generis Database Rights.

Where the Licensed Rights include Sui Generis Database Rights that apply to Your use of the Licensed

Material:

a. for the avoidance of doubt, Section 2(a)(1) grants You the right to extract, reuse, reproduce, and

Share all or a substantial portion of the contents of the database;

b. if You include all or a substantial portion of the database contents in a database in which You have

Sui Generis Database Rights, then the database in which You have Sui Generis Database Rights

(but not its individual contents) is Adapted Material; and
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c. You must comply with the conditions in Section 3(a) if You Share all or a substantial portion of the

contents of the database.

For the avoidance of doubt, this Section 4 supplements and does not replace Your obligations under this

Public License where the Licensed Rights include other Copyright and Similar Rights.

Section 5 – Disclaimer of Warranties and Limitation of Liability.

a. Unless otherwise separately undertaken by the Licensor, to the extent possible, the

Licensor offers the Licensed Material asis and asavailable, and makes no representations

or warranties of any kind concerning the Licensed Material, whether express, implied,

statutory, or other. This includes, without limitation, warranties of title, merchantability,

fitness for a particular purpose, noninfringement, absence of latent or other defects,

accuracy, or the presence or absence of errors, whether or not known or discoverable.

Where disclaimers of warranties are not allowed in full or in part, this disclaimer may not

apply to You.

b. To the extent possible, in no event will the Licensor be liable to You on any legal theory

(including, without limitation, negligence) or otherwise for any direct, special, indirect,

incidental, consequential, punitive, exemplary, or other losses, costs, expenses, or

damages arising out of this Public License or use of the Licensed Material, even if the

Licensor has been advised of the possibility of such losses, costs, expenses, or damages.

Where a limitation of liability is not allowed in full or in part, this limitation may not apply to

You.

c. The disclaimer of warranties and limitation of liability provided above shall be interpreted in a

manner that, to the extent possible, most closely approximates an absolute disclaimer and waiver

of all liability.

Section 6 – Term and Termination.

a. This Public License applies for the term of the Copyright and Similar Rights licensed here.

However, if You fail to comply with this Public License, then Your rights under this Public License

terminate automatically.

b. Where Your right to use the Licensed Material has terminated under Section 6(a), it reinstates:

1. automatically as of the date the violation is cured, provided it is cured within 30 days of Your

discovery of the violation; or

2. upon express reinstatement by the Licensor.

For the avoidance of doubt, this Section 6(b) does not affect any right the Licensor may have to

seek remedies for Your violations of this Public License.

c. For the avoidance of doubt, the Licensor may also offer the Licensed Material under separate

terms or conditions or stop distributing the Licensed Material at any time; however, doing so will not

terminate this Public License.

d. Sections 1, 5, 6, 7, and 8 survive termination of this Public License.

Section 7 – Other Terms and Conditions.

a. The Licensor shall not be bound by any additional or different terms or conditions communicated

by You unless expressly agreed.

b. Any arrangements, understandings, or agreements regarding the Licensed Material not stated

herein are separate from and independent of the terms and conditions of this Public License.

Section 8 – Interpretation.

a. For the avoidance of doubt, this Public License does not, and shall not be interpreted to, reduce,

limit, restrict, or impose conditions on any use of the Licensed Material that could lawfully be made

without permission under this Public License.

b. To the extent possible, if any provision of this Public License is deemed unenforceable, it shall be

automatically reformed to the minimum extent necessary to make it enforceable. If the provision

cannot be reformed, it shall be severed from this Public License without affecting the enforceability

of the remaining terms and conditions.
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c. No term or condition of this Public License will be waived and no failure to comply consented to

unless expressly agreed to by the Licensor.

d. Nothing in this Public License constitutes or may be interpreted as a limitation upon, or waiver of,

any privileges and immunities that apply to the Licensor or You, including from the legal processes

of any jurisdiction or authority.

Creative Commons is not a party to its public licenses. Notwithstanding, Creative Commons may elect

to apply one of its public licenses to material it publishes and in those instances will be considered the

“Licensor.” The text of the Creative Commons public licenses is dedicated to the public domain under

the CC0 Public Domain Dedication. Except for the limited purpose of indicating that material is shared

under a Creative Commons public license or as otherwise permitted by the Creative Commons policies

published at creativecommons.org/policies, Creative Commons does not authorize the use of the

trademark “Creative Commons” or any other trademark or logo of Creative Commons without its prior

written consent including, without limitation, in connection with any unauthorized modifications to any of

its public licenses or any other arrangements, understandings, or agreements concerning use of

licensed material. For the avoidance of doubt, this paragraph does not form part of the public licenses. 

