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A Distribution of Waist-hip Ratio Associated with the Blood Pressure in Middle-aged Men
Jong-Myon Bae, Dae-Sung Kim”, Jaiyong Kim®, Yoon-Ok Ahn®

Department of Preventive Medicine, College of Medicine, Cheju National University
Department of Preventive Medicine, Gachon Medical School?
Department of Preventive Medicine, Seoul National University College of Medicine®

Backgroud: Excess abdominal fat, expressed as an increased
ratio of waist to hip circumferences (WHR), is independently
associated with higher levels of blood pressure. Although a WHR
greater than 1.0 in men has been shown to predict complications
from obesity, the WHR has not been evaluated in all ethnic
groups.

Methods: In order to ascertain the association between WHR
and classification of blood pressure and to investigate the critical
value of WHR as a predictive factor of hypertension in Korean
middle-aged men, we compared the mean of WHRs according to
the classification of blood pressure in Seoul Cohort participants.

Resuits: Through a survey of direct measurement of waist and
hip girth, 452 subjects were recruited from the cohort. The mean of
WHR was 0.88 and its standard deviation was 0.04. The mean of

WHRs was higher in the systolic blood pressure group (above 140
mmHg), diastolic blood pressure group (above 90 mmHg), and
hypertension group than in the systolic blood pressure group
(below 140 mmHg), diastolic blood pressure group (below 90
mmHg), and normotensive group, respectively. And WHR of
above 0.89 was associated with hypertension (z-value =6.66).

Conclusion: It is necessary for Korean males with WHR greater
than 0.89 to recommend the primary prevention and early
detection of hypertension.
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Table 1. Characteristics of study participants (n=452)

Variables Mean SD Min’ Median Max
Age in 1993 476 43 42 47 60
Systolic BP* (mmHg) 126.9 13.0 90 125 180
Diastolic BP* (mmHg) 844 8.6 50 82 120
Circumference of Waist (cm) 82.3 7.0 61 82 101
Circumference of Hip (cm) 933 5.2 80 93 108
Waist-Hip Ratio# 0.88 0.047 0.74 0.88 1.02

* SD (standard deviation); Min (minimum value); Max {(maximum value);

BP (blood presure)
# Waist-Hip Ratio = circumference of waist over hip

Table 2. Comparison of waist circumference to blood pressure and age in study

participants (n=452)

Variables Number Mean(meter) SO p-value
Systolic BP* < 140 332 0.82 0.07 0.059¢
(mmHg) 140+ 88 0.83 0.07 (<0.05"
Diastolic BP” <90 257 0.81 0.07 <0.001¢
(mmHg) 90+ 162 0.84 0.06
Classification* Normal 187 0.81 0.07 <0.001*
High-normal 66 0.82 0.07
Hypertension 170 0.84 0.07
Agein 1993 40-44 117 0.82 0.07 NS*
45-49 165 0.82 0.07
50-54 109 0.82 0.07
55-59 32 0.84 0.08

* SD (standard deviation); BP (blood pressure)

* Classification of blood pressure from direct measurement according to the definition of JNC VI (1997)

@ p-value of Student t-test
' p-value of Wilcoxon rank sum test
* p-value of ANOVA test
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Table 3. Comparison of hip circumference to blood pressure and age in study

patticipants (n=452)
Variables Number  Mean(meter) SD p-value
Systolic BP* <140 328 093 0.05 NSe
(mmHg) 140* 86 093 . 0.05
Diastolic BP* <90 253 0.93 0.05 <0.05°
(mmHg) 90" 160 0.94 0.05
Classification* Normal 184 0.92 0.05 NS-
High-normal 65 0.93 0.05
Hypertension 168 0.94 0.05
Agein 1993 40-44 117 093 0.05 NS*
45-49 165 093 0.05
50-54 107 0.93 0.05
55-59 32 0.95 0.06

" SD (standard deviation); BP (blood pressure)

# Classification of blood pressure from direct measurement according to the definition of INC VI (1997)
@ p-value of Student t-test

