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Abstract: To investigate the associations between body fat percentage (BF%) with childhood blood
pressure (BP) levels and elevated BP (EBP) risks, and further examine the validity of bioelectrical
impedance analysis (BIA), we conducted a cross-sectional study of 1426 children and adolescents
aged 7–17 years in Beijing, 2020. EBP, including elevated systolic BP (ESBP) and elevated diastolic
BP (EDBP), was defined based on the age- and sex-specific 90th BP reference values of children
and adolescents in China. BF% was measured by dual-energy X-ray absorptiometry (DEXA) and
BIA devices, and was divided into four quartiles. Log-binomial models were applied to calculate
odds ratios (ORs) and 95% confidence intervals (95%CI). Girls tended to have higher BF% levels
than boys (p < 0.05). There was 41.0% of girls who developed EBP. High BF% was associated with
increased BP levels with ORs of 0.364 (95%CI = 0.283–0.444) for SBP, 0.112 (95%CI = 0.059–0.165) for
DBP, and 1.043 (95%CI = 1.027–1.059) for EBP, while the effects were more pronounced in girls and
older-aged children. BIA devices agreed well with BF% assessment obtained by DEXA. High BF%
might have negative effects on childhood BP. Convenient measurements of body fat might help to
assess childhood obesity and potential risks of hypertension.

Keywords: body fat; elevated blood pressure; dual-energy X-ray absorptiometry; bioelectrical
impedance analysis; childhood

1. Introduction

The global prevalence of hypertension or elevated blood pressure (EBP) in children
was on a long-term upward trend, seriously endangering health [1]. Blood pressure (BP) in
childhood will physiologically increase with age, and will still not be basically stable until
adulthood. Previous studies had found that the mendelian inheritance can be confirmed in
approximately 20% of families [2] and 60% of twin studies [3] in familial hypertension cases.
Hypertension has caused a serious disease burden in China, and is associated with adverse
cardiac changes, adipose tissue factor changes, and vascular damage [4]. The increase in
BP is affected by multiple factors, such as excessive intake of salt, reduced physical activity,
and excessive psychological stress, which could further account for the development of
hypertension [5]. Overweight and obesity has been recognized as the most important risk
factor for hypertension. People who are overweight and obese tend to accumulate too
much fat and to be at risk of hypertension [6].

The current research on body fat and BP in children and adolescents in China mainly
uses body mass index (BMI) as the evaluation standard, and rarely involves diversified
body fat content components. However, a single BMI index cannot well-predict body fat
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distribution and the risk of related metabolic diseases [7], such as hypertension. Therefore,
the health problems caused by body fat distribution should be paid more attention to.
High body fat percentage (BF%) has been shown to be a cardiovascular risk factor among
children and adults’ populations [8]. A cohort study including medical check-up examinees
aged 20 years or older found that high BF% (76–100th percentile) was related with a high
incidence of hypertension, compared to low BF% (1–25th percentile) [9]. In addition, in a
study with inclusion of children and adolescents aged 6 to 16 years, the control of body fat
mass index (FMI) or fat mass percentage (FMP) below P70 contributed to the decline of
BP levels and blood glucose metabolism abnormalities by 8.53% to 43.24% [10]. Allowing
for the physiological increase of children’s BP and the prevalence of hypertension with
the increase of obesity, it is rather crucial to establish the associations between the actual
body fat composition and BP for the guidance of hypertension prevention and reasonable
control of body fat in children.

At present, the techniques most commonly applied to assess body composition are
underwater weighing, dual-energy X-ray absorptiometry (DEXA), bioelectrical impedance
analysis (BIA), and computer tomography (CT). The DEXA was considered to be the gold
standard for body composition measurement, since it can measure body composition more
accurately with advantages of stability and repeatability [11,12]. However, limitations do
exist as the DEXA is costly, non-portable, and often necessitates training by a licensed
technician due to the existence of certain radioactivity. BIA has evolved to include the
use of multiple frequencies and impedance measurements to improve the accuracy and
reliability of body composition estimates [13]. BIA is relatively simple, portable, and
noninvasive [14,15]. Unlike underwater weighing or DEXA, BIA does not require total
body submersion in water or exposure to radiation. In addition, multifrequency BIA
machines (e.g., InBody770) have been developed for assessing segmental and total body
composition [16]. Therefore, it is necessary to investigate the reliability and validity of
different BIA devices before initiation of field studies on pediatric body composition.

This cross-sectional study of Chinese children and adolescents (age 7–17 years) aims to
examine the accuracy and validity of two portable BIA devices by comparing their results
with those from DEXA measurements, and further estimate the association between BF%
with BP levels and EBP risks across gender and age.

2. Materials and Methods
2.1. Study Population

Data were obtained from a cross-sectional study conducted in children and adolescents
from Beijing of China in 2020. The design adopted a stratified cluster random sampling
method, and selected all the participants from four schools, including elementary school,
junior high school, and high school. A pre-survey was conducted first and a total of
1426 children and adolescents aged 7–17 years were invited to participate in the project.
For the inclusion and exclusion criteria, the school doctor introduced the research purpose
and content of the project to all the children and adolescents and their parents in detail,
and the investigation was carried out only after the students and their parents signed the
informed consent. The research of this project has been reviewed and approved by the
Ethics Committee of Peking University (Number: IRB00001052-20024).

2.2. Data Collection and Measurements

The research content included general body measurements and a simple questionnaire
survey. General body measurements included measurements of height, weight, waist
circumference, blood pressure, and body composition, which were carried out by profes-
sionally trained medical examiners. Before conducting the survey, the spreads were carried
out, and all the questionnaire questions were strictly checked. The questionnaire was
distributed by the project team through the school doctors to the parents of the students
before the physical examination (or through an online questionnaire), with the exception
of children at third grade or under primary school, who completed the questionnaires at
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home with their primary guardian. The teacher collected the completed questionnaire
on the day of the physical examination and handed it over to the project team members.
Child-reported questionnaires collected included birth date, gender, vegetable and fruits
consumption, smoking habits, alcohol drinking, sleeping duration, and mid–high sports
hours. The age was calculated as (date of examination—date of birth)/365.25, and we
divided the age into three groups (7–12 years, 13–15 years, and 16–17 years). Generally,
these three age groups represented the primary school stage (grade 1 to 6), middle school
stage (grade 1 to 3), and middle high school stage (grade 1 to 3) in China.