 

Creative Commons may be contacted at creativecommons.org.

Additional languages available: Bahasa Indonesia, Deutsch, français, hrvatski, italiano, Nederlands,

norsk, polski, suomeksi, svenska, te reo Māori, Türkçe, українська, العربية,  . Please read the

FAQ for more information about official translations.
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3. Acknowledgement: If any part of the material to be used (for example, figures) has appeared in our publication with credit or

acknowledgement to another source, permission must also be sought from that source.  If such permission is not obtained then that

material may not be included in your publication/copies. Suitable acknowledgement to the source must be made, either as a footnote

or in a reference list at the end of your publication, as follows:

"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of chapter, Pages No., Copyright (Year), with

permission from Elsevier [OR APPLICABLE SOCIETY COPYRIGHT OWNER]." Also Lancet special credit  "Reprinted from The

Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with permission from Elsevier."

4. Reproduction of this material is confined to the purpose and/or media for which permission is hereby given.

5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be altered/adapted minimally to serve your work.

Any other abbreviations, additions, deletions and/or any other alterations shall be made only with prior written authorization of

Elsevier Ltd. (Please contact Elsevier at permissions@elsevier.com). No modifications can be made to any Lancet figures/tables and

they must be reproduced in full.

6. If the permission fee for the requested use of our material is waived in this instance, please be advised that your future requests for

Elsevier materials may attract a fee.

7. Reservation of Rights: Publisher 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.

8. License Contingent Upon Payment: While you may exercise the rights licensed immediately upon issuance of the license at the

end of the licensing process for the transaction, provided that you have disclosed complete and accurate details of your proposed

use, no license is finally effective unless and until full payment is received from you (either by publisher or by CCC) as provided in

CCC's Billing and Payment terms and conditions.  If full payment is not received on a timely basis, then any license preliminarily

granted shall be deemed automatically revoked and shall be void as if never granted.  Further, in the event that you breach any of

these terms and conditions or any of CCC's Billing and Payment terms and conditions, the license is automatically revoked and shall

be void as if never granted.  Use of materials as described in a revoked license, as well as any use of the materials beyond the scope

of an unrevoked license, may constitute copyright infringement and publisher reserves the right to take any and all action to protect

its copyright in the materials.

9. Warranties: Publisher makes no representations or warranties with respect to the licensed material.

10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and their respective officers, directors,

employees and agents, from and against any and all claims arising out of your use of the licensed material other than as specifically

authorized pursuant to this license.

11. No Transfer of License: This license is personal to you and may not be sublicensed, assigned, or transferred by you to any other

person without publisher's written permission.

12. No Amendment Except in Writing: This license may not be amended except in a writing signed by both parties (or, in the case of

publisher, by CCC on publisher's behalf).

13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any purchase order, acknowledgment, check

endorsement or other writing prepared by you, which terms are inconsistent with these terms and conditions or CCC's Billing and
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Appendix C: Manual of Operating Procedures 

1.1 Anthropometry 

A comprehensive set of anthropometric measurements will be collected at weeks 0, 8, 16 

and 24 . At the OGTT, height and weight will be measured.  Note: Control participants 

will be assessed at 0, 16, 24.  Anthropometric measurements should be recorded on the 

Anthropometric Data Collection Form located in the RA filing cabinet.  
 

Personnel 

• Research Assistants 

 

Training Program 

Prior to gathering anthropometric data on SERENA study participants, each Research 

Assistant must demonstrate an acceptable intra-measurer (multiple measures on same site 

by same Research Assistant) and intermeasurer (comparison between Research 

Assistants) error.  The intra- and inter-measure range of errors for each measure is 

provided below in brackets. 

 

List of Measured Variables (intra- and inter-measurement error) 

Weight and Height 

• Weight (0.2 kg; 0.2kg) 

• Standing Height (0.2 cm; 0.2 cm) 

 

Circumferences 

• Hip (2 cm; 2 cm) 

• Waist (iliac crest, mid-point, last rib) (1.0 cm; 1.0 cm) 

• Bicep (1.0 cm; 1.0 cm) 

• Proximal thigh (1.0 cm; 1.0 cm) 

• Midthigh (1.0 cm; 1.0 cm) 

• Calf (1.0 cm; 1.0 cm)  

 

Measurement Devices  

• Anthropometric tape (Gullick II) - contains a tension indicator device  

• Detecto Weight Scale 

• Stadiometer 

 

Measurement Procedures: 

Weight and height: 

Weight (kg): measured on the Detecto scale with shoes removed, wearing the ‘Greys’ 

clothing provided. 

