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Abstract

Background: The association between obesity and blood pressure is well
documented and a series of obesity indices are used as risk factors or indicators of
blood pressure and/or the presence of hypertension.

Objective: The aim of the present study was to explore and determine which
obesity index is the best indicator of blood pressure and the presence of
hypertension among five frequently used simple anthropometric indices.
Methods: Subjects (n 29079) were selected by cluster sampling from fourteen
Chinese general populations. Weight, height, waist circumference (WC), hip
circumference and blood pressure were measured for each participant. BMI,
waist:hip ratio (WHR), waist:stature ratio (WSR) and conicity index (CD were
calculated. Pearson correlation, multiple logistic regression, multivariate linear
regression and receiver-operating characteristic (ROC) curve analyses were used.
Results: A total of 13558 men and 15521 women were investigated. All five obesity
indices were positively correlated with blood pressures and hypertension. After

adjusting for age, WSR in men and BMI in women had the greatest association with Key&gﬁ;
the presence of hypertension, irrespective of the statistical method used. BMI had the Hypertension

strongest correlation with continuous blood pressures in both genders.
Conclusion: The present results indicate that hypertension is associated with
different obesity indices in men and in women. The best indicator for hyper-
tension is WSR in men while it is BMI in women.
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Waist:stature rafio
Receiver-operating characteristic

curve analysis

Hypertension and obesity are both very important issues in
primary care in the 21st century and have become two
growing worldwide epidemics®. Many epidemiological
studies have shown a progressive increase in the pre-
valence of elevated blood pressure or hypertension with
increasing obesity®™. A series of anthropometric indices
were used as obesity measures in these studies, including
BMI, waist:hip ratio (WHR), waist circumference (WOC),
waist:stature ratio (WSR) and conicity index (CD. However,
it is not yet fully clear which anthropometric index of
obesity has the strongest association with hypertension.
BMI has been most frequently used in many epidemio-
logical studies as a measure of body fatness®'". Also,
several studies have indicated that BMI is highly correlated
with overall obesity but relatively poorly with visceral
obesity (central obesity, android-type obesity or abdominal
adiposity)'?, which tends to be more closely associated
with blood pressure and/or hypeﬂension(@w’lﬁ). Thus there
is a need to find other obesity indices better associated with
visceral obesity. WC, WHR and WSR were measured and
calculated to meet this need, and have been shown to be
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strongly correlated with prevalent CHD and other associated
disorders independent of BMI, or even better than BMI'".
Another index to measure abdominal adiposity is the CI*?),
introduced in 1991 by Valdez, who claimed that CI has
several advantages over WHR. Ho et al. reported that WSR
was more strongly associated with cardiovascular risk
factors than other simple anthropometric indices among
Hong Kong Chinese adults"”. Savva et al indicated that
WSR and WC were both better associated with CVD risk
factors than BMI in children®. Although recently there have
been several valuable articles focused on the issue of which
obesity index is best associated with blood pressure and
hypertension’” 2", they were limited by either small sample
size or inadequate consideration of obesity measures.

In order to explore and compare the association
between different obesity indices and blood pressure and
presence of hypertension, we used the data from a large,
population-based epidemiological study*® and chose
five different anthropometric indices as obesity measures:
BMI, WSR, WC, WHR and CI. The reasons for choosing
these five indices were: (i) they are easily obtained without
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expensive or complex instruments; (i) they are conve-
niently self-measurable; and (iii) they have been frequently
used in many previous epidemiological studies.

Subjects and methods

Fourteen centres based on fourteen populations from
thirteen provinces across China were established, which
were able to represent the average standards of living,
education and health care in mainland China. Based on
data from the local household registration system in each
cohort, subjects were selected by cluster random sampling
from each established population. There was no significant
heterogeneity across these sites. Each participating centre
was responsible for 2000 to 2500 subjects (born in or before
1972) and the ratio of male participants to female was
required to be 1:1. Selected subjects were asked from their
homes to come to the appointed place for examinations
and interviews. Approval for all protocols of the present
study was obtained from the review board of the Health
Ministry of the People’s Republic of China. A regular
hospital or health agency in each area was appointed to
provide equipment and venues for the study to perform
examinations and interviews. All participants received a
detailed introduction to the study by local government and
medical organizations, which included appointed hospitals,
centres for disease control and prevention, and the health
departments in local governments. The informed consent
was obtained from participants by local medical organiza-
tions. All examinations for participants were free and no
participant was paid.

Anthropometry

The researchers (including physicians as interviewers and
technicians as assistants) from each participating centre
were gathered and received unified training before the
survey started, in order that the same standards of measure-
ments were used across the centres.

