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Strengths and limitations of this study

►► Sex-specific analysis of receiver operating charac-
teristic was conducted.

►► Two separate analyses using the 90th and 95th per-
centile cut-offs for differentiating high blood pres-
sure (BP) were performed.

►► Causal association between anthropometric indices 
and high BP cannot be determined.

►► Confounding effects of the potential covariates such 
as age, physical activity level, family hypertension 
history and obesity were not determined.

Abstract
Objective  To compare the performance of different 
anthropometric indices including body mass index (BMI), 
waist circumference (WC), waist-to-height ratio (WHtR) 
and a body shape index to predict high blood pressure (BP) 
in adolescents using the 90th and 95th percentiles as two 
different thresholds.
Design  Cross-sectional study.
Setting  Probability proportionate to size was used to 
randomly select two schools in Selangor state, Malaysia.
Participants  A total of 513 adolescents (58.9% women 
and 41.1% men) aged 12–16 years were recruited.
Primary and secondary outcome measures  Weight, 
height, WC and BP of the adolescents were measured. The 
predictive power of anthropometric indices was analysed 
by sex using the receiver operating characteristic curve.
Results  BMI and WHtR were the indices with higher areas 
under the curve (AUCs), yet the optimal cut-offs to predict 
high BP using the 95th percentile were higher than the 
threshold for overweight/obesity. Most indices showed 
poor sensitivity under the suggested cut-offs. In contrast, 
the optimal BMI and WHtR cut-offs to predict high BP using 
the 90th percentile were lower (men: BMI-for-age=0.79, 
WHtR=0.46; women: BMI-for-age=0.92, WHtR=0.45). 
BMI showed the highest AUC in both sexes but had poor 
sensitivity among women. WHtR presented good sensitivity 
and specificity in both sexes.
Conclusions  These findings suggested that WHtR might 
be a useful indicator for screening high blood pressure 
risk in the routine primary-level health services for 
adolescents. Future studies are warranted to involve a 
larger sample size to confirm these findings.

Introduction
Hypertension has been recognised as the 
leading risk factor for global disease burden. 
It is the most common medical condition that 
is linked to cardiovascular diseases (CVDs), 
which is the main source of mortality around 
the world.1 In 2015, the global prevalence of 
raised blood pressure (BP) was 24.1% in men 
and 20.1% in women.2 In Malaysia, one in 
three Malaysian adults is hypertensive.3 Strong 

evidence suggested that raised BP tracks well 
from childhood to adulthood, yet paedi-
atric hypertension remains largely underdi-
agnosed. Moreover, no data regarding the 
national prevalence of hypertension among 
Malaysian adolescents have been reported. 
This could probably be due to a more compli-
cated classification of BP that varies with age, 
sex and height, while routine BP screening 
was not emphasised in paediatric clinics.

Many studies discovered the rising trend of 
hypertension in children and adolescents was 
attributed to the obesity epidemic.4 5 Obese 
adolescents were found to have a fourfold to 
10-fold higher risk of developing hyperten-
sion.6 Even in normal-weight adolescents, the 
odds of having hypertension increased with 
z-scores of body mass index (BMI) adjusted 
for age, sex and height.7 A large cohort of 
healthy adolescents from Israel found that 
every increase in a unit of BMI was associ-
ated with an increased risk of systolic BP 
above 130 mm Hg.8 These results concur-
rently supported the established association 
of hypertension and excess adiposity, yet 
the relation with the distribution of body fat 
remains controversial.9 10 Thus, the relation-
ships are not fully understood. There are lack 
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of data on the relationship between body fat distribution 
and the risk of high BP among Malaysian adolescents. In 
addition, the universal BMI classification system to define 
obesity in children and adolescents may not accurately 
capture the comparable levels of body fatness of different 
ethnic groups. In contrast, waist circumference (WC) was 
proposed as an alternative to BMI when examining body 
composition and disease risk because of its sensitivity 
towards body size, body fat percentage and fat distribu-
tion.11 Previous data have shown that WC was a better 
predictor of metabolic morbidities such as hypertension 
and impaired blood glucose in adolescents.12 13

Recently, waist-to-height ratio (WHtR) was suggested 
as a simpler indicator of abdominal obesity that has 
greater practical advantages than BMI and WC.14 Several 
reviews highlighted the superiority of WHtR in predicting 
cardiometabolic risks among adults and adolescents, 
while its interpretation can be applied to different ethnic 
groups and does not require sex-dependent or age-
dependent cut-offs.15 16 Despite so, some studies showed 
that different anthropometric indices did not differ in 
their predictive abilities for CVD risk factors.17 18 On the 
other hand, a body shape index (ABSI) as an indicator 
of body volume (corresponds to the fraction of abdom-
inal fat to peripheral tissue) was found to predict high 
BP better than WC and BMI in Portuguese adolescents.9 
However, Xu et al19 proposed that BMI was sufficient to 
predict BP in adolescents, while no association between 
ABSI and BP was observed. Overall, practical tools are 
needed to be established in determining the risk of high 
BP in a quick and accurate manner among adolescents.