Height was measured by using a uniform and calibrated mechanical stadiometer
(model TZG, Jiangyin No. 2 Medical Equipment Factory, Jiangsu, China), with an accuracy
of 0.1 cm. At the same time, the participants were standing straight and barefoot. Weight
was measured by using a uniform and calibrated electronic scale (model RGT-140, Shanghai
Dachuan Electronic Weighing Apparatus Co. Ltd., Shanghai, China) to the nearest 0.1 kg
while subjects were wearing short clothes and standing naturally in the center of the weight
measuring plate to keep the body stable. According to the instructions for use, we checked
its working status, accuracy, and sensitivity before use. Waist, bust, and hip circumferences
were measured using myotape (MT05 by AccuFitness, Green Village, Colorado, USA) to
the nearest 0.1 cm, taking measurements in pairs. Blood pressure was measured using a
unified medical electronic sphygmomanometer certified by the national standard scheme,
mercury sphygmomanometers (model XJ11D, Shanghai Medical Instruments Co. Ltd.,
Shanghai, China), and stethoscopes (model TZ-1, Shanghai Medical Instruments Co. Ltd.,
Shanghai, China). Participants were asked to measure the right arm and sit quietly for at
least 5 min before the first reading. Systolic blood pressure (SBP) was determined by onset
of the first Korotkoff sound and diastolic blood pressure (DBP) was determined by the fifth
Korotkoff sound.

Body composition was measured by professional medical personnel using a GE
Healthcare Lunar iDXA dual-energy X-ray bone densitometer in accordance with the
standard use process and program requirements described by the instrument, scanning the
whole body and collecting images. The participants were placed as required, lying flat on
the scanning bed, with the body in the middle of the instrument, with the thumb facing
up, and the palm facing but not touching the leg. In addition, all BIA measurements were
performed by trained research assistants, where six-frequency eight-electrodes (InBody770,
Biospace, Seoul, Korea) and dual-frequency eight-electrodes (Huawei scale 3 Pro, Huawei,
Shenzhen, China) BIA machines were adopted to measure children’s body composition.

All measurements were logically checked before examination. During each on-site
physical examination, a special person was assigned to conduct on-site supervision to
ensure that the measurement methods and records of each measurement index were correct
and standardized.

2.3. Definitions of EBP, Body Fat Percentage, and Adjusted Factors

The averages of SBP and DBP values were calculated by two measurements. According
to the national reference of EBP in China [17], ESBP (elevated systolic blood pressure) and
EDBP (elevated diastolic blood pressure) were defined as average measured SBP and DBP
greater than or equal to the 90th percentile (on the basis of age, sex, and height percentiles),
respectively. EBP was defined as ESBP or EDBP of children and adolescents. BF% was
divided into quartiles based on the P25, P50, and P75 cutoff value among participants of this
study. According to the quartile method, we divided the BF% into Q1 (1–25th percentile),
Q2 (26–50th percentile), Q3 (51–75th percentile), and Q4 (76–100th percentile).

Some confounding factors were also included in this study, such as cigarette smoking
(yes/no), alcohol consumption (yes/no), and so on. We also adjusted for some eating
habits, sleeping time, and exercise time. The vegetables and fruits intake were calculated
as: daily intake = (frequency (days per week) × daily servings)/7. The daily middle and
high physical activity time = frequency (days per week) × duration (hours per time). Daily
sleeping time was based on the Pittsburgh Sleep Scale.
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2.4. Statistical Analysis

All analyses were performed with R version 3.5.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria). Continuous variables were expressed by mean values and standard
deviations, and categorical variables were expressed by numbers and percentages. We
used a scatter plot to intuitively estimate the correlation between BF% and BP level among
boys and girls. Bland–Altman plots were created using mean and the difference to predict
the limits of agreement of body fat mass and BF% between DEXA and dual-frequency BIA
machine measurements. Multivariate linear models were applied to calculate incident rates
and 95% confidence intervals (95% CI) for BP level and risk of EBP. We also assessed the
prevalence of EBP, ESBP, and EDBP and their associations (odds ratios (ORs)) with BF%
by Log-binomial models. All models were adjusted for age, gender, vegetables and fruits
intake, whether smoking and drinking or not, sleeping, and middle and high physical
activity time. Furthermore, gender- and age-stratified analyses were conducted to evaluate
the potential differences. We considered the associations to be statistically significant when
the two-sided p-value was less than 0.05.

2.5. Sensitivity Analysis

To detect the similarity or difference between BF% measured by DEXA and two BIA
devices, and to evaluate its associations with BP level and EBP risks, we performed sensi-
tivity analyses based on the same samples and regression models. Pearson’s correlation
was used to assess the correlations between body fat mass measured, while controlling
for potential confounders. Overall, good correlation between body fat mass obtained by
DEXA and assessed by the six-frequency BIA machine (InBody770) was observed (r = 0.982,
p < 0.001), and the correlation between body fat mass obtained by DEXA and estimated by
the dual-frequency BIA machine (Huawei scale 3 Pro) was r = 0.973, p < 0.001. Since it is
convenient for children and adolescents at home, for simplicity, this study selected body
composition measured by the dual-frequency BIA machine (Huawei scale 3 Pro) to estimate
the associations between BF% with BP level and EBP risks for the sensitivity analysis.