Standing Height (cm): measured with shoes removed, standing with heels close to the 

wall, feet together, eyes looking straight ahead, back, and buttocks touching the back rest 

of the stadiometer. The head may or may not touch the back rest, depending on the size 

of the participant.  I.E. Some participants may have to lean back in order to have the head 
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touch; this would result in an inaccurate height measurement. Instruct participant to stand 

tall and take a normal breath in, record measurement given on dial. 

 

Circumference Measures: 

For all circumferences, position the tape directly around the body part so that the inferior 

edge of the tape is at the level of the landmarked point. Ensure there is no clothing under 

tape (except in Hip Measurement). 

Hip procedure:  

At the level of farthest posterior protrusion of the buttocks.  Be sure tape does not sag.  

Ensure the participant is standing with their feet together. 

 

General waist procedure: 

Note: It is mandatory that all assessors first view the WC measurement video prior to 

collecting any WC data. 

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 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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1.2 Cardiorespiratory Fitness Test 

Participants in the SERENA study will perform 5 maximal graded exercise tests on a 

treadmill: at weeks 0, 4, 8, 16, and 24. Note: Control participants will only be evaluated 

at 0, 16, and 24. 

 

Personnel 

• Research Assistants 

 

Training Program: 

Prior to performing a VO2max test on SERENA participants, under the supervision of a 

Graduate Student or trained Research Assistant, all Research Assistants will be required 

to: 

1. Undergo the test themselves 

2. Show competence in performing all steps of the test (set-up, participant 

preparation, calibration, data entry and transfer, etc.) 

 

List of Measured Variables 

Maximal oxygen consumption (L/min) 

Maximal oxygen consumption per kg body weight (L/kg/min) 

 

Measurement Devices 

• Sensor Medics Vmax29 Metabolic Cart 

• Laptop computer 

• Treadmill 

• Calibration gas tanks (with sufficient gas) 

• Polar HR monitor 

• USB stick 

 

Measurement Procedures 

Cardiorespiratory fitness tests will be performed at Hotel Dieu Hospital. The VMax 

system must be turned on 30 minutes in advance of attempting system calibration. 

Calibration will take 30 minutes on average. Thus, the first scheduled test for that day 

should be at least 1 hour after the Research Assistant arrives. We will schedule 45 

minutes per participant. The participants will change into an athletic shirt and shorts, and 

wear a pair of comfortable shoes suitable for brisk walking or jogging (they should be 

reminded to bring all items on the day of the test). We give them a Polar heart rate 

monitor to wear so we can record heart rates every 20 seconds throughout the test. Ideally 

the test should last between 8-12 minutes, beginning with a relatively brisk pace at level 

grade, increasing grade to 5% at the 3rd
 
minute, and then further increasing the grade by 

2% every 2 minutes thereafter.  If after 2 minutes at the maximal incline of 15% the 

subject has not reached exhaustion, the speed must increase (generally by 0.2 mph). Heart 

rates are observed and recorded on the VO2 Data Collection Sheet by a Research 

Assistant, who will hold a receiver watch while standing close to the participant. Breath-

by-breath analysis of respiratory gases is also recorded throughout the test.  
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Criteria for a successful VO2max test 

There are a number of popular criteria in the literature which are to be used to assess 

whether the participant being tested has actually achieved VO2max. A successful test 

should meet at least 3 of the above criteria. 

i. Plateau in VO2 (oxygen uptake) with increasing work rate (increasing 

treadmill incline, speed or both). For our purposes we will define plateau in 

VO2 as ∆VO2 <0.05 L/min at VO2peak and the data point 40 seconds above 

or below, with increases in external work  

Note: This criteria is often criticized as it has been shown that approximately 

50% of individuals undergoing VO2max testing never reach a true plateau. 

ii. RQ > 1.10: This suggests non-metabolic production of CO2 and reliance on 

anaerobic metabolism. 

iii. Heart rate (beats per minute or bpm) exceeding age predicted max HR (220-

age) minus 12bpm. For example, for a 20 year old, the HR to be exceeded = 

188 bpm (220-20 -12) 

iv. Borg scale=10. This gives the perception of effort by the participant during 

the test. 