* p-value of ANOVA test

Table 4. Comparison of waist-hip ratio to blood pressure and age in study

participants (n=452)
Variables Number Mean SD p-value
Systolic BP* <140 328 0.87 0.05 <0.01°
(mmHg) 140+ 86 0.89 0.04
Diastolic BP* <90 253 0.87 0.05 <0.01°
(mmHg) 90+ 160 0.89 0.04
Classification Normal 184 0.87 0.05 <0.001*
High-normal 65 0.88 0.05
Hypertension 168 0.89 0.05
Agein 1993 40-44 117 0.87 0.05 NS+
45-49 161 0.88 0.05
50-54 107 0.88 0.05
55-59 32 0.88 0.04

" SD (standard deviation); BP (blood pressure)

* Classification of blood pressure from direct measurement according to the definition of INC VI (1997)
€ p-value of Student t-test

* p-value of ANOVA test

Table 5. Standard scores (Z-value) of waist-hip ratio (WHR) for the standard
normal distribution

Group / WHR 0.87 0.88 0.89
Normal & High-normal - 3.33 6.66
Hypertension 5.88 2.94 -
Aoz folaba] @sict W, 237 ok
ol 90 mluk o|AFF o] Bt

Sk 90 R 3 90 o] 3T o ¥ 4 8ot B2 mE WH
A A9 2 HeE Aol gl =l TS

Aog vston 90 o]Ag o] o X}l
E7F ¥ 12cm ™ 2Tk 7] d¢ 140 v|vht 7} 140 o3
SHA INC VI (1997)9] BhEfol @ T oA 433 o HiA| Aole &
g rolRl 37, AR Yrold 4 AR fosiion, 140 o o
T 7ol = ANOVA 23823 & 749 3 A 52 HaXE 7t &3 8371 @
7Y Aols BAA fradde HolA & ¢ 90 ekt I} 90 o] o HHEX

—_

AN E T Ftol I3 2kl 7t 9l

o, 90 o] 7 9 HFL 0.89]%
o (& 4).

INC VI (1997)9] Eg&7ol met
FoI AREGT, E2ARANEYT,
nEAE 9 3 F7tell = WHR %74
atel7k Qe ALd Uttt ol
Duncan ¥°| o} t5H|nE P&
BT F F2RAAEYT U
AR #9949 HolA| ggkont,
4T o YT 7] HEX
%74] A 09]/&4_0_ Eodq_(ﬁ 4)

o]—:,L_,,]_ ;g /\}g oL_'rL < 'Er‘%‘/‘] 7]
WHR 7| EX & Zoliy] st 3%
WHR ko] A8 320 w2 percentile
GolHgtth. FAEYT I w2
G = FAE 9 (o F ERATL
ghe] Wt 9 XFQ A+ 0.87,0.030]9
oo DEYST o HT ¢ EELA
= 0.89, 0.0501%t} (& 4). o]o] wah
WHRo| 0.88% o PR A=
3.339] z-3t (2= p-value<0.0004)2 7}
Fa;, BT oAM= 2949 23t (&
Z p-value<0.0016)5 7HHH (X 5). F
7}E WHReo] 0.89% o E4ATE
e 6.609) z-3S 718 2, WHRe| 0.87
d o) n¥G M= 5889 z-gk& 7}
.
$HH, ARHEE Urold 47 T
Q

o Aol BAH FAHL Holn Y3k

I

aF ox fr & 1 1o

zﬂ
=

WHRE 33878 ¢ 4 91E 54
AEZ (Logue 3, 1995; USPSTF,
1996), &7ti/3A X}"JQI SRR
A g/u 7 BAo] 9tk gt} (Kushi
=, 1988). ©|#|3 WHR 537} =& &
miale Alg sk gagclel 1

J—z’“?qﬁc}“é%, WeddF, W
=
O

H

—_

g T ofn

]

ofl 1
24 mg
02"~
ol}l
_°4
—lﬁ

i
A2
o)
lo
)
?
=2

N

g

1984' Dowse 5, 1991; o]du] &, 1996),

#27) 9 % $7) B Y B
HE 7R 1 v} (Kalkhoff &, 1983;
Baumgartner -, 1987; Bjomtorp, 1988;



398 wiEE - Aol - S - e

Masuda &, 1993; Hollmann %, 1997).

