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INTRODUCTION

With the increase of obesity and sedentary lifestyles, the preva-
lences of diabetes and cardiovascular diseases are also rapidly 
increasing.1 It has been reported that atherosclerotic changes 
begin in childhood, and the presence of cardiometabolic risk 
factors (CMRFs) in adolescents has also been reported to be as-
sociated with premature cardiovascular disease and diabetes.2

Metabolic syndrome is defined by the presence of three or 
more CMRFs including central adiposity, hypertension, hyper-
glycemia, hypertriglyceridemia, and decreased high-density li-
poprotein-cholesterol (HDL-C).3 It is rare in non-obese chil-
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dren; however, the prevalence increases rapidly in overweight 
or obese children and adolescents.1,4 Metabolic syndrome in 
children and adolescents can lead to increased morbidity and 
mortality later in life; thus, it is important to find those at higher 
risk for metabolic syndrome.2,5

Body mass index (BMI) and waist circumference (WC) are 
commonly used to define obesity in children and adolescents.6 
However, BMI is not a measure of fat distribution, and different 
cutoffs are used according to age and sex.7,8 Although WC is a 
good proxy for central obesity, age-dependent WC cutoffs in 
this age group are also required.7

Waist-to-height ratio (WHtR) is an alternative tool for identi-
fying people at higher metabolic risk. It has been reported that 
WHtR is superior to BMI in detecting cardiovascular risk factors 
in adults.9 Overweight children with a higher WHtR are more 
likely to have higher CMRFs.10,11 A single WHtR cutoff of 0.5 
seems to be acceptable in children as well as in adults, suggest-
ing that tables for age-dependent cutoffs are not required.12,13

This study was performed 1) to describe the relationship be-
tween WHtR and CMRFs in adolescents, 2) to evaluate the va-
lidity of WHtR in identifying metabolic syndrome14 when com-
pared to BMI and WC, and 3) to determine if the additional use 
of WHtR is helpful in screening adolescents with higher cardio-
metabolic risk.

MATERIALS AND METHODS

Participants
This study was based on data from the Korea National Health 
and Nutrition Examination Survey (KNHANES), conducted by 
the Korean Ministry of Health and Welfare between 1998 and 
2008. Of the 5733 participants aged 10 to 19, 4068 participants 
(2139 boys and 1929 girls) whose data for all components of 
metabolic syndrome were available and from whom samples 
were taken after fasting for more than 10 hours were enrolled. 

Overweight individuals were defined by BMI ≥85th percen-
tile for age and sex, and non-overweight individuals were de-
fined by BMI <85th percentile. To determine whether the use of 
WHtR in addition to BMI or WC helps to discriminate those at 
higher cardiometabolic risk, participants were categorized ac-
cording to BMI (overweight or non-overweight) and WC (with 
or without central obesity), and each of the BMI and WC groups 
were further stratified by WHtR (WHtR <0.5 vs. WHtR ≥0.5).

This study was approved by the Korean Ministry of Health and 
Welfare and by the Institutional Review Board of the National 
Health Insurance Service, Ilsan Hospital (NHIMC 2015-04-027).

Definition of cardiometabolic risk factors 
and metabolic syndrome
WC was measured at the narrowest point between the lower 
borders of the rib cage and the iliac crest at the end of normal 
expiration. WHtR was calculated by dividing WC (cm) by height 

(cm), and the WHtR cutoff of 0.5 was used, as it was previously 
suggested as a universal WHtR cutoff.12 Central obesity was de-
fined by WC ≥90th percentile using Korean waist reference data 
for those of <16 years of age.15 For those ≥16 years of age, a WC 
of ≥90 cm in boys and of ≥85 cm in girls was used to define cen-
tral obesity, according to the Korean-specific WC cutoff points.16

Hypertension was defined by systolic blood pressure (SBP) 
≥130 mm Hg or diastolic BP (DBP) ≥85 mm Hg. Hyperglycemia 
was defined by fasting glucose ≥100 mg/dL, and hypertriglyc-
eridemia was defined by fasting triglyceride level ≥150 mg/dL. 