3. Results

At the baseline, the mean age of the 1426 participants was 11.96 ± 3.10 years and mean
BMI was 20.44 ± 4.70 kg/m2, and the mean body fat percentage was 29.36% ± 8.22%
with the median of 29.60 (23.80–35.40). There were 717 boys (50.30%) and 709 girls
(49.70%) (Table 1). Using the method of DEXA, boys tended to have lower body fat
mass (14.45 ± 8.63) than girls (15.85 ± 7.85), and similar trends were found with the two
BIA devices (six-frequency and dual-frequency). Unsurprisingly, gender differences of BF%
were also observed, and girls were prone to have higher BF% than boys, whether it was
measured by DEXA or BIA devices (all p ≤ 0.001). Boys tended to have higher SBP (sitting
position) compared with girls (p = 0.001), while no significant differences were observed
for DBP (sitting position) between boys and girls (p = 0.269). In addition, boys had a high
risk of EBP (p = 0.001) and high ESBP (p < 0.001), while girls were prone to have high EDBP
(p = 0.001).

Table 1. General characteristics of included participants.

Overall Boys Girls t Value p-Value *

Total (n (%)) 1426 717 (50.3) 709 (49.7)
Anthropometrics and age

Height (cm) 154.08 ± 15.61 156.57 ± 17.19 151.56 ± 13.38 96.063 <0.001
Weight (kg) 50.07 ± 18.22 52.4 ± 19.84 47.72 ± 16.11 30.359 <0.001

BMI (kg/m2) 20.44 ± 4.70 20.64 ± 4.76 20.24 ± 4.64 0.059 0.808
Waist circumference (cm) 70.49 ± 12.02 72.65 ± 12.63 68.29 ± 10.94 10.917 0.001
Chest circumference (cm) 77.54 ± 12.90 77.97 ± 12.80 77.09 ± 13.00 0.040 0.842
Hip circumference (cm) 87.42 ± 24.73 87.10 ± 12.80 87.75 ± 32.63 0.585 0.445
Age (year), mean ± SD 11.96 ± 3.10 11.94 ± 3.12 11.98 ± 3.09 0.024 0.876

7–12 years 745 (52.2) 380 (53.0) 365 (51.5)
13–15 years 455 (31.9) 220 (30.7) 235 (33.1) 1.035 0.596
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Table 1. Cont.

Overall Boys Girls t Value p-Value *

16–17 years 226 (15.8) 117 (16.3) 109 (15.4)
DEXA

Body fat mass (kg) 15.15 ± 8.28 14.45 ± 8.63 15.85 ± 7.85 −3.199 0.001
Median (P25, P75) 13.49 (8.83, 19.20) 12.08 (8.17, 18.25) 14.48 (9.97, 20.00)

Body fat percentage (%) 29.36 ± 8.22 26.90 ± 8.83 31.85 ± 6.69 −11.931 <0.001
Median (P25, P75) 29.60 (23.80, 35.40) 26.00 (20.50, 33.60) 31.50 (27.20, 36.40)

Six-frequency BIA machine
Body fat mass (kg) 13.39 ± 8.79 12.41 ± 8.82 14.39 ± 8.66
Median (P25, P75) 11.40 (6.60, 17.40) 9.90 (6.20, 16.10) 13.10 (7.80, 19.00) −4.279 <0.001

Body fat percentage (%) 25.26 ± 9.40 22.54 ± 9.33 28.00 ± 8.65 −11.454 <0.001
Median (P25, P75) 24.70 (17.90, 32.30) 21.20 (15.10, 29.70) 28.20 (21.50, 34.20)

Dual-frequency BIA machine
Body fat mass (kg) 13.96 ± 8.85 13.03 ± 8.82 14.89 ± 8.78 −3.999 <0.001
Median (P25, P75) 12.16 (7.28, 18.33) 10.68 (6.56, 16.97) 13.41 (8.14, 19.52)

Body fat percentage (%) 26.07 ± 9.19 23.46 ± 9.08 28.70 ± 8.54 −11.210 <0.001
Median (P25, P75) 25.88 (19.28, 32.47) 22.50 (16.55, 29.97) 28.81 (22.97, 35.00)

Blood pressure level
SBP, sitting position (mmHg) 115.77 ± 13.09 117.76 ± 13.76 113.76 ± 12.05 10.770 0.001
DBP, sitting position (mmHg) 68.33 ± 7.80 67.85 ± 7.59 68.81 ± 7.98 1.221 0.269

BP (n (%))
Normal BP 780 (54.7) 362 (50.5) 418 (59) 10.317 0.001
Elevated BP 646 (45.3) 355 (49.5) 291 (41)
SBP (n (%))
Normal SBP 810 (56.8) 373 (52) 437 (61.6) 13.428 <0.001
Elevated SBP 616 (43.2) 344 (48) 272 (38.4)
DBP (n (%))
Normal DBP 1234 (86.5) 643 (89.7) 591 (83.4) 12.230 0.001
Elevated DBP 192 (13.5) 74 (10.3) 118 (16.6)

BMI: body mass index; DEXA: dual-energy X-ray absorptiometry; BIA: bioelectrical impedance analysis; SBP: systolic blood pressure; DBP:
diastolic blood pressure. * p-value for comparison between boys’ and girls’ estimates was based on t-tests for continuous variables and
chi-square tests for categorical variables.

Figure 1 showed multivariable relationships of SBP and DBP with body fat percentage
among boys and girls. It was clear that the associations were pronounced among the total
population (SBP: r = 0.089, p < 0.001; DBP: r = 0.089, p < 0.001), but the effects were more
significant when we restricted to girls (SBP: r = 0.309, p < 0.001; DBP: r = 0.185, p < 0.001),
rather than boys (SBP: r = 0.035, p = 0.345; DBP: r = −0.01, p = 0.776).

As shown in Figure 2, based on Bland–Altman plots, although within the limits of
agreement (mean ± 1.96 (SD)), the values less than a mean of 2.03% body fat mass were
over-predicted and the values above 2.73% were under-predicted with the DEXA and dual-
frequency BIA machine measurements. A similar trend was observed for BF%, where most
of the participants were within the limits of agreement (2.24% BF% were over-predicted,
1.40% were under-predicted).

