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ABSTRACT

Objectives Obesity is a growing global public health
problem that increases the risk of cardiovascular disease.
The aim of the present study was to assess the effects

of body composition on cardiometabolic indicators in
children.

Design Cross-sectional analysis.

Setting China, the Beijing Children and Adolescents
Health Cohort Study between 2022 and 2023.
Participants This cross-sectional study included 5555
children and adolescents aged 6 to 17 years from 11
kindergartens and schools.

Outcome measures We measured body composition
using multifrequency bioelectrical impedance analysis
and assessed the cardiometabolic indicators, including
blood pressure, plasma glucose and lipids. Linear
regression and binary logistic regression were performed
to assess the associations between body composition and
cardiometabolic abnormalities.

Results In boys, fat mass index (FMI) was positively
correlated with total cholesterol (TC) (in normal fat-free
mass (FFM) group, $=0.036, 95% ClI 0.027 to 0.046;

in high FFM group, B=0.034, 95% CI 0.016 to 0.051)
and fasting plasma glucose (FPG) (in normal FFM
group, B=0.019, 95% Cl 0.012 to 0.026; in high FFM
group, B=0.030, 95% Cl 0.005 to 0.054). FFMI was
negatively associated with TC only in the normal fat
group (B=-0.047, 95% Cl —0.069 to —0.034) in boys.
However, in girls, FMI was not significantly associated
with TC and was positively associated with FPG only

in the normal FFM group (8=0.033, 95% Cl 0.024 to
0.041), and FFMI was negatively correlated with TC

(in normal fat group, =-0.058, 95% Cl —0.079 to
—0.038; in high fat group, f=-0.049, 95% Cl —0.084 to
—0.015). Normal FFM-high fat (OR=2.065, 95% CI 1.379
t0 3.091) and increased visceral fat region (OR=1.357,
95% Cl 1.195 to 1.540) were risk factors for high TC in
boys but not in girls.

Conclusions Body composition was significantly
associated with cardiometabolic risk factors, and fat
stored in different regions has differential influences on
cardiometabolic indicators. There were sex differences

in the relationships between body composition and
cardiometabolic indicators. The findings suggest that
body composition is more strongly correlated with
cardiometabolic indicators in boys than in girls. Prevention

, Yiying Huang, Yiren Chen, Zijun Liao, Shaoli Li, Junting Liu,

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Data were analysed from the Beijing Children and
Adolescents Health Cohort Study, a cross-sectional
study.

= The large sample size enhances the statistical
strength and generalisability of the results to the
Chinese population of children and adolescents.

= The study’s cross-sectional design limits our ability
to establish causality; further longitudinal studies
are necessary.

of obesity and cardiometabolic abnormalities may be more
important in boys.

INTRODUCTION

Childhood obesity has become a growing
public health problem worldwide,' and its
prevalence is continuously increasing in
China.? Children with obesity have a greater
risk of obesity in adulthood and are predis-
posed to develop cardiometabolic diseases,
including type 2 diabetes, hypertension and
dyslipidaemia.” * The early prevention of
childhood obesity may be critical to health in
childhood and adulthood.

Although body mass index (BMI) is a
commonly used measure of obesity, it is
limited by the inability to distinguish between
different body composition compartments.
BMI cannot provide information about fat
mass (FM) or fatfree mass (FFM). Studies
have shown that FM could be a better
predictor of adiposity-related metabolic
risk than BMIL"” Children without obesity
according to BMI but with obesity based on
body fat percentage might have increased
cardiometabolic risk factors.® Moreover,
studies have shown that visceral adiposity is
an independent risk factor for cardiometa-
bolic diseases and secretes proinflammatory
and profibrotic cytokines.’
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It is well established that excess FM is associated with
adverse cardiometabolic risk markers. Increased body FM
is related to a progressively worsening risk of hypergly-
caemia and hyperinsulinaemia.'” FM can also affect blood
pressure (BP) and blood lipids."' ' In contrast, a higher
muscular fitness index and greater muscle mass (MM)
may be associated with better cardiometabolic traits,
such as blood glucose, low-density lipoprotein choles-
terol (LDL-C) and total cholesterol (TC).”* " However,
FM seems more robustly associated with cardiometabolic
profiles than MM;'® thus, FM might be more important
than MM in relation to cardiometabolic profiles.'®

There are sex-specific contributions of FM and MM
to cardiovascular disease risk factors in adults.'” Higher
relative FM showed a stronger association with impaired
glucose homeostasis, lipids and hypertension in males."®
The associations of adiposity with adverse cardiometa-
bolic risk begin earlier in the life course among males
compared with females, particularly for key atherogenic
lipids." However, the sex-specific effects of body composi-
tion on cardiometabolic indicators in children have been
less studied.

