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Abstract

Background: Childhood obesity is more likely to increase the chance of many adult health problems. Numerous
studies have shown obese children to be more prone to elevated blood pressure (BP) and hypertension. It is impor-
tant to identify an obesity anthropometric index with good discriminatory power for them in pediatric population.

Methods: MEDLINE/PubMed, Web of Science, and Cochrane databases were retrieved comprehensively for eligible
studies on childhood obesity and hypertension/elevated BP through June 2021. The systematic review and meta-
analysis of studies used receiver operating characteristics (ROC) curves for evaluating the discriminatory power of
body mass index (BMI), waist circumference (WC), and waist-to-height ratio (WHtR) in distinguishing children with
elevated BP and hypertension.

Results: 21 cross-sectional studies involving 177,943 children and 3—-19years of age were included in our study.
Meta-analysis showed that the pooled area under the reporting receiver-operating characteristic curves (AUC) and
95% confidence intervals (Cls) for BMI, WC, and WHTR to detect hypertension of boys were 0.68 (0.64, 0.72), 0.69 (0.64,
0.74),0.67 (0.63,0.71), for elevated BP, the pooled AUCs and 95% Cls were 0.67 (0.61, 0.73), 0.65 (0.58,0.73), 0.65 (0.61,
0.71). The pooled AUCs and 95% Cls for BMI, WC and WHtR of predicting hypertension were 0.70 (0.66, 0.75), 0.69 (0.64,
0.75),0.67 (0.63,0.72) in girls, the pooled AUCs and 95% Cls of predicting elevated BP were 0.63 (0.61, 0.65), 0.62 (0.60,
0.65), 0.62 (0.60, 0.64) respectively. There was no anthropometric index was statistically superior in identifying hyper-
tension and elevated BP, however, the accuracy of BMI predicting hypertension was significantly higher than elevated
BP in girls (P<0.05). The subgroup analysis for the comparison of BMI, WC and WHtR was performed, no significant
difference in predicting hypertension and elevated BP in pediatric population.

Conclusions: This systematic review showed that no anthropometric index was superior in identifying hypertension
and elevated BP in pediatric population. While compared with predicting elevated BP, all the indicators showed supe-
riority in predicting hypertension in children, the difference was especially obvious in girls. A better anthropometric
index should be explored to predict children’s early blood pressure abnormalities.
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Background

Hypertension, as a vital cardiovascular risk factor, is esti-
mated account for approximately 50% of the coronary
heart disease burden and 67% of the cerebrovascular
disease burden [1]. Hypertension is being increasingly
reported in children and adolescents. Children with high
blood pressure (BP) have early vascular aging and are
more likely to progress to hypertension as adults [2-7].
Numerous studies have shown children with obesity to
be more prone to hypertension and elevated BP [8]. Since
the 1990s, the prevalence of children who are overweight
and obese has increased dramatically [9]. Although the
increased rate of childhood obesity in some developed
countries has plateaued, the prevalence is still high [10].
Childhood obesity is more likely to lead to adulthood
obesity, which can increase the chance of many adult
health risk, such as heart disease, hypertension and type
2 diabetes [11]. To overcome this crucial health problem,
it will be important to identify an anthropometric index
with good discriminatory power that is simple to meas-
ure and interpret.

Currently, weight status can be assessed by several
anthropometric indexes, such as body mass index (BMI),
waist circumference (WC), and the waist-to-height ratio
(WHLtR); however, which index better predicts hyperten-
sion is unknown. A meta-analysis suggested that WC and
the WHItR are not superior to BMI in identifying elevated
BP in children, but only 9 articles were included in the
previous study, of which only one Asian study was from
India [12]. Therefore, the research results may have some
limitations. The number of relevant studies has increased
substantially. Therefore, we conducted a full robust sys-
tematic review to determine which anthropometric indi-
ces should be recommended for screening purposes.

Methods

This systematic review was conducted according to the
meta-analysis of observational studies in epidemiology
(MOOSE) criteria [13].

