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Usefulness of the Waist Circumference-to-Height Ratio in Screening
for Obesity in Korean Children and Adolescents

Joo Hyun Gil, M.D., Mi Na Lee, M.D., Hye Ah Lee*,
Hyesook Park, M.D.* and Jeong Wan Seo, M.D.

Departments of Pediatrics, *Preventive Medicine, Ewha Womans University School of Medicine, Seoul, Korea

Purpose: To evaluate the feasibility and usefulness of the waist circumference-to-height ratio (WHTR)
in screening for obesity in Korean children and adolescents.

Methods: Data, including body mass index (BMI), waist circumference (WC), and height, were obtained
from the national growth surveys for children and adolescents in 2005. The WHTR was calculated dividing
WC by height in subjects 2~ 18 years of age. Overweight and obese were defined by BMI percentiles
for age and gender. The receiver operating characteristic (ROC) analysis was performed to find out the
optimal cutoff values of WHTR that matched BMI-determined overweight and obesity using the STATA
program. The area under the curve (AUC), a measure of diagnostic power, of WHTR was compared to
WC. The influence of age on WHTR was analyzed by the SAS program.

Results: The WHTR significantly decreased with age, and had less correlation with age in the 6~
18-year-old age group than the 2~ 5-year-old age group. Furthermore, the WHTR also had less correlation
with age than WC in the 6~ 18-year-old age group. The AUC of WHTR in identifying overweight and
obesity was significantly higher than the AUC of WC in the 6~ 18-year-old age group. The optimal cutoff
values were 0.51 in boys and 0.49 in girls for obesity, and 0.48 in boys and 0.47 in girls for overweight,
with all having the AUC>0.9. The optimal cutoff values of WHTR had a higher sensitivity for diagnosing
obesity than WC=90th percentiles.

Conclusion: The WHTR is an easy, accurate, and less age-dependent index with high applicability in
screening for obesity in children and adolescents. (Korean J Pediatr Gastroenterol Nutr 2010; 13: 180~
192)

Key Words: Waist circumference to height ratio, Children, Adolescents, Overweight, Obesity, Body
mass index, Cutoff values
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Table 1, Sample Size before and after Excluding Outliers
Before (n) After (n)

Age (years)
Boys Girls Total Boys Girls Total
2 1,762 1,530 3,292 1,717 1,491 3,208
25 1,760 1,665 3,425 1,710 1,627 3,337
3 2,539 2,242 4,781 2,479 2,185 4,664
35 3,134 2,797 5,931 3,075 2,756 5,831
4 3,786 3,492 7278 3,728 3,423 7,151
45 4,324 3,704 8,028 4,269 3,657 7,926
5 4,447 4,050 8,497 4,381 3,995 8,376
55 3,927 3,694 7,621 3,864 3,644 7,508
2~55 total 25,679 23,174 48,853 25,223 22,778 48,001
6 2,925 2,699 5,624 2,885 2,572 5,457
6.5 1,638 1,409 2,947 1,624 1,401 2,925
7 2,996 2,798 5,794 2,971 2,765 5,736
8 2,911 2,734 5,645 2,892 2,712 5,604
9 2,895 2,759 5,654 2,870 2,744 5,614
10 2,994 2,616 5,610 2,970 2,607 5,677
11 2,878 2,438 5316 2,856 2,418 5274
12 2,423 2,231 4,654 2,406 2,203 4,609
13 2,027 1,957 3,984 2,015 1,939 3,954
14 1,975 2,046 4,021 1,963 2,026 3,989
15 1,658 1,621 3,279 1,636 1,595 3,231
16 1,610 1,791 3,401 1,594 1,764 3,358
17 1,220 1,483 2,703 1,203 1,460 2,663
18 2,848 2,741 5,589 2,811 2,716 5,527
6~8 total 32,898 31,223 64,121 32,596 30,922 63,518
2~18 total 58,577 54,397 112,974 57,819 53,700 111,519