In recent years, the importance of fat distribution
and location in the risk of cardiometabolic diseases has
been highlighted. It has been shown that the trunk-to-
peripheral fat ratio can predict subsequent BP levels, and
the relationship between fat distribution and BP is inde-
pendent of fat volume.*” The trunk-to-leg fat ratio was
significantly associated with high LDL-C and triglycerides
(TG) concentrations, and it seemed to be an independent
risk factor for these cardiometabolic indicators.”' Visceral
adiposity has been identified as a cardiometabolic indi-
cator reflecting abdominal fat distribution. Abnormally
high deposition of visceral adipose tissue is related to
cardiometabolic risk factors, and visceral adiposity does
not always depend on BMIL*

The influence of different body composition pheno-
types on cardiometabolic indicators is very important, but
very little research has been conducted in children. The
purpose of the present study was to explore the effects
of body composition and fat distribution and location
on cardiometabolic indicators in Chinese children and
adolescents. Moreover, because of the sex-specific effects
of body composition on cardiometabolic profiles in
adults, it is important to study the effects of sex differ-
ences in body composition on cardiometabolic indicators
in children and adolescents, which can help to prevent
obesity in early life.

METHODS

Study design and participants

We investigated the relationship between body composi-
tion and metabolic parameters and the sex differences
in these relationships. This study collected baseline
data from the Beijing Children and Adolescents Health
Cohort Study.”” The subjects were randomly selected
from 11 kindergartens and primary and secondary

schools in a district of Beijing between 2022 and 2023. A
total of 5555 children and adolescents aged 6 to 17 years
participated were enrolled in the final analysis, except
those who could not participate in the physical examina-
tion due to trauma and physical discomfort. We obtained
written informed consent from participants/guardians.
The study involving human participants was reviewed and
approved by the Ethics Committee of the Capital Institute
of Pediatrics (approval no. SHERLL2022043). This study
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology reporting guidelines for
cross-sectional studies.

Data collection

Questionnaire

The questionnaire is not a known questionnaire; it is
a unified standardised questionnaire that needs to be
developed according to the research. The questionnaire
included basic information, family history of disease,
birth and feeding, exercise, behaviour and lifestyle,
diet, allergies, adolescent development, sleep and other
related content. These questionnaires were issued 1 week
before the onsite investigation and were filled out jointly
by parents/guardians and students. The quality of the
questionnaires was reviewed by the class teachers and the
staff of the cooperation group at two levels.

Physical examination data

To address potential sources of bias, all assessments were
conducted by trained data collectors, most of whom were
nurses and doctors. The quality control of the examina-
tions was performed by the same professional researchers
who strictly followed a standardised protocol. All partic-
ipants fasted after 20:00 the day before the physical
examination. The height of the children was measured
by trained staff using a Harpenden Portable Stadiom-
eter (UK), and the weight was measured by bioelectrical
impedance analysis (BIA). Then, BMI was calculated as
weight in kilograms divided by height in metres squared.
All instruments used were the same in the 11 kindergar-
tens and schools during the survey.

Blood pressure (BP) measurements

Oscillometric sphygmomanometers (HBP-1300, Omron,
Kyoto, Japan) were used to measure systolic BP (SBP) and
diastolic BP (DBP). The observers measured the circum-
ference at the midpoint of the right arm and selected an
appropriate cuff. Three consecutive measurements were
performed, and the average value of the last two measure-
ments was recorded as the BP value.

Multifrequency bioelectrical impedance analysis (MFBIA)

MFBIA measurements were conducted using BIA
(H-Key350, SeeHigher BAS-H, China), which measured
impedance at varying frequencies (1, 5, 50, 250, 500 and
1000kHz) across the legs, arms and trunk. The MFBIA
device is a valid device for evaluating body composition in
Chinese children.* The agreement between FM and FFM
measured by BIA and air displacement plethysmography
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was strong (Lin’s concordance correlation coefficient
(CCC) >0.80). Children were required to be on fasting
and have an empty bladder. The measurements were
collected, and then the FM and FFM were calculated by
an undisclosed proprietary algorithm. FMI and FFMI were
also calculated for each subject as FM and FFM in kilo-
grams divided by height in metres squared, respectively.

Biochemical measurements

After an overnight fast of at least 12 hours, vein blood
samples were collected by direct venipuncture into
EDTA anti-coagulant tubes and serum tubes. Blood
samples were analysed for concentrations of fasting
plasma glucose (FPG), TG, TC, LDL-C and high-density

lipoprotein cholesterol (HDL-C). FPG was determined
by the enzyme hexokinase method. Serum TC concen-
trations were determined using the standard enzymatic
method. Serum TG concentrations were determined
using the GPO-PAP method. Serum HDL-C and LDL-C
were measured using the direct method. The serum
lipid levels and plasma glucose levels were assayed using
an automatic biochemistry analysis system (Siemens,
Germany).

Classification standards and definitions
The classification standards and definitions are shown in
online supplemental table SI.

Continuous variables shown as mean+SD.

