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Optimal Waist Circumference for the Prevention of Cardiovascular Disease
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Abstract

There are few studies reporting optimal waist circumference that can be utilized to prevent the incidence of
cardiovascular disease (CVD). We evaluated the association of waist circumference and waist and hip circumference
ratio (WHR) with incident cases of CVD developed over 6 years in a population-based prospective study including
Korean adults. Analyses for receiver-operating characteristic (ROC) curve were performed with data for 1,733 men
and 1,579 women who were aged 40 to 69 years and were free of a physician-diagnosis of CVD at baseline.
Information on the diagnosis of CVD was periodically reported using interviewer-administered questionnaires and
anthropometric measures were obtained by biennial health examinations. We newly identified 77 cases of CVD during
a follow-up period between 2003 and 2008. On the basis of measures of diagnostic accuracy including minimum
distance to ROC curve and Youden index, waist circumference of 85 cm for men, in particular for male nonsmokers,
and of 80 cm for women and WHR of 0.88 to 0.90 for men and of 0.83 for women were found to be optimal cutoff
points to identify individuals at CVD risks. The study also found that the use of the suggested optimal values for
waist circumference show higher sensitivity and lower specificity compared with 90 cm for men and 85 cm for
women, which are waist cutoff points given by the Korean Society for the Study of Obesity to define abdominal
obesity for Korean adults. Although lower cutoff points of waist circumference (83 cm) and WHR (0.87) were
observed to be optimal for male smokers compared with male nonsmokers, whether suggesting waist cutoff points
specific to smokers is needed warrants further studies. After taking into account other cardiovascular risk factors
including smoking, men with waist circumference of 85 cm or greater and women with 80 cm or greater were at an
increased risk of CVD. Thus, these cutoff points of waist circumference may be able to capture more individuals at
CVD risks contributing to the prevention of future development of CVD. (Korean J Community Nutrition 15(2) :
275~283, 2010)
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A717] wzell, tir e Adehks 74
Hth, 13 dAWES A HDL-ZdAH &3S, 18,
18 5o ek W 2187} 23t} (Isomaa 5 2
Lakka & 2002). 015 &4 7}e-d], H3nvt == 4
oJsk= slEE 7l IF W A el whet thksAl Al
AlEo] gh=dl, 53] obrlol WA o] A slEEd 9
AL 2 Hoprlg 7t x| Wl A oA 485+
712l vlsl] wA A Ee] gtk (Grundy 5 2005;
International Diabetes Federation 2009). 3-8, o}A|
ollE te g A4 sjelEd dAEE 2l sk AT E
o] AlF7HA] “des] sl vk A BolFA
Zth(Lee 2000; Wildman 5 2004; Hara 5 2006;
Kim % 2006; Lee & 2007; Nishimura & 2007;
Bao ‘& 2008; Li & 2008; Narisawa & 2008; Sato
S 2008; Baik 2009; Tabata & 2009; Doi &
2009). st=r A4A-& tio 2 st Aol A B2 89004
90 cm?] HEEUE, 21/ 854 86 cmf] &
S A% dAHOE AAE vk Qth(Kim 5 2006; Lee
5 2007). Z1Eu, #HE ole] 7HA] ek A ek [ A
E= o]&shiA, IR FEAL A|37] ARE ]88t
Aol FA1E 8404 86 cm, oA 78914 80 cmE
A7 sy e YAFCRE Buskl i (Baik 2009) o]
Hls2gh 24 WS o] &3 T (Li & 2008) 2
I (Tabata 5 2009) the] A9} vls:dt Aatz, 37}
Al AF7F eFE ). g b OiF-EY AdFE2 B
HIWEE A 9] 8 VA tAke St Qa5 Te] g S vt
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(Korean Genome Epidemiology Study, KoGES) %
SiQl kit AeiAte) Z)uke] AFA THE o] L
T ARIo R, IS E AT Uj&of| thgh ZpAg AFekE o]

