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IMPORTANCE Little evidence exists on which exercise modality is optimal for obese
adolescents.

OBJECTIVE To determine the effects of aerobic training, resistance training, and combined
training on percentage body fat in overweight and obese adolescents.

DESIGN, SETTING, AND PARTICIPANTS Randomized, parallel-group clinical trial at
community-based exercise facilities in Ottawa (Ontario) and Gatineau (Quebec), Canada,
among previously inactive postpubertal adolescents aged 14 to 18 years (Tanner stage IV or V)
with body mass index at or above the 95th percentile for age and sex or at or above the 85th
percentile plus an additional diabetes mellitus or cardiovascular risk factor.

INTERVENTIONS After a 4-week run-in period, 304 participants were randomized to the
following 4 groups for 22 weeks: aerobic training (n = 75), resistance training (n = 78),
combined aerobic and resistance training (n = 75), or nonexercising control (n = 76). All
participants received dietary counseling, with a daily energy deficit of 250 kcal.

MAIN OUTCOMES AND MEASURES The primary outcome was percentage body fat measured
by magnetic resonance imaging at baseline and 6 months. We hypothesized that aerobic
training and resistance training would each yield greater decreases than the control and that
combined training would cause greater decreases than aerobic or resistance training alone.

RESULTS Decreases in percentage body fat were −0.3 (95% CI, −0.9 to 0.3) in the control
group, −1.1 (95% CI, −1.7 to −0.5) in the aerobic training group (P = .06 vs controls), and −1.6
(95% CI, −2.2 to −1.0) in the resistance training group (P = .002 vs controls). The −1.4 (95% CI,
−2.0 to −0.8) decrease in the combined training group did not differ significantly from that in
the aerobic or resistance training group. Waist circumference changes were −0.2 (95% CI, −1.7
to 1.2) cm in the control group, −3.0 (95% CI, −4.4 to −1.6) cm in the aerobic group (P = .006 vs
controls), −2.2 (95% CI −3.7 to −0.8) cm in the resistance training group (P = .048 vs controls),
and −4.1 (95% CI, −5.5 to −2.7) cm in the combined training group. In per-protocol analyses
(�70% adherence), the combined training group had greater changes in percentage body fat
(−2.4, 95% CI, −3.2 to −1.6) vs the aerobic group (−1.2; 95% CI, −2.0 to −0.5; P = .04 vs the
combined group) but not the resistance group (−1.6; 95% CI, −2.5 to −0.8).

CONCLUSIONS AND RELEVANCE Aerobic, resistance, and combined training reduced total
body fat and waist circumference in obese adolescents. In more adherent participants,
combined training may cause greater decreases than aerobic or resistance training alone.
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C hildhood obesity1,2 and physical inactivity3 are seri-
ous public health concerns. Obesity is associated with
adverse health outcomes in youth,4 and 80% of obese

adolescents become obese adults.5 Although exercise is rec-
ommended for obese adolescents, the optimal exercise pre-
scription to reduce adiposity and its comorbidities is unclear.

We designed the Healthy Eating Aerobic and Resistance
Training in Youth (HEARTY) trial to determine the effects of
aerobic training, resistance training, or their combination on
percentage body fat and cardiometabolic risk markers in pre-
viously inactive postpubertal overweight and obese adoles-
cents. The primary outcome was percentage body fat mea-
sured by magnetic resonance imaging (MRI). Secondary
outcomes included total body fat, anthropometric indexes of
body fat distribution, and risk markers for cardiovascular dis-
ease and diabetes mellitus (DM).

Methods
Design
This study was reviewed and approved by research ethics
boards of the Children’s Hospital of Eastern Ontario and the
Ottawa Hospital, Ottawa, Ontario, Canada. All participants (and
parents for participants younger than 16 years) provided writ-
ten informed consent. This was a randomized clinical trial with
a parallel-group design. Details on the rationale, design, in-
clusion and exclusion criteria, and methods have been de-
scribed previously.6 Outcome assessors (A.S.A. and P.P.) were
blinded to the study group of participants.

