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Abstract

Resting metabolic rate (RMR) is the largest component in energy expenditure and is
often reduced with weight loss. Exercise training has been shown to attenuate RMR reductions in
adults. However, little is known about the effects of exercise training and body composition
changes on RMR in youth with overweight or obesity. A secondary analysis of sedentary youth
(<18 years, BMI percentile > 85%), randomly assigned to either a control group or one of 3
exercise intervention groups: aerobic, resistance or combined, was conducted. Absolute RMR
change did not differ between exercise modalities compared to control. Changes in fat free mass
(FFM), but not fat mass, visceral fat or skeletal muscle was significantly associated with changes
in RMR independent of exercise modality. Thus, in youth with overweight or obesity, although
exercise modality was not associated with different changes in RMR, FFM change appears to be

a modest predictor of RMR change.
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1.0 General Introduction

The well-established associations between obesity and various negative health
consequences [1-3] highlight the importance of childhood obesity as an important public health
issue. Resting metabolic rate (RMR) is one of the largest components of daily energy
expenditure [4] and is greatly influenced by fat free mass (FFM) [5-7]. However, FFM is often
reduced with weight loss and is associated with decreases in RMR [8]. Several studies have
examined the effects of exercise training on RMR but are mostly limited to the adult population.
In adults, resistance exercise has been shown to increase FFM and RMR when there is no weight
loss [9] whereas inconsistent findings are observed in studies examining the effect of aerobic
exercise on RMR. Studies have reported aerobic exercise to conserve [10], increase [11] or have
no effect on RMR [12,13]. Although exercise training may improve body composition in both
adults and youth, youth generally have less muscle mass and may have a different response to
exercise than adults. Further, youth are undergoing growth and have a lower skeletal muscle to
FFM ratio which may have important implications for RMR. Limited understanding on the
effects of different exercise modalities on RMR in youth with overweight or obesity warrants

further investigation.

Therefore, this thesis will examine the effects of different exercise modalities on the
changes of RMR and whether these changes are related to body composition changes in youth

with overweight or obesity.



2.0 Review of Literature

2.1 Introduction

The present literature review will detail current understanding on the potential
importance of RMR in weight management and the effects of different exercise modalities on

RMR and body composition changes in adults and youth.

2.2 Childhood Obesity: Why is it a problem?

Childhood obesity is a serious public health concerns worldwide [14]. It is estimated that
1 in 5 children and adolescents in the United States currently have obesity [15]. Recently, trends
in mean BMI have started to plateau in high-income countries such as Canada and the United

States but it continues to remain at high levels [16].

It is well established in the literature that obesity is associated with many health
consequences, disease and mortality [1-3]. Children with obesity are also at greater risk of
developing cardiovascular diseases (CVD) as adults [17,18], which is currently the leading cause

of death [19].

2.3 Weight Management: The prevention and treatment of obesity

The benefits of weight loss are well documented in the literature such as improvements in
metabolic profiles [20-22] and CVD risk factors [23]. Health-related quality of life such as
physical function and self-esteem are also improved with reductions in weight [24]. Current
approaches to managing obesity target lifestyle modifications that include diet and physical
activity behaviours [25]. However, long term weight management is challenging and weight

regain is common. In general, adults who have lost weight, will regain about one-third of their



weight lost in a year and most regain all of their weight within 5 years [26]. A possible
contributor to weight regain is the reduction in RMR that often occurs with weight loss. This
reduction in RMR is proposed to be a result of the body’s acute compensatory response to
negative energy balance [27] and chronic responses related to changes in body composition,
namely reductions in fat mass (FM) and FFM [8]. Thus, individuals who have lost weight will
likely have lower RMR relative to their pre-weight loss state. Given that reductions in RMR
decrease total energy expenditure, if efforts are not made to decrease energy intake and/or
increase energy expenditure, the accumulation of excess energy may result in weight regain [28].
Thus, this highlights that RMR may be a significant metabolic contributor to weight regain [29]

and strategies that limit the reduction in RMR may improve long term weight management.

2.4 Resting Metabolic Rate

Resting metabolic rate (RMR) is the minimum energy required to maintain resting
functions of the body representing approximately 60-75% of an individual’s total daily energy
expenditure [4]. RMR is highly variable between individuals and across the lifespan. Several
factors that contribute to this variance include, but are not limited to, age, hormones and body

composition [4,7].

