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The WHtR (waist to height ratio) and ABSI (a body shape index) are indicators that reflect
abdominal obesity. This study examined the insulin resistance and metabolic syndrome prediction
ability of ABSI and WHtR. In this study, 4,395 people aged 20 years or older, who underwent
physical examinations at a General Hospital in Gyeonggi-do from January 2017 to September
2017 were assessed on a cross section survey. Metabolic syndrome was defined according to the
criteria of the AHA/NHLBI. Insulin resistance was judged to be insulin resistance when the
HOMA-IR value was 3.0 or more. Both men and women showed a stronger correlation between
WHtR and the metabolic risk factors than ABSI. The AUC value of WHtR and ABSI was 0.849 and

0.676, respectively (p<0.001). The AUC value of WHtR and ABSI for predicting insulin resistance
was 0.818 and 0.641, respectively (p<0.001). In conclusion, the ABSI has low predictive power of
insulin resistance and metabolic syndrome whereas the WHtR has good predictive power for

metabolic syndrome and insulin resistance.

Key words: A body shape index, Waist to height ratio, Insulin resistance, Metabolic syndrome

Corresponding author: Kyung-A Shin
Department of Clinical Laboratory Science,
Shinsung University, 1 Daehak-ro,
Jeongmi-myeon, Dangjin 31801, Korea
Tel: 82-41-350-1408

Fax: 82-41-350-1355

E-mail: mobitz2@hanmail.net

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.

Copyright © 2018 The Korean Society for Clinical Laboratory Science. All rights reserved.

NE
AR Hmetabolic syndrome)= 20134H -
T35 35.3%2] 8 ES Hol= i dsto g A8 yaete] 9
d ket o] JlvH1, 2], kst 18, i8Sl o
ARG, BRI QlEH A A o] iAol 7t 3t 7HQl
oA sRE o] Yehh= 208 A o FTH3]. 53] Hluk
HA G AR 2] 71 et o3 lAto|H [4], i

jui

c

www.kjcls.org

Received: December 26, 2017
Revised 1% January 15, 2018
Revised 2™: January 25, 2018
Accepted: January 25, 2018

9 AR FEALLOITHS). 2 Kb P

A ‘ﬂ‘?_% B7ksE7] Slel UuhA o= ARS-E = Bkt
A = A A #FA5x(body mass index, BMI), AA%E(body
fat percentage, BF%), dle1Ed, sll=el/IH ol vi&
(waist to hip ratio, WHR) 5-0] ARS-%|31 §l.0.m, A Jdhry gl



ZI|AES of| 231 v 2 WHOO A= A& eA] 4
oF sl EEE AFoHATH6,7). AL A s LA 5T vt
e o3 AR QA= o] SEot4], At 5=Fe] e

o] FZ5kar A AR 2] ﬂ‘)]‘é BSIA sk o
A7t QeH8-10]. A3A IZE A5 wer BAsE A3t o2
E7} 1 cm, WHRe] 0.01 7ol whet A @ s 912
Z¥Z2Y 2%, 5% o7 Fol= A 0= HarEw[11], o] 22t 544
S Bt gl £7gst] Sl st *11§%X]¢
SHAE FESHIAF AP SATHA]L T1eu g2l Eevhe.
T 7 - 22 sl e E T etE 2 7ol ]OH
2 719 ARl Al A8k Q3o =2 4= )ltH12l. 1
HO 2 gy ApoAe slElEd Rt A83det 8-S o
2 oEte ® U SREYE A RE SeEd/A v
(waist to height ratio, WHtR)®] AJA] =] $AcH13-15]. A1}
“"E‘Jﬂmﬁ‘rﬁfﬂﬁ 17tell= 9 oﬁﬂrﬂle Holu, o] & QI3

Erl

1o

=
=
2

I

28 4= 9] VHEH16). B3 S EHE Ao Wy
Sro R QAF, AW, AYo] et 35HoR 8ok 4= 9k
[6]. Lin G171 divrolAdS Ao = WHtRo| ole]=d],

