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The prevalence of childhood obesity has increased at an alarming rate. The increased obesity rate in pediatrics
parallels the increased risks for developing metabolic abnormalities, such as insulin resistance, type 2 diabetes,
and nonalcoholic fatty liver disease. In particular, the strong relationship between obesity and such health
consequences is well explained by the excessive accumulation of depot-specific body adiposity, such as
visceral adipose tissue, intrahepatic lipid content, intermuscular adipose tissue, and/or intramyocellular lipid
content. Limited evidence suggests that both aerobic and resistance exercise alone, independent of weight loss,
can be an effective therapeutic strategy for improving risk markers of metabolic abnormalities as well as
inducing positive changes in depot-specific body adiposity in obese children and adolescents. However, the
independent role of exercise alone (without calorie restriction) in body fat distribution is still unclear, and the
results are less conclusive in pediatrics. In this brief review, the effects of aerobic and resistance exercise on
depot-specific body adiposity changes in children and adolescents are discussed.
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Childhood obesity is an epidemic (45), and it is
recognized as a leading health concern due to its strong
associations with comorbid conditions, such as impaired
glucose tolerance (57), metabolic syndrome (7), type 2
diabetes (T2DM) (29,48), and nonalcoholic fatty liver
disease (NAFLD) (5,55), in children and adolescents. It
is also well established that obese children and adoles-
cents are more likely to remain obese as adults (66).
Furthermore, tracking for such health outcomes from
childhood into adulthood is more predominant in over-
weight and obese youth than their lean counterparts (21).
Thus, early detection, prevention, and treatment for
childhood obesity and obesity-related health risks are
of importance.

There is a strong body of evidence supporting that a
regional body fat distribution is one of the fundamental
elements explaining the link between obesity and its
related risks for metabolic abnormalities in pediatrics
(1,10,40,64). As in adults (25,44,49,51), excessive ac-
cumulation of adiposity in the abdomen and liver is
recognized as an independent risk factor for developing
insulin resistance and T2DM in children and adolescents
(1,64). In addition, limited evidence also demonstrates a
significant relationship between intermuscular adipose
tissue (IMAT) or intramyocellular lipid (IMCL) content

within skeletal muscle and obesity-related health abnor-
malities in children and adolescents (40,64). These
results clearly suggest that depot-specific body adipose
tissue (AT) stores may modulate the degree of health
risks in children and adolescents.

The current advances in imaging techniques, such
as computed tomography (CT) and magnetic resonance
imaging (MRI), provide accurate and reproducible
quantifications of specific fat depots, such as visceral
adipose tissue (VAT), subcutaneous adipose tissue
(SAT), hepatic lipid content, IMAT, and IMCL
(26,30). Therefore, the use of these imaging techniques
in clinical research settings allows to investigate and
develop an effective prevention and treatment strategy
for reductions in depot-specific body AT, which can
further reduce the childhood obesity epidemic and its
concomitant complications.

In adults, a strong body of evidence (8,14,22,32)
suggests that regular exercise training (≥3 times/wk, 30–
60 min/session) without weight loss or calorie restriction
results in significant reductions in total and abdominal
AT and improvements in metabolic profiles in obese
men and women. Some studies also reported significant
reductions in lipid content in liver and skeletal muscle
through regular exercise training alone in adults
(6,35,37); however, there is insufficient evidence to
draw secure conclusions. Previous intervention studies
in obese children and adolescents (12,38,39,53,56) have
also shown some beneficial effects of regular exercise
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without calorie restriction on insulin resistance and
specific body fat depots. However, at present, relatively
few studies have assessed the independent role of regular
excise alone, as an efficient therapeutic treatment tool for
reductions in depot-specific body AT in pediatrics.
Furthermore, the well-accepted exercise modality for
concurrent reductions of AT particularly in obese chil-
dren and adolescents has not been firmly established.
Thus, this review focuses on the effect of exercise
training alone on the depot-specific body fat changes,
in particular, on the abdominal AT, hepatic lipid content,
IMAT, and IMCL content in children and adolescents. In
addition, available evidence demonstrating the best ex-
ercise modality that yields positive changes in depot-
specific adiposity in obese children and adolescents is
reviewed and presented.