u] B3¢ v} Itk (Baik & Shin 2008). Z3E A7-¢] 7]
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715 eRkAlo] AR 5,020 (015 T AESH AY
0140014 69419 tiAdAR= 5,015) 9] gl Py A
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B AY= Ay g e E A4 selEe
AAAL 2} 200197 2002 Ato] 2] ARFALolA]
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FAZA 717F &t A A A g (cardiovascular
disease, CVD) 9] oA} Zeks B A+ tdze=
‘CVD cases’®, A A0 Hek-S w2 #o] qlrfar
2 A IAES ‘Non—cases’® 152 w573 &,
H Aol whE 15 {F JAAAISA Q] Pt 9 1 2] Wi
Lo] B3 x}10)2 Student’s t—test®} chi—square test=
o] g3te] A8 slelEdl W WHR 24 dARES
st7] SJaliAl AR s
characteristic curve, ROC curve) EA14& o] 83l9 =
dl, Az Y o) -2 TERTRE okl s =
22> WHRE S92 3 2248 8784 29 (logistic
regression model) oA ek AL Hrl AHES &
3o ROC curved 785tk 2et Fte H7h 2| 1= 1l
7% (sensitivity) % Eo| % (specificity) £le] ROC
curveZFA 9] ek A2 Zk(minimum distance to ROC
curve) ¥ H] Youden index 33 A4 07 & 3IA
t}. ROC curveZb#| 2] H Azl ROC curve &F oA
sensitivity2} specificitygte] el (1,0) $1x]ellA4] ROC
curved] o]2= Het AZE ¢Julsh, Youden index %k
2 [sensitivity + specificity — 1]1& AXFsHA Fv) 2
2] oFJ =% (Positive Predictive Value, PPV) ¥ 543
o] =% (Negative Predictive Value, NPV)7} Ql=t), ©]
S AAstA} e gk T e gkt A
& eA9 s U PR (Baik 2009) 3L
A 22 AREE T A E selEe 9 WHR AA
|Fo® 212 5 Vol SRt st A E
23 Uy o NS 8 W o tpAY B3 24| F
EA (multivariate pooled logistic regression
analysis) @2 H-E Al @ =7k (Relative Odds,
RO) % 95% 2127k (confidence interval) = AH&3131
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ARG o5 Foldlth. B AkRC] TAIA HEE 28l SAS
R W (SAS 9.1, SAS Institute, Cary, NC, USA)9]
AREENAL, BAA F] 2 o5 1A 0.05 FollA

o] o] gk,

a4 4

2 ATeA FA AL 6 w9t Bare AEdAEAE T
W AT T 77ASE BONA 47(2.7%), o1/ ol
3071 (1.9%) 131t} 71Z2Z2A A A1 tdzte] 54 2
QA ASHE A DA et ool wE} v walelS
o, W7} o] BFellx A A Se] uhgslA] ok A
T Fojxl=el vls) Y A w2 A, W S A
5, BRI 5] 5438 vERith B o dellA AEw
AR Y SAE2 1 W2 AAA e 9 ulexiel F
A &= AES Btk (Table 1).

Table 2= 6 52| AP aAAS T 37} A
ROC curve 4] A¥z HolF=a1 Ql=d], ROC curveZ}
2)9] #k A2zt 9 vl Youden index kS UERH 27
elEd AL FAdolA 85 cm, o34l 80 cmz, &
d WHR 2AEE FAdellM 0.88, 14l 0.83°0.% LE}l
Wtk o5 dAIFNA 9 Hek FEhw Hr) 23 g A
ATrollA] AAIE o] 2 FElEe YA 90 em (H4) 2+
85 cm(e44d) 9 WHRE] 4151 0.90 (#3) 7 0.85 (¢
d)ellX el Fek Qe Jrh A3 kS v s w, A
A% sz 2 WHR 9AIAS AHE3std o] &
sensitivity (31 @A gke] bz} = H51]9R1 21e] B
)2} ¢ W specificity ETAA 0] Q= 2 5 B
H|gko] obd 2ke] HlE) #hs HojFo] AkEd A A
o] AR by Q3 el Sl AR v wigshAl A
sk = 9l8-S el ¢, slE]Ed W WHRE] ROC
curve W2S AR W2l - 0.59 E 0.62, o1/l
M= 0.73 % 0.719] #h& Rl oz v 2572 1A AS
AN NPV (EH1]9e] opd 2} Z A8 3| 3o ¢l
= 2] ¥ 7 ul9- =2 Wb PPV (B5-0]71e1 2 5 A
AR S YA B]E) 7} =5 WEE Ko, o]F QA
ASAE 7 ek Avko =z 5 Ay st A AA LSS o
Ssb7lel= =58tk 2s AARTH