Indirect calorimetry is the gold standard measure for energy expenditure and is associated
with coefficients of variation ranging between 2 to 7% [30—34]. This may be attributed to normal
biological and instrumental variability as well as measurement error [32]. When assessing
metabolic rates in youth, it is also important to account for changes in body composition due to
growth and development. A systematic review [35] reports a 12% median higher absolute RMR
in pubertal versus pre-pubertal youth. However, when expressed relative to FFM, RMR appears

to decrease as children mature from Tanner stage 1 to 4 and 5 (ARMR: -223 kcal/day) [36]. The



researchers attributed the decline in RMR to the disproportional growth of skeletal muscle mass
which is less metabolically active compared to internal organs. Thus, it is clear that changes in

body composition due to growth greatly contributes to the variability in RMR.

2.5 Exercise Training and Resting Metabolic Rate

Interventions that can improve RMR or attenuate reductions in RMR seen with weight
loss may have important implications for long term weight management. Exercise training is
known to induce acute elevations in RMR after a bout of exercise, known as excess post-exercise
oxygen consumption (EPOC), and chronic changes in RMR due to changes in FFM and FM. To
date, several studies have examined the effects of exercise training on RMR [9-11,13], but are

mostly limited to the adult population.

Excess Post-Exercise Oxygen Consumption (Acute Effects)

The acute effects of a single bout of exercise on oxygen consumption, also known as
EPOC, is typically observed to have two phases: short and long term EPOC [37]. Short-term
EPOC occurs immediately after exercise with oxygen consumption at its peak before decreasing
rapidly and dissipates within a few minutes to an hour [38,39]. It is then followed by the long-
term phase where oxygen consumption progressively decreases until the body returns to its pre-

exercise state RMR [37].

After aerobic exercise, the magnitude of long-term EPOC is dependent on the duration
and intensity of the exercise bout performed [38]. In resistance exercise, EPOC appears to be
associated with the intensity, but not duration of exercise [38]. The EPOC response following
resistance exercise is greater than aerobic exercise and may be due to the greater disturbance in

one’s hemostasis with resistance exercise such as higher lactate concentration which requires



greater oxygen to restore the body [40]. EPOC after a bout of moderate-intensity aerobic
exercise is suggested to dissipate by 24 hours [41] whereas for resistance exercise, significant
elevations in RMR may be observed up to 72 hours post-exercise [42]. Thus, RMR protocol
should be measured 72 hours post-exercise bout to account for the residual effects of EPOC on

RMR.

Body Composition Changes (Chronic Effects)

Body composition is the largest contributor to inter-individual variances in RMR such
that approximately 70% of the variability can be explained by FFM and FM [7]. In theory,
resistance training (RT) has the potential to positively influence RMR given that it is associated
with greater increases in FFM than aerobic training (AT) [43,44]. It is unclear whether AT-
induced weight loss can also improve RMR. In addition to muscle mass, FFM is comprised of
other metabolically active organs and tissues (ie. brain, heart, liver, etc.) as well as non-
metabolically active components (ie. bone and extracellular mass) [45]. FM is not as
metabolically active as FFM and typically decreases with weight loss. Previous studies have
shown that FM only explains a small part of RMR after accounting for FFM [7,46]. Therefore,
given the importance of FFM on RMR, interventions that conserve or increase FFM may be

more likely to be associated with a maintenance or improvement in RMR.

Changes in Fat Free Mass (FFM)

RT has been proposed to positively influence RMR by increasing muscle mass. Several
studies [9,47] have examined the effects of RT on RMR in adults and report significant increases
in absolute RMR (ARMR: 44 kcal/day to 73 kcal/day). Participants in these studies did not lose
weight and significant increases in FFM (1.9 to 2.4 kg) were observed. Stavres et al [48] report

an increase in RMR (ARMR: 247 kcals/day) after RT even with no changes in FFM or weight.



However, this study did not report the timing of the RMR measures post exercise training, and so
whether this increase reflects the acute effects of exercise on RMR or some other cause are
unclear. Finally, Miller et al [49] report that participants who lost 3.1 kg of their body weight
with a 4 month RT and diet intervention (-632 kcal/day energy restriction), but maintained their
FFM, were able to maintain their RMR. Together, these studies provide support that RT in

adults, have the potential to conserve or positively influence RMR.