 

 

1.3 Exercise Procedures  

Calculating Exercise Prescription: 

i. Determine Quality of VO2 Results 

To calculate exercise prescription, the exercise monitors must receive a baseline VO2 

result for a participant. The results should be reviewed to ensure that the test is a valid 

indicator of aerobic fitness for the individual. To determine this, first 3 of the 4 criteria to 

indicate a “good” test need to be met and indicated by the RA who completed the test. 

Second, the exercise monitor should look at the values (absolute VO2, Relative VO2, HR, 

VE, RQ) and determine that they are reasonable based on expected values for the target 

demographic.  If they are not reasonable an explanation should be determine 

(physiological or mechanical) and a repeated test should be considered after a 

consultation with the principal investigator and the RAs.  

 

ii. Create Participant Electronic File 

Based on the VO2 results and randomization to determine group assignment, which 

determines individual daily caloric expenditure an individualized exercise prescription of 

duration and target heart rate, are determined for each participant.  

 

iii. Calculating Exercise Prescription 

1. Using the participant’ electronic file, select the “Time Calculator” worksheet at the 

bottom of the page. 

2. Enter the caloric target based on the gender and group of the participant into cell 

“B2” under Baseline in the Expected Kcal row. It should automatically fill in across 

all future test as well. If not you may have to do this manually. 

3. From the participants VO2 results, take the heart rate corresponding to the proper 

intensity (50 or 75%) and enter it into the “Ave HR” row under the correct visit.  
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4. Next, from the VO2 Data, copy the slope and intercept from under the Kcal/HR 

heading (L24/L25) and paste this into the “Time Calculator” in rows 3 & 4. You must 

also remove the negative sign from the intercept value as it is already built into the 

calculation.  

5. This will provide you with the exercise prescription of a target heart rate (bpm) and 

duration of exercise (minutes) to achieve the caloric target for the participant. These 

values should be copied and pasted into the proper cells of the PA Sheet within the 

file (duration should be rounded to the nearest minute that will achieve the caloric 

target).  

 

The formula that is used to calculate the time is the same formula used to calculate daily 

caloric expenditure but re-arranged to isolate the variable we seek, which is in this case 

time. The formula for time is as follows: 

   

Time= Caloric Expenditure/(Slope x Ave HR) – Intercept 

 

6. Now, you must enter the participant’s correct values into the formula for calculating 

daily caloric expenditure on the PA sheet. Copy the slope and intercept from the Time 

calculator worksheet and paste them into the Kcal column on the PA sheet (cell “Y6 

&Y7”).  

7. These values need to be entered into the caloric expenditure formula in the Kcal 

column, which is as follows:  

 

 

Caloric Expenditure = [(Slope x Ave HR) – Intercept] x Time 

 

For each aerobic exercise session, we obtain a starting heart rate and then obtain the 

exercise heart rate every 5 minutes thereafter. Participants will be instructed to wear a 

Polar heart rate monitor each time they arrive for an exercise session. These monitors 

consist of a T31 coded transmitter, which is strapped to their chests, and a wrist unit, 

which is strapped to their wrists like a watch or attached to the machine directly in front 

of the participant. The participants will weigh in (without their shoes) and their weight 

will be recorded prior to the start of each session in order to track progress with both diet 

and exercise components.   

  

After telling the exercise monitor the starting heart rate, participants will step onto one of 

seven treadmills and begin their 5 minutes warm up. The five-minute walking warm up is 

designed to elevate heart rate from a non-exercise rate to the target exercise range. It is 

not included as part of the prescribed daily exercise, therefore not counting towards the 

daily number of calories expended. Target exercise heart rate ranges are specific to each 

participant, calculated from the most recent VO2max test, and written on the weekly 

exercise session record. Participants are encouraged to choose a speed and grade after the 

5 minute warm up that will elevate their heart rates into the exercise range. Once within 

the range ( +/- 3bpm), participants can maintain or adjust walking/jogging speed and 

treadmill grade as desired every five minutes after telling the monitor the “steady state” 

heart rate for that exercise interval. All exercise heart rates, treadmill speed and grade 
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associated with those heart rates are recorded by the Exercise Monitor(s) onto the weekly 

Exercise Record as well as into the electronic file. 

 

There may be some variance in perceived difficulty of the moderate exercise. Some 

exercisers will need more encouragement than others to “pick up the pace” to elevate 

their heart rates sufficiently. Others need to be reminded to not get too intense as their 

competitive natures may drive them on to “improve” the calories burned each day or 

move on to a greater treadmill speed or grade.  