Literature search strategy

We comprehensively retrieved the MEDLINE/PubMed,
Web of Science, and Cochrane databases for eligible
studies involving childhood obesity and hypertension.
The relevant studies were published until June 2021 were

included. In addition, the key words used in the search
included “body mass index or BMI,” “waist circumference
or WC, “waist-to-height ratio or WHtR,” “elevated blood
pressure or hypertension,” “children,” and “adolescent”
All of the reference lists of included studies were also
manually retrieved so that no studies were overlooked.
The complete search strategy was described in supple-
mental Appendix 1. Two independent reviewers evalu-
ated all relevant articles and disagreements were resolved

by discussion.

Study inclusion/exclusion criteria

+ Studies was limited to cross-sectional design;

+ Studies must focus on children or adolescents, any
ethnic group, age < 19years;

+ Studies assessing the association between anthropo-
metric indices and pediatric hypertension or elevated
BP;

+ BMI and WC or the WHtR, measured at least one
metric;

+ Studies reporting receiver-operating characteristic
(ROC) curve analyses with the area under the ROC
curve (AUC) provided.

+ All anthropometric indices in the study must
be measured twice at least with the mean value
recorded;

+ Non- original article, such as reviews and letters,
were not considered;

+ Studies that involved adults only or failed to provide
AUC values were excluded;

Main anthropometric indices and measures

WC was measured to the nearest 0.1cm by a non-elas-
tic flexible tape in the standing position. The tape was
applied horizontally midway between the lowest rib mar-
gin and the iliac crest [14]. BMI was calculated based on
the weight divided by height squared (kg/m?). The WHtR
was calculated by dividing the WC (cm) by height (cm).
The blood pressure was measured at least two times in
each subject and the average value was obtained. The
criterion of hypertension was according to the Fourth
Report on the Diagnosis, Evaluation, and Treatment
of High Blood Pressure in Children and Adolescents
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(NHBPEP) [15] and other local criteria of hypertension
have also been adopted. Elevated BP was defined as the
average systolic BP or diastolic BP > 90th or> 95th per-
centile for gender, age, and height.

Data extraction and quality assessments

Two reviewers independently extracted the following
study characteristics from the included studies using a
standard data extraction form: Study, study year, country,
region, study design, characteristics, BP measurement
device, sample number, age, hypertension criterion and
anthropometric indices. The AUC with a 95% confidence
interval (CI) or standard error was extracted. The meth-
odologic quality of included study was evaluated by the
Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool [16]. The quality of the evidence was
rated by GRADE guidelines [17].

Statistical analysis
ROC analysis is a widely-used method to examine the
discrimination power of anthropometric indices, because
of its powerful efficiency and clear interpretation [18-
21]. The AUC prefers a comprehensive summary of test
performance. Perfect tests have a mean AUC close to 1,
whereas poor tests have an AUC close to 0.5. Data on the
mean AUC with 95% CI and sample size for each study
were inputted into a database. The quality assessment
of included studies was carried out by Review Manager
version 5.3 (Cochrane Collaboration, Oxford, England),
meta-analysis was performed using STATA version 15.3
(Stata Corp., College Station, TX, USA). If an anthropo-
metric index had more than one type of transformation
in one study, the z-score was prior because the z-score
is a standardized value. The heterogeneity of the stud-
ies was measured using the I° statistic. The choice of the
model depends on the heterogeneity test results and the
hypothesis of the theoretical effect size. If the heteroge-
neity test was not statistically significant and the hetero-
geneity was so small that it can be ignored, which mean
the 2 was <50% or the P value was >0.05 was identified
for heterogeneity among studies, then the theoretical
effect size can be considered to be fixed, and the fixed-
effects model can be used; on the contrary, if the hetero-
geneity was large, which mean the I was >50% or the P
value was <0.05 was identified for heterogeneity among
studies, and the change of theoretical effect size was
assumed normally distributed, the random-effects model
should be selected.