$h Krakauer 5{18- 2<% E5H]gHe] AE12] 2|3z 24
A1 9l sle] s d|et A=A 5 Aol ¥Hg sk A B A4+
body shape index, ABSDE 7531 0, ABSIZ} 325
Hoph WA ST o B9 Qlokal 343k T3, ABSIE A
Ayl oFo] A A Ko, A A=K (fat free mass)Z}
= 50 A B E o] A A o & iAo o] & o
ZRAAp7}E 4= Qo HarEH18]. Z1euF ABSIZF 17918
Ato] o] TAO] tgt AFE-2 oA 7HA] =1k o X|7} QT
Bozorgmanesh 5191 ABSI7} A1 & #4$ko] 93 g 01 57}
o} To] Ykl R slei o o]k o2& 2 2 Maessen

[©)

52018 01 gjAako &2 15387 324 2ARSE A3 ABSIZH
A G AR Y QA3 P S o &= A= T2 4]
7} opyEh= AMS USotAt). o] 9f o] 28 A7 A
S AEIHA 9] A Sofl ol W A7} o] FoIA| AL Q)
A ARG S-S o &S8R A =2 oFA7HA] RS AAH
78 giek. Tok WHtRTF ABSIE= el A A T} iAo
O] FL2- 9| % AL E 42 Q1S A 02 AT AT A RIS T
Ao g BRAURS of| ZH= 2|31 2 TR o] ThE Q1o A

Korean ] Clin Lab Sci. Vol. 50, No. 1, March 2018 45

Z788o] gt grke] d g do] @tEnh vk =y gt
2 *0%‘011 w2} 7]& A 53 WHIR 9 ABSIE H
o RS A& k=t] A3t A 2AXE H7t

utebd] o] QoA ik Aol tgo Hesd),

WHRZH 22 S0 g8 ot th Q) 2|39k WHIR
P ABSIS ¥ wsto] chASEE R &AL o2 A3
54 WHIR 9 ABSIS] -89 #1514 el

rh 3
1. G+ Y

o] A= 20179 1€5E 2017 99714 471% 44 o
N AL FHHUAHE ‘:‘P“ﬂfﬂ AR = E% 20

) 59
A g Foloh= 745, Ad A S B-80k= 4%, ARl 4%
d= Tk 13,5129 A9l 4,395 &
T AT A= ’ﬂx SEATh T AL 5 92 2,349,
2,04601%t}. 277194 AZAE v o s 89,
g o e Yl ok E B8] tfet AR E IRIsl e
= 747129 ] S Yol A 71T oY
3|(institutional review board, IRB)2] 4] 2] Hro} 5018 A
2 % AFE YA THIRB No: D-1207-011-0154).

o]

o

n

2. AL

1) QHAIE X HAEE
YuEA SAHS A8 iﬂ*év‘i'— =471
(Biospace Co., Seoul, Korea)2 0]
SFaL, BMI= Al5(kg)S AP m) 2] Al
At sl 542 w2 U4l Adeol 1
ol & oihel Aas e S B9 TH o R 573t
A}, JBol EHl= =T At 71 eﬂ HE AR
et WHRS 8lel=2l(cm)/ %Eﬂo]gﬂl(cm)i T L
™, WHR 3] 2=l (cm)/4AH(em) & = AAFSHSITE ABSI=
A, Al slel=dl, BMI gk o] 85k o 3410 & Ak
O}M]‘%[l8 .

