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Abstract

Background: There are well-recognized benefits of behavioral interventions that
include exercise for children and adolescents with obesity. However, such behav-
ioral weight management programs may precipitate unintended consequences. It is
unclear if different exercise modalities impact eating behaviors differently in youth
with obesity.

Objectives: The purpose of this study was to examine the effects of aerobic,
resistance, and combined aerobic and resistance exercise training on eating atti-
tudes and behaviors (uncontrolled eating, restrained eating, emotional eating,
external eating and food craving) among adolescents with overweight and obesity.
Methods: N = 304 (70% female) adolescents with overweight and obesity partici-
pated in the 6-month Healthy Eating Aerobic and Resistance Training in Youth
(HEARTY) randomized controlled trial. All participants were inactive post-pubertal
adolescents (15.6 & 1.4 years) with a mean BMI = 34.6 + 4.5 kg/m?. The Food
Craving Inventory (food cravings), Dutch Eating Behavior Questionnaire (restrained
eating, emotional eating, external eating), and the Three-Factor Eating Question-

naire (uncontrolled eating) were used to assess eating attitudes and behaviors.
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1 | INTRODUCTION

The first line of treatment for children and adolescents with obesity is
often a behavioral intervention that utilizes dietary and exercise
components to induce negative energy balance, reducing the risk of
weight-related issues.! Beyond weight loss, there are well-recognized
physical and mental health benefits of exercise in adolescents with
obesity.>® However, concerns have been raised that restricting
caloric intake in behavioral weight management programs may pre-
cipitate unintended consequences,* such as disordered eating be-
haviors, and food cravings post-intervention. Food craving is defined
as an intense desire to consume a particular food® and has been
shown to predict changes in body weight during weight management
interventions in adults.® Disordered eating behaviors have also been
associated with food overconsumption and weight gain among
adolescents.”

Adolescence is a high-risk period for the development of
disordered eating attitudes and behaviors (i.e., feelings indicating
risk of an eating disorder) that are associated with body dissatis-
faction, depressive symptoms, poor mental health and quality of
life.8? Disordered eating also increases the risk for the develop-
ment of an eating disorder.?® Examples of disordered eating be-
haviors include uncontrolled eating (i.e., eating more than usual due
to loss of control over food intake), restrained eating (i.e.,
restricting food intake in order to control body weight), emotional
eating (i.e., eating in response to negative or positive arousal states)
and external eating (i.e., eating in response to food-related stimuli,
regardless of internal state of hunger or satiety).'''? Disordered
eating is more prevalent in girls than boys*® and in youth with
obesity compared to youth without obesity.'* Sex differences have
also been reported in children's eating behaviors including food
acceptance, food intake, appetitive traits, eating regulation and
eating speed.’® A systematic review of cross-sectional and longi-
tudinal observational studies of children and adolescents aged 11-
18 years old revealed that boys consumed fast food more
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Results: All exercise groups showed within-group decreases in external eating and
food cravings. Participants randomized to the Combined training group and were
more adherent showed the greatest improvements in eating behaviors and cravings.
Conclusions: A 6-month exercise intervention produced improvements in disor-
dered eating behaviors and food cravings, but effects may be gender and modality-
specific. Findings highlight the need to tailor exercise intervention to participant
characteristics for the promotion of healthier eating and weight management out-
comes in youth with obesity.

Clinical Trial Registration # and Date: ClinicalTrials.Gov NCT00195858, September

children, eating habits, eating pathology, overweight, physical activity, youth

frequently whereas body image concerns, dieting and eating dis-
orders were more common among girls.

A recent systematic review and meta-analysis of the impact of
obesity interventions with a dietary component reported reduced
symptoms, risk, and prevalence of eating disorders in children and
adolescents with obesity.l” However, this review synthesized in-
terventions with multiple treatment components (i.e, cognitive
behavioral therapy, motivational interviewing, diet and physical ac-
tivity educational counseling, structured physical activity, family-
based approaches). The included studies also primarily reported on
per-protocol rather than intention-to-treat analyses (decreasing
representation of participants who withdrew from treatment)
without examining differences in effects from different exercise
modalities on eating behaviors.

Exercise influences energy balance through its effect on energy
expenditure and energy intake.'® A systematic review reported mean
energy intake reductions of 323 + 286 kcal in children and adolescents
with obesity following chronic exercise interventions without dietary
restriction (i.e., weeks to months of consistent exercise training).19
Although the effects of exercise interventions on energy intake have
been documented among children and adolescents with obesity,
published studies have not consistently found that changes in eating
behaviors and food cravings lead to such changes in daily energy
intake or determined that differences in types of exercise modalities
matter.2”2° Considering that different exercise modalities (i.e., resis-
tance vs. aerobic vs. combined training) have differential impacts on
body composition,?* physiological® and psychological outcomes,?2
exercise modality could differentially impact eating attitudes and be-
haviors in youth with obesity that warrant further study.