Whether RT positively influences RMR in youth with overweight or obesity is still
unclear. Youth generally have less muscle mass than adults and are undergoing growth and
development. Thus, in youth with overweight or obesity, RT is not often reported to be
associated with greater increases in RMR beyond what is observed in the control groups [50,51].
Treuth et al [50], report both control and RT groups are associated with elevated RMR and
increases in FFM as compared to baseline, whereas Alberga et al [51] report no differences in

RMR or FFM between the control and RT group.

Aerobic training is generally not associated with increases in muscle mass [52] and is
hypothesized to have little impact on RMR. In weight-stable adults, Lee et al [10] report that the
AT group conserved their FFM and RMR whereas its control group experienced significant
decreases in RMR. However, in studies that report weight loss, changes in RMR may be
dependent on the magnitude of weight and FFM loss. Hunter et al [12] observed that AT was
unable to conserve RMR with large dietary weight loss (13 kg). Both AT and control groups
reported significant reductions in FFM (AT: -1 kg; Control: -1.5 kg) and RMR (AT: -75
kcal/day; Control: -103 kcal/day) relative to baseline. Conversely, Potteiger et al [11] report an

increase in RMR (174 kcals/day) with weight loss (-5.2 kg) but no significant changes in FFM in



men after AT. Thus, the relationship between AT and RMR is still unclear given that it is

generally not associated with improvements in FFM.

To our knowledge, only the HEARTY trial [51] has examined the effect of AT on RMR
in youth with overweight or obesity. The researchers found no change in RMR relative to the
control group despite significant within-group increases in FFM (0.7 kg). It should be noted that
normal growth and development may have contributed to the increase in FFM observed
considering that control group also had a 1.1 kg increase in FFM. Therefore, the limited literature
on this topic warrants further investigation to determine whether an association exists between

AT and changes in RMR, particularly in youth with overweight or obesity.

Changes in Fat Mass (FM)

FM does not appear to be a strong predictor of RMR and accounts for an estimated 6% of
the variance in RMR, which is far lower than the 63% variance accounted for by FFM [7].
Further, FM generally has a much lower metabolic activity such that decreases in FM is unlikely

to impact RMR.



2.6 Summary of Literature

Overall, it is clear that childhood obesity is a concerning public health issue. RMR has
been identified as an important factor for weight management. In adults, RT is associated with
the maintenance of RMR with weight loss [49] and the increase in RMR without weight loss
[9,47], whereas the effect of AT on RMR may be dependent on whether weight and FFM was
lost [11,12]. Whether this relationship is similar in youth is unclear considering that youth have
less muscle mass and are undergoing growth and development. Thus, the aim of this study is to
examine the effects of aerobic, resistance and combined exercise training on RMR changes
without dietary restrictions in youth with overweight or obesity and to determine whether

changes in body composition are associated with RMR change in this population.
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3.1 Abstract

Objectives: This study will examine: 1) the effects of aerobic and/or resistance exercise training
without dietary restriction on resting metabolic rate (RMR) and 2) whether changes in body

composition are associated with changes in RMR in youth with overweight or obesity.

Methods: 140 sedentary boys and girls (<18 years, BMI percentile > 85%) participating in two
previously published trials, were randomly assigned to either a control group (n=18) or one of 3
exercise modalities: aerobic (n=51), resistance (n=50) or a combination of aerobic and resistance
(n=21). RMR was measured by indirect calorimetry with a ventilated hood and body

composition was measured by DXA and MRI.

Results: Changes in absolute RMR did not differ between different exercise modalities versus
control (p>0.05). Significant decreases in fat mass (FM) were observed in the aerobic (-1.9 + 0.4
kg) and resistance (-1.0 £ 0.4 kg) groups whereas all groups decreased in visceral fat (-0.2 + 0.02
kg) compared to control. Increase in fat free mass (FFM) was only seen in the combined group
(2.3 £ 0.4 kg) whereas increases in skeletal muscle were observed in both resistance (1.2 £ 0.2
kg) and combined (1.5 = 0.3 kg) groups versus control. Changes in FFM, but not FM, visceral fat
or skeletal muscle was a significant determinant of RMR change independent of exercise

modality (p=0.04).

