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Abstract

Background: The aim of this study was to assess the associations of body fat distribution and lean body mass (LBM)
with blood pressure (BP) in normal-weight Chinese children and adolescents.

Methods: A total of 898 normal-weight Chinese children and adolescents, aged 10-18 years, were included this
cross-sectional study via a cluster sampling method. The bioelectrical impedance analysis (BIA) was used to measure
body composition. The participants were measured for blood pressure (BP) using a calibrated electronic sphygmoma-
nometer according to the standard method by the "American Hypertension Education Project Working Group".

Results: Body composition was related to abnormal BP in normal-weight children and adolescents. After the model
adjusted for age, smoking, and drinking, regression analysis showed that fat mass percentage (FMP) was negatively
associated with abnormal BP, while LBM was positively associated with abnormal BP in boys(P < 0.05). Whereas FMP
and visceral fat level (VFL) were positively associated with abnormal BP in girls (P < 0.05).

Conclusions: There are sex differences in the relationships between total body fat, visceral fat and lean body mass
with abnormal BP in normal-weight youths. Therefore, it is of great significance to pay attention to the relative influ-
ence of the body composition of the boys and girls in the prevention and treatment of hypertension in youths.
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Background

The prevalence of hypertension in children and adoles-
cents is increasing worldwide over time. A meta-analysis
of 301 articles showed that elevated BP in childhood early
could lead to hypertension in adulthood, which is consid-
ered to be a main risk factor for the worldwide burden of
cardiovascular diseases (CVDs) [1], and it has caused mil-
lions of deaths and disability-adjusted life years in recent
years [2]. Notably, some studies with large sample sizes
(e.g., 58,899 adolescents) showed that prevalence of ele-
vated blood pressure (BP) and high BP are also increasing
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in Chinese children and adolescents [3-5]. Elevated BP
was defined as SBP/DBP>90th (or>120/80 mm Hg)
and < 95th percentile by sex, age, and height; high BP was
defined as SBP/DBP > 95th percentile by sex, age, and
height [6].

Higher body mass index (BMI) has been illustrated to
be strongly associated with elevated BP and high BP [7].
Another cross-sectional study of a large sample of 58,899
adolescents from China, America and five other coun-
tries also showed that a normal range BMI was associated
with an increased risk of elevated BP [3]. The reasons for
this are uncertain, and they may be related to the limita-
tions of BMI itself. BMI is a general indicator for assess-
ing overall obesity, but it cannot distinguish between
body fat distribution and lean body mass (LBM). This is
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important because different fat distribution indicators
have different effects on BP [8]. Therefore, it may help
explain why normal weight adolescents are still at health
risk after investigating the body fat distribution or LBM
has a greater impact on BP in children and adolescents
with normal BMIL

There are two different but representative indicators
of body fat distribution: fat mass percentage (FMP) and
visceral fat level (VFL, indicating that visceral adipose tis-
sue includes intra-abdominal, perirenal and pericardial
adipose tissue) [9], which reflect the proportion of total
body fat and visceral fat respectively, and are linked to
abnormal BP [10-12]. Furthermore, not only is excess fat
associated with abnormal BP, but LBM is also connected
[13]. However, the contribution of these risk indicators
to the development of abnormal BP in normal-weight
children and adolescents is unknown. Abnormal BP was
defined as SBP or DBP > 90th percentile by age, sex and
height according to the Chinese reference standard for
BP in children and adolescents [14].

Therefore, the aim of this study was to assess the asso-
ciations of body composition with abnormal BP in nor-
mal-weight children and adolescents, and differences in
body composition between adolescent boys and girls.

Methods

Study participants

A cross-sectional study was designed to collect data
from 1175 children and adolescents aged 10-18 years,
who were selected from three junior schools and two
high schools in China between 2017 and 2019 by clus-
ter sampling. Schools were first chosen by a convenient
sampling method, then grades, classes were randomly
selected from each grade in the survey (a total of 11
whole classes from the three junior high schools and 29
from the three high schools) The sample siz¢ was calcu-
lated based on the following formula: n = Z dxf %(a is the
significance level, p is the prevalence of elevated BP [15],
d is the tolerance error and Z is the significance test sta-
tistic; a=0.05, p=16.3%, d=0.15p, q=1-p), assuming
a non-response rate of 15% and a final required sample
size of approximately #n=1009, this study ultimately sur-
veyed 1175 children and adolescents. All study subjects
participated in questionnaires, anthropometric measure-
ments and body composition examinations. Of the 1175
participants who participated in this study, a total of 898
normal-weight (52.2% boys) samples were remained in
the final analysis after excluding 277 participants with
overweight (n=216) and obesity (n=61). The study was
conducted according to the standards of the Declara-
tion of Helsinki and approved by the Ethics Committee
of Ningxia Medical University (2021-G053), all meth-
ods were performed in accordance with the relevant
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guidelines and regulations. Informed consent was signed
by all participants and their parents/ guardians.