To further analyze the differences between BMI, WC
and WHIR, subgroup analysis was used separately for
region, hypertension criterion, hypertension diagnostic
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basis and BP measurement device. The regions of studies
were classified according to continent (Europe, America
and Asia); the hypertension and elevated blood pres-
sure criterion contained average systolic BP or diastolic
BP >90th and average systolic BP or diastolic BP > 95th
percentile; diagnostic basis included NHBPEP and other
local criteria of hypertension. BP measurement device
was divided into mercury sphygmomanometer and auto-
mated BP monitor. Potential publication bias was deter-
mined by Begg’s test, and sensitivity analysis was also
performed.

Results

Included studies

The detailed study selection progress is shown in Fig. 1.
Initially, 9642 articles were identified from the PubMed,
Web of Science, and Cochrane databases, 26 studies were
excluded after browsed the full-text, and 21 original arti-
cles were included for the meta-analysis in the end [6,
22-41].

Table 1 shows the characteristics of the 21 articles.
Of the 21 articles, all of the studies reported BMI and
WHItR, 20 studies reported WC. The total studies were
cross-sectional and evaluated 177,943 children and ado-
lescents 3—19years of age. The detailed methodological
quality assessment of included studies is shown in Fig. 2.

Meta-analysis

The forest plots of the pooled area under the report-
ing receiver-operating characteristic curves (AUC) and
95% confidence intervals (Cls) for hypertension risk and
elevated BP risk in boys were shown in Fig. 3. Figure 3a
showed the AUC value of using BMI to predict hyper-
tension risk was 0.68 (95%CI: 0.64, 0.72); the AUC val-
ues of WC and WHitR were 0.69 (95%CI: 0.64, 0.74) and
0.67 (95%CI: 0.63, 0.71); the heterogeneity across stud-
ies was > =96.4%, I* =96.5%, and I> =95.7%. Figure 3b
showed the pooled AUC values of using BMI, WC and
WHLR to predict elevated BP risk were 0.67 (95%CI: 0.61,
0.73), 0.65 (95%CI: 0.58, 0.73) and 0.65 (95%CI: 0.61,
0.71) respectively; and the heterogeneity across studies
was P> =98.1%, I? =98.9% and I? =97.6%, random-effects
model was performed for meta-analysis. For girls, Fig. 4
showed the pooled AUC value for BMI, WC and WHtR
of predicting hypertension risk and elevated BP risk. The
pooled AUC values of using BMI, WC and WHtR to pre-
dict hypertension risk were shown in Fig. 4a, which were
0.70 (95%Cl: 0.66, 0.75), 0.69 (95%CI: 0.64, 0.75) and 0.67
(95%Cl: 0.63, 0.72), the heterogeneity across studies was
P =959%, I* =97.7% and I* =95.7%; Fig. 4b showed
the pooled AUC values of using BMI, WC, and WHtR
to predict elevated BP were 0.63 (95%CL 0.61, 0.65),
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0.62 (95%CI: 0.60, 0.65), 0.62 (95%CIL: 0.60, 0.64) respec-
tively, the heterogeneity across studies was I =79.5%,
PP =86.1% and I* =79.5%, similarly, random-effects
model was used.

For the same anthropometric index, the ability of pre-
dicting hypertension and elevated BP was compared in
the same gender (Figs. 3 and 4). The results showed that
the AUC value of hypertension in children is higher
than elevated BP, the accuracy of BMI in predicting
hypertension is significantly higher than elevated BP in
girls (P<0.05), while the difference was not obvious in
other indices (P > 0.05).

GRADE classification

Regarding the quality of evidence in the study, since the
design of included studies were observational studies,
they were rated as low qualities at start, which had an

impact on subsequent evidence ratings. It was classified
as high quality by using BMI to predict hypertension
risk in girls, and the result of using WHtR to predict
hypertension risk in boys was rated as low quality (8%).
GRADE guidelines classified other evidence as “mod-
erate quality’, accounting for about 84%. The GRADE
scores breakdown of each result were shown in Appen-
dix 2.

