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ABSTRACT

Cardiorespiratory fitness, muscle strength, and body composition responsiveness to

weight loss in adults with different ages of obesity onset

Lucas Almeida

Research shows that those who have had obesity from childhood have greater risk of
cardiometabolic disease compared to those who only develop obesity in adulthood. A main way
of mitigating the risk of cardiometabolic disease in obesity is with weight loss. Weight loss has
been shown to positively affect cardiorespiratory fitness (CRF), muscle strength, and body
composition of adults. However, it is unclear whether the response of the aforementioned
outcomes to weight loss may be influenced by age of obesity onset. The current study
investigated how CRF, muscle strength, and body composition of adults with childhood- versus
adulthood-onset obesity are affected by weight loss. Measurements were conducted before, at 12
weeks, and after ~10% weight loss. In total, 37 adults completed the 12-weeks assessments
(age=30.5+3.2 y; BMI=32.9+3.0 kg/m?) and 23 participants with adulthood-onset (n=11) and
childhood-onset obesity (n=12) reached 8.8+3.2% weight loss. The YMCA cycle ergometer test
(YMCA) and the 20-m shuttle run test 20MSR) were used to measure CRF (ml.kg!.min'). A
handgrip dynamometer was used to measure muscle strength. Body composition was assessed by
DEXA and CT-scan. Overall, body composition and CRF improved (time effect: p<0.05) after 12
weeks and moderate weight loss and there was no group-by-time interaction for YMCA, 20MSR,
muscle strength, and body composition variables. Age of onset of obesity does not affect the
responsiveness of CRF, handgrip strength, and body composition at 12 weeks and after moderate

weight loss in adults with obesity.

Keywords: Age of obesity onset; maximal oxygen consumption; static strength; behavioural

weight loss protocol.
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1. THEORETICAL CONTEXT

1.1. Significance, prevalence, and treatment of obesity

According to the World Health Organization (WHO), obesity is defined as excessive fat
tissue accumulation that leads to comorbidities and premature mortality!, and the World Obesity
Federation goes further, stating that obesity is a chronic relapsing disease?. Body mass index
(BMI), a simple and inexpensive measurement, is the most used method to diagnose obesity.
BMI is computed from the division of weight (kg) by height (m) squared and according to the
WHO, an individual with a BMI of 25 kg/m? to 29.9 kg/m? and > 30 kg/m? are considered to have
overweight and obesity, respectively'=’. Recent evidence highlights the importance of integrating
BMI and waist circumference in obesity diagnosis for a better understanding of adiposity-related
complications®. Excessive body weight is associated with an increased incidence of several
comorbidities including type 2 diabetes mellitus, cardiovascular diseases (CVD), hypertension,
stroke, dyslipidemia, sleep apnea, chronic kidney disease, osteoarthritis, and several types of
cancer in males and females®>8. For instance after analysing 57 prospective studies, Whitlock et
al.” showed that an increase of 5 BMI units is associated with higher risk of diabetes mellitus,
chronic kidney disease, and all-cause mortality in adults (by 120%, 60%, and 30%, respectively).
Additionally, in 2002 the National Institutes of Health stated that a 10% increase in body weight

is associated with 30% increased risk of developing coronary heart disease'”.

The etiology of obesity is a complex process that involves the interrelationships between
genetics, and physiological, psychological and environmental factors!!. The early 1970s marked
the start of a rise in the prevalence of obesity in high income countries'!, and nowadays this
scenario is also observed in medium and low-income countries'>!3, The drastic alteration in the
eating culture is a major driver for the rise in the rate of obesity incidence and prevalence in
people from all ages, ethnicities, geographical localities, and socioeconomic statuses'*. From
1980 to 2015, the worldwide prevalence of obesity rose from 5% to 10.1% in males and from
8.9% to 14.8% in females'*, and this trend has continued for the majority of countries'>'”. In
Canada, the prevalence of obesity has increased drastically, from 6.1% in 1985 to 18.1% in
2011'8. The numbers are more alarming in the provinces of Quebec and Ontario where 25% of

the population aged 6 to 79 years were classified as having obesity between 2007 and 2013,



However, there is recent evidence suggesting that the prevalence of obesity has levelled off from
2005 to 2015 in two high-income countries, the USA and United Kingdom, where the rates

remained around 30-34% and 23-24%, respectively!®.

Weight loss has been shown to reduce obesity-related comorbidities. The Obesity Society
recommends a 5-10% of weight loss to induce clinically meaningful reductions in some
cardiovascular risk factors in individuals with obesity>**2!, Several protocols have been
suggested for weight loss, such as diet, physical activity, drug therapy, and surgical
interventions®'. However, the most recommended approach for weight loss is based on diet and
physical activity?*?!. In the short-term, losing weight in a behavioural weight loss protocol can be
achieved through strict monitoring of the diet and the exercise components®*?*, However, this is
not the case in the clinical setting where individuals’ lifestyle behaviours are not closely

controlled?’. Nevertheless, Santosa et al.??

demonstrated that a 20-week weight loss protocol
based on a self-selected diet and independent exercise sessions can promotes moderate weight

loss (14.3%) comparable to studies that used more controlled approaches.

1.2. Age of obesity onset, disease risk and adipose tissue cellularity

An extensive body of research shows that increased body weight early in life leads to
obesity in adulthood and its comorbidities>*23. Park et al.>* pooled analyses of three cohort
studies that tracked weight status and the prevalence of cardiovascular and metabolic diseases in
individuals from childhood into adolescence and adulthood?*. According to this study, compared
to lean individuals, the odds ratio of developing type 2 diabetes was 12.6 in adults with obesity
from childhood and 5.5 in adults who developed obesity in adulthood only?*. In addition, a
longitudinal cohort study suggested that a 1-unit increase in BMI z score at any age between 7

and 13 is associated with a higher risk of a CVD event in adulthood®’.

Evidence shows that, in humans, adipose tissue cellularity differs based on the age of onset
of excessive fat tissue accumulation. Spalding et al.*® assessed adipocyte number in children,
adolescents (0.5-18 y), and adults (21-72 y) with obesity (n = 462) and their lean counterparts (n
=431). They showed that subcutaneous adipocytes number is established during childhood and



adolescence and remains constant during adulthood in individuals with and without obesity. In
addition, a longitudinal study followed children and adolescents (4 months-19 years old) with
obesity (n = 60) and their lean counterparts (n = 53) over 4 years>!. The number of fat cells
increased in both groups from 1-2 years and continued to increase from 2 years onward in the
children with obesity only. Moreover, increases in fat cell size was reported in both groups,
however, fat cell size was not statistically different until the age of 14. Therefore, it is suggested
that fat tissue growth during infancy and adolescence occurs by increases in both adipocyte
number (hyperplasia) and size (hypertrophy) but the former predominates®*-*2. Notably, Brook et
al.* suggested that adults with adulthood-onset obesity tended to have larger cell size and less
adipocytes compared to those with childhood-onset obesity. Larger adipocyte cell size is
associated with local hypoxia, inflammation, disturbances in the expandability of adipose tissue,

and fat cell dysfunction®4!,

Furthermore, a study has shown that experimentally induced weight gain (15-20%) in
adults resulted in adipose tissue expansion by hypertrophy and not hyperplasia**. In contrast,
after weight loss total body fat mass (FM) reduction in these individuals was a result of decreases
in adipocyte volume only*?. In accordance with this study, Spalding et al.*® have shown that FM
reduction (18 £ 11%) after two years of bariatric surgery in adults was caused by decreases in fat
cell volume, while adipocyte number remained constant. Overall, these findings suggest that the
number of adipocytes is set during pre- and peri-puberty and remains relatively stable throughout

adulthood?%314243,

Collectively, it is suggested that the age at which obesity develops plays an important role
in disease risk and adipose tissue cellularity. Although it seems that the inflammatory profile, and

21,4446 there

the cardiovascular and neuromuscular systems are positively affected by weight loss
is still much that remains unknown on how adults with childhood-onset and adulthood-onset
obesity differ in the responsiveness of CRF, muscle strength, and body composition after weight

loss.



1.3. Cardiorespiratory fitness

Cardiorespiratory fitness (CRF) is an important health-related component of physical
fitness, which integrates the circulatory, respiratory, and muscular systems to supply oxygen to
the active muscles during physical activity*’*®. Maximal oxygen consumption (VO2max) is the
gold standard measure of CRF and is defined as the highest oxygen uptake by the working tissues
despite increases in exercise intensity*’. The direct measurement of VO,max is obtained using a
graded exercise test performed until volitional exhaustion, where the intensity increases gradually
while a face mask measures the individual’s oxygen consumption®’. However, fatigue may occur
before total exertion while measuring VO;max in individuals with various diagnoses turning the
test invalid®!. In addition, besides being costly and time consuming, a maximal exercise test
induces higher physiological stress, and requires highly trained personnel, well-equipped
laboratory, and medical supervision >%>233_ As an attempt to overcome these drawbacks,

nonmaximal exercise tests were developed for the prediction of VO2max®!.

Submaximal graded exercise tests assume that there is a linear relationship between heart
rate (HR) and VO,**. By extrapolating VO, to age-predicted maximum heart rate, VO,max can
be predicted. Several submaximal graded exercise and field tests have been shown to be
effective in predicting VO,max>>>°. One such submaximal graded exercise test is the YMCA

cycle ergometer. Beekley et al.>

assessed the VO,max measured by direct measurement and the
YMCA test in adults from both sexes with normal weight to overweight. The VO,max values
from the two methods were strongly associated for males (r = 0.63) and females (r = 0.90), which
suggests that the YMCA protocol may be an alternate method to predict VO,max in this
population. Furthermore, the 20-m shuttle run test (20MSR), also known as “Course Navette”,
“PACER” or “Multistage fitness test”, has also been shown to be a validated field test to assess
CRF™. A recent meta-analysis analyzed 57 correlational studies that compared the VO,max
predicted by the 20MSR and measured by a maximal laboratory-based incremental test>>. This
meta-analysis suggested that the 20MSR has a moderate-to-high mean correlation coefficient of
criterion-related validity for estimating the VO,max of apparently healthy adults from both sexes.
Thus far, the YMCA and 20MSR validity studies have been conducted only on apparently
healthy participants without obesity. Although these tests have not been validated in individuals

with obesity, they seem to be reasonable alternative methods to assess CRF in this population.



The literature has consistently shown that low CRF is associated with increased risk of
developing type 2 diabetes and CVD, and is a strong and independent predictor of all-cause
mortality’®>°. A cross-sectional study demonstrated that higher CRF is negatively associated with
risk of developing CVD in the short-term and throughout lifespan in middle-aged adults
classified as having overweight>®. Furthermore, individuals who have obesity and are fit have
lower risks of developing type 2 diabetes, hypertension, and CVD compared to those with obesity
who are unfit’®®°. Kodama et al.®! also found that all causes of mortality and CVD events were
reduced by 13% and 15% for every 1 MET (3.5 ml-kg™!-min!) increased in healthy males and
females, respectively. These findings highlight the importance of CRF regardless of body weight

on an individual’s general health status.