Conclusion: Although the type of exercise performed was not associated with different changes
in RMR, findings from the study support that changes in FFM is a modest predictor of RMR

change in youth with overweight or obesity.
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3.2 Introduction

Resting metabolic rate (RMR) is a major component of total energy expenditure,
representing the amount of energy required to sustain normal functions of the body at rest [4]. It
is also known that fat free mass (FFM) is a strong predictor of RMR in both adults and youth
[5,7,53]. As such, interventions that are associated with reductions in FFM such as dietary
weight loss are also associated with decreases in RMR [54-56]. Changes in RMR associated

with weight loss may potentially have important implications in long term weight management.

Whether exercise weight loss is also associated with reductions in RMR is of particular
interest. Increased physical activity is associated with improvements in FFM or maintenance of
FFM during weight loss and thus is recommended as a component of weight management
behaviour interventions in adults with obesity [25,57]. In adults, resistance exercise is generally
associated with increases in FFM and RMR when weight is maintained [9] and RMR is
conserved when weight is lost [49]. The relationship between aerobic exercise and RMR,
however, is inconclusive and may depend on weight and/or FFM loss [10-13]. Currently, little is
known regarding the effects of different exercise modalities on RMR change in youth. Given that
youth are also undergoing growth and development and have less absolute muscle mass and a
lower muscle mass to total FFM ratio than adults, it is unclear whether exercise training will

have a similar effect on RMR as adults.

Thus, the aim of the study is to examine the effects of aerobic, resistance and combined
exercise training on the change in RMR without dietary restrictions and to determine whether

changes in body composition are related to RMR change in youth with overweight or obesity.
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3.3 Methods

Participants

Participants of the study included 140 previously sedentary boys and girls (<18 years)
with a body mass index (BMI) percentile greater than the 85" percentile who participated in one
of three previously conducted exercise intervention trials (ClinicalTrials.gov identifier:
NCT00739180, NCT01323088, and NCT01938950). Participants were randomly assigned to
either a control group or one of 3 exercise modalities: aerobic, resistance or a combination of
aerobic and resistance (Appendix A). The primary objectives of the intervention trials were to
examine the effects of different exercise modalities on visceral adiposity and insulin sensitivity
in youth with overweight or obesity. Primary outcomes were conducted from 2007 through to
2017 at the University of Pittsburgh and have been previously reported [58—60]. Participants who
completed the exercise intervention and have complete body composition, cardiorespiratory
fitness and RMR measurements at baseline and post-intervention were included in this study.
Three individuals with extreme changes in RMR (>800 kcal/day (n=2) or <-800 kcal/day (n=1))
were excluded. Final study sample included 85% (140/165) of participants who completed the
exercise trials [58-60]. Within each exercise group, 86% (51/59) were included for aerobic
exercise, 86% (50/58) were included for resistance exercise and 78% (21/27) were included for
combined exercise. Participant and parental consent were obtained prior to the participation of
the intervention trials. These trials were approved by the Institutional Review Board at the
University of Pittsburgh. Approval to conduct a secondary analysis was obtained from York

University’s Research Ethics Board.
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Diet Intervention

At baseline, all participants attended two nutrition counselling sessions. Individualized
caloric intake targets (55-60% carbohydrate, 15-20% protein, and 20-30% fat) that promoted
healthy weight maintenance was determined by study dieticians. Participants were asked to
follow their respective caloric intake targets throughout the study and adherence was monitored

by body weight examination and monthly 24-hour dietary recall interviews.

Exercise Interventions

Details of the three exercise intervention trials have been reported previously [58-60].
Participants in the aerobic group performed three supervised sessions per week on a treadmill,
elliptical or bike for 60 minutes at a target of 50—75% VOazpeak. Participants in the resistance
exercise group used weight machines to complete 2 sets of whole-body exercise three times per
week for 60 minutes. In the combination exercise group, participants performed 30 minutes of
aerobic exercise and 30 minutes (1 set) of whole-body resistance exercise, three times per week.
Duration of the exercise intervention trials was 3 to 6 months. Participants in the control group

did not partake in any exercise interventions.