Subgroup analysis

Table 2 shows that the subgroup analysis of pooled AUC
values and 95% Cls of BMI, WC, and the WHtR for hyper-
tension and elevated BP risk. For regional analysis, blood
pressure criterion (>90th percentile and >95th percen-
tile), diagnostic basis (NHBPEP and other local criteria of
hypertension) and BP measurement device, there was no
statistical significance existed between BMI, WC, and the
WHtR for hypertension and elevated BP risk.
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Table 2 Subgroup analysis of pooled AUC values with 95%Cl in pediatric population
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Subgroup(N of studies)

Hypertension

Subgroup(N of studies)

Elevated blood pressure

Boys Girls Boys Girls

AUC(95%CI) (%) AUC(95%Cl)  I*(%) AUC(95%CI)  A(%) AUC(95%Cl)  I*(%)
Region Region
Asia Asia
BMI (n=9) 067(0630.72) 931 068(063,0.74) 925 BMI(n=4) 0.68(0.60,0.76) 988 0.64(0.62,067) 847
WC (n=38) 067 (0.61,0.73) 941 068(0620.74) 943 WC(h=4) 0.66 (0.58,0.76) 99.2  0.63(0.60,066) 88.9
WHtR (n=9) 0.67(0620.71) 914 066(061,0.72) 936 WHtR(n=4) 0.66 (0.60,0.73) 985 062(0.59,0.65) 89.0
Europe Europe
BMI (n=4) 0.73(064,082) 93.1 0.70(063,0.77) 909 BMI(h=2) 0.65(0.59,0.72) 91.0 062(060,064) 00
WC (n=4) 0.72(064,081) 919 068(0620.74) 834 WC(h=1) 0.61(0.58064) - 0.61(0.58064) -
WHtR (n=4) 0.66 (0.55,0.79) 955 0.65(0.580.73) 898 WHtR(h=2) 0.64 (0.60,069 830 0.61(0.59064) 0.0
America America
BMI (n=3) 066 (0.57,0.76) 95.1 0.77(0.551.00) 989 - - - - -
WC (n=3) 0.71(0.57,090) 969 075(052,1.00) 994 - - - - -
WHtR (n=3) 0.69(0.54,088) 964 0.73(0.52,1.00) 987 - - - - -
Hypertension criterion Elevated blood pressure criterion
>90th percentile >90th percentile
BMI (n=4) 0.68(0.63,0.74) 908 0.77(066,091) 936 BMI(h=1) 0.56 (0.54,059) - 0.59(0.56,062) -
WC (n=4) 0.72(0.64,082) 899 075(061,093) 913 WC(h=1) 0.54(0.52,057) - 0.57 (0.54,0.60) -
WHItR (n=4) 0.72(064,080) 844 0.75(064,087) 936 WHtR(h=1) 0.56 (0.54,0.59) - 0.56 (0.53,0.59) -
>95th percentile >95th percentile
BMI(n=12) 0.68(0.64,0.74) 969 068(064,0.72) 945 BMI(n=5) 0.69(0.63,0.75) 979 064(062,066) 65.1
WC(n=11) 068(063,0.73) 967 067(063,071) 937 WC(h=4) 0.68(060,0.77) 990 0.64(0.62,066) 74.8
WHtR (n=12) 0.65(0.61,0.70) 949 064(061,068) 929 WHtR(n=5) 0.68(0.63,0.73) 973 0.63(062,065) 49.1
Hypertension diagnosis basis Elevated blood pressure diagnosis basis
NHBPEP NHBPEP
BMI (n=38) 0.69(0.63,0.75) 976 0.67(062,0.73) 94.1 BMI (n=4) 0.69(0.62,0.77) 985 065(0.63,067) 687
WC (n=7) 067(060,0.74) 975 065(061,0700 913 WC(h=4) 068(0.60,0.77) 99.0 0.64(0.62,066) 74.8
WHtR (n=38) 0.64(0.59,0.70) 947 0.64(059068) 919 WHtR(n=4) 0.68(0.62,0.74) 980 064(063,065) 320
Other local criteria of hypertension Other local criteria of elevated blood pressure
BMI(n=8) 0.68(0.62,0.74) 940 0.73(065082) 965 BMI(n=2) 0.62(0.51,0.75) 975 0.60(0.57,062) 00
WC (n=8) 0.71(0.65,0.77) 938 0.73(063,084) 982 WC(n=1) 0.54(0.52,057) - 0.57(0.54,060) -
WHtR (n=28) 0.70(064,0.76) 923 0.71(063,080) 966 WHtR(n=2) 061(0.51,073) 967 0.58(0.54,063) 73.7
BP measurement device BP measurement device
Mercury sphygmomanometer Mercury sphygmomanometer
BMI (n=9) 066 (0.62,0.71) 936 0.70(0.63,0.77) 952 BMI(n=4) 0.68 (0.60,0.76) 988 0.64(062,067) 847
WC(n=9) 0.67(0.61,0.73) 938 068(0.60,0.78) 979 WC(n=4) 0.66(0.58,0.76) 99.2  0.63(0.60,066) 889
WHtR (n=9) 066 (062,0.71) 903 066(060,0.73) 945 WHtR(h=4) 0.66(060,0.73) 985 0.62(0.59,0.65) 89.0
Automated BP monitor Automated BP monitor
BMI(n=7) 0.72(0.64,080) 979 0.71(064,0.79) 968 BMI(n=2) 0.65(0.59,072) 910 062(060,064) 00
WC (n=6) 0.72(064,081) 981 0.71(063,080) 972 WC(h=1) 061(0.58064) - 061(0.58064) -
WHtR (n=7) 0.68(0.60,0.76) 973 0.68(061,0.77) 969 WHtR(n=2) 0.64(0.60,069) 83.0 061(059064) 00