Table 1 Baseline characteristics of the study subjects stratified by body composition
Normal fat High fat
N Normal FFM High FFM P Normal FFM  High FFM P
Sex
Boys 2844 2169 (50.61) 179 (51.73) 0.687 269 (61.14) 227 (47.00) <0.001
Girls 2711 2117 (49.39) 167 (48.27) 0.687 171 (38.86) 256 (53.00) <0.001
Demography/anthropometry
Age (years) 5555 10.56+3.07 10.45+3.03 0.541 10.44+2.99 10.79+2.97 0.077
Height (cm) 5555 146.92+17.49 151.37+17.66 <0.001 148.75+15.80 154.02+15.29  <0.001
Weight (kg) 5555 41.05+15.38 55.35+20.22 <0.001 58.68+19.49  71.78+22.27 <0.001
BMI (kg/m?) 5555 18.29+3.32 23.12+3.76 <0.001 25.72+3.64 29.42+4.17 <0.001
Cardiometabolic indicators
SBP (mm Hg) 5546 107.83+10.92 115.82+11.88 <0.001 117.09+11.44 121.50+10.88 <0.001
DBP (mm Hg) 5546 59.94+7.29 61.71+7.48 <0.001 64.64+7.82 65.66+7.66 0.046
TC (mmol/L) 5405 4.12+0.70 4.11+0.79 0.706  4.30+0.72 4.26+0.69 0.395
HDL-C (mmol/L) 5400 1.53+0.34 1.39+0.33 <0.001 1.31+0.29 1.23+0.27 <0.001
LDL-C (mmol/L) 5405 2.50+0.68 2.63+0.78 0.001  2.92+0.76 2.92+0.72 0.992
TG (mmol/L) 5401 0.83+0.37 0.94+0.50 <0.001 1.14+0.54 1.32+0.59 <0.001
FPG (mmol/L) 5401 4.92+0.52 4.91+0.40 0.665  4.98+0.61 5.00+0.87 0.607
Body composition indicators
FMP (%) 5558 20.87+8.31 24.98+7.33 <0.001 39.39+4.52 39.30+4.67 0.767
FMI (kg/m?) 5555 4.02+2.16 5.94+2.28 <0.001 10.18+2.09 11.65+2.59 <0.001
MMI (kg/m?) 5555 13.43+1.73 16.19+2.20 <0.001 14.62+2.01 16.74+2.18 <0.001
FFMI (kg/m?) 5555 14.27+1.83 17.18+2.34 <0.001 15.54+2.14 17.79+2.33 <0.001
Arm fat mass (kg) 5555 0.66+0.41 0.99+0.53 <0.001 1.83+0.84 2.35+1.13 <0.001
Leg fat mass (kg) 5555 1.63+0.86 2.32+0.98 <0.001 3.65+1.14 4.25+1.26 <0.001
Trunk fat mass (kg) 5555 3.75+3.31 6.81+4.11 <0.001 11.24+4.24 13.95+4.79 <0.001
Visceral fat region (m?) 5555 40.56+26.99 59.13+33.15 <0.001 119.01+42.32 135.91+45.45 <0.001
Fat mass (kg) 5555 9.17+5.94 14.39+7.23 <0.001 23.29+8.24 28.38+9.62 <0.001
Muscle mass (kg) 5555 30.00+10.41 38.54+13.55 <0.001 33.45+11.13  40.93+12.91 <0.001

P values were from tests comparing two groups by independent t-tests or 2 tests. Those highlighted in bold indicate statistical significance

(bilateral p<0.05).

BMI, body mass index; DBP, diastolic blood pressure; FFM, fat-free mass; FFMI, fat-free mass index; FMI, fat mass index; FMP, fat mass
percentage; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MM,
muscle mass index; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.
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FFMI was negatively correlated with HDL-C; positively
correlated with SBP, DBP, TG and FPG; and not linearly
correlated with LDL-C. In boys, FFMI was negatively asso-
ciated with TC only in the normal fat group (B=-0.047,
95% CI —-0.069 to -0.034). However, in girls, regardless
of fat level, FFMI was negatively correlated with TC (in
normal fat group, B=-0.058, 95% CI -0.079 to —0.038; in
high fat group, f=-0.049, 95% CI -0.084 to -0.015).

To more clearly analyse the sex differences in the rela-
tionships between body composition and cardiometa-
bolic indicators, we further performed logistic regression
analysis. As shown in table 4, adjusted for the age of the
children, the normal FFM-normal fat group was used as
the reference group. Regardless of sex, as long as one of
the FFM or fat levels was high, the risk of high BP and
low HDL-C increased; the risk of high TG increased in
the high fat group; and FFM-fat composition was not a
risk factor for high IFP. Normal FFM-high fat was a risk
factor for high TC in boys (OR=2.065, 95% CI 1.379 to
3.091) but not in girls. In boys, as long as one of the FFM
or fat levels was high, the risk of high LDL-C increased.
However, in girls, the risk of high LDL-C increased only
in the high fat group. The protective effect of high FFM
against high LDL-C was not obvious in the high fat group
regardless of sex, and high FFM-normal fat was a risk
factor for high LDL-C in boys (OR=2.283, 95% CI 1.521
to 3.429).