Resting Metabolic Rate (RMR)

RMR measurements were taken during baseline and post-intervention visits. At each
visit, participants were admitted overnight to the Pediatric Clinical and Translational Research
Center (PCTRC) at the Children’s Hospital of Pittsburgh for a 10 to 12 hour overnight fast. After
waking, participants were asked to rest in bed for two hours prior to RMR testing. RMR was
measured for 30 minutes using a ventilated hood system (Parvo Medics, Salt Lake City, UT).

Participants were asked not to move or fidget during the duration of RMR testing. Post-
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intervention measurements were taken 72 hours after the last exercise session. RMR change is

defined as the difference between baseline and post-intervention RMR measurements.

Anthropometrics and Body Composition

Anthropometrics and body composition measurements were taken during each baseline
and post-intervention visit. Body weight was measured using a digital scale to the nearest 0.1 kg
and height was measured using a stadiometer to the nearest 0.1 cm. Fat mass (FM) and FFM was
measured using the Lunar iDXA (GE Healthcare, Madison, Wisconsin). Visceral fat and skeletal
muscle were assessed by obtaining whole-body magnetic resonance imaging (MRI) data with a

3.0 Tesla magnet (Siemens Medical Systems, Erlangen, Germany).

Covariates

Baseline participant characteristics analyzed in the study included age, sex, body weight,
ethnicity, Tanner stage and BMI. Ethnicity was self-reported by participants. Pubertal
development was assessed in accordance to Tanner stages (I to V) by a certified nurse
practitioner. BMI was calculated by weight (kg) divided by height (m) squared. The present
study examined the following body composition variables: FM, FFM, visceral fat and skeletal
muscle. Changes in these body composition variables are defined as the difference between

baseline and post-intervention measurements.

Statistical Analysis

Participant baseline age, sex, body weight, ethnicity, Tanner stage, BMI, RMR and body
composition variables were stratified by exercise modality and presented as means with standard

deviations for continuous variables or frequency and percentages for categorical variables. One-
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way ANOVA with Tukey post hoc test was used to determine baseline differences in RMR and

body composition variables between exercise groups in comparison to the control group.

Linear regression models were used to analyze the differences between exercise modality
on the changes in RMR, FM, visceral fat, FFM and skeletal muscle. Models were adjusted for
age, sex, ethnicity, Tanner stages and respective baseline value of RMR, FM, visceral fat, FFM
and skeletal muscle. Differences in RMR and body composition changes by exercise modality
were presented as least squared mean. Linear regression models were also used to examine the
individual relationship between changes over the intervention in RMR with changes in FM,
visceral fat, FFM and skeletal muscle, with individuals in the control group excluded from the
analyses. All models were adjusted for age, sex, ethnicity, Tanner stages, exercise modality and
baseline RMR. Individuals with a Tanner stage of 4.5 were categorized as a Tanner stage 5. P
values of <0.05 were considered statistical significant. All analyses were performed using the

statistical program SAS 9.4 (Cary, N.C., USA).



16

3.4 Results

Participant baseline characteristics stratified by exercise modality are presented in Table
1. No significant differences in baseline FM, FFM, visceral fat or skeletal muscle mass were
observed among the exercise groups compared to control (p>0.05). In contrast, those in the
combined group had a lower RMR as compared to the control group at baseline (p<0.05). At
baseline, RMR was significantly correlated with FM (r= 0.41, p<0.0001), FFM (r= 0.69,

p<0.0001), visceral fat (r= 0.43, p<0.0001) and skeletal muscle mass (r= 0.66, p<0.0001).

Mean changes in RMR and body composition variables adjusted for its respective
baseline measurements, age, sex, ethnicity and Tanner stage are shown in Figure 1. Changes in
RMR (Fig. 1A) were not significantly different between exercise modalities (ARMRAaT= 41
kcal/day; ARMRRgrT= 9 kcal/day; ARMRcombines= 12 kcal/day) and control (ARMR= -19
kcal/day). Only the aerobic group (-1.2 £ 0.5 kg) had significant decreases in body weight (Fig.
1B) compared to control (1.7 + 0.9 kg), whereas significant reductions in fat mass (Fig. 1C) were
observed in aerobic (-1.9 + 0.4 kg) and resistance groups (-1.0 = 0.4 kg) versus control (0.6 £ 0.7
kg). All exercise groups also had a reduction in visceral fat (Fig. 1D) (-0.2 = 0.02 kg) relative to
control (0.06 £ 0.04 kg). Significant increases in fat free mass (Fig. 1E) was seen only in the
combined group (2.3 kg + 0.4 kg) versus control (0.9 £ 0.4 kg) whereas increases in skeletal
muscle (Fig. 1F) were seen in both the resistance (1.2 £ 0.2 kg) and combined (1.5 + 0.3 kg)