The purpose of this study was to determine the effects of aerobic
training, resistance training, and combined aerobic and resistance
exercise training on eating behaviors (uncontrolled, emotional,
external and restrained eating) and food cravings in adolescents with
obesity who participated in the HEARTY (Healthy Eating, Aerobic
and Resistance Training in Youth) exercise trial.?*?® The findings of
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the HEARTY exercise trial indicated that all exercise modalities
(aerobic training, resistance training, and combined) reduced percent
body fat.? Since previous studies have shown sex differences in the
prevalence of eating disorders'® and obesity!* and sex differences
children's eating behaviors,> the present study fills knowledge gaps
from the aforementioned systematic review!” by reporting results
from intention-to-treat, per-protocol and sex-specific analyses from
the HEARTY trial. The HEARTY trial showed decreases in daily en-
ergy intake in all three exercise groups (aerobic, resistance and their
combination) with no significant between-group differences.?*

This paper examined secondary outcomes of the HEARTY study to
determine: 1) the effects of exercise training (aerobic, resistance and
their combination) on eating behaviors and food cravings and 2) if
these effects differed by sex. Participants' eating behaviors (emotional,
external, and uncontrolled eating) and food cravings will decrease from
baseline to post-intervention. Despite the paucity of sex-specific re-
sults from exercise interventions in adolescents with obesity, girls tend
to have higher prevalence of disordered eating, thus, girls will have

greater improvements in eating behaviors post-intervention.

2 | METHODS

2.1 | Materials and methods

The rationale, design, methods, and main outcome results (percent
body fat and cardiovascular risk markers) of the HEARTY trial have
been published elsewhere.?%?® The HEARTY trial was reviewed and
approved by the Children's Hospital of Eastern Ontario and the
Ottawa Hospital research ethics boards. All participants (and parents
for participants younger than 16 years) provided written informed
consent. The HEARTY study was powered to detect the primary
outcome (percent body fat) as stated in the published methods pa-

21.23 and paper reporting the original outcomes.2*%2 In this paper

per
reporting secondary analyses, post hoc power for all secondary

outcomes are not calculated based on the observed effect sizes.

2.2 | Participants

Participant characteristics are presented in Table 1. After a 4-week
run-in to assess exercise adherence (see next paragraph for details),
304 post-pubertal (Tanner stage 1V-V) adolescents aged 14-18 years,
body mass index (BMI) >95™" percentile for age and sex, or >85"
percentile plus a diabetes or cardiovascular risk factor, were ran-
domized into 4 groups for 22 weeks (5 months): 1) Aerobic training
(Aerobic, n = 75), 2) Resistance training (Resistance, n = 78), 3) Com-
bined aerobic and resistance training (Combined, n = 75) or 4) Non-
exercising control (Control, n = 76). The CONSORT diagram is
shown in Figure 1.

2.3 | Intervention

Details of the exercise training program and diet counseling were
published previously.2® Briefly, participants in all four groups
received dietary counseling by a registered dietitian, designed to
promote healthy eating with a maximum daily energy deficit of
250 kcal. All participants and the individuals in their households
involved in food preparation attended an initial visit with the dietitian
to discuss weight and diet history, fast food consumption and current
eating habits. Additional visits with the dietitian occurred at baseline,
3 and 6 months, with additional support provided by phone at
6 weeks and 4 months. Participants began with a 4-week run-in
program whereby they were asked to perform both aerobic and
resistance training four times per week. Aerobic exercise was per-
formed at an intensity equivalent to 65% of the participants'
maximum heart rate (HRax), as determined by the baseline maximal
treadmill exercise test, for 15-30 min per session. For the resistance
training component of the sessions, participants were required to
complete one to three sets of 15 reps at 15 Repetitions Maximum
(RM; i.e., the maximum that could be moved 15 times through the full
range of motion while maintaining proper form for the resistance

training component). Participants who attended at least 13 of the 16

TABLE 1 Baseline participant

Aerobic Resistance Combined Control characteristics

N 75 78 75 76

Age (years) 15.5 (1.4) 15.9 (1.5) 15.5 (1.3) 15.6 (1.3)

Weight (kg) 96.7 (15.1) 99.9 (17.4) 97.5 (16.3) 97.9 (18.8)

Height (cm) 166.9 (7.0) 168.3 (7.5) 167.5 (7.6) 168.3 (7.7)

BMI (kg/m?) 34.7 (4.2) 35.1 (4.6) 34.6 (4.2) 34.1 (4.9)

Waist circumference (cm) 96.4 (10.1) 98.8 (11.4) 96.8 (10.5) 95.2 (11.8)

Body fat (%) 49.1 (5.8) 49.9 (5.8) 50.3 (5.3) 48.6 (5.3)

VO peak (MLO,/kg/min) 30.6 (5.1) 29.9 (5.0) 30.5 (5.1) 30.6 (4.8)

Note: Values are means (SD). Adherence was calculated for weeks 1-26 as the number of exercise
sessions attended divided by 4, as participants were instructed to perform exercise 4 times per

week.
Abbreviation: VOypeak, Peak oxygen consumption.
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840 Excluded
205 Age, too young/old
107 BMI too low
13 BMI too high
91 Too active
32 Medical conditions
392 Not interested/other reasons

445 Entered screening

87 Excluded
17 BMI too low
3 BMI too high
4 Too active
13 Medical conditions
50 Not interested/other reasons

358 Entered run-in
54 Excluded
51 Completed <13 sessions
—> 2 Medical conditions (1 eating
disorder, 1 depression)
1 Moved away
304 Randomized

75 Randomized to aerobic
training group

Y

18 Discontinued intervention
6 Due to time obligation
10 Due to lack of interest
1 Due to dissatisfaction
with group
1 Due to move

78 Randomized to resistance
training group

'
21 Discontinued intervention
4 Due to time obligation
14 Due to lack of interest
3 Due to dissatisfaction
with group

75 Randomized to combined
training group

}

17 Discontinued intervention
1 Due to time obligation
12 Due to lack of interest
1 Due to dissatisfaction
with group
2 Due to move
1 Due to medical condition