Given the marked increase of paediatric hypertension 
alongside with the drastic rise of childhood obesity, early 
detection of high BP via screening using anthropometric 
indices in adolescents could be an effective prevention 
of future hypertension and CVD risk. In order to analyse 
the discrimination abilities of anthropometric indices, 
the use of receiver operating characteristic (ROC) anal-
ysis has been recommended.20 Cut-off values of anthro-
pometric indices for predicting high BP could be 
established by running ROC analysis, which is invariably 
useful in screening. However, studies from different coun-
tries and ethnicities have variations in the conclusions 
regarding the superiority of one or the other anthropo-
metric indices and the related cut-off values to identify 
high BP. It is believed that ethnic variation among popu-
lation from different regions might need different cut-off 
values and the use of different anthropometric indices to 
predict high BP.

Up to date, very few studies performed ROC analysis 
and compared several anthropometric indices in Asian 
adolescent populations.15 While early detection of high 
BP is possible through conducting routine anthropo-
metric assessment in school settings, more scientific 
data need to be compiled to establish which indices and 
at which cut-off values of the indices should be used to 
identify adolescents with high risk of hypertension. To the 
best of our knowledge, no previous studies in Malaysia or 

neighbouring Southeast Asian countries have investigated 
the best indicator for high BP and locally appropriate 
cut-off value for the prediction of high BP among adoles-
cents. Therefore, the present study aimed to compare the 
predictive power of different anthropometric indices for 
high BP while also to determine the optimal cut-off values 
for differentiating high BP among Malaysian adolescents.

Materials and methods
Study design and population
This was a cross-sectional study involving Malaysian adoles-
cents aged between 12 and 16 years. The probability 
proportionate to size was used as the sampling method, 
in which two government secondary schools in Selangor 
state were randomly selected. The estimated sample size 
of 395 was calculated using the one proportion formula 
based on the prevalence of hypertension of 11.6% among 
13–17 years old Malaysian adolescents in a local study,21 
considering power of 90%, precision of 0.05, significance 
level of 0.05, design effect of 2.0 and expected response 
rate of 80%. Adolescents who had medical conditions 
(eg, sleep disorders, diabetes, thyroid disease and CVDs), 
neurological or psychiatric disorders (eg, autism spec-
trum disorders, anxiety and depression), learning disabil-
ities or developmental delays were excluded from the 
study (n=5). Five hundred and sixty eligible adolescents 
were recruited and 513 of them agreed to participate in 
this study.

Approval to conduct the study was obtained from the 
Ministry of Education, Selangor Department of Educa-
tion, as well as from the principals of the selected schools. 
Prior to data collection, all eligible adolescents were 
explained about the study’s objectives and the activities 
they would be involved in, with an information sheet 
provided. A set of parent’s and adolescent’s consent forms 
were taken home by the adolescents. All the completed 
forms were collected back on the next day. Adolescents 
who returned the parent’s and adolescent’s consent form 
were recruited into this study. Each of them underwent 
both anthropometric and BP measurements.

Anthropometric measurements
All measurements were taken twice to obtain the average 
value for further data analysis. Adolescents’ body weight 
and height were taken in light clothing and without shoes 
by using a TANITA weighing scale THD-306 (TANITA 
Corporation, Arlington Heights, Illinois, USA) and a SECA 
portable stadiometer 213 (SECA, Hamburg, Germany), 
respectively. The WHO AnthroPlus software V.1.0.4 
(WHO, Geneva, Switzerland) was used to calculate the 
BMI-for-age z-score (BAZ) of the adolescents. They were 
further classified into several categories of body weight 
status according to the WHO Growth Reference 2007.22 
In terms of WC, adolescents were requested to fold their 
arms in front of their chest in a relaxed standing posi-
tion while the measurements were taken using a Lufkin 
executive diameter pocket tape (Apex Tool Group, Apex, 
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North Carolina, USA). According to the WC percentile 
chart for Malaysian childhood population, a WC of >90th 
percentile was used as the cut-off point to define abdom-
inal obesity.23 Besides, WHtR was computed by dividing 
WC (cm) by height (cm). Abdominal obesity was classi-
fied as WHtR ≥0.50.24 ABSI of adolescents was calculated 
using the formula proposed by Xu et al19 as shown below, 
with WC and height measured in metre. Higher ABSI 
indicated a greater fraction of visceral fat to body size.