1.3.1 Obesity and cardiorespiratory fitness

Excess body weight induces several physiological and functional changes in the
cardiovascular system as obesity leads to increased blood volume, stroke volume, and cardiac
output®. This additional cardiovascular work induces left and right ventricular concentric
hypertrophy, and right atrial enlargement®’. Other studies further demonstrated that adults with
obesity have a thicker left ventricular wall compared to their lean counterparts®***. Overall, this
pathological hypertrophy of the cardiac muscles leads to cardiac dysfunction. Moreover,
individuals with obesity have reduced expiratory reserve volume and functional residual

capacity®, which may also explain the negative effects of excessive body weight on CRF.

A cross-sectional study conducted by Fogelholm et al.®®

compared relative VO>max
(ml.kg!.min™") of adults with different BMI values. In this study, CRF was measured by a
maximal cycle ergometer test and individuals with obesity had lower relative CRF compared to
the participants with overweight. In addition, those pertaining to the overweight category also
showed reduced relative CRF compared to normal weight participants®. Similarly, two other
studies demonstrated an inverse correlation between increased body weight and relative CRF in
young®’ (age = 19.3 £ 1.4 y; BMI = 22.4 + 3.9 kg/m?) and older adults®® (age = 54.5 = 6.1 y; BMI

=29.1 £ 4.3 kg/m?). In addition, Bonney et al.*” showed that adolescents girls without obesity



had a better overall performance in the 20MSR compared to participants with obesity, which
reinforces the effect of obesity on CRF.

1.3.2 The effects of weight loss on cardiorespiratory fitness

Physical activity is often encouraged in a weight loss protocol. A systematic review showed
greater improvements of CRF are observed when exercise training is added to an energy
restriction intervention in adults with obesity’®. The same was demonstrated in middle-aged
women classified as overweight who followed an 8-week weight loss protocol’!. In this study,
relative VO,max increased by 3.1 ml.kg™!.min! in participants who reached moderate weight loss
induced by a diet-only program. Similarly, relative VO,max increased by 4.8 ml.kg!.min"! in the
participants who engaged in aerobic and strength training in combination with a calorie restricted
diet after matched weight loss. In addition, a recent randomized clinical trial investigated the
effects of three types of weight loss protocols (caloric restriction, aerobic exercise, and the
combination of both) on CRF in females and males (n =52; age =57+ 5y; BMI =277+ 1.7
kg/m?)’2. In the calorie restricted group after the participants reached ~7% weight loss, absolute
VO,max was reduced by 6%. In the aerobic exercise group absolute VO max was increased by
15% and it did not change in the group who exercised and followed a caloric restricted diet’”.
Similarly, when matched for weight loss after a 12-month weight loss protocol (caloric restriction
or aerobic exercise), those in the calorie restricted group also decreased VO>max (ml.min'),
whereas those in the aerobic exercise group had significant improvements’. When adjusted for
body weight, VOomax was still increased in the aerobic group and remained unchanged in the
caloric restriction group””. These findings were consistent with those of Brinkworth et al.”* who
studied adults with obesity before and after moderate weight loss (age =49.2 + 1.2 y; BMI = 33.6
+ 1.5 kg/m?).

Exercise stimulates capillary density and physiological adaptive hypertrophy of the
myocardium, which improves the capacity to eject blood to the systemic circulation and to the
delivery of oxygen to the working muscles’>’®. Moreover, as a result of exercise training,
increased mitochondrial density in the skeletal muscles enhances the use oxygen for energy

production’®. Indeed, exercise training has weight loss-independent effects on VO,max”.



However, there are also independent effects of weight loss on CRF. For instance, a prospective
study demonstrated that adults diagnosed with class III obesity (BMI = 49.4 + 5.4 kg/m?)
improved their relative CRF after weight loss induced by bariatric surgery even in the absence of
exercise®. In this study, CRF was measured by the Bruce protocol and the participants were able

to reduce their BMI by approximately 15 kg/m? after 6 months of surgery.

To our knowledge, only one study investigated the effects of age of obesity onset on CRF

after weight loss. In this study, Rupp et al.*

found that after 6 months of weight loss induced by
diet and exercise, the adult-onset group had greater improvements in CRF compared to the
childhood-onset group. However, the individuals from the adult-onset group had lower CRF at
baseline and they engaged in more physical activity within the first 6 months, which may have
contributed to the greater initial gains. Therefore, the only study on this topic has several

limitations highlighting the necessity for further research.

1.4. Muscular strength

Muscular strength is fundamental in enabling an individual to perform daily activities and
maintain functional independence, and the literature has suggested that muscle strength has an
independent effect on the prevention of non-communicable diseases’’. Hence, muscle strength is
an important health-related fitness component along with CRF>*77, Static muscle strength is the
capacity of a muscle group to produce maximal voluntary contractile force against an immovable
resistance, which occurs through the integration of the neural, mechanical, and muscular
systems>*’8, Dynamometers are used to measure static strength and the handgrip dynamometer is
largely used to evaluate handgrip static strength®*. Despite the fact that the handgrip test provides
specific strength values for the forearm muscles, this test has been largely conducted as proxy to
evaluate overall muscle strength since it is an important predictor of muscular endurance and
strength’>®, In addition, handgrip strength has been shown to have a strong inverse correlation
with all-cause mortality in young and older adults’’. For instance, a recent meta-analysis showed
that adults with greater handgrip strength had 31% reduced all-cause mortality risk compared to

individuals with similar characteristics, but with lower muscular strength®!.



1.4.1 Obesity and muscular strength

The consensus within the literature is that excessive adipose tissue has negative effects on
the skeletal muscles of adults from all ages®?*. There are several factors that may explain the
implications of obesity on muscle strength, and low-grade inflammation is one of them. It is
suggested that the higher levels of pro-inflammatory cytokines, especially tumor necrosis factor-
alpha and interleukin-6, have apoptotic effects on muscle cells®’. In other words, these cytokines
stimulate muscle protein catabolism to the detriment of synthesis, which affects muscle
architecture, morphology, and signaling pathways. This systemic inflammation results in a
decline in muscle mass and function, which is a common scenario observed in the pathogenesis
of sarcopenic obesity®’**. Furthermore, skeletal muscle glucose uptake by GLUT-4 is negatively
affected by this systemic inflammation, and muscle force production is in turn affected since it
depends largely on carbohydrate to function at its maximal capacity®®. Another plausible rationale
is that weight gain leads to a process known as myosteatosis, which is the infiltration of adipose
tissue in the skeletal muscles®®*>7. Goodpaster et al.”® suggested that increased intramyocellular
fat negatively affects muscle quality and strength. Overall, the literature clearly shows that

excessive adipose tissue impairs the ability of an individual to perform maximal contractile force.

A recent review article reported that adults with obesity have higher absolute strength in
the lower limbs compared to normal weight individuals, but the opposite is true when these
values are adjusted for body weight®®. For instance, Hulens et al.”” showed that individuals with
obesity (BMI = 37.8 + 5.3 kg/m?) had increased absolute muscle strength in the antigravity
muscles compared to their lean counterparts (BMI: 22.0 + 2.2 kg/m?) and both groups did not
differ in absolute handgrip strength. However, when the muscular strength of the knee extensors,
oblique abdominals, and forearm were divided by fat-free mass, the group with obesity had lower

strength compared to their lean counterparts.

1.4.2 The effects of weight loss on muscular strength

Different types of weight loss protocols have been implemented to examine the effects of

1.73

weight loss on muscular strength. A study conducted by Weiss et al.”” investigated the effects of



two different types of weight loss interventions (caloric restriction or aerobic exercise) on the
muscular strength of adults (50-60 y) who were overweight. The exercise group increased their
relative muscle strength significantly while strength remained unchanged in the calorie restricted
group after matched weight loss (9.5 £ 1.5%; 10.7 £ 1.4%, respectively). A recent meta-analysis
investigated the effects of weight loss induced by caloric restriction on absolute handgrip strength
of adults with overweight or obesity !%°. In this study, absolute handgrip strength was reduced by
3.6% after approximately 8.8 kg of weight loss'®. Similarly, Brinkworth et al.”* showed that
adults with class I obesity (age =49.2 = 1.2 y) had lower absolute handgrip strength after
achieving ~7.5% weight loss following a diet-only weight loss protocol. Nevertheless, middle-
aged adults with class II obesity (age = 56.9 = 9.7 y) did not decrease absolute handgrip strength
after weight loss (9.7 + 2.1%) induced by a calorie restricted diet'!. This finding is corroborated
by another study in individuals with class III obesity (age = 45 £ 12 y) after achieving substantial
weight loss (30 = 7%) 12 months after bariatric surgery'®.

The literature lacks studies that investigate the effects of weight loss by diet in combination
with exercise on handgrip strength. However, Kim et al. examined the effects of diet and exercise
on leg muscle mass and strength in females'%* and males'® who had overweight or obesity (age =
49.5 £9.2 y). Lower body muscle mass and absolute muscle strength were reduced after 12
weeks of weight loss induced by vigorous intensity aerobic exercise and resistance training in
conjunction with a hypocaloric diet. However, relative lower body strength was increased after
weight loss. Most studies that investigated the response of muscle strength to moderate weight
loss considered only weight loss protocols based on calorie restricted diets suggesting that diet-
only programs are not the best approach to maintain absolute strength or to improve relative
handgrip strength”>"#1% Moreover, relative muscle strength of older adults with overweight
increases with weight loss approach induced only by exercise’®. Despite limited studies on weight
loss modalities on muscular strength, the available evidence highlights the importance of the
exercise component for individuals aiming to improve muscle strength after weight loss.
However, the literature lacks studies that investigate whether age of obesity onset influence

muscle strength responsiveness to weight loss.