Fig. 1 38l&8E 9%k ROC curve?} WHRS] ROC
curves H|w3ste] Bl Ql=d|, o]E curve ofge] W
2 2hol] SAA O R FE] gk 2polE KHolA] Pkt
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Table 1. Baseline characteristics of 3,312 study subjects from a population-based cohort by sex and the presence of cardiovascular
disease identified during a é-year follow-up period

Men Women

Non-cases CVD cases p-values” Non-cases CVD cases p-values”
N of subjects (%) 1,686 (97.3) 47 (2.7) 1,549 (98.1) 30(1.9)
Age, Mean = SD, y 48.1 =71 5834 £75 <0001 487 76 561 +£82 < 0.001
Body mass index, Mean £ SD, kg/m? 24,7 £ 27 254 £25 0.08 248 £31 264 =30 < 0.01
Waist circumference, Mean = SD, cm 834 72 858 *80 < 0.05 781 £87 848 £86 < 0.001
WHR, Mean £ SD 0.87 £ 0.05 0.89 + 0.05 < 0.01 0.82 £ 0.07 0.87 £ 0.07 < 0.001
Income wage < 10° Won/month?, % 7.2 8.5 0.77 15.4 33.3 < 0.05
Office workers, % 22.9 14.9 0.19 3.8 0.0 0.63
Living with spouse, % 97.0 97.9 1.00 88.6 70.0 < 0.01
Education > 9 years, % 78.2 59.6 < 0.01 54.6 36.7 < 0.05
Smokers, % 40.9 46.8 0.43 2.3 3.3 0.52
Alcohol consumption, Mean = SD, g/day 20.2 =+ 29.2 19.5 =+ 27.5 0.87 1.7 £7.7 1.9 £ 62 0.91
Physical activity’, Mean = SD, MET/day 249 £ 9.6 272 =+ 9.4 0.11 239 £87 220 £ 6.9 0.23
Menopause, % 24.4 43.3 < 0.05

Abbreviations: CVD, cardiovascular disease; SD, standard deviation; WHR, waist and hip circumference ratio
1) Comparison between individuals who have been free of CVD and those with CVD within the same sex
2) Approximately corresponding to the government-set-minimum wage for a family of three persons

3) Average daily metabolic equivalents-hours

Table 2. Area under the ROC curve and measures of diagnostic accuracy for waist circumference and waist and hip circumference
ratio in the association with the incidence of cardiovascular disease by sex

All subjects ROC curve Cutoff Distanceto  Youden's Sensitivity Specificity PPV NPV
by sex areq point ROC curve index (%) (%) (%) (%)
Men
Waist circumference 0.59
Optimal value 85.0 0.34 0.18 61.7 56.0 3.8 98.1
Suggested value" 90.0 0.47 0.15 34.0 81.3 4.8 97.8
WHR 0.62
Optimal value 0.88 0.33 0.19 63.8 55.5 3.8 98.2
Suggested value? 0.90 0.37 0.17 46.8 70.5 4.2 97.9
Women
Waist circumference 0.73
Optimal value 80.0 0.18 0.42 80.0 62.0 3.9 99.4
Suggested value" 85.0 0.33 0.26 46.7 79.0 4.1 98.7
WHR 0.71
Optimal value 0.83 0.20 0.38 76.7 61.8 3.7 99.3
Suggested value? 0.85 0.25 0.30 60.0 70.4 3.8 98.9

Abbreviations: ROC, receiver-operating characteristic; WHR, waist and hip circumference ratio; PPV, positive predictive value; NPV,
negative predictive value

=

1) Reference: Lee & 2007
2) Reference: WHO 1999

Table 32 19l whz 2 slglad 8! WHR 9A1S 32 Siok Wb, 2% WHR 47132 40t el wlsl 50
BolF=d], ARl BRIl FAelM= 85 cm el o B 60 B oM B 322 ke Ukt B1E sl s
© 80 et A7 slg] s ® veht dyke AE Bojs & 918 ROC curve A2 40t FAollA #HAgks 40t
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Fig. 1. Comparison of receiver-operating characteristic (ROC) curves for waist circumference (continuous line) and waist and hip

circumference ratio (dashed line) by sex.
The curves have been plotted with sensitivity (y value) and [1-specificity] (x value).

Differences between the area under the ROC curve for waist circumference and that of waist and hip circumference ratio were

not significant.