Exercise Training and Abdominal
Adiposity

A strong body of evidence from well-controlled ran-
domized studies in adults (8,14,22,32,41,50,52) sug-
gests that aerobic exercise without calorie restriction (in
the absence of weight loss) is an effective treatment tool
for reducing abdominal AT, particularly visceral AT, in
nondieting obese men and women. So far, there have
been 8 randomized controlled trials (Table 1) that exam-
ined the effects of aerobic exercise training alone on
abdominal adiposity in children and adolescents. Owens
et al (46) previously reported that, compared with the
controls, a 4-month intense aerobic exercise training
program (5 times/wk, 40 min/d, 70%–75% of maximal
heart rate) was associated with a significant reduction in
MRI-determined abdominal SAT (ASAT, −16.2 cm3)
and lower increase in VAT (1.3 cm3) in young obese
girls (7–11 y). In a later study by the same research group
(3), moderate to vigorous school-based aerobic exercise
program (daily activity, 80 min/d, >150 bpm) attenuated
the age-associated increases in ASAT (65.2 cm3 vs
130.0 cm3) and VAT (0.8 cm3 vs 16.1 cm3) in obese
girls (8–12 y) compared with the controls. A recent study
by Davis et al (12) conducted with 222 overweight and
obese children (7–11 y) showed that a 10–15-week
aerobic exercise intervention (low dose: 5 d/wk, 20 min/
session vs high dose: 5 d/wk, 40 min/session) without
calorie restriction resulted in significant reductions in
both ASAT (−23.7 cm3 in high dose and −15.1 cm3 in
low dose) and VAT (−3.9 cm3 in high dose and −2.8 cm3

in low dose) in the intervention groups compared with
the control group. In that study (12), despite somewhat
greater improvements with high dose compared with
low-dose exercise training, dose–response relationships
between aerobic exercise and insulin resistance, fitness,
and abdominal AT (except for ASAT) were not ob-
served. Gutin et al (28) examined the effects of an
8-month intensive aerobic exercise training [5 d/wk,
55%–80% of peak oxygen uptake (VO2peak)] combined
with lifestyle education on MRI-determined abdominal

adiposity in overweight and obese adolescents (13–
16 y). Compared with the lifestyle education group,
significant reductions in VAT (−42.0 cm3) and ASAT
(−69.7 cm3) were observed after the aerobic exercise
training. However, low compliance rate (51%–56%)
with the prescribed exercise regimens and no true control
group impeded such results in that study (28).

Recently, Lee et al (38,39) conducted randomized
controlled trials using whole-body MRI technique in
sedentary obese male (38) and female (39) adolescents
(12–18 y). In both studies (38,39), the attendance rates
and the compliance to the prescribed exercise training
were relatively high (>95%) during the 12-week inter-
vention period, thereby providing a robust effect of
exercise training alone on the abdominal adiposity in
obese youth. Compared with the controls, a 3-month
aerobic exercise training (3 times/wk, 60 min/session,
50%–75% of VO2peak) without calorie restriction re-
sulted in significant reductions in VAT [−0.1 kg in boys
(38) and −15.7 cm2 in girls (39)] and ASAT [−0.5 kg in
boys (38)]. Such observations confirm and expand pre-
vious findings from other groups (3,12,28,46) and sug-
gest that regular aerobic exercise alone can attenuate the
accumulation of adiposity in the abdomen in overweight
and obese male and female adolescents even without
weight loss. In addition, in the study with obese boys
(38), abdominal AT volume was derived using multi-
slice MRI techniques, thereby providing a better under-
standing of abdominal AT changes in response to the
intervention because the mobilization or presence of
abdominal AT, particularly VAT, may not be uniform
across the abdomen region in pediatrics (42).