Waist circum ference

ABSI=
BMI??x Height"/2

www.kjcls.org



46 Kyung-A Shin. Body Shape Index (ABSI) and Waist to Height Ratio (WHtR)

52719} o]27] S mercury sphygmomanometer
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ARES7--S AHA/NHLBI (American Heart Association/
National Heart, Lung, and Blood Institute)2] X¢t7] o] u}
gt A oletAn21]. AR St 4 A E 57] E9 >
130 mmHg &+ o]¢k7] @ =85 mmHg¢! 4%, 358y
=100 mg/dL&] 7%~ 9% F/9 A% =150 mg/dL, €5 HDL
(high density lipoprotein)-ZH AHE-> H4d <40 mg/dL,
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A= (low density lipoprotein-cholesterol), 5289,
QAE IS C-HE-gEl(high sensitivity C-reactive protein,
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Table 1. The general characteristics of study population

hs-CRP) TBA-200FR NEO (Toshiba, Tokyo, Japan) AH]
2 Z2As19nt g8 M A (hemoglobin Alc, HbAlc):= AL
<) 3 2ok T a]H(high performance liquid chromato-
graphy, HPLC)2] 2] & Variant II (Bio Rad, CA, USA) 8]
& Z4seh Qe Ar|ofehdg 574 (electro-
chemiluminescence immunoassay, ECLIA)2] 2] & Roche
Modular Analytics E170 (Roche, Mannheim, Germany) %
H|E ARt ARSI el Aa/d el 74 %1 H7t A
E2A Ad&AAA 29 (homeostasis model assessment-
insulin resistance, HOMA-IR)S ZA-g35}% o0 & ddy
ledl A E o] 85t [F5 et FEIU/mL X 55 &
F(mg/dL)/405] B4 0= ALFSFRTH23]. Qe xeg H7t
+ HOMA-IRgt®] 3.0 o[l -9 Ql&dd A g o] §l= 2o
& I sEaITH24].
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USA) &4 T2 WL ARg-sto] 245 255 B4 A2 31

=
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Characteristics Men (N=2,349) Women (N=2,046) p-value Total (N=4,395)
Age (yr) 49.37+10.94 49.02+12.04 0.314 49.21+11.46
Height (cm) 170.90£6.22 157.80+£5.93 <0.001 164.80+8.93
Weight (kg) 72.34+10.04 56.69+7.91 <0.001 65.05+12.00
BMI (kg/m?) 24.83+5.59 23.01£7.90 <0.001 23.99+6.83
Waist circumference (cm) 84.50+7.71 74.37+8.05 <0.001 79.78+9.35
Hip circumference (cm) 95.11+5.,53 91.31+5.44 <0.001 93.34+5.80
WHR 0.88+0.05 0.81+0.06 <0.001 0.85+0.06
WHtR 0.49+0.04 0.47+0.05 <0.001 0.48+0.05
ABSI 0.0763+0.004 0.0739+0.007 <0.001 0.0752+0.006
Systolic BP (mmHg) 114.21+13.36 106.98+15.27 <0.001 110.85+14.73
Diastolic BP (mmHg) 73.36%+9.66 67.58+9.99 <0.001 70.67+10.23
Total cholesterol (mg/dL) 197.07+£35.41 194.42+35.13 0.013 195.83+35.33
HDL-C (mg/dL) 51.64+12.30 62.04+14.15 <0.001 56.49+14.17
LDL-C (mg/dL) 123.84+31.96 117.48+32.28 <0.001 120.88+32.26
Triglyceride (mg/dL) 145.74+95.57 93.46+59.85 <0.001 120.40£85.02
Fasting glucose (mg/dL) 94.61+22.59 88.87+15.61 <0.001 91.94+19.86
HbA1c (%) 5.74%+0.88 5.57+0.60 <0.001 5.66+0.77
Insulin (uU/mL) 5.19%+3.24 4.51%2.79 <0.001 4.87+3.05
HOMA-IR 1.24+0.92 1.01+0.74 <0.001 1.14+0.84
Uric acid (mg/dL) 5.93+1.29 4.19+0.96 <0.001 5.12+1.44
hs-CRP (mg/dL) 0.20+0.67 0.14+0.35 <0.001 0.17%0.55
MetS (%) 318 (13.5) 179 (8.7) <0.001 497 (11.3)
IR (%) 11 (4.7) 49 (2.4) <0.001 160 (3.6)

Calculated by independent t-test and chi-square test.
Values are presented as mean+SD and number (%).