Table 1. Clinical and Cardiometabolic Characteristics of the Study Popu-
lation

Boys Girls p value
N 2139 1929
Age (yrs) 13.6±2.5 13.8±2.6 0.011
Height (cm) 161.8±13.1 156.1±8.4 <0.001
Height z score 0.39±1.03 0.26±1.02 <0.001
Weight (kg) 54.5±15.1 49.2±10.8 <0.001
Weight z score 0.14±1.05 0.08±1.07 0.144
BMI (kg/m2) 20.5±3.7 20.0±3.3 0.004
BMI z score -0.06±1.08 -0.02±1.08 0.201
WC (cm) 70.9±10.4 67.0±8.2 <0.001
WHtR 0.44±0.06 0.43±0.05 <0.001
SBP (mm Hg) 110.2±11.8 105.9±10.6 <0.001
DBP (mm Hg) 66.2±10.7 65.0±9.5 <0.001
Fasting glucose (mg/dL) 92.0±9.6 90.3±9.4 <0.001
Triglycerides (mg/dL) 88.0±53.2 92.2±44.1 <0.001
HDL-C (mg/dL) 48.6±11.4 50.5±11.0 <0.001
Central obesity (%) 8.1 7.7 0.629
Hypertension (%) 8.0 2.9 <0.001
Hyperglycemia (%) 18.3 15.2 0.008
Hypertriglyceridemia (%) 9.1 9.7 0.495
Decreased HDL-C (%) 21.6 26.0 0.001
Multiple CMRFs (%) 10.9 9.6 0.144
Metabolic syndrome (%) 2.4 1.7 0.084
WC, waist circumference; WHtR, waist to height ratio; BMI, body mass in-
dex; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-
density lipoprotein-cholesterol; CMRF, cardiometabolic risk factor.

Table 2. Correlations between WHtR and Cardiometabolic Risk Factors

Non-overweight* Overweight†

Adjusted R2‡ p value Adjusted R2‡ p value
WC 0.7998 <0.001 0.8207 <0.001
SBP 0.1276 <0.001 0.1269 0.001
DBP 0.1171 0.566 0.0613 0.028
Glucose 0.0222 0.132 0.0260 0.694
Triglycerides 0.0343 <0.001 0.0527 <0.001
HDL-C 0.0296 <0.001 0.0447 <0.001
WHtR, waist to height ratio; WC, waist circumference; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein-cho-
lesterol; BMI, body mass index.
*BMI <85th percentile, †BMI ≥85th percentile, ‡After adjustment for age and 
gender.
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Decreased HDL-C was defined as an HDL-C level of <40 mg/
dL for all boys and girls of <16 years of age and of <50 mg/dL in 
girls of ≥16 years of age.14 The presence of two or more CMRFs 
among hypertension, hyperglycemia, hypertriglyceridemia, 
and decreased HDL-C was classified as multiple CMRFs.

Metabolic syndrome was defined by the International Diabe-
tes Federation (IDF) criteria for children and adolescents.14 A 
WC of at least the 90th percentile using Korean waist reference 
data15 was a mandatory criterion for metabolic syndrome. For 
those of at least 16 years, a WC of ≥90 cm in boys or of ≥85 cm in 

girls was used to define central obesity.16 Two or more of the 
following components were also required: a fasting triglyceride 
level of 150 mg/dL, a fasting glucose concentration of 100 mg/
dL or specific treatment, SBP of 130 mm Hg or DBP of 85 mm 
Hg, or an HDL-C level of <40 mg/dL for both boys and girls of 
<16 years or of <50 mg/dL in girls of ≥16 years.

Statistical analysis
Continuous data are expressed as mean±standard deviation 
and were compared using Wilcoxon’s rank sum test. Categori-

Table 4. Clinical Characteristics of Participants Grouped by BMI and Stratified According to WHtR

