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ABSTRACT

Objectives To demonstrate the accuracy and flexibility of
using waist-to-height ratio (WHtR) as a screening tool for
identifying children and adolescents with cardiometabolic
risk (CMR) across a wide range of prevalence levels
among general paediatric populations.

Design A nationwide population-based cross-sectional
study with all data collected at school settings in six cities
of China.

Participants A total of 8130 children and adolescents
aged 7—-18 years with complete anthropometric and CMR
measurements based on blood tests were recruited.
Outcome measures Elevated blood pressure,
dyslipidaemia, elevated fasting blood glucose and central
obesity were measured. The primary outcome, CMRs, was
defined as meeting three or more of the above risk factors.
The accuracy of WHtR for identifying CMRs was evaluated
using areas under the curves (AUCs) with 95% Cl of the
receiver operating characteristic curve. The predictability
of WHtR at given CMRs prevalence levels was estimated
by positive predictive value (PPV) and negative predictive
value.

Results Overall, 6.1% of study participants were
presented with CMRs. WHtR had high AUCs ranging from
0.84 (95% Cl 0.81 to 0.88) t0 0.88 (95% CI 0.86 to 0.90)
in the total population and age-subgroup and gender-
subgroup. The overall optimal WHIR cut-off value was
0.467, with boys having a higher cut-off than girls (0.481
vs 0.456). WHtR achieved an overall sensitivity of 0.89
and PPV of 18.8% at a specificity of 0.75. The screening
performance of WHtR remained satisfactory across a wide
range of given CMRs prevalence levels (5%, 10% and
20%).

Conclusion WHtR as a screening tool could accurately
and flexibly identify children affected with the clusters of
three or more of CMR factors from the general paediatric
population with various CMR prevalence levels. Our
findings provide support for policy-making on early CMR
identification and management in the high-risk group of
children.

INTRODUCTION

Obesity is a growing global epidemic, with
more than 340million children and adoles-
cents aged 5-19 being overweight or obese

1

Strengths and limitations of this study

» As the largest nationwide cross-sectional study in
the paediatric population, our findings enhanced
the generalisability of waist-to-height ratio (WHtR)
to practice.

» The findings were based on objectively measured
cardiometabolic risk (CMR) outcomes and waist cir-
cumstance in the large population.

» The large sample size allowed us to report optimal
WHIR cut-off values to identify CMR for the entire
population and age-specific and gender-specific
subgroups, and simulate the predictability at a wide
range of given CMR prevalence levels.

» Our analysis was limited to children with complete
data on blood tests, which may cause selection bias
in the research findings.

» Potential covariates, including the age of puberty,
family history of cardiovascular disease, and obesity
were not determined.

in 2016." Obesity in childhood is associated
with multiple cardiometabolic risk (CMR)
factors including hyperglycaemias, dyslip-
idaemia and hypertension, which predicts
increased risk of obesity and cardiovascular
diseases in adulthood.? Early CMR identifica-
tion in general paediatric population could
improve the awareness of the self-risk status
and further promote healthy lifestyles, which
may potentially prevent the long-term risk
of cardiovascular diseases.” Given that blood
tests screening CMR in asymptomatic chil-
dren is unacceptable in routine health exam-
inations, anthropometric indexes with good
correlation with CMR in children population
has the potential to be used for screening in
pralctice.‘l_7

Previous work has demonstrated the
promise of waist-to-height ratio (WHtR), an
obesity-related anthropometric index, as an
efficient tool for quick and mass screening
of CMR in children.*"” However, given the
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vast variability in CMR prevalence across populations, the
performance of WHtR in detecting CMR or clusters of
CMR at different prevalence levels remains unclear. The
objective of the analysis reported herein was to confirm
the accuracy and predictive value of WHtR screening for
CMR in paediatric populations with diverse CMR prev-
alence levels for the first time, using a larger sample of
children and adolescents in China.