We used two models to analyse the influence of fat distri-
bution on cardiometabolic indicators by logistic regres-
sion analysis: model 1 (trunk fat mass, arm fat mass and
leg fat mass as independent variables) and model 2 (the
visceral fat region was used as an independent variable).

As shown in table 5, increased visceral fat region was a
risk factor for elevated BP, low HDL-C, high LDL-C, high
TG and impaired fasting glucose (IFG), and increased
trunk fat mass was a risk factor for elevated BP, low HDL-C
and high TG. However, increased arm fat mass was a
protective factor against elevated BP and low HDL-C.

In boys, increased visceral fat region was a risk factor
for high TC, increased trunk fat mass was a risk factor
for high LDL-C, increased leg fat mass was a risk factor
for high TC and high TG and increased arm fat mass
was a protective factor for high TG and a risk factor for
IFG (table 5). However, none of these correlations were
detected in girls.

DISCUSSION

In our study, we analysed the associations of FFM-fat
composition with BP, glucose and lipids. Our results
showed that FFM and fat levels were correlated with
cardiometabolic indicators, and there were sex differ-
ences in the relationships between body composition and
cardiometabolic indicators. The data were analysed from
the Beijing Children and Adolescents Health Cohort
Study, a population-based cross-sectional study. The
large sample size enhances the statistical strength and
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Table 4 Adjusted ORs for the associations of FFM fat composition with blood pressure, glucose and lipid metabolic

abnormalities stratified by sex

Boys Girls
OR 95% CI OR 95% CI

Elevated BP

High FFM-normal fat 2.703 (1.835 to 3.981) 3.612 (2.376 to 5.491)

Normal FFM-high fat 4.476 (3.324 to 6.027) 5.280 (3.601 to 7.742)

High FFM-high fat 6.278 (4.625 to 8.522) 10.364 (7.650 to 14.043)
High TC

High FFM-normal fat 1.357 (0.777 to 2.368) 1.080 (0.586 to 1.993)

Normal FFM-high fat 2.065 (1.379 to 3.091) 1.187 (0.670 to 2.104)

High FFM-high fat 1.343 (0.814 to 2.216) 1.344 (0.847 to 2.130)
Low HDL-C

High FFM-normal fat 2.137 (1.309 to 3.488) 2.669 (1.470 to 4.846)

Normal FFM-high fat 2.794 (1.908 to 4.089) 3.250 (1.891 to 5.586)

High FFM-high fat 4.637 (3.234 to 6.647) 8.892 (6.133 to 12.894)
High LDL-C

High FFM-normal fat 2.283 (1.521 to 3.429) 0.912 (0.526 to 1.582)

Normal FFM-high fat 3.827 (2.817 to 5.198) 2.608 (1.775 to 3.833)

High FFM-high fat 3.607 (2.591 to 5.020) 2.251 (1.604 to 3.159)
High TG

High FFM-normal fat 1.453 (0.923 to 2.289) 1.585 (0.967 to 2.598)

Normal FFM-high fat 3.499 (2.578 to 4.749) 3.705 (2.535 to 5.414)

High FFM-high fat 6.686 (4.941 to 9.048) 8.796 (6.552 to 11.809)
IFG

High FFM-normal fat 0.350 (0.110to 1.115) 1.248 (0.491 to 3.167)

Normal FFM-high fat 1.642 (0.998 to 2.701) 1.156 (0.456 to 2.932)

High FFM-high fat 1.442 (0.823 to 2.526) 1.760 (0.907 to 3.417)

Adjusted for the age of children, normal FFM-normal fat group as the reference group.
P values were from logistic regression analysis. Those highlighted in bold indicate statistical significance (bilateral p<0.05).
BP, blood pressure; FFM, fat-free mass; HDL-C, high-density lipoprotein cholesterol; IFG, impaired fasting glucose; LDL-C, low-density

lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.

generalisability of the results to the Chinese population
of children and adolescents.

Because of the possible differences in the correlations
of adiposity with cardiometabolic risk between males
and females, sex differences in cardiometabolic abnor-
malities are commonly observed across the life course.
Our results indicated that the associations between body
composition and cardiometabolic indicators differed
between boys and girls. Some studies have also shown
sex differences between fat mass and cardiometabolic
risk factors. For instance, Kouda et al reported that the
trunk-to-appendicular fat ratio at baseline was signifi-
cantly associated with SBP at follow-up in boys, but there
were no significant associations between the trunk-to-
appendicular fat ratio and SBP in girls.*” Duran et al
reported that the trunk-to-leg fat ratio was significantly
associated with high LDL-C only in girls.”' Sex differences
have also been shown in the associations between insulin

resistance and adiposity indices, and these differences
were significantly more evident in middle puberty.”” The
correlations of adiposity with adverse cardiometabolic
risk seem to begin earlier in the life course among males
than females.'” Partly consistent with these findings, our
results have shown stronger correlations between body
composition and cardiometabolic indicators in boys than
in girls. Thus, the prevention of obesity and cardiometa-
bolic abnormalities may be more important in boys.