Participants
Participants(eTable1intheSupplement)werepostpubertal (Tan-
nerstageIVorV)7,8 adolescentsaged14to18yearswithbodymass
index (BMI) at or above the 95th percentile for age and sex (http:
//www.cdc.gov/growthcharts) or at or above the 85th percentile
plus an additional DM or cardiovascular risk factor. Exclusion cri-
teria included habitual exercise more than twice weekly for more
than 20 minutes per session, DM, or any illness or disability ren-
dering study exercise programs inadvisable or unfeasible. Rou-
tine school physical education classes were not an exclusion cri-
terion. For participants taking medication likely to affect body
composition (metformin, oral contraceptives, or stimulants), the
dosage was required to have been stable during the previous 2
months and to remain unchanged throughout the trial.

Run-in Period
Participants entered a run-in period that included supervised
moderate-intensity exercise training 4 times weekly for 4
weeks. They performed 15 to 30 minutes of aerobic exercise
at 65% of measured maximum heart rate and 1 to 3 sets of 15
repetitions for each of 7 resistance exercises at each session.
Details of exercise programs (eTable 2 in the Supplement) were
described previously.6

Randomization
To qualify for randomization, participants needed to attend
at least 13 of 16 prescribed exercise sessions (≥81.3% adher-

ence) during the run-in period. The exercise specialist used a
telephone-based central randomization program (IVRS, VB-
voice, version 5.3; Pronexus) and informed participants of their
group assignments, allowing the research coordinator (P.P.) to
remain blinded to the study group of participants. Partici-
pants (N = 304) were randomized into the following 4 groups
for 22 weeks: aerobic training (hereinafter the aerobic group,
n = 75), resistance training (hereinafter the resistance group,
n = 78), combined aerobic and resistance training (hereinaf-
ter the combined group, n = 75), or nonexercising control (here-
inafter the control group, n = 76). Randomization was in per-
muted blocks, stratified by sex and degree of overweight (85th
to 94th percentile vs ≥95th percentile).

Intervention
Participants in all 4 groups received counseling at baseline, 3
months, and 6 months by a registered dietitian to promote
healthy eating, with a daily energy deficit of 250 kcal. In ad-
dition to the dietary counseling, the 3 exercising groups were
asked to attend gymnasiums 4 times weekly. Exercise train-
ing progressed gradually in duration and intensity. The aero-
bic group exercised on treadmills, elliptical machines, or bi-
cycle ergometers. Heart rate monitors (Polar FS1; Polar Electro
Oy) were used to adjust workloads to achieve target heart rates.
Participants gradually progressed in exercise duration (from
20 to 45 minutes per aerobic exercise session) and intensity
(from 65% to 85% of maximum heart rate). The resistance group
performed 7 exercises using weight machines or free weights,
progressing from 2 sets of 15 repetitions at moderate inten-
sity to 3 sets of 8 repetitions at the maximum resistance that
could be moved 8 times (8-RM). The combined group per-
formed the full aerobic training program plus the resistance
training program during each session. Details of the exercise
programs are in eTables 3, 4, and 5 in the Supplement.

Setting
Exercise training took place at 6 community-based facilities
in Ottawa (Ontario) and Gatineau (Quebec), Canada. Exercise
was supervised by personal trainers twice weekly during the
run-in period, weekly from randomization to 3 months, and
biweekly from 3 to 6 months. Personal trainers monitored at-
tendance and exercise progression by reviewing sign-in sheets
and exercise logs. Intervention adherence was calculated as
the total number of exercise sessions the participant at-
tended divided by the total number of sessions prescribed.

Outcomes and Measurements
Body Composition
Body composition was assessed by MRI with a 1.5-T system
(EchoSpeed, signal 11 version; GE Medical Systems) at base-
line and 6 months. Participants lay prone for whole-body cross-
sectional images using protocols by Ross and colleagues.9,10

The MRIs were analyzed using a software program (Slice-O-
Matic, version 4.3; Tomovision).

Anthropometry, Background Physical Activity, and Energy Intake
Weight, height, BMI, waist and hip circumferences, and blood
pressure were measured as described previously.6 Partici-
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pants were asked to wear pedometers (DIGI-WALKER SW-
700; Yamax Corporation) and maintain step-count logs for 7
days at baseline and 6 months to assess background physical
activity. Energy intake was assessed using 3-day food diaries
and analyzed using food composition analysis software (Food
324 Processor SQL 2006; ESHA Research) at baseline, 3 months,
and 6 months.

Cardiometabolic Risk Markers
Fasting insulin, glucose, glycated hemoglobin, and lipid lev-
els were measured at baseline, 3 months, and 6 months as de-
scribed previously.6 Samples were obtained 2 to 10 days after
the last exercise session to avoid potentially confounding acute
effects of exercise. A 75-g oral glucose tolerance test (fasting
and 2-hour postload glucose) was performed at baseline and
6 months.