AUC area under the curve, Cl confidence interval, BMI body mass index, WC waist circumference, WHtR waist-to height ratio
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Table 3 Results of publication bias

Anthropometric N of studies Gender Begg’s P
indices
BMI 16 boys 0.964
16 girls 0.444
e 15 boys 0.692
15 girls 0.198
WHtR 16 boys 0.558
16 girls 0.260
BMI 6 boys 1.000
6 qirls 0452
WC 5 boys 0462
5 qgirls 0.806
WHtR 6 boys 1.000
6 girls 0.260

Publication bias and sensitivity analysis

Table 3 shows that no publication bias in hypertension
and elevated BP were found according to the Begg’s test
(hypertension-boys: P=0.964, girls: P=0.444 for BMIL;
boys: P=10.692, girls: P=0.198 for WC; boys: P=0.558,
girls: P=0.260 for the WHIR; elevated BP-boys:
P=1.000, girls: P=0.452 for BMI; boys: P=0.462, girls:
P=0.806 for WC; boys: P=1.000, girls: P=0.260 for the
WHItR). Sensitivity analysis was carried out and each
study was excluded separately. The outcomes were not
altered significantly when excluded. Indeed, none of the
studies had a significant impact on the overall results.

Discussion

This robust meta-analysis, which included 177,943
children and adolescents 3—19 years of age from popu-
lations all over the world, our studies comparison in
the pediatric population showed that there is no sta-
tistical difference in the accuracy of BMI, WC, WHtR
in screening children or adolescents for hyperten-
sion and elevated blood pressure. The evidence rating
results of the GRADE guideline showed that most of
the results were rated as moderate quality. The Chun-
ming meta-analysis [12] of 9 cross-sectional studies
included 25,424 children and adolescents 6—18years
of age in 7 different countries and confirmed that
no anthropometric index was statistically superior
to other anthropometric indices in identifying an
elevated BP; on the basis of pooled AUC values, the
AUC values were ranked in the following order, but
this was not statistically significant: BMI (0.778) > WC
(0.718) > WHtR (0.670). With the increased number
of included articles in the current systematic review
and increased number of subjects (n=177,943),
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apparently, we obtained the same conclusion. Com-
pare the ability of the same anthropometric index to
predict hypertension risk and elevated BP risk in the
same gender. The ability of BMI to predict hyperten-
sion risk was superior than predicting elevated BP
risk, and this difference was extremely significant
among girls. As a process of gradual abnormalities
in BP, it is not enough to use anthropometric indi-
ces to predict elevated BP risk. Only when the BP
changes from normal to hypertension and the change
is more obvious, it seems to be more easier to make
predictions.