It is well known that regional adipose compartments
confer different cardiometabolic risks in children. We also
found that fat stored in different regions has differential
influences on cardiometabolic indicators. However, our
results showed that increased arm fat mass was a protec-
tive factor against elevated BP and low HDL in children.
Previous studies inconsistently reported that arm fat mass
was not si%niﬁcantly associated with cardiometabolic risk
factors.”**
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Table 5 ORs of cardiometabolic risk factors associated with 1-SD increase in fat mass variables

Boys Girls
OR 95% ClI OR 95% ClI

Elevated BP

Model 1 Trunk fat mass 7.625 (4.184 to 13.898) 5.153 (2.477 to 10.717)
Arm fat mass 0.515 (0.367 to 0.724) 0.545 (0.351 to 0.847)
Leg fat mass 0.616 (0.345 to 1.100) 1.200 (0.626 to 2.298)

Model 2 Visceral fat region 2.008 (1.822 to 2.212) 2.583 (2.279 to 2.929)

High TC

Model 1 Trunk fat mass 0.510 (0.222 t0 1.172) 0.984 (0.325 to 3.009)
Arm fat mass 1.075 (0.711 to 1.625) 0.473 (0.210 to 1.064)
Leg fat mass 2.558 (1.120 to 5.840) 2.385 (0.821 to 6.931)

Model 2 Visceral fat region 1.357 (1.195 to 1.540) 1.114 (0.946 to 1.313)

Low HDL-C

Model 1 Trunk fat mass 4.255 (2.182 to 8.295) 6.743 (2.759 to 16.478)
Arm fat mass 0.518 (0.349 to 0.700) 0.541 (0.319 to 0.918)
Leg fat mass 0.968 (0.486 to 1.928) 0.818 (0.381 to 1.759)

Model 2 Visceral fat region 1.788 (1.602 to 1.995) 2.243 (1.938 to 2.597)

High LDL-C

Model 1 Trunk fat mass 1.916 (1.043 to 3.521) 1.296 (0.576 to 2.916)
Arm fat mass 0.747 (0.538 to 1.037) 0.651 (0.393 to 1.079)
Leg fat mass 1.430 (0.787 to 2.597) 1.863 (0.867 to 4.000)

Model 2 Visceral fat region 1.832 (1.659 to 2.023) 1.473 (1.303 to 1.665)

High TG

Model 1 Trunk fat mass 2.711 (1.492 to 4.925) 2.797 (1.353 to 5.782)
Arm fat mass 0.505 (0.359 to 0.710) 0.699 (0.456 to 1.071)
Leg fat mass 1.800 (1.005 to 3.223) 1.330 (0.691 to 2.560)

Model 2 Visceral fat region 2.055 (1.861 to 2.269) 2.186 (1.939 to 2.465)

IFG

Model 1 Trunk fat mass 1.660 (0.696 to 3.963) 0.475 (0.118 to 1.910)
Arm fat mass 1.587 (1.033 to 2.438) 1.349 (0.675 to 2.696)
Leg fat mass 0.419 (0.167 to 1.053) 2.162 (0.617 to 7.577)

Model 2 Visceral fat region 1.242 (1.075 to 1.436) 1.409 (1.142 to 1.739)

ORs were expressed in SD units. P values were from logistic regression analysis. Those highlighted in bold indicate statistical significance
(bilateral p<0.05). Model 1 adjusted for age, trunk fat mass, arm fat mass and leg fat mass, other than the variable in the model. Model 2
adjusted for age and visceral fat region, other than the variable in the model.

BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; IFG, impaired fasting glucose; LDL-C, low-density lipoprotein cholesterol;

TC, total cholesterol; TG, triglycerides.

Our results showed that FMI and FFMI were linearly
correlated with FPG, but FFM-fat composition was not a
risk factor for IFG. Further analysis of the relationships
between the fat distribution region and cardiometabolic
indicators indicated that increased visceral fat region
was a risk factor for IFG regardless of sex, suggesting the
importantinfluence of visceral fat on glucose metabolism.

In addition, our results showed that high FFM-normal
fat was a risk factor for elevated BP, low HDL and high
LDL in boys. The protective effect of high FFM against
high LDL-C was not obvious in the high fat group

regardless of sex. This finding is inconsistent with a
previous study showing that greater MM might be associ-
ated with better cardiometabolic traits."* This may be due
to a lack of adjustment for confounding factors, such as
puberty, diet, physical activity and socioeconomic status.
There is a need for more high-quality prospective studies
to determine these associations.