groups when compared to control (0.4 = 0.3 kg).

The relationship between changes in body composition on RMR changes are presented in
Table 2 adjusted for age, sex, ethnicity, Tanner stages, exercise modality and baseline RMR with
the control group excluded from these analyses. Partial R? for each body composition variable

and its covariates are presented in Appendix B. The type of exercise modality did not have a
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significant effect on the associations between body composition variables and RMR change (ie.
exercise modality x body composition variable interaction, p>0.05). Only changes in fat free

mass appeared to be associated with RMR change (p=0.04).



Table 1 — Baseline subject characteristics (n=140)
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Aerobic Resistance Combined
Control ; . .
exercise exercise exercise
n 18 51 50 21
Male/female (n) 11/7 20/31 21/29 7/14
Tanner stages (Stage V) 13 (72%) 39 (76%) 33 (66%) 16 (76%)
\White ethnicity 8 (44%) 22 (43%) 20 (40%) 8 (38%)
Age (years) 14.6x£1.7 14.8+1.7 145+1.6 146+1.7
Weight (kg) 99.0+16.4 95.2+17.9 92.8+12.9 90.2+14.8
BMI (kg/m?) 35.4+5.5 33.9+£45 34.1+3.4 31.7+3.4"
BMI (percentile) 98.7+1.3 98.2+1.7 98.6+1.0 97.5+1.8
RMR (kcals/day) 2034+293 1867 +336 1841+329 17234296
DXA:
Fat mass (kg) 43.0+£11.2 39.3+£9.7 39.8+£8.2 36.4+£9.0
Fat free mass (kg) 55.4+8.8 55.4+10.2 52.3%£7.3 53.5+8.8
MRI:
Visceral fat (kg) 1.2+0.5 1.3+0.6 1.3+0.5 1.3+0.6
Skeletal muscle (kg) 25.5+5.0 26.0£6.0 24.31£4.2 25.0£4.7

Data are means = SD or frequency (percent %). BMI, body mass index; RMR, resting metabolic

rate; DXA, dual-energy X-ray absorptiometry; MRI, magnetic resonance imaging

"p<0.05 compared to control group
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Table 2 — The relationship between the changes in body composition and RMR (n=122)

2 i R2 B (SE) for
Model R Partial R ARMR p
Changes in body composition:
Fat mass (kg) 0.18 0.001 7.4 (6.0) 0.22
Visceral fat (kg) 0.17 0.005 63.4 (85.6) 0.46
Fat free mass (kg) 0.20 0.046 20.5 (10.0) 0.04
Skeletal muscle (kg) 0.17 0.001 5.3 (11.6) 0.64

All models adjusted for age, sex, ethnicity, Tanner stages, exercise modality and baseline RMR
S values for the change in RMR per kg change in body composition
Control group excluded from analyses
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Figure 1 (A-F): Mean changes = SE in RMR, body weight, FM, visceral fat, FFM and skeletal
muscle in control, aerobic, resistance and combined exercise groups. All analyses adjusted for
age, sex, ethnicity, Tanner stages and respective baseline measurements

*p<0.05 as compared to control group
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3.5 Discussion

The present study examined the effects of different exercise modalities on RMR change
and the relationship between changes in body composition and RMR in youth with overweight or
obesity. Findings showed that exercise, regardless of modality, was not associated with
significant changes in RMR and that changes in FFM but not FM, visceral fat or skeletal muscle
was a significant predictor of RMR change.

