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Abstract

IMPORTANCE Excess abdominal fat is a major determinant in the development of insulin resistance
and other metabolic disorders. Increased visceral adipose tissue (VAT) seems to precede the
development of insulin resistance and is therefore a prime target of childhood lifestyle interventions
aimed at preventing diabetes.

OBJECTIVES To examine the effect of added exercise to a family-based lifestyle intervention
program designed to reduce VAT plus subcutaneous (ASAT), intermuscular (IMAAT), and pancreatic
(PAT) adipose tissue in children with overweight or obesity and to explore the effect of changes in
VAT on insulin resistance.

DESIGN, SETTING, AND PARTICIPANTS This 2-group, parallel-design clinical trial was conducted in
Vitoria-Gasteiz, Spain. A total of 116 children with overweight or obesity participated and were
assigned to a 22-week family-based lifestyle program (control group [n = 57]) or the same program
plus an exercise intervention (exercise group [n = 59]). Data were collected between September 1,
2014, and June 30, 2017, and imaging processing for fat depot assessments and data analysis were
performed between May 1, 2019, and February 12, 2021.

INTERVENTIONS The compared interventions consisted of a family-based lifestyle and
psychoeducation program (two 90-minute sessions per month) and the same program plus
supervised exercise (three 90-minute sessions per week).

MAIN OUTCOMES AND MEASURES The primary outcome of this study was the change in VAT
between baseline and 22 weeks as estimated by magnetic resonance imaging. The secondary
outcomes were changes in ASAT, IMAAT, and PAT. The effect of changes in VAT area on insulin
resistance was also recorded.

RESULTS The 116 participants included in the analysis (62 girls [53.4%]) had a mean (SD) age of 10.6
(1.1) years, and 67 (57.8%) presented with obesity. Significantly greater reductions were recorded for
the exercise group in terms of reduction in VAT (−18.1% vs −8.5% for the control group; P = .004),
ASAT (−9.9% vs −3.0%; P = .001), and IMAAT (−6.0% vs −2.6%; P = .02) fat fractions compared with
the control group. Changes in VAT explained 87.6% of the improvement seen in insulin resistance (β
= −0.102 [95% CI, −0.230 to −0.002]).

CONCLUSIONS AND RELEVANCE These findings suggest that the addition of exercise to a lifestyle
intervention program substantially enhanced the positive effects on abdominal fat depots in children
with overweight or obesity. In addition, the reduction in VAT seemed to largely mediate the
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Key Points
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with overweight or obesity?
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Abstract (continued)

improvement of insulin sensitivity. These results highlight the importance of including exercise as
part of lifestyle therapies aimed at treating childhood obesity and preventing the development of
type 2 diabetes.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02258126
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Introduction

Excess abdominal fat is a major determinant in the development of insulin resistance and other
metabolic disorders.1-3 Visceral adipose tissue (VAT) is one of the most worrisome of all ectopic fat
depots,3 having been associated with a 36% to 83% greater risk of all-cause mortality.4-6 Increased
VAT seems to precede the development of insulin resistance7 and is therefore a prime target of
childhood lifestyle interventions aimed at preventing diabetes. Pancreatic (PAT) and intermuscular
(IMAAT) adipose tissues have also been identified as obesity-related fat depots that may contribute
to metabolic alterations in childhood8-10 and adulthood.9,11