Age: completed age, e.g. 6 years= 6~ <7 years etc, Outlier<—3SD, =3S8D,

A &9 2 vbro] BASH A, 2 g |, of i abe] A Ml 3 F, SR 7 AR a3 100

T A 5L h(Table 1).
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ARl A Ao s AgEE HA ARk 055
AH&stlE ull, 641 o] 4 dotoll 4] WHTR 75~ 904
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Fig. 1. Percentile curves of waist circumference-to-height ratio for Korean children and adolescents 2~ 18 years of age (A) Boys,
(B) Girls, Dashed line shows universal cutoff value of 05 for adults, Age: completed age, e.g., 6 years= 6~ <7 vyears etc,
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. =20 [E WHTRS| Af2tM

B3 WHIR 7] 4335 2~54], 6~18A41¢] <1
] Az T AR F9
gt =9 Aol 9l Th(p <0.0001). 2~5A41] ot
A r=—0.53, oJo}oll A r=—0.56, 6~ 18A4]2] Folol|A
r=—0.16, oJo}ol| A 1=—0.14F, 6~ 184]2] A& Loll A
kst AR vERHIcH(Table 2).

WHTRY &l2] 589t 523t ko] AR 2~5A4 &
o} r=0.49, oo} r=049, 6~ 184] Fo} r=0.58, oo} r=
0.57)°] 9glem, BMISLE §-2l8t ool FAAd(2~5
Al ol r=0.59, oo} r=0.58, 6~ 184] Fo} r=0.62, oo}
r=0.54)°] 212l ch(p<0.0001) (Table 2).

3. H&Z20 U2 WHTRZ ofz| =z

odeoll Foljukz] ¢k WHTRS] & Axhzhs F3f
7] A1SA, kA 71t vie o] wlwq odwd A%
o] oFstaL wste] o] ghukgl 6~ 184]9] Lobyi
UE o2 A, JAISE, v o2 2573k
ok AAFTTS E718HA g th(Table 3).

AT AT 6~ 18419 B4, AT, B
gkt Foll A BIRkE ot 8.4%, oo 7.3%, HAF

Table 2, Correlation between Variables in Children and
Adolescents

WGC Age BMI
2~5 years
Boys Age 0.32* - -
BMI 0.64* —0,04 -
WHTR 0.49* —053* 059
Girls Age 0.30* - -
BMI 0.63* —0.,05 -
WHTR 0.49* —056* 058"
6~18 years
Boys Age 0.66* - -
BMI 0.93* 057* -
WHTR 0.58* —0.16* 062"
Girls Age 0.65* - -
BMI 0.90* 0.59* -
WHTR 0.57* —0.14* 054"

*p<.0001, WC: waist circumference; BMI: body mass index;
WHTR: waist circumference to height ratio, Age: completed
age, e.9. 6 years=6~ <7 years efc,

g a2 ol 21.7%, oJo} 19.3%)tH(Table 3). 2
AR T 7 el A = viRkE} HAIFEE] vl 0|9} v
=83 tH(Table 3).

AAFT= T HA 6~18419] ol 32,596
oo} 30,9229 (Table 1) o4, v]RbF2 ol 2,6374
(8.1%), ©1°} 2,163 (7.0%)°] 3L, THAF 2 w|nk2
ol 6,831%(21.0%), o1°} 5,733 (18.5%)°] At

2E d”gelA winky, JAFE, BT T
WHTRE] H#32 SAIKCE o3 Atol7t Adch
(p<0.0001) (Table 3).

kA, 7k FHollA WHTRE 33k -] =5+
Zroll A AL FARE 3he HSr) dolollA = ZATE]
WHTR®| 772 7] 0.43+0.0304 2L 0.46+0.03
A Relow FASET 0.49+0.0304 0.53+0.03, H]
2 0.5420.040114] 0.58+0.030]%1.2.1 | ofolell A= A
Ao] 0.41+0.039114 0.45+0.03, ZHAIST 0.47+0.030]]
4] 0.500.03, H]%HE 0.51+0.040114] 0.54+0.037+2] %ok
(Table 3).
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od&W42 WHTRY s]2]Ed2] ROC 4% 18
A vlukg Acksls 2249 A AUCE Bl
st vakte] %
09627 qur %i
0892 S5 A

Actol| A dole] WHTRS AUCE
A x99 om, slglF# e AUCE
% UERYaL, ofofol| A= WHTR

2] AUC 0.95, 3l2lEd9] AUC 0.88% &, oo} &=

WHTRS] HEE } oA o E%M(p<00001)