Cardiorespiratory Fitness and Muscular Strength
Peak oxygen consumption (V̇O2peak, in milliliters of oxygen per
kilogram of body weight per minute) was measured at base-
line and 6 months by indirect calorimetry using a metabolic
cart (MOXUS Modular Metabolic System; AEI Technologies)
during a Balke-Ware treadmill test.11 Criteria for test termina-
tion included volitional exhaustion or the participant’s de-
sire to stop. Treadmill time was defined as the time from the
start of the test until the time the participant reached V̇O2peak.

An 8-RM test was performed on leg press, bench press, and
seated row machines to measure muscular strength at base-
line, 3 months, and 6 months. The 8-RM test measured the
maximum weight that could be lifted 8 times while maintain-
ing proper form.

Adverse Events
Research staff (including P.P.) reported all directly observed
adverse events and those spontaneously reported by the par-
ticipants. Participants were also questioned about adverse
events at each study visit.

Statistical Analysis
To assess the effects of exercise training modality on changes
in percentage body fat (primary outcome) over time, assum-
ing a moderate effect size of 0.6 SD for the least-powered
planned comparison, we calculated a sample size of 248 par-
ticipants (62 per group) completing the intervention to allow
80% power for each of 4 prespecified comparisons (aerobic
group vs control group, resistance group vs control group, com-
bined group vs aerobic group, and combined group vs resis-
tance group) tested simultaneously (overall α = .05 overall). We
randomized 304 participants to allow for 18% to 20% drop-
out, similar to rates observed in previous exercise trials among
obese youth12 and adults with type 2 DM.13 We performed
analyses on an intent-to-treat basis that included all ran-
domly allocated participants (including those who later with-
drew). For the primary analysis, we used linear mixed-effects
modeling for repeated measures over time using percentage
body fat as the dependent variable and effects for time, group
(aerobic group, resistance group, combined group, or control
group), and time by group interaction, with age and sex as co-

variates and an unstructured covariance matrix. Within the
mixed model, we calculated 95% CIs and P values for 4 pre-
specified intergroup contrasts and for change in percentage
body fat within each group over time. We used the same pro-
cedure for other continuous outcome variables, including
3-month values when available in addition to baseline and
6-month values. For all linear mixed-model analyses, we ex-
amined distributions of residuals and used transformations to
achieve normality when necessary. We also examined the ef-
fects of the exercise intervention in per-protocol analyses, re-
stricted to participants with complete baseline and 6-month
data and at least 70% adherence throughout the exercise in-
tervention, following the same procedures as in the intent-to-
treat analyses. We used statistical software (SAS, version 9.2;
SAS Institute) for all analyses.

Results
Recruitment began March 1, 2005, and closed April 30, 2010. The
final follow-up visit was in May 2011. Of 358 participants who
entered the run-in phase, 304 (84.9%) were randomized. Rea-
sons for prerandomization withdrawal included time de-
mands, lack of interest, moving to a different town or city, or a
medical condition (Figure). Seven participants (1 from the aero-
bic group, 3 from the resistance group, 1 from the combined
group, and 2 from the control group) were excluded from MRI
analyses because images were technically inadequate. At 6
months, 54 participants in the aerobic group, 55 participants in
the resistance group, 55 participants in the combined group, and
57 participants in the control group completed MRI; an addi-
tional 6 completed all 6-month measures except MRI.

Table 1 and eTable 6 in the Supplement list baseline char-
acteristics and potentially weight-altering medications, re-
spectively. No significant intergroup baseline differences were
observed. Most participants (282 of 304 [92.8%]) were obese
(BMI ≥95th percentile for age and sex).

Adherence
From baseline to 26 weeks, the median exercise training ad-
herence was 62% (interquartile range, 36%-81%) in the aero-
bic group, 56% (interquartile range, 37%-75%) in the resis-
tance group, and 64% (interquartile range, 39%-75%) in the
combined group, with no significant differences between
groups. Seventy-five participants (24.7%) withdrew between
randomization and 6 months, including 18 (24.0%) from the
aerobic group, 21 (26.9%) from the resistance group, 17 (22.7%)
from the combined group, and 19 (25.0%) from the control
group. Reasons for withdrawal are shown in the Figure.