Lifestyle modification is the primary recommendation for childhood obesity treatment and
prevention. Findings in the EFIGRO (Efectos de un Programa de Ejercicio Sobre la Grasa Hepatica en
Niños con Sobrepeso u Obesidad) nonrandomized clinical trial12 showed that the addition of exercise
to a family-based lifestyle intervention (ie, promotion of healthy lifestyle habits) program led to extra
reductions in adiposity, insulin resistance, and hepatic steatosis in preadolescent children with
overweight or obesity. Few studies compiled in a meta-analysis examined the effect of
multicomponent programs on VAT in children with overweight or obesity, resulting in a medium
effect of VAT reduction.13 However, no information is available on the effects of multicomponent
intervention programs on a broad set of fat depots (ie, VAT, abdominal subcutaneous adipose tissue
[ASAT], IMAAT, or PAT) using high-quality measuring methods, all of which have been associated
with the risk of developing diabetes and cardiovascular morbidity and mortality. Moreover, there is
no information regarding the potential mediating effect of a reduction in VAT on insulin resistance.
The aims of the present study (performed within the EFIGRO framework) were (1) to compare the
effects of a family-based lifestyle and psychoeducation program (designed according to current
pediatric guidelines14) and those of the same program plus supervised exercise training on VAT, ASAT,
IMAAT, and PAT in children aged 8 to 12 years with overweight or obesity and (2) to explore the
mediating effect of VAT reduction on insulin resistance.

Methods

Study Design and Study Subjects
The EFIGRO project is a 2-group, parallel design clinical trial (1:1) designed to compare the changes in
the percentage of hepatic fat between a family-based lifestyle and psychoeducation program
(control group) with the same program plus a supervised exercise regimen (exercise group).12,15

Children and their families were recruited at the Pediatric Endocrinology Unit of the Hospital
Universitario de Álava and at primary care clinics in Vitoria-Gasteiz, Spain. The study participants are
all children aged 8 to 12 years with overweight or obesity16 but with no other medical condition that
might limit their physical activity. A total of 116 children were allocated to either the control (n = 57)
or exercise intervention (n = 59) groups. Data were collected between September 1, 2014, and June
30, 2017. Figure 1 shows the participation flowchart following the Consolidated Standards of
Reporting Trials (CONSORT) guideline. In addition, the trial followed the Transparent Reporting of
Evaluations With Nonrandomized Designs (TREND) reporting guideline. The study protocol was
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approved by the Clinical Research Ethics Committee of Euskadi. All participating children’s parents or
legal guardians gave their written informed consent for their charges to participate, and the children
themselves gave their assent. The trial protocol appears in Supplement 1.

Power and Sample Size
Power calculation was based on the results of previous studies exploring visceral adiposity, insulin
resistance, and total body fat percentage variables.17-19 Our study was powered to detect medium
effect sizes (ie, Cohen d = 0.50), with an α error of 5% and a power of 80% with the inclusion of a
minimum of 34 children in each group (68 participants were needed for sufficient power).12,15

Figure 1. Flow Diagram of Participation, Data Collection, and Data Analysis

132 Informed about the program
by the research team

7 Dropouts
2 Did not want to participate
2 Lacked time to participate in

the sessions
1 Many medical assessments
2 Other reasons

116 Allocated

116 Included in ITT analyses

59 Exercise group57 Control group

9 Excluded/dropouts
4 Declined to participate
3 Normal weight
1 Age
1 Secondary obesity

15 Excluded from per-protocol analyses
5 Excluded from control group

10 Excluded from exercise group
9 Discontinued the intervention
1 Did not meet the per-protocol criteria,

ie, <50% of attendance

4 Discontinued the intervention
1 Did not have magnetic resonance imaging

125 Assessed for eligibility

101 Included in per-protocol analyses

59 Exercise group57 Control group

49 Exercise group52 Control group

The control group intervention consisted of 2 family-
based lifestyle and psychoeducation sessions per
month. The exercise group intervention was the same
program plus 3 sessions of supervised exercise per
week. ITT indicates intention to treat.
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Intervention Program
Family-Based Lifestyle and Psychoeducation Program
The lifestyle program (two 45-minute sessions per month for 22 weeks) was based on the promotion
of 3 main lifestyle habits: (1) healthy dietary habits, (2) physical activity, and (3) good sleep behavior.
The objectives of the psychoeducation program (two 45-minute sessions per month for 22 weeks)
were to provide the necessary skills for handling emotions and feelings and improving psychological
well-being. Further details can be found in the eMethods in Supplement 2.

Exercise Program
The exercise program was based on the recommendations for physical activity in children,
accounting for the requirements for aerobic and muscle-and bone-strengthening activities and
games.20 The intervention consisted of 90 minutes of supervised and monitored exercise training 3
times/wk for 22 weeks. An extended description can be found in the eMethods in Supplement 2.