Although aerobic exercise has been conventionally
employed in the prevention and treatment for childhood
obesity, overweight or obese youth might be bored
or have physical discomforts with traditional forms of
prolonged aerobic exercise (18). A growing body of
evidence suggests that carefully supervised resistance
training is safe and beneficial for improving muscular
strength and body composition, so this training is rec-
ognized as an alternative exercise modality for the
treatment of childhood obesity. In obese adults, similar
to the effects of aerobic exercise training on abdominal
AT, emerging evidence (11,31,33) also suggests benefi-
cial and protective effects of resistance exercise training
without calorie restriction on abdominal AT. However,
only a few studies (13,38,39,59,61) have assessed the
effects of resistance exercise on abdominal AT in over-
weight and obese youth (Table 2). Treuth et al (59)
examined the effects of a 5-month resistance exercise
training alone [3 times/wk, 20 min/session, >50% of 1
repetition maximum (RM), 2 sets, 12–15 repetitions
(reps)] on total and abdominal AT, determined by CT
technique, in prepubertal obese girls (7–10 y) and found
significant increases in total AT (1.5 kg) and ASAT
(16.1 cm2); however, VAT did not increase in their
study. These findings are in agreement with the current
observations by van der Heijden et al (61), who demon-
strated that no significant change in VAT (−3.0 cm2)
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occurs after a 12-week resistance exercise (2 times/wk,
60 min/session, 50%–85% of 3 RM, 2–3 sets, 8–20 reps
using weight-lifting machine and free weight), but re-
ported significant increase in ASAT (34.0 cm2) in 12
postpubertal obese Hispanic adolescents. These obser-
vations suggest that, similar to the aerobic exercise
training, regular resistance exercise may also attenuate
the growth-related increases in abdominal AT, particu-
larly VAT, but not ASAT in obese children and ado-
lescents. So far, there have been 3 randomized controlled
trials that examined the effects of resistance or combined
(aerobic + resistance) exercise training alone on abdom-
inal AT in the pediatric population. Davis et al (13)
examined the effects of a 16-week circuit (aerobic +
resistance exercise) training (2 times/wk, 60–90 min/
session) with/without motivational interview (MI) on
total and abdominal AT in 38 overweight and obese
Latino adolescents (14–18 y). In that study (13), com-
pared with the controls, the circuit training without MI
resulted in significant reductions in both ASAT (−10%)
and VAT (−10%). However, although identical exercise
regimen was used, and similar improvements (ie, fitness
levels andmuscular strength levels) were observed in both
training groups, no significant changes in abdominal AT
were reported in the circuit training +MI group, suggest-
ing no additional benefits on MI. These unexpected
results may be partially explained by the subjects’ differ-
ence in habitual physical activity during the intervention
period in this study (13). The authors also noted that too
frequent MI sessions (8 times) held proximately before or
after the exercise sessions throughout the intervention
period may hamper the beneficial effects of exercise. In
addition, short-term intervention period (16 wk) may limit
to provide some positive impact of MI, suggesting further
research on long-term effects ofMI orMI + CT. Although
the observations from this study (13) suggest that circuit
training with modest dose (2 times/wk) induces abdomi-
nal AT reductions along with the reduced risks for
metabolic disease in obese adolescents, the effects of
resistance exercise alone are still limited in overweight
and obese pediatric population.

In the aforementioned randomized controlled stud-
ies by Lee et al (38,39), it was also aimed to compare the
effects of a 3-month resistance exercise training alone
(3 times/wk, 60min/session, >60% of 1 RM, 2 sets, 8–12
reps using weight-lifting machine and free weight)
without calorie restriction versus aerobic exercise on
multislice MRI-determined abdominal AT in obese
youth. As with aerobic exercise training, compared with
the controls, significant reductions in VAT (−0.2 kg) and
ASAT (−0.4 kg) were observed in response to resistance
exercise in obese boys. However, in obese girls (39), the
changes in single-slice determined VAT (−4.5 cm2) and
ASAT (−14.4 cm2) through resistance exercise did not
reach statistical significance compared with the controls
(+5.9 cm2 and −2.9 cm2, respectively). Given the similar
exercise protocols and methodologies applied in both
studies (38,39), such gender differences in response
to resistant exercise training are unclear. Perhaps, the

gender differences in preferred exercise modality or
baseline amount of abdominal AT may confound the
results. Regardless, these observations provide evidence
that resistance exercise training is an effective approach
for reducing abdominal AT particularly for sedentary
obese boys, whereas aerobic exercise training is a better
exercise modality to reduce abdominal VAT for ob-
ese girls.