1.5. Body composition

Body composition assessments are crucial for understanding underlying mechanisms that
are associated with health risks and functional capacity, and for monitoring therapeutic
interventions in obesity-related studies'®”. The three-compartment (3C) model is recommended
for use in the research setting to assess body composition'®. This model separates whole-body
composition into fat mass, bone mineral content, and lean tissue mass'®. Even though a 3C
model is not able to differentiate total body water, fat-free dry mass, and remaining solids, such
as protein and mineral residuals from the lean mass, the model is optimal for the research

setting!%6107,

The dual X-ray absorptiometry (DEXA) technique for determining body composition uses
a 3C model which provides an accurate body composition measurement without high-radiation
exposure!?>1% With the DEXA method, the participant lies on a bed where an X-ray beam emits
high- and low-photon energy x-rays through the body. The two X-rays attenuate differently
depending on the density and chemical composition of the tissues, while assuming that the
hydration of the lean mass is constant!?>1%11% The DEXA is the gold standard method to
measure whole-body and regional bone mineral content and is widely used in the research setting
to accurately estimate whole-body and regional fat and lean mass''®. Several studies have
demonstrated small precision error and a good reproducibility while conducting the DEXA
assessment! %1113 For instance, Tallroth et al.!'? have reported an intra-class correlation
coefficient of 0.99 for repeated measures of abdominal fat and lean mass in healthy male adults

(n =37; mean age = 45.1 years; mean BMI = 26.2 kg/m?).

Tomographic imaging techniques provide two-dimensional volumetric images of specific
axial slices of the body in high resolution'!*!'®. The computed tomography (CT) scan provides
high quality images using radiographic measure, in which specific ranges of Hounsfield units
distinguish tissue types. This method is commonly implemented to define visceral adipose tissue
(VAT) and subcutaneous adipose tissue (SAT) of the abdomen'!"!2%, In the research setting, an
axial single-slice image at the lumbar vertebrae can be used to accurately distinguish upper body

SAT and VAT!,
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1.5.1 The effects of weight loss on body composition

The effects of weight loss on body composition varies according to the type of weight loss
protocol!'?!. The literature has shown that caloric restriction is effective in promoting significant
weight loss within the first 6 months of intervention’®"!122124 In the long-term, however, the
magnitude and quality of weight loss is only augmented when aerobic and/or resistance exercises
are added to a hypocaloric diet’!:">!13:122-130 There is a greater body mass reduction while sparing
or increasing total body lean mass (LM) in weight loss protocols that use a combination of diet
and exercise’7>113122-128 For instance, with a 10 kg weight loss, fat-free mass is expected to

decrease by 2.9 kg in males and 2.2 kg in females in response to diet-only programs'>!

. However,
when exercise is combined with a calorie restricted diet, for a 10 kg weight loss, fat-free mass is
reduced by only 1.7 kg in males and females'®!. Interestingly, exercise-only weight loss protocols
are not an effective approach to induce weight loss in the short- and long-term'?>!23:131 ' A meta-
analysis suggested that body weight decreases only 0.2 kg/week in middle-aged adults with
obesity following an exercise-only weight loss program. In comparison, a reduction of 1 kg/week
is observed in individuals who engaged in a diet protocol with or without exercise'?.
Nevertheless, there is evidence that LM of premenopausal women is reduced similarly after 6 and

12 months of calorie restricted diet with or without strength and aerobic exercises'2.

Evidence shows that weight loss protocol type can impact changes in body composition.
Overall, weight loss induced by diet in combination with structured aerobic exercise and/or
resistance training promotes a greater body mass reduction while preserving LM in adults with
obesity. Thus far, the literature lacks studies that investigate the influence of age of obesity onset
on body composition and its responsiveness to weight loss, which highlights the importance of

future research.

2. RATIONALE

Research shows that those who have had obesity from childhood have greater risk of
cardiometabolic disease compared to those who only developed obesity in adulthood. A main

way of mitigating the risk of cardiometabolic disease in obesity is with weight loss. Weight loss
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has been shown to affect CRF, muscle strength, and body composition of adults. However, it is
unclear whether the response of body composition and important health-related fitness
components to weight loss may be influenced by age of obesity onset. Therefore, the proposed
study aims to investigate how CRF, muscle strength, and body composition of adults with
different ages of obesity onset respond to weight loss. The results from the current study will
contribute to understanding whether obesity onset influences the treatment of obesity in adults,
which will help inform the development of more effective approaches to treat adults with

different ages of obesity onset.

3. OBJECTIVES

A. To investigate the effect of age of obesity onset on the changes in CRF as predicted by
YMCA and 20MSR after weight loss.

B. To investigate the effect of age of obesity onset on muscle strength after weight loss.

C. To investigate the effects of age of obesity onset on changes in regional body composition

after weight loss.

D. To investigate the relationship between changes in CRF, muscle strength and regional
body composition after weight loss and to determine how these relationships are affected by

age of obesity onset.

4. HYPOTHESIS

A. Adults with adulthood-onset obesity will have greater improvements in CRF after weight

loss compared to adults with childhood-onset obesity.

B. Adults with adulthood-onset obesity will have greater improvements in muscle strength

after weight loss compared to adults with childhood-onset obesity.
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C. Adults with adulthood-onset obesity will have greater reductions in FM and VAT, and a

lesser reduction in LM compared to adults with childhood-onset obesity.

D. Improvements in CRF and muscle strength will be positively correlated with decreases in
FM and VAT and negatively correlated with decreases in LM. Moreover, adults with
adulthood-onset obesity will present stronger correlations between changes in CRF and
muscle strength with changes in FM and VAT compared to the childhood-onset group.
However, correlations between changes in CRF and muscle strength with changes in LM will

be stronger in the childhood-onset group.

5. METHODOLOGY

5.1 Study participants

Adult males and females were recruited through radio, poster, newspaper, and online
advertisements. Eligibility of candidates to participate in the study was assessed through
telephone screening. The study included sedentary males and females who were 25-40 years of
age with a BMI of 30-39 kg/m? and did not smoke. To be included in the study, participants also
had to provide a medical record or photographic evidence of their weight pre/-peri-puberty (~12-
15 y for males and ~10-14 y for females). Exclusion criteria included (1) use of any medication
known to affect metabolism; (ii) presence of any metabolic conditions that would affect body
weight; (ii1) any musculoskeletal condition that would prevent engagement in exercise; iv)
participants who were not weight stable (+/- 2 kg) for at least 2 months at baseline; (v)
menopausal women, and (vi) breastfeeding women. Eligible participants provided written
informed consent (Appendix A) and also completed the Physical Activity Readiness
Questionnaire — PAR-Q (Appendix B) to assess their readiness to perform the fitness tests and to
engage in the exercise sessions of the weight loss protocol'*. All study procedures were

approved by the Concordia University Human Research Ethics Committee (UHREC).

Participants were categorized according to age of obesity onset based on their response to
the Collins and Stunkard body rating scale'3*!>3 and confirmed by a picture from 12-15 years old

and 10-14 years old for males and females, respectively!'**. The Collins scale (Appendix C) was
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used to assess weight status during childhood and adolescence!**. The Stunkard body rating scale
(Appendix C) was used to assess weight status during adulthood '¥. Participants were considered
to have childhood-onset obesity if they acquired obesity pre-/peri-puberty '**. Participants were

considered to have adulthood-onset obesity if they developed obesity after the age of 18 years'®.

5.2 Study design

The design of this study is presented in Figure 1. Baseline measurements were conducted in
a two-week period while the participants maintained a stable weight (+/- 2 kg). Thereafter, all
participants started the weight loss protocol, and the same measurements were conducted at 12
weeks into the weight loss protocol. Additionally, follow-up measurements were conducted
during a two-week weight stabilization period on the participants who were able to achieve
moderate weight loss of around 10%. In total, 37 participants (childhood (n = 19) versus
adulthood (n= 18)) were measured at 12-weeks, and 23 participants (childhood (n = 12) versus
adulthood (n = 11)) achieved moderate weight loss and underwent follow-up measurements

(Figure 2).

(AFTER ~10% WEIGHT LOSS)

|

BASELINE FOLLOW-UP

MEASUREMENTS MEASUREMENTS

(WEIGHT-STABLE) (WEIGHT-STABLE)

Figure 1. Study design
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Reason for exclusion:
927 outside the range of age
Responded to 414 outside the range of BMI
smdy ads ?3 me.dication use
_ 25 medical condition
Not interested (n=1494) 10 smoking
(n=9) 5 other
L
Qualified for Did not qualified [
the study N for the study
(n=60) (n=1434)
Ad Weight loss
Intervicwl and Baseline Protocol 12-week Follow-up
consenting * measurements ———*| jnjtiation * measurements * measurements
(@=51) (n=44) l (n=42) l (n=37) (n=23)
Dropped-out (n=3) Dropped-out Dropped-out (n=1) Dropped-out (n=6)
Deemed incligible (n=4) (n=2) Unable to contact (n=4) Unable to contact (n=2)
Non-compliant (n=6)

Figure 2. Flowchart of participants.

5.3 Weight loss protocol

The weight loss protocol aimed to achieve a 20% caloric restriction and a 10% increase in
energy expenditure through exercise, resulting in a 30% total energy deficit as previously
described®. Participants’ usual eating habits were assessed through interview, a 24-hour recall,
and 3-day food record. Resting metabolic rate (RMR) was measured by an indirect calorimeter at
the three time-points, and total energy needs were quantified as RMR multiplied by an activity
factor of 1.2-1.3. Participants were prescribed exchanges by a dietitian to meet recommended
calorie intake based on exchange lists!*°. The diet was composed of 50-60% carbohydrates, 20-
30% fats, and 20% proteins. The participants were weighed weekly, and individual meetings

were arranged as needed to assist them in following the calorie restricted diet.

Participants were prescribed aerobic exercise on a treadmill and/or elliptical machine based
on the guidelines of the Canadian Society of Exercise Physiology-Physical Activity Training for
Health (CSEP-PATH). In the start-up phase (first 4 weeks), the participants were instructed to
perform aerobic moderate intensity exercise three times per week for 10-25 minutes (Appendix

D). The intensity corresponded to an exercise workload that could be sustained with 40-60% of
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the participants’ heart rate reserve (HRR)!’

, which was predicted by the Karvonen method: HRR
= [(220 - age - resting heart rate) x % intensity] + resting heart rate'®. In the 2" phase (week 4
24, participants increased to vigorous intensity exercise at 60-85% HRR'3”. During this phase,
they were also instructed to increase their exercise frequency to 3-5 times per week for 20-40
minutes (Appendix D). After week 24 in the maintenance phase, the participants were instructed
to engage in exercise sessions that lasted up to 60 minutes maintaining the exercise intensity at
70-85% HRR (Appendix D). At least one exercise session per week was monitored by an
exercise specialist on the conditioning floor at the PERFORM Centre, Concordia University. At
this visit, participants also reported their weekly exercise activity and were encouraged to self-
monitor the rest of the week. There was a clear divide between participants who adhered or did
not adhere to the exercise protocol. “Adherent” participants completed more than 80% of

prescribed exercise session while “non-adherent” participants completed 0-1 exercise sessions

every 2 weeks.

