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Weight-to-height ratio and body roundness index are superior
indicators to assess cardio-metabolic risks in Chinese children
and adolescents: compared with body mass index and a body
shape index
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Objective: To assess the relationship between five anthropometric indicators, which includes body mass
index (BMI), weight-to-height ratio (WHtR), a body shape index (ABSI), ABSI-adolescents, and body
roundness index (BRI) in Chinese children and adolescents, and select which could better predict cardio-
metabolic risk factors (CMRFs).

Methods: Cross-sectional study with 1,587 participants aged 3 to 17 years. Five anthropometric indicators
were calculated according to weight, height and waist circumference (WC). Anthropometric measurements
and laboratory indicators were used to diagnose CMRF's, which included hypertension, dyslipidemia,
impaired fasting glucose and abdominal obesity. Partial correlation analysis was used to evaluate the
relationship among anthropometric indicators, area under the receiver operating characteristic curve (AUCs)
were used to compare the predict ability of each anthropometric indicators, the cut-off value, sensitivity,
specificity and Youden Index of each indicator were calculated.

Results: In 3-6 years old children, ABSI-adolescent positively correlated with WC (r=0.727, P<0.001),
BMI (r=0.218, P<0.001) and WHtR (r=0.752, P<0.001), and in 7-17 years old participants, the correlation
coefficients increased to 0.842, 0.563 and 0.850 (P<0.001), respectively. BRI were strong correlated with
BMI, WHtR and ABSI-adolescents in both age group (P<0.001). In 3-6 years group, the ROC analysis
showed that BMI and ABSI were significantly better in identifying hypertension in both genders, WHtR
and BRI were significantly better in identifying abdominal obesity in girls, but all of them were failed in
identifying dyslipidemia and hyperglycemia. In 7-17 years group, WHtR and BRI were significantly better
in identifying hypertension, dyslipidemia, abdominal obesity in both genders, BMI and ABSI performed
better in identifying hyperglycemia in girls.

Conclusions: In Chinese children aged 3—6 years, there is no indicator performed best in all the CMRFs,
in 7-17 years old teenagers, WHtR and BRI can be recommended to identify hypertension, dyslipidemia,
abdominal obesity and clustered CMRFs in both genders. However, ABSI showed weak discriminative

power.
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Introduction

Obesity as a well-known cardiometabolic diseases risk
factor, such as hypertension (1), dyslipidemia (2) and
diabetes (3). With the prevalence of obesity in children
and adolescents, obese-related cardiometabolic diseases
are increasing globally (4). Obesity in childhood is
associated with increased cardiometabolic risks (4-6). Body
mass index (BMI) as the most commonly used indicator
to assess obesity (7), still have limitations because of
cannot provide the information about fat distribution
and cannot distinguish fat accumulation from muscle (8).
Waist circumference (WC) can be used to evaluate
abdominal obesity; however, WC is highly related to BMI,
therefore, it’s difficult to consider the two as independent
risk factors (9). Furthermore, weight-to-height ratio
(WHtR) was considered as a superior and practical screen
tool of detecting cardio-metabolic risk factors (CMRFs)
in pediatric population (10,11), and WHtR >0.5 was
suggested as an increased risk for individuals (12).

"Two new anthropometric indicators, a body shape index
(ABSI) and body roundness index (BRI) were originally
developed by Krakauer ez /. (13) and Thomas er al. (14),
respectively. The authors have claimed that ABSI can be
used as a complementary to BMI to provide additional
risks caused by high WC, and appears to be a significant
risk factor for premature death, and Thomas ez 4/. claimed
BRI’s predictive ability for body fat percentage (% BF) and
visceral adipose tissue percentage (% VAT) is slighter higher
than BMI, WC and hip circumference. However, there are
few studies exploring the ability of ABSI and BRI to predict
CMRFs, research conclusions conflict in adults, (15-19) as
well as in children and adolescents (20-22). Considering
the difference between adolescents and adults, Xu ez /. (20)
used the data of 562 adolescents aged 10-17 years in the
2009 CHNS, updated the scaling exponents in ABSI, called
ABSI-adolescents. Taking these perspectives into account,
the aims of present study are: (I) assess the relationship
between five anthropometric indices (BMI, WHtR, ABSI,
ABSI-adolescents, BRI); (II) compare the capacity of
five anthropometric indices (BMI, WHtR, ABSI, ABSI-
adolescents, BRI) to identify single and clustered CMRFs
in children and adolescents. Compared with previous
studies, we not only included children aged 3 to 6 years, but
also added two new anthropometric indicators (ABSI and
BRI) into the comparation, which have not been evaluated
between 3 to 17 years old children and adolescents. We
present the following article in accordance with the STARD
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reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-21-479/rc).