Adverse Events
Details of adverse events are listed in eTable 7 and eTable 8 in
the Supplement. Two participants, both in the aerobic group,
withdrew because of adverse events unrelated to study inter-
ventions, including hip fracture from a fall at school (1 partici-
pant) and a forearm fractured when playing football (1 partici-
pant). Overall, adverse events occurred in 49 of 228 exercise
group participants (21.5%) and in 18 of 76 controls (23.7%).
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Musculoskeletal injury or discomfort requiring exercise pro-
gram modification or temporary activity restriction occurred
in 27 of 228 exercise group participants (11.8%) and in 2 of 76
controls (2.6%). Adverse events definitely, probably, or possi-
bly related to the intervention occurred in 18 of 228 exercise
group participants (7.9%) and in 1 of 76 controls (1.3%). Al-
most all related adverse events involved musculoskeletal in-
jury or discomfort. Two medical adverse events were possi-
bly related to the intervention, including postexertional malaise
(1 participant) and noncardiac chest pain (1 participant).

Primary Outcome of Percentage Body Fat
Body fat and lean body mass results are listed in Table 2. Per-
centage body fat did not change in the control group (−0.3; 95%
CI, −0.9 to 0.3) but decreased in all exercising groups, by −1.1
(95% CI, −1.7 to −0.5) in the aerobic group (P = .06 vs control
group), −1.6 (95% CI, −2.2 to −1.0) in the resistance group
(P = .002 vs control group), and −1.4 (95% CI, −2.0 to −0.8) in

the combined group (not significantly different from the aero-
bic group or resistance group). In per-protocol analyses (≥70%
adherence) (eTable 9 in the Supplement), percentage body fat
changes in the combined group (−2.4, 95% CI, −3.2 to −1.6) were
greater than those in the aerobic group (−1.2; 95% CI, −2.0 to −0.5;
P = .04 vs combined group) but not significantly different from
changes in the resistance group (−1.6; 95% CI, −2.5 to −0.8).

Secondary Outcomes
Anthropometry and Cardiometabolic Risk Markers
Table 3 lists the effects of the exercise interventions on anthro-
pometric indexes. Waist circumference changes were −0.2 (95%
CI, −1.7 to 1.2) cm in the control group, −3.0 (95% CI, −4.4 to −1.6)
cm in the aerobic group (P = .006 vs control group), −2.2 (95%
CI, −3.7 to −0.8) cm in the resistance group (P = .048 vs control
group), and −4.1 (95% CI, −5.5 to −2.7) cm in the combined group.
In per-protocol analyses (eTable 10 in the Supplement), BMI de-
creased in the aerobic group vs the control group, and de-

Figure. Healthy Eating Aerobic and Resistance Training in Youth Trial Flow Diagram

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

87 Excluded
17 BMI too low
3 BMI too high
4 Too active

13 Medical conditions
50 Not interested/other reasons

54 Excluded
51 Completed <13 sessions
2 Medical conditions (1 eating 

disorder, 1 depression)
1 Moved away

1285 Adolescents assessed for eligibility

445 Entered screening

358 Entered run-in

304 Randomized

75 Included in analysis
1 Missing data for MRI

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

75 Randomized to aerobic
training group

78 Randomized to resistance
training group

75 Randomized to combined
training group

76 Randomized to control  group

18 Discontinued intervention
6 Due to time obligation

10 Due to lack of interest
1 Due to dissatisfaction

with group
1 Due to move

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

21 Discontinued intervention
4 Due to time obligation

14 Due to lack of interest
3 Due to dissatisfaction

with group

19 Discontinued intervention
12 Due to lack of interest
6 Due to dissatisfaction

with group
1 Due to move

Those whose magnetic resonance imaging (MRI) files were technically inadequate and not analyzed for the MRI-related variables were still included in analyses of
other (non-MRI) variables. BMI indicates body mass index.
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creases were greater in the combined group vs the aerobic group
and in the combined group vs the resistance group. Waist cir-
cumference decreased in the aerobic group and the resistance
group vs the control group and decreased significantly more in
the combined group compared with the aerobic group.

Results for cardiometabolic risk factors are listed in eTable
11 in the Supplement. Fasting insulin and triglycerides levels
were log transformed for analysis; geometric means are pre-
sented. No significant intergroup differences were observed in
the levels of fasting insulin, fasting or 2-hour glucose, triglyc-
erides, glycated hemoglobin, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol, or total cholesterol.