	﻿‍
ABSI = WC

BMI0.45×Height0.55 ‍�

BP measurement
BP was measured using a digital sphygmomanometer 
(Omron Model IA2 blood pressure monitor, Omron, 
Kyoto, Japan). Adolescents were asked to sit relaxed on 
a chair with their arms supported comfortably at the 
vertical level. They were classified as normal BP (<90th 
percentile), prehypertension (≥90th to <95th percentile), 
stage 1 (95th to 99th percentile) and stage 2 hypertension 
(>99th percentile) using the normative tables of BP based 
on age and sex adjusted for height percentiles.25 For ROC 
analysis, adolescents were separated into two BP cate-
gories: group A included those with normal BP (<95th 
percentile: normal and prehypertension) and high BP 
(≥95th percentile: hypertension stages 1 and 2) and 
group B included those with normal BP (<90th percen-
tile: normal) and high BP (≥90th percentile: prehyper-
tension and hypertension stages 1 and 2).

Statistical analysis
All data were analysed using the IBM SPSS Statistics 
V.24. The descriptive data on body composition and BP 
of adolescents were summarised in the total sample and 
by sexes. ROC analysis was employed to compare the 
predictive power of different body composition indices in 
differentiating the classification of prehypertension and 
hypertension among the adolescents. The area under the 
curve (AUC) was used to summarise the predictive power 
of these measures for high BP. An AUC of 1 reflected a 
perfectly accurate test, whereas 0.5 suggested that the test 
has no discriminatory ability. An AUC <0.7 was considered 
as poor, 0.7–0.8 as acceptable, 0.8–0.9 as good and >0.9 as 
excellent.26 The optimal cut-off values of the anthropo-
metric indices to predict high BP were estimated based 
on the largest value of the Youden index (J=SE+ Sp–1).27 
Sensitivity, specificity and the Youden index were used 
to evaluate the validity of different indices in predicting 
high BP. The acceptable level of sensitivity and specificity 
of screening tests adopted in this study was 70.0%.28 The 
level of significance for all tests was set at p<0.05.

Patient and public involvement
Study participants were generally healthy adolescents and 
no patients were involved in the study. Adolescents and 
their parents were not involved in the design and conduct 
of the study. The individual results such as weight, 
height, WC and BP were recorded into individual health 

information, and this information was given back to the 
adolescents on the same day of data collection.

Results
The anthropometric characteristics and BP of the adoles-
cents in the full sample and by sex are shown in table 1. 
Based on the classifications of BMI-for-age, one in three 
of the adolescents was overweight or obese (32.6%). The 
prevalence of abdominal obesity based on WC and WHtR 
classifications were 14.0% and 18.5%, respectively. Almost 
one-fifth of the adolescents were classified as prehyper-
tension (19.1%), whereas 11.9% of them were at hyper-
tension stage 1 or 2.

ROC analysis based on group A
Table  2 summarises the results of the ROC analysis of 
various anthropometric indices with high BP (≥95th 
percentile) among adolescents. These findings were 
based on group A whereby prehypertensive adolescents 
were grouped in the normal BP group (normal and 
prehypertensive) versus the high BP group (hypertension 
stages 1 and 2). Overall, the AUCs of BMI-for-age, WC and 
WHtR (range from 0.81 to 0.86) indicated good predic-
tive power in assessing high BP of adolescents, whereas 
the AUC of ABSI in the total sample was less than 0.8, 
showing an acceptable level of predictive power. In men, 
the AUC of BMI was the highest (0.817), followed by 
WHtR (0.789), WC (0.781) and ABSI (0.709). As for the 
women, WC (0.863) showed the highest AUC, whereas 
BMI and WHtR had the same AUC (0.854) with the 
lowest for ABSI (0.756). Based on the Youden index, the 
optimal cut-off values of BMI-for-age for predicting high 
BP were 1.87 in men and 1.18 in women, whereas for WC 
were the 78th percentile for men and the 73rd percentile 
for women. Optimal WHtR cut-off values were 0.52 for 
men and 0.45 for women, whereas ABSI cut-off values to 
identify hypertensive adolescents were 0.15 for men and 
0.14 for women. In the full sample and the women group, 
WHtR has the highest sensitivity (>90.0%) in identifying 
hypertensive adolescents, whereas BMI-for-age showed 
the highest specificity (>80.0%) in identifying those with 
normal BP. Most indices did not show an acceptable level 
of sensitivity (<70.0%) for the prediction of high BP in 
men, while the index with the highest specificity was WC. 
When further analysis was performed by comparing the 
AUC values of WHtR with other anthropometric indices 
for both sexes, only ABSI showed a significant difference 
with WHtR.