The association between BF% and the incidence of BP level across gender and age
is shown in Tables 2 and 3. As continuous variables, high body fat percentage was
associated with increased SBP (β = 0.364, 95% CI = 0.283–0.444) or DBP (β = 0.112,
95% CI = 0.059–0.165) levels, the effects were more pronounced in girls and those with
older ages. We next divided all subjects into four groups by the quartiles of BP levels
and estimated the associations by using the corresponding lowest quartile as a reference.
Graded associations between BP categories and high BF% were found. In particular, signif-
icantly increased risks of high BF% were observed for the highest quartile of SBP both for
different gender (β = 8.094, 95% CI = 6.243–9.945) and those older-aged children (β = 12.376,
95% CI = 6.764–17.988). Similar associations detected by the dual-frequency BIA device
are described in Supplementary Tables S1 and S2.
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Table 2. Association between body fat percentage (%) and incidence of blood pressure level among boys and girls.

Overall Boys Girls

DEXA
SBP

Continuous 0.364 (0.283, 0.444) ** 0.420 (0.313, 0.527) ** 0.470 (0.342, 0.599) **
Q1 Reference Reference Reference
Q2 1.229 (−0.605, 3.063) 1.524 (−0.817, 3.864) 2.725 (−0.443, 5.893)
Q3 3.310 (1.466, 5.154) ** 4.934 (2.432, 7.436) ** 4.276 (1.177, 7.376) *
Q4 8.094 (6.243, 9.945) ** 9.769 (7.260, 12.277) ** 9.276 (6.152, 12.399) **

p-value for trend <0.001 <0.001 <0.001
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Table 2. Cont.

Overall Boys Girls

DBP
Continuous 0.112 (0.059, 0.165) ** 0.089 (0.020, 0.157) * 0.166 (0.077, 0.256) **

Q1 Reference Reference Reference
Q2 −0.145 (−1.351, 1.060) 0.081 (−1.418, 1.581) −0.233 (−2.435, 1.970)
Q3 0.349 (−0.863, 1.561) −0.135 (−1.737, 1.468) 0.835 (−1.320, 2.991)
Q4 2.593 (1.377, 3.810) ** 3.019 (1.412, 4.626) ** 2.503 (0.331, 4.674) *

p-value for trend <0.001 0.012 <0.001

* p < 0.05; ** p < 0.001 Model was adjusted for age, gender, vegetable consumption, fruit consumption, smoking habits, alcohol drinking,
sleeping duration, and mid–high sports hours.

Table 3. Association between body fat percentage (%) and incidence of blood pressure level among different age groups.

7–12 years 13–15 years 16–17 years

DEXA
SBP

Continuous 0.392 (0.279, 0.506) ** 0.520 (0.379, 0.662) ** 0.688 (0.459, 0.918) **
Q1 Reference Reference Reference
Q2 1.836 (−0.617, 4.29) 2.000 (−1.27, 5.269) 5.342 (0.563, 10.120) *
Q3 2.743 (0.248, 5.238) * 7.282 (3.965, 10.599) ** 8.935 (3.873, 13.997) *
Q4 9.116 (6.658, 11.574) ** 11.326 (7.920, 14.732) ** 12.376 (6.764, 17.988) **

p-value for trend <0.001 <0.001 <0.001
DBP

Continuous 0.115 (0.038, 0.193) * 0.132 (0.041, 0.223) * 0.184 (0.018, 0.349) *
Q1 Reference Reference Reference
Q2 0.254 (−1.436, 1.944) −1.279 (−3.368, 0.810) 1.147 (−2.203, 4.498)
Q3 0.168 (−1.551, 1.887) 0.346 (−1.773, 2.466) 2.216 (−1.333, 5.765)
Q4 2.83 (1.137, 4.523) * 3.007 (0.831, 5.182) * 2.727 (−1.208, 6.661)

p-value for trend 0.004 0.005 0.031

* p < 0.05; ** p < 0.001 Model was adjusted for age, gender, vegetable consumption, fruit consumption, smoking habits, alcohol drinking,
sleeping duration, and mid–high sports hours.

The ORs and 95% CI of BF% and the risks of EBP, ESBP, and EDBP by gender and
age are shown in Figures 3 and 4. In both boys and girls, high BF% was significantly
related with higher ORs (OR > 1, p < 0.05) for EBP and ESBP compared with the normal BP
group, whether considering body fat percentage as a continuous or categorical variable.
As for different age groups, the ORs of body fat percentage for EBP and ESBP among
7–12-year-old participants were relatively low, and among 16–17-year-old participants
reached the highest level, with the OR values of 1.121 (1.051, 1.196) and 1.137 (1.063, 1.216),
respectively. Additionally, high BF% measured by the dual-frequency BIA device was
positively related with EBP, ESBP, and EDBP (Supplementary Tables S3 and S4).
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4. Discussion

In this study, girls tended to have higher BF% and body fat mass than their boy
counterparts. Increased BF% was positively associated with BP levels, EBP, and ESBP
risks, after adjusting for various potential confounding factors, and these effects were more
significant in girls and older-aged children. Besides, BIA devices agreed well with the BF%
assessment obtained by DEXA.

In the present study, the risk of having EBP increased with increasing levels of BF%, but
ESBP and body weight shared the highest correlation. These results were similar with the
results of earlier studies, in which excess BF% was used to examine the relationship between
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BP and adiposity in children and adolescents [18,19]. One study conducted that increasing
BF% was significantly associated with the increased risk of hypertension, even in non-obese
individuals [20]. Particularly, previous studies found that high SBP was frequently related
to higher adiposity in children [21,22]. One study showed several anthropometric variables
(including stature, weight, BMI, waist circumference (WC), triceps, subscapular, gluteal
skinfold thicknesses, and percentage body fat) that were significantly correlated with SBP in
the children in Eastern Cape province, South Africa [23]. In a group of Barbadian children,
BMI z scores were also independently correlated with SBP across both boys and girls [24].
Furthermore, further studies are warranted to determine the most vulnerable BP index that
is associated with high BF%.