76 Randomized to control group

.
¥
19 Discontinued intervention
12 Due to lack of interest
6 Due to dissatisfaction
with group
1 Due to move

v

75 Included in analysis
1 Missing data for MRI

v

78 Included in analysis
3 Missing data for MRI

{

75 Included in analysis
1 Missing data for MRI

76 Included in analysis
2 Missing data for MRI

|

FIGURE 1 HEARTY screening, enrolment, and follow-up

exercise run-in sessions were then randomized to one of four groups
for 22 weeks (weeks 5-26). Participants randomized to the three
exercise groups exercised four sessions per week at local fitness
centers in the Ottawa/Gatineau (Canada) region. They were super-
vised by personal trainers weekly for 8 weeks after randomization,
then every 2 weeks thereafter. Participants in the aerobic training
group exercised on treadmills, cycle ergometers, and/or elliptical
machines; sessions progressed from 20 to 45 min in length. The
Resistance training group performed three sets of seven whole-body
exercises per session on resistance machines and using free weights.
The combined training group performed both the aerobic and the
resistance components during each exercise session. The participants
in the control group were asked to revert to their baseline activity
levels and were offered the exercise program of their choice after the
intervention period. The Exercise Specialist (responsible for over-
seeing all personal trainers) monitored attendance (for sessions that
were directly supervised and those that were not) by reviewing sign-
in sheets and exercise logs and worked with the personal trainers in
an effort to maximize attendance and progression over time to higher
volumes and intensities of exercise. Adherence was calculated as the
total number of exercise sessions the participant attended divided by
the total number of sessions prescribed from baseline to the end of

the intervention.

|

|

3 | MEASUREMENTS
3.1 | Energy intake, eating behaviors and food
cravings

Energy intake and all questionnaires assessing eating behaviors and
food cravings were assessed at baseline, 3, and 6 months. A 3-day
food log was used to determine total energy intake and separate
macronutrient intake (carbohydrates, protein, and fat). The food logs
were analyzed using food composition analysis software (The Food
Processor SQL 2006; ESHA Research, Salem).

Participant food cravings were assessed with the Food Craving
Inventory (FCI). The FCl is a 28-item questionnaire with acceptable
psychometric properties that measures specific food cravings and
yields a total food cravings score.?* This measure defines a food
craving as “an intense desire to consume a particular food (or food
type) that is difficult to resist”.?* FCl measures cravings for four
food categories: high-fat foods (8 items), sweets (8 items), carbohy-
drates/starches (8 items), and fast-foods (4 items). Using a 5-point
Likert scale ranging from 1 “not at all” to 5 “nearly every day”, par-
ticipants rate how frequently they experience cravings for the specific
foods. Scores for each food category are averages of the individual

items within that subscale. As total scores are calculated as an average
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of all food item scores, the range of possible scores is from 1 “not at
all” to 5 “nearly every day”. Higher scores indicate more frequent
cravings for a specific food subscale. A validation study of the FCl in a
sample consisting solely of adolescents with obesity has not been
conducted. In this sample, the Cronbach's alpha for the FCI total scale
as well as the high-fat foods, sweets, carbohydrates/starches, and
fast-foods subscales were 0.91, 0.74, 0.88, 0.80 and 0.79, respectively.

The Dutch Eating Behavior Questionnaire (DEBQ) is a 33-item
questionnaire with acceptable psychometric properties that mea-
sures three eating behaviors: restrained (10 items), emotional (13
items), and external eating (10 items).2>2% External eating is defined
as eating in response to food-related stimuli, regardless of the in-
ternal state of hunger or satiety.?>?” Emotional eating is defined as
eating in response to negative arousal states (emotions) such as
anger, fear or anxiety.?® Restrained eating is defined as a tendency to
restrict food intake in order to control body weight.**?’ Using a 5-
point Likert-scale ranging from 1 “never” to 5 “very often”, partici-
pants rate how frequently they experienced each eating behavior. A
score for each subscale (restrained, emotional and external eating)
was calculated by summing the score for each item in that subscale,
the range of possible scores is 10 to 50, 13 to 65 and 10 to 50,
respectively. Higher scores are indicative of greater frequencies of
emotional and external eating and greater restraint. This question-
naire has been validated in adolescents with normal weight, over-
weight, and obesity.2® In this sample, the Cronbach's alpha for the
restrained, emotional, and external eating subscales of the DEBQ
were 0.89, 0.97, and 0.85, respectively.

The Three-factor Eating Questionnaire (TFEQ) is a questionnaire
used to measure emotionally- and externally-triggered eating be-
haviors with three factors: cognitive restraint, uncontrolled eating,
and emotional eating.2>3! For the HEARTY study, only the uncon-
trolled eating subscale was used. This subscale measures the ten-
dency to eat more than usual due to loss of control over food intake
that is often accompanied by hunger.? To measure frequency of a
behavior or how true a statement was, participants responded on a
4-point Likert scale.*® As uncontrolled eating subscale scores were
calculated by summing the score for each item in that subscale, the
range of possible scores is 0-16. Higher scores on the uncontrolled
eating subscale indicated greater uncontrolled eating.*®! This scale
showed acceptable psychometric properties among individuals with
obesity.3C Although more recent revised shortened and child versions
of the TFEQ have been validated, it appears as though the original
TFEQ has not been validated in adolescents with obesity. In this
sample, the Cronbach's alpha for the uncontrolled eating subscale of
the TFEQ was 0.76.