Clinical Assessment and Follow-up
Clinical assessments were made at baseline and at week 22 of the intervention. Each assessment
consisted of 3 separate visits to our research facilities, the first to record a medical history and collect
fasting blood samples, the second for magnetic resonance imaging (MRI), and the third for
anthropometric and fitness assessments.

For the present study, the primary outcome was the change in VAT (in terms of area and fat
fraction); secondary outcomes included changes in ASAT (again in terms of area and fat fraction),
IMAAT and PAT (fat fraction only), and insulin resistance. We measured VAT, ASAT, IMAAT, and PAT
variables by MRI using a 1.5T system (Magnetom Avanto; Siemens). Semiautomatic software for fat
segmentation was used to calculate VAT, ASAT, and IMAAT variables in 3 axial sections: L2 to L3, L3,
and L4 to L5. An experienced researcher (A.S.) performed a coarse outlining of the abdominal
viscera, excluding all muscular tissue. An active contours algorithm21 was then used to fine-tune the
limits between the abdominal viscera and the internal border of the abdominal musculature. The
K-means method22,23 was used for intensity value classification, and the values obtained were used
as thresholds for classifying pixels as fat or muscle in the examined depots. To quantify PAT,
3-dimensional multiecho gradient sequences were analyzed using OsiriX software, version 9 (Pixmeo
SARL) as previously reported.24,25 Three regions of interest were defined in the head, body, and tail
of the pancreas. Percentage of PAT was calculated from the mean values of all 3 regions of interest.
The same medical imagers performed all of these analyses and were blinded to treatment group.
Further details regarding the MRI examinations can be found in the eMethods in Supplement 2.
Insulin resistance was determined using the homeostasis model assessment (HOMA).
Cardiorespiratory fitness was evaluated via the progressive maximal incremental treadmill test with
respiratory gas analysis.15,19

Statistical Analysis
Data were analyzed between May 1, 2019, and February 12, 2021. Descriptive characteristics of the
study sample were recorded. Before analysis, outcomes were assessed for normality. Residual plots
were inspected to assess heteroscedasticity. Extreme values (ie, below percentile 1 and above
percentile 99) were winsorized to limit their influence.26

Main Association of the Control and Exercise Interventions With Abdominal Fat Depots
Differences in changes in VAT, ASAT, IMAAT, and PAT between the control and exercise groups were
determined by analysis of covariance adjusting for baseline values, age, sex, and changes in height
(when needed). The effect size, based on the Cohen d value, was also calculated and interpreted as
small (Cohen d = 0.20-0.49), medium (Cohen d = 0.50-0.79), or large (Cohen d � 0.80).27

To determine the number of participants who experienced a clinically meaningful change from
baseline to post intervention, a within-individual change distribution was calculated. Participants
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were grouped as responders if the standardized effect size of the intervention was equal to or
exceeded a Cohen d of 0.20 or as nonresponders if this value was less than 0.20. The χ2 test was
used to compare the percentage of responders between groups.

All analyses were performed following per-protocol (ie, children and parents attended �50%
of the family-based lifestyle and psychoeducation program sessions; in the exercise group, no
minimum attendance of exercise sessions was required) and intention-to-treat principles.
Additionally, as exploratory analyses, we performed the per-protocol analyses by excluding those
children and parents who were not randomized (ie, 11 of 116). As sensitivity analyses, we performed
the per-protocol analyses by additionally including a minimum of 50% attendance of the exercise
sessions. For the intention-to-treat analyses, missing values at follow-up were obtained by multiple
imputation using baseline and postintervention values and accounting for age, sex, and group.
Imputations were performed by blocks based on the outcomes for VAT, ASAT, IMAAT, and PAT;
cardiometabolic risk; and cardiorespiratory fitness.