2 d7ZE7¢ WHRE 140 mmHg ©]
29 427] sk, 90 mmHg o) 3e] &4
| 8¢, 13 YA 2R B4
Ao Fo3lA =& WHR #2712
), o]2}g Apolw Ao BA} A
(& 4). S EdTE 7R 1 & AdA
% WHR#} 22 278 AT (X 2),
Aol EATE /A1 AYE A e
$7] detuto]l EARCE foalin}
(& 3). 0|23 252 WHRo| 935}
w0l glon, WHRE 7|F0E 4%
A2 Jrde 9 Mg w2 299 7
2 2R S dA F2 Ao]
7F Srhe Kalkhoff 5 (1983)e] d7H
9t YA st aot). T Brulg
< st F2 wgdte 7129
AT A7 (Seidell 5, 1988; Shimokata
9} Andres, 1989)3 5 4] 3ich.

35 S FHoZ F B AT
7ol Ae) WHRe %12 0.880]%] 1
9% 0882 (A] 2 AHEY] 0.85, 4] 3
AHES] 091) B2 294tk (& 1). ol&
Myt el el WHRe] A 2 4
£-9] (second tertile) gto] 0.91-0.96¢1 A
7} vl w3 (Young &} Geiskey, 1995)
Q1F3te] WHRE Apol7} glehe A7)
2 5 o] 9459 WHR £/71EX &
oA a2 A48 & gl A
°2% Mg 4 At (USPSTF,
1996).

Bjomtorp (1985)& WHRe] §3<le
AN 10 o4, Aol 08 o)l
A 42829 P9l sz 1y
3 ol% o] 4% 344 WBe Ao
2 Agsta ok (3| gietal, 1995).
°]Z Bray (1992)% YAld] glo] WHR
0.950 o] FAM|gte g d7|2 4
Bt &4, g A el 84
B2 n T & FEA FE

< FolE7] 3 Alzel|A 0.88Y
o z-3t 3.33 (p-value=0.0003)¢] 7=
FEEZ F Td PEAS 4 A%lew,
0.89¢ W z-32 6.66°|t} (X 5). ©]
Ade ATl vErd @A, 2zl
< W3oE WHR o] 085 o]3d of 4

N

=

271 42 237] %ol £ Gupta
% Mehrishi (1997)9] 7239} 435}
= &delt)

2 AP dAdosE AN, e
A 287 U2 dA7} lde A
. QRE HAaslsly] Yt gty
o18t3] (1993)0ll41 AAIG FF3F 4]
wet AEt, 5-108 oz F o
ol G SH < oo o9 HAHE AT
o 3Are) A4 BUAE HFEgn. o
A% EFatn $57] ¢ 3
o] AFELE A gttt Aol A
(E D EBAFA A 2 F57F ALFA
< 7Fe/de]l £ ol Wit %7 @
AA o 7] YA E 2 Z ARSI
WHRSe] B#AE AH B BTE,
INC VI (1997)9] 8¢ B771% wet
Y& FF3lo] WHR 229 2Jo]& B
T BAE Al o34 ERUlE
< AR ER Uukld A dtx) A}
ARts EAFAE 3P dYERE
ol &3lo] YT E dFE Aol A
Hojety oA o 9ujz} gl7] &
o]7]% 3jt.