Some underlying mechanisms could account for the fact that the associations of the
body composition measurements with BP were inconsistent for SBP and DBP in the stages
of childhood and adolescence. Previous studies suggested that the root cause of high
SBP in subjects with obesity was primarily due to a combination of factors that raise
systemic vascular resistance [25]. The coordinated appearance of insulin resistance and
high BP in obese individuals led several authors to hypothesize that insulin resistance is
one of the major determinants of increased systemic vascular resistance in obesity [25].
In support of the theory above, Sinaiko found a relationship between fasting insulin and
SBP among children and adolescents [26]. Insulin could cause hypertension through
stimulation of the sympathetic nervous system, an increase in renal sodium retention,
modulation of calcium transport, and consequent induction of hypertrophy of vascular
smooth muscle [27]. However, DBP is determined by the elasticity and resistance of arteries.
Aging lowers DBP because arterial elasticity decreases. Exposure to obesity early in life
may induce changes in the arteries, contributing to the development of atherosclerosis
in adulthood [28]. A recent study suggested that increased intima media thickening
occurred more in obese children [29], and probably produces decreased vascular elasticity
in adolescents which then tracks into adulthood [30]. These findings may partially explain
why adiposity measures are not related to DBP in adolescents in our study, and indicate
that higher BF% may represent an insulin resistance to raise systemic vascular resistance,
and contribute to EBP and especially ESBP in children and adolescents.

There are anthropometric, metabolic, and cardiovascular differences between boys
and girls prior to the appearance of any external signs of puberty. The fact that the girls
had higher BMI levels than boys is consistent with expectations since women possess more
sex-specific fat than men at virtually all ages [31,32]. The mechanisms of the observed
gender differences are not clear at present, though as expected, girls classified themselves as
less active compared to boys [33]. Ayyavoo and colleagues indicated that girls had higher
adrenal androgen concentrations and greater adiposity than boys throughout childhood,
which accounted for the differences in insulin sensitivity [34]. Apart from this, increased
fat mass was also likely associated with higher nocturnal BP in girls [34]. Differences
in lifestyles (including diet habits, outdoor activities, etc.) may also account for the sex
difference in the associations of BF% with BP, so the potential sex-specific associations
need to be elucidated further. Another significant finding for the present study is that
the relationship between BF% and BP was more significant in the older children than in
the younger children. This result is consistent with the literature and suggests that older
children had higher values of body composition [35]. More importantly, previous studies
indicated that the associations between central fat and BP increase as children mature [36].
Therefore, the current study indicated that more attention should be paid to girls and older
children, who may be more vulnerable to high BF%.

The results of our preliminary study indicated the reliability of six-frequency or dual-
frequency BIA machines, and these could be used to mirror BF%. They were non-invasive,
inexpensive, and applicable measurements using these BIA devices, that were superior
methods for the estimation of total body composition. A previous study suggested that
multi-frequency devices could lead to better precision than single-frequency, because
they might be less subject to error caused by redistribution of total body water between
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extracellular water and intracellular water [37]. This statement was further supported by
research that has shown that multi-frequency BIA devices have better agreement with
reference techniques such as DEXA than single-frequency devices among school-aged
children [38]. Therefore, the application of a BIA method for mirroring childhood BF% may
be a viable alternative to the DEXA, especially for similar kinds of school-based surveillance.
However, prior studies using BIA devices have demonstrated suitable estimates of body
composition, despite underestimating fat mass and overestimating fat-free mass in adults
when compared to DEXA [39,40]. Therefore, further studies are necessary to confirm our
findings in different ethnic groups from other parts of the world.

The main strengths of our study include the usage of DEXA, a previously validated
measure of BF% in pediatric populations [41]. Additionally, we compared BIA machines
with DEXA measurements, and proposed the accuracy of multi-frequency BIA devices.
However, certain limitations should be considered. The sample size was not large enough,
which limited the extrapolation of the conclusion. Additionally, when assessing adiposity
during childhood and adolescence, even considering age adjustments, different pubertal
stages and hormonal changes should also be considered as a determinant or confounding
variable, and therefore the absence of this data could be considered in the following study.
When measuring with DEXA, the patient is exposed to radiation, and this method is
expensive and time-consuming. An alternative simple method such as BIA measurement
appears to be a useful and feasible tool, only if it is used in the same ethnic group, same age,
with the same device [42,43]. In addition, it was stated that BIA devices may prevent the
incorrect diagnosis of obesity as determined by BMI alone, especially during the pubertal
period [44].

This observation has important clinical and public health implications. Excessive body
fat is detrimental to body health and physical performance. A higher body fat percentage
indicated a higher level of cardiovascular risks, such as hypertension demonstrated in
our study, dyslipidemia, and type 2 diabetes [45–47]. As obesity has become a serious
public health problem affecting children, it is important to accurately monitor the body
composition of children in order to safeguard against future health diseases. These findings
underscore the importance of accurately examining childhood obesity in relation to the
functional outcomes. Thus, the high BF% observed in this study has implications for the
early prevention of cardiovascular diseases. Intensive and precise intervention programs
should be instituted in schools to prevent and control possible excessive body fat among
school-aged children and adolescents, and more attention should be paid to girls and
older-aged children, who might be more vulnerable to high BF%.