Mediation of HOMA by VAT
To test whether the effects of the intervention on HOMA were mediated by changes in VAT,
mediation analysis was performed after adjusting for baseline values, age, sex, and changes in height
using the PROCESS macro procedure in SPSS, version 22 (IBM Corporation), with 10 000 bootstrap
samples. The unstandardized (B) and standardized (β) regression coefficients are presented for the
following equations: (1) regressing the mediator (ie, change in VAT) on the independent variable (ie,
group), (2) regressing the dependent variable (ie, change in HOMA) on the independent variable
(group), and (3) regressing the dependent variable on both the mediator and the independent
variable. Indirect and total effect were also presented, and thus the percentage of the total effect was
computed to explain how much of the total effect was explained by the mediation. The mediation
analyses are reported in accordance with A Guideline for Reporting Mediation Analyses of
Randomized Trials and Observational Studies.28 Similar tests were also made to access whether the
effects of the exercise intervention on the change in VAT were mediated via changes in
cardiorespiratory fitness. All analyses were performed using SPSS, version 22 (IBM Corporation) or
R, version 4.0.3 (R Project for Statistical Computing). Statistical significance was set at 2-sided
P < .05.

Results

Study Subjects
The mean (SD) age of the 116 participants included in the analysis was 10.6 (1.1) years. Sixty-two
participants (53.4%) were girls, 54 (46.6%) were boys, and 67 (57.8%) presented with obesity,
classified as age- and sex-specific cutoffs for body mass index. A total of 101 children (49 in the
exercise group and 52 in the control group) successfully completed the trial (ie, met the criteria for
per-protocol analyses). Participants who discontinued the intervention (n = 13), did not have MRI
studies (n = 1), or did not meet the per-protocol criteria (n = 1) were included in the intention-to-treat
analyses (Figure 1). The analysis presented in the following text is the per-protocol analysis; the
intention-to-treat analysis is included in the eTable 4 and eFigures 3 to 5 in Supplement 2. eTable 1 in
Supplement 2 shows the baseline characteristics of the children by intervention group.

Adverse Events and Session Attendance
Exercise-related adverse events included knee and ankle pain (n = 2); no adverse events were
recorded in the control group. The mean attendance rate to the family-based lifestyle and
psychoeducation program was 85% for children and 83% for parents; mean adherence to the
supervised training in the exercise groups was 72%.
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Primary Outcome: VAT
Members of the exercise group experienced significantly greater reductions in VAT (area and fat
fraction) compared with those in the control group from baseline to 22 weeks for area (Cohen d =
0.52 [P = .004]) and fat fraction (Cohen d = 0.78 [P < .001]) (Table and Figure 2A). The number of
responders in terms of VAT area (73.5% vs 36.5%) (Figure 2B) and fat fraction reduction (81.6% vs
38.5%) (eFigure 1 in Supplement 2) was 40% higher in the exercise than in the control group
(P < .001).

Separate analyses of the 3 axial sections are shown in eTable 2 in Supplement 2. Sensitivity
analyses using the per-protocol principle and additionally including a minimum of 50% attendance
of the exercise sessions (97 participants [45 in the exercise group]) showed practically identical
findings to the per-protocol principle applied (ie, no minimum attendance of exercise was required)
(eTable 3 and eFigure 2 in Supplement 2). The intention-to-treat analyses returned similar results to
the per-protocol analyses (eTable 4 and eFigure 3 in Supplement 2). Likewise, when we repeated the
analyses (ie, exploratory analysis) excluding those children and parents who were not randomized
(ie, 11 of 116), the findings were similar to those of the primary analysis (eTable 5 in Supplement 2)

Secondary Outcomes: ASAT, IMAAT, and PAT
The reductions in ASAT area (Cohen d = 0.65 [P = .001]) and fat fraction (Cohen d = 0.36 [P = .002])
(Table) and IMAAT fat fraction (Cohen d = 0.42 [P = .02]) (Table) were significantly greater for the
exercise group than for the control group (Table and Figure 3A and C). The number of responders
with respect to ASAT area was also 29% higher in the exercise group (65.3% vs 36.5%; P = .004),
whereas no significant difference was seen with respect to IMAAT fat fraction (although reduction
was 15% greater in the exercise group) (Figure 3B and D). Separate analyses of the 3 axial sections are
shown in eTable 2 in Supplement 2.