ROC analysis based on group B
Table 3 shows the results of the ROC analysis of various 
anthropometric indices with high BP (≥90th percentile) 
based on group B, whereby prehypertensive and hyper-
tensive adolescents were grouped together in the high BP 
group. The AUCs of BMI (0.793), WC (0.781) and WHtR 
(0.781) showed acceptable to good predictive power for 
high BP, except for ABSI (<0.70). The AUC of BMI-for-age 
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Table 1  Mean, SD, range and classifications of BMI-for-age, WC, WHtR, ABSI and blood pressure of adolescents (n=513)

Variables

N (%)

Total (n=513) Males (n=211) Females (n=302)

BMI-for-age z-score mean±SD (range) 0.25±1.52 (−3.95–4.6) 0.41±1.60 (−3.95–4.16) 0.13±1.45 (−3.64–3.95)

 � Thinness 35 (6.8) 16 (7.6) 19 (6.3)

 � Normal 311 (60.6) 114 (54.0) 197 (65.2)

 � Overweight 93 (18.1) 40 (19.0) 53 (17.5)

 � Obesity 74 (14.5) 41 (19.4) 33 (11.0)

WC (cm) mean±SD (range) 69.83±10.57 (52.50–111.0) 71.35±11.08 (52.6–111.0) 68.77±10.08 (52.0–108.0)

 � Normal 441 (86.0) 179 (84.8) 262 (86.8)

 � Abdominal obesity 72 (14.0) 32 (15.2) 40 (13.2)

WHtR mean±SD (range) 0.45±0.06 (0.32–0.71) 0.45±0.07 (0.32–0.68) 0.44±0.06 (0.32–0.71)

 � Normal 418 (81.5) 163 (77.3) 418 (81.5)

 � Abdominal obesity 95 (18.5) 48 (22.7) 95 (18.5)

ABSI mean±SD (range) 0.1389±0.0074 (0.12–0.17) 0.1402±0.0005 (0.13–0.17) 0.1379±0.0004 (0.12–0.16)

Systolic BP mean±SD (range) 113.4±14.4 (79.0–159.0) 116.2±14.7 (82.0–159.0) 111.4±13.9 (79.0–155.5)

Diastolic BP mean±SD (range) 67.1±9.8 (63.8–35.0) 65.5±9.6 (42.0–92.6) 68.2±9.9 (35.0–98.8)

BP classification  �   �   �

 � Normal
 � (<90th percentile)

354 (69.0) 147 (69.7) 207 (68.5)

 � Prehypertension
 � (≥90th to <95th percentile)

98 (19.1) 38 (18.0) 60 (19.9)

 � Hypertension stage 1
 � (95th to 99th percentile)

43 (8.4) 21 (10.0) 22 (7.3)

 � Hypertension stage 2
 � (>99th percentile)

18 (3.5) 5 (2.4) 13 (4.3)

ABSI, a body shape index; BMI, body mass index; BP, blood pressure; WC, waist circumference; WHtR, waist-to-height ratio.

was the highest in both sexes, followed by WHtR, WC and 
ABSI in men and WC, WHtR and ABSI in women. For the 
prediction of high BP, the optimal cut-off values of BMI-
for-age were 0.79 and 0.92 in men and women, respec-
tively. The optimal WC cut-off points used to discriminate 
high BP were the 72nd percentile for men and the 70th 
percentile for women, whereas WHtR cut-off points were 
0.46 in men and 0.45 in women. ABSI cut-off values to 
identify hypertensive adolescents were 0.14 in both sexes. 
WHtR consistently showed good sensitivity and speci-
ficity (>70.0%) in predicting high BP for both sexes and 
the full sample. The highest percentage of hypertensive 
adolescents could be identified based on WHtR in women 
(sensitivity: 71.6%) and BMI-for-age in men (sensitivity: 
79.7%). On the other hand, BMI-for-age showed the 
highest specificity (84.5%) in women, whereas WHtR 
had the highest specificity in men (80.3%). Further anal-
ysis was performed to compare the AUC values of WHtR 
with other anthropometric indices for both sexes. Only 
ABSI showed a significant difference with WHtR. Overall, 
considering the results of AUC, sensitivity, specificity and 
Youden index, WHtR was considered as the best anthro-
pometric indices in predicting high BP among Malaysian 
adolescents alongside BMI.