4 | STATISTICAL ANALYSIS

The a priori analysis was intention-to-treat. Linear mixed-effects
regression modeling for repeated measures over time (0, 3, and
6 months) was used to assess the effects of exercise training modality

on changes in eating behaviors and food cravings over time, with

indicators of food craving (FCI), restrained eating, emotional eating,
external eating behavior (DEBQ), and uncontrolled eating (TFEQ) as
the dependent variables, and Time, Group (Aerobic, Resistance,
Combined, Control), and Time x Group interaction as the indepen-
dent variables, with adjustment for age and sex. Per-protocol ana-
lyses of participants who completed >70% of prescribed exercise
sessions (~>2.8 sessions/week) were also conducted. Sex-specific
analyses were also run to determine if eating behaviors and food
cravings differed in response to exercise training modality by sex.
Statistical analyses were performed using SAS, version 9.4 (SAS
Institute, Cary, North Carolina).

5 | RESULTS

5.1 | Overall sample

The overall sample consisted of 304 adolescents with a mean BMI
34.6 + 4.5 kg/m? aged 15.6 + 1.4 years old, and mainly females (70%)
(Table 1). Most participants (282 of 304 [92.8%]) had obesity (BMI
>95th percentile for age and sex). Median exercise training adher-
ence did not differ between groups [62% (interquartile range, 36%-
81%) in Aerobic, 56% (interquartile range, 37%-75%) in Resistance
and 64% (interquartile range, 39%-75%) in Combined]. Energy intake
and background physical activity intention-to-treat results have
previously been published,?? reproduced with permission in Table S1.
Per-protocol analysis results are presented in Table S2.

Intention-to-treat analysis in the overall sample showed that
Combined training decreased cravings for sweets by 0.4 (-0.7, —0.1)
units compared to Resistance alone (Table 2). Significant within-
group decreases from baseline to 6-month were also observed for
external eating (aerobic: —0.3, resistance: —0.2, combined: —0.3),
overall food cravings (aerobic: —2 (—3.8, —0.3), resistance: —2.8 (4.6,
—1.1), combined: —2.4 (—4.1, —0.8)], sweets [aerobic: —2 (-3.8, —-0.3),
resistance: —2.8 (4.6, —1.1), combined: —2.4 (—4.1, —0.8)], and fast-
food cravings [aerobic: —2 (-3.8, —0.3), resistance: —2.8 (-4.6, —1.1),
combined: —2.4 (—4.1, —0.8)] in all exercise groups. However, there
were no other significant between-group differences in eating be-
haviors or food cravings over time.

Per-protocol analyses revealed that the participants with >70%
adherence in the Combined training showed greater decreases in
cravings for sweets by 0.7 (1.2, —0.2) units compared to Resistance
and by the same amount compared to Aerobic alone (-1.2, —0.3).
Similarly, Combined training resulted in a decrease of 1.8 (-3.2, —0.5)
units in uncontrolled eating compared to Aerobic alone (Table 3).
Per-protocol analysis revealed no between-group differences in

eating restraint, emotional eating, or food cravings.

5.2 | Females

Intention-to-treat analysis only showed greater decreases in cravings

for sweets with Combined training compared to Resistance alone
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TABLE 2

Variable
TFEQ
Uncontrolled eating
Aerobic
Resistance
Combined
Control
Aerobic versus control
Resistance versus control
Combined versus aerobic
Combined versus resistance
DEBQ
Eating restraint
Aerobic
Resistance
Combined
Control
Aerobic versus control
Resistance versus control
Combined versus aerobic
Combined versus resistance
Emotional eating
Aerobic
Resistance
Combined
Control
Aerobic versus control
Resistance versus control
Combined versus aerobic
Combined versus resistance
External eating
Aerobic
Resistance
Combined
Control
Aerobic versus control
Resistance versus control
Combined versus aerobic

Combined versus resistance

5 . . 163
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Intention-to-treat analysis of eating behaviors and food cravings at baseline and changes after 3 and 6 months

Mean (SE) Mean (95% confidence interval)
Within-group change Between-group change
from baseline to from baseline to

N Baseline 3 months 6 months 6 months 6 months

67 7.2 (0.4) 6.8 (0.5) 6.4 (0.4) -0.8 (-1.5,0)

75 7.2 (0.4) 6.7 (0.5) 6 (0.4) -1.2 (-2, -0.4)*

68 7.8 (0.4) 7.3 (0.4) 6.5 (0.4) -1.3(-2.1, -0.6)***

71 7.7 (0.4) 7.3(0.5) 6.8 (0.4) -0.9 (-1.7, -0.2)*

0.2 (-0.9, 1.3)
-0.3 (-1.3,0.8)
-0.6 (-1.6, 0.5)
-0.1(-1.2,0.9)

67 25.5 (0.9) 27.7 (1.1) 26.8 (1) 1.4 (-0.7, 3.4)

75 23.3 (0.8) 25.5 (1) 24.3 (1) 1(-1,3)

69 24.3 (0.8) 25.6 (1) 27.1(0.9) 2.8 (0.8, 4.8)**

71 24.6 (0.8) 24.6 (1.1) 24.2 (1) -0.4 (-24, 1.6)

1.8 (-1.1, 4.7)
14 (-14, 4.3)
14 (-1.4, 4.3)

1.8 (-1, 4.6)

67 28.5 (1.5) 28.9 (1.8) 27.7 (1.7) -0.8 (-3.9, 2.3)

75 29.6 (1.4) 26.6 (1.7) 25.8 (1.7) -3.7 (6.8, -0.7)*

69 32.4 (1.5) 30.3 (1.7) 31(1.7) -1.3 (-4.3, 1.6)