For PAT fat fraction, no significant difference was seen between the 2 groups (Cohen d = 0.22
[P = .24]) (Table and Figure 3E). The number of responders for PAT was 18% higher in the exercise
than in the control group (P = .07) (Figure 3F). The intention-to-treat analyses returned results
similar to those of the per-protocol analyses (eTable 4 and eFigure 4 in Supplement 2). As an
exploratory analysis, after excluding those participants who were not randomized, the results were
similar (eTable 5 in Supplement 2).

Table. Abdominal Visceral and Subcutaneous Adipose Tissue, Intermuscular Adipose Tissue, and Pancreatic Adipose Tissue at Baseline and After the Intervention
in Per-Protocol Analysis

Abdominal adipose tissue

Mean (SD) result

Mean difference between
groups (95% CI)a P valueb

Effect size,
Cohen dc

Control group (n = 52) Exercise group (n = 49)

Preintervention Postintervention Preintervention Postintervention
Visceral adipose tissue

Area, cm2 44.6 (21.5) 40.8 (21.4) 44.3 (17.7) 36.3 (16.3) −4.2 (−7.5 to −1.0) .004 0.52

Fat fraction, % 85.4 (2.7) 85.0 (3.0) 86.1 (2.6) 84.5 (2.8) −1.2 (−1.8 to −0.6) <.001 0.78

Subcutaneous adipose tissue

Area, cm2 223.8 (70.8) 216.4 (79.6) 250.3 (72.8) 225.6 (79.6) −17.2 (−27.7 to −6.7) .001 0.65

Fat fraction, % 93.4 (1.3) 93.0 (1.9) 93.9 (1.0) 92.9 (1.6) −0.5 (−0.9 to −0.1) .002 0.36

Intermuscular abdominal
adipose tissue

Fat fraction, % 7.0 (1.0) 6.9 (1.1) 7.0 (0.8) 6.6 (0.7) −0.3 (−0.5 to −0.01) .02 0.42

Pancreatic adipose tissued

Fat fraction, % 3.2 (2.6) 2.9 (2.5) 3.2 (1.8) 2.6 (1.7) −0.3 (−0.8 to 0.2) .24 0.22

a Calculated using the difference between groups (exercise minus control) of changes
(postintervention minus preintervention).

b Analyses were adjusted for baseline values, age, and sex except for visceral adipose
tissue and subcutaneous adipose tissue area, for which adjustments were also made
for changes in height.

c Interpreted as small (Cohen d = 0.20), medium (Cohen d = 0.50), or large (Cohen
d = 0.80).

d The sample size was reduced for the control group (n = 50) and exercise group
(n = 48).
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Mediation of HOMA by VAT
Figure 4 shows the mediation model of how changes in VAT area affected HOMA in both groups.
Changes in VAT area explained 87.6% of the improvements in HOMA recorded (both groups taken
together) (indirect effect: β = −0.102 [95% CI, −0.230 to −0.002]) (Figure 4). The intention-to-treat
analyses returned similar results (eFigure 5 in Supplement 2). When we excluded those participants
who were not randomized (ie, exploratory analysis), the findings were similar to those for the primary
analysis (eFigure 6 in Supplement 2). Finally, the change in cardiorespiratory fitness could mediate
the change in VAT area (indirect effect: β = −0.126 [95% CI, −0.284 to −0.014]), explaining 26% of
the total effect.