(Fig. 2). A% 2 nlky Zgtol| A = ol WHTR

9] AUCE 095, slzlE#e] AUC 0.86, oofollA

WHTR®] AUC 0.93, 5121589 AUC 0.84Z ', ofo}

2% WHTRY AgE7F oA o =dchp<

0.0001) (Fig. 2).
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Table 3, Waist Circumference-to-Height Ratio in the Normal, Overweight, and Obesity Groups 6~18 Years of Age

Normal Overweight Obesity
Age (years) (6th=<BMI percentiles < 85th) (85th=<BMI percentiles < 95th) (BMI percentiles =95th)
N (%) WHTR (Mean+SD) N (%) WHTR (Mean=+SD) N (%) WHTR (Mean+ SD)
Boys
6 2,317 (84.2) 0.46+0.03 262 (9.5) 0.50+0.02 172 (6.3) 055+0.04
6.5 1,185 (81.2) 0.45+0.03 156 (10.7) 051+0,02 118 (8.1) 055+0.03
7 2,275 (79.6) 0.45+0.03 351 (12.3) 051£0.03 232 (8.1) 0.55+0.03
8 2,259 (80.4) 0.45+0.03 332 (11.8) 051+0.03 219 (7.8) 0.56+0.03
9 2179 (77 8) 0.45+0.03 394 (14.1) 052+0.03 226 (8.1) 057+0.04
10 2,207 (76.6) 0.45+0,04 438 (15.2) 0.53£0.03 236 (8.2) 0.58+0.03
11 2,085 (75.5) 0.45+0.04 438 (15.9) 052+0.03 232 (8.6) 057£0.05
12 1,782 (76.3) 0.44+0.04 363 (15.6) 0524003 189 (8.1) 057+0,04
13 1,522 (77.6) 0.43+0.04 278 (14.2) 0514003 161 (8.2) 0.56+0.,04
14 1,487 (77.6) 0.42£0.03 243 (12.7) 0.50£0.03 185 (9.7) 056+0.04
15 1,233 (77.2) 0.42+0.03 199 (12.5) 0.49+0.03 165 (10.3) 055+0.,04
16 1,192 (77.2) 0.42+0.03 215 (13.9) 0.49+0.03 138 (8.9) 054+0,04
17 876 (75.3) 0.43+0.03 161 (13.8) 0.49+0.03 127 (10.9) 054+0.,04
18 2,095 (77.7) 043+0.03 364 (13.5) 049+0,02 237 (8.8) 054+0.04
Total 24,694 (78.3) 0.44+0,04 4194 (133) 051£0.03 2,637 (8.4) 0.56+0.04
Girls
6 2,048 (83.4) 0.45+0.03 252 (10.3) 0.50+0.03 154 (6.3) 053+0.04
6.5 1,102 (82.6) 0.45+0.03 145 (10.9) 0.49+0.03 87 (6.5) 0.53+0.03
7 2,150 (81.4) 0.44+0.03 291 (11.0) 0.49+0.03 201 (7.6) 054+0,04
8 2,056 (78.6) 0.44+0.03 342 (13.1) 0.50+0.03 216 (8.3) 054+0,04
9 2,122 (80.2) 0.43+0.03 333 (12.6) 0.49+0.03 192 (7.2) 054+0.04
10 2,010 (79.8) 0.43£0.03 329 (13.1) 0.49+0,03 178 (7.1) 0.53+0.03
11 1,842 (79.3) 0.43£0.03 293 (12.6) 0.49+0.03 187 (8.1) 053£0.04
12 1,694 (79.4) 0.42+0.03 287 (13.9) 0.48+0.03 151 (7.1) 053+0,04
13 1,507 (79.8) 0.41+0.03 237 (12.5) 0.47+0.03 145 (7.7) 051+0.04
14 1,656 (79.4) 042+0.03 247 (12.6) 047+0.03 157 (8.0) 052+0,03
15 1,220 (78.5) 042+0.03 219 (14 1) 048+0.03 115 (7 .4) 052+0,04
16 1,379 (81.0) 0.43+0.03 208 (12.2) 0.48+0.03 115 (6.8) 051+£0,04
17 1,124 (80.7) 0.43+0.03 154 (111) 0.48+0.03 114 (8.2) 052+0.03
18 2,131 (84.7) 0.44£0.03 233 (9.3) 0.49+0.03 151 (6.0) 052+0.03
Total 23,941 (80.7) 0.43£0.03 3,570 (12.0) 0.49+0.03 2,163 (7.3) 0.53+0.04