71 32.2 (1.5) 322 (1.7) 31.6 (1.7) —0.6 (3.6, 2.4)

-0.2 (-4.6, 4.1)
-32(-75,1.1)
-0.5 (4.8, 3.7)

24 (-1.8, 6.6)

66 29.9 (0.8) 28.2 (0.9) 27.8 (1) -2 (-3.8, -0.3)*

73 30.3 (0.8) 28.8 (0.9) 27.5 (1) —2.8 (4.6, —1.1)**

66 30.3 (0.8) 28.5 (0.9) 27.9 (0.9) -2.4 (4.1, -0.8)**

69 29.6 (0.8) 29.3 (0.9) 28.5 (1) -1.1 (-2.8, 0.6)

-1 (=34, 1.4)
-1.8 (-4.2,0.7)
-0.4(-28, 2)

0.4 (-2, 2.8)

(Continues)
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TABLE 2 (Continued)

Combined versus resistance

Mean (SE) Mean (95% confidence interval)
Within-group change Between-group change
from baseline to from baseline to
Variable N Baseline 3 months 6 months 6 months 6 months
FCI
Total
Aerobic 66 2.2 (0.2) 2.1 (0.1) 1.9 (0.1) -0.3 (-0.4, —-0.1)***
Resistance 75 2.3(0.1) 2(0.1) 2.1(0.1) -0.2 (-0.4, -0.1)**
Combined 69 24 (0.1) 2.2 (0.1) 2 (0.1) -0.3 (-0.5, —0.2)***
Control 71 2.1(0.1) 2(0.1) 2(0.1) -0.1 (-0.3,0)
Aerobic versus control -0.2 (-0.4, 0)
Resistance versus control -0.1 (-0.3,0.1)
Combined versus aerobic 0 (-0.2, 0.2)
Combined versus resistance -0.1 (-0.3,0.1)
Fats
Aerobic 66 1.8 (0.1) 1.6 (0.1) 1.6 (0.1) -0.2 (-0.4, -0.1)**
Resistance 75 1.8 (0.1) 1.6 (0.1) 1.7 (0.1) —-0.1 (-0.3, 0)
Combined 69 1.9 (0.1) 1.8 (0.1) 17 (0.1) -0.1 (0.3, 0)
Control 71 1.7 (0.2) 1.7 (0.1) 1.6 (0.1) -0.1 (-0.2,0.1)
Aerobic versus control -0.1 (-0.3,0.1)
Resistance versus control 0 (-0.3,0.2)
Combined versus aerobic 0.1 (-0.1, 0.3)
Combined versus resistance 0(-0.2,0.2)
Sweets
Aerobic 66 2.5(0.1) 2.3(0.1) 2.1(0.1) -0.4 (-0.6, —0.1)**
Resistance 75 2.5(0.1) 2.1(0.1) 23 (0.1) -0.2 (-04, 0)*
Combined 69 2.7 (0.1) 24 (0.1) 2.2 (0.1) —-0.6 (0.8, —0.4)***
Control 71 23 (0.1) 23 (0.1) 2.1(0.1) -0.2(-04,0.1)
Aerobic versus control -0.2 (-0.5, 0.1)
Resistance versus control -0.1 (-0.4, 0.2)
Combined versus aerobic -0.2 (-0.5, 0.1)
Combined versus resistance -0.4 (-0.7, -0.1)*
Carbohydrates
Aerobic 66 2.1(0.1) 2.1(0.1) 1.9 (0.1) -0.2 (-0.3,0)
Resistance 75 2.2 (0.1) 2.1 (0.1) 2 (0.1) -0.2 (-0.4, -0.1)*
Combined 69 22 (0.1) 2.1(0.1) 1.9 (0.1) -0.2 (-0.4, 0)*
Control 71 2 (0.1) 1.9 (0.1) 1.9 (0.1) -0.1(-0.3,0.1)
Aerobic versus control -0.1 (-0.3,0.2)
Resistance versus control -0.2 (-0.4, 0.1)
Combined versus aerobic -0.1 (-0.3,0.2)

0(-0.2,0.3)



ALBERGA ET AL

TABLE 2 (Continued)

5 . . 165
Obesity Science and Practice IAVYT I AV M

Mean (95% confidence interval)

Mean (SE)
Variable N Baseline 3 months
Fast foods
Aerobic 66 2.7 (0.1) 24 (0.1)
Resistance 75 2.9 (0.1) 2.5(0.1)
Combined 69 3(0.1) 2.7 (0.1)
Control 71 2.8 (0.1) 2.5(0.1)

Aerobic versus control
Resistance versus control
Combined versus aerobic

Combined versus resistance

Within-group change
from baseline to

Between-group change
from baseline to

6 months 6 months 6 months
2.2 (0.1) —-0.5 (-0.7, —0.2)***
2.5(0.1) -0.4 (-0.6, —-0.1)**
2.6 (0.1) —-0.4 (0.6, —0.2)**
2.6 (0.1) -0.2 (-0.5, 0)

-0.3 (0.6, 0.1)

-0.2 (0.5, 0.2)

0.1 (-0.3, 0.4)

0(-0.3,0.3)

Note: Scoring: TFEQ: 4-point Likert-scale ranging from 1 “almost never” to 4 “almost always”; DEBQ and FCI: 5-point Likert-scale ranging from 1 “never”

to 5 “very often”.