Figure 2. Changes in Abdominal Visceral Adipose Tissue (VAT) in the Control and Exercise Groups
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The control group intervention consisted of 2 family-based lifestyle and
psychoeducation sessions per month. The exercise group intervention was the same
program plus 3 sessions of supervised exercise per week. The ends of the boxes in the
boxplots are located in the first and third quartiles; the black line in the middle illustrates
the median. Whiskers extend to the upper and lower adjacent values. The location of the
furthest point is within a distance of 1.5 × the interquartile range from the first and third
quartiles. Data points above and below the error bars indicate the data of children
outside the 95% CI range of the group. A, The parallel line plot contains 1 vertical line for
each participant that extends from their baseline to their 22-week value. Descending
lines indicate a reduction in VAT area. Pretest values are placed in ascending order for the

control group and descending order for the exercise group. Changes were calculated as
postintervention minus preintervention values. Analyses were adjusted for baseline
values, age, sex, and changes in height. Data analyses were conducted under
per-protocol conditions (ie, participants had to attend at least 50% of the family-based
and psychoeducation program sessions; in the exercise group, no minimum attendance
of exercise sessions was required). B, The lighter blue and orange bars represent those
participants who experienced a clinically meaningful change (ie, responders) from
baseline to post intervention (Cohen d � 0.20). Darker blue and orange bars represent
those who did not experience a clinically meaningful change (Cohen d < 0.20). The χ2

test was used to examine differences between groups (ie, control vs exercise).
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Discussion

The present results show that the addition of exercise training to a 22-week family-based lifestyle and
psychoeducation program is associated with greater, and indeed clinically meaningful, reductions in
abdominal VAT, ASAT, and IMAAT. In addition, the reduction in VAT area could mediate the
improvement recorded in insulin sensitivity, highlighting the importance of targeting childhood
obesity therapies for this fat depot.

Current pediatric guidelines14 based on quality of evidence underline (1) the effectiveness of
multicomponent weight management interventions (ie, diet and nutrition, physical activity, and
behavioral components) and (2) the need for family participation in multicomponent pediatric
weight management interventions. However, these guidelines provide no specific instructions or
methodological information on how interventions should be implemented. Moreover, they focus on
reducing body mass index or waist circumference. The present trial goes beyond this format by
focusing on a broad set of fat depots, by using high-quality measuring methods, and by detailing an
effective intervention procedure. Treating and reducing obesity in childhood is important because it
has been recently shown that the prepubertal period (ie, younger than 13 years) is critical in terms
of reducing the risk of developing type 2 diabetes.29

Excess VAT has been associated with many metabolic abnormalities and is a strong predictive
factor associated with morbidity and all-cause mortality in adults.30 Indeed, excess VAT is more
detrimental than excess body weight.31 Few studies, however, have examined the effect of
multicomponent programs on VAT in children with overweight or obesity.13 The present work reveals
a medium-size effect (0.5 SD) of the multicomponent intervention with exercise on VAT reduction.
Interestingly, the number of responders in the exercise group was double that recorded for the
control group (73.5% vs 36.5%). These findings agree with the results of a published meta-analysis13

and those of more recent literature,32 which indicate combined diet and exercise interventions, as
well as exercise-only interventions, may both result in a significant reduction in VAT in children and
adolescents with overweight or obesity13 (in the above meta-analysis, the overall weighted mean
effect size ranged from −0.55 to −0.85, dropping to −0.49 when only those studies with a control
group were included).13 However, in contrast with the present findings, Dias et al33 reported neither

Figure 4. Mediation Model to Determine Whether Changes in Visceral Adipose Tissue (VAT)
Area Mediated Changes in Insulin Resistance

Group
(control vs exercise) Δ HOMA

Δ HOMA

Equation c
B = 0.167
β = 0.117
P = .53

Group
(control vs exercise)

Δ VAT area (cm2)

Equation c’
B = 0.257
β = 0.219
P = .25

Equation a
B = –4.449
β = –0.518
P = .01

Equation b
B = 0.034
β = 0.246
P = .02

B (95% CI) = –0.120 (–0.280 to –0.002)
β (95% CI) = –0.102 (–0.230 to –0.002)
Percentage of the total effect = 87.6%

Indirect effect

Data presented are for per-protocol analysis.
Adjustments were made for baseline values, age, sex,
and changes in height. Delta (Δ) expresses the
postintervention outcome with respect to baseline.
HOMA indicates homeostasis model assessment.