METHODS

Study population

This was a multicentre cross-sectional study conducted
from 1 January 2013 to 31 December 2015, which included
six large cities in the northern (Beijing, Jinan and Chang-
chun) and southern regions (Shanghai, Chongqing and
Chengdu), as part of the China Child and Adolescent
Cardiovascular Health study.” Details of the study design
and sampling methods have been reported elsewhere.'
Briefly, the stratified cluster random sampling method
was used to select more than 100 children (50 boys and
50 girls) from each age group in each city to ensure the
representativeness of subjects. A total of 8794 students
from selected schools participated in relevant examina-
tions, including anthropometric and blood pressure
(BP) measurements, and blood samples collections. We
excluded 664 participants who were younger than 7 or
older than 18 years. Finally, 8130 children (53.2% male)
were included in the analysis.

Anthropometric measurements

Anthropometric measurements including body weight,
height and waist circumference (WC) were examined by
standard protocols and instruments, where subjects were
lightly clothed and barefoot. The WHtR was calculated
as the WC in centimetres divided by the height in centi-
metres. Detailed measurement methods were previously
reported.” 1

CMR factors

CMR factors included elevated BP, dyslipidaemia, elevated
fasting blood glucose (FBG) and central obesity. The
study outcome, CMRs, was defined as meeting three or
more of the above four factors. BP was obtained on three
different days, with three times measurements during
each visit and at least 2weeks between visits. Seated BP
was measured on the right arm by the HEM-7012 elec-
tronic sphygmomanometer (OMRON Corp, Kyoto,
Japan). Elevated BP was defined as over 90th percentile
for age-specific and genderspecific reference.”” Blood
samples were collected after a 10hours overnight fast.
Dyslipidaemia was defined as having any of the following
conditions: (1) triglycerides of >1.76 mmol/L, (2) total
cholesterol of 25.2mmol/L, (3) low-density lipoprotein
cholesterol 23.38 mmol/L or (4) high-density lipoprotein
cholesterol of <1.04 mmol/L.16 Flevated FBG was defined
as a value of >25.6 mmol/ L."” Central obesity was defined

using the age-specific and genderspecific WC cut-offs
recommendation obesity."®

Statistical analysis

Demographic characteristics and body measurements
were summarised as means and SD for continuous vari-
ables and absolute numbers and percentages for cate-
gorical variables. Body mass index (BMI) and WC were
standardised by age and gender based on reference
curves for Chinese children and adolescents, respec-
tively.'” * Areas under the curves (AUCs) with 95% CI of
the receiver operating characteristic (ROC) were used to
measure the accuracy of WHtR for discriminating chil-
dren with CMRs from the general paediatric population.
Considering the critical role of sensitivity in screening
CMRs, we believe that specificity can be compromised
for a higher sensitivity within an acceptable extent when
determining the optimal cut-off values. Accordingly, we
determined the optimal cut-off values as a maximum
sensitivity with a specificity of 20.75 for different groups.
This value is arbitrary selected for illustrative purposes
alone. By using diagnostic tests, we predicted the
screening performances, including sensitivity, specificity,
positive predictive value (PPV) and negative predictive
value (NPV), in the overall study population and age-
specific and gender-specific subgroups. The performance
of WHItR was also evaluated using the well-known cut-off
of 0.5.%' Importantly, we reported PPV and NPV in a series
of CMRs prevalence levels (5%, 10% and 20%) to validate
the robustness of our results. All analyses were performed
using Stata V.15.0.

Patient and public involvement
There was no direct public or patient involvement in the
design and implementation of this survey.

RESULTS

The general characteristics of subjects are presented by
geographic region and city in table 1. Among the 8130
subjects, 53.2% were male and 55.9% were 12 years or
younger. The overall levels of two obesity measures, BMI
and WC, were mildly above the national reference levels
(0.6 SD for BMI, 0.2 SD for WC). The mean WHtR was
0.444+0.061, with higher values in the northern region
cities. The overall prevalence of CMRs was 6.1% in the
entire population and ranged from 1.6% to 12.6% across
cities, which was generally higher in the northern region
than in the southern region.