A AZE &g 2 49l Ed9
23 277 NYE skl e E
de WF o2 S vus
A& A 4 9lE vk, o] EgE

=2 o O

z

K0
ACH
o,
St
JE
)
ofN
=
e
Ho
S
o3
gy

O
Y
2,

A SR EE SHA 4L T 2
| Eg2 22d A @ 4 g
It (ZAD 5, 1998). o]o] uwa}
|%hS UJehEA WHRE
o 273 #AaE Hole
wEsta 9tk (Mueller
=, 1991; Pouliot £, 1994; 1A%
1998). ol tigied= FF F7149

T7+ Best.
ojie] @A &oA X 49 E 59
A3 AddA e WHRo| 0.880]4
I8

ot
o
o

Ol'N FUE{.' ru D}.\i
o,
TE
3:2 0_>L

29

|
to o

i

4

A S8 o2

cg ol

=2
% giek. 22, IWDRAL o,

LR ECEEEE
rhs 9o 0898 FRAOE 89
o, oldl Watels 37149 @77} 4

o}
o}4+2] A¥h= WHRe] 0.89 o]

3 %
3 A dhalel 2Bl e ot
D% 2713300 A3HoR 9o 3
A7t 9.

A9, ol &g, Balel T BEHA g
A EAAZAM ] 32| Sa/algn] <
84 71 2 3F8] A] 1998;19(9):719-27

gk ekets]. gl ket me o)e), AL
1995, 171-79%

Hetelields]. AAEAANE £4 2 &
Aol EF3l AT AL 1993334412
HiEH, ol BF, AEE 5 3= Ao @A
DA EGAe] A E D FAE A
Ne AP L. 472+ ek ofureyst

3] FA ezl A 1995, 834%

HEH. 3B Xtz 979 A=

Z. 19973 3= A3 7 g

AA 7. 1997

=
=
o ok oo

ol > of o my Ho
o o 4o, (R
L

>
o
ot
i
=

1994;27(2):200-16

S, MR 05 5 @R G
PIE AT AZE FEAT AETs
3 <jahfet o el st . 1994

ognl, HeA, FRE 5. ulve) 433
AP 2% APAR BAY. 71
2] 8+3] %] 1996,17(9):784-97

Ashwell M, Cole T, Dixon AK. Obesity: new
insight into the anthro-pometric classification
of fat distri-bution shown by computed
tomog-raphy. Br Med J 1985;290:1692-4

Baumgartner RN, Roche AF, Chumlea WC, et
al. Fatness and fat patterns: associations with
plasma lipids and blood pressures in adults,
18 to 57 years of age. Am J Epidemiol 1987,
126(4):614-28

Bjorntorp P. Regional patterns of fat
distribution. Ann Intern Med 1985;103:994-5

Bjomtorp P. The associations between obesity,
adipose tissue distribution and disease. Acta
Med Scan 1988 ;723(Suppl):121-34

Borkan GA, Gerzof SG, Robbins AH, et al.
Assessment of abdominal fat content by
computed tomography. Am J Clin Nutr
1982;36:172-7

Bouchard C, Bray CA, Hubbard US. Basic and
clinical aspects of regional fat distribution.



Am J Clin Nutr 1990;52:946-50

Bouchard C, Tremblay A, Despres JP, et al.
The response to long-term overfeeding in
identical twins. N Engl J Med 1990;322
:1477-82

Bray GA. Pathophysiology of obesity. Am J
Clin Nutr 1992;55:4885-94S

Croft JB, Strogatz DS, Keenan NL, et al. The
independent effects of obesity and body fat
distribution on blood pressure in black
adults: the Pitt County study. Int J Obes
Relat Metab Disord 1993;17(7):391-7

Dowse GK, Zimmet PZ, Gareeboo H, et al.
Abdominal obesity and physical inactivity as
risk factors for NIDDM and impaired
glucose tolerance in Indian, Creole, and
Chinese Mauritians. Diabetes Care 1991;14
:271-82

Folsom AR, Kaye SA, Sellers TA, et al. Body
fat distribution and 5-year risk of death in
older women. JAM 1993;269(4):483-7

Garrison RJ, Kannel WB, Stokes J, et al.
Incidence and precursors of hypertension in
young adults: the Framingham Offspring
Study. Prev Med 1987;16(2):235-51