5.4 Cardiorespiratory fitness
5.4.1YMCA Submaximal Cycle Ergometer Test

VOomax was estimated by the YMCA submaximal cycle ergometer test. The YMCA
protocol consists of several stages, with each stage lasting at least 3 minutes®. Participants
pedaled on a cycle ergometer (25 watts at 50 rpm) with gradual increases in the resistance based

on their heart rate (HR) during the first stage (Figure 3).
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27 stage
HR < 80 bpm
125 W

3 stage
150 W

2nd stage
HR (80-89 bpm)
100 W
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125 W
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HR (90-99 bpm)
75 W

3 stage
100 W

27 stage
HR > 99 bpm
50W

3 stage
75 W

Figure 3. YMCA submaximal cycle ergometer test stages.

Figure 3 demonstrates that the HR response in the first stage determines the workload for
the second stage. Thereafter, the workload increased by 25 watts for the subsequent stages until
the participant’s HR was within the range of 10 beats per minute of his or her 85% age-predicted
maximum HR (220 - age). The participant’s HR had to be within 5 bpm of the difference
between the last two minutes of each stage. If the variation was higher, an additional minute was
added to that stage until the HR was within & 5 bpm. If the participant did not maintain a cadence
of 50 revolutions per minute the test was considered invalid. The participants’ blood pressure was
measured by a sphygmomanometer between the 2" and 3™ minute of each stage. The participants
were asked to rate their perceived exertion (Borg scale)!* before the end of each stage. The
workload and HR encountered in the last two stages were used to estimate VO,max. The
following formula was used to calculate the sub-maximal VO; at the second-last workload (SM1)
and last workload (SM2): [(workload (W)/weight (kg) x 10.8] + 7.0. Then, the slope (b) was
calculated by the following formula: (SM2 - SM1) / (HR2 - HR1). This allowed the prediction of
VOomax: VO:max (ml.kg!'.min") = SM,+ [b (HRmax - HR2)]>%.
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5.4.2 20-m Shuttle Run Test

The 20MSR was conducted on a non-split surface to predict the participants’ VOamax ',
The test consisted of one-minute stages of continuous running with incremental increases until
exhaustion. The participants ran between two cones that were 20-m apart while keeping the pace
with sound beeps from a pre-recorded audio signal. The initial speed was 8.5 km.h! and pre-
recorded audio signals emitted by speakers guided increases in speed by 0.5 km.h"! per minute
(level). The test ended whenever the participant failed to reach the end lines concurrent with the
audio beeps on two consecutive occasions'*!. The equations Y =2.85 X +25.1and Y =2.75 X +
28.8 were used to predict the VO,max for the female and male participants, respectively'*’ with

X being the last half-stage of the 20MSR completed'*’.

5.5 Handgrip strength

An adjustable handgrip dynamometer (Jamar, Performance Health International LTD,
Nottinghamshire, UK) was used to assess static muscle strength of the forearm muscles. The
participants held the instrument in the hand to be tested at the level of the thigh with the elbows
extended, and slightly away from the body'*?. The volunteers were asked to apply a maximum
1sometric effort to the apparatus and maintain it for 3-5 seconds. Encouragement was given to aid
participants in achieving maximal effort!4’. The test was performed twice in each hand. The mean

from the highest scores of each trial was recorded to estimate muscle strength.

5.6 Body composition

For the body composition measurements, participants were fasted for at least 8 hours, and
wore light clothing, and no shoes. A calibrated DXA scanner (GE Lunar Corporation, Madison,
WI, USA) with enCORE software (version 14.10.022) was used to measure total and regional
body composition. For the DEXA assessments, the participants were positioned supine with the
arms separated from their trunk. The abdominal region of interest was defined by the body

segment between the greater trochanter and the 12" rib and the forearm region was defined by the
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body segment between the wrist and elbow!#*. In addition, a fixed-wall stadiometer (Seca 216,
Seca Corp., Chino, CA) was used to measure height to the nearest 0.1 cm. BMI was then
calculated by weight (kg) / height-squared (m?).

A single-slice CT scan (GE Lightspeed 16TM, Milwaukee, WI) at the .2-3 vertebra with a
slice thickness of 10 mm was conducted at baseline and follow-up time points. The Slice-O-
Matic Software (version 5.0; Tomovision; Montreal, QC, Canada) was used for processing,
segmentation, and measurements of compartments in cm?. Total VAT mass (kg) was computed
by the following equation: VAT[kg] = (VAT[cm?] / Total abdominal fat[cm?]) X DEXA total
abdominal fat[kg]'*. The upper body SAT mass (kg) was calculated by subtracting VAT mass

and leg fat mass from total fat mass (kg).

5.7 Statistical analyses

Descriptive data was expressed as means and standard deviations and the categorical
variables were expressed as frequencies and percentages. The Shapiro-Wilk test was used to test
normality and the Mauchly's test was applied to verify the sphericity of the data. If sphericity was
violated, the Greenhouse-Geisser correction was adopted. The Levene’s F test was used to test
the homogeneity of variances. A mixed model ANOVA was conducted to assess the effects of
age of onset of obesity on the outcome variables after 12-weeks and after 10% weight loss. For
the analyses on the 10% weight loss data, weight loss duration was added as a covariate. When a
significant effect was observed, the LSD post hoc was applied to identify differences between
variables. Pearson’s correlation coefficient was used to check the association between changes in
fitness and body composition variables, from baseline to 12-weeks and from baseline to follow-
up. For non-normal data, Spearman’s correlation coefficient was used. The alpha level was set at
0.05 and the interval of coefficient was calculated as being 95%. All the statistical analyses were

conducted using SPSS (version 22.0 for windows. IBM Corp., Armonk, NY).
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6. RESULTS

6.1 Participants at 12-weeks

Table 1 shows that the participants who reached 12-weeks from both groups (n =37) did
not differ in age (p = 0.56) and BMI (p = 0.10). There were no between-group differences in

exercise adherence, sex, weight, and %BF at baseline.

Table 1. Baseline characteristics by onset of obesity of participants who completed 12 weeks.

Childhood-onset (n =19) Adulthood-onset (n = 18) p-Value

Sex (n [% female]) 13 [68.4%] 12 [66.7%] 0.90

Age (y) 30.2+34 30.8+3.1 0.56

BMI (kg/m?) 33.6+2.9 322+2.0 0.10

Weight (kg) 946+ 144 949 +9.38 0.94

BF (%) 429+43 414+6.9 0.43

Exercise Adherent 11 [57.9%] 15 [83.3%] 0.091
(n [% adherent])

Abbreviations: BMI = body mass index; BF = total body fat.
Data are presented as means + SD.

The childhood-onset and adulthood-onset group experienced similar (p = 0.97) %weight
loss at 12-weeks (3.6 + 2.7% vs 3.7 + 2.4%, respectively). Over the 12-weeks period, both groups
decreased (p < 0.001) weight, FM, %BF, and lower body SAT (Table 2). There was a time effect
in LM (p = 0.007) and post-hoc analyses demonstrated that LM (p = 0.001) was reduced in the
childhood-onset group only (Table 2; Figure 4). Moreover, a trend towards a significant group-

by-time interaction effect was observed in %BF and LM (p = 0.066 and p = 0.051, respectively).
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Table 2. Total body composition and anthropometric variables by onset of obesity at baseline
and 12-weeks.

p-value
Baseline 12-weeks Group Time Group x

time

Weight? (kg) 0.94 <0.001 0.96
Childhood-onset 94.6+144 91.0+13.5*%
Adult-onset 94,9+ 9.8 91.3+£9.2%

FM? (kg) 0.43 <0.001 0.21
Childhood-onset 404+ 6.0 37.9+5.5%
Adult-onset 302472 35.7+7.0*%

BF? (%) 0.29 <0.001 0.066
Childhood-onset 429+43 41.8 + 3.9%
Adult-onset 414+69 39.3+7.3*

LM? (kg) 0.53 0.007 0.051
Childhood-onset 51.3+10.3 50.3 +£9.4*

Adult-onset 52.6+94 524+95

Lower body SAT? (kg) 0.78 0.001 0.60
Childhood-onset 13.5+3.3 13.0£3.2%
Adult-onset 13.2+3.7 12.6 +£3.5%

Abbreviations: FM = total body fat mass; BF = body fat percentage; LM = total body lean mass; SAT = subcutaneous adipose tissue.
*n = 19 for childhood-onset, n = 18 for adulthood-onset.

*Within-group difference from baseline to 12-week by post-hoc LSD tests.

Data are presented as means + SD.
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Figure 4. Time effect for total body lean mass from baseline to 12-weeks by onset of obesity; *: represents a

difference from baseline to 12-weeks for the childhood-onset group. Error bars represent standard deviation of
means.

There was a time effect (p < 0.001) for the YMCA test in the participants who completed
12 weeks (Table 3) and post-hoc analysis showed that only the adult-onset group improved (p <
0.001) in the YMCA test from baseline to 12-weeks. Both groups also experienced improvements

(p=0.001) in 20MSR. Moreover, there was a trend toward a significant effect of time in muscle

strength in both groups (p = 0.050).
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Table 3. Cardiorespiratory fitness and handgrip strength by onset of obesity at baseline and

12-weeks.
p-value
Baseline 12-weeks Group Time Group x
time
YMCA VO:max?* 0.80 <0.001 0.11
(ml/kg/min)
Childhood-onset 320+£5.2 334+57
Adult-onset 31,6 £5.3 347 +6.2%
20MSR VO:max" 0.86 <0.001 0.94
(ml/kg/min)
Childhood-onset 325+£2.7 34.1+£2.8%*
Adult-onset 33.1+£5.5 348+64*
Muscle strength (kg)* 0.27 0.050 0.29
Childhood-onset 32.8+10.3 34.5+10.7
Adult-onset 37.0+10.6  37.7+11.3

Abbreviations: YMCA = YMCA submaximal cycle ergometer test; 20MSR: 20-m shuttle run test.

*n = 18 for childhood-onset, n = 18 for adult-onset.
bn = 18 for childhood-onset, n = 16 for adult-onset.
‘n = 19 for childhood-onset, n = 18 for adult-onset.

*Within-group difference from baseline to 12-weeks by post-hoc LSD tests.

Data are presented as means = SD.

Vo,max (ml/kg/min)

BASELINE

Time

e Child hood-onset

sengoes Adulthood-onset

12-WEEKS

Figure 5. Time effect for cardiorespiratory fitness, predicted by the YMCA test, from baseline to 12-weeks by
onset of obesity; *: represents a difference from baseline to 12-weeks for the adulthood-onset group. Error bars
represent standard deviation of means. Abbreviations: VO,max = maximal oxygen consumption.
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6.2 Participants who achieved moderate weight loss

Table 4 shows that the average age and BMI of participants who achieved their weight loss
goal was similar between groups (p =0.58, p=10.37, respectively). There were no differences in
exercise adherence, sex, weight, and %BF at baseline. However, the childhood-onset group took

longer (p = 0.02) to achieve around 10% weight loss compared to the adult-onset group.