Abbreviations: DEBQ, Dutch Eating Behavior Questionnaire; FCI, Food Craving Inventory; TFEQ, Three Factor Eating Questionnaire.

*p < 0.05, **p < 0.01, ***p < 0.001.

(Table S3). Combined training also showed greater decreases in
external eating compared to Aerobic alone.

Per-protocol analysis showed that Combined training had
greater decreases in uncontrolled eating compared to Aerobic alone
and Resistance alone (Table S4). Decreases in emotional eating were
also greater in Combined training compared to Aerobic alone.
External eating decreased more in Combined training versus Aerobic
training alone and in Resistance compared to Control. Overall food
cravings and cravings for sweets decreased more in Combined
training compared to Aerobic and Resistance groups alone. Per-
protocol analysis in females revealed no between-group differences

in eating restraint, cravings for fats, carbohydrates and fast foods.

5.3 | Males

In contrast to the results observed in females only, intention-to-treat

analysis in males only showed that the decreases in external eating in

Aerobic and Resistance were greater than in Combined (Table S5).
Per-protocol analyses revealed no significant differences in

eating attitudes and behaviors when males were analyzed separately

(Table Sé6).

6 | DISCUSSION

This study is amongst the first that examined the effects of different
exercise modalities on eating behaviors and food cravings in ado-
lescents with obesity and the first to examine sex differences in these
relationships. The results of this study showed that participants who

were randomized to the Combined aerobic and resistance training

group and were more adherent showed the greatest improvements in
eating behaviors and cravings. The same pattern of results was
observed among the females who completed >70% of prescribed
exercise sessions (i.e.,, more adherent) but not the males, suggesting
that these effects were mainly driven by female participants. Im-
provements in food cravings have been associated with long-term
weight loss in a clinical sample of adults with obesity.>? Consid-
ering that disordered eating is more prevalent in girls than boys*®
and in youth with obesity compared to youth without obesity,*
consistent monitoring of adolescent female eating behaviors during
and after behavioral weight management interventions is warranted
based on the changes observed in the current study. These findings
indicate some improvements in eating behaviors from participating in
the HEARTY trial from baseline to 6 months, although a longer-term
follow-up is needed. It is safe for this population to engage in the
HEARTY exercise and healthy eating program that has shown many
physical and mental health benefits in previously published HEARTY
papers. However, future weight management trials should monitor
potential unintended consequences such as risks and harms of ex-
ercise as an intervention especially for youth at increased risk of
disordered eating behaviors and eating disorders over time. Along
with previous HEARTY findings showing improvements in psycho-
logical functioning®? and health-related quality of life®® from exercise
participation, these findings suggest that Combined exercise training
and resistance training improved adolescents' disordered eating
patterns and mental health during a 6-month intervention period.
Due to the paucity of adolescent literature on this specific topic,
the adult literature has been examined to guide speculations
regarding this adolescent sample. One study examining the cross-
sectional and longitudinal associations of different exercise modal-

ities and food cravings in healthy young adults reported that
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TABLE 3 Per-protocol analysis of eating behaviors and food cravings at baseline and changes after 3 and 6 months

Combined versus resistance

Mean SE Mean (95% confidence interval)
Within-group change Between-group change
from baseline to from baseline to
Variable N Baseline N 3 months N 6 months 6 months 6 months
TFEQ
Uncontrolled eating
Aerobic 31 72(0.6) 24 7.3 (0.7) 31 6.4 (0.6) -0.8 (-1.7,0.1)
Resistance 20 7 (0.7) 18 6.9 (0.8) 20 5.8 (0.7) -1.2 (-2.3, -0.1)*
Combined 25 7.7 (0.6) 23 6.4 (0.7) 25 5.1 (0.6) —2.6 (-3.6, —-1.6)"**
Control 52 7.3 (0.4) 42 7.1 (0.5) 52 6.5 (0.4) -0.8 (-1.5, -0.1)*
Aerobic versus control 0(-1.1,1.2)
Resistance versus control -0.4 (-1.7,0.9)
Combined versus aerobic -1.8 (-3.2, -0.5)**
Combined versus resistance -1.4(-2.9,0.1)
DEBQ
Eating restraint
Aerobic 31 261(12) 25 289 (15) 31 275(13) 14 (-14, 4.2)
Resistance 20 22.8 (1.5) 19 23.3 (1.8) 20 23.6 (1.6) 0.8 (-2.8, 4.3)
Combined 25 235(1.3) 22 254(1.6) 25  26.9(1.5) 34 (0.2, 6.5)*
Control 52 24 (0.9) 43 24.5 (1.1) 52 23.9(1) -0.1 (-2.3, 2.1)
Aerobic versus control 15(-2.1, 5.1)
Resistance versus control 0.8 (-3.3, 5)
Combined versus aerobic 2(-2.3,6.2)
Combined versus resistance 2.6 (-2.1,7.3)
Emotional eating
Aerobic 31 27.7 (2.1) 25 30.1 (2.3) 31 28.9 (2.2) 1.1 (-2.7, 5)
Resistance 20 298(27) 19 28 (2.8) 20 26.2(28) -3.6 (-84, 1.2)
Combined 25 31.1(24) 22 284(2.6) 25  26.7 (2.5) -4.3 (-8.7, 0)*
Control 52  297(16) 43 30.7(1.8) 52  30.1(1.7) 0.4 (-2.6, 3.4)
Aerobic versus control 0.7 (-4.2, 5.6)
Resistance versus control -4 (=9.7, 1.6)
Combined versus aerobic -5.5(-11.3,0.3)
Combined versus resistance -0.7 (-7.2,5.7)
External eating
Aerobic 30 307(12) 24 298(12) 30 29.2(12) -1.5 (-85, 04)
Resistance 20 31.3(1.4) 16 28.5 (1.5) 20 27.6 (1.5) -3.8 (-6.1, —1.4)*
Combined 23 292(1.3) 19 268 (1.4) 23 249 (14) —4.3 (6.5, —2.1)***
Control 48  29.2(0.9) 39  29.3(1) 48  28.5(1) -0.8 (-2.3, 0.8)
Aerobic versus control -0.8(-3.2,1.7)
Resistance versus control -3 (-5.8, -0.2)*
Combined versus aerobic -2.8(-5.7,0.2)

