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Association of Anthropometric Indices with Prevalence of Hypertension in Korean Adults
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Objective : To examine the relationship between hypertension
prevalence and the four commonest anthropometric measurements for
obesity(body mass index(BM!), wasit-hip ratio(WHR), waist
circumference(WC) and body fat in Korean adults.

Methods : We studied the cross-sectional association of the
anthropometric indices and blood pressure in 1,197 individuals( who
were participants in the population-based cohort study). Hypertension
was defined as blood pressure >160/95 mmHg or current use of
antihypertensive medication. Informations on life-style factors were
obtained from personal interview.

Results : There were close associations between BMI, WHR and
WC with blood pressure in both men and women. After age
adjustment, BMi and WC showed significantly positive correlation with
systolic and diastolic blood pressure levels in both men and women.
Odds ratio(ORs) of being hypertensive were estimated comparing the
highest to the lowest quantile, adjusting for age, smoking status,

alcohol intake levels, education attainment. The simultaneously
adjusted ORs of being hypertensive, comparing the highest vs the
lowest categories, was for BMI 2.0(95% confidence interval(Cl)=0.9-
3.2) in men and 3.2 (95% Cl=1.7-6.1) in women, for WC 2.1(95%
Cl=1.0-4.4) in men and 3.1(95% Cl=1.6-5.9) in women, for fat(%)
4.2(95% Ci=1.9-9.5) in men and 2.1{95% Cl=1.2-3.6) in women,

Conclusion : In addition to measures of overali obesity(BMI) as well
as central obesity(WHR, WC), body fat(%) was independently
associated with prevalence of hypertension. Among obesity indices,
body fat was the most predictor variable in hypertensive state in male
and BMI was in female.
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Table 1. General characteristics of study population

Men Women _
General characteristics Non-hypertensive Hypertensive Non-hypertensive Hypertensive

n % n % n % n %

age <45 101 259 17 16.2 159 29.1 20 129
45~59 110 28.2 23 219 181 33.1 63 40.6

60~69 129 33.1 47 443 169 309 57 36.8

>70 50 12.8 18 17.1 38 6.9 15 9.7

Education level  primary school(under) 250 65.1 78 74.3 442 822 142 91.6
middle school 68 17.2 13 124 52 9.7 9 5.8

high school(over) 66 17.1 14 13.3 44 8.1 4 2.6

smoking status ~ non-smoker 84 221 28 26.7 494 91.9 145 954
ex-smoker 68 17.9 26 24.8 7 1.3 2 1.3

smoker 228 60.0 51 48.5 36 6.8 5 33

Drinking non 88 229 19 18.1 389 72.2 124 80.0
<30(g/day) 252 65.6 72 68.6 139 25.8 30 194

>30g(g/day) 44 11.5 14 133 11 20 3 1.8

Total 390 100 105 100 547 100 155 100

Table 2. Mean values of body composition & blood pressure by sex and hypertensive status

Men Women
variable Non-hypertensive Hypertensive Non-hypertensive Hypertensive
(n=390) (n=105) P-value* (n=547) (n=155) P-value*
Means S.D. Means S.D. Means S.D. Means S.D.

Age(y) 575 11.7 60.5 10.3 0.001 54.7 11.6 59.5 9.8 0.001
SBP(mmHg) 124.7 132 148.9 10.1 0.001 122.1 12.3 148.3 17.3 0.001
DBP(mmHg) 77.8 7.9 92.7 13.1 0.001 711 7.6 92.7 12.1 0.001
BMI(kg/m?)* 225 30 232 2.7 0.032 240 34 252 34 0.002
wCt 83.0 84 854 7.8 0015 81.9 9.0 85.3 8.5 0.001
WHR* 091 0.06 0.93 0.06 0.009 0.89 0.08 091 0.06 0.002
Fat(%)* 20.5 6.0 22.7 5.3 0015 29.9 54 317 58 0.001
TBW(1)? 352 53 354 4.7 0.730 279 38 283 4.0 0.331