Exercise Training and Intrahepatic
Adiposity

NAFLD is a growing health concern in children and
adolescents (54,65,67) because it is strongly associated
with childhood obesity and hepatic insulin resistance in
pediatrics (67). NAFLD is more common in boys, early
adolescence, and overweight and obese individuals
(54,65). In addition, racial and ethnic disparities exist
in the prevalence of NAFLD in children and adolescents,
such that Hispanics (11.8%) have a higher prevalence of
NAFLD compared with Asians (10.2%), whites (8.6%),
and blacks (1.5%) (54). Although the pathogenesis by
which NAFLD is an emerging metabolic risk in pediat-
rics is not fully understood, abdominal adiposity, par-
ticularly VAT, is considered as a major predictor (9,19).
Visceral adipocytes are more metabolically active com-
pared with subcutaneous adipocytes, thereby increasing
free fatty acids secretion directly into the portal vein and
liver (4,20,63). The influx of increased free fatty acids
results in high accumulation of triglycerides within the
liver, which leads to increases in hepatic gluconeogene-
sis and impaired insulin clearance (4,63).

In adults, emerging evidence (6,35,37) suggests that
exercise training with/without weight loss plays an
important role in the treatment of NAFLD, despite some
controversy over the best exercise modality and the
dose–response relationships. In children and adoles-
cents, only a limited number of studies have evaluated
the effectiveness of exercise training alone on NAFLD
or intrahepatic lipid contents (Table 3). A recent study by
van der Heijden et al (62) examined the effects of 12-
week aerobic exercise training alone (4 times/wk,
30 min/session, >70% of VO2peak) on insulin resistance
and hepatic lipid content determined by the localized
proton magnetic resonance spectroscopy (1H-MRS)
technique in 15 overweight/obese and 14 lean Latino
adolescents. The intervention resulted in significant
reductions in hepatic lipid content (−3.3%), VAT
(−9.3%), and percent body fat (−1.0%) in the absence
of weight changes, but not in their lean counterparts.
These observations are in agreement with previous
randomized controlled trials, resulting in significant
reductions in 1H-MRS-determined intrahepatic lipid
content by 1.9% in boys (38) and 1.7% in girls (39) in
response to a 3-month aerobic exercise training (3 times/
wk, 60 min/session, 50%–75% of VO2peak). In addition,
it was observed that the change in VATwas significantly
correlated with the corresponding change in intrahepatic
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lipid content (r = .72) in boys (38), but not in girls (39).
Although such different responses by gender are unclear,
the dissimilar accumulation level of VAT or intrahepatic
lipid content by gender may influence the strength of the
relationships within AT in overweight and obese youth
in this study (39).

With respect to resistance exercise training on
hepatic lipid content, results are inconsistent due to
differences in exercise regimens, gender, or ethnicity.
Previously, van der Heijden et al (61) examined the
effects of a 12-week resistance exercise training (2 times/
wk, 30 min/session, 50%–85% of 3 RM, 2–3 sets, 8–20
reps using weight-lifting machine and free weight) on
hepatic lipid content and insulin sensitivity in 12 obese
Hispanic adolescents. The intervention resulted in sig-
nificant improvements in hepatic insulin sensitivity,
muscular strength, and lean body mass in the absence
of weight change, but hepatic lipid content and VAT
remained unchanged (61). Similarly, Davis et al (13)
also reported no change in hepatic lipid content after
circuit training (aerobic + resistance exercise, 2 times/
wk, 60–90 min/session) in Hispanic adolescents. Based
on such observations, van der Heijden et al (61) noted
that, compared with resistance exercise, aerobic exercise
mode may have extensive positive effects on reductions
in hepatic lipid content in overweight and obese ado-
lescents. By contrast, Lee et al (38) reported a significant
reduction in intrahepatic lipid content (−2.0%) after a 3-
month supervised resistance exercise training (3 times/
wk, 60 min/session, >60% of 1 RM, 2 sets, 8–12 reps
using weight-lifting machine and free weight) in obese
adolescent boys. In addition, in that study (38), the
magnitude of improvement in insulin sensitivity and
reductions in VAT and intrahepatic lipid content were
somewhat greater in response to resistance exercise
versus aerobic exercise in obese boys. However, the
later study with obese girls (39) conducted by the same
research group did not observe significant changes in
intrahepatic lipid and VAT in response to resistance
exercise; however, significant changes were observed in
response to aerobic exercise. Given the similar exercise
regimens and methods to determine depot-specific adi-
posity in both studies (38,39), it is unclear about such
gender differences. Although further studies are required
to investigate such gender-related differences in re-
sponse to resistance exercise, greater secretion levels in
testosterone or perhaps also growth hormone may pos-
sibly induce more beneficial effects of resistance exer-
cise on body fat distribution as well as skeletal muscle
mass in adolescent boys versus girls.