Methods
Study design and participants

All data analyzed in the current study came from two
cross-sectional studies, respectively. Five hundred and
ten participants aged 3-6 years were obtained from the
project from January 2016 to the end of 2018, by typical
sampling, recruited all children in kindergartens (four
in total) in Chaoyang District, Beijing. After excluded
children who missed anthropometric and biochemical
data, 382 children were included in the present study. The
other part of participants of this study was collected from
the study between 2014 and 2016, by a stratified cluster
sampling method, one elementary school, one junior high
school and one high school were selected in Chaoyang
District, Beijing, and a total of 1,207 participants aged
6-17 years were recruited. After removed missing data on
anthropometric and biochemical indicators, 1,205 cases
were finally included in this study. Therefore, a total of
1,587 participants aged 3-17 were included in current
study.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study has
been approved by the Institutional Review Board and Ethics
Committee of Capital Institute of Pediatrics, China (No.
SHERLL 2015031). All participants and/or their parents
or guardians provided written informed consent before
participation.

Measurements

Anthropometric measurements include body weight, height,
WG, systolic blood pressure (SBP), diastolic blood pressure
(DBP). They were collected by trained staff following
standard procedures. Body weight, height and WC were
collected following technical stand for physical examination
for students (GB/T 26343-2010).

Body height and weight were measured by RGZ-120
without shoes and in light clothing after overnight fasting.
Standing height was to the nearest 0.1 cm, and body weight
was measured to the nearest 0.1 kg. WC was measured to
the nearest 0.1 cm at a point midway between the lowest
rib and the iliac crest in a horizontal plane using non-elastic
tape. All students’ height, weight and WC were measured
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twice. BMI was calculated as weight (kg) divided by the
square of the height (m), WHtR was calculated as WC (cm)
divided by the height (cm), ABSI was calculated according
to the following formula (13):

ABSI = we 1]

[(BMI*°)(Height™) ]

ABSI-adolescents was calculated according to the
following formula (20):

wcC

ABSI — adolescents = [(BMIOAS)X (Height0'55 )J (2]

BRI was calculated as follows (14):

27
(0.5><Height)2

wC )2

BRI =364.2-365.5x4|1— [

WC and height were expressed in meters.

SBP and DBP were measured on the right upper arm
in sitting position with appropriate cuff size by Omron
HBP1100 electronic blood pressure monitor, all the
subjects were asked sit quietly for at least 5 minutes before
the measurement. Repeat the measurement 3 times and the
mean of 3 measurements was used in analysis.

A fasting blood sample was collected by trained
examiners after 12 h overnight fast. Serum levels of
total cholesterol (T'C), triglyceride (T'G), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) and fasting plasma glucose (FPG)
were measured by the Capital Institute of Pediatrics
Laboratory (CNAS ISO-15189) with strict quality control.

Definitions of outcomes

Hypertension, hyperglycemia, dyslipidemia and abdominal
obesity are considered as CMRFs (23). Hypertension was
defined as SBP and/or DBP > the 95® percentile of blood
pressure of the same sex and age (24). Hyperglycemia was
defined as FPG >5.6 mmol/L (25). Abnormalities in any of
the following indicators were defined as dyslipidemia (26): (I)
TC >5.2 mmol/L; (I) in 0-9 age group, TG >1.1 mmol/L,
in 10-18 age group, TG =1.5 mmol/L; (III) LDL-C
>3.4 mmol/L; (IV) HDL-C <1.0 mmol/L. Abdominal
obesity was defined as WC > the 90" percentile of WC of
the same sex and age (27,28). The study major outcome,
clustered CMRFs, are defined as meeting at least three of
the above four items.