WHItR showed consistent and satisfactory performances
in identifying children with CMRs (table 2). The AUGs
ranged from 0.84 (95% CI 0.81 to 0.88) to 0.88 (95%
CI 0.86 to 0.90) in the total population as well as in
age-specific and gender-specific subgroups. The overall
optimal cut-off value of WHItR was 0.467, and 28.4% of
the study population having WHtR values above this cut-
off. The prevalence of CMRs was 7.7% in boys and 4.3%
in girls, and the optimal WHtR cut-offs were 0.481 and
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Table 1 General characteristics of the study children

Northern region

Southern region

Measurements Overall Beijing Jinan Changchun Shanghai Chongqing Chengdu
n (%) 8130 (100.0) 1307 (16.1) 1210(14.9) 1518 (18.7) 1621 (19.9) 1143 (14.1) 1331 (16.4)
Male, n (%) 4325 (53.2) 733 (56.1) 684 (56.5) 870 (57.3) 800 (49.4) 580 (50.7) 658 (49.4)
Age, year (mean+SD)  12.0+3.3 11.2+2.8 11.4+£3.4 12.0+3.4 11818538 10.5+2.6 12.8+3.5
Age <12 years, n (%) 4547 (55.9) 854 (65.3) 758 (62.6) 854 (65.3) 593 (36.6) 873 (76.4) 613 (46.1)
Weight (kg) 47.7+18.2 48.4+18.6 49.5+21.4 52.0+20.9 49.4+16.2 39.5+13.1 45.8+14.9
Height (cm) 151.7+16.5 152.9+16.4 150.3x17.4 153.6+17.5 154.9+154 143.4+13.6 153.1+15.4
BMI (kg/m?) 20.0+4.5 19.9+4.4 20.9+5.3 21.2+5.3 20.0+4.0 18.7+3.4 19.0+3.7
BMI SDS 0.6+1.2 0.7+1.2 1.0+1.3 0.9+1.4 0.4+1.2 0.6+1.1 0.2+1.1
WC (cm) 67.4+12.1 69.4+12.6 68.8+13.9 69.4+13.5 68.1+10.8 62.3+9.4 65.3+9.9
WC SDS 0.2+1.2 0.5+1.1 0.4+1.3 0.3+1.3 0.1+1.1 -0.2+1.1 -0.2+1.1
WHtR 0.444+0.061 0.453+0.060 0.457+0.069 0.452+0.685 0.440+0.057 0.435+0.051 0.427+0.050
CMRs, n (%) 493 (6.1) 164 (12.6) 113 (9.3 95 (6.3) 56 (3.5) 44 (3.9) 21(1.6)

BMI, body mass index; CMRs, meeting three or more cardiometabolic risk factors; SDS, SD score; WC, waist circumference; WHtR, waist-to-

height ratio.

0.456, respectively. In addition, the optimal WHtR cut-offs
differed between two age groups by gender. In boys, the
optimal WHIR cut-off was 0.487 for the group of age <12
years with CMRs prevalence of 6.3%, and was 0.468 for
the group of age >12 years with CMRs prevalence of 9.4%,
while the optimal cut-offs for girls were stable at 0.456 for
the two age groups with CMRs prevalence being 4.5% and
4.0%, respectively. Overall, WHIR achieved sensitivities of
0.85 or over in identifying CMRs in the total population
and age-specific and gender-specific subgroups at our
chosen specificity of 0.75 or more. Intriguingly, using
the well-reported WHtR cut-off of 0.5, from the common
sense of ‘keep your waist below half of your height’ for
the adult population, the sensitivity was only 0.68 with a
specificity of 0.86.

To further demonstrate the application of WHtR, we
simulated its predictive performance at three given CMRs
prevalence levels (5%, 10% and 20%) in table 3. As
expected, the predictive ability of WHR using proposed
optimal cut-off values varied among age and gender
subgroups, and increased with the given prevalence
of CMRs. In the overall study population, the PPV was
15.9% at the CMRs prevalence of 5%, and would achieve
47.3% at a prevalence of 20%. Results in the subgroups
analysis by age and gender showed similar trends. At a
given prevalence of 5%, PPVs were 15.4% for boys and
16.4% for girls, ranging from 15.5% to 16.6% across the
age subgroups; for the prevalence of 20%, PPVs reached
46.3% for boys and 48.3% for girls, ranging from 46.5%
to 48.6% across all the age subgroups.