5. Conclusions

We underscore the importance of accurately examining childhood obesity in relation
to the functional outcomes. Thus, the high BF% observed among the children in this
study has implications for the early prevention of cardiovascular diseases. Intensive
and precise public health programs should be instituted in schools to monitor the body
composition among school-aged children and adolescents, and more attention should be
especially paid to girls and older children. In addition, BIA devices agreed well with the
BF% assessment obtained by DEXA. Convenient measurements of body fat might help
to acutely assess childhood obesity and potential risks of hypertension and related early
cardiovascular diseases.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.339
0/ijerph18179254/s1, Table S1: Association between body fat percentage (%) and incidence of blood
pressure level among boys and girls, Table S2: Association between body fat percentage (%) and
incidence of blood pressure level among different age groups, Table S3: Association between body
fat percentage (%) and risk of EBP, ESBP, and EDBP among boys and girls, Table S4: Association
between body fat percentage (%) and risk of EBP, ESBP, and EDBP among different age groups.

https://www.mdpi.com/article/10.3390/ijerph18179254/s1
https://www.mdpi.com/article/10.3390/ijerph18179254/s1


Int. J. Environ. Res. Public Health 2021, 18, 9254 12 of 14

Author Contributions: Conceptualization, all authors; methodology, M.C. and J.L.; software, M.C.;
validation, M.C., J.L., and Y.M.; formal analysis, Y.L., D.G., L.C., and T.M.; investigation, Y.L., D.G.,
L.C., and T.M.; resources, J.M. and Y.D.; data curation, Y.D.; writing—original draft preparation, M.C.
and J.L.; writing—review and editing, Y.M., Y.L., D.G., L.C., and T.M.; visualization, Y.D.; supervision,
J.M.; project administration, J.M. and Y.D. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Medical Ethical Committee of Peking University
Health Science Center (IRB No. IRB00001052-20024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: The data supporting the conclusions of this article will be made
available by the authors, without undue reservation.

Acknowledgments: The authors would like to thank all the members of the research team who
participated in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bruyne, P.; Walle, J. Management of hypertension in children and adolescents. Acta Clin. Belg. 2015, 70, 87–94. [CrossRef]
2. Ruppert, V.; Maisch, B. Genetics of human hypertension. Herz 2003, 28, 655–662. [CrossRef] [PubMed]
3. Singh, M.; Singh, A.; Pandey, P.; Chandra, S.; Singh, K.; Gambhir, I. Molecular genetics of essential hypertension. Clin. Exp.

Hypertens. 2016, 38, 268–277. [CrossRef] [PubMed]
4. Khoury, M.; Urbina, E. Hypertension in adolescents: Diagnosis, treatment, and implications. Lancet Child Adolesc. Health 2021, 5,

357–366. [CrossRef]
5. Desai, A. High Blood Pressure. JAMA 2020, 324, 1254–1255. [CrossRef] [PubMed]
6. Seravalle, G.; Grassi, G. Obesity and hypertension. Pharmacol. Res. 2017, 122, 1–7. [CrossRef] [PubMed]
7. Goossens, G. The Metabolic Phenotype in Obesity: Fat Mass, Body Fat Distribution, and Adipose Tissue Function. Obes. Facts

2017, 10, 207–215. [CrossRef]
8. Kim, J.; Han, S.; Yang, B. Implication of high-body-fat percentage on cardiometabolic risk in middle-aged, healthy, normal-weight

adults. Obesity 2013, 21, 1571–1577. [CrossRef]
9. Saito, Y.; Takahashi, O.; Arioka, H.; Kobayashi, D. Associations between body fat variability and later onset of cardiovascular

disease risk factors. PLoS ONE 2017, 12, e0175057. [CrossRef]
10. Li, H.; Cheng, H.; Hou, D.; Gao, A.; Zhu, Z.; Yu, Z.; Wang, H.; Zhao, X.; Xiao, P.; Huang, G.; 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.

11. Borga, M.; West, J.; Bell, J.; Harvey, N.; Romu, T.; Heymsfield, S.; Dahlqvist Leinhard, O. Advanced body composition assessment:
From body mass index to body composition profiling. J. Investig. Med. 2018, 66, 1–9. [CrossRef] [PubMed]

12. Syed-Abdul, M.; Soni, D.; Barnes, J.; Wagganer, J. Comparative analysis of BIA, IBC and DXA for determining body fat in
American Football players. J. Sports Med. Phys. Fitness 2021, 61, 687–692. [CrossRef]

13. Lee, S.; Ahn, S.; Kim, Y.; Ji, M.; Kim, K.; Choi, S.; Jang, H.; Lim, S. Comparison between Dual-Energy X-ray Absorptiometry and
Bioelectrical Impedance Analyses for Accuracy in Measuring Whole Body Muscle Mass and Appendicular Skeletal Muscle Mass.
Nutrients 2018, 10, 738. [CrossRef] [PubMed]

14. Wingo, B.; Barry, V.; Ellis, A.; Gower, B. Comparison of segmental body composition estimated by bioelectrical impedance
analysis and dual-energy X-ray absorptiometry. Clin. Nutr. ESPEN 2018, 28, 141–147. [CrossRef] [PubMed]

15. Stone, T.; Wingo, J.; Nickerson, B.; Esco, M. Comparison of Bioelectrical Impedance Analysis and Dual-Energy X-Ray Absorp-
tiometry for Estimating Bone Mineral Content. Int. J. Sport Nutr. Exerc. Metab. 2018, 28, 542–546. [CrossRef]

16. Ramírez-Vélez, R.; Tordecilla-Sanders, A.; Correa-Bautista, J.; González-Ruíz, K.; González-Jiménez, E.; Triana-Reina, H.; García-
Hermoso, A.; Schmidt-RioValle, J. Validation of multi-frequency bioelectrical impedance analysis versus dual-energy X-ray
absorptiometry to measure body fat percentage in overweight/obese Colombian adults. Am. J. Hum. Biol. 2018, 30, e23071.
[CrossRef]

17. Dong, Y.; Ma, J.; Song, Y.; Dong, B.; Wang, Z.; Yang, Z.; Wang, X.; Prochaska, J. National Blood Pressure Reference for Chinese
Han Children and Adolescents Aged 7 to 17 Years. Hypertension 2017, 70, 897–906. [CrossRef] [PubMed]