Abbreviations: BMI, body mass index; WHR, waist hip ratio; WHtR, waist height ratio; ABSI, a body shape index; BP, blood pressure;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HbA1c, hemoglobin A1lc; HOMA-IR, homeostasis
model assessment-insulin resistance; hs—=CRP, high sensitivity C-reactive protein; MetS, metabolic syndrome; IR, insulin resistance.
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Table 2. Differences between WHtR and ABSI with or without MetS and IR

MetS Non-MetS IR Non-IR
WHtR 0.54+0.04** 0.47+0.04 0.54+0.05** 0.48+0.05
ABSI 0.0776+0.004** 0.0749+0.006 0.0772+0.005** 0.0751+0.006

Calculated by independent t-test.
Values are presented as mean=SD.
**p<0.001.

Abbreviations: WHtR, waist height ratio; ABSI, a body shape index; MetS, metabolic syndrome; IR, insulin resistance.

Table 3. The correlation of WHtR and ABSI with metabolic risk factors

Men Women
Metabolic risk factors
WHtR ABSI WHtR ABSI
Waist circumference (cm) 0.920** 0.453** 0.950** 0.370**
WHR 0.809** 0.617** 0.859** 0.453**
BMI (kg/m?) 0.423** —0.294** 0.352** —0.259**
Systolic BP (mmHg) 0.217** 0.075** 0.409** 0.112*%*
Diastolic BP (mmHg) 0.189** 0.056** 0.354** 0.084**
Total cholesterol (mg/dL) 0.118** 0.012 0.234** 0.091**
HDL-C (mg/dL) —0.254** —0.029 —0.334** —0.108**
LDL-C (mg/dL) 0.142** 0.005 0.325** 0.128**
Triglyceride (mg/dL) 0.237** 0.059** 0.354** 0.116**
Fasting glucose (mg/dL) 0.170** 0.113** 0.285** 0.103**
hs-CRP (mg/dL) 0.051* 0.070** 0.127** 0.086**
HOMA-IR 0.419** 0.090** 0.420** 0.076**

Calculated by Pearson correlation coefficient.
**n<0.001, *p<0.05.

Abbreviations: WHtR, waist height ratio; ABSI, a body shape index; WHR, waist hip ratio; BMI, body mass index; BP, blood pressure;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hs-CRP, high sensitivity C-reactive protein;

HOMA-IR, homeostasis model assessment-insulin resistance.
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7} Uehsth iz 2 p<0.001). WHtRS B+ 0.48+0.0501¢1
3,942 0.49+0.04, 9942 0.47+0.058 FAlo] of =0tk
(p<0.001). ABSI= Hyt 0.0752£0.0060]11, HA>
0.0763+0.004, %3442 0.0739+0.0072 FAJo] o =UcHp<
0.001). =571 Gt} o]¢h7] Feb2 o] B} FHgo] f-2ofst
Al =%eHZ 2 p<0.001). AB3FH4] BiQl o2 FEH AHE,
LDL-EHYAEIE, 44, 35499, HbAlc, 17, HOMA-
IR, 84k hs-CRP= o Brh @ ol Al 28| =9k oK (7}
7} p<0.05), HDL-ZH AHES H/do] o] Rt -2labA &
UTHpP<0.001). TZF AA A FHES 11.3%9.2
™, F4d 13.5%, 9143 8.7%ALt. Aed AL HA 3.6%S
HAom WA 4.7%, AA 2.4%AHZZE p<0.001).

2. tAEeE A AaEX ey RF0 MHE WHtRL ABSIC]

ARGt B e A Q] 5ol w= WHRZF ABSIC]
XJol g gHolet A= Table 29} At} UAES- Ack-9]
WHRZF ABSIZ} tHARS - 0. 2 ZIehE] 2] ok PH T} 127
UERgom (72} p<0.001), Sl&Ed A gHAo] Qi k) ol
x| 0 Z Ak LofA] WHIRYF ABSIZF i 22 p<
0.001).