General information

Data for the study were collected by trained staff at each
selected school according to the measurement criteria of
each instrument. The questionnaire was self-filled and
consisted mainly of demographic characteristics (sex,
age, date of birth, smoking and drinking, etc.). It should
be noted the classification of smoking were: 0. Never
smoked; 1. Try to smoke (try to smoke, even if it’s just
one or two); 2. Recently smoked (have smoked at least
1 cigarette in the past 30 days), and the classification of
drinking are:0. Never drink alcohol; 1. Try to drink alco-
hol (have drunk at least half a bottle or a can of beer, a
small cup of liquor, etc.); 2. Drinking alcohol now (in the
past 30 days, at least a glass of alcohol has been drunk
one day). Height and weight were measured using a
mechanical stadiometer (Model: ZH7082) and an elec-
tronic scale (Model: RGT-140). Both were measured
twice and averaged for inclusion in the final analysis, to
an accuracy of 0.1 cm and 0.1 kg for height and weight
respectively. The height, weight and waist circumfer-
ence were measured according to the requirements of the
"2014 National Student Physical Fitness and Health Sur-
vey Manual" [16]. Height measurement: the subjects were
barefoot, the torso was naturally straight, and the eyes
were straight ahead. The upper limbs drooped naturally
and the legs were straightened. Bring the heels together,
and the toes were separated by about 45 degrees. The
heel and sacrum and between the shoulder blades were
in contact with the upright post, forming a "three points
and one line" standing posture. Weight measurement: the
subjects stood barefoot and naturally stood in the center
of the weight scale pedal to keep the body stable. When
measuring the waist circumference (WC), the subjects
stood naturally with their feet 30—40 cm apart, and place
a nylon tape measured between the upper hip bone and
the lower thoracic cavity (usually the natural narrowest
part of the waist), at the end of normal expiration, around
the abdomen in a horizontal direction twice, took the
average to an accuracy of 0.1 cm. BMI was calculated as
weight divided by the squared of height (kg/m?). Normal
weight was defined as the reference standard for over-
weight and obesity in children and adolescents as recom-
mended by the International Obesity Task Force (IOTF):
BMI < international cut off points for BMI for overweight
and obesity by age and sex [17].

BP Measurements and body fat composition examinations
Blood pressure (BP) was measured using a calibrated
electronic sphygmomanometer (Model: OMRON HEM-
7012, Omron Healthcare, Kyoto, Japan) according to the
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standard method by the "American Hypertension Edu-
cation Project Working Group" [18]. A suitable cuff was
chosen for the measurement (7 cm, 9 cm, 12 c¢m, etc. for
BP measurement in children and adolescents) and the
subject was seated facing the measurer and BP was meas-
ured on the right upper arm with the elbow at the same
level as the sphygmomanometer and the heart. Systolic
BP (SBP) and diastolic BP (DBP) were measured three
times at 1-min intervals, and the average of the last two
readings was recorded for the final analysis (a third meas-
urement was taken if the difference between the first
two blood pressure values exceeded 10 mm Hg (1 mm
Hg=0.133 kPa)).

The participants were assessed for body composi-
tion using bioelectrical impedance analyzer (Model:
InBody-370, Biospace of Korea, Seoul, Korea). Under
the condition of fasting condition, the test subject stood
barefoot on the instrument, stepped on the designated
electrodes on both sides of the forefoot and heel respec-
tively, held the handle and relaxed the whole body, waited
for the instrument to automatically complete the test,
and completed the calculation based on the measured
resistance rate and generate a test report. In this study,
body fat mass (BFM), fat mass percentage (FMP, calcu-
lated as BFM divided by total body mass), visceral fat
level (VFL), VEL/EMP ratio (indicating the degree of
visceral fat deposition in the body) and lean body mass
(LBM) were included in the final analysis.