According to the Chunming meta-analysis [12], the
number of included studies was less, and which only
included the studies based on NHBPEP as the diag-
nosis basis of hypertension. However, in terms of
anthropometric index prediction, our study includes
two characteristics of hypertension and elevated blood
pressure, which means that we have analyzed both for
the results of hypertension and the process of elevated
blood pressure. Besides, the study not only included
the studies based on NHBPEP as the diagnosis basis
of hypertension, but also contained other local cri-
teria of hypertension, because there is no clear and
unified standard for the diagnosis of hypertension in
children, some local hypertension diagnostic criteria
are also applicable to local children and adolescents,
which greatly improved the comprehensiveness of the
included studies. In terms of subgroup analysis, we
comprehensively consider the factors that may have
an impact on results. One factor should be considered
first was the regional issue, the prevalence of hyperten-
sion and elevated BP in different continents is different
at present, and whether regional issue will affect the
ability of the same index to predict hypertension risk
in children, so we conducted the regional subgroup
analysis. For the diagnostic basis of hypertension and
elevated BP, partial included studies were based on the
NHBPEP, and the rest were based on local diagnostic
criteria. It seems to be more suitable to depend on the
local diagnostic criteria to diagnose pediatric hyper-
tension and elevated BP because it combines the BP
and physical characteristics of local children. There-
fore, the subgroup analysis for different diagnostic
criteria of hypertension was performed. Similarly, the
criterion of hypertension and elevated BP was Py, or
Pgys; will also affect the ability of anthropometric indices
to predict hypertension risk and elevated BP risk, and
the measurement device may also affect the results.
In view of these possible influencing factors, we also
conducted subgroup analysis to increase the scientific
nature of our study.
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Both adults and children with overweight or obesity
are associated with elevated BP [12, 42, 43] and weight
loss can also improve BP levels in children with obe-
sity [44, 45]. BMI, WC, and the WHtR are common
indicators for predicting hypertension in children, the
current meta-analysis suggested that the above three
anthropometrics are all positively related to pediat-
ric elevated blood pressure (AUC>0.5). Among the
anthropometric indices, BMI is most commonly used
[46, 47] owing to its simplicity. However, the BMI also
has shortcomings because BMI cannot distinguish
between individuals with fattiness and individuals
with muscle mass and cannot determine the loca-
tion of fattiness [48, 49]. WC is often used to reflect
abdominal obesity due to its strongly relationship with
visceral fat depots [46]. It has been reported that body
fat distribution has a close relationship to the occur-
rence and development of cardiovascular disease [50].
Visceral adipose tissue (VAT) accumulation, which is
associated with an increase in free fatty acid content
and insulin resistance, increases the risk of hyperten-
sion [51, 52]. WC and the WHtR are strongly related
to abdominal obesity and VAT, which were assessed
by radiologic examination [53, 54]. Therefore, a meta-
analysis of adults showed that the WHtR is superior
to WC and BMI in screening cardiovascular diseases
[55], which confirmed that the index reflecting abdom-
inal obesity is better than BMI in predicting meta-
bolic risk. However, contrary to the research findings
in adults, the analytical results in our review showed
that no significant difference in BMI, WC and WHtR
was found in predicting the risk of pediatric hyper-
tension. This finding may reflect the rapid growth in
stature from childhood to adolescence that outweighs
the incremental change in WC, which greatly reduces
the superiority of WHtR over WC and BMI to predict
abdominal obesity [56]. However, our review showed
that the ability of all the indicators to predict hyperten-
sion is higher than elevated blood pressure, especially
BMI in girls. Limited by the number of included stud-
ies may lead to this result, another possible reason may
be the early small increase in blood pressure in chil-
dren is more secretive and difficult to find. Only when
the blood pressure increases significantly and exceeds
the critical value, can be easier to predict through
anthropometric indicators. A previous study suggested
that the WHtR decreases with age from 5 to 16years
until 18years due to the cessation in growth [57]. That
finding may also misclassify fast-growing children
with excess abdominal fat as healthy. In addition, some
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studies involving children and adolescents showed
that, unlike adults, BMI offers adequate information
to evaluate visceral obesity and WC does not predict
extra information [58]. Another study reported that
the 95th BMI percentile of the Center for Disease Con-
trol is a useful threshold for predicting increased VAT,
fattiness, and heart metabolic risk in children and ado-
lescents [59].