Cardiorespiratory Fitness and Muscular Strength
Treadmill time increased in all 3 exercise groups (eTable 12 in
the Supplement). Increases in V̇O2peak in the aerobic group were
greater than those in the control group. Although within-
group V̇O2peak and treadmill time increased in the combined
group, these changes were not significantly different from
those in the other groups. Treadmill time increased in the aero-
bic group vs the control group.

The aerobic group and the resistance group showed larger
increases in leg press than the control group (eTable 12 in the
Supplement), and the combined group showed larger in-
creases in leg press, bench press, and seated row machines
compared with the aerobic group. The resistance group showed
greater increases in bench press than the control group.
Changes in muscular strength in the combined group did not
differ from changes in the resistance group on leg press, bench
press, or seated row machines.

Energy Intake and Background Physical Activity
Within-group energy intake (3-day food diaries) decreased simi-
larly in all groups. No significant between-group differences

were observed in energy intake or background physical activ-
ity (pedometer logs, excluding exercise sessions that were part
of the intervention). Background physical activity data were lim-
ited because many participants did not wear pedometers or com-
plete pedometer logs as instructed: per-protocol analysis re-
sults are listed in Table 4 and in eTable 13 in the Supplement.

Discussion
To our knowledge, this is the first randomized trial to date com-
paring the effects of aerobic training, resistance training, and
their combination on body composition and cardiometabolic
risk factors in a large sample of obese adolescents. The pri-
mary findings were that modest but clinically significant re-
ductions in percentage body fat can be achieved through aero-
bic, resistance, or combined exercise training in obese
adolescents. In per-protocol analyses, combined aerobic and
resistance training produced greater decreases in percentage
body fat, waist circumference, and BMI than aerobic training
alone.

The modest decreases in percentage body fat in the
HEARTY trial were comparable to those observed by Lee et al,14

who examined the effects of thrice-weekly aerobic or resis-
tance training vs a nonexercising control group during a
3-month period. They showed decreases in aerobic-only re-
sults (−2.6%) and resistance-only results (−2.5%) vs controls.
Although exercise prescriptions in the study by Lee et al were
similar to those of the HEARTY trial, Lee and colleagues showed
greater reductions in percentage body fat in both exercising
groups, possibly attributable to higher exercise adherence
(99%) or because their participants received some financial
compensation. Lack of financial compensation may have con-
tributed to lower training adherence (66%) in the HEARTY trial.

Table 1. Baseline Participant Characteristics

Characteristic

Total
Sample

(N = 304)

Aerobic
Training
Group

(n = 75)

Resistance
Training
Group

(n = 78)

Combined
Training
Group

(n = 75)

Control
Group

(n = 76)
Sex, No. (%)

Male 91 (29.9) 22 (29.3) 23 (29.5) 22 (29.3) 24 (31.6)

Female 213 (70.1) 53 (70.7) 55 (70.5) 53 (70.7) 52 (68.4)

Age, mean (SD), y 15.6 (1.4) 15.5 (1.4) 15.9 (1.5) 15.5 (1.3) 15.6 (1.3)

Race/ethnicity, No. (%)

White 219 (72.0) 54 (72.0) 55 (70.5) 47 (62.7) 63 (82.9)

Black 31 (10.2) 6 (8.0) 11 (14.1) 12 (16.0) 2 (2.6)

Mixed 14 (4.6) 5 (6.7) 2 (2.6) 3 (4.0) 4 (5.3)

Arabic 11 (3.6) 4 (5.3) 1 (1.3) 4 (5.3) 2 (2.6)

Asian 10 (3.3) 1 (1.3) 5 (6.4) 2 (2.7) 2 (2.6)

Hispanic 9 (3.0) 4 (5.3) 2 (2.6) 3 (4.0) 0

Other 6 (2.0) 1 (1.3) 2 (2.6) 2 (2.7) 1 (1.3)

Native Canadian 4 (1.3) 0 0 2 (2.7) 2 (2.6)

Weight, mean (SD), kg 98.0 (16.9) 96.7 (15.1) 99.9 (17.4) 97.5 (16.3) 97.9 (18.8)

Height, mean (SD), cm 167.8 (7.4) 166.8 (7.0) 168.3 (7.5) 167.5 (7.6) 168.8 (7.7)

BMI ≥95th percentile, No. (%) 282 (92.8) 69 (92.0) 71 (91.0) 71 (94.7) 71 (93.4)