Exercise has been recommended as an important component of weight management
therapies [57,61]. However, it is unclear whether exercise training will improve RMR in youth
with overweight or obesity. Few studies have examined the effects of exercise modalities on
RMR in youth. To our knowledge, only one randomized control trial, the HEARTY trial [51],
compared the effects of aerobic, resistance and combined exercise training on RMR change in
post-pubertal youth with overweight or obesity. The researchers showed that with modest dietary
restrictions (-250 kcal/day), exercise training, regardless of modality, was not associated with
changes in RMR. However, it is important to note that participants of the study had low
adherence to their respective exercise programs. The present study examined the independent
effects of exercise modalities on RMR changes without dietary restrictions. All exercise groups
were also prescribed similar exercise durations (180 mins/ week). Our results further support
those of the HEARTY trial and demonstrated that without dietary restriction and a higher
exercise intervention adherence (=90% vs. ~60%), aerobic and/or resistance exercise training
was not associated with changes in RMR despite inducing improvements in FFM and reductions
in obesity.

Given the strong association between FFM and RMR [7,53], it has been proposed that

resistance exercise should improve RMR by increasing muscle mass. In Treuth et al [50],



22

although the researchers reported an increase in RMR (380 kcal/day) and FFM (2.1 kg) after
resistance training in youth with obesity, the control group also experienced similar increases in
both RMR (410 kcal/day) and FFM (1.9 kg), which may reflect differences with normal growth
as opposed to exercise training. In contrast, several studies examining the effects of resistance
exercise on RMR in weight-stable adults with [9] or without obesity [62] reported an increase in
absolute RMR after exercise training. This may have been attributed to the increase in FFM
observed with resistance exercise. Skeletal muscle is also the only modifiable component of
FFM in adults whereas youth are undergoing growth such that both skeletal muscle and other
FFM depots such as metabolically active organs are growing in size. In youth, organs also
contribute a greater proportion to FFM [63] such that they have a lower skeletal muscle to lean
mass ratio than adults. This may explain why resistance exercise in the present study was
associated with significant improvements in skeletal muscle, but not FFM when compared to the
control group.

We and others [13,51,62] show that aerobic exercise was not associated with changes in
RMR. This is not surprising given that aerobic exercise generally is not associated with changes
in muscle mass [52]. Although aerobic exercise was the only exercise training group associated
with both weight and fat loss, RMR was not significantly reduced. It may be attributed to the low
metabolic activity in fat mass [64,65] and that aerobic exercise was not associated with
reductions in FFM in the present study. This suggests that exercise weight loss may not be
associated with reductions in RMR that are often reported with dietary weight loss in adults and
children [54-56].

It is well supported in the literature that FFM is a primary determinant of RMR [5,7,53].

Similarly, we have demonstrated that changes in FFM is associated with RMR change in youth
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with overweight or obesity. In fact, changes in FFM was the only body composition variable
examined that had a significant, though modest, association with RMR change such that an
increase in 1 kg of fat free mass is associated with a 21 kcal/day RMR change. Previous studies
that report increases in absolute RMR generally also report an increase in FFM [9,47,50].
However, despite the relationship between FFM change and RMR change being statistically
significant, the small change in RMR observed is likely not clinically meaningful as it would
require large increases in FFM to see improvements in RMR. We demonstrated that with 3 to 6
months of exercise training, only a mean of 0.7 to 2.3 kg FFM increase from baseline was
observed in youth with overweight or obesity which translates to an increase in absolute RMR of
approximately 9 to 41 kcal/day (0.5% to 2.2 % of baseline RMR).

There are strengths and limitations in the study that merit discussion. Findings from the
study contribute to the limited literature on the effects of exercise on RMR change in youth with
overweight or obesity. This study includes participants with high adherence (>90%) to their
respective training programs. RMR measurements were also taken 72 hours after the last bout of
exercise to allow acute effects of exercise (ie. EPOC) to dissipate. Therefore, changes in RMR
observed would unlikely be due to acute effects of exercise. A limitation of the study includes
the utilization of indirect calorimetry with a ventilated hood instead of whole room indirect
calorimeter [66]. Fidgeting during testing and discomfort in using the ventilated hood may
contribute to higher variances and overestimation of RMR. Small sample sizes and examination
of only black and white youth also limits our ability to examine sex and racial effects on the
relationship between exercise modalities and RMR changes.