Statistical analysis

In this study, statistical analyses were accomplished by
SPSS 26.0. Sex-stratified analyses were conducted. Con-
tinuous variables were described by mean (standard devi-
ation), discrete variables by median (25th percentile,75th
percentile), and categorical variables were calculated by
frequencies and percentages. For normal variables, sex
differences were tested by t-test and differences between
quartiles by ANOVA; For skewed variables, differences
between groups were tested by Mann—Whitney U-test,
and categorical variables with y* test. A binary logistic
regression analysis was performed with FMP, VFL, VFL/
FMP ratio and LBM as independent variables and abnor-
mal BP as the dependent variable. Model 1 was a separate
regression model for various body composition indexes
and abnormal BP, and Model 2 to Model 5 were regres-
sion models with different body composition variables
included simultaneously in the corresponding equations,
respectively. All models were adjusted for age, smoking
and drinking (with an additional adjustment for sex in
the total population). The OR values and their 95% Cls
for abnormal BP risk per 1-SD increase in the above indi-
cators were estimated. P<0.05 was regarded as statisti-
cally significant.
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Results

The main characteristics of the study subjects are shown
in Table 1. Overall, a total of 898 (52.2% boys) normal-
weight children and adolescents were included in the
final analysis, of whom 19.0% were detected with abnor-
mal BP (45.6% boys). Boys had higher age, weight, height,
SBP and LBM than girls, but lower BMI, WC, BFM, FMP,
VFL and VFL/FMP ratio respectively (P<0.05), and dif-
ferences in smoking and drinking between the boys and
girls (P<0.05).

The relationships between mean BP z-scores and differ-
ent quartiles of body composition variables were found
in both boys and girls (Table 2). Boys with a higher FMP
instead had lower SBP z-scores compared to boys with a
lower FMP(P<0.05). The difference in SBP z-scores and
DBP z-scores between the different VFL/FMP quartiles
in the total population and girls (except for DBP z-scores)
were statistically significant, with higher VFL/EMP
groups also having higher SBP z-scores(P<0.05). In addi-
tion, Table 2 shows the increasing trend in SBP z-scores
with the quartiles of LBM in both genders (P <0.05).

Table 3 presented the odd ratios (OR) with 95%CI for
body composition variables with abnormal BP. When
variables were separately included in the regression
model, LBM in boys, FMP and VFL in girls were posi-
tively associated with abnormal BP, respectively (Model
1, P<0.05). FMP was negatively associated with abnormal
BP in boys when both FMP and VFL or VFL/FMP ratios
were included in the same adjusted models for confound-
ing factors (Model 2 and model 3, P<0.05). In contrast,
when both LBM and FMP or VFL included in the same
adjusted models for confounding factors, LBM was posi-
tively associated with abnormal BP in boys, whereas FMP
and VFL were positively associated with abnormal BP in
girls (Models 4 and model 5, P<0.05).

Discussion

Based on the data from 898 children and adolescents
of different middle and high schools, we examined the
association between body composition and abnormal
BP among normal-weight children and adolescents. The
results show that after adjusting for confounding fac-
tors, when both FMP and VFL or VFL/EMP ratio were
included, FMP was negatively associated with abnormal
BP in normal-weight boys; whereas when both LBM and
FMP or VFL were included, LBM was positively associ-
ated with abnormal BP in normal-weight boys, but FMP
and VFL were positively associated with abnormal BP in
normal-weight girls, respectively. These results suggest
that body fat percentage, visceral fat and lean body mass
play different roles in abnormal blood pressure for nor-
mal-weight boys and girls, respectively.
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Table 1 Characteristics of the study participants
Characteristics Total Boys Girls p-value
N (%) 898(100) 469(52.2) 429(47.8)
Age, years 15.1(2.1) 15.3(2.0) 14.9(2.2) 0.004
Weight, kg 53.5(8.5) 56.0(9.3) 50.8(6.5) <0.001
Height, cm 167.1(8.8) 171.2(9.0) 162.5(5.8) <0.001
BMI, kg/m2 19.1(2.0) 19.0(2.0) 19.2(2.0) 0.019
WC, cm 70.9(5.9) 70.3(6.0) 71.6(5.7) 0.001
Blood pressure
SBP. mm Hg 111.4(10.0) 113.9(10.3) 108.5(8.8) <0.001
DBP, mm Hg 68.1(7.3) 67.9(7.4) 68.3(7.1) 0.460
Abnormal BP n (%) 171(19.0) 78(45.6) 93(54.4) 0.054
Body fat variables
BFM, kg® 10.1(6.8,13.7) 74(5.5,10.2) 12.8(10.3,16.3) <0.001
FMP, %° 19.2(13.0,25.7) 13.5(10.6,17.3) 25.6(21.4,29.5) <0.001
VFL® 4.0(2.0,5.0) 2.0(2.0,4.0) 5.0(4.0,6.0) <0.001
VFL/FMP? ratio, %° 19.2(13.0,22.3) 18.2(14.7,22.4) 19.6(17.5,22.3) <0.001
LBM, kg® 41.3(36.9,48.8) 48.5(43.3,53.1) 37.6(35.1,40.2) <0.001
Smoking, n (%)
Never 624(78.3) 259(64.0) 365(93.1) <0.001
Try 124(15.6) 100(24.7) 24(6.1)
Current 49(6.1) 46(11.4) 3(0.8)
Drinking, n (%)
Never 481(60.4) 205(50.9) 276(70.2) <0.001
Try 221(27.8) 134(333) 87(22.1)
Current 94(11.8) 64(15.9) 30(7.6)