Table 4. Baseline characteristics by onset of obesity of participants that achieved 10% weight loss.

Childhood-onset (n=12) Adulthood-onset (n=11) p-Value

Weight loss duration (wks) 45.8 £23.0 27.7+10.0 0.02
Sex (n [% female]) 8 [66.7%] 7[63.6%] 0.87
Age (y) 30.7+3.6 299+3.5 0.58
BMI (m/kg?) 34.0+3.0 32.8+3.3 0.37
Weight (kg) 955+ 15.7 94.6 +7.0 0.85
BF (%) 43.0+3.7 42.0+6.7 0.66
Exercise Adherent 8 [66.7%] 10 [90.9%] 0.31

(n [% adherent)

Abbreviations: BMI = body mass index; BF = total body fat.
Data are presented as means = SD.

In those that achieved moderate weight loss, percent weight loss between groups was
similar at 12-weeks (childhood-onset = 4.3 £ 3.1%; adult-onset = 4.3 = 2.5%; p = 0.97) and at the
end of the study (childhood-onset = 9.3 + 3.4%; adult-onset = 8.2 + 3.0%; p = 0.49). Both groups
decreased weight (p < 0.001) over time (Table 5) and post-hoc analyses showed that the two
groups experienced significant weight reduction (p < 0.001) from baseline to 12-weeks, from 12-

weeks to follow-up, and from baseline to follow-up (Table 5).
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Table 5. Total body composition and anthropometric variables by onset of obesity at baseline, 12-weeks, and

follow-up.
p-value®
Baseline 12-weeks Follow-up Group Time Group x
time
Weight? (kg) 0.85 <0.001 0.17
Childhood-onset 955+15.6 91.3+142* 86.7+15.6'¢
Adult-onset 94.6+7.0 90.4 + 6.5* 86.7+ 5.9
Weight loss?® (%) 0.076 0.004 0.40
Childhood-onset 43+3.1 9.3 +34F
Adult-onset 43+25 8.2+3.0
FM? (kg) 0.97 <0.001 0.42
Childhood-onset 40.8+54 38.1£5.1* 3424 5.7
Adult-onset 309+7.1 36.0+7.3* 33.2+ 7.5
BF? (%) 0.83 <0.001 0.81
Childhood-onset 43.0+3.7 42.0 £39* 39.6+3.77¢
Adult-onset 420+6.7 39.8+72% 38.2+7.97¢
LM? (kg) 0.84 0.005 0.14
Childhood-onset 51.9+11.2 504 +10.2% 49.7 +10.7%
Adult-onset 51.7+7.0 51.4+6.9 50.5 £ 6.8¢
Lower body SAT? (kg) 0.86 <0.001 0.67
Childhood-onset 13.2+2.5 12.5+2.1* 11.1+1.9%¢
Adult-onset 13.6+4.2 12.7 £4.0* 11.7+3.97¢
Upper body SAT? (kg) 0.68 <0.001 0.17
Childhood-onset 25.0+34 21.0 £ 3.8t
Adult-onset 23.8+4.1 19.6 + 4.3
VAT? (kg) 0.43 <0.001 0.83
Childhood-onset 25+14 20+£1.2¢
Adult-onset 24+1.0 1.7+£0.9!

Abbreviations: FM = total body fat mass; BF = total body fat; LM = total body lean mass; VAT = visceral adipose tissue.
2n = 12 for childhood-onset, n = 11 for adulthood-onset.

P Adjusted p-values controlling for weight loss protocol duration.

*Within-group difference from baseline to 12-weeks by post-hoc LSD tests.
"Within-group difference from 12-weeks to follow-up by post-hoc LSD tests.
Within-group difference from baseline to follow-up by post-hoc LSD tests.

Data are presented as means = SD.

Table 5 shows that both groups decreased FM, %BF, and lower body SAT across the three-

time points (p < 0.001). Post-hoc analyses showed that there was a reduction in FM, %BF, and

lower body SAT (p < 0.05) in both groups from baseline to 12-weeks, from 12-weeks to follow-

up, and from baseline to follow-up. There was an effect of time (p = 0.005) on LM and post-hoc

analyses showed (Table 5; Figure 6) that LM declined (p < 0.05) across all three timepoints in the

childhood-onset group. In contrast, LM declined in the adult-onset group (p = 0.01) from baseline
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to follow-up only. There was also a time effect (p < 0.001) for upper body SAT and VAT and
post-hoc analyses showed that upper body SAT and VAT was reduced (p < 0.001) from baseline
to follow-up in both groups.
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Figure 6. Time effect for total body lean mass from baseline to follow-up by onset of obesity; *: within-
group difference from baseline to 12-weeks; f: difference from 12-weeks to follow-up; I: difference from
baseline to follow-up. Error bars represent standard deviation of means.
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Table 6. Cardiorespiratory fitness and muscle strength by onset of obesity at baseline, 12-weeks, and follow-up.

p-value?
Baseline 12-weeks Follow-up Group Time Group x
time
YMCA VO:max?* 0.89 0.01 0.16
(ml/kg/min)
Childhood-onset 316+ 6.4 332+6.8%* 360+89":
Adult-onset 322+6.2  36.1 £7.6* 356 +7.2
20MSR VO:max” 0.68 0.18 0.85
(ml/kg/min)
Childhood-onset 324+£23 342+29 36.3+4.1
Adult-onset 347+£6.0 363+6.8 38.2+6.7
Muscle strength® (kg) 0.75 0.084 0.25
Childhood-onset 31.8+ 123 341+£129 348+11.0
Adult-onset 347+8.6  353+9.0 36.0+7.4

*n = 11 for childhood-onset, n = 10 for adulthood-onset.

bn = 8 for childhood-onset, n = 9 for adulthood-onset.

‘n = 12 for childhood-onset, n = 11 for adulthood-onset.

dAdjusted p-values for weight loss protocol duration.

*Within-group difference from baseline to 12-weeks by post-hoc LSD tests.
TWithin-group difference from 12-weeks to follow-up by post-hoc LSD tests.
1 Within-group difference from baseline to follow-up by post-hoc LSD tests.
Data are presented as means + SD.

Participants who achieved moderate weight loss experienced improvements (p = 0.01)

over time in the YMCA test (Table 6). Post-hoc analyses showed that the childhood-onset group

improved VOomax based on the YMCA from baseline to 12-weeks (p = 0.04), from 12-weeks to

follow-up (p = 0.02), and from baseline to follow-up (p = 0.003). However, the adult-onset group

improved VO,max based on the YMCA from baseline to 12-weeks only (p = 0.002; Figure 7).
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Figure 7. Time effect for cardiorespiratory fitness, predicted by the YMCA test, from baseline to follow-up by
onset of obesity; *: within-group difference; 1: difference from 12-weeks to follow-up; I: difference from
baseline to follow-up. Error bars represent standard deviation of means. Abbreviations: VO,max = maximal
oxygen consumption.

6.3 Correlations between changes in cardiorespiratory fitness and body composition

Pearson’s correlation analyses showed that from baseline to 12-weeks there was no
association between A YMCA, A 20MSR, and A muscle strength with A FM, A %BF, A LM, A
lower body SAT, A forearm fat mass, A forearm lean mass for the participants who reached 12-
weeks (Appendix E; Appendix F; Appendix G). When the same analyses were examined from
baseline to follow-up in those who reached their weight loss goal, there was a moderate negativ
correlation between A YMCA and A LM (r = -0.44; p < 0.05; Table 7; Figure 8) and between A
YMCA and A VAT (r=-0.54; p=0.01; Table 7; Figure 9)

€
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Table 7. Correlations between changes from baseline to follow-up in fitness variables and changes in regional and total body
composition.

A FM* A %BF* A LM* A Upper A Lower A Forearm A Forearm A VAT
body SAT®  body SAT? fat mass®  lean mass®

A YMC? -0.19 -0.06 -0.44* -0.26 0.24 -0.12 -0.40 -0.54*
A 20MSR" -0.29 -0.40 0.00 -0.40 -0.03 -0.01 -0.15 -0.31
A Muscle -0.07 -0.10 -0.02 -0.03 -0.17 -0.01 -0.29 -0.03
strength?

Abbreviations: YMCA: YMCA submaximal cycle ergometer test; 20MSR: 20-m shuttle run test; FM: total body fat mass; BF: total body fat; LM: total body lean mass;
SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue.

n=23;"n=18.

‘Pearson’s correlation coefficient (r).

dSpearman’s correlation coefficient (ry).

*p < 0.05.

Table 8. Correlations between changes from baseline to follow-up in fitness variables and changes in regional and total body
composition in adults with adulthood-onset obesity.

A FM¢ A %BF¢ A LM° A Upper A Lower A Forearm A Forearm A VAT®
body SAT! body SAT!  fatmass® lean mass®

A YMCA? -0.09 -0.01 -0.70% -0.26 0.46 0.00 -0.67% -0.58
A 20MSR? -0.22 -0.22 0.03 -0.56 0.35 0.08 0.00 -0.06
A Muscle 0.09 -0.04 0.79* 0.09 -0.15 0.04 0.92% 0.36
strength®

Abbreviations: YMCA: YMCA submaximal cycle ergometer test; 20MSR: 20-m shuttle run test; FM: total body fat mass; BF: total body fat; LM: total body lean mass;
SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue.

n=10;’n=11.

‘Pearson’s correlation (r).

dSpearman’s correlation (r,).

*p <0.05.

Table 9. Correlations between changes from baseline to follow-up in fitness variables and changes in regional and total body
composition in adults with childhood-onset obesity.

A FM* A %BF* A LM* A Upper A Lower A Forearm A Forearm A VAT?
body SAT®  body SAT*® fat mass®  lean mass®

A YMCA? -0.26 -0.24 -0.30 -0.26 0.06 -0.44 -0.29 -0.61*
A 20MSR® -0.42 -0.65 0.06 -0.46 -0.51 -0.33 -0.24 -0.18
A Muscle -0.52 -0.29 -0.41 -0.44 -0.28 -0.45 -0.40 -0.32
strength®

Abbreviations: YMCA: YMCA submaximal cycle ergometer test; 20MSR: 20-m shuttle run test; FM: total body fat mass; BF: total body fat; LM: total body lean mass;
SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue.

n=11;n=8.

‘Pearson’s correlation (r).

dSpearman’s correlation (ry).