Non-overweight*
p value

Overweight†

p value
WHtR<0.5 WHtR≥0.5 WHtR<0.5 WHtR≥0.5

n (M:F) 3260 (1706:1554) 73 (43:30) 293 (99:194) 441 (290:151)
Age (yrs) 13.7±2.5 12.8±2.5 0.002 13.9±2.6 13.5±2.7 0.019
Height (cm) 158.9±11.6 151.5±10.4 <0.001 161.0±9.8 159.9±10.9 0.191
Height z score 0.29±1.01 -0.19±1.02 0.001 0.62±1.15 0.52±1.03 0.352
Weight (kg) 48.7±11.0 49.6±9.1 0.521 64.3±10.7 68.9±15.0 0.001
Weight z score -0.22±0.85 0.34±0.66 <0.001 1.41±0.52 1.68±0.62 <0.001
BMI (kg/m2) 19.0±2.3 21.4±1.6 <0.001 24.6±1.8 26.6±3.0 <0.001
BMI z-score -0.42±0.82 0.57±0.48 <0.001 1.36±0.28 1.71±0.45 <0.001
WC (cm) 65.9±6.7 79.4±6.4 <0.001 75.8±6.5 86.2±8.1 <0.001
SBP (mm Hg) 107.1±11.2 109.8±9.8 0.018 111.0±11.3 113.3±12.1 0.008
DBP (mm Hg) 65.2±10.1 64.5±10.7 0.711 67.3±10.1 68.4±10.2 0.143
Fasting glucose (mg/dL) 91.0±9.5 92.5±13.2 0.599 92.0±9.5 91.7±8.9 0.834
Triglycerides (mg/dL) 83.7±41.1 113.6±56.0 <0.001 100.7±59.3 125.4±72.5 <0.001
HDL-C (mg/dL) 50.6±11.3 47.2±9.4 0.025 47.0±10.9 43.7±9.2 <0.001
BMI, body mass index; WHtR, waist-to-height ratio; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density li-
poprotein-cholesterol.
*BMI <85th percentile, †BMI ≥85th percentile.

Fig. 1. The prevalence of multiple CMRFs (A) and metabolic syndrome (B) in overweight (BMI ≥85 P) and non-overweight (BMI <85 P) adolescents further 
stratified by WHtR. *p<0.05 vs. BMI <85 P/WHtR <0.5 group, †p<0.05 vs. BMI ≥85 P/WHtR <0.5 group. WHtR, waist to height ratio; BMI, body mass index; 
CMRFs, cardiometabolic risk factors. 
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Table 3. Receiver Operating Characteristic Curve Analysis for Identifying Multiple Cardiometabolic Risk Factors

BMI WC WHtR
AUC (95% CI) AUC (95% CI) AUC (95% CI)

Non-overweight* 0.835 (0.637, 1.000) 0.995 (0.988, 1.000) 0.998 (0.996, 1.000)
Overweight† 0.742 (0.684, 0.800) 0.820 (0.773, 0.867)‡ 0.807 (0.763, 0.850)§

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; AUC, area under the curve; CI, confidence interval.
*BMI <85th percentile, †BMI ≥85th percentile, ‡p<0.001 vs. BMI, §p=0.014 vs. BMI.
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cal data are expressed as proportions (%) and were compared 
using chi-square and Fisher’s exact tests. The relationship be-
tween WHtR and CMRFs was evaluated by performing a sex- 
and age-adjusted linear regression analysis. To validate the ef-
fectiveness of WHtR in identifying multiple CMRFs, the area 
under the curve (AUC) was calculated from the receiver operat-
ing characteristic (ROC) curve.17 Comparisons between sub-
groups were performed using Wilcoxon’s rank sum test. All sta-
tistical analyses were performed using SAS 9.4 software (SAS 
Institute, Cary, NC, USA). p<0.05 was considered significant.

RESULTS

Clinical and cardiometabolic characteristics of participants are 
summarized in Table 1. On linear regression analysis adjusted 
for age and gender, WHtR was significantly associated with WC 

(p<0.001), SBP (p<0.001 in non-overweight group and p=0.001 
in overweight group), triglycerides (p<0.001), and HDL-C 
(p<0.001) in both non-overweight and overweight adolescents 
(Table 2). In overweight adolescents, the AUC of WHtR in iden-
tifying multiple CMRFs was significantly higher than that of 
BMI (p=0.014) yet did not differ from that of WC (Table 3).