*tested by Student t-test and ' ANCOVA

Table 3. Age-adjusted Pearson correlation coefficients between anthropometric indices and blood pressure

Men Women

SBP DBP SBP DBP
Body height(cm) 0.049 0.1041 -0.023 -0.028
Body weight(kg) 0.1841 0.183" 0.226" 0217
Waist circumference(cm) 0.240" 0.218" 02121 0.202°
Hip circumference(cm) 0.1821 0.1721 02141 0.215"
WHR 0.194" 0.164! 0.099' 0.089"
BMI(kg/m?) 0.1871 0.154! 0.255" 0.250"
Fat(%) 0.1491 0.135! 0.2541 0.2251
Total body water( / ) 0.092 0.092 0.144" 0.148'

T p<0.05 : p value of pearson correlation

FAFTE, AAFToR TRINE W E
Jsre e AR 17.3% gom, 18 &
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Figure 1. Plot of systolic blood pressure against waist circumference in men.
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Figure 2. Plot of diastolic blood pressure against waist circumference in men.
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Figure 3. Plot of systolic blood pressure against BMI in women.
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Figure 4. Plot of diastolic blood pressure against BMI in women.
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Table 4. Anthropometric indices quintile-range of in male
Q BMI Waist WHR Fat(%) TBW
1 14.81~20.15 61.0~75.6 0.749~0.864 10.1~159 21.6~31.1
2 20.16~21.70 75.7~80.9 0.865~0.898 16.0~18.8 31.2~339
3 21.71~23.20 81.0~85.7 0.899~0.928 18.9~21.5 34.0~36.4
4 23.21~25.11 85.8~90.5 0.929~0.958 21.6~259 36.5~394
S 25.12~33.18 90.6~105.0 0.959~1.021 26.0~31.5 39.5~42.0
Table 5. Anthropometric indices quintile-range in female
Q BMI Waist WHR Fat(%) TBW
1 15.20~21.78 56.0~75.5 0.755~0.835 12.1~259 17.3~24.8
2 21.79~23.21 75.6~80.5 0.836~0.872 26.0~284 24.9~26.9
3 2322~24.63 80.6~84.1 0.873~0.905 28.5~314 27.0~29.0
4 24.64~26.71 84.2~90.2 0.906~0.947 315~348 29.1~31.0
5 26.72~38.16 90.3~108.0 0.948~1.170 349~424 31.1~39.2
Table 6. Age-adjusted Odds ratio{ORs) of being hypertensive for men and women
Men Women
variable age-adjusted OR(95%ClI)" age-adjusted OR(95%Cl)
BMI(quintiles)
1 1.0 1.0
2 1.0(04~2.1) 2.1(1.1~4.1)
3 1.50.7~3.0) 25(1.3~4.9)
4 24 (1.2~4.8) 35(1.8~6.7)
5 2.1(1.1~4.5) 3.6(1.9~6.8)
2 trend? = 9.345 df=1 p<0.003 2 trend? = 18.457 df=1 p<0.001
WC(quintile)
1 1.0 1.0
2 09©04~2.1) 20(1.1~3.9)
3 22(1.1~4.5) 2.6(1.3~4.9)
4 24(1.2~4.9) 24(12~4.6)
5 24 (1.2~5.0) 33(1.7~6.2)
»* trend? = 10.576 df=1 p<0.002 »* trend” = 12.418 df=1 p<0.001
WHR(quintiles)
1 1.0 1.0
2 0.7(0.3~1.7) 1.9(1.1~3.8)
3 1.9(0.9~3.8) 23(12~4.5)
4 1.9 (0.9~3.8) 1.7 (0.9~34)
5 2.1(1.1~43) 2.6 (1.3~5.0)
% trend? = 9.637 df=1 p<0.002 #* trend” = 5.570 df=1 p<0.03
Fat(quintiles)
1 1.0 1.0
2 3.1 (14~7.0) 1.1(05~1.8)
3 3.5(1.6~8.0) 1.2(0.7~2.3)
4 24(1.1~5.7) 09(05~1.7)
5 5.12.3~11.6) 2.3 (1.3~4.0)
2 trend? = 12373 df=1 p<0.001 2 trend? = 7.401 df=1 p<0.006
TBW(quintiles)
1 1.0 1.0
2 14(0.7~2.8) 1.2(0.6~2.3)
3 1.9 (0.9~3.8) 13(0.7~24)
4 1.7(0.8~34) 1.9(1.1~3.5)
5 1.7 (0.8~3.6) 24(1.3~4.5)