Normal glucose tolerance, No. (%) 263 (86.5) 62 (82.7) 66 (84.6) 67 (89.3) 68 (89.5)
Abbreviation: BMI, body mass index.
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Compared with the control group, we found decreases in
waist circumference in all 3 exercise groups, and per-
protocol analyses showed greater decreases in the combined
group vs the aerobic group. Our results agree with previous
smaller studies showing decreases in abdominal fat through
aerobic training,14 resistance training,14 and combined aero-
bic and resistance circuit training15,16 performed 2 to 3 times
weekly compared with nonexercising controls. Abdominal fat
accumulation is associated with increased cardiometabolic
risk.17 Attenuating increases in abdominal fat during adoles-
cence could confer important cardiometabolic protection be-
cause each additional year of abdominal obesity is associated
with a 4% greater risk of developing DM.18

We found no changes in glucose or lipid levels, possibly
due to mostly normal baseline values. Potential participants
who had DM at baseline were excluded from our study, and
86.5% of our participants had normal baseline fasting and
2-hour postload glucose levels, leaving little room for improve-
ment. Two smaller randomized clinical studies by Lee et al14

and Shaibi et al19 showed that resistance exercise 2 to 3 times
per week increased insulin sensitivity by 27% (euglycemic
clamp) in black, white, and mixed racial/ethnic obese adoles-
cent boys and by 45% (frequently sampled intravenous glu-
cose tolerance test) in obese Latino adolescent boys, respec-
tively. Lee and colleagues14 found no changes in insulin
sensitivity in the aerobic group. The racial/ethnic back-
ground and sex of HEARTY participants (72.0% white and 70.1%
female) differed from previous research conducted with male
Latino youth,15,16,19 who are more likely to be insulin resis-
tant than white youth independent of body fat.20

Although within-group V̇O2peak and treadmill time in-
creased in the aerobic group and the combined group, only the
increases in the aerobic group were significantly greater than
those in controls. In the Diabetes Aerobic and Resistance Ex-
ercise (DARE) trial,21 with a design similar to that of the HEARTY
trial in adults with type 2 DM, findings were similar: aerobic
training and combined training each increased aerobic fit-
ness, but the aerobic-only intervention did so to a slightly

Table 2. Intent-to-Treat Analysis of Percentage Body Fat and Lean Body Mass at Baseline
and Changes After 6 Monthsa

Variable by Group No.

Mean (SE) From Baseline to 6 mo, Mean (95% CI)

Baseline 6 mo
Within-Group

Change

Between-Group
Difference
in Change

Percentage body fat, %

Aerobic training 74 49.1 (0.6) 48.0 (0.7) −1.1 (−1.7 to −0.5)b NA

Resistance training 75 49.7 (0.6) 48.1 (0.7) −1.6 (−2.2 to −1.0)b NA

Combined training 74 50.2 (0.6) 48.8 (0.7) −1.4 (−2.0 to −0.8)b NA

Control 74 48.6 (0.6) 48.3 (0.7) −0.3 (−0.9 to 0.3) NA

Aerobic training vs control NA NA NA NA −0.8 (−1.6 to 0)

Resistance training vs control NA NA NA NA −1.3 (−2.1 to −0.5)c

Combined training
vs aerobic training

NA NA NA NA −0.3 (−1.2 to 0.5)

Combined training
vs resistance training

NA NA NA NA 0.2 (−0.7 to 1.0)

Total body fat mass, kg

Aerobic training 74 47.1 (1.3) 45.9 (1.4) −1.2 (−2.4 to 0) NA

Resistance training 75 48.0 (1.3) 46.7 (1.4) −1.3 (−2.5 to −0.1)d NA

Combined training 74 48.4 (1.3) 46.8 (1.4) −1.7 (−2.9 to −0.5)c NA

Control 74 46.6 (1.3) 47.0 (1.4) 0.4 (−0.8 to 1.6) NA

Aerobic training vs control NA NA NA NA −1.6 (−3.3 to 0.1)

Resistance training vs control NA NA NA NA −1.7 (−3.4 to 0)

Combined training
vs aerobic training

NA NA NA NA −0.5 (−2.2 to 1.2)

Combined training
vs resistance training

NA NA NA NA −0.4 (−2.1 to 1.3)