Table 4 summarizes the clinical characteristics of adolescents 
grouped by BMI and further classifies them according to WHtR. 
In non-overweight adolescents, the prevalence of multiple 
CMRFs was 7.9% in those with a WHtR of <0.5, whereas it was 
17.8% in those with a WHtR of ≥0.5 (p=0.001) (Fig. 1A). The 
prevalence of metabolic syndrome was higher in those with a 
WHtR of ≥0.5 than in those with a WHtR of <0.5 in both non-
overweight and overweight adolescents (both p<0.001) (Fig. 1B).

About 3% of adolescents without central obesity had a WHtR 
of ≥0.5. These adolescents were significantly shorter than their 
low-WHtR counterpart (Table 5). Among adolescents without 

Table 5. Clinical Characteristics of Participants Grouped by the Presence of Central Obesity and Further Stratified by WHtR

Without central obesity*
p value

With central obesity†

p value
WHtR<0.5 WHtR≥0.5 WHtR<0.5 WHtR≥0.5 

n (M:F) 3473 (1778:1695) 111 (90:21) 81 (28:53) 403 (243:160)
Age (yrs) 13.7±2.5 12.8±2.6 0.001 13.7±2.3 13.5±2.6 0.392
Height (cm) 158.9±11.5 151.1±10.7 <0.001 167.8±8.5 160.9±10.5 <0.001
Height z score 0.29±1.01 -0.45±1.04 <0.001 1.68±0.86 0.66±0.93 <0.001
Weight (kg) 49.5±11.5 55.0±12.4 <0.001 69.1±9.6 69.2±15.3 0.592
Weight z score -0.13±0.9 0.73±0.62 <0.001 1.76±0.49 1.70±0.68 0.313
BMI (kg/m2) 19.4±2.7 23.8±2.5 <0.001 24.5±2.1 26.4±3.4 <0.001
BMI z-score -0.31±0.91 1.13±0.48 <0.001 1.31±0.48 1.66±0.59 <0.001
WC (cm) 66.4±6.9 78.0±5.2 <0.001 81.2±4.5 87.2±7.8 <0.001
SBP (mm Hg) 107.4±11.3 109.2±10.3 0.060 110.3±11.2 113.8±12.1 0.017
DBP (mm Hg) 65.3±10.1 66.1±10.6 0.264 67.4±11.1 68.3±10.3 0.556
Fasting glucose (mg/dL) 91.1±9.5 93.1±10.7 0.034 92.7±10.1 91.4±9.2 0.325
Triglycerides (mg/dL) 84.6±42.5 110.2±58.6 <0.001 106.7±60.6 127.5±73.0 0.006
HDL-C (mg/dL) 50.4±11.3 47.8±10.3 0.020 44.8±10.6 43.2±8.7 0.315
BMI, body mass index; WHtR, waist-to-height ratio; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density li-
poprotein-cholesterol.
*WC <90th percentile if age <16 years and WC <90 cm in boys and WC <85 cm in girls if age ≥16 years, †WC ≥90th percentile if age <16 years and if age ≥16 
years, WC ≥90 cm in boys and WC ≥85 cm in girls. 

Fig. 2. The prevalence of multiple CMRFs (A) and metabolic syndrome (B) in adolescents those with central obesity (WC ≥90 P) and without central obe-
sity (WC <90 P) further stratified by WHtR. *p<0.05 vs. WC <90 P/WHtR <0.5 group, †p<0.05 vs. WC ≥90 P/WHtR <0.5 group. WHtR, waist to height ratio; 
WC, waist circumference; CMRFs, cardiometabolic risk factors. 
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central obesity, the prevalence of multiple CMRFs was signifi-
cantly higher in the WHtR≥0.5 group compared to the WHtR 
<0.5 group (12.6% vs. 8.4%, p=0.021) (Fig. 2A).

Eighty-one (16.7%) adolescents with central obesity had a 
WHtR of <0.5. These adolescents were significantly taller than 
their high-WHtR counterpart (Table 5). Among those with cen-
tral obesity, the prevalence of metabolic syndrome was 7.4% in 
adolescents with a WHtR of <0.5 and 19.4% in those with a 
WHtR of ≥0.5 (p=0.017) (Fig. 2B).

DISCUSSION

Our study demonstrates that WHtR is an easy-to-use and reli-
able index for identifying adolescents at higher metabolic risk. 
Additional use of WHtR can be helpful when screening obesity 
with BMI in adolescents, as WHtR represents central adiposity. 
Considering that WHtR is an index adjusted for height, it might 
be useful when used together with WC.