 

A five minute walking cool down at the end of each session is also performed, designed 

to return the exercise heart rate back to near-starting levels. Participants are encouraged, 

but not required to stretch upon completion of exercise. Participants wash and rinse the 

transmitter and chest straps at the sink in the exercise room and hang them to dry in 

preparation for the next group of participants.  

 

Making up Missed Sessions: 

Participants are encouraged to attend 5 sessions/week as prescribed by the treatment, but 

due to other commitments cannot always do so.  In order to make up for missed sessions 

participants are allowed to complete extra sessions during a week ( i.e 6 or 7 visits) in 

order to catch up on those missed.  This is not meant to be a regular occurrence but may 

be needed in cases where time is missed such as vacation, illness or injury.  Additionally, 

if participants are unable to attend extra whole sessions they can make up for missed 

calories expended by completing extra time during their regular sessions to burn the 

equivalent calories to those lost during missed sessions (i.e. Divide a missed sessions 

time by 5 and add that amount of time on to each session that week).   

 

In the event of individuals who are going on extended vacations but would like to 

continue do complete exercise we are willing to provide them with our Polar Heart Rate 

monitors. Participants can self-report sessions by recording their Heart Rate every 5 

minutes for the duration of their exercise.  We strongly discourage individuals from 

taking these types of vacations during the duration of the study and we do not provide 

them with this option unless there are warranted circumstances. 

 

In cases where there is no other option participants may be allowed to complete 2 

sessions in one day. However, this is on a individual basis and all factors must be 

considered (Intensity, length of workout, physical harm, possible injury, belief of being 

capable) and should only be done for those who are behind a great deal and/or nearing the 

end of the program. If participants are going to come in once and complete 2 sessions at 

once, have them stop once they have reached their caloric target and have them start a 

second session from the beginning. A second warm up is not necessary. When recording 

this on the their physical activity record use the same weight as the first session and leave 

the resting heart rate blank unless they would like to do another 5 minute warm-up. This 

will give them the frequency they are trying to achieve as well as the caloric expenditure. 
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Cases of non-compliance resulting in deviation from expected weight loss: 

In cases where a participant weight begins to deviate outside of the tolerable range of 

expected weight loss we must take the appropriate action to correct it. First, the 

nutritionist must be notified and a discussion should take place to examine their overall 

compliance to both the exercise and nutrition portions of the program (Have they been 

exercising 5 days/ week? Have they been handing in daily food records? Are they 

consuming the caloric target that was established at baseline?).  From this discussion a 

course of action must be taken, it may involve placing demands on the participant to be 

more compliant or making an adjustment to the caloric target for an individual.  In 

addition, a new projected weight loss should be calculated and shown on the weight loss 

graph in the participant’s electronic physical activity record. It will show the participants 

current weight and the weight change needed to achieve the target final weight calculated 

at baseline from the participant’s initial weight and the expected caloric expenditure 

based on the exercise prescribed.   The purpose of the new trendline is to provide the 

participant, exercise monitors and nutritionist with new targets and a progression to 

correct the amount of weight change in the participant. This ensures that the participant is 

remaining compliant with the protocol.  This can be used to provide more useful 

feedback and progress reports to the participant. 

 

 

1.4 Accelerometry 

The Actigraph GT3X is a triaxial accelerometer designed to collect motion data (counts 

or acceleration, steps and body position) in three axes. The GT3X is most commonly 

worn at the waist and provides time sensitive information pertaining to physical activity 

intensity, frequency, and duration.  Equations, such as the Freedson equation (MSSE 

30(5): 777-781) are available to convert the raw count data into physiologically 

meaningful data such as energy expenditure or physical activity intensity levels (light, 

moderate, vigorous).   

 

Each participant will wear the accelerometer for a one-week period at weeks 0, 8, 16 and 

24 Accelerometers will be given out by the RAs at the anthropometric appointments.  For 

control participants at 8 weeks, an accelerometer will be prepared by an RA and given to 

the nutritionist to hand out (the nutritionist will let the RAs know when the controls are 

coming in for their 8 week appointment).  

 

List of Measured Variables 

• Minutes per day of sedentary behaviour (<100 cpm), light physical activity (100-1951 

cpm) moderate physical activity (1952-5724 cpm), vigorous physical activity (≥5725 

cpm), and total or incidental physical activity (>100 cpm). 