*p <0.05.
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Correlation analyses were run separately in individuals with different ages of obesity onset.
Table 8 shows that there were negative correlations betweeen A YMCA and A VAT (r=-0.61; p
<0.05), AYMCA and A LM (r =-0.70; p <0.05), and A YMCA and A forearm lean mass
(r=-0.67; p <0.05) in adults with adulthood-onset obesity (Appendix H). There were also
positive correlations between A muscle strength and A LM (r = 0.79; p < 0.05), and A muscle
strength and A forearm lean mass (r = 0.92; p < 0.001; Appendix M) in the adulthood-onset
group. In contrast, Table 9 shows that adults with childhood-onset obesity had a negative
correlation between A YMCA and VAT (r=-0.61; p < 0.05) only.
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Figure 8. Scatterplot of the relationship between changes from baseline to follow-up in cardiorespiratory fitness

and total body lean mass by onset of obesity. Abbreviations: YMCA = submaximal cycle ergometer test.
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Figure 9. Scatterplot of the relationship between changes from baseline to follow-up in cardiorespiratory fitness

and visceral adipose tissue by onset of obesity. Abbreviations: YMCA = submaximal cycle ergometer test.
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7. DISCUSSION

This is the first study to investigate whether CRF, muscle strength, and total and regional
body composition of adults with childhood-onset obesity or adulthood-onset obesity are affected
differently after weight loss. In addition, this study examined whether changes in CRF and
strength correlated with changes in body composition after moderate weight loss and the
influence of age of obesity onset on these correlations. In contrast to our initial hypothesis, the
overall findings of the present study suggest that the age of onset of obesity does not play a role
in the responsiveness of CRF, muscle strength, and total and regional body composition after a
12-week weight loss program or after moderate weight loss in adults with obesity. However, we
did find that in the larger cohort that completed the 12-week measurement, those with adult-onset
obesity showed improvements in CRF via both the YMCA and shuttle run test. In contrast, those
with childhood-onset obesity only showed improved CRF in the shuttle run test. Moreover, in
those that achieved moderate weight loss, we found that those with adult-onset obesity were able
reach an earlier point of plateau in VOmax at the 12-weeks measurement, whereas those with
childhood onset obesity continued to improve their VO2max to when they reached moderate

weight loss.

In the present study, we found that in those that completed moderate weight loss, both
adults with childhood and adulthood-onset obesity improved their CRF similarly, although those
with adulthood-onset obesity reached an earlier plateau compared to those with childhood-onset
obesity. Similarly, Rupp et al.** reported that CRF of adults with adulthood-onset obesity was
rapidly increased within the first 6 months of a weight loss protocol; thereafter, CRF did not
change even though they were still engaged in aerobic exercise. In contrast, those with
childhood-onset obesity gradually increased CRF throughout 12 months in the protocol.
Together, this evidence suggests that short-term weight loss protocols are sufficient to induce the
most benefits in CRF in those with adulthood-onset obesity, whereas in adults with childhood-

onset obesity, CRF seems to respond better to longer weight loss protocols.

Despite differences in the point of plateau, the present study showed no difference in CRF
at baseline in adults with different ages of obesity onset. Only a study by Rupp et al.** examined

the effects of obesity onset on CRF. Interestingly, after the prediction of CRF by a submaximal
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treadmill test, in the Rupp et al.** study the adult-onset group was less fit compared to the
childhood-onset group at baseline. The potential reasons for this divergence across studies is that,
in the present study, the adults from the two groups were similar in age. In contrast, in the Rupp

1.44

et al.** study the adults in the adulthood-onset group were almost 10 years older than the

childhood-onset group. Therefore, it was not surprising that the adulthood-onset group in the

Rupp et al.**

study had lower fitness levels compared to the childhood-onset group since in both
males and females, CRF starts declining 7-14% per decade after 20 years, regardless of physical

activity level'®.

The changes in CRF between the childhood-onset and adulthood-onset obesity groups after
12 weeks or after achieving ~8-9% weight loss was not different. Rupp et al.** found that adults
with adulthood-onset obesity had greater improvements in CRF compared to the childhood-onset
group in the first 6 months of the protocol. From 6 to 18 months, however, there were no longer
differences in changes in CRF between groups. There are many differences between our study

and the Rupp et al.*

study that may explain this lack of agreement. There were no differences in
baseline CRF or exercise adherence in the current study, whereas in the study by Rupp et al.**,
the adulthood-onset group was less fit at baseline and they engaged in more exercise within the
first 6 months compared to the childhood-onset group. The exercise training principle of
“diminishing returns” states that as an individual becomes fit, greater effort is required to be
applied for further fitness improvement!'*®. In addition, higher engagement in exercise promotes
physiological adaptations in the cardiovascular system to a greater extent’®’*’>76, Thus, a lesser

improvement in CRF in the childhood-onset group, who performed less moderate-vigorous

aerobic exercise and were fitter at baseline, would be expected.

Another difference between our study and the Rupp et al.** study was that early age obesity
onset was defined differently. In the present study, age of obesity onset was defined as pre- or
peri-puberty for childhood and over 18 in adulthood. In contrast, Rupp et al.** defined childhood-
onset obesity as the development of obesity before 18 years old and adulthood-onset obesity as
obesity acquired after 18 years old. The cut offs were chosen for our study because adipocyte
cellularity responds differently to excessive fat tissue accumulation at different periods of life.
The development of obesity during pre-/peri- puberty is associated with reduced fat cell size and

increased number of adipocytes compared to obesity acquired after 18 years of age’*>>.
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Moreover, in the study by Rupp et al.*, obesity onset was self-reported. In contrast, in the

present study the Collins'** and Stunkard body rating scale'¥

were used to aid the reporting of
age of obesity onset by the participants and the participants were also required to provide
evidence by way of documentation or picture proof from around their puberty to avoid recall

1'44

bias. Thus, the method of classifying obesity used in the Rupp et al.** study was subject to recall

bias.

The present study demonstrated that, in middle-age adults, age of obesity onset did not
affect handgrip strength at baseline. The literature lacks studies that investigated the effect of age
of obesity onset on handgrip strength. However, a study that compared handgrip strength of
adults (average age 67 y) who developed obesity at 30, 40, and 50 y did not demonstrate any
difference in handgrip strength between the groups after adjusting for age, sex, physical activity,

147

smoking, and alcohol use'*’. Despite not considering childhood-onset obesity, this study seems to

support and extend the findings from the current study to older adults.

The literature has mixed results regarding the effects of weight loss on handgrip strength. In
our participants, absolute handgrip strength was not affected by moderate weight loss. This
finding was corroborated by other studies that included middle-aged adults with overweight or

148151 51 in combination with aerobic

obesity that achieved weight loss by caloric restriction alone
exercise'”!. In contrast, two other studies reported decreases in absolute handgrip strength in
middled-aged'>? and older adults’* with obesity who achieved moderate weight loss only through

calorie restriction. However, in a study conducted by Siervo et al.!’!

adults with similar age and
BMI as above improved absolute handgrip strength after comparable weight loss induced by diet.
The potential reasons for this inconsistency across studies is unclear and requires additional

examination.

Although adults with different ages of obesity onset have distinct risks of developing
obesity-related comorbidities, the present study suggested that improvements in CRF and body
composition occur similarly in adults with childhood- or adulthood-onset obesity after weight
loss. An increase of 1-2 MET (3.5 ml.kg™!.min!) is associated with a 10-30% lower risks of
adverse cardiovascular events and reduced mortality®’:'4, In addition, metabolic risk factors and

all-cause mortality rate are reduced as FM and VAT decreases'>*!>*, Participants from the present
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study were able to achieve this magnitude of CRF improvement as well as reductions in FM and
VAT. Moreover, age of obesity onset did not influence these responses. From a clinical
perspective, although adults with different ages of obesity onset appear to lose weight at different
rates, these results imply that their risk of developing obesity-related comorbidities and all-cause

mortality can be mitigated similarly after weight loss.

Even though body composition and fitness variables of adults with different ages of
obesity-onset responded similarly after moderate weight loss, the present study showed that CRF
and muscle strength of adults with adulthood-onset obesity were more sensitive to changes in
body composition. Excessive fat tissue accumulation leads to increased serum concentration of
several pro-inflammatory cytokines, which negatively affects the cardiovascular and
neuromuscular systems!>>"157. Adults with adulthood-onset obesity likely experience the
deleterious effects of pro-inflammatory cytokines on these systems for a shorter duration
compared to those with obesity obesity dated to childhood. The shorter duration exposure of
those with adulthood-onset obesity may explain the relationship between CRF and muscle
strength to changes in body composition, whereas almost none were observed in the childhood-
onset group. However, this hypothesis requires confirmation by further studies that investigate
underlying effects of pro-inflammatory cytokines on the responsiveness of fitness variables to

changes in body composition.

In this study, the exercise sessions were monitored once a week by an exercise specialist,
and the participants self-reported whether they performed the prescribed exercises. Therefore, the
classification of participants for exercise adherence might have been influenced by their
perception and report bias. Furthermore, participants’ CRF was predicted by a submaximal cycle
ergometer test and a maximal field test (20MSR), which to our knowledge, has not yet been
validated in people with obesity. Adults with excessive body weight have lower mechanical
efficiency at a given submaximal workload on a treadmill or cycle ergometer compared with their
lean counterparts due to the extra cardiovascular demand imposed by heavier body segments!*®-
160 Therefore, the CRF values from the present study might have been underestimated. However,
to attempt to overcome these limitations, CRF was measured by two (YMCA test and 20MSR)

rather than one method. Since both methods provided similar results, it is likely that no

differences were found because there were none to be found.

36



Our results are strengthened by the fact that both groups had similar baseline characteristics
for age and BMI. There is an inverse correlation between BMI and relative VO;max, and CRF
declines with aging®®!%. Accordingly, the two groups did not differ for YMCA, 20MSR, muscle
strength, and body composition at baseline. Thus, differences in the response of CRF, muscle
strength, and body composition to weight loss were not confounded by differences in baseline
characteristics. Furthermore, both groups were able to achieve similar weight loss at all data
collection points, which facilitated the investigation of the influence of age of obesity onset on
CRF, muscle strength, and body composition responsiveness since they are affected by the

magnitude of weight loss.

8. CONCLUSION

Findings from our study suggest that the age of onset of obesity does not play a role in the
responsiveness of CRF, handgrip strength, and body composition at 12 weeks and after moderate
weight loss induced by aerobic exercise and caloric restriction in adults with obesity. Moreover,
adults with adulthood-onset obesity were able to achieve moderate weight loss quicker and
preserved LM in the first 12 weeks, whereas adults with childhood-onset lost LM. Future studies
should further investigate how weight loss rate can affect the responsiveness of CRF, muscle
strength, and body composition and the underlying influence of pro-inflammatory cytokines on

these responses.
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APPENDIX A: Consent form.