In a recent study in which BMI percentile categories were 
further stratified on the basis of WHtR, increasing WHtR was 
significantly associated with increased cardiometabolic risk in 
overweight and obese children.11 Furthermore, in a recent pro-
spective study, those with a WHtR of >0.65 at ages 12 to 39 had 
a 139% greater risk of death before 55 years of age than those 
with a WHtR of <0.5.18 Taken together, increased WHtR might 
be related to increased prevalence of metabolic syndrome, 
which may in turn result in premature morbidity and mortality. 
Our data provide additional evidence that higher WHtR is close-
ly related to increased cardiometabolic risk from adolescence.

BMI is commonly used for defining overweight and obese 
children and adolescents.6 However, BMI cannot distinguish 
individuals with excess body fat from those with high muscle 
mass, nor can it reflect the distribution of adipose tissue.7,8 In 
non-overweight adolescents, the WHtR ≥0.5 group showed 
higher prevalences of multiple CMRFs and metabolic syn-
drome than the WHtR <0.5 group in the present study. Among 
overweight adolescents, the prevalence of metabolic syndrome 
was only 2% in those with a WHtR of <0.5, and the prevalence 
increased to 17% in those with a WHtR of ≥0.5. These results 
suggest that central adiposity is closely associated with CMRFs 
in non-overweight as well as overweight adolescents and that 
an index for central adiposity, such as WHtR, should be used in 
addition to BMI when screening those with higher metabolic 
risk.7,11,13

Although the WC is a good proxy for central adiposity, tables 
for WC cutoffs according to age and sex are required in children 
and adolescents to define central obesity. In busy outpatient 
clinics or during mass screening, it is cumbersome to use tables 
for each patient. The advantage of WHtR is that a single cutoff 
can be used, which means that tables for age-dependent cut-
offs are not required. In Korean children, the WHtR percentile 
curve almost plateaus at 10–19 years of age.19 A study on Hong 

Kong Chinese children also showed a similar WHtR percentile 
curve,20 suggesting that a single WHtR cutoff might be available 
for adolescents.

The limitation of WC is that it does not consider height. There 
is a concern that the cardiometabolic risk may differ between 
people who have the same WC yet differ in height. It was re-
ported that shorter people have higher cardiometabolic risk 
than taller people with the same WC.21 WC is a height-depen-
dent variable, and shorter children tend to have a lower WC 
than taller children.21 The tempo of growth and maturation vary 
from child to child, and tall children tend to fall into higher WC 
percentiles than their peers, which may overestimate central 
adiposity. In contrast, central obesity in children with constitu-
tional delay of growth can be underestimated when it is defined 
by age-dependent WC cutoffs. Height should be taken into ac-
count when defining obesity in children and adolescents, and 
the WHtR is an alternative parameter that considers height. In 
adolescents with central obesity, the prevalence of metabolic 
syndrome was more than double in those with a WHtR of ≥0.5 
compared to those with a WHtR of <0.5 in the present study. 
WHtR seems to be useful in discriminating those at higher met-
abolic risk, even when it is used in combination with WC, likely 
due to its consideration of height.

Consistent with previous reports,9,12,13,22 the validity of WHtR 
was comparable to that of WC, and the AUC for identifying mul-
tiple CMRFs was significantly higher than that of BMI. It is not 
surprising that WC shows the best result, as the IDF criteria for 
metabolic syndrome require a WC of ≥90 P as a mandatory cri-
terion, although WHtR also seems to be an excellent parameter 
in screening adolescents at higher metabolic risk.

This study had several strengths and weaknesses. It was one 
of the largest studies in which all components of metabolic syn-
drome were directly measured in more than 4000 adolescents. 
Nevertheless, a limitation of our study was that the secular 
trend between 1998 and 2008 and the sampling weights were 
not considered. 

In conclusion, WHtR is a simple and valid index for identify-
ing adolescents with metabolic syndrome, and WHtR was re-
lated to CMRFs even in non-overweight adolescents. In adoles-
cents screened via BMI and WC, WHtR seems to be of additional 
help in determining those at higher cardiometabolic risk.
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