Characteristics are shown as mean (SD), median (25th, 75th percentile) or n (%)

2 Skewed distribution; Abnormal BP, SBP/DBP > P, by sex, age and height; BFM Body fat mass, FMP Fat mass percentage, VFL Visceral fat level, VFL/FMP ratio, which
reflects the degree of visceral fat deposited, LBM Lean body mass; P-value denote result of t-test, x° test or Mann-Whitney non-parametric test between boys and girls

A study of 977 normal-weight participants (19.7%
men) from Canada showed that the elevated FMP is
at augmented risk of metabolic abnormality including
hypertension, and results remained significant after
further adjustment for WC [19]. Another study found
that high BMI, but not WC and FMP, was related to
high risk of hypertension in normal-weight youths [20].
Whereas we found that FMP was negatively associated
with abnormal blood pressure in boys after adjusting
for confounding factors, which is inconsistent with
the findings above. However, pausova et al. also found
that BP was less strongly and negatively associated
with total body fat in boys [21], which is similar to the
results of present study. It means that FMP may be a
protective factor for BP in normal-weight boys. In this
study, the protective mechanism of FMP on blood pres-
sure in boys may be related to subcutaneous fat: after
controlling their visceral fat with normal weight, the
subcutaneous fat in adiposity played an important role
in protecting blood pressure. Bidulescu et al. found that
subcutaneous adipose tissue of the abdominal appeared