Discussion
Easy‐to‐use screening tool for hypertension is the funda-
mental for the detection of adolescents at risk for early 
intervention. This study analysed the existing anthropo-
metric indices for their predictive power of high BP in 
adolescents based on two different grouping methods. 
Comparable results were obtained from the ROC anal-
ysis using the ≥95th percentile cut-off points (group A) 
versus the ≥90th percentile (group B) to define high BP. 
Increasing evidence demonstrated the predictive power 
of different anthropometric indices for raised BP as 
defined by the ≥95th percentile systolic or diastolic BP 
in children and adolescents.29–31 Yet, none of the studies 
established the optimal cut-off values of anthropometric 
measures in identifying those with high BP, except for 
Liang et al29 who reported WC cut-off values. The current 
study reported the optimal cut-off values for the different 
anthropometric indices in identifying those adolescents 
with high BP. Given that the prevalence of hypertension 
appears to be increasing in adolescents, using a quick 
and accurate screening method in measuring BP level in 
this population has been considered important for public 
health actions.
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Table 2  Area under ROC curve (AUC), optimal cut-off values, sensitivities, specificities and Youden index of anthropometric 
indices in predicting high blood pressure according to sex in group A

Body 
composition 
indices

AUC
(95% CI) P value

Cut-off 
value

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

Youden 
index χ²* P value*

Total (n=513)

 � BMI-for-age 
z-score

0.835 (0.782 to 0.889) <0.001 1.47 68.9(0.556 to 0.798) 83.6 (0.798 to 0.869) 0.525 0.62 0.433

 � WC percentile 0.828 (0.768 to 0.888) <0.001 73.0 80.3 (0.678 to 0.890) 72.1 (0.677 to 0.762) 0.525 0.15 0.703

 � WHtR 0.823 (0.759 to 0.887) <0.001 0.44 90.2 (0.791 to 0.959) 63.7 (0.591 to 0.681) 0.539 – –

 � ABSI 0.735 (0.662 to 0.809) <0.001 0.14 68.9 (0.556 to 0.798) 71.5 (0.670 to 0.755) 0.403 19.63 <0.001

Males (n=211)

 � BMI-for-age 
z-score

0.817 (0.723 to 0.912) <0.001 1.87 69.2 (0.481 to 0.849) 84.3 (0.781 to 0.891) 0.536 2.38 0.123

 � WC percentile 0.781 (0.671 to 0.891) <0.001 78.0 57.7 (0.372 to 0.760) 90.8 (0.855 to 0.944) 0.485 0.30 0.581

 � WHtR 0.789 (0.675 to 0. 903) <0.001 0.52 65.4 (0.444 to 0.821) 87.6 (0.817 to 0.918) 0.530 – –

 � ABSI 0.709 (0.577 to 0.841) <0.001 0.15 65.4 (0.444 to 0.821) 85.4 (0.793 to 0.900) 0.508 10.35 0.001

Females (n=302)

 � BMI-for-age 
z-score

0.854 (0.793 to 0.916) <0.001 1.18 71.4 (0.535 to 0.848) 83.5 (0.784 to 0.877) 0.549 0.00 0.985

 � WC percentile 0.863 (0.798 to 0.927) <0.001 73.0 85.7 (0.690 to 0.946) 74.2 (0.684 to 0.792) 0.599 0.19 0.667

 � WHtR 0.854 (0.781 to 0.927) <0.001 0.45 94.3 (0.795 to 0.990) 65.9 (0.599 to 0.716) 0.602 – –

 � ABSI 0.756 (0.670 to 0.843) <0.001 0.14 82.9 (0.657 to0.928) 62.9 (0.568 to 0.687) 0.458 11.72 0.001

*Comparison of the AUC value of WHtR with the other anthropometric indices.
ABSI, a body shape index; AUC, area under the curve; BMI, body mass index; ROC, receiver operating characteristic; WC, waist circumference; 
WHtR, waist-to-height ratio.