ROC analysis has been a widely-used method for
evaluating the efficacy of diagnostic tests. This meta-
analysis focused on studies that used ROC method to
compare the discriminatory power of anthropometric
indices for elevated BP. However, there are still some
limitations in this systematic review. First, the most
important limitation is the different criteria of hyper-
tension in the included studies. Most studies used NHB-
PEP criterion, and some studies applied local criterion.
Therefore, both diagnostic standards were included and
the subgroup analysis was conducted to explore the
impact of anthropometric indicators predicting high BP
and elevated BP. Some of them used the 90th percentile
as a cutoff to diagnose hypertension and elevated BP,
and some used the 95th percentile as a cutoff, so all the
cutoff were included for subgroup analysis to explore
further differences. Second, our study only considered
three obesity anthropometric indices, yet other indices,
such as the neck circumference [59], waist-to-hip ratio,
and mid-upper arm circumference [60], were not used
in this study because of the limited number of relevant
papers. Finally, most results have the problem of high
heterogeneity, though we have conducted the subgroup
analysis to explore the possible sources of heterogeneity,
the degree of heterogeneity did not decrease. Another
regrettable issue was that for the timeliness of our study,
PROSPERO was not registered in this review. In order
to reduce bias, we can only make a protocol as required
to assess the potential bias.

Conclusion

In conclusion, this systematic review with a meta-
analysis showed that no anthropometric index was
statistically superior to other anthropometric indices
in identifying hypertension and elevated BP in adoles-
cents. However, for the same anthropometric index, the
accuracy in predicting hypertension is better than ele-
vated blood pressure, especially the application of BMI
in girls. Further exploration is needed to find better
anthropometric indicators for predicting early blood
pressure abnormalities in children.
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Appendix 1 Detailed search strategies

MEDLINE/PubMed:

(“body mass index” or “BMI” or “waist circumference” or “WC” or “waist-to-height
ratio or “WHtR”)

AND

(“elevated blood pressure” or “hypertension”)

AND

(“children” or “adolescent”)

Timespan: —2021-06-01.

Web of Science:

TS=(“body mass index” or “BMI” or “waist circumference” or “WC” or
“waist-to-height ratio or “WHtR”)

AND

TS=(“elevated blood pressure” or “hypertension’)

AND

TS=(*“children” or “adolescent”)

Timespan: —2021-06-01.

Cochrane:

#1= body mass index OR BMI OR waist circumference OR WC OR waist-to-height
ratio OR WHtR

#2= elevated blood pressure OR hypertension

#3= children OR adolescent

#4=#1 and #2 and #3

Timespan: —2021-06-01.
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Appendix 2 GRADE classification of quality of evidence
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Outcome Anthrop N of Gender Riskofbias Inconsistency Indirectness Imprecision Publication Large effect Dose Plausible Grade
ometric  studies bias response confounding
BMI 16 Boys No serious  No serious No serious No serious No serious No No Would reduce &SSO
effect
16 Girls No serious  No serious No serious No serious No serious Large No Would reduce SOSD
effect
Hyperten- WC 15 Boys No serious  No serious No serious No serious No serious  No No Would reduce @SSO
sion effect
15 Girls No serious  No serious No serious No serious No serious No No Would reduce @SSO
effect
WHtR 16 Boys No serious  Serious No serious No serious No serious No No Would reduce  &®0O0O
effect
16 Girls No serious  No serious No serious No serious No serious ~ No No Would reduce  &&OO
effect
BMI 6 Boys No serious  No serious No serious No serious No serious ~ No No Would reduce  &&OO
effect
Elevated BP 6 Girls No serious  No serious No serious No serious No serious ~ No No Would reduce  &&®O
effect
WC 5 Boys No serious  No serious No serious No serious No serious ~ No No Would reduce  &&®O
effect
5 Girls No serious  No serious No serious No serious No serious No No Would reduce  ©&SO

effect
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