Gupta R, Mehrishi S. Waist-hip ratio and blood
pressure correlation in an urban Indian
population. J Indian Med Assoc 1997;95(7)
412-5

Hollmann M, Runnebaum B, Gerhard I. Impact
of waist-hip-ratio and body-mass-index on
hormonal and meta-bolic parameters in
young, obese women. Int J Obes Relat
Metab Disord 1997;21(6):476-83

Iso H, Kiyama M, Naito Y, et al. The relation of
body fat distribution and body mass index
with hemoglobin A1C, blood pressure and
blood lipids in urban Japanese men. Int J
Epidemiol 1991;20:88-94

Fd Aol gt BT Hel-odde] Ealu) 4% 399

The Joint National Committee on Detection,
Evaluation, and Treatment of High Blood
Pressure (JNC V[). The sixth report of the
Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of
High Blood Pressure. Arch Intern Med 1997,
157: 2413-40

Kalkhoff RK, Hartz AH, Rupley D, et al.
Relationship of body fat distribution to blood
pressure, carbohydrate tolerance, and plasma
lipids in healthy obese women. J Lab Clin
Med 1983;102(4).621-7

Kaye SA, Folsom AR, Sprafka JM, et al.
Increased incidence of diabetes mellitus in
relation to abdominal adiposity in older
women. J Clin Epidemiol 1991;44:329-34

Kushi LH, Kaye SA, Folsom AR, et al.
Accuracy and reliability of self-measurement
of body girths. Am J Epidemiol 1988;128(4)
:740-8

Lapidus L, Bengtsson C, Larsson B, et al.
Distribution of adipose tissue and risk of
cardiovascular disease and death: a 12 year
follow-up of partici-pants in the population
study of women in Gothenburg, Sweden. Br
Med J 1984;289:1257-61

Larsson B, Svrdsudd K, Welin L, et al.
Abdominal adipose tissue distribu-tion,
obesity and risk of cardiovas-cular disease
and death: 13 year follow up of participants
in the study of men bom in 1913. Br Med J
1984; 288:1041-4

Logue E, Smucker WD, Bourguet CC.
Identification of obesity: waistlines or
weight? J Fam Pract 1995;41:357-63

Masuda T, Imai K, Komiya S. Relationship of
anthropometric indices of body fat to
cardiovascular risk in Japanese women. Ann
Physiol Anthropol 1993;12(3):135-44

Mueller WH, Wear ML, Hanis CL, et al.
Which measure of body fat distribution is
best for epidemiologic reserach? Am J
Epidemiol 1991;133 :858-69

Ohlson L-O, Larsson B, Svrdsudd K, et al. The
influence of body fat distribution on the
incidence of diabetes mellitus: 13.5 years of
follow-up of the participants in the Study of
Men born in 1913. Diabetes 1985;34:1055-8

Pouliot M-C, Despres J-P, Lemieux §, et al.
Waist circumference and abdom-inal sagittal
diameter: best simple anthropometric
indexed of abdominal visceral adipose tissue
accumulation and related cardiovas-cular risk
in men and women. Am J Cardiol 1994;73
:460-8

Seidell JC, Oosterlee A, Deurenberg P, et al.
Abdominal fat depots measured with
computed tomography: effects of degree of
obesity, sex, and age. Eur J Clin Nutr 1988
:42:805-15

Selby JV, Friedman GD, Quesnberry JR.
Precusors of essential hypertension: the role
of body fat distribution pattern. Am J
Epidemiol 1989;129 :43-53

Shimokata H, Andres R. Studies in the
distribution of body fat II. Longitudinal
effect of change in weight. Int J Obesity
1989;13(4) :455-64

USPSTF. Guide to clinical preventive services:
Report of the U.S. Preventive Services Task
Force. 2nd ed. Williams & Wilkins,
Baltimore. 1996, pp.221

Young TK, Gelskey DE. Is noncentral obesity
metabolically benign? implications for
prevention from a population survey. JAMA
1995;274 :1939-41