© Translational Pediatrics. All rights reserved.
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Statistical analysis

The general characteristics of the population were analyzed
according to age groups. Normally distributed variables
were expressed by means and standard deviations (SDs),
abnormally distributed variables were described by median
and the 25" percentile (Q1) to the 75" percentiles (Q3),
categorical variables were described by frequencies with
proportions. Baseline characteristics between groups were
compared by independent sample 7-test or Mann-Whitney
U test for continuous variables and the chi-squared test for
categorical variables. Partial correlation analysis was used to
evaluate the relationship among anthropometric indicators,
and the relationship among anthropometric indicators
and SBP, DBP, biochemical indicators. All the statistical
analysis mentioned above were accomplished by IBM SPSS
Statistics (version 25.0) and R (version 3.5.0).

ROC analysis was used to evaluate the predict ability of
different anthropometric indicators to identify CMRFs.
Area under the receiver operating characteristic curves
(AUCs) and 95% confidence interval (CI) were reported
to demonstrate the predictive ability of indicators more
intuitively. Difference among AUCs of indicators were
compared by using the algorithm suggested by DeLong ez
al. (29), the cut-off value, sensitivity, specificity and Youden
Index were provided by ROC analysis, and the optimal
cut-off value of each anthropometric indicator was based
on the maximum Youden Index. All the statistical analysis
mentioned above were accomplished by MedCalc (version
19.6.1).

All reported P values were 2-sided and <0.05 were
recognized as statistical significance.

Results
Characteristics of study participants

A total of 1,587 subjects aged 3-17 years were enrolled
in this study, considering children and adolescents are in
the growth and development stage, we divided the whole
study populations into two groups, namely, 3—6 years old
group as children and 7-17 years old group as adolescents,
and all of the baseline descriptive characteristics including
anthropometric measurements, biochemical variables
and prevalence of CMRFs were shown in 7able 1. The
prevalence of hypertension, high TC and hyperglycemia is
significantly higher in adolescent group than 3-6-year-old
children (P<0.05).

Transl Pediatr 2022;11(3):318-329 | https://dx.doi.org/10.21037/tp-21-479



Translational Pediatrics, Vol 11, No 3 March 2022

Table 1 Descriptive characteristics of study populations
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3-6 years (n=458) 7-17 years (n=1,129) P value
Age, years 5.3+1.0 12.3+3.1 <0.001***
Anthropometric measurements
Height (cm) 113.8+8.0 152.7+16.2 <0.001***
Weight (kg) 20.4+4.8 49.0+£17.9 <0.001***
WC (cm) 53.0+5.6 68.4+12.2 <0.001***
SBP (mmHg) 100.6+11.9 115.8+12.6 0.200
DBP (mmHg) 58.2+10.5 66.5+9.2 <0.001***
BMI (kg/m?) 15.62+2.20 20.36+4.55 <0.001***
WHtR 0.47+0.04 0.45+0.06 <0.001***
ABSI 0.08+0.004 0.07+0.005 0.004**
ABSI-adolescents 0.14+0.008 0.14+0.011 <0.001**
BRI 2.78+0.78 2.51+1.15 <0.001***
Biochemical indicators
TC (mmol/L) 4.2+0.8 4.4+0.8 0.491
TG (mmol/L) 0.7 (0.6,0.9) 0.7 (0.6,1.0) 0.577
HDL-C (mmol/L) 1.5+0.3 1.5+0.3 0.439
LDL-C (mmol/L) 2.5+0.6 2.4+0.7 0.160
FPG (mmol/L) 4.8+0.3 5.0+0.5 0.084
CMRFs
Hypertension, % 101 (22.1) 305 (27.0) 0.040*
Dyslipidemia, % 45 (19.2) 249 (22.3) 0.305
High TC, % 20 (8.5) 164 (14.7) 0.013*
High TG, % 14 (6.0) 75 (6.7) 0.684
Low HDL-C, % 12 (5.1) 40 (3.6) 0.262
High LDL-C, % 14 (6.0) 84 (7.5) 0.412
Hyperglycemia, % 1(0.4) 97 (8.7) <0.001***
Abdominal obesity, % 123 (27.1) 334 (29.6) 0.323
Clustered CMRFs, % 6 (2.6) 54 (4.8) 0.137

*, P<0.05; **, P<0.01; ***, P<0.001. WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass
index; WHtR, waist-to-height ratio; ABSI, a body shape index; ABSI-adolescents, ABSI for adolescents; BRI, body roundness index; TC,
total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting
plasma glucose; CMRF, cardio-metabolic risk factor. Clustered CMRFs: in the four items of hypertension, dyslipidemia, IFG and abdominal

obesity, meet three or more.