Table 3. Area under the ROC curve and measures of diagnostic accuracy for waist circumference and waist and hip circumference

ratio in the association with the incidence of cardiovascular disease by sex and age groups

All subjects ROC curve  Optimal  Distanceto  Youden's Sensitivity  Specificity PPV NPV
by sex and age groups areq cutoff point  ROC curve index (%) (%) (%) (%)
Men
Aged 4010 49 (n = 1,164)
Waist circumference 0.52 85.0 0.38 0.13 56.7 56.5 2.7 98.4
WHR 0.56 0.88 0.34 0.18 60.0 57.6 2.9 98.5
Aged 50 10 69 (n = 569)
Waist circumference 0.61 85.0 0.33 0.19 65.6 53.6 7.8 96.3
WHR 0.60 0.89 0.35 0.17 62.5 54.7 7.6 96.1
Women
Aged 40 fo 49 (n=1,000)
Waist circumference 0.73 80.0 0.15 0.45 75.0 69.9 2.0 99.7
WHR 0.66 0.81 0.22 0.35 75.0 60.3 1.5 99.7
Aged 50 or 69 (n=579)
Waist circumference 0.66 80.0 0.30 0.30 81.8 48.1 5.9 98.5
WHR 0.66 0.83 0.31 0.32 86.4 46.0 5.9 98.8

Abbreviations: ROC, receiver-operating characteristic; WHR, waist and hip circumference ratio; PPV, positive predictive value; NPV,

negative predictive value

o1/3elM Hdigke vekilt 83 cm, 0.87% LHERiTE.

w o] el ool miE A slel=el B WHR A1 = Aol ek A siel=el B WHR A2 b
& Table 40l bk nfe} o], vlFdxte] vlal FAAtel 5" (WHO 1999; Lee & 2007) 04 AlAel 2 3l2]=)
A A7 slelsel B WHR 97150l ¥ wiA AFEso] 2b2F - 3l WHR 4713 2] (binary) SRR dlof v 4
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Table 58] A3} 4] S o]8-so] wAfellr] F<l o
ol w2 AgriAQl 22=H] Bl 95% A ET kS ARESk]
E}. %*é H]-Ei?ix}ﬂ 739318 85 cm o)< Hu|gk

& o] od AlghEel] vl 719
3ul 7}34 = }% AEuAAEe] W f18S e e
= vEbster delEe 90 cm ¥ 0.909] WHRS AHE-3l
7k 919 At o] 9k HIsssHAl vEbskth (Table 6). R
W, e z}oﬂﬁ% &2)Edv WHRS] ojd AANS
ARl g R Y e freldos ST
A] el —E—?ﬂx}oﬂfﬂ BRugk A ggko 2 Aguhgs o=
ap7]ell= @A7E E= HERATH (Table 6).

Table 4. Area under the ROC curve and measures of diagnostic accuracy for waist circumference and waist and hip circumference
ratio in the association with the incidence of cardiovascular disease by smoking status among men

Smoking status Distanceto  Youden's Sensitivity Specificity PPV NPV
among men ROC curve index (%) (%) (%) (%)

Nonsmokers (n=1,022)

Waist circumference 0.27 0.28 72.0 56.5 4.0 98.8
WHR 0.24 0.31 60.0 71.2 5.0 98.6
Smokers (Nn=711)

Waist circumference 0.38 0.18 72.7 451 4.1 98.1
WHR 0.39 0.14 68.2 459 3.9 97.8

Abbreviations: ROC, receiver-operating characteristic; WHR, waist and hip circumference ratio; PPV, positive predictive value; NPV,

negative predictive value

Table 5. Relative odds of cardiovascular disease according to cutoff points of waist circumference and waist and hip circumference

ratio in a 6-year follow-up study

Men

Waist circumference

WHR

Women

Waist circumference

WHR

Optimal value
Suggested value?
Optimal value
Suggested value?

Optimal value
Suggested value?
Optimal value
Suggested value?