5600 p <0.001
5400
2200 4
oz /-
§ .5000 ——Total
——\Male
.4800 Female
4600
.4400
4200
0 1 2 3 >4

Number of risk factors for MetS

Figure 1. Comparison of WHtR differences according to the number
of risk factors for MetS. WHtR increased with increasing number
of risk factors for metabolic syndrome. Post-hoc test are as
follows: male: MetS-0 (without metabolic syndrome components)
versus MetS-1 (one component of the metabolic syndrome), p<
0.001; MetS-1 versus MetS-2 (two components of the metabolic
syndrome), p<0.001; MetS-2 versus MetS-3 (three components
of the metabolic syndrome), p<0.001; MetS-3 versus MetS-4 (four
or more components of the metabolic syndrome), p<0.001, female:
MetS-0 versus MetS-1, p<0.001; MetS-1 versus MetS-2, p<
0.001; MetS-2 versus MetS-3, p<0.001; MetS-3 versus MetS-4,
p=0.012. Abbreviations: WHtR, waist height ratio; MetS, metabolic
syndrome.
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579k o9 Bk, FAM, 58, hs-CRP, HOMA-
IR} G-2J3t oF o] AAATAIS H Y on BMISR= 9] ARt
AS HAthZZ p<0.001). ABSIE= oj4 9] 4L 3]2E4,
o|¢k7] Eet, FZE AHE, IDL-ZHAHE,
, SEE hs-CRP, HOMA-IRY} -G-2]3F oFo] Akt
%om, BMI, HDL-Z#| A k= 52 AEHA S
tHZZ p<0.001). =3 WHIR 9 ABSI®} tAMA] $19] 8
of AAGE v et A3t ATt oA B5of A ABSIE
o} WHtRTH ciAF $19d Q.217ke] A Aol of A Uret
WCHTable 3).

>
]
i
=

ox,
RS
o
ofd

i ol
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N [—11
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(N Sed

4. THAESS 2 QA JH48 WHERZH ABSIS| k10|
WHRE A7 o34 9l A4 Azt A A S 14
840 47 VRS AAHeR SRIICp<0.001)
(Figure 1). ABSI+= 4] AR A= GiARS St A 849
7i5= ABSIofl= Aol 7t QA 0K (p<0.001), HA3H} o43E

0800
0790 p <0.001
.0780
0770

.0760 ——Total
—=—)\lale

ABSI

Female

0 1 2 3 >4
Number of risk factors for MetS

Figure 2. Comparison of ABSI differences according to the number
of risk factors for MetS. As a result of sex classification, there was
no difference in ABSI between two or more components of
metabolic syndrome. Post-hoc test are as follows: male: MetS-0
versus MetS-1, p<0.001; MetS-1 versus MetS-2, p=0.049; MetS-2
versus MetS-3, p=0.270; MetS-3 versus MetS-4, p=1.000, female:
MetS-0 versus MetS-1, p<0.001; MetS-1 versus MetS-2, p=0.007;
MetS-2 versus MetS-3, p=1.000; MetS-3 versus MetS-4, p=0.159.
Abbreviations: ABSI, a body shape index; MetS, metabolic syndrome.



Table 4. Comparison of ABSI and WHtR that best predicts MetS
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Cutoff value Sensitivity Specificity (95% conﬁﬁgr?ce interval) p-value

WHtR Total 0.52 77.3% 78.8% 0.849 (0.833~0.865) <0.001
Male 0.52 73.6% 74.4% 0.806 (0.782~0.831) <0.001

Female 0.52 83.8% 83.5% 0.894 (0.873~0.915) <0.001

ABSI Total 0.075 69.0% 58.0% 0.676 (0.653~0.700) <0.001
Male 0.076 64.8% 56.9% 0.633 (0.602~0.664) <0.001