Correlation test

After adjusted age within each group, the correlation
among anthropometric indicators was listed in Tuble 2.
ABSI were negatively correlated with BMI in children

© Translational Pediatrics. All rights reserved.

(r=-0.284, P<0.001), while in adolescents, the two were not
correlated significantly. In 3-6 age group, ABSI-adolescents
were positively correlated with WC (r=0.727, P<0.001),
BMI (r=0.218, P<0.001) and WHtR (r=0.752, P<0.001),
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Table 2 Partial correlation coefficients among anthropometric indicators (adjusted for sex and age within each group)

3-6 years old

7-17 years old

WC BMI WHtR ABSI ABSI-adolescents WC BMI WHtR ABSI ABSI-adolescents

BMI 0.797*
WHtR 0.921™* 0.776™*
ABSI 0.319"* -0.284"* 0.337**

ABSl-adolescents  0.727** 0.218* 0.752** 0.870**

BRI 0.923** 0.789™* 0.997** 0.321**

0.738™*

0.893**
0.946™ 0.892***
0.410™* 0.001  0.408*
0.842* 0.563"* 0.850™* 0.821™*

0.944> 0.886™ 0.996™* 0.412** 0.849™*

** P<0.001. WC, waist circumference; BMI, body mass index; WHtR, waist-to-height ratio; ABSI, a body shape index; ABSI-adolescents,

ABSI for adolescents; BRI, body roundness index.

Table 3 Partial correlation coefficients between anthropometric indicators and biochemical indicators (adjusted for sex and age within each

group)
3-6 years old 7-17 years old
WC BMI WHtR  ABSI a dgfs?::nts BRI WC BMI WHtR ABSI a dgsssc:nts BRI

SBP 0.310** 0.350"** 0.234** -0.132* 0.050 0.246**  0.325™* 0.335** 0.283**  0.018 0.198**  0.282***
DBP 0.266** 0.298"* 0.228"* -0.087 0.068 0.240** 0.108™* 0.119** 0.122**  0.018 0.082**  0.127**
TC 0.131*  0.169* 0.170* -0.027 0.066 0.174** 0.053 0.053 0.080** 0.043 0.067* 0.087**
TG 0.125 0.129 0.136* 0.035 0.091 0.143*  0.373** 0.307*** 0.355"** 0.207**  0.346™* 0.356™*
HDL-C -0.123 -0.063 -0.120 -0.084 -0.126 -0.120 -0.381*** -0.351*** -0.354** -0.130** -0.305"** -0.345"**
LDL-C 0.176™ 0.142* 0.224* 0.094 0.179** 0.228*  0.253** 0.241** 0.267*  0.103** 0.222**  0.269***
FPG 0.151*  0.118 0.133* 0.025 0.097 0.126 0.096** 0.048 0.080**  0.104** 0.115*  0.079**

*, P<0.05; **, P<0.01; ***, P<0.001. WC, waist circumference; BMI, body mass index; WHtR, waist-to-height ratio; ABSI, a body shape
index; ABSI-adolescents, ABSI for adolescents; BRI, body roundness index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
TG, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting

plasma glucose; IFG, impaired fasting glucose.

and with age increased, the correlation coefficients
increased to 0.842, 0.563 and 0.850 (P<0.001), respectively.
For BRI, there were strong correlations among BRI and
WC, BMI, WHtR and ABSI-adolescents in both age group
(P<0.001).

Tauble 3 shows the correlation matrix between
anthropometric indicators and biomarkers. In children
group, both ABSI and ABSI-adolescents were not
significantly correlated with biomarkers, except ABSI
with SBP (r=-0.132, P<0.05) and ABSI-adolescents with
LDL-C (r=0.179, P<0.05), and BRI was not related to
HDL-C and FPG statistically. However, in adolescent
group, ABSI, ABSI-adolescents and BRI were significantly
correlated with most biomarkers, except ABSI with SBP,
DBP and TC.

© Translational Pediatrics. All rights reserved.