Table 2 Optimal cut-offs and performance of WHtR screening for CMRs among general paediatric population

Group N Prevalence (%) AUC 95%ClI Optimal cut-offs Sensitivity Specificity PPV (%) NPV (%)

Total 8130 6.1 0.87 (0.851t0 0.88) 0.467 0.89 0.75 18.8 99.0

Gender
Boys 4325 7.7 0.86 (0.851t0 0.88) 0.481 0.88 0.75 22.2 98.6
Girls 3805 4.3 0.84 (0.81t00.88) 0.456 0.85 0.77 14.2 99.2

Age group

Age <12years 4547 5.5 0.85 (0.83t00.88) 0.471 0.88 0.75 16.7 99.0
Boys 2444 6.3 0.87 (0.84 10 0.89) 0.487 0.92 0.75 19.5 99.2
Girls 2103 4.5 0.84 (0.791t0 0.88) 0.456 0.85 0.77 14.7 99.1

Age >12 years 3583 6.8 0.88 (0.86to 0.90) 0.458 0.92 0.75 20.9 99.2
Boys 1881 9.4 0.87 (0.85t00.89) 0.468 0.91 0.75 27.0 98.7
Girls 1702 4.0 0.86 (0.80to 0.91) 0.456 0.85 0.78 13.6 99.2

AUC, area under receiver operating characteristic curve; CMRs, meeting three or more cardiometabolic risk factors; NPV, negative predictive
value; PPV, positive predictive value; WHtR, waist-to-height ratio.
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Table 3 Predictive performance of WHtR screening for CMRs at given prevalence levels

Given CMRs prevalence

5% 10% 20%
Group WHTR cut-offs PPV (%) NPV (%) PPV (%) NPV (%) PPV (%) NPV (%)
Total 0.467 15.9 99.2 28.5 98.3 47.3 96.2
Gender
Boys 0.481 15.4 99.1 27.7 98.2 46.3 96.0
Girls 0.456 16.4 99.0 29.3 97.9 48.3 95.4
Age group
Age <12 (y) 0.471 155 99.1 27.8 98.1 46.5 95.9
Boys 0.487 15.9 99.4 28.6 98.8 47.4 97.2
Girls 0.456 16.3 99.0 29.1 97.9 48.0 95.4
Age >12 (y) 0.458 16.0 99.4 28.6 98.7 47.4 97.2
Boys 0.468 15.8 99.3 28.4 98.6 47 1 96.9
Girls 0.456 16.6 99.0 29.6 97.9 48.6 9515
CMRs, meeting three or more cardiometabolic risk factors; NPV, negative predictive value; PPV, positive predictive value; WHtR, waist-to-
height ratio.
DISCUSSION WHI(R cut-off values were slightly different in all the boys

Based on a large multicentre study population, we
provided evidence to demonstrate the accuracy and flex-
ibility of WHtR with appropriate cut-offs, in identifying
the high-risk group affected by the clustering of three or
more CMR factors from an apparently healthy popula-
tion. The overall AUC reached 0.87 and remained consis-
tent performance in genderspecific and age-specific
subgroups. Importantly, these results were robust against
various given CMRs prevalence levels, which were in line
with previous large studies among European and Amer-
ican children.”*** Furthermore, the optimal WHIR cut-
off value of 0.467 was more accurate in discriminating
CMRs in children population than the widely recom-
mended cut-off of 0.50.%!

We found that different cut-off values of WHtR were
required to achieve satisfactory discriminating perfor-
mance across populations. In the HEALTHY study
involving 6097 adolescents aged 10-13, a cut-off value of
0.52 showed a sensitivity of 0.80 and a specificity of 0.65
in identifying adolescents with clustered CMR.* In 2935
Korean children and adolescents aged 10-19 years, a
cut-off value of 0.491 showed a sensitivity over 0.96 and
a specificity of 0.89.” In our study with a larger study
sample covering a broad age span, the optimal cut-off of
0.467 of WHIR achieved a sensitivity of 0.89 and a spec-
ificity of 0.75, which was acceptable for screening CMR
from a general population for a public health purpose.
Studies showed gender difference in WHtR but it was
age-independent compared with other obesity-related
indexes;9 2627 however, we found that the CMR could be
different between the younger and the older children.” In
order to achieve better accuracy performance, we sought
to find out the best cut-offs of WHtR for age and gender
subgroups. Interestingly, we found that the optimal