Female 0.076 62.0% 71.8% 0.703 (0.663~0.743) <0.001

WC Total 95.75 65.5% 70.3% 0.727 (0.702~0.751) <0.001
Male 97.75 62.1% 73.7% 0.720 (0.690~0.751) <0.001

Female 94.50 55.3% 78.6% 0.712 (0.670~0.754) <0.001

WHR Total 0.885 74.2% 70.5% 0.799 (0.780~0.817) <0.001
Male 0.895 78.5% 63.2% 0.773 (0.747~0.799) <0.001

Female 0.845 81.0% 76.0% 0.857 (0.832~0.882) <0.001

Abbreviations: AUC, area under the curve; WHtR, waist height ratio; MetS, metabolic syndrome; ABSI, a body shape index; WC, waist

circumference; WHR, waist hip ratio.

ROC Curve

0.84

064

Sensitivity

0.4+

/ —— WHItR Area under the curve=0.849
/ ABSI Area under the curve=0.676
Reference line

0.0=—T T T T T T
00 02 04 06 08 10

1 - Specificity

Figure 3. ROC curve of WHtR and ABSI for predicting MetS (total
subjects). Abbreviations: ROC, receiver operating characteristic
curve; WHtR, waist height ratio; ABSI, a body shape index; MetS,
metabolic syndrome.

Lol T8I 49 Al o4 mEoA v T 74
247} 27} o419l 9 Xjol7} gz A0 2 LehdrkFigure 2).

5. HAES=2 =S GIES17| fleh XM WHERLE ABS| =&

ROC #4415 o]-&-sto] A S-S ofI5517] 913t WHIR
T} ABSIC] AH 7]%XS 243 A3= Table 49} 2o
Figure 30141 WHRZ} ABSI2] ROC =41 LRt A4
oAkl Al WHIRS] AUC 72 0.849, 9412 0. 806 o% e
0.894% WePFtHZH2 p<0.001). T3t
S A A ShAFARS] WHER 7152442 0. 52, DJJEE 77.3%, —‘E—Ol

ROC Curve

0.8+

Sensitivity
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0.2 “
,/ — WHIR Area under the curve=0.818
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00 02 04 06 08 10

1 - Specificity

Figure 4. ROC curve of WHtR and ABSI for predicting IR (total
subjects). Abbreviations: ROC, receiver operating characteristic
curve; WHtR, waist height ratio; ABSI, a body shape index; IR,
insulin resistance.

T= 78.8%E Wbt HA tiidAte] 79 WHIR 754k
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O 2 YEPHTHZEZE p<0.001). Eot AR St of| &S 18t
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Table 5. Comparison of ABSI and WHtR that best predicts IR

Cutoff value Sensitivity Specificity (95% conﬁgtejrsce interval) p-value

WHtR Total 0.52 73.1% 74.2% 0.818 (0.788~0.849) <0.001
Male 0.52 71.2% 69.9% 0.790 (0.749~0.831) <0.001

Female 0.52 77.6% 79.0% 0.849 (0.796~0.902) <0.001

ABSI Total 0.079 41.3% 79.4% 0.641 (0.598~0.684) <0.001
Male 0.079 441% 73.3% 0.606 (0.552~0.661) <0.001

Female 0.073 79.6% 41.8% 0.644 (0.565~0.723) 0.001

WC Total 94.75 71.9% 61.2% 0.731 (0.692~0.769) <0.001
Male 97.75 60.4% 70.3% 0.698 (0.649~0.747) <0.001

Female 93.75 65.3% 70.1% 0.737 (0.667~0.808) <0.001

WHR Total 0.885 73.1% 67.0% 0.774 (0.739~0.810) <0.001
Male 0.925 60.4% 79.5% 0.752 (0.705~0.800) <0.001

Female 0.865 63.3% 81.2% 0.797 (0.738~0.856) <0.001

Abbreviations: AUC, area under the curve; WHtR, waist height ratio; IR, insulin resistance; ABSI, a body shape index; WC, waist

circumference; WHR, waist hip ratio.
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