Weight was measured with a pointer spring balance to
the nearest 0-1 kg. Height was measured to the nearest 1 cm
using a non-stretchable tape measure. WC was measured at
the midpoint between the bottom of the ribs and the top of
the iliac crest. Hip circumference was measured at the lar-
gest posterior extension of the buttocks. Both WC and hip
circumference were measured to the nearest 1cm with an
inelastic tape. All anthropometric measures were taken in
the fasting state, with the participants dressed in light
clothing and without shoes. Every morning, the spring
balance was calibrated with a standard weight. BMI, WSR
and WHR were calculated using the following formulas:

BMI — Welghzt (kg) ’
height” (m?2)

_ WC(cm)
" height (cm)
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and
_ WC (cm)
" hip circumference (cm)

WHR

CI was determined through the measurements of weight,
height and WC, using the following formula®
WC (m)

Cl = .
0-109 x /weight (kg)/height (m)

Blood pressure measurements

Each participant’s blood pressure was measured in the
right arm at sitting position using a standardized mercury
column sphygmomanometer with a standardized proto-
col® . The participants rested for at least 10 min in seated
position before the measurements, with their arm sup-
ported at the level of the heart. All subjects wore light
clothing (no tight clothing constricting the arm) and were
in optimal room conditions. Smokers were required to
stop smoking for at least 15 min before blood pressure
was measured. No stimulant drink, such as tea, coffee or
alcohol, was allowed within 30 min before blood pressure
was taken. Each participant’s blood pressure was mea-
sured three times with a 2min interval between mea-
surements. The mean of the three readings was accepted
as the final value. Systolic blood pressure (SBP) was
accepted as the first Korotkoff sound phase and diastolic
blood pressure (DBP) as the fifth phase (disappearance of
sounds) to the nearest 2mmHg. Three different cuff sizes
were used on the participants according to their arm
circumference (small adult=12cm X 23cm for <25 cm;
standard adult=15cm X30cm  for 25-35cm;  large
adult=18cm X 36 cm for >35cm) as per the recommen-
dations of the Chinese Hypertension League®?. Cases of
hypertension were defined as SBP = 140 mmHg or DBP =
90 mmHg or use of blood pressure-lowering drugs.

Data collection

Each participant was required to respond to an interviewer-
led questionnaire especially designed for the survey. The
questionnaires were all recorded by the trained interviewers
based on face-to-face interviews. The interviewers obtained
demographic details, recorded the family medical history
and education level, and inquired about smoking and
alcohol drinking habits. Medical history of diabetes, hyper-
tension, dyslipidaemia and hyperthyroidism was self-
reported. Participants did not take blood tests for blood
sugar, blood lipids or thyroid function. Participants were
categorized as smokers if they were current smokers or
former smokers and as non-smokers if they never smoked,
and categorized as users (current or former) or non-users
(never) regarding their alcohol usage.

Statistical analysis
Statistical analyses were performed mostly using the SPSS
for Windows statistical software package version 15-0
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(SPSS Inc., Chicago, IL, USA). Descriptive statistics for
obesity indices were calculated for both men and women.
Differences in continuous variables between genders
were tested with Student’s 7 test, including age, SBP, DBP,
WC, BMI, WSR, WHR and CI. Differences in binomial
categorized variables between men and women were
analysed with Pearson’s x* test, including hyperthyroid-
ism (yes/no), educated (yes/no), smoking (yes/no),
hypertension (yes/no), drinking (yes/no), diabetes (yes/
no), dyslipidaemia (yes/no), SBP =140 mmHg (yes/no)
and DBP =90 mmHg (yes/no). Correlation coefficients
between WC, BMI, WSR, WHR and CI were calculated by
Pearson correlation analyses.

Because anthropometric indices (continuous) are
highly correlated with each other, they were tested
separately in multiple backward stepwise logistic regres-
sion models after adjusting for age (continuous), hyper-
thyroidism, education, smoking, hypertension, drinking,
diabetes and dyslipidaemia. Due to high multicollinearity,
they were not considered as independent variables in the
same regression model with hypertension (yes/no) as
the dependent variable. Obesity indices were then cate-
gorized as quadrinomial variables using their quartiles
as cut-off points and tested separately again in multiple
backward stepwise logistic regression models using the
first quartile as reference category. After categorization,
obesity measures were also put into the same regression
models to test their independent relationship with
the presence of hypertension, because multicollinearity
between categorized indices was thought to be not as
strong as that between continuous indices.

Multivariate linear stepwise regression was performed to
analyse the association of each obesity index with SBP
(continuous) or DBP (continuous) as dependent variable,
respectively, after adjustment for age (continuous), hyper-
thyroidism, education, smoking, hypertension, drinking,
diabetes and dyslipidaemia. Again, anthropometric indices
for obesity were not tested together in a same regression
model due to high multicollinearity.

Receiver-operating characteristic (ROC) curve analysis
was performed with the Medcalc program version 9:3-9-0
(MedCalce Software, Mariakerke, Belgium). The ROC
curve is a plot of the sensitivity v. 1-specificity for each
cut-off value.