Using the ≥95th percentile threshold to define high BP, 
we found that anthropometric indices had relatively lower 
sensitivities (<70.0%) in prediction, especially among the 
men. In both sexes, the optimal cut-off values of BMI-
for-age to predict high BP were higher than the reference 
criteria used to identify overweight (BAZ ≥1).22 Likewise, 
the optimal cut-off value of WHtR in male adolescents was 
above the common cut-off that defines abdominal obesity 
(WHtR ≥0.5). These results were due to the high propor-
tion of prehypertensive adolescents with excess adiposity. 
In the prehypertension group, more than half of them 
were overweight or obese (based on the BMI-for-age), 
whereas more than one-third of the male adolescents 
(36.8%) were abdominally obese (based on the WHtR). 
Concurrently, a previous study showed that prehyperten-
sive adolescents were more likely to be overweight and 
obese, with more than fourfold greater incidence rate of 
hypertension (up to 7% per year) as compared with those 
with normal BP.32 In addition, emerging data from cohort 
studies showed that prehypertension increased the risk of 
CVD over time, even after adjusting for multiple cardio-
vascular risk factors.33 34 Given the strong tracking of BP 
from childhood to adulthood, careful attention should 
be given to prehypertensive condition especially during 
adolescence. Hence, it is also suggested that more accu-
rate prediction of high BP from anthropometric indices 
should be based on the 90th percentile threshold.

On the other hand, current results based on group B 
confirmed the significant ability of BMI, WC, WHtR and 
ABSI to discriminate both hypertensive and prehyper-
tensive adolescents. These important findings replicated 
previous studies on the use of the 90th percentile for 
raised BP in adolescents of different ethnic groups.6 35 
The AUC of BMI-for-age was the highest, whereas the 
AUCs of WC and WHtR were comparable and performed 
similarly well to predict high BP in adolescents. However, 
BMI-for-age and WC showed low sensitivities in identi-
fying women with high BP. Considering both sensitivity 
and specificity, WHtR appeared to be the best in discrim-
inating high BP among men and women in this study. 
Altogether, these results suggest that WHtR is the most 
accurate indicator to predict the presence of elevated BP 
alongside BMI among adolescents in this study.

Studies found that BMI and WC were good predictors 
of elevated BP in adolescents.9 35 However, both indices 
exhibited low sensitivity in discriminating individuals with 
high BP.36 37 This could be due to the inability of BMI 
to measure fat distribution and differentiate adipose 
tissues and muscle mass. Previous findings also discov-
ered the relatively weak association of BMI and per cent 
body fat in Asians as compared with other ethnic groups, 
and a large proportion of individuals with high body fat 
content remained undetectable based on their BMI.38 39 
Thus, screening by BMI alone could potentially lead to 
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Table 3  Area under ROC curve (AUC), optimal cut-off values, sensitivities, specificities and Youden index of anthropometric 
indices in predicting high blood pressure according to sex in group B

Body 
composition 
indices

AUC
(95% CI) P value

Cut-off 
value

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

Youden 
index χ²* P value*

Total (n=513)

 � BMI-for-age 
z-score

0.793 (0.750 to 0.836) <0.001 0.79 71.1 (0.633 to 0.778) 76.6 (0.717 to 0.808) 0.477 1.45 0.228

 � WC percentile 0.781 (0.737 to 0.825) <0.001 73.0 66.0 (0.581 to 0.732) 80.2 (0.756 to 0.842) 0.462 0.00 0.993

 � WHtR 0.781 (0.736 to 0.826) <0.001 0.44 74.2 (0.666 to 0.807) 71.5 (0.664 to 0.761) 0.457 – –

 � ABSI 0.688 (0.637 to 0.739) <0.001 0.14 57.2 (0.491 to 0.650) 74.3 (0.691 to 0.784) 0.315 27.71 <0.001

Males (n=211)

 � BMI-for-age 
z-score

0.808 (0.744 to 0.872) <0.001 0.79 79.7 (0.674 to 0.883) 70.7 (0.626 to 0.778) 0.504 0.51 0.475

 � WC percentile 0.788 (0.720 to 0.857) <0.001 72.0 70.3 (0.574 to 0.808) 78.9 (0.713 to 0.850) 0.492 0.62 0.430

 � WHtR 0.799 (0.732 to 0.865) <0.001 0.46 70.3 (0.574 to 0.808) 80.3 (0.727 to 0.862) 0.506 – –

 � ABSI 0.730 (0.650 to 0.809) <0.001 0.14 70.3 (0.574 to 0.808) 72.1 (0.640 to 0.790) 0.424 8.82 0.003