and in the two age groups, while were stable at 0.456 for
girls. Nonetheless, the optimal cut-off values we identified
gave a specificity of >0.75and a sensitivity of >0.85 for the
entire population and age and gender subgroups. We
used 12 years old as the cut-off age for subgroup analysis
in both genders, since it was a proposed time of transition
from childhood to adolescence when secondary sexual
characteristics appeared.

Our study also focused on the PPV parameter, the
proportion of the true positives among screening-positive
individuals, which was relevant to cost-effective consid-
erations of using WHtR in practice. Besides the results
based on the observed actual prevalence of CMRs, we also
simulated PPVs of WHtR at a wider range of given preva-
lence levels. The PPV was 18.8% for the entire population
with CMRs prevalence of 6.1%, indicating that, approxi-
mately one in five children with WHtR >0.467 was affected
by three or more CMR factors. In addition, WHtR also
showed very high NPV of 98%, suggesting that children
with WHtR below the cut-off value were not likely affected
by CMRs. These performances were better than those in
the HEALTHY study with similar population CMR prev-
alence, in which the PPV was 12.3% at a cut-off of 0.52.*
WHIR could be more cost-effective in a population with
higher CMR prevalence. In our simulation analysis, PPV
raised to 47.3% at the given CMRs prevalence of 20%.
These findings could provide a cost-effective reference
for policy-makers to promote appropriate screening strat-
egies for CMR among different paediatric populations.

Blood tests were recently recommended to universal
screening dyslipidaemia or elevated FBG in children
aged 9-11 years to reduce CMR,”™ however, widespread
blood tests screening in asymptomatic individuals, was
costly, time-consuming and even unacceptable in most
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routine health examinations.”® ? In this context, WHtR
index as an integral part of the regular healthcare could
make the screening more rapidly and efficiently, as blood
tests could be restricted to those children with WHtR over
the cut-off values. For instance, given a CMRs prevalence
of 6% in our study, rather than screening 100 children
with blood tests to detect the six with three or more CMR
factors, only 28 children with WHtR over the cut-offs of
0.467 need further blood tests to correctly identify the
affected individuals. This also meant that the remaining
nearly two-thirds of children could avoid the invasive
blood tests, with 98% of them likely to be true metabolic
healthy. WHtR could thus be promoted as a large-scale
screening tool for children in routine health examina-
tions for its efficiency and acceptability, which helped to
improve awareness of the self-risk status and CMR reduc-
tion. Our findings may support the evidence-based guide-
line establishment and policy-making on WHtR screening
for paediatric CMR, helping public health practitioners
to improve primary prevention of cardiovascular disease
later in adult life.

The current study had several strengths. First of all,
this was the latest and largest nationwide study using
WHtR to screen CMR in the paediatric population in
China. The large sample size enhanced the generalis-
ability of our findings, allowing us to identify the best
WHItR cut-offs for age and gender subgroups. In addi-
tion, the findings were based on objectively measured
CMR outcomes and WC, which were reliable. There were
still some limitations. Of the China Child and Adoles-
cent Cardiovascular Health study, our analysis only
included 8130 children aged 7-18 who had blood tests,
which may cause selection bias in the research findings.
Our findings based on simulated analyses at given preva-
lence levels of CMRs need further validation. Moreover,
the effects of potential covariates, including the age of
puberty, family history of cardiovascular disease and
obesity were not determined.

CONCLUSIONS

Our study provides strong evidence for the application
of WHtR as an accurate and flexible tool in identifying
the high-risk group with CMR in the general paediatric
population. The screening performance of WHtR is
satisfactory at given CMR prevalence levels. Our findings
have important public health implications for evidence-
based policy-making to promote CMR identification and
management, which could be valuable in the primary
prevention of cardiovascular disease later in adult life.
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