• Counts per minute over the entire wear day, of sedentary behaviour, light physical 

activity, moderate physical activity, vigorous physical activity, and total or incidental 

physical activity.  

• Sleep duration 
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• Minutes per day of bouted (≥10 consecutive minutes) and unbouted (<10 consecutive 

minutes) activity 

 

Measurement Device 
• GT3X Actigraph Activity Monitor (Pensacola, FL) 

 

Important Points to Mention During the Initial Meeting with the Participant 

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.  

6. Although the activity monitor is very durable, please be careful and gentle with it 

as it is very expensive. 

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. 
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Example of Accelerometer Graph 

 

1.5 Nutritional Assessment & Counselling 

In the SERENA Study, we prescribe exercise to participants but we do not prescribe 

caloric restriction. It is expected that the participant will follow a healthful diet 

(recommended by the Canada Food Guide) with the guidance of the study Nutritionist 

and stay within their suggested caloric range.  This is an important characteristic of the 

proposed study as it will allow us to isolate the effects of exercise dose and intensity on 

the primary outcomes. We will know that the negative energy balance induced is a 

consequence of the increase in energy expenditure respective to the individual exercise 

treatment.  

 
Personnel 

• Consultant Dietician (to ensure key messages are correct) 

• Nutritionist 

 

Measurement/Assessment Equipment 

• Ring binder to hold materials 

• Blank Dietary Records 

• Food models 

• Canada’s Food Guide (Health Canada) 

• Nutrition Facts leaflet (Health Canada) 

• T-Factor booklet 

• Handouts for nutrition sessions 

• Instruction sheet summarizing the steps required to fill out the food records  

• Form for the participant to record their frequently used foods 
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Assessment Procedures 

In the SERENA Study, each participant will meet with the study Nutritionist and 

participate in a series of educational seminars designed to teach proper food selection and 

preparation as designed by the study Nutritionist. For all participants (i.e., including 

control group) the diet composition will provide energy as follows: approximately 50 to 

55% carbohydrate, 15-20% protein and 30% fat. Participants will be asked to submit 

daily diet records for the duration of the program. Although time-consuming, submission 

of daily food records is a critical step in the design of individual success strategies for 

compliance to the dietary (caloric and composition) requirements of the study. 

 

The materials given to the participant during this first session include:   a 3-ring 

binder to hold the materials, a Nutrition Facts leaflet from Health Canada, a handout 

demonstrating common portions and measurements, a T-Factor or H book, a handout on 

dietary fat, a ‘handy’ serving guide handout, blank daily food intake records, an 

instruction sheet summarizing the steps required to fill out the food records and lastly a 

sheet where the participant can record their frequently used foods.  

 

First visit with the nutritionist 

1. The participant will meet with the study Nutritionist to discuss the expectations of the 

nutrition component of the study.  This participant will be made aware of the 

following points: 

a. This is a physical activity intervention. They will be expected to follow a 

healthful diet but the primary focus of the study is NOT weight loss.  

b. Participants must not make any changes to their current way of eating unless 

advised by the study Nutritionist 

c. Participants are expected to maintain weight during the baseline period and 

follow the prescribed caloric intake throughout the course of the study  

 

2. The Nutritionist will introduce the concept of self-monitoring and instruct the 

participant on the proper way to fill out the food records provided (The participant is 

required to hand in daily food records throughout the entire intervention period).  The 

participant will be given a nutrition binder and taught basic tools for portion size 

estimation.  The participant will be instructed not to change anything in terms of diet 

composition for the first week that they fill out the food records.  They will hand in 

their first set of food records 6 days after the first session.  A second meeting will be 

set up within 24-48hours of them handing in their food records.  At this time they will 

be given their target calorie and fat intake that they are to maintain for the duration of 

the study.  These values are determined by taking the average calorie and fat intake 

reported over the 6 days.   

 

Food Record Instructions: (give instruction handout to participant) 

Note: if some people prefer to do it on their computer you can send them the file 

a. Each day you are required to fill out this form and write down everything you 

have eaten (this includes butters, spreads, dressings and the little bites of food 

you may eat while cooking) 
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b. Time -You must fill out the time you’ve eaten.  This is pretty self-explanatory.  

It is helpful to write down your food just before or after eating to ensure 

accurate recording (so that you don’t forget anything you have eaten).   

c. Amount/Portion – It is important to estimate the portion sizes carefully.  (We 

will go over these in a minute) 

d. Food – Fill out exactly what you have eaten.  Be as descriptive as possible.  