There are significant differences among groups in all ages (p<0.0001), BMI: body mass index, WHTR: waist circumference-to-
height ratio, Age: completed age, e.g. 6 years=6~ <7 years efc,

A 051, ©] 2] Youden’s index= 0.82 (ZE 928%, <1 BMI 25 kg/m® 0] 42 Zopd oAl 4839
So] % 88.8%)%iT}. ofotol| Al WHTRS| 2] Huhzh uf], olell sfjdsl= WHTRS| X% Axtzho] ol A
0.49, Youden’s indexT 0.78 (UZE 89.9%, Eo|% 0.49, o] W9} Youden’s indext 0.66 (UL 96.7%,
88.3%)°| 21 tH(Table 5). A5 2 nvlukioll st o] 80%)°]3itt. ofotoll A= WHTRS| ## Arlzko]
WHTRS| %A Axhzhe dololl A 0.48, Youden’s index 0.48, Youden’s indext 0.69 (RIZE 93.6%, Sol&
=077 (7S 97.2%, 50| % 744%)0]% T} ofolollA] 83.4%) tHTable 5).

L2
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E
hl

WHTRE] Z# Axlzko] 0.47, Youden’s index= 0.70 A Axhzkol gl 2 WHTR 3k AUC 0.9
RIZE 96.3%, E°|% 77%)°]| Y tHTable 5). ol4o = nlg- A&l x ol th(Table 5).

BMI W12 156 F-2ksb1) obAlol 49l ulake] 71
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Table 4, Waist Circumference in the Normal, Overweight, and Obesity Groups 6~18 Years of Age

Normal Overweight Obesity
Age (years) (5th<BMI percentiles < 85th) (85th<BMI percentiles < 95th) (BMI percentiles = 95th)
N (%) WC (Mean+SD) N (%) WC (Mean+SD) N (%) WC (Mean+SD)
Boys
6 2,317 (84.2) 53.33+3.22 262 (9.5) 60.01+3.23 172 (6.3) 65.77+512
6.5 1,185 (81.2) 54,03+3.50 156 (10.7) 62.07+3.57 118 (8.1) 68.91+5.03
7 2,275 (79.6) 5549+393 351 (12.3) 64.95+3 .91 232 (8.1) 71.74£5 31
8 2,259 (80.4) 5797+470 332 (11.8) 68.27+4.08 219 (7.8) 7623+£512
9 2,179 (77 8) 6026+5.18 394 (14.1) 7250+4 .46 226 (8.1) 79.98+5 63
10 2,207 (76.6) 62.78+5.88 438 (15.2) 75.89+4 66 236 (8.2) 83.85+5.69
11 2,085 (75.5) 6528+6.25 438 (15.9) 7860457 232 (8.6) 86.65+7.73
12 1,782 (76.3) 67.10+6.18 363 (15.6) 81.66+4.90 189 (8.1) 89.68+6.85
13 1,522 (77.6) 68.68+6.35 278 (14.2) 83.26+4.89 161 (8.2) 92.49+6.42
14 1,487 (77.6) 70,00+£5.93 243 (12.7) 84.80£5.10 185 (9.7) 94.08+7.06
15 1,233 (77.2) 71.34+565 199 (125) 84.43+4 .89 165 (10.3) 94.10£7 11
16 1,192 (77.2) 72824533 215 (13.9) 84.01+£5,08 138 (8.9) 9366+7.19
17 876 (75.3) 73574548 161 (13.8) 8517+4.83 127 (10.9) 93.83+7.37
18 2,095 (77.7) 75.02+5 .37 364 (13.5) 8564+428 237 (8.9) 93.16+6.35
Total 24,694 (78.3) 63.79+8.87 4194 (133) 76.36+9.42 2,637 (8.4) 84.35+1136
Girls
6 2,048 (83.4) 52.38+3.22 252 (10.3) 58,64+3.37 154 (6.3) 62.79+5 37
6.5 1,102 (82.6) 53.12+3.62 145 (10.9) 60.26+3.60 87 (6.5) 65.00+4.72
7 2,150 (81.4) 5421+400 291 (11.0) 6213378 201 (7.6) 68,8715 .56
8 2,056 (78.6) 56.22+4 40 342 (13.1) 6564419 216 (8.3) 72.03+5.46
9 2,122 (80.2) 58.60+4.79 333 (12.6) 68.03+4.76 192 (7.2) 74.89+5 11
10 2,010 (79.8) 60.90+5.23 329 (13.1) 71.09£4 63 178 (7.1) 77.85+521
11 1,842 (79.3) 63.01+543 293 (12.6) 7410463 187 (8.1) 80.93+553
12 1,694 (79.4) 64.62+523 287 (13.9) 7453+4 69 151 (7.1) 82.98+6.34
13 1,507 (79.8) 65.16+5.21 237 (12.5) 7523+4.84 145 (7.7) 81.34+6.20
14 1,656 (79.4) 66.21+511 247 (12.6) 74.85+4 53 157 (8.0) 82.34+5 31
15 1,220 (78.5) 66.96+5.03 219 (14.1) 7591+459 115 (7 .4) 83.49+6.10
16 1,379 (81.0) 68.34+495 208 (12.2) 769014 44 115 (6.8) 8254+614
17 1,124 (80.7) 68.43+5.02 154 (11.1) 76561416 114 (8.2) 83.87+5.19
18 2,131 (84.7) 7126502 233 (9.3) 78.75+4 58 151 (6.0) 84 49+5 37
Total 23,941 (80.7) 61.66+7.68 3,570 (12.0) 70.66+7.59 2,163 (7.3) 7710£8.79