In conclusion, findings from the present study show that different exercise modalities,

whether it is aerobic, resistance, or a combination of the two exercises, are not associated with



significant changes in RMR in youth with overweight or obesity. Regardless of the type of
exercise performed, changes in FFM is a modest predictor of RMR change. Therefore, we

propose that moderate exercise training in youth with overweight or obesity is not associated

with changes in RMR.
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4.0 General Conclusion

Childhood obesity is an international health issue of today’s society. Obesity is a complex
disease arising from multiple factors that include, but are not limited to, genetics, physiological
and sociocultural factors and the environment [25]. What is concerning is that children with
obesity are more likely to develop cardiovascular disorders as adults [17,18] and have a greater
risk of early mortality [67]. According to the World Obesity Federation, more than 250 million
children and adolescents are estimated to have obesity by 2030 [68], thus, emphasizing the

importance of prevention and treatment.

Current recommendations in addressing childhood obesity is the incorporation of
physical activity into weight management programs [61]. Although the health benefits of
physical activity are well documented in the literature, it may be difficult to lose and maintain
significant amounts of weight loss with exercise alone. Possible mechanisms that contribute to
the less than expected weight loss may include physiological [69], behavioural and metabolic
compensations [27] to weight changes. Specifically, RMR reductions with weight loss has been
proposed to be a contributor of weight regain. Interestingly, previous studies have found that
resistance exercise training in adults was able to conserve RMR with weight loss through the
preservation of FFM [49]. Findings from the present study further contributed to the limited

literature on this relationship in youth with overweight or obesity.

In conclusion, we have demonstrated that moderate exercise training, regardless of
modality, was not associated with changes in RMR and that FFM change was a modest predictor

of RMR change in youth with overweight or obesity.
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Primary Objectives: To examine the effects of

different exercise modalities on visceral
adiposity and insulin sensitivity

Data collected: 2007 — 2017

aerobic or resistance
exercise
* 3 month intervention

* Randomized to contrel,

Trial #1 Trial #2

* n=43 * p=37

* Boys (12 to 13 years old) * Girls (12 to 18 years old)
with obesity [BM] 295t with obesity (BMI 295
percentile] percentile]

*  Conducted from * Conducted from August
Movember 2007 to 2010 to Cctober 2012
COctober 2011

sxercise

* Randomized to contral,
aerobic ar resistance

* 3 month intervention

Trial #3

n=85%

Boys and girls (12 to 17
years old) with overweight
or obesity (EMI =85
percentile)

Conducted from
November 2013 to April
2017

Randomized to serabic,
resistance or combined
gerobic and resistance
SXBrCise

& month intervention

Total n* = 165

Exclusions
- * Missing data
Final Sample *  Extreme RME wvalues
n =140
1 | | |
Control Aerobic Resistance Combined
[n=18) in=51) (n=750) (n=21)

Participant flow diagram of the three primary exercise intervention studies included in the secondary
analysis. All exercise intervention trials and primary data collection was completed at the University of
Pittsburgh Medical Center

“n=only participants who completed their respective intervention were included
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Partial R? of covariates within regression models the relationship between body composition
change and RMR change

Fat Visceral Fat Free Skeletal

Mass p value Fat p value Mass p value Muscle p value

0.001 0.2 0.005 05 0.046 004 | 0.001 0.6
Covariates:
Age (years) 0.0001 | 0.7 | 0.00003 | 05 0.011 09 | 00003 | 06
Sex 0.110 | 00002 | 0101 | 0.0003 | 0.055 | 0.0049 | 0.096 | 0.0004
Ethnicity 0.006 0.4 0.005 0.4 0.008 03 | 0.005 04
Tanner stages 0.005 0.4 0.006 04 0.006 04 | 0.006 0.4
Exercise modality: |, 5, 0.3 0.001 0.4 0.013 0.2 0.002 0.4
Aerobic
Exercise modality: | 5, 1.0 0.003 0.9 0.001 0.9 0.002 1.0
Combined
Baseline RMR 0.055 | <0001 | 0.053 | <0001 | 0061 | <0001 | 0.058 | <.0001
(kcal/day)

Regression models adjusted for age, sex, ethnicity, Tanner stages, exercise modality and baseline

RMR. Resistance exercise (reference), control group excluded from analyses.