Recognised as a global health problem, obesity is associ-
ated with multiple cardiometabolic disorders.”® Adiposity
results in chronic low-grade inflammation and an imbalance
in adipokine secretion and ultimately alters the physiological
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state of adipose tissue communication with target organs.*

Excess adipose tissue also enhances and disturbs the gener-
ation of reactive oxygen species and increases oxidative
stress, which contributes to the pathogenesis and outcomes
of cardiometabolic diseases.” Visceral adiposity is an inde-
pendent risk factor for cardiometabolic diseases and secretes
proinflammatory and profibrotic cytokines, which in turn
cause systemic metabolic disorders.”

Limitations

Our study has several limitations. First, this cross-sectional
study recruited children from 11 kindergartens and schools
in a district in Beijing who might not represent all children
and adolescents, likely resulting in selection bias. Second,
due to the small number of children with obesity in this study,
itis necessary to verify the results in prospective investigations
with larger sample sizes. Third, because of the small number
of participants stratified by puberty, the study did not analyse
the effects of puberty on the relationship between FM or FFM
and cardiometabolic risk markers. Fourth, although some
studies have shown a stronger association between hepatic
fat and cardiometabolic indicators than between abdominal
fat and cardiometabolic indicators and that these associations
are independent of BML,”' * this study lacked an analysis of
these associations due to the limited data. Fifth, dietary and
physical activity adjustments were omitted because of data
limitations. Students’ diet and exercise during the day are
almost uniformly conducted at school, and the analysis of
the collected questionnaires on diet and exercise shows that
the distribution at all levels was relatively uniform. However,
it cannot be ruled out that diet and physical activity had
substantial impacts on the results. We have taken this issue
into account in the follow-up research plan, but this ques-
tionnaire is not accurate enough to collect such information;
thus, we will design a more detailed structured questionnaire
to collect diet and exercise data, further validate our current
research conclusions and further explore the role of diet and
exercise. Sixth, we did not analyse the effect of socioeconomic
status on the results of this study because of the limited data.
Socioeconomic status can significantly predict cardiometa-
bolic disease outcomes.” Socioeconomic status is inversely
associated with the risk for cardiometabolic diseases, type 2
diabetes and total mortality.** However, the protective effects
of socioeconomic status are more pronounced in women
than in men.”® In future studies, we will collect socioeco-
nomic status data and analyse the effects of socioeconomic
status on the relationships between body composition and
cardiometabolic indicators. Finally, the study’s cross-sectional
design limits our ability to establish causality; further longitu-
dinal studies are necessary.

CONGCLUSION

Our results indicate that body composition is signifi-
cantly associated with cardiometabolic risk factors and
that fat stored in different regions has differential influ-
ences on cardiometabolic indicators. The relationships
between body composition and cardiometabolic risk

factors are influenced by sex in children and adoles-
cents. This finding suggested that body composition was
more strongly correlated with cardiometabolic indicators
in boys than in girls. Sex-specific interventions may be
warranted.

Acknowledgements The authors thank the children and their parents for their
participation in the study. We also thank all team members who contributed to the
study.

Contributors FC conceptualised and designed the study, carried out the analyses,
and reviewed and revised the manuscript. LW wrote the initial draft of the
manuscript. YH and YC analysed the data. ZL, SL, JL and XZ were involved in data
acquisition and data processing. All authors critically reviewed the manuscript

for interpretation and intellectual content and approved the final manuscript as
submitted. FC is the corresponding authors and the guarantor.

Funding This research was funded by the public service development and reform
pilot project of Beijing Medical Research Institute (grant number BMR2021-3), the
Beijing Municipal Administration of Hospitals Incubating Program (grant number

Px2022052) and the China Soong Ching Ling Foundation (grant number 2023-24).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval We obtained written informed consent from participants/
guardians. The studies involving human participants were reviewed and
approved by the ethics committee of Capital Institute of Pediatrics, Beijing, China
(SHERLL2022043). Participants gave informed consent to participate in the study
before taking part.

Provenance and peer review Not commissioned; externally peer-reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Lijun Wu http://orcid.org/0000-0001-5876-8379
Fangfang Chen http://orcid.org/0000-0002-1715-540X

REFERENCES

1 Jebeile H, Kelly AS, O’'Malley G, et al. Obesity in children and
adolescents: epidemiology, causes, assessment, and management.
Lancet Diabetes Endocrinol 2022;10:351-65.

2 Gaol,WuY, Chen S, et al. Time trends and disparities in combined
overweight and obesity prevalence among children in China. Nutr
Bull 2022;47:288-97.

3 Horesh A, Tsur AM, Bardugo A, et al. Adolescent and childhood
obesity and excess morbidity and mortality in young adulthood-a
systematic review. Curr Obes Rep 2021;10:301-10.

4 Valaiyapathi B, Gower B, Ashraf AP. Pathophysiology of type
2 diabetes in children and adolescents. Curr Diabetes Rev
2020;16:220-9.

5 Calcaterra V, Verduci E, De Silvestri A, et al. Predictive ability of the
estimate of fat mass to detect early-onset metabolic syndrome in
prepubertal children with obesity. Children (Basel) 2021;8:966.