Include brand names and the cooking method so that we can look up some of 

the material if we need to.  (e.g. Equality mild cheddar cheese, PC raspberry 

vinaigrette dressing, Parmalat skim milk, broiled vs. roasted chicken from 

butcher, etc.) 

e. Calories & Fat - Record the calories as well as the total fat (found on the 

label, in the booklet given or Internet sources). Approximately 30% of your 

calories should come from fat.   

f. Source – Write down where you found the info for calories and fat (ie T-factor 

book, H-Book, website, label etc) 

g. Add up calories –How close are you to your recommended target?  (If you are 

over or under, what adjustments can you make?)   

 

3. The Nutritionist will review measurements and proper portions 

 

Measurements and Portions: (give measurement handout) 

 Try to make this component as interactive as possible.   

 Use poster/handout out with thumb/finger guidelines  

 thumb tip = a teaspoon (helpful for butter, mayo servings, etc) 

o Note: 3 thumb tips = tablespoon  (useful for peanut butter, dressings 

etc) 

 thumb = 25g therefore 2 thumbs = 50 grams which is cheese serving 

 palm = 3-4 oz serving of meat 

 fist = a cup 

 Use measuring cups and spoons to remind people what ½ cup,1 cup, 1 tsp and 

1tbsp look like (use food models here to show 1 tsp of butter and 1tbsp of 

peanut butter) 

 Using dishware may want to show participant different sizes of glasses (1/2 

cup, 1 cup and very large glass) so they can estimate liquids 

 Other measurements that might be useful:  Open slot ladle = ¼ cup; heaping = 

½ cup, Closed ladle = ½ cup liquids 

 Some tips that people find helpful while trying to estimate the amount:  

o Pour/ put what usually have in bowl/ plate/ glass, then transfer to 

measuring cup to see how much you are having 

o  Measure out 1 cup of cereal/ juice for example and then put it in a 

bowl/ glass/plate and notice where it fills the bowl up (can eye ball it 

after) 

 If they can’t find it anywhere they may have to compare it to a similar item 

and make an educated guess (they can also leave it and ask you when they see 

you but try to encourage them to fill out everything). 
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4. The Nutritionist will explain where to find the calories and fat that needs to be 

recorded on the food diaries by introducing the Nutrition Facts tables, working with 

the T-Factor book and using internet calorie counting sites (if relevant to the 

participant). 

 

How to read labels: 

 Make sure they know that the information in the Nutrition Facts table is based 

on the specific amount of food listed.  They then need to compare this to the 

amount they have eaten.   

 Go through some examples with the participant having them tell you how 

many calories they would have gotten if they had half the serving or double 

the serving etc.  (Make sure they are comfortable with this). 

 The serving size amount may be listed in grams, cups, ML or pieces of the 

item (example bread, crackers, cookies, chips etc).  Watch for some snack 

items that don’t include the whole package. 

 The information is always listed in the same order so they will always be able 

to find calories and fat in the same place (point them both out).  Explain that 

we want them to record the Total Fat which is the first fat # listed. 

 If they are eating a food with a label have them use that information (don’t 

look it up in booklet or on internet) as the table will be the most accurate 

 

How to look information up in booklet: 

 Give participant a few common single items to look up (make sure they know 

where to find the calories and fat listed and also note the serving size – need to 

compare that to what they have had) 

 Give an example of a combined meal and breakdown the foods used and work 

with participant to look them up (i.e. Spaghetti dinner, homemade pizza, 

casserole or large salad with meat, nuts, cheese, veggies etc) 

 

How to use Internet sites to obtain calorie and fat info (if applicable): 

 Can give them a list of websites that you recommend, e.g. 

http://www.calorieking.com/ 

 Look up some examples with them (if you have access to a computer) 

 Note that those types of websites are “dieting” type sites – remind participant 

that this is not a dieting study! The reason they need to record their food 

 

Subsequent visits with the nutritionist 

An appointment is scheduled for a return visit within the next 7-8 days to assess diet 

records, measure body weight and prescribe calorie and fat targets.  Canada’s Food Guide 

is also given and discussed during this visit.   Participants are instructed to hand in their 

food records the day before the second visit so that the Nutritionist has a chance to assess 

them.  