Females (n=302)

 � BMI-for-age 
z-score

0.786 (0.729 to 0.843) <0.001 0.92 63.2 (0.526 to 0.726) 84.5 (0.787 to 0.890) 0.477 1.86 0.172

 � WC percentile 0.777 (0.719 to 0.835) <0.001 70.0 63.2 (0.526 to 0.726) 81.2 (0.750 to 0.861) 0.443 0.52 0.471

 � WHtR 0.768 (0.708 to 0.828) <0.001 0.45 71.6 (0.613 to 0.801) 72.9 (0.663 to 0.788) 0.445 – –

 � ABSI 0.665 (0.598 to 0.731) <0.001 0.14 54.7 (0.442 to0.649) 70.0 (0.632 to 0.761) 0.248 16.70 <0.001

*Comparison of the AUC value of WHtR with the other anthropometric indices.
ABSI, a body shape index; AUC, area under the curve; BMI, body mass index; ROC, receiver operating characteristic; WC, waist circumference; 
WHtR, waist-to-height ratio.

underestimation of obesity-related diseases including 
hypertension. Given the close link of excess visceral fat 
and metabolic complications, indicators that reflect 
abdominal obesity such as WC and WHtR may perform 
better in predicting cardiometabolic risks.29 Nonetheless, 
WC is a height-dependent variable; thus, not all indi-
viduals with the same WC had a similar risk of disease. 
Consistent findings revealed a higher metabolic risk in 
shorter individuals than taller ones at a given WC.40 41 
Even with the use of sex-specific WC percentile adjusted 
for age, WC might overestimate the risk of hypertension 
in tall adolescents but underestimate risk in short adoles-
cents since height is a risk factor of hypertension.42

Findings from various Asian countries concurrently 
supported the superiority of WHtR over WC and BMI in 
predicting hypertension among adolescents.42 Similar 
results were demonstrated in a meta-analysis review 
focusing on the Asian population. Nevertheless, some 
studies showed the poor prediction of WHtR for hyper-
tension in children and adolescents mainly in European 
countries.43 44 The discrepancy of results could be due 
to ethnicity differences. As compared with Caucasians, 
the Asian population tends to have a greater amount 
of abdominal fat and total body fat but shorter height, 
which were associated with higher risk of hypertension 
through several mechanisms such as systemic inflamma-
tion, leptin resistance, hydrostatic blood vessel pressure 
and fat distribution around the kidneys.45 Variations in 

term of genetic-environmental interaction, socioeco-
nomic status, cultural influences and lifestyle-related risk 
factors such as salt intake and physical activity level across 
ethnicity groups could affect the findings.46 47 Besides, 
the variation of WHtR across age might reduce its effi-
cacy to detect abdominal fat in children undergoing 
pubertal growth, since the rapid increase in height was 
relatively greater than the increase in WC.48 Hence, the 
use of WHtR as a simple tool to measure and interpret 
represents an advantageous alternative to screen for the 
risk of high BP not only in the clinical setting, but also at 
the community setting.

The current study found that the optimal cut-off points 
of BMI, WC and WHtR for the prediction of high BP 
were lower than the threshold to define obesity in adoles-
cents, replicating the results of previous studies.37 49 In 
the present study, the optimal WHtR cut-off values were 
0.46 in men and 0.45 in women, which were close to the 
WHtR cut-off values (<0.5) reported by previous studies 
for the prediction of hypertension37 as well as metabolic 
syndrome50 and CVD risk among adolescents.51 Although 
a WHtR of ≥0.5 was previously proposed as the universal 
cut-off value to assess abdominal obesity and cardiomet-
abolic risk,14 the cut-off of 0.5 resulted in poor sensitivity 
in predicting CVD risk among adolescents and may not 
be efficiently used across different ethnic groups.52 Since 
Asians are naturally shorter in height than Europeans of 
the same age and sex, lower WHtR cut-off points may be 
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required for better accuracy in predicting cardiometa-
bolic risks in Asian children and adolescents.