8

Wu L, et al. BMJ Open 2025;15:095049. doi:10.1136/bmjopen-2024-095049


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5876-8379
http://orcid.org/0000-0002-1715-540X
http://dx.doi.org/10.1016/S2213-8587(22)00047-X
http://dx.doi.org/10.1111/nbu.12576
http://dx.doi.org/10.1111/nbu.12576
http://dx.doi.org/10.1007/s13679-021-00439-9
http://dx.doi.org/10.2174/1573399814666180608074510
http://dx.doi.org/10.3390/children8110966

6 Li H-B, Cheng H, Hou D-Q, et al. Value of body fat mass measured
by bioelectrical impedance analysis in predicting abnormal blood
pressure and abnormal glucose metabolism in children. Zhongguo
Dang Dai Er Ke Za Zhi 2020;22:17-23.

7 Chen F, Liu J, Hou D, et al. The relationship between fat mass
percentage and glucose metabolism in children and adolescents: a
systematic review and meta-analysis. Nutrients 2022;14:2272.

8 Zapata JK, Azcona-Sanjulian MC, Catalan V, et al. BMI-based
obesity classification misses children and adolescents with raised

cardiometabolic risk due to increased adiposity. Cardiovasc Diabetol

2023;22:240.

9 Lee MJ, Kim J. The pathophysiology of visceral adipose
tissues in cardiometabolic diseases. Biochem Pharmacol
2024;222:50006-2952(24)00099-6.

10 Agbaje AO, Saner C, Zhang J, et al. DXA-based fat mass with risk of

worsening insulin resistance in adolescents: a 9-year temporal and
mediation study. J Clin Endocrinol Metab 2024;109:e1708-19.
11 Fu L, Cheng H, Zhao X, et al. Distinct causal effects of body fat

distribution on cardiometabolic traits among children: Findings from

the BCAMS study. Nutr Metab Cardiovasc Dis 2022;32:1753-65.
12 Hsu C-Y, Lin R-H, Lin Y-C, et al. Are body composition parameters
better than conventional anthropometric measures in predicting
pediatric hypertension? Int J Environ Res Public Health
2020;17:5771.
13 Rodriguez-Gutiérrez E, Torres-Costoso A, Lucas-de la Cruz L, et al.
The impact of reduced muscular fithess on cardiometabolic risk

factors in children aged 9-11years. Acta Paediatr 2024;113:1364-72.

14 Xiao P, Cheng H, Yan Y, et al. High BMI with adequate lean mass
is not associated with cardiometabolic risk factors in children and
adolescents. J Nutr 2021;151:1213-21.

15 Bell JA, Wade KH, O’Keeffe LM, et al. Body muscle gain and markers
of cardiovascular disease susceptibility in young adulthood: A cohort

study. PLoS Med 2021;18:e1003751.
16 Ong YY, Huang JY, Michael N, et al. Cardiometabolic profile of

different body composition phenotypes in children. J Clin Endocrinol

Metab 2021;106:€2015-24.

17 Terada T, Reed JL, Vidal-Almela S, et al. Sex-specific associations of

fat mass and muscle mass with cardiovascular disease risk factors
in adults with type 2 diabetes living with overweight and obesity:
secondary analysis of the Look AHEAD trial. Cardiovasc Diabetol
2022;21:40.

18 Wang J, Guan J, Huang L, et al. Sex differences in the associations
between relative fat mass and all-cause and cardiovascular

mortality: A population-based prospective cohort study. Nutr Metab

Cardiovasc Dis 2024;34:738-54.

19 O’Keeffe LM, Bell JA, O’Neill KN, et al. Sex-specific associations
of adiposity with cardiometabolic traits in the UK: A multi-
life stage cohort study with repeat metabolomics. PLoS Med
2022;19:e1003636.

20 Kouda K, Iki M, Fujita Y, et al. Trunk-to-peripheral fat ratio predicts a
subsequent blood pressure in normal-weight pubertal boys: a 3-year

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

follow-up of the Kitakata Kids Health Study. Environ Health Prev Med
2020;25:41.

Duran |, Martakis K, Alberg E, et al. Association of trunk/leg fat mass
ratio with low-density lipoproteins-cholesterol and triglycerides
concentration in children and adolescents: a cross-sectional,
retrospective study. Child Obes 2020;16:428-39.

Marketou ME, Buechler NS, Fragkiadakis K, et al. Visceral fat and
cardiometabolic future in children and adolescents: a critical update.
Pediatr Res 2023;94:1639-47.

Junting L, Shaoli L, Fangfang C, et al. Baseline characteristics
analysis of the Beijing children and adolescents natural population
cohort. Chin J Child Health Care 2024;32:1212-8.

Chen F, Wu L, ChenY, et al. A comparison of bioelectrical
impedance analysis and air displacement plethysmography

to assess body composition in children. Front Public Health
2023;11:1164556.