as a protective fat depot in male [22]. A study from
China suggested that after adjustment for confound-
ing factors, leg fat mass to total fat mass was negatively
associated with BP in the non-obese subjects [23]. Leg
fat is consisted only of subcutaneous fat without vis-
ceral fat. Besides, some other studies also found that
higher leg fat mass is protective against cardiovascu-
lar risk factors and their clustered risk in children and
adolescents [24, 25]. This may partly explain that the
EMP of boys has a protective effect on BP. But more
research is needed to further elucidate the mechanisms
underlying subcutaneous fat against blood pressure and
even cardiovascular risk factors. At the same time, we
found that LBM was positively associated with abnor-
mal blood pressure in normal-weight boys. A previous
study showed that greater lean body mass index (LBMI)
was related to greater odds of high BP, independent of
FMI [26]. Another study also found that LBMI was a
better and more important predictor of BP than BMI in
British children, and that the use of LBMI rather than
BMI should be considered when considering the effect
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Table 2 Mean blood pressure z-scores across quartile of body fat distribution variables by sex
Q1 Q2 Q3 Q4 Pvalue
Boys
FMP 10.40(8.70,11.80) 15.50(14.20,17.20) 22.10(20.60,23.80) 29.10(27.85,32.50)
SBP Z-score 0.10(0.99) 0.00(1.01) -0.17(0.93) -0.88(0.42) 0.002
DBP Z-score -0.02(0.98) 0.09(1.04) -0.07(0.99) -0.43(0.49) 0.249
VFL 2.0(1.0,2.0) 3.0(3.04.0) 5.0(5.0,5.0) 7.0(6.0,9.0)
SBP Z-score 0.05(0.98) -0.05(1.03) 0.14(0.95) -0.42(0.83) 0.104
DBP Z-score -0.01(1.00) -0.03(0.96) 0.25(1.07) -0.18(0.90) 0.305
VFL/FMP 13.29(10.75,14.93) 17.54(16.81,18.18) 20.83(20.07,21.52) 25.06(23.55,27.16)
SBP Z-score -0.12(1.00) -0.01(0.93) 0.02(1.10) 0.15(0.92) 0.162
DBP Z-score -0.08(1.01) -0.06(0.94) -0.03(1.03) 0.19(0.95) 0.124
LBM 32.30(29.55,34.15) 39.30(38.15,40.35) 45.75(43.70.47.50) 53.40(51.10,56.30)
SBP Z-score -0.54(0.68) -0.16(0.95) -0.03(1.11) 0.16(0.92) <0.001
DBP Z-score -0.16(0.80) -0.07(1.02) -0.02(1.13) 0.06(0.91) 0.525
Girls
FMP 12.30(11.75,12.60) 17.05(15.75,18.25) 22.85(21.30,24.60) 29.80(27.80,32.10)
SBP Z-score -0.30(1.48) 0.02(0.76) 0.00(0.98) 0.00(1.04) 0.886
DBP Z-score -040(1.15) -0.12(0.88) -0.07(0.96) 0.11(1.03) 0.173
VFL 2.0(2.0,2.0) 4.0(3.0,4.0) 5.0(5.0,5.0) 7.0(6.0,8.0)
SBP Z-score -0.27(1.02) -0.03(0.91) -0.07(1.03) 0.10(1.03) 0.299
DBP Z-score -0.41(1.05) -0.07(0.93) -0.04(1.01) 0.15(1.02) 0.055
VFL/FMP 15.21(14.25,15.92) 18.08(17.15,18.62) 20.44(19.92,21.54) 24.56(23.35,26.32)
SBP Z-score -0.01(1.00) -0.20(0.97) 0.13(0.99) 0.08(0.98) 0.048
DBP Z-score -0.06(1.03) -0.14(0.98) 0.08(0.98) 0.09(0.98) 0.216
LBM 34.80(32.90,35.90) 38.75(37.80,40.00) 43.60(42.40,44.88) 50.20(48.90,50.75)
SBP Z-score -0.11(0.99) -0.03(0.98) 0.40(0.87) -0.11(2.03) 0.004
DBP Z-score 0.01(1.00) -0.09(0.95) 0.19(1.07) 0.25(0.84) 0.240
Total
FMP 10.5(8.7,11.9) 15.9(14.4,17.5) 22.7(21.1,24.5) 29.8(27.8,32.1)
SBP Z-score 0.09(1.00) 0.00(0.95) -0.04(0.96) -0.06(1.04) 0.395
DBP Z-score -0.03(0.98) 0.03(1.00) -0.07(0.97) 0.07(1.01) 0.467
VFL 2.0(1.0,2.0) 4.0(3.04.0) 5.0(5.05.0) 7.0(6.0,8.0)
SBP Z-score 0.02(0.98) -0.04(0.97) -0.00(1.00) 0.03(1.02) 0.871
DBP Z-score -0.04(1.01) -0.05(0.94) 0.05(1.04) 0.10(1.00) 0.335
VFL/FMP 14.0(11.5154) 17.8(17.0,18.5) 20.7(20.0,21.5) 24.9(23.5,26.6)
SBP Z-score -0.09(1.00) -0.12(0.96) 0.08(1.04) 0.12(0.95) 0.002
DBP Z-score -0.08(1.02) -0.11(0.97) 0.04(1.00) 0.14(0.96) 0.034
LBM 34.35(32.50,35.80) 38.90(37.90,40.10) 44.85(43.30,47.00) 53.40(51.00,56.30)
SBP Z-score -0.20(0.95) -0.06(0.98) 0.10(1.06) 0.16(0.94) 0.001
DBP Z-score -0.02(0.97) -0.09(0.96) 0.04(1.11) 0.06(0.90) 0.365

Data are shown as mean (SD); P-values indicate differences in mean BP values across quartiles of body fat distribution variables by ANOVA

of weight status on BP [12]. These findings above were
similar to our result.