-0.5(-38,27)
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TABLE 3 (Continued)

Mean SE Mean (95% confidence interval)

Within-group change Between-group change

from baseline to from baseline to
Variable N Baseline N 3 months N 6 months 6 months 6 months
FCI
Total
Aerobic 29 2.1(0.2) 23 2(0.1) 29 1.9 (0.1) -0.2 (-0.3,0)
Resistance 20 2.2 (0.1) 19 2(0.1) 20 2.1(0.1) -0.2 (-0.4, 0)
Combined 24 25(0.1) 22 2(0.1) 24 2 (0.1) -0.5 (-0.7, —=0.3)***
Control 51 2(0.1) 42 2(0.1) 51 1.9 (0.1) -0.1(-0.2,0.1)
Aerobic versus control -0.1 (-0.3,0.1)
Resistance versus control -0.1 (-0.4, 0.1)
Combined versus aerobic -0.4 (-0.6, -0.1)*
Combined versus resistance -0.3 (0.6, 0)*
Fats
Aerobic 29 17(0.1) 23 1.5(0.1) 29 1.5(0.1) —-0.2 (-0.4, 0)
Resistance 20 1.8 (0.1) 19 1.6 (0.1) 20 1.7 (0.1) -0.1 (-0.3, 0.1)
Combined 24 19(0.1) 22 15(0.1) 24 1.6 (0.1) -0.3 (-0.5, -0.1)*
Control 51 1.6 (0.1) 42 1.6 (0.1) 51 1.6 (0.1) 0(-0.2,0.1)
Aerobic versus control -0.1 (-0.4, 0.1)
Resistance versus control -0.1 (-0.4, 0.2)
Combined versus aerobic -0.1 (-0.4, 0.2)
Combined versus resistance -0.2 (-0.5, 0.2)
Sweets
Aerobi 29 24(0.2) 23 2.5(0.1) 29 2.2 (0.1) —-0.3 (0.6, 0)
Resistance 20 2.6 (0.2) 19 2(0.2) 20 2.3(0.2) -0.3 (-0.6, 0.1)
Combined 24 31(0.2) 22 2.2 (0.2) 24 2.1(0.2) -1(-1.3, -0.7)***
Control 51 22(0.1) 42 2.3(0.1) 51 2.1(0.1) -0.1(-0.3,0.1)
Aerobic versus control -0.2 (-0.5, 0.2)
Resistance versus control -0.2 (-0.6, 0.3)
Combined versus aerobic -0.7 (-1.2, -0.3)**
Combined versus resistance -0.7 (-1.2, -0.2)**
Carbohydrates
Aerobic 29 19(0.1) 283 2(0.1) 29 1.9 (0.1) 0 (-0.2,0.3)
Resistance 20 2.1(0.2) 19 2(0.2) 20 2(0.2) —-0.1(-04, 0.2)
Combined 24 23(0.1) 22 2(0.2) 24 2(0.2) —-0.3 (-0.5,0)
Control 51 1.9 (0.1) 42 1.8 (0.1) 51 1.8 (0.1) 0 (-0.2,0.2)
Aerobic versus control 0 (-0.3,0.3)
Resistance versus control -0.1 (-0.4, 0.3)
Combined versus aerobic -0.3 (0.6, 0.1)
Combined versus resistance -0.2 (-0.6, 0.2)
Fast foods
Aerobic 29 25(0.2) 23 2.4 (0.2) 29 2.2 (0.2) —-0.3 (0.6, 0)

(Continues)
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TABLE 3 (Continued)

Mean (95% confidence interval)

Mean SE
Variable N Baseline N 3 months
Resistance 20 2.9 (0.2) 19 2.5 (0.2)
Combined 24 3(0.2) 22 2.5(0.2)
Control 51 2.6 (0.1) 42 2.5 (0.1)

Aerobic versus control
Resistance versus control
Combined versus aerobic

Combined versus resistance

Within-group change
from baseline to

Between-group change
from baseline to

N 6 months 6 months 6 months

20 2.5(0.2) -0.4 (-0.8, 0)*

24 24(02) -0.6(-1, -0.3)**

51 2.5(0.1) -0.1(-04,0.1)
-0.2 (0.6, 0.2)
-0.3 (-0.8, 0.1)
-0.3 (-0.8,0.1)
-0.2 (-0.7, 0.3)

Note: Participants who completed >70% of prescribed exercise sessions (~>2.8 sessions/week) were included in the per-protocol analysis. Scoring:
TFEQ: 4-point Likert-scale ranging from 1 “almost never” to 4 “almost always”; DEBQ and FCI: 5-point Likert-scale ranging from 1 “never” to 5 “very

often”.

Abbreviations: DEBQ, Dutch Eating Behavior Questionnaire; FCI, Food Craving Inventory; TFEQ, Three Factor Eating Questionnaire.