Calcaterra V, Verduci E, Schneider L, et al. Sex-specific differences
in the relationship between insulin resistance and adiposity

indexes in children and adolescents with obesity. Children (Basel)
2021;8:449.

Yan Y, Liu J, Zhao X, et al. Regional adipose compartments confer
different cardiometabolic risk in children and adolescents: the China
child and adolescent cardiovascular health study. Mayo Clin Proc
2019;94:1974-82.

Staiano AE, Gupta AK, Katzmarzyk PT. Cardiometabolic risk

factors and fat distribution in children and adolescents. J Pediatr
2014;164:560-5.

Valenzuela PL, Carrera-Bastos P, Castillo-Garcia A, et al. Obesity
and the risk of cardiometabolic diseases. Nat Rev Cardiol
2023;20:475-94.

Gilani A, Stoll L, Homan EA, et al. Adipose signals regulating distal
organ health and disease. Diabetes 2024;73:169-77.

Swiqtkiewicz I, Wréblewski M, Nuszkiewicz J, et al. The role of
oxidative stress enhanced by adiposity in cardiometabolic diseases.
Int J Mol Sci 2023;24:6382.

Cioffi CE, Narayan KMV, Liu K, et al. Hepatic fat is a stronger
correlate of key clinical and molecular abnormalities than visceral
and abdominal subcutaneous fat in youth. BMJ Open Diabetes Res
Care 2020;8:e001126.

Geurtsen ML, Santos S, Felix JF, et al. Liver fat and cardiometabolic
risk factors among school-age children. Hepatology 2020;72:119-29.
Zhou L, Nutakor JA, Larnyo E, et al. Exploring socioeconomic status,
lifestyle factors, and cardiometabolic disease outcomes in the United
States: insights from a population-based cross-sectional study. BMC
Public Health 2024;24:2174.

Wang P, Gao X, Willett WC, et al. Socioeconomic status, diet, and
behavioral factors and cardiometabolic diseases and mortality. JAMA
Netw Open 2024;7:e2451837.

Assari S, Zare H. Gender differences in the association between
socioeconomic status and cardiometabolic health: national health
and nutrition examination survey. Glob J Cardiovasc Dis 2025;4:50-8.

Wu L, et al. BMJ Open 2025;15:€095049. doi:10.1136/bmjopen-2024-095049


http://dx.doi.org/10.7499/j.issn.1008-8830.2020.01.005
http://dx.doi.org/10.7499/j.issn.1008-8830.2020.01.005
http://dx.doi.org/10.3390/nu14112272
http://dx.doi.org/10.1186/s12933-023-01972-8
http://dx.doi.org/10.1016/j.bcp.2024.116116
http://dx.doi.org/10.1210/clinem/dgae004
http://dx.doi.org/10.1016/j.numecd.2022.03.030
http://dx.doi.org/10.3390/ijerph17165771
http://dx.doi.org/10.1111/apa.17178
http://dx.doi.org/10.1093/jn/nxaa328
http://dx.doi.org/10.1371/journal.pmed.1003751
http://dx.doi.org/10.1210/clinem/dgab003
http://dx.doi.org/10.1210/clinem/dgab003
http://dx.doi.org/10.1186/s12933-022-01468-x
http://dx.doi.org/10.1016/j.numecd.2023.10.034
http://dx.doi.org/10.1016/j.numecd.2023.10.034
http://dx.doi.org/10.1371/journal.pmed.1003636
http://dx.doi.org/10.1186/s12199-020-00878-1
http://dx.doi.org/10.1089/chi.2019.0307
http://dx.doi.org/10.1038/s41390-023-02709-9
http://dx.doi.org/10.3389/fpubh.2023.1164556
http://dx.doi.org/10.3390/children8060449
http://dx.doi.org/10.1016/j.mayocp.2019.05.026
http://dx.doi.org/10.1016/j.jpeds.2013.10.064
http://dx.doi.org/10.1038/s41569-023-00847-5
http://dx.doi.org/10.2337/dbi23-0005
http://dx.doi.org/10.3390/ijms24076382
http://dx.doi.org/10.1136/bmjdrc-2019-001126
http://dx.doi.org/10.1136/bmjdrc-2019-001126
http://dx.doi.org/10.1002/hep.31018
http://dx.doi.org/10.1186/s12889-024-19685-2
http://dx.doi.org/10.1186/s12889-024-19685-2
http://dx.doi.org/10.1001/jamanetworkopen.2024.51837
http://dx.doi.org/10.1001/jamanetworkopen.2024.51837
http://dx.doi.org/10.31586/gjcd.2025.1198

	Sex differences in associations between body composition and cardiometabolic indicators in Chinese children: a cross-­sectional study
	Abstract
	Introduction﻿﻿
	Methods
	Study design and participants
	Data collection
	Questionnaire

	Physical examination data
	Blood pressure (BP) measurements
	Multifrequency bioelectrical impedance analysis (MFBIA)
	Biochemical measurements
	Classification standards and definitions
	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	Limitations

	Conclusion
	References