Compared with other indices, ABSI presented the worst 
predictive power and sensitivity in identifying high BP 
of the adolescents in this study. ABSI was first proposed 
as an indicator to better reflect visceral fat over periph-
eral tissue; thus, it was found to be more associated with 
mortality hazards than BMI and WC in American adults.53 
However, findings from subsequent studies were largely 
inconsistent about the usefulness of ABSI especially in 
determining hypertension and CVD risk. While combined 
obesity measure such as ABSI presented greater predict-
ability of mortality risk, some studies found that ABSI was 
not capable of identifying CVD, CVD risk and metabolic 
syndrome in the adult population.54 55 In a study done 
among Portuguese adolescents, both systolic and diastolic 
BPs were better predicted by ABSI as compared with 
BMI and WC, but an unexpected inverse association of 
ABSI and BP was found.9 Xu et al19 highlighted that the 
result was due to the inappropriate scaling exponents of 
ABSI in adolescents plus the confounding effect of BMI. 
Yet, the newly corrected ABSI was neither correlated to 
adolescents’ BP nor significantly differentiated to those 
with high BP, after adjusting for BMI.19 Likewise, recent 
studies of adolescents failed to obtain significant associa-
tion between ABSI and BP.56 57 Similar results were found 
in adults whereby ABSI had the smallest OR and AUC for 
the prediction of hypertension.58

Based on the results of systematic review and meta-
analysis, Ji et al59 concluded that ABSI was superior in 
predicting premature mortality risk than BMI and WC, 
but it underperformed in predicting chronic diseases 
including hypertension. While the underlying mech-
anisms of these contrasting results for ABSI remained 
unknown, variations in age, sex and ethnicity might give 
rise to the discrete findings. Given that both mortality and 
ABSI increased significantly with age,53 it was suggested 
that age should be considered when assessing the mortality 
risk of different populations. In relation to hypertension, 
Cheung60 observed limited applicability of the original 
ABSI in the adult population of Indonesia, whereas the 
locally adapted ABSI performed slightly better yet less 
accurate than BMI and WC in predicting the incidence 
rate of hypertension. Cheung60 also suggested that the 
same structure but different exponents of ABSI should be 
adopted for men and women for optimal performance, 
and it may not be applied uniformly across different 
populations. Therefore, it is possible that these limita-
tions confined the predictability of ABSI for hypertension 
in our study.

In term of practical application, the findings of this 
study bring some points to be considered in future public 
health actions. First, it is important to have routine 
measurement for BP in school and clinic settings in order 
to improve the early detection, prevention and treat-
ment of hypertension in adolescents. WHtR may serve as 
a simple and inexpensive screening tool to identify high 
BP among adolescents in schools and those at risk can 

be referred for further diagnostic evaluation in hospitals. 
Second, it is essential to develop and implement effective 
public health strategies to prevent and control prehyper-
tension, hypertension and obesity among adolescents.

Several limitations inherent to this study are worth 
noting. First, the cross-sectional design of this study does 
not infer the causality of associations between anthropo-
metric indices and high BP. In other words, the predictive 
power measured by the ROC analysis does not suggest 
the ability to predict the development of hypertension; 
it is rather indicative of the ability to detect the presence 
of hypertension. Second, the confounding effects from 
potential covariates such as age, physical activity level, 
family hypertension history and obesity could not be 
completely excluded since multiple factors were associ-
ated with the development of obesity and hypertension. In 
addition, pubertal status of the adolescents was not evalu-
ated in this study. Third, generalisation of findings should 
be done cautiously as the study samples were randomly 
selected from Selangor state only. Further studies with 
larger samples should be conducted. On the contrary, the 
strengths of this study included the sex-specific analysis of 
ROC as body composition differed significantly between 
men and women. This study performed two separate 
analyses using the 90th and 95th percentile cut-offs for 
differentiating high BP, which allowed a better compar-
ison of the predictive power of anthropometric indices to 
detect high BP in adolescents.

Conclusions
The findings of this study demonstrated that the high 
prevalence of hypertension was evident among Malaysian 
adolescents. As the first study to compare the prediction of 
high BP using two different cut-off points, we suggest that 
early detection of high BP by anthropometric screening 
in adolescents should be based on the 90th percentile 
BP cut-off to prevent underestimation of those at high 
risk of hypertension. WHtR might be a useful indicator 
for screening high BP risk in the school setting or in the 
routine primary-level health services for Malaysian adoles-
cents alongside BMI, based on the optimal cut-off values 
of 0.45 in men and 0.46 in women. Unlike WC and BMI, 
WHtR is independent of age and sex, which provides 
greater convenience in terms of measurement and inter-
pretation. Thus, WHtR can be practically used for fast 
and mass screening in clinical and community settings. 
Given its simplicity to measure and comprehend, WHtR 
has high potential value in the development of successful 
prevention and screening strategies for abdominal obesity 
and hypertension among adolescents.
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