INFORMATION AND CONSENT TO PARTICIPATE IN A RESEARCH STUDY

Study Title:

Acute and Chronic Effects of Obesity

Researcher:
Sylvia Santosa, PhD
Associate Professor

Department of Health, Kinesiology and Applied Physiology

Researcher’s Contact Information:
Science Pavilion 165.21

Concordia University

7141 Sherbrooke Street West

Montreal, QC, H4B IR6

514.848.2424 ex. 5841

s.santosa@concordia.ca

Source of funding for the study:


mailto:s.santosa@concordia.ca

Canada Research Chair, Tier 2 — Clinical Nutrition, Natural Science and Engineering

Research Council of Canada, and Heart and Stroke Foundation of Canada

You are being invited to participate in the research study mentioned above. This form
provides information about what participating would mean. Please read it carefully before deciding
if you want to participate or not. If there is anything you do not understand, or if you want more
information, please ask the researcher.

A. PURPOSE

You have been invited to take part in a study on aging, fat tissue risk factors for disease, and
weight loss. By participating, you will help us to better understand whether weight loss changes
disease risk differently depending on the age when a person develops overweight.

B. PROCEDURES

If you participate, your involvement in the study will last about 6 months or shortly after
you lose around 10 % of your starting body weight. The study includes a screening period, a pre-
weight loss stabilization period ending with assessments, a weight loss period, and a post-weight
loss stabilization period ending with assessments.

The description below provides a general outline of the study protocol. It is possible to
schedule several assessments at a given visit. Please note that there may be times where
assessments and sample collection (e.g. a blood draw) occur outside of the usual timeline for
reasons such as scheduling conflicts.

Information Session, Screening, and Health Assessment

*Maximum of 2 visits of up to 1.5 hours each
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The screening process will determine whether you are eligible for the study, and the health
assessment will provide information for designing your weight loss protocol.

v" Information Session and Screening. You will meet with members of the research staff
to discuss the study and have your questions answered. If you agree to enter the study
you will sign the consent form and provide medical records of height and weight and/or
pictures from childhood (around the age of puberty). You will also be asked to review
and sign a behavioural contract agreeing to do your best to engage fully in the research
project. A member of the research team will confirm your eligibility for the study by
reviewing the information you provided via email or telephone, and by measuring your
height and weight.

v Health Assessment. You will be interviewed and complete questionnaires about your
demographic characteristics, medical history, weight history, dietary habits, and physical
activity level.

Pre- and Post-Weight Loss Stabilization Periods

You will be instructed to follow your usual diet to maintain a stable weight for 2 weeks both
before and after the weight loss protocol. To ensure that you are weight stable, you will be
weighed at every study visit during this time period. You will also record your food intake for 3
days (2 weekdays and | weekend day).

Weight Loss Protocol
+2-4 visits a week for approximately 5 months

During this period you will follow a protocol to help you lose weight by diet and exercise.
You will be instructed on how to decrease the amount of calories you eat in your diet by 20 %
and increase the number of calories you burn by 10 % through moderate intensity exercise. You
will be required to keep a record of your daily diet periodically throughout the study. All exercise
will be performed on cardio equipment at the study site at a self-selected frequency (2-4 visits)
that will meet your weekly target. In addition, your weight will be measured and your weight loss
progress will be monitored on a weekly basis. Optional educational and support group sessions
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will be offered occasionally. You will follow the weight loss protocol until you lose around 10 % of your
starting body weight, which is estimated to take approximately 5 months.

Assessments

+*Approximately 2-3 fasted visits and 2 non-fasted visits per time point
You will have assessments at the following 3 time points:

(1) Towards the end/after pre-weight loss stabilization period

(2) 12-weeks after starting weight loss protocol

(3) Towards the end/after post-weight loss stabilization period

The following assessments will be conducted at time points (1), (2) and (3):

Non-fasted Assessments. These assessments can occur at any time of day.

v" Fitness Assessment. The fitness assessment will involve 3 tests.

o You will undergo a submaximal fitness test on a bike. You will pedal on a stationary
bike for approximately |5 minutes. Throughout this time, the resistance will be
gradually increased, and your heart rate and blood pressure will be periodically
assessed.

o You will perform a shuttle run/walk test. You will run/walk back and forth between
two lines in time with an audio ‘beep’. The period of time required to reach the
line will get progressively shorter. The test will end when you can no longer
continue or when you do not reach the line before the ‘beep’ on 2 consecutive
occasions. The test takes approximately 10 minutes.
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o You will perform a handgrip strength test. You will squeeze your fist for around
5 seconds around a device that measures your strength. The test will be
conducted 2 times per hand with at least 30 seconds rest between each test. The
total time for the test is around 10 minutes.

Fasted Assessments. These assessments must occur in the morning after an

overnight fast of at least 8 hours. Water is allowed.

Body Composition Assessment by Dual Energy X-ray Absorptiometry (DEXA). For
the DEXA scan you will be positioned on the table and be asked to lie still as the DEXA
arm passes over you. Total scan time is usually about |5 minutes.

Circumference Measurements. The circumferences of different parts of your body (e.g.
waist, hip, chest, arm, thigh) will be measured with a measuring tape. This process takes
approximately |5 minutes.

Energy Expenditure Assessment by Indirect Calorimetry. You will rest comfortably
for 90 minutes before the test. You will breathe normally under a clear, plastic canopy for
around 30 minutes while lying down. This will allow us to measure the rate at which your
body burns calories (your energy expenditure). Information from this assessment will help
us determine how many calories you need to maintain weight or to lose weight at a certain
rate. Your blood pressure and heart rate will be measured after the test.

Blood Draw. A sample of your blood will be drawn. This procedure takes approximately
I5 minutes.

The following assessments will be conducted at time points (1) and (3) only:
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Non-fasted Assessments. These assessments can occur at any time of day.

Questionnaires. You will be asked to complete questionnaires about your health, eating
behaviour, and quality of life. The questionnaires take approximately 30 minutes to
complete.

Arterial Measurement. You will be asked to not consume caffeine or alcohol for at least
|2 hours prior to this visit. On the day of this visit, exercise or strenuous physical activity
should be avoided before the assessment. The hardening of your arteries will be measured
while you are resting using a pen-like pressure sensor that will be placed on your skin on
top of your pulse at three sites (wrist, neck, and crease of the leg). The procedure takes
approximately 30 minutes.

Fasted Assessments. These assessments must occur in the morning after an
overnight fast of at least 8 hours. Water is allowed.

Body Composition Assessment by Computed Tomography (CT). If you are female, a
urine pregnancy test will be conducted prior to this test to ensure you are not pregnant.
During this test, you will lie on a table that will be passed through a large, open circular
tube. The CT machine will take pictures of your abdomen. The scan takes approximately
5-10 minutes to complete.

Biopsies. This procedure takes approximately 90 minutes. You will also be asked to not
consume caffeine or alcohol for at least 24 hours prior to this visit. Exercise or strenuous
physical activity should also be avoided for at least 24 hours before the procedure. You
will provide a small urine sample prior to the procedure.

o Fat. A sample will be taken from the fat in your stomach and thigh region. The
procedure will be performed by a physician. The physician will first clean your skin
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to remove any germs, numb your skin by injecting a local anesthesia (to freeze the
area) with a thin needle, and injecting fluid (water and salt solution) similar to the
composition of your body just below your skin. The physician then makes a small
nick incision and suctions out the fluid that was injected using a small hollow tube
attached to a syringe. As the fluid is removed, a small amount of fat tissue just
below the skin will be removed as well. The procedure will not require stitches,
as the incisions are small; the physician will simply place sterile tape to close the
incision. After the biopsies are done, post-biopsy care will be explained and you
will be provided with written instructions.

o Muscle. A sample will be taken from the muscle on the outside side of your thigh.
The procedure will be performed by a physician. The physician will first clean your
skin to remove any germs, numb your skin by injecting a local anesthesia (to freeze
the area) with a thin needle, and make a small incision. A needle (hollow tube) will
be inserted to remove a small piece of muscle. The procedure will not require
stitches, as the incisions are small; the physician will simply place sterile tape to
close the incision. Firm pressure will be applied to the area for 10 minutes to
prevent bruising. After the biopsy is done, post-biopsy care will be explained and
you will be provided with written instructions.

A typical timeline of study visits and assessments is shown in the table below:

58



Study Visit Timeline

Time Point

0y

Screening/Pre-Weight Loss

Stabilization Period

(2)
12-weeks
into Weight
Loss Protocol

(3)
Post-Weight Loss
Stabilization Period

Visit #

Procedures

Screening

Health Interview

Questionnaires

Bike Fitness Test

Shuttle Test

Test

Handgrip Strength

Energy Expenditure

DEXA Scan

Circumferences

CT Scan

Arterial

Measurement

Blood Draw

Biopsies

Exercise/Diet

Overview

*Your weight will be measured at every visit and weekly throughout the weight loss protocol

*You will complete cardio exercise sessions 2-3 times per week throughout the weight loss protocol

C.

RISKS AND BENEFITS

You might face certain risks by participating in this research. These risks include:
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*Blood Draws. There is a risk of discomfort, pain, fainting, bruising or infection (rare) from
the blood draw. The amount of blood drawn at each time point will vary. Total blood drawn
throughout the study will not exceed 2 cups (~500 mL). It is recommended that you avoid taking
aspirin 3 days before and after the blood draws, and that you don’t donate blood for up to 8
weeks following your participation in the study.

¢Fat and Muscle Biopsies. The most common risks of fat and muscle biopsies include pain,
a small dent or bump and bruising at the site where the sample was taken. The bruising may last
one to two weeks. Less common risks of biopsies include bleeding, infection, a small scar, and
numbness of the skin around the biopsy site. The chance of these risks is less than 1% (1 in 100).
There is also a chance of an allergic reaction to the lidocaine used for local anaesthesia. Care will
be taken to reduce the chances of these risks. Aspirin should be avoided 3 days before and after
the biopsies. It is not advised to participate in any vigorous activities for 3 days before and after
the biopsies. Exposure to water for prolonged periods should be avoided (e.g bathtubs, hot tubs
or swimming) for 5 days after the biopsies. Showering is permitted; however, band-aids must be
changed afterwards. Normal daily activities will not be affected.

¢Indirect Calorimetry. There is a slight risk of discomfort and hyperventilation from
claustrophobia when under the clear, plastic hood. Staff will be present and the hood is easily
removable.

*DEXA and CT Scans. You will be exposed to some radiation with the DEXA and CT
scan. The amount of radiation used is considered too low to cause any harmful side effects.
Radiation exposure from the DEXA scan is similar to the amount you would receive from sun
exposure on a sunny day (1/10™ that of a chest x-ray). The amount of radiation you are exposed
to from the CT scan is less than your exposure from one return transatlantic plane flight (about
2-3 chest x-rays). The radiation does not remain in the body after the scan. Should you have any
concerns, the research team will be happy to address them with you.