Total body lean mass, kg

Aerobic training 74 48.2 (0.7) 48.9 (0.7) 0.7 (0.0 to 1.3)d NA

Resistance training 75 48.3 (0.7) 49.7 (0.7) 1.4 (0.7 to 2.0)b NA

Combined training 74 47.7 (0.7) 48.4 (0.7) 0.8 (0.1 to 1.4)d NA

Control 74 48.6 (0.7) 49.7 (0.7) 1.1 (0.5 to 1.7)b NA

Aerobic training vs control NA NA NA NA −0.4 (−1.3 to 0.5)

Resistance training vs control NA NA NA NA 0.3 (−0.6 to 1.2)

Combined training
vs aerobic training

NA NA NA NA 0.1 (−0.8 to 1.0)

Combined training
vs resistance training

NA NA NA NA −0.6 (−1.5 to 0.3)

Abbreviation: NA, not applicable.
a Data from 7 participants (1, 3, 1, and

2 from the aerobic training group,
resistance training group, combined
training group, and control group,
respectively) were excluded from
the intent-to-treat analysis, and 2
participants from the control group
were excluded in this table because
of technically inadequate magnetic
resonance images. The numbers of
participants who completed
magnetic resonance imaging at 6
months were 54, 55, 55, and 57 in
the aerobic training group,
resistance training group, combined
training group, and control group,
respectively.

b P < .001.
c P < .01.
d P < .05.
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greater extent. Similar to the present trial, DARE also re-
ported no differences in fat-free mass changes between groups
but observed decreases in body weight and fat mass in the aero-
bic and combined training groups.13 The HEARTY trial find-

ings support that moderate-intensity to high-intensity aero-
bic or combined exercise training for at least 3 sessions per week
improves cardiorespiratory fitness in overweight and obese
adolescents.

Table 3. Intent-to-Treat Analysis of Anthropometry at Baseline and Changes After 3 and 6 Monthsa

Variable by Group No. Baseline

Mean (SE) From Baseline to 6 mo, Mean (95% CI)

3 mo 6 mo
Within-Group

Change
Between-Group

Difference in Change
Total body weight, kg

Aerobic training 75 97.1 (1.8) 96.9 (1.8) 97.0 (1.9) −0.1 (−1.7 to 1.5) NA

Resistance training 78 100.1 (1.7) 99.7 (1.8) 100.4 (1.9) 0.3 (−1.3 to 1.9) NA

Combined training 75 97.8 (1.8) 97.3 (1.8) 97.0 (1.9) −0.8 (−2.4 to 0.7) NA

Control 76 97.9 (1.8) 98.5 (1.8) 99.2 (1.9) 1.3 (−0.3 to 3.0) NA

Aerobic training vs control NA NA NA NA NA −1.4 (−3.6 to 0.8)

Resistance training vs control NA NA NA NA NA −1.0 (−3.3 to 1.2)

Combined training vs aerobic training NA NA NA NA NA −0.8 (−3.0 to 1.4)

Combined training vs resistance training NA NA NA NA NA −1.1 (−3.3 to 1.0)

BMI

Aerobic training 75 34.7 (0.5) 34.2 (0.5) 34.2 (0.6) −0.6 (−1.1 to 0)b NA

Resistance training 78 35.1 (0.5) 34.6 (0.5) 34.6 (0.6) −0.5 (−1.1 to 0) NA

Combined training 75 34.7 (0.5) 34.1 (0.5) 33.8 (0.6) −0.9 (−1.4 to −0.4)c NA

Control 76 34.2 (0.5) 34.0 (0.5) 34.2 (0.6) 0.0 (−0.5 to 0.6) NA

Aerobic training vs control NA NA NA NA NA −0.6 (−1.3 to 0.1)

Resistance training vs control NA NA NA NA NA −0.5 (−1.3 to 0.2)

Combined training vs aerobic training NA NA NA NA NA −0.3 (−1.1 to 0.4)

Combined training vs resistance training NA NA NA NA NA −0.4 (−1.1 to 0.3)

Waist circumference, cm

Aerobic training 75 96.6 (1.2) 93.4 (1.2) 93.6 (1.3) −3.0 (−4.4 to −1.6)c NA

Resistance training 78 98.9 (1.1) 96.5 (1.2) 96.7 (1.3) −2.2 (−3.7 to −0.8)d NA

Combined training 75 97.0 (1.2) 92.7 (1.2) 92.8 (1.3) −4.1 (−5.5 to −2.7)c NA

Control 76 95.2 (1.1) 93.8 (1.2) 94.9 (1.3) −0.2 (−1.7 to 1.2) NA

Aerobic training vs control NA NA NA NA NA −2.8 (−4.7 to −0.8)d

Resistance training vs control NA NA NA NA NA −2.0 (−4.0 to 0)b

Combined training vs aerobic training NA NA NA NA NA −1.1 (−3.0 to 0.8)