There are significant differences among groups in all ages (p<.0001). BMI: body mass index, WC: waist circumference, Age:
completed age, e.g. 6 years=6~ <7 years etc,
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Fig. 2, The area under curves of waist circumference-to-height ratio for diagnosing overweight and obesity were significantly
higher than that of waist circumference in both sexes aged 6 to 18 years (A) Obese boys, (B) Obese girls, (C) Overweight and

obese boys, (D) Overweight and obese girls,

Table 5, The Optimal Cutoff Values of Waist Circumference-to-Height Ratio in Screening for Body Mass Index-determined
Overweight and Obesity in Children and Adolescents 6 ~18 Years of Age

AUC Cutoff values  Youden’s index Sensitivity (%)  Specificity (%)
Boys
Obesity (BMI=95th percentiles) 096 0.51 082 92.78 88.80
Overweight & obesity (BMI=85th percentiles)  0.95 048 077 97.24 7443
BMI>25 kg/m? 0.90 0.49 0.66 96.67 80.02
Girls
Obesity (BMI=95th percentiles) 095 0.49 078 89.90 88.34
Overweight & obesity (BMI=85th percentiles) 0,93 0.47 0.70 96.27 77.03
BMI>25 kg/m? 0.91 0.48 0.69 93.59 8343
AUC: area under curve, BMI: body mass index,
ZF 83} ninke] AW 7|Fo 2 BMIZL gubd ez A W oofye} Lofoll A= Hlwke] Zct gl AdRA Ast
$E3 QAR HZele g ko] AFAAL) Fo S ellZsher] o S8k Bavh Yo,
3 AR HrbEE A, Sl Ed WHTRe] A4 slElsele S5uRke] tEHR] AZEA AA
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Table 6. Comparison of Diagnostic Accuracy of Waist
Circumference =90th Percentiles and Optimal Cutoff Values of
the Waist Circumference-to-Height Ratio in Screening for
Body Mass Index-determined Obesity in Children and
Adolescents 6~18 Years of Age

Sensitivity (%)  Specificity (%)

Boys
WC =90th percentiles 81.85 96.23
WHTR=051* 9278 88.80
Girls
WC =90th percentiles 78.61 95,02
WHTR =0 .49* 89.90 88.34

WC: waist circumference, WHTR: waist circumference-to-
height ratio, *Reference to optimal value in Table 5,
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