Comparison of AUCs for different indicators

The AUCs of anthropometric indicators for CMRFs in
different age groups were listed in 7able 4 and Table 5. In
3-6 years group, BMI, WHtR, ABSI-adolescents and BRI
showed excellent ability to identity clustered CMRFs in both
genders, while ABSI was failed to Identify high-risk children
from all the participants. In 7-17 years group, WHtR and
BRI showed the highest and equal AUCs in identifying
hypertension (0.71, 95% CI: 0.66-0.75 for boys, 0.61, 95%
CI: 0.55-0.66 for girls), dyslipidemia (0.65, 95% CI: 0.61-
0.70 for boys, 0.59, 95% CI: 0.53-0.64 for girls), abdominal
obesity (0.98, 95% CI: 0.97-0.99 for boys, 0.98, 95% CI:
0.96-0.99 for girls) and clustered CMRFs (0.85, 95% CI:
0.81-0.88 for boys, 0.86, 95% CI: 0.83-0.89 for girls).
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adolescents

0.91

0.91

3.55

0.97 (0.92, 0.99)*

0.72

0.72

2.86

0.89 (0.74, 1.00)*

BRI

significant when

compared with ABSI; ¢, significant when compared with ABSI-adolescents. BMI, body mass index; WHtR, waist-to-height ratio; ABSI, a body shape index; ABSI-
adolescents, ABSI for adolescents; BRI, body roundness index; CMRF, cardio-metabolic risk factor. Clustered CMRFs: in the four items of hypertension, dyslipidemia, IFG

and abdominal obesity, meet three or more.

c

¥, the highest AUC for every CMRF in each sex and age group. % significant when compared with BMI; °, significant when compared with WHtR;

Chen et al. Anthropometric indicators to identify CMRFs in pediatrics

In general, no matter in which age group, for clustered
CMREFs, the order of the recognition ability of the five
indicators was as follows: WHtR = BRI > BMI > ABSI-
adolescent > ABSI, and only ABSI showed significantly
difference between age groups (P<0.05, results not shown).
However, we also compared the difference between two
age groups, with the increased age, the AUCs in girls were
significantly different while in boys not (except ABSI).
While in the same age group, there was no significant
difference in the ability of each index to screen clustered
CMRFs between genders (P>0.05, results not shown).

Discussion

In the current cross-sectional study, we compared three new
anthropometric indicators (ABSI, ABSI-adolescents and
BRI) with BMI and WHtR for their usefulness in screening
single and clustered CMRFs. Our study demonstrated
that in two age groups, there is no significant difference
in the ability of BMI, WHtR and BRI to recognize
clustered CMRFs in both genders, BMI, WHtR, ABSI-
adolescents and BRI showed satisfied screening abilities,
however, ABSI’s performance was disappointing. For single
CMRE BMI and ABSI showed better ability to recognize
hypertension in 3-6 years old children, while all the five
indicators showed poor abilities to screen dyslipidemia
and hyperglycemia in this age group. In 7-17 years group,
compared with BMI, ABSI and ABSI-adolescents, WHtR
and BRI showed significantly better and equal capability
in identifying hypertension, dyslipidemia and abdominal
obesity, whether in boys or girls. However, five indicators
still failed in distinguishing hyperglycemia in boys, BMI and
ABSI performed better in girls for hyperglycemia screening.

Briefly, our findings suggested that WHtR and BRI
could be better predictors of single or clustered CMRFs
in 7-17 years old population, while ABSI and ABSI-
adolescents were not.

Although there are a small number of studies that have
evaluated the potential of ABSI and BRI in predicting
CMRFs, due to the differences in ethnicity and age of the
study population, there is no consensus about whether
these two indicators are better than BMI. Duncan ez /. (30)
compared ABSI, BMI and WC's ability to predict resting
blood pressure in Portuguese adolescents, and results
showed that ABSI was a better predictor of BP than BMI
and WC, while a research based on Chinese adolescents
showed that ABSI was a weak predictor of hypertension
compared with BMI, WC and WHtR (31). He er al. (32)
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adolescents

0.69

0.76 0.62 0.86 (0.83, 0.89)*¢ 2.64 0.95 0.74

0.85

3.37

0.85 (0.81, 0.88)*¢

BRI

¥ the highest AUC for every CMRF in each sex and age group. ? significant when compared with BMI; °, significant when compared with WHtR; °, significant when

compared with ABSI; d significant when compared with ABSI-adolescents. BMI, body mass index; WHtR, waist-to-height ratio; ABSI, a body shape index; ABSI-
adolescents, ABSI for adolescents; BRI, body roundness index; CMRF, cardio-metabolic risk factor. Clustered CMRFs: in the four items of hypertension, dyslipidemia, IFG

and abdominal obesity, meet three or more.