Combined training vs resistance training NA NA NA NA NA −1.9 (−3.8 to 0.1)

Systolic blood pressure, mm Hg

Aerobic training 75 115 (1) 111 (1) 111 (1) −5 (−7 to −2)c NA

Resistance training 78 116 (1) 111 (1) 112 (1) −4 (−6 to −1)d NA

Combined training 75 111 (1) 107 (1) 110 (1) −1 (−3 to 2) NA

Control 76 114 (1) 109 (1) 110 (1) −4 (−6 to −1)d NA

Aerobic training vs control NA NA NA NA NA −1 (−5 to 2)

Resistance training vs control NA NA NA NA NA 0 (−4 to 4)

Combined training vs aerobic training NA NA NA NA NA 4 (0 to 7)b

Combined training vs resistance training NA NA NA NA NA 3 (−1 to 6)

Diastolic blood pressure, mm Hg

Aerobic training 75 75 (1) 75 (1) 72 (1) −3 (−5 to −1)d NA

Resistance training 78 76 (1) 75 (1) 74 (1) −2 (−5 to 0)b NA

Combined training 75 75 (1) 73 (1) 73 (1) −2 (−4 to 0) NA

Control 76 74 (1) 73 (1) 73 (1) −1 (−3 to 1) NA

Aerobic training vs control NA NA NA NA NA −2 (−5 to 1)

Resistance training group vs control NA NA NA NA NA −1 (−4 to 2)

Combined training vs aerobic training NA NA NA NA NA 1 (−2 to 4)

Combined training vs resistance training NA NA NA NA NA 0 (−3 to 3)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); NA, not applicable.
a The numbers of participants who completed physical examinations in the

aerobic training group, resistance training group, combined training group,
and control group, respectively, were 61, 65, 66, and 58 at 3 months and

55, 50, 57, and 56 at 6 months.
b P < .05.
c P < .001.
d P < .01.
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All 3 types of exercise training (aerobic, resistance, and
combined) increased lower body muscular strength. The
greatest increase was observed in the resistance group.
Adherence rates were similar, suggesting that adding aero-
bic training might attenuate leg strength development com-
pared with resistance training alone. Nonetheless, com-
bined training increased both V̇O2peak and muscular
strength.

We excluded adolescents with DM, so our results
do not necessarily apply to them. Our results may not be
generalizable to unsupervised exercise. The estimated
intervention cost per participant in 2010 was $1137.94 (Cana-
dian dollars), including gymnasium membership ($30.00
per month times 6 months equals $180.00), personal train-
ing ($33.11 per hour times 20 sessions equals $662.20), and
counseling by a dietitian ($49.29 per hour times 6 hours
equals $295.74). Costs would decrease over time, assuming
the required frequency of personal trainer sessions would
decrease.

Conclusions

The HEARTY trial showed that aerobic training, resistance train-
ing, and their combination decreased percentage body fat in
obese adolescents. In participants adhering to the exercise pro-
tocol, combined aerobic and resistance exercise training tended
to be superior to aerobic training alone in decreasing percentage
bodyfat,waistcircumference,andBMI.Combinedtrainingmight
have additive effects through greater exercise volume or com-
binations of unique effects of aerobic training (improvement in
the oxidative metabolism–dependent energy system, qualitative
changesinskeletalmusclefibertype,metaboliccapacity,andcar-
diorespiratory fitness)22 and resistance training (quantitative
changes in skeletal muscle mass or fiber diameter and increased
muscular strength).23 Adolescents who want to maximize the ef-
fect of exercise on these variables should ideally perform both
aerobic and resistance exercise, but significant benefit can be
achieved through either type of exercise alone.
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analysis in the aerobic training group, resistance training group, combined
training group, and control group, respectively, were 58, 58, 61, and 53 at 3
months and 48, 47, 54, and 50 at 6 months. The numbers of participants who
completed pedometer step-count logs at 6 months in the aerobic training

group, resistance training group, combined training group, and control group,
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months.
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