Collectively, very little is known about the influence
of resistance training alone (without a concomitant
weight loss or calorie restriction) on NAFLD or hepatic
lipid content, and results are inconsistent in children and
adolescents. Based on the current knowledge, reductions
in abdominal AT, particularly VAT with resistance
exercise, seem to play a key role for inducing positive
changes in hepatic lipid content in children and adoles-
cents. However, more attention should be paid to

resistance exercise as an alternative tool for reducing
hepatic adiposity in children and adolescents.

Exercise Training and
Intermuscular/Intramyocellular

Adiposity

IMAT is located beneath the fascia and within the
skeletal muscles, and IMCL are the lipid droplets within
skeletal muscle cells (36). Quantification of these spe-
cific fat depots can be acquired by advanced imaging
techniques, such as CT or MRI, which provide direct
visualization of AT within skeletal muscles in vivo
(26,30). Skeletal muscle plays an important role in
regulation of glucose metabolism and fatty acid oxida-
tion, thereby affecting the maintenance of normal glu-
cose homeostasis (60). Goodpaster et al (27) previously
reported that increased IMAT, determined by CT, is
associated with lower insulin sensitivity in obese and
T2DM adults. Consistent with the observation in adults,
Lee et al (40) have reported that, independent of race,
IMAT was significantly associated with lower insulin
sensitivity in both black (r = −.61) and white (r = −.64)
obese adolescents, even after accounting for Tanner
stage.

In adults, limited evidence (8,15) suggests that
aerobic exercise is associated with a significant reduction
in IMAT. Some other studies also provide evidence that
resistance exercise or combined exercise training with-
out weight loss has a protective effect on the age-
associated increase in IMAT in older adults. However,
to the best of author’s knowledge in youth, there is only
one intervention study (39). In agreement with the
observations from adult studies (15,23,34,58), a signifi-
cant reduction in IMAT, determined by mid-thigh CT
technique, was observed after a 3-month aerobic exer-
cise (−13.5 cm2, 3 times/wk, 60 min/session, 50%–75%
of VO2peak) or resistance exercise (−10.9 cm2, 3 times/
wk, 60 min/session, >60% of 1 RM, 2 sets, 8–12 reps)
training in sedentary obese girls (12–18 y), suggesting
beneficial effects of regular exercise alone for reducing
IMAT (39).

However, it is of interest to note that the previous
randomized controlled study with obese boys (38) found
no significant change in IMCL, accessed using the 1H-
MRS technique, in response to either a 3-month aerobic
or resistance exercise training despite significant im-
provements in body composition, insulin resistance, and
insulin sensitivity. Similar results were reported in an
earlier study by van der Heijden et al (62), wherein a 12-
week of aerobic exercise did not exhibit IMCL changes in
obese Hispanic adolescents. However, a recent study by
McCormack et al (43) reported a significant increase in
IMCL after the exercise training (3 times/wk, 60 min/
session, aerobic exercise: 60%–80% of heart rate reserve
for 35 min + resistance exercise: Wii Fit for 25 min) in
obese children and adolescents (10–17 y). Furthermore, in
that study (43), the increased IMCL was significantly
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associated with increased resting energy expenditure
(r = .78) and decreased respiratory quotient (r = −.70),
thereby inducing greater muscle lipid oxidative capacity.
These results are in agreement with the previous observa-
tions in adults (47) demonstrating a significant increase in
IMCL and oxidative capacity within skeletal muscle in
response to a 12-week aerobic exercise training. In a
cross-sectional study by Goodpaster et al (24), it was
observed that exercise-trained subjects had significantly
higher level of IMCL compared with the sedentary lean
counterparts. However, a recent study by Bajpeyi et al (2)
reported a 35% decrease in IMCL content in adults with
T2DM after 10-day aerobic exercise training (60 min/d,
70% of VO2peak), but reported no changes in lean or obese
adults. These confounding results suggest that the alter-
ation in IMCL content may have no fixed or standard
response to exercise training, but it may be closely linked
to the metabolic status of individuals.