Chen et al. Anthropometric indicators to identify CMRFs in pediatrics

found that ABSI could be used as independent diabetes
predictor in Chinese adults. Considering ABSI is related to
age, Xu er al. (20) adjusted the scaling exponents of ABSI
and suggested to use ABSI-adolescents in adolescents, in
their study, ABSI-adolescents was not related to BMI, and
ABSI-adolescents was not associated with BP, but was more
associated with pre-diabetes than BMI. However, ABSI-
adolescents were positive related to BMI in both age groups
(P<0.001), and connected to SBP and DBP significantly in
7-17-year-old adolescents, failed to identify hypertension
and hyperglycemia for both boys and girls aged 3-17 years
in our study.

BRI as another novel anthropometric measurement
index developed by Thomas et /. (14) can improve
predictions of BF% and VAT % slightly compared with
BMI and WC, and provide visual results. Tian er a/. (19)
demonstrated that BRI showed the best capability of
identify a cluster of cardiometabolic abnormalities in adults
than BMI and WHtR, and ABSI was the weakest. Zhao
et al. (33) also suggested that BRI is a better alternative
index for assessing diabetes than ABSI and BMI. However,
Maessen et al. (18) claimed that although BRI are able to
determine CVD presence, the capacity of it still inferior
to BMI and WC. Our results found that BRI showed good
ability in identify clustered CMRFs, while it failed to
recognize hyperglycemia in 7-17 age group, and could not
distinguish dyslipidemia in two age group. In addition, we
noticed that in correlation analysis among anthropometric
indicators showed the coefficients between WHtR and
BRI were 0.996-0.997 (P<0.001), which means these two
indicators are strong correlation, the AUCs for single or
clustered CMRFs of WHtR and BRI were exactly same in
each age group, and the ROC curves of the two indicators
were also completely overlapped, study in adults shows the
same ability in screen CMRFs (19,34,35). However, Chang
et al. (17) found BRI performed better in predicting the
presence of left ventricular hypertrophy (LVH) than BMI,
WC and WHtR. All these evidence shows that BRI could
provide additional information compared to BMI and
WHEitR, while there is relatively little evidence in children
and adolescents currently, and this requires further studies
pay more attention to.

The present study has several limitations. First, the
cross-sectional design of the study made it difficult to
establish causal relationships between anthropometric
indicators and CMRFs. Second, because of there is lack
of consensus about the definition of clustered CMRFs, it
is difficult to compare our results with others. Third, our
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samples are all from Beijing, China, and sample size is not
big enough, therefore, conclusions need to be verified in
more representative research objects. However, as far as we
know, this is the first study discussed the relationship among
ABSI, ABSI-adolescents and BRI with CMRFs in children
aged 3 to 17 years old, and we compared their identify
capability with two traditional indicators (BMI and WHtR).
Second, although anthropometric indicators have been
proved be useful in identify individual CMRE, considering
anthropometric indicators will be more efficient in
screening clustered CMRFs, we compared their screening
capabilities for single or clustered CMRFs separately.
Thirdly, as anthropometric measurements affected by
age and sex, we adjusted age and sex in partial correlation
analysis, and calculated the AUCs by age group and sex,
respectively.

Conclusions

In the present study, we demonstrated that BRI and WHtR
were superior anthropometric indicators compared with
ABSI, ABSI-adolescents and BMI in identify abdominal
obesity and clustered CMRFs, and ABSI showed the worst
ability in distinguishing all the single or clustered CMRFs.
All the five indicators were failed to identify dyslipidemia
and hyperglycemia in both children and adolescents.
Considering BRI was initially developed to evaluate health
status in adults, further studies could explore whether it is
necessary to adjust the scaling exponents of BRI to be suited
in children and adolescents.
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