*p < 0.05, **p < 0.01, *™*p < 0.001.

different exercise modalities have differential impacts on frequency
and strength of food cravings and results differ by sex.3* The re-
searchers found that aerobic exercise was associated with cravings
for fruits and difficulty resisting food cravings while walking was
associated with increased chocolate cravings and the associations
were more favorable for men compared to women. Specifically, they
found positive effects of resistance exercise on food cravings in men
but not in women. The greater improvements in eating behaviors and
cravings observed with Combined training in this sample might be
due to the larger dose of exercise (more time spent performing ex-
ercise per session over a 6-month period) and the greater proportion
of females (70%) in this sample, who tend to have greater food
cravings and eating disorder psychopathology than males.®> Females
have also reported relating food cravings to their menstrual cycle®®
and changes in ovarian and serotonin hormone levels throughout the
menstrual cycle.3” These factors may have driven the improvements
observed in eating behaviors while enrolled in a behavioral weight
management intervention. However, more research is needed to
understand the association between duration and intensity of exer-
cise in relation to eating habits and food cravings (Figure 1).
Improvements in food cravings following acute and chronic
aerobic training have been attributed to reduced activity in brain
regions (i.e., the insula and putamen)®® involved in food reward and
visual food cues.®3? The insula is also involved in the regulation of
other eating behaviors such as overeating disinhibition (i.e., uncon-
trolled eating).3*° To speculate, perhaps reduced neuronal activa-
tion related to visual food cues may also explain observed decreases
in external eating (i.e., eating in response to food-related stimuli) that
were observed in all exercising groups post-intervention. Future
research on potential mechanisms is needed to investigate the in-
fluence of different exercise modalities on appetite hormones and

neuronal responses involved in food reward and visual food cues, and

how these relate to eating behaviors and food cravings and may have
sex-specific outcomes.

Exercise training positively impacts emotional state, mood and
reduces stress*! which can also influence eating attitudes and be-
haviors related to emotional regulation. In fact, previous analysis
showed that all three HEARTY exercise groups improved their mood
from baseline to 6 months by reduced anger and increased vigor??
which aligns with the current findings showing decreases in external
eating and food cravings in all exercise groups following the inter-
vention. Exercise could impact eating behaviors through several
psychological pathways, however, specific psychological mechanisms
including motivation for food, palatability, wanting and food rein-
forcement were not assessed in this study but warrant further
exploration especially in children and adolescents living with obesity.

Strengths of the study include the novelty of the research ques-
tion, the randomized controlled trial design, which strengthens the
internal validity of the data, and the inclusion of both intention-to-treat
analyses and per-protocol analyses to better evaluate exercise inter-
vention effects on adherent participants. The statistical power to
determine sex differences in eating behaviors and food cravings is
limited by the unequal distribution of adolescent females versus males.
Despite limited power, these findings demonstrate some sex-related
differences which suggest future studies with larger samples should
examine exercise training effects on eating patterns in male versus
female adolescents with obesity. In addition, the outcome variables
(eating behaviors and food cravings) were assessed with the use of self-
reported questionnaires, which are subjective measures with inherent
measurement error. The eating behaviors and food craving measures
assessed inthe HEARTY trial do not capture the full spectrum of eating
disorder risks that could follow participation in behavioral in-
terventions. In fact, the need for psychometrically-strong measures of

disordered eating symptoms specific to treatment-seeking populations
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in weight management contexts has been identified as an important
target for future research.'”

These results provide an important contribution to the literature
in revealing that the current exercise trial had no unintentional
consequences on the eating behaviors that were measured in most of
the adolescents following participation in the HEARTY exercise
program despite the trial's prescription of mild caloric restriction
(~250 kcal/day). It does, however, remain possible that eating dis-
order symptoms or eating disorder diagnoses may develop many
years post-intervention.*?> Future research is needed to examine
other measures of eating behaviors and disordered eating specific to
the weight loss context. To monitor the potential risk for disordered
eating and mental health issues that may develop post intervention,
follow-up (>6 months) measures must be employed.17 There is lon-
gitudinal evidence showing that greater disordered eating attitudes
and behaviors were associated with lower body satisfaction, lower
self-esteem, greater depressive symptoms and greater BMI.*3 Thus, it
is important to continuously monitor patients to ensure that healthy
interventions do not transition to unhealthy and dangerous behaviors
over time.** These findings align with findings from a systematic
review and meta-analysis of the impact of obesity interventions with
a dietary component that revealed reductions in eating disorder
prevalence, risk and related symptoms in children and adolescents
with overweight or obesity.l” However, the findings from the review
paired with the results of the current study highlight the need for a
future systematic review to discern the effects of structured exercise
interventions alone (without confounding effects of other behavioral
intervention components) on disordered eating patterns and eating
disorder risk in children and adolescents with obesity.

7 | CONCLUSION

The findings demonstrate that adolescents with overweight or
obesity who showed good exercise adherence to 6-month of com-
bined aerobic and resistance exercise training reported improved
eating behaviors, overall food cravings and sweet cravings compared
to aerobic training alone. Analyses showed these effects were driven
primarily by females. In the future, it is important that energy intake,
eating behaviors, food cravings, and other disordered eating symp-
toms be regularly monitored as part of exercise intervention study
designs and at follow-up. Understanding how eating behaviors
change throughout an exercise program could help explain mecha-
nisms of how energy intake changes during and following exercise
interventions, identify potentially negative unintended consequences
and reduce risk of harm of participating in behavioral weight man-

agement programs.
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