JAMA Network Open | Nutrition, Obesity, and Exercise Lifestyle Intervention and Supervised Exercise Training in Children With Overweight or Obesity

JAMA Network Open. 2022;5(11):e2243864. doi:10.1001/jamanetworkopen.2022.43864 (Reprinted) November 28, 2022 9/14

Downloaded From: https://jamanetwork.com/ on 04/11/2023



12 weeks of high-intensity interval training nor moderate-intensity continuous training to be effective
in reducing VAT in 65 children with obesity.

With respect to ASAT, a robust reduction (10%) and a medium to large effect size (0.7 SD) was
seen for the exercise group. Similar to the findings for VAT, the exercise group had almost double the
percentage of responders (65.3% vs 36.5% for the control group). This outcome agrees with the
results of most previous randomized clinical trials in which a greater reduction in ASAT was seen for
exercise-including interventions compared with controls in both children and adolescents.19,34,35

Other studies have reported no evidence of any effect,33,36 but the small sample sizes (44-65
participants), the differences in participant characteristics, and the type of exercise program
followed in these studies might well explain these discrepancies.

The present exercise program had a medium effect size for IMAAT fat fraction (0.4 SD).
Unfortunately, the literature contains no information on preadolescent children that might be used
in comparisons. However, the present findings do agree with those of Lee et al,37 who found a
reduction in IMAAT in adolescent participants with overweight or obesity who followed a combined
resistance and aerobic exercise program. In any event, the limited information available broadly
agrees with the present findings, suggesting that a multicomponent intervention program that
includes exercise can reduce IMAAT effectively, highlighting the usefulness of including exercise in
treatments for overweight or obesity.

For PAT, no significant difference was seen between the 2 intervention groups. This result is
supported by the findings of 2 randomized clinical trials that examined pancreatic fat reduction in
adults.38,39 To the best of our knowledge, the present work is the first to compare the outcomes of a
lifestyle and a multicomponent intervention program on PAT in children.

Insulin resistance is a problem that might be reversed by substantial VAT loss, and the present
work highlights that exercise-induced reduction in VAT might mediate a reduction in insulin
resistance. This outcome should help protect against the development of type 2 diabetes.

Our findings suggest that the addition of exercise combining aerobic and resistance training
with family-based lifestyle programs for children with overweight or obesity promotes the reduction
of a broad set of harmful ectopic fat depots and therefore reduces the risk of developing type 2
diabetes. These findings emphasize the importance of recommending the inclusion of exercise as a
cornerstone of public health strategies for treating childhood obesity and preventing the
development of type 2 diabetes.

Strengths and Limitations
The study has several strengths, including assessment of the abdominal fat depots by MRI. The
assessing researchers were entirely blinded to the intervention group; therefore, the outcome of
interest in this study (ie, MRI findings) was analyzed unbiased.

This present study also has several limitations. First, randomization was not entirely strict; not
all children and parents (11 of 116 participants) could meet the time demands of the exercise group
but could meet those of the control group, and they were therefore assigned accordingly. For ethical
purposes, we could not exclude them from the trial because we were aware of its benefits in this
population. However, given that participant characteristics were comparable in both groups at
baseline and that between-group analyses were adjusted for baseline values, we believe it is unlikely
that this factor would modify the study’s conclusions. Nevertheless, we repeated all of the analyses
excluding those children and parents who were not randomized, and the findings obtained were
similar to those of the primary analysis (eTable 5 and eFigure 6 in Supplement 2). Second, results of
the mediation analyses should be interpreted with caution because both the proposed mediator and
the outcome were measured at the same time.
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Conclusions

A 22-week family-based lifestyle and psychoeducation intervention reduced abdominal fat in
children with overweight or obesity, but the addition of exercise training promoted even
greater—and clinically meaningful—reductions in VAT, ASAT, and IMAAT. The reduction in VAT might
mediate the improvement in insulin sensitivity. These results highlight the importance of including
exercise training in lifestyle therapies for childhood obesity; this component promotes reductions in
the size of harmful ectopic fat depots and therefore reduces the risk of developing type 2 diabetes.
Further research is needed to assess the long-term clinical outcomes of such interventions.
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