18. Rodrigues, P.; Pereira, R.; Gama, A.; Carvalhal, I.; Nogueira, H.; Rosado-Marques, V.; Padez, C. Body adiposity is associated with
risk of high blood pressure in Portuguese schoolchildren. Rev. Port. Cardiol. Engl. Ed. 2018, 37, 285–292. [CrossRef] [PubMed]

http://doi.org/10.1179/2295333714Y.0000000092
http://doi.org/10.1007/s00059-003-2516-6
http://www.ncbi.nlm.nih.gov/pubmed/14689098
http://doi.org/10.3109/10641963.2015.1116543
http://www.ncbi.nlm.nih.gov/pubmed/27028574
http://doi.org/10.1016/S2352-4642(20)30344-8
http://doi.org/10.1001/jama.2020.11289
http://www.ncbi.nlm.nih.gov/pubmed/32960243
http://doi.org/10.1016/j.phrs.2017.05.013
http://www.ncbi.nlm.nih.gov/pubmed/28532816
http://doi.org/10.1159/000471488
http://doi.org/10.1002/oby.20020
http://doi.org/10.1371/journal.pone.0175057
http://doi.org/10.1136/jim-2018-000722
http://www.ncbi.nlm.nih.gov/pubmed/29581385
http://doi.org/10.23736/S0022-4707.21.11278-2
http://doi.org/10.3390/nu10060738
http://www.ncbi.nlm.nih.gov/pubmed/29880741
http://doi.org/10.1016/j.clnesp.2018.08.013
http://www.ncbi.nlm.nih.gov/pubmed/30390872
http://doi.org/10.1123/ijsnem.2017-0185
http://doi.org/10.1002/ajhb.23071
http://doi.org/10.1161/HYPERTENSIONAHA.117.09983
http://www.ncbi.nlm.nih.gov/pubmed/28923902
http://doi.org/10.1016/j.repc.2017.09.016
http://www.ncbi.nlm.nih.gov/pubmed/29685850


Int. J. Environ. Res. Public Health 2021, 18, 9254 13 of 14

19. Al-Sendi, A.; Shetty, P.; Musaiger, A.; Myatt, M. Relationship between body composition and blood pressure in Bahraini
adolescents. Br. J. Nutr. 2003, 90, 837–844. [CrossRef] [PubMed]

20. Park, S.; Ryoo, J.; Oh, C.; Choi, J.; Chung, P.; Jung, J. Body fat percentage, obesity, and their relation to the incidental risk of
hypertension. J. Clin. Hypertens. 2019, 21, 1496–1504. [CrossRef]

21. Chiolero, A.; Madeleine, G.; Gabriel, A.; Burnier, M.; Paccaud, F.; Bovet, P. Prevalence of elevated blood pressure and association
with overweight in children of a rapidly developing country. J. Hum. Hypertens. 2007, 21, 120–127. [CrossRef]

22. Zampetti, S.; Campagna, G.; Lucantoni, F.; Marandola, L.; D’Onofrio, L.; Chiesa, C.; Pacifico, L.; Vania, A.; Buzzetti, R.; Leto, G.
Wrist circumference is associated with increased systolic blood pressure in children with overweight/obesity. Hypertens. Res.
2018, 41, 193–197. [CrossRef] [PubMed]

23. Gomwe, H.; Seekoe, E.; Lyoka, P.; Marange, C. The relationship between body composition and blood pressure among primary
school children in Eastern Cape province, South Africa. Afr. J. Prim. Health Care Fam. Med. 2019, 11, e1–e6. [CrossRef]

24. Gaskin, P.; Hall, R.; Chami, P.; St John, M.; Gaskin, D.; Molaodi, O.; Harding, S. Associations of blood pressure with body
composition among Afro-Caribbean children in Barbados. PLoS ONE 2015, 10, e0121107. [CrossRef] [PubMed]

25. Torrance, B.; Mcguire, K.; Lewanczuk, R.; McGavock, J. Overweight, physical activity and high blood pressure in children: A
review of the literature. Vasc. Health Risk Manag. 2007, 3, 139–149.

26. Sinaiko, A.; Donahue, R.; Jacobs, D.; Prineas, R. Relation of weight and rate of increase in weight during childhood and
adolescence to body size, blood pressure, fasting insulin, and lipids in young adults. The Minneapolis Children’s Blood Pressure
Study. Circulation 1999, 99, 1471–1476. [CrossRef] [PubMed]

27. Cruz, M.; Huang, T.; Johnson, M.; Gower, B.; Goran, M. Insulin sensitivity and blood pressure in black and white children.
Hypertension 2002, 40, 18–22. [CrossRef]

28. Raitakari, O.; Juonala, M.; Kähönen, M.; Taittonen, L.; Laitinen, T.; Mäki-Torkko, N.; Järvisalo, M.; Uhari, M.; Jokinen, E.; Rön-
nemaa, T. Cardiovascular risk factors in childhood and carotid artery intima-media thickness in adulthood: The Cardiovascular
Risk in Young Finns Study. JAMA 2003, 290, 2277–2283. [CrossRef]

29. Reinehr, T.; Kiess, W.; De Sousa, G.; Stoffel-Wagner, B.; Wunsch, R. Intima media thickness in childhood obesity: Relations to
inflammatory marker, glucose metabolism, and blood pressure. Metabolism 2006, 55, 113–118. [CrossRef]

30. Raitakari, O.; Juonala, M.; Viikari, J. Obesity in childhood and vascular changes in adulthood: Insights into the Cardiovascular
Risk in Young Finns Study. Int. J. Obes. (Lond.) 2005, 29, S101–S104. [CrossRef]

31. Ochiai, H.; Shirasawa, T.; Nishimura, R.; Morimoto, A.; Shimada, N.; Ohtsu, T.; Kujirai, E.; Hoshino, H.; Tajima, N.; Kokaze, A.
Relationship of body mass index to percent body fat and waist circumference among schoolchildren in Japan–the influence of
gender and obesity: A population-based cross-sectional study. BMC Public Health 2010, 10, 493. [CrossRef]

32. Cole, Z.; Harvey, N.; Kim, M.; Ntani, G.; Robinson, S.; Inskip, H.; Godfrey, K.; Cooper, C.; Dennison, E. Increased fat mass is
associated with increased bone size but reduced volumetric density in prepubertal children. Bone 2012, 50, 562–567. [CrossRef]

33. Schmidt, G.; Stensel, D.; Walkuski, J. Blood pressure, lipids, lipoproteins, body fat and physical activity of Singapore children. J.
Paediatr. Child Health 1997, 33, 484–490. [CrossRef]