¥ rend” = 2.542 df=1 p>0.115

»* trend® = 2.125 df=1 p>0.155

CI : confidence interval ; BMI: body mass index ; WC: waist circumference ; WHR :waist-hip ratio ; TBW : total body water
" Age adjusted odds ratio and 95% confidence intervals were derived from regression coefficient and standard error in linear logistic models.
2 Chi-square value of likelihood ratio test for trend to access log-linear increase in the logit risk with continuous exposure to the risk factors.
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Table 7. Odds ratio(ORs) of being hypertensive for men and women

Men Women
variable Mutivariate adjusted® OR(95%CH)" Mutivariate adjusted® OR(95%Cl)
BMI(quintiles)
1 1.0 1.0
2 0.9(04~1.8) 1.8 (0.9~3.6)
3 1.4 (0.6~2.9) 22(1.2~4.4)
4 2.1(1.1~4.3) 3.1(1.6~5.8)
5 2.0(0.9~4.1) 32(1.7~6.1)
¥* trend” = 6.989 df=1 p<0.009 2 trend? = 15.924 df=1 p<0.001
WC(quintile)
1 1.0 1.0
2 0.9 (0.4~2.0) 1.8 (0.9~3.6)
3 1.9 (0.9~3.9) 23(1.2~44)
4 23 (1.1~4.8) 2.1(1.1~4.1)
5 2.1(1.0~4.4) 31(1.6~59)
x* trend” = 7.931 df=1 p<0.005 x* trend? = 12.549 df=1 p<0.001
WHR(quintiles)
1 1.0 1.0
2 0.6(0.2~1.4) 1.7(09~34)
3 1.7(0.8~3.4) 2.0(1.1~4.0)
4 1.6 (0.8~3.3) 1.6 (0.8~3.2)
5 1.8(0.9~3.7) 2.5(1.2~4.9)
¥ trend® = 6.122 df=1 p<0.014 x* trend? = 4.734 df=1 p<0.005
Fat(quintiles)
1 1.0 10
2 2.7(12~6.2) 0.8(04~1.5)
3 32(14~7.2) 1.2 (1.6~2.1)
4 2.0 (0.8~4.7) 0.8 (0.4~1.6)
5 42(1.9~9.5) 2.1(1.2~3.6)
¥ trend? = 8.291 df=1 p<0.004 x* trend? = 5.455 df=1 p<0.010
TBW(quintiles)
1 1.0 1.0
2 1.3(0.6~2.7) 12(0.6~2.4)
3 1.8 (0.9~3.7) 1.2 (0.6~2.4)
4 1.6(0.8~3.4) 1.9(1.1~3.6)
5 15(0.7~33) 2.5(1.3~4.6)

¥ trend” = 1.924 df=1 p>0.160

¥ wend® = 1.751 df=1 p<0.170

CI : confidence interval ; BMI: body mass index ; WC: waist circumference ; WHR :waist-hip ratio ; TBW : total body water

" Adjusted odds ratio and 95% confidence intervals were derived from regression coefficient and standard error in linear logistic models.
* adjusted age, smoking status, educational attainment, alcohol intake level
? Chi-square value of likelihood ration test for trend to access log-linear increase in the logit risk with continuous exposure to the risk factors.
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