*Fitness Tests and Exercise. You may experience some discomfort from physical exertion
during the fitness test and the exercise component of the weight loss protocol.
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Your assessments will be supervised by experienced research staff who will make every
effort to keep you comfortable during the study.

Although the assessments conducted as part of this protocol are not expected to provide
you with any direct benefits, the results will tell you more about your health and metabolism and
you may see positive changes in your health during weight loss.

D. CONFIDENTIALITY

We will gather the following information as part of this research: demographic information,
contact information, and the results of all study procedures described above.

We will not allow anyone to access the information, except people directly involved in
conducting the research, and except as described in this form. We will only use the information
for the purposes of the research described in this form.

The information gathered will be coded. That means that the information will be identified
by a code. The researcher will have a list that links the code to your name.

All of your paper-based information will be kept in a filing cabinet in a secure and private
research office. All of your electronic information will be stored on a password-protected
research computer. The urine, blood, fat and muscle samples will be coded and safely stored at
Concordia University. Any samples or data the are sent to external collaborators is coded.

We intend to publish the results of the research. However, it will not be possible to identify
you in the published results.

E. BIOLOGICAL SAMPLES
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You will be asked to provide the following biological samples as part of the research: urine,
blood, fat and muscle.

Taking these specimens involves urinating into a plastic container, blood draws, and fat and
muscle biopsies as described in the procedures section above.

We will use your urine sample to assess your overall health with a standard urinalysis, and
to do a pregnancy test for female participants. We will use your blood samples to measure things
like sugar, cholesterol and inflalmmatory markers. We will use the biopsy samples to assess the
health of your fat and muscle. This includes things like the size of your fat cells, the amount and
type of inflammatory markers in your fat, and how well your muscle uses energy.

We will keep the specimens for up to 25 years after the end of the study. After that, they
will be destroyed.

If we find anything that might be relevant to your health, we will contact you and direct you
to the appropriate service.

F. CONDITIONS OF PARTICIPATION

You do not have to participate in this research. It is purely your decision. If you do
participate, you can stop at any time. You can also ask that the information you provided not be
used, and your choice will be respected. If you decide that you don’t want us to use your
information, you must tell the researcher before withdrawing from the study. In addition, the
research team may withdraw you from the study if you are not compliant.

As a compensatory indemnity for participating in this research, you will receive $500. If you
withdraw before the end of the research, you will receive an amount proportional to your
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progress in the study and the assessments you completed, as assessed by the research team. To
make sure that research money is being spent properly, auditors from Concordia or outside will
have access to a coded list of participants. It will not be possible to identify you from this list.

We will tell you if we learn of anything that could affect your decision to stay in the research.

There are no negative consequences for not participating, stopping in the middle, or asking
us not to use your information.

We will not be able to offer you compensation if you are injured in this research. However,
you are not waiving any legal right to compensation by signing this form.

G. PARTICIPANT’S DECLARATION

| have read and understood this form. | have had the chance to ask questions and any
questions have been answered. | agree to participate in this research under the conditions
described.

NAME (please print)

SIGNATURE

DATE
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If you have questions about the scientific or scholarly aspects of this research, please contact
the researcher. Their contact information is on page |.

If you have concerns about ethical issues in this research, please contact the Manager,
Research Ethics, Concordia University, 514.848.2424 ex. 7481 or oor.ethics@concordia.ca.

H. FUTURE RESEARCH PROJECTS?

Do you agree that your research data may be used to carry out other research projects!?

These research projects will be evaluated and approved by the Research Ethics Board at
Concordia University prior to their realization. Please note that your research data will be kept
securely by the researcher responsible for this research project. In order to preserve your
identity and the confidentiality of your research data, you will only be identified by a unique
numerical code. The code key will be kept by the researcher responsible for this research project.

Your research data may be published or be part of scientific discussions, but it will not be
possible to identify you.

Your research data will be retained for as long as it can be useful for the advancement of
scientific knowledge. When it is no longer needed, your research data will be destroyed. Please
note that at any time you may request that your research data not be used by contacting the
researcher responsible for this research project or the ombudsman office at Concordia
University.

The Research Ethics Board of Concordia University will monitor and control the data that
is collected. In addition, for monitoring, control, protection, and security purposes, your research
data may be accessed by a person appointed by regulatory bodies, as well as representatives of
the granting agency, Concordia University or the Research Ethics Board of Concordia University.
These individuals and organizations adhere to a privacy policy.
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Do you agree that your research data will be used under these conditions?

o Yes o No

Do you agree that the principal investigator of this research project or a member of his
research staff may contact you again to suggest that you participate in other research projects?
Of course, during this call, you will be free to agree or refuse to participate in the research
projects suggested.

o Yes o No
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APPENDIX B: Par-Q Questionnaire

=== PAR-Q & YOU

(A Questionnaire for People Aged 15 te 69)
Raguiar physical activity is fun and healthy, and increasingly more people are starting to bacoms more active every day  Being more active is very safi for most
¥ you are planning to become much more physically active than you are now, start by answering the seven questions in the bax below. i you are between the
ages of 15 and 69, the PAR-Q will tall you # you should chect with your doctor befiors you start. If you are over 69 years of age, and you are not used to being
wery active, check with your doctor
Common sense is your best guide whan you answer these questions. Please read the questions carefully and answer each one honestly: chect YES or NO.

1. Has your doctor ever zaid that you have a heart condition and that you should only do phyzical activity
recommended by a doctor?

Do you feel pain in your chest when you do phyzical activity?
In the past month, have you had chest pain when you were not doing phyzical activity?

Lo o o o

Do you loze your bal b of dizzi or do you ever loze conzciousness?
Do you have a bone or joint problem (for example, back, knee or hip) that could be made worze by a
hange in your phyzical activity?

€. Iz your doctor currently prezcribing drugs (for example, water pillz) for your blood prezzure or heart con-
dition?

0 0 0000 Og
O O OooOoOo Os

7. Do you know of any other reazon why you should not do phyzical activity?

If YES to one or more questions

Talk with your doctor by phone or in person BEFORE you start becoming much more phyzically active or BEFORE you have 2 Stness apprazal. Tell
yo“ your doctor about the PRR-Q and which questions you answered YES.

* You may be able to do any activity you want — a5 long a5 you Start showly and bulld up gradually. Or, you may need 1 resrict your activities to
answered oz which are zafe for you. Tall with your doctor about the linds of activiSes you wich ©© parsicipate in and follow hiz/her advice.

= Find out which ity programs are s3ie il for you.

DELAY BECOMING MUCH MORE ACTIVE:

= i you are not feeling well becauze of 2 temporary iline= such =
2 cold or 2 fever — wait until you feel better; or

= i you are or may be pregnant — ik to your doctor before you

NO to all questions

¥ you answered NO honestly to all PAR-Q questions, you @n be reasorably sure that you can:

* strt becoming much mone physically active — begin sowly and buld up gradually This iz the
=afest and easie=t way to go.

= tale part in 2 ftnezs appraizal — th is an excellent way o determine your bazic ftress so

that you can plan the best way for you to fve actively It i 2o highly recommended that you

have your bood pressure evahated. ¥ your reading is over 144/94, talk with your docior

PLEASE MOTE: ¥ your health changes zo that you then answer TES ©
ary of the above quessions, tall your fitness or healh professional.

Ioformed Lse of e PARD: The Canadian Sodety for Exsrcise Physiology, Health Canada, and their agents assume no Rabilty for persons who sndertake physical activity and f in doubt aher completing

s questionnaire, consek your doctor prior 1o physical actiy

I No change: permitted. You are encouraged to photocopy the PAR-Q but only if you uze the entire form.

NOTE: if the PAR-Q & beng ghven 10 2 peraoe before he or she partopates i 3 physecal acthity program or 3 finess appraisal, the secton may be ssed for legal or adminstrative purposes.

7 have read, understood and completed this questionnaire. Any questions | had were to my ful satrsfaction.”
WE
SNFE OATE
DNTRE OF PARENT WTNESS

or GLARCUN (Tor par icipnts under the age of magory]

Mote: This physical activity clearance = valid for a2 maximum of 12 moaths from the date it is completed and
becomes invalid if your condition changes so that you would answer TES to any of the seven questions.

“owmuwm p— N continued on other 5ids..
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APPENDIX C: Body Rating Scales

Body Rating Chart

Participants will be asked to report how their body status was at 5 years old, 10
years old, puberty, and 20 years old by comparing the figure drawings in the age-

and sex-specific body rating scales below.

Figure number
1 2 3 4 5 6 7 8
Age 5
o 0O o 0O O O O
Age 10
o d o 0O O O O
Puberty (Age o 0O o 0O O O O
)
Age 20
o d o 0O O O O O
Currently (Age o 0O o 0O O O O O
)

67




Childhood Body Rating Scale: Collins’ Figure Drawings

rls

Gi
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nt Body Rating Scale: Collins’ Figure Drawings

Adolesce
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Adulthood Body Rating Scale: Stunkard Body Rating Scale
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APPENDIX D: Aerobic Training Prescription and Progression

FREQUENCY | INTENSITY DURATION
(Sessions/week (% HRR) (Minutes/Session)

Start-up 1 3 40-50 10-15
2 3-4 40-50 15-20
3 3-4 50-60 15-20
4 3-4 50-60 20-25
Improvement 5-7 3-4 60-70 20-25
8-10 3-4 60-70 25-30
11-13 3-4 65-75 25-30
14-16 3-5 65-75 30-35
17-20 3-5 70-85 30-35
21-24 3-5 70-85 35-40
Maintenance >24 3-5 70-85 30-60

Table adapted from ACMS’s Guidelines for Exercise Testing and Prescription (2000)
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B YMCA (mi/kg/min)

B YMCA (mi/kg/min)
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APPENDIX E: Scatterplots of the relationship between changes from baseline to

12-weeks in the YMCA test and body composition by onset of obesity.
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APPENDIX F: Scatterplots of the relationship between changes from baseline to

12-weeks in 20MSR and body composition by onset of obesity.
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A Muscle Strength (kg)

A Muscle Strength (kg)
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APPENDIX G: Scatterplots of the relationship between changes from baseline to

12-weeks in muscle strength and body composition by onset of obesity.
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o YMCA (mi/kg/min)

APPENDIX H: Scatterplots of the relationship between changes from baseline to

follow-up in the YMCA test and body composition by onset of obesity.
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APPENDIX L: Scatterplots of the relationship between changes from baseline to

follow-up in 20MSR and body composition by onset of obesity.
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A Muscle Strength (kg) A Muscle Strength (kg)
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APPENDIX M: Scatterplots of the relationship between changes from baseline to

follow-up in muscle strength and body composition by onset of obesity.
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