34. Ayyavoo, A.; Derraik, J.; Hofman, P.; Biggs, J.; Cutfield, W. Metabolic, cardiovascular and anthropometric differences between
prepubertal girls and boys. Clin. Endocrinol. 2014, 81, 238–243. [CrossRef]

35. Brandon, L.; Fillingim, J. Body composition and blood pressure in children based on age, race, and sex. Am. J. Prev. Med. 1993, 9,
34–38. [CrossRef]

36. Rosentahl, J.; Labarthe, D.; Selwyn, B.; Soberon, G. The blood pressure study in Mexican children: Distribution and correlation of
blood pressure in adolescent Mexican girls. Int. J. Epidemiol. 1992, 21, 40–47. [CrossRef]

37. Moon, J. Body composition in athletes and sports nutrition: An examination of the bioimpedance analysis technique. Eur. J. Clin.
Nutr. 2013, 67, S54–S59. [CrossRef]

38. Lee, L.; Liao, Y.; Lu, H.; Hsiao, P.; Chen, Y.; Chi, C.; Hsieh, K. Validation of two portable bioelectrical impedance analyses for the
assessment of body composition in school age children. PLoS ONE 2017, 12, e0171568.

39. Gába, A.; Kapuš, O.; Cuberek, R.; Botek, M. Comparison of multi- and single-frequency bioelectrical impedance analysis with
dual-energy X-ray absorptiometry for assessment of body composition in post-menopausal women: Effects of body mass index
and accelerometer-determined physical activity. J. Hum. Nutr. Diet 2015, 28, 390–400. [CrossRef]

40. Faria, S.; Faria, O.; Cardeal, M.; Ito, M. Validation study of multi-frequency bioelectrical impedance with dual-energy X-ray
absorptiometry among obese patients. Obes. Surg. 2014, 24, 1476–1480. [CrossRef]

41. Wells, J.; Fuller, N.; Dewit, O.; Fewtrell, M.; Elia, M.; Cole, T. Four-component model of body composition in children: Density
and hydration of fat-free mass and comparison with simpler models. Am. J. Clin. Nutr. 1999, 69, 904–912. [CrossRef]

42. Kyle, U.; Earthman, C.; Pichard, C.; Coss-Bu, J. Body composition during growth in children: Limitations and perspectives of
bioelectrical impedance analysis. Eur. J. Clin. Nutr. 2015, 69, 1298–1305. [CrossRef]

43. Kreissl, A.; Jorda, A.; Truschner, K.; Skacel, G.; Greber-Platzer, S. Clinically relevant body composition methods for obese pediatric
patients. BMC Pediatr. 2019, 19, 84. [CrossRef]

44. Yilmaz, D.; Inan, G.; Karakas, S.; Buyukozturk-Karul, A.; Sonmez, F. Obesity and its diagnostic methods in Turkish Children.
Eurasia J. Med. 2012, 44, 94–98. [CrossRef]

http://doi.org/10.1079/BJN2003963
http://www.ncbi.nlm.nih.gov/pubmed/14552329
http://doi.org/10.1111/jch.13667
http://doi.org/10.1038/sj.jhh.1002125
http://doi.org/10.1038/s41440-017-0006-0
http://www.ncbi.nlm.nih.gov/pubmed/29335612
http://doi.org/10.4102/phcfm.v11i1.2000
http://doi.org/10.1371/journal.pone.0121107
http://www.ncbi.nlm.nih.gov/pubmed/25815726
http://doi.org/10.1161/01.CIR.99.11.1471
http://www.ncbi.nlm.nih.gov/pubmed/10086972
http://doi.org/10.1161/01.HYP.0000019972.37690.EF
http://doi.org/10.1001/jama.290.17.2277
http://doi.org/10.1016/j.metabol.2005.07.016
http://doi.org/10.1038/sj.ijo.0803085
http://doi.org/10.1186/1471-2458-10-493
http://doi.org/10.1016/j.bone.2011.05.005
http://doi.org/10.1111/j.1440-1754.1997.tb01656.x
http://doi.org/10.1111/cen.12436
http://doi.org/10.1016/S0749-3797(18)30765-7
http://doi.org/10.1093/ije/21.1.40
http://doi.org/10.1038/ejcn.2012.165
http://doi.org/10.1111/jhn.12257
http://doi.org/10.1007/s11695-014-1190-5
http://doi.org/10.1093/ajcn/69.5.904
http://doi.org/10.1038/ejcn.2015.86
http://doi.org/10.1186/s12887-019-1454-2
http://doi.org/10.5152/eajm.2012.22


Int. J. Environ. Res. Public Health 2021, 18, 9254 14 of 14

45. Escobedo-de, L.A.; Peña, J.; Ramírez-Hernández, J.; Fernández-Ramos, M.; González-Figueroa, E.; Champagne, B. Body Fat
Percentage Rather than Body Mass Index Related to the High Occurrence of Type 2 Diabetes. Arch. Med. Res. 2020, 51, 564–571.
[CrossRef]

46. Zeng, Q.; Dong, S.; Sun, X.; Xie, J.; Cui, Y. Percent body fat is a better predictor of cardiovascular risk factors than body mass
index. Braz. J. Med. Biol. Res. 2012, 45, 591–600. [CrossRef]

47. Serrano, N.; Suarez, D.; Silva, A.; Gamboa-Delgado, E.; Quintero-Lesmes, D. Association between body fat mass and car-
diometabolic risk in children and adolescents in Bucaramanga, Colombia. Int. J. Pediatr. Adolesc. Med. 2019, 6, 135–141.
[CrossRef]

http://doi.org/10.1016/j.arcmed.2020.05.010
http://doi.org/10.1590/S0100-879X2012007500059
http://doi.org/10.1016/j.ijpam.2019.06.004

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collection and Measurements 
	Definitions of EBP, Body Fat Percentage, and Adjusted Factors 
	Statistical Analysis 
	Sensitivity Analysis 

	Results 
	Discussion 
	Conclusions 
	References