Notably, FMP and VFL were positively associated
with abnormal blood pressure among girls respec-
tively, which were different from boys. This is simi-
lar to the findings of Malden et al. and others [27, 28].
Other studies also suggested that fat mass and lean
mass may have a similar quantitative effect on BP in

healthy-weight girls [29-31]. However, we found that
the association between LBM and abnormal blood
pressure in girls was not significant after adjusting for
confounding factors, which is inconsistent with the
results of some studies. Some scholars have found that
visceral fat and LBM were positively associated with BP
in both boys and girls [27, 32, 33]. And another study
found that a high percentage of lean body mass was
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Table 3 The odd ratios (OR) with 95%Cl for body composition
variables with abnormal BP

variables Total boys girls
Model1
FMP 1.02(0.98-1.05) 0.97(0.92-1.02) 106(1.02-1.11)"
VFL 1.12(1.02-122)°  1.01(0.88-1.17) 1.22(1.07-1.39)"
VFL/FMPratio  1.02(1.00-1.03) 101(099-1.03)  1.10(1.03-1.17)"
LBM 0.99(0.96-1.02) 1.05(1.01-1.09)  1.03(0.97-1.10)
Model2
FMP 0.96(0.92-1.01) 0.94(0.88-100)°  1.00(0.91-1.10)
VFL 1220105142 1.16(096-140)  1.22(0.94-1.58)
Model3
FMP 091(084-099)°  084(0.73-097)"  1.12(0.89-1.39)
VFL 152(1.11-208)"  1.89(1.07-3.33)"  0.71(0.25-2.00)
VFL/FMP ratio  0.97(0.93-1.01) 095(0.90-1.01)  1.17(0.88-1.56)
Model4
LBM 104(1.01-1.08)  1.04(1.00-108)"  1.03(0.97-1.10)
FMP 1.02(0.99-1.08) 098(0.93-1.03)  1.06(1.02-1.12)"
Model5
LBM 104(100-107)°  1.05(1.01-1.09)°  1.01(0.95-1.08)
VFL 11101.02-122)°  1.01(087-1.17)  1.22(1.07-1.39)"

*P<0.05, **P<0.01. All models were adjusted for age, smoking and drinking (with
an additional adjustment for sex in the total population)

related to a low BP and low hypertension risk among
healthy Chinese children [34]. On the one hand, these
inconsistencies may be related to different popula-
tions, ethnicities, and regions as well as instruments for
measuring body composition. But on the other hand,
they may reflect the fact that differences between boys
and girls in adolescence may lead to different risks of
occurrence for abnormal BP through different distribu-
tion of body composition.

Regarding the sex difference in body composition,
the different health risks may be caused by the fol-
lowing reasons. Firstly, males have greater lean body
mass and mineral mass, a lower fat mass than females,
and girls start puberty earlier and suffer a much faster
pubertal transition than boys, then they possess rela-
tively greater total adiposity in the same period. This
sex difference in body composition are mainly traceable
to the function of sex steroid hormones in both boys
and girls, which drive the final stature during puber-
tal development [35]. Secondly, higher LBM is usually
associated with a high proportion of Type II and Type
IIx muscle fibres, and Type II muscle fibres not only
have the greatest capacity for muscle hypertrophy but
also are positively associated with the risk of resting BP.
Finally, several studies have shown that increased pro-
inflammatory activity and lipocalin of visceral fat are
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associated with risk of abnormal blood pressure and
that there are sex differences in each of these factors
[36—40]. Abdominal visceral fat had negatively associ-
ated with serum adiponectin concentrations in female
but not male [22]. Besides, sympathetic activation may
be an underlying link between visceral fat and hyper-
tension, and sympathetic activation differs in boys and
girls [10]. But the potential mechanisms underlying the
association between sex-specific body composition and
abnormal blood pressure remain unclear and further
research is needed to elucidate them.

The main strength is that the study focuses on nor-
mal-weight adolescents and the protective effect of fat
mass percentage on BP in boys after adjusting for vis-
ceral fat and the remaining confounders. However,
several limitations should be noted here. Firstly, the
study was based on a cross-sectional design and could
not assess the causal relationship between body com-
position and abnormal blood pressure. More cohort
studies are necessary to assess the long-term effects
of body composition and abnormal BP in children and
adolescents. Secondly, underweight study subjects were
not excluded according to the IOTF criteria. Thirdly,
the questionnaire lacks questions related to monthly
household income and parents’ occupations, so it is
impossible to assess the family socioeconomic status
of the study participants and to include them in our
analysis, which may affect our findings. Finally, other
regional fats were not involved, which may have over-
looked the effect of these regional fats on abnormal BP.

Conclusion

This cross-sectional study suggests that different body
composition is associated with blood pressure in nor-
mal-weight Chinese children and adolescents, and their
relative contributions varies between boys and girls.
Greater attention needs to be paid to the effect of the
body composition on blood pressure in both boys and
girls when screening for blood pressure abnormalities.
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