 

Subsequently, the nutritionist checks in regularly with exercising participants and collects 

a packet of completed dietary records from each participant on a weekly basis. Those in 

the control group will drop in once every 2 weeks to weigh in and drop off the previous 
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week’s dietary records for review.  Exercisers and controls alike are expected to maintain 

their target calorie intake throughout the study. Should waist circumference and/or weight 

change dramatically to an extent unexplained by the prescribed exercise treatment, the 

nutritionist will investigate the issue, determine whether excessive or insufficient calorie 

intake is driving the changes, and provide counsel accordingly.  

 

Ongoing Nutritional Counselling (group sessions usually – individual sessions if 

necessary) 

Along with regular monitoring of weight and checking accuracy of diet records, the 

nutritionist will meet with all exercising participants for follow-ups at 4, 8, 14 and 22 

weeks to review food records, assess progress and address any concerns.  At the 14 week 

appointment, the participant will be given a checklist to review prior to their 16 week 

OGTT.  It is to simply act as a reminder to them regarding food composition and healthy 

eating, things that they have already learned in the study.  At the 22 week appointment, 

the participant will be given back their 3 days of food records that were recorded prior to 

their 16 week OGTT and instructed to consume the same composition of food 3 days 

prior to their 24 week OGTT.  The reason for this is to try to obtain an OGTT result that 

is accurate and representative of the usual habits of the participant.  In addition, the 

nutritionist provides all participants with a series of educational sessions on the 

fundamentals of maintaining a healthy diet according to Canada’s Food Guide.  
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Appendix D: Intervention timeline for WC, dietary and PA 

measurements 

 

 

 

Red boxes indicate the selected weeks for diet record analysis 
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Appendix E: Web-based dietary recall 



 

 111 

Example: Selection of 3-day (2 weekdays, 1 weekend day) diet records for a participant at week 16 
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Example: Selection of meals and snacks 

 

 

Example: Meal Entry (Breakfast) 
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Example: Selection of quantity for different food and beverages 
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Example: Complete 1-day entry 

 

 

 

 

 

 



 

 115 

Appendix F: Example Diet Record 

Example: Excellent diet record quality score 
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Example: Good diet record quality score 
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Example: Fair diet record quality score 

 



 

 118 

Example: Poor diet record quality score 
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Appendix G: Example Statistical Output 
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Appendix H: Supplementary Figures 

Figure 1. Scatterplots for change in BW and potential determinants 
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Figure 2. Scatterplots for change in WC and potential determinants 
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Appendix I: Supplementary Tables 

Table 1. Association between change in EI from week 8 to 24 and change in WC and BW 

  
Change in WC Change in BW Change in EI  

(week 0 to 24) 

Change in WC Pearson Correlation 1 .836** -.283** 
 

Sig. (2-tailed)  0 0.004 
 

N 137 137 100 

Change in BW Pearson Correlation .836** 1 -.287** 
 

Sig. (2-tailed) 0 
 

0.004 
 

N 137 137 100 

Change in EI  

(week 0 to 24) 

Pearson Correlation -.283** -.287** 1 

 
Sig. (2-tailed) 0.004 0.004 

 

 
N 100 100 100 

Change in EI  

(week 8 to 24) 

Pearson Correlation -0.142 -.215* .577** 

 
Sig. (2-tailed) 0.135 0.023 0 

 
N 112 112 100 

 

 

Table 2. Change in anthropometry for groups with high or low quality of reporting 

Variable High (n=128) Low (n=53) Sig. 

Change in WC -5.0 (5.1) -4.2 (3.9) 0.31 

Change in BW -5.3 (5.0) (-4.3) (3.8) 0.20 

 

WC = waist circumference; BW = body weight 

High quality of reporting = received an average rating of excellent or good for the diet records 

Low quality of reporting = received an average rating of fair or poor for the diet records 
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Table 3. Change in anthropometry for groups varying in compliance (amount of diet 

records complete) 

Variable Excellent 

(n=141) 

Good (n=26) Poor (n=8) Sig. 

Change in WC -5.1 (4.9) -4.9 (4.4) -2.0 (4.3) 0.09 

Change in BW -5.4 (4.9) -4.3 (3.7) -2.0 (3.4) 0.19 

 

WC = waist circumference; BW = body weight 

Excellent compliance = diet records completed for baseline, week 8, 16 and 24 

Good compliance = diet records completed for 3 of the time periods (baseline, week 8, 16 or 24) 

Poor compliance = diet records completed for only 1 or 2 of the time periods (baseline, week 8, 

16 or 24) 
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