Area under the curve (AUC) was calculated both
directly and after adjustment for age. The AUC is an
indicator of how well the anthropometric indices for
obesity can distinguish the presence of hypertension,
elevated SBP or elevated DBP. Results from ROC curve
analysis could be used for inter-verification with those
from the multivariate regression model. Pairwise com-
parisons between AUC were performed using the Z test.
SBP and DBP were categorized into binomial variables by
the cut-off value of 140 mmHg and 90 mmHg, respec-
tively. When ROC curve analyses for DBP and SBP were
performed, 4905 cases taking antihypertensive medicine

https://doi.org/10.1017/51368980008003601 Published online by Cambridge University Press

1063

were excluded because their blood pressure may not
reflect the real value. Exact confidence intervals were
calculated by StatPages.net (http://statpages.org/confint.
html) based on binomial distribution. All P values
reported are two-tailed and P<0-05 was considered to
be statistically significant.

Results

The present cross-sectional study investigated 29079
subjects (mean age 52-5 (sp 22-4) years, range 30-100
years), including 13558 men and 15521 women. The
response rate was about 96 %. The most common reason
for non-participation (4 %) was due to refusal of exam-
ination. Male subjects were significantly older than female
subjects (533 (sp 11-6) years v. 51-9 (sp 11-3) years,
P<0-001). The anthropometric obesity indices, demo-
graphic characteristics and disease variables of the study
population are shown in Table 1.

The correlations between obesity indices were all very
strong (r >~ 0-70; see Table 2), except for correlations
of BMI with WHR (»=0-331, P<0-001 among women,;
r=0-442, P<0-001 among men) and BMI with CI
(r=0-236, P<0-001 among women; = 0-227, P<0-001
among men).

Multiple backward stepwise logistic regression ana-
lyses were performed using WC, BMI, WSR, CI and WHR
as the independent variable, respectively, and hyperten-
sion (yes/no) as the dependent variable to test the asso-
ciation between each obesity measure and hypertension.
The results are shown in Table 3 as odds ratios not
adjusted, adjusted only for age, and adjusted for age,
smoking, education, drinking, hyperthyroidism, dyslipi-
daemia and diabetes. Whether with adjustment or with-
out, the order of OR for obesity indices regarding the
presence of hypertension was WSR (per 0-01) > WHR (per
0-01)>WC (per 1cm) > CI (per 0-01) > BMI (per 0-1kg/
m?) in men and WSR (per 0-01) >WC (per 1cm) > WHR
(per 0-01)>CI (per 0-01)>BMI (per 0-1kg/m® in
women. However, if the measurement unit of BMI was
set to 1kg/m? instead of 0-1kg/m? the OR for BMI
increased markedly and became the largest one.

Next, the five obesity indices were transformed into
quadrinomial categorized variables using their quartiles
as cut-off points and entered logistic regression analyses
again using the first quartile as reference value. The
results are given in Table 4. Without adjustment, the
orders were WSR>WC > CI>BMI>WHR in men and
WSR>WC > BMI > CI > WHR in women. After adjusting
for age only or age and other factors, the order became
WSR >WC > BMI > CI > WHR in men and BMI > WSR >
WC>WHR>CI in women. Similar trends to the above
results would be found if the five obesity indices (as
quartiles) were entered into the same logistic regression
model (detailed tables not shown).
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Table 1 The anthropometric indices, demographic characteristics and prevalence of diseases in men and women: subjects (n 29 079) from

fourteen Chinese general populations, mainland China

Men (n 13558)

Women (n 15521)

Prevalence or

95 % confidence

Prevalence or 95 % confidence

proportion (%) interval proportion (%) interval P value
Hyperthyroidism 0-53 0-42, 0-67 1-88 1-67, 2-11 <0-001
Educatedt 38-9 38-08, 39-73 29-88 29-16, 30-01 <0-001
Smoking 68-84 68-06, 69-62 6-81 6-42, 7-22 <0-001
Hypertension 36-96 36-15, 37-78 34-95 34-20, 35-70 <0-001
Drinking 63-86 63-04, 64-68 10-75 10-26, 11-24 <0-001
Diabetes 3-31 3:05, 3-67 370 3:41, 4-01 0-069
Dyslipidaemia 11-34 10-81, 11-89 11-50 11-00, 12-01 0-675
SBP (=140 mmHg) 25-37 24-64, 26-11 25-82 25-13, 26-51 0-387
DBP (=90 mmHg) 19-57 18-90, 20-25 13-83 13-29, 14-39 <0-001

Mean SD Mean sD

Age (years) 53-3 11-6 51-9 11-3 <0-001
SBP (mmHg) 129-5 19-2 127-4 21-8 <0-001
DBP (mmHg) 80-5 11-3 774 11-2 <0-001
Hip circumference (cm) 95-5 8-8 96-8 8-9 <0-001
Height (cm) 167-53 6-98 156-05 6:75 <0-001
Weight (kg) 68-48 10-98 59-64 9-79 <0-001
WC (cm) 84-7 9-8 80-9 10-2 <0-001
BMI (kg/m?) 24-33 3:20 24-45 3:55 0-002
WSR 0-506 0-058 0-519 0-066 <0-001
WHR 0-877 0-063 0-835 0-066 <0-001
Cl 1-219 0-096 1-204 0-105 <0-001

SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; WSR, waist:stature ratio; WHR, waist:hip ratio; Cl, conicity index.

tEducated = high school attainment or further.

Table 2