Cutoff points Age-adjusted RO (95% Cl) Multivariate RO" (95% Cl)
1.91 (1.05, 3.45) 1.82(0.99, 3.33)
2.04(1.11, 3.75) 1.99 (1.06, 3.73)
1.75 (0.95, 3.21) 1.59 (0.85, 2.96)
1.67 (0.93, 3.00) 1.51(0.82, 2.77)
4.36(1.73,11.0) 4.28 (1.68,10.92)
2.17 (1.02, 4.59) 2.13(0.98, 4.62)
3.29 (1.34, 8.07) 3.37 (1.36, 8.37)
2.15(0.98, 4.70) 2.22(1.00, 4.92)

Abbreviations: RO, relative odds; Cl, confidence interval; WHR, waist and hip circumference ratio

1) Data are adjusted for age, income (monthly wage of < 10° or > 10° won), occupation (white-collar job, blue-collar job, or
housework), marital status (living with a spouse or other status), educational level (< 9 or > 9 years), smoking status (never smoker,
former smoker, current smoker of <10, 11 -20, or > 20 cigarettes daily), alcohol intake (abstainers, drinkers with alcohol con-
sumption of < 5.1, 5.1 =15, 156.1 —30, > 30 g/day), and quintiles of physical activity (metabolic equivalents per hour daily) (plus
menopausal status or postmenopausal hormone use for women).

2) Reference has been indicated in Table 2
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Table 6. Relative odds of cardiovascular disease according to cufoff points of waist circumference and waist and hip circumference

ratio in a 6-year follow-up study for men

Cutoff points Age-adjusted RO (95% CI) Multivariate RO" (95% Cl)
Nonsmokers
L Optimal value 85.0 2.80(1.16, 6.77) 3.06(1.25,7.51)
Waist circumference
Suggested value? 90.0 2.38(1.05, 5.39) 2.96 (1.26, 6.94)
WHR Optimal value 0.88 1.86 (0.78, 4.41) 2.02 (0.84, 4.90)
Suggested value? 0.90 2.50(1.10, 6.71) 2.87(1.22, 6.76)
Smokers
o Optimal value 85.0 1.24 (0.53, 2.87) 1.21(0.52, 2.81)
Waist circumference
Suggested value? 90.0 1.56 (0.61, 4.01) 1.53 (0.59, 3.98)
WHR Optimal value 0.88 1.53 (0.65, 3.61) 1.46 (0.61, 3.50)
Suggested value? 0.90 0.98 (0.40, 2.44) 0.95 (0.38, 2.40)

Abbreviations: RO, relative odds; Cl, confidence interval; WHR, waist and hip circumference ratio

1) Data are adjusted for age, income (monthly wage of < 10° or > 10° won), occupation (white-collar job, blue-collar job, or
housework), marital status (living with a spouse or other status), educational level (< 9 or > 9 years), alcohol intake (abstainers,
drinkers with alcohol consumption of < 5.1, 5.1 =15, 15.1 =30, > 30 g/day), and quintiles of physical activity (metabolic equiv-

alents per hour daily).
2) Reference has been indicated in Table 2

re
e
—
o I
ot
K]
oX
S
o oo

X
|m
-4
>
i
i
[

¢

i

;
& o

o
e
o
)
;

Y
K

> 3%

T 2 N e

i)
of
o,
o
(@)
(@}

&
N

-

¥

rir
N

)

i)
ot
2
ol
)
it

2

O

-

o

-

Omg
O

Ot
s XS

oX

} A

ki

to e | o X
" ok

oo oX ml net

slelE

>

‘
_l

N
Jr
Y, ol
2oy

o

i

2

)
rlr
j=|
= S
2 g

&.L%

a
&
o

o2
o

o1%
e 7
2 3771 0.90% @dellA 0.88-0.90, o
e 0,830 A% 717 RO Lhekir,

ATk W m S ) oAlolRIE-E ulrk ) i}
i

=T

I

O

] A2) ¥ A cH(WHO Expert Consultation
NCEP2] BaA{ollx] HHHRES wAJellx 102
cm ©]7, o3 ollA 88 cm o] Z A o3t & (Expert
Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults 2001) o}r]oQlefA|
olelgt 70| sk Stk o] BarE g}, 3]

I110]
s A

A4

d

T AA R oprlolRlE oz A slElEd YAS A
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S 2007; Nishimura & 2007; Bao 2008; Li
2008; Narisawa & 2008; Sato & 2008; Baik 2009;
Tabata 5 2009; Doi 5 2009). )21+ 7}-¢-t] NCEPY
IDF:= oprlofRlg 913t 7Rk 71E 0= HAdollxd 90 em,
o]/d el 80 cme slelEd AAF S AASHA =L
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2009) AAl= #-83A] 7k 3o (Hayashi 5 2007;
Baik 2009). &7 vl=el @ 242} 3007 7h= A
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