Given the strong associations between the increased
IMAT or IMCL content and obesity and insulin resis-
tance, it is presumed that regular exercise training alone
may result in a significant alteration in IMAT or IMCL.
However, based on the observations from the limited
studies, it is plausible that the changes in IMAT or IMCL
in response to exercise training may not exhibit a
consistent response, but rather depend on exercise pro-
tocols or individuals’ heterogeneity (ie, age, gender,
ethnicity, and metabolic status). In addition, it is worth
noting that favorable alterations in oxidative capacity
within muscle or insulin sensitivity may play a substan-
tially more important role in reducing insulin resistance
rather than the alterations in IMCL content. Moreover, it
should be noted that although both CT and 1H-MRS are
safe and appropriate methods to determine lipid content
within skeletal muscle in vivo, in general, IMAT is
acquired by CT and IMCL is acquired by 1H-MRS,
suggesting that both techniques are different (ie, acqui-
sition process, term definition, measuring location, and
structures). Therefore, possible mechanisms that explain
the changes in skeletal muscle lipid contents in response
to exercise training may differ, which warrants further
studies in pediatrics.

Summary

Metabolic abnormalities, such as insulin resistance,
T2DM, and NAFLD, once considered a disease of
adults, are strongly linked with the health consequences
of obesity in children and adolescents. In particular,
predominant accumulation of ectopic fat in the abdomen
(VAT), liver (hepatic lipid), or skeletal muscle (IMAT or
IMCL) is recognized to increase the risks for developing
insulin resistance or decreasing insulin sensitivity in
children and adolescents. Using the recent advances in
imaging techniques, such as CT or MRI, a better under-
standing of body fat distribution and depot-specific body
AT changes after preventive or therapeutic strategies
targeted at reducing obesity and obesity-related health
risks is possible in pediatric populations.

In adults, mounting evidence suggests that regular
exercise alone (≥3 times/wk, 30–60 min/session) is
beneficial to reduce total and abdominal AT and to
reverse obesity-related health risks. Indeed, some studies
also reported that regular exercise alone induced the
increases in hepatic lipid as well as IMAT in obese adults
although this is still controversial. Similarly, limited
evidence in children and adolescents suggests that regu-
lar exercise training alone attenuated or reduced the
growth-associated increases in abdominal AT, in partic-
ular on VAT, without weight loss or calorie restriction.
However, the effect of regular exercise alone as a
treatment strategy for NAFLD varies according to exer-
cise mode, gender, and ethnicity, and it is unclear in
children and adolescents, which warrants further inves-
tigation. The available, but very limited studies have
reported that aerobic exercise training is effective to
drive hepatic fat loss, independent of gender and ethnic-
ity, in obese children and adolescents. With respect to
resistance exercise training alone, a significant reduction
in hepatic lipid content was observed only in obese boys,
but not in girls. At present, the alterations of IMAT or
IMCL through exercise training without calorie restric-
tion have not been extensively clarified, thereby its
effects are inconclusive in pediatrics.

Given the limited evidence regarding the indepen-
dent role of exercise training alone in depot-specific
body fat changes in youth, further investigations using
imaging techniques are required. In addition, it is still
unclear whether some beneficial observations from pre-
vious studies could be maintained over the long term in
overweight and obese youth. However, considering the
strong associations between obesity and obesity-related
comorbidities in pediatrics, regular exercise alone
should be recommended as an integral part of therapeutic
strategies for reducing adiposity as well as insulin
resistance for obese children and adolescents.
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