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Waist-to-height Ratio, a Simple and Practical Index for Screening of
Adolescent Metabolic Syndrome Aged 17~19 Years

Ah Reum Kim, M.D. and Chang Ho Hong, M.D.

Department of Pediatrics, Ajou University School of Medicine, Suwon, Korea

Purpose: To evaluate the validity and usefulness of the waist circumference-to-height ratio (WHtR) in
screening for metabolic syndrome in Korean adolescents aged 17~19 years.

Methods: Data (body mass index, waist circumference, and height) and blood samples were obtained from
adolescents in A University Hospital in 2011. This study included 554 adolescents (176 boys and 378
girls) aged 17~ 19 years. Dependent variables were systolic and diastolic blood pressure, fasting blood
glucose (FBS), total cholesterol (TC), triglyceride (TG), high density lipoprotein-cholesterol (HDL-C) and
low density lipoprotein-cholesterol (LDL-C). Using the Pearson’s correlation analysis and logistic
regression analysis, we measured the WHtR against Body mass index (BMI).

Results: An assessment was carried out of the ability of the 2 indexes to 1) account for the variability
in each metabolic risk factor and 2) correctly identify adolescents with metabolic risk factors. The results
revealed that the predictive abilities of the waist-to-height ratio index were better values. The waist-
to-height ratio showed superior values in predicting concentrations of DBP, FBS, TC, TG and LDL-C.
However, BMI showed better values in identifying adolescents with high systolic blood pressure and
HDL-C. 3) Normal weight adolescents (BMI: 5"<BMI< 85" percentiles) were divided by WHtR (obesity
cutoff value: =0.51 in male, =0.49 in female). WHtR was better than the BMI index for signaling
metabolic risk in the normal-weight adolescents.

Conclusion: The WHIR is a better predictor for finding metabolic risk factors in adolescents aged 17~ 19
years with normal BMI. The WHtR is proposed as an alternative, convenient measure of screening
metabolic syndrome for adolescents aged 17~ 19 years independent of age and sex. (Korean J Pediatr
Gastroenterol Nutr 2011; 14: 385~ 392)
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Z2 A)%Z47)(GL-600020, CASKOREA, Seoul, Korea)
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HDL-C, AM % A|chilZel|~H]E(low density lipoprotein
cholesterol, LDL-C)v &+%7](ADVIA 1,650, Bayer,
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+ 9l National Cholesterol Education Program 9] 84 7} SulE9 Ao|Z u|walglth EARAL
Adult Treatment Panel I (NCEP-ATP I W88 2 SPSS 12.0.1 for windowsS A3}, pko] 0.05 1]
SNETE 17~ 19419 Fadell Hgalgich 58wl A EAHeR fositn B4 skl
2 E(Table 1) B3 TFAXAE A6, & 7+
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Table 1, Definition of Metabolic syndrome in Children and Aad17~194)] A= EATE 19.240.84]9]
adolescents (by Cook et al.'®) and in Adults (by NCEP-ATII'®) o] z}7} 19.1+0.84 k. Aol upe} G293 2o S
Parameters Cook et al, ATII ROl gBLe 7] dok oly] b AA, A|F,
WC >90" percentile Man*=102 cm, BMI, WC, 35384, ZZ8=HE, 47, HDL-C
Women=>88 m 9] gEolg
TG =110 mg/dL =150 mg/dL
HDL-C <40 mg/dL Man=<40 mg/dL 2. BMI, WHtRS} CHAIS S 20| QS QA ST A
Women<50 mg/dL B BN
Blood pressure >90" percentile >130/85 mmHg ==l S

Fasting glucose Fasting=110 mg/dL Fasting=100 mg/dL

WAS ] ZF @4tof| thste] BMISH WHERS 4
MS is defined as having 3 or more of the following 5 factors, DA . “ 0

E plgXrEA 7APL= O 71 7F 1k
“n Asian: =90 cm in men, =80 cm in women, MS: GRS vt 2PRS thash Rrk(Table 3).
metabolic  syndrome, NCEP-ATIIl:  National ~Cholesterol Z}2] 7350l BMIel Kt} A3 AlE Bl A 757
Education Program Adult Treatment Panel Il WC: waist ety HDL-C, LDL-C H%0|9) 0w WHRX.t} 43

i i TG:  trigl id HDL-C: high densit N . .
circumference, riglycerides, ig ensity AAE Bol AL ojshy] Wk Tl AH e FE

cholesterol, U AT
Table 2, Metabolic Characteristics of the Study Population

Risk factor Male (N=176) Mean Female (N=378) Mean p-value
Age (years) 192+08 19.1+08 0.298
SBP (mmHg) 1230119 1127+10.8 < 0,001
DBP (mmHg) 72.8+89 69.4+7.9 <0.,001
Ht (cm) 1748+53 1612+52 <0.001
Wt (kg) 68.0+9.0 539+73 <0.,001
BMI (kg/m?) 223+26 207+25 < 0,001
WC (cm) 746+66 69.0+6.3 < 0,001
WHtR 042400 0.40+00 0753
FBG (mg/dL) 883+65 86777 0.015
TC (mg/dL) 1549+249 160,7+23.8 0.009
TG (mg/dL) 734+374 626+31.3 0.001
HDL-C (mg/dL) 53.4+10.7 585+110 < 0,001
LDL-C (mg/dL) 86.7+£223 89.7+209 0.123

p value, Values are means=SD or n (%), p values are from ttests or chi-square tests for analysis of variance for continuous
variables and categorical variables, SBP: systolic blood pressure, DBP: diastolic blood pressure, Ht: height, Wt: weight, BMI: body
mass index, WC: waist circumference, WHIR: waist-to-height ratio, FBG: fasting blood glucose, TC: total cholesterol, TG:
triglycerides, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol,
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Table 3. Pearson’s Correlation between Anthropometric
and Metabolic Characteristics

Risk factor BMI WHIR
Male  SBP (mmHg) 0385" 0.302°
DBP (mmHg) 02767 0.284°

FBG (mg/dL) 0.018 0017

TC (mg/dL) 0.158* 0.160*

TG (mg/dL) 0.106 0.047

HDL-C (mg/dL)  —0241" —0.189*
LDL-C (mg/dL) 02567 0251°

Female SBP (mmHg) 03697 0282F
DBP (mmHg) 02077 0.144"
FBG (mg/dL) 0.082 —0.,032
TC (mg/dL) 01427 0.106*
TG (mg/dL) 0.108 0.063
HDL-C (mg/dL)  —0.097 —0.079
LDL-C (mg/dL) 0.182F 01447

Total  SBP (mmHg) 04647 0.438"
DBP (mmHg) 04567 04577
FBG (mg/dL) 02507 02787
TC (mg/dL) 03107 03377
TG (mg/dL) 03687 0.386
HDL-C (mg/dL)  —04117 —0396"
LDL-C (mg/dL) 0.305" 0320"

Data are correlation coefficients, *p<0,05, Tp<O_O1,T,0
<0.001, BMI: body mass index, WHIR: waist-to-height ratio,
SBP: systolic blood pressure, DBP: diastolic blood pressure,
FBG: fasting blood glucose, TC: total cholesterol, TG:
triglycerides, HDL-C: high-density lipoprotein  cholesterol,
LDL-C: low-density lipoprotein cholesterol,

o FRolglet. vhi wFeld FHAYs FHAYE

Aro| & Kol 7] okgkrh. Aol A= BMIel Kk

__}Av"
fia)
i
2,
2
=
o
jes)
=
T
°
=
>
ofN
o
M
1o
Ao
ol
ko
b

S3e] FRATE O 29k

3. M4 BMI HCHA WHtRR| H[ZH|&EC 2 &2

FiS Of tHASED 249 FREE Hw

BMIEtt WHR7}F SRS $7-2] AHAAEA ql17kst
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Aupt ubedsl=x] AHAE EAE3IcKTable 4).
WHRS] v]uE Aghd 2 Ffjol] 4] 20054 Ao 4d Al
AAZZAE vho 2 sto] BluABMI 95HE2]5 o]
el sgste HA-AgS Faslel o ¥l 051,
o] 2= 0.499cHY.

W] 7 ninto] obd Fths A (WHR<0.51), H]
ntel Athe B (WHR>0.51)E £7]5F9.01] AE 147
H, B 4otk &2 757 €9, =2 HDLCE A
Ho} BYwolA i Eo] =ghot Fol3t oulE vEt
WA 3k olsh] Fel, =2 T4 Af- Akt
BollAl FJ8Al =& A 3l oIz 75 wink
o] opdl FH®hE C (WHIR<049), H[%He] A=HE D

Table 4, Clinical Features, Prevalence of Metabolic Risks, in Normal BMI Adolescents Aged 17 ~19 Years Classified by WHtR

Male Female Total
WHtR 5" <BMI< 85" percentiles 5" <BMI< 85" percentiles 5" <BMI< 85" percentiles
A (<051) B (=051) C (<049) D (=0.49) A+C B+D
n 147 4 293 11 440 15
High SBP (%) 231 50,0 48 9.0 11 20
High DBP (%) 27 250 5.89 272" 48 267"
Hyperglycemia (%) 0 0 0.7 0 04 0
Hypertriglycemia (%) 6.80 2507 6.1 181 i 6.4 20.0*
Hypercholesterolemia (%) 0 0 1.0 0 0.7 0
High HDL cholesterol (%) 95 250 34 36 55 333
Low LDL cholesterol (%) 0 0 0 9 0 6.7

Data are correlation coefficients, *p<0,05, T,o< 0.01, BMI: body mass index, WHtR: waist-to-height ratio, SBP: systolic blood
pressure, DBP: diastolic blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein,
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Table 5, Odds Ratios (95% Cl) for Metabolic Risks, in Adolescents Aged 17 ~19 Years Classified by WHtR, Adjusted by Age

and BMI
Male Female
WHtR
A (<051) B (=051) C (<0.49) D (=0.49)
High SBP (%) 1 1,02 (0.4-23.4) 1 222 (0.61-8.06)
High DBP (%) 1 1,26 (1.18-165.6) 1 477 (1.83-12 40)
Hyperglycemia (%) - - 1 0
Hypertriglycemia (%) 1 253 (15-854) 1 3.55 (1.32-9 54)*
Hypercholesterolemia (%) - - 1 0
High HDL cholesterol (%) 1 3.03 (0.30-30.86) 1 0.93 (0.12-7.40)
Low LDL cholesterol (%) 1 0.00 1 0.00

Data are correlation coefficients, *p<0.05, BMI: body mass index, WHtR: waist-to-height ratio, SBP: systolic blood pressure,
DBP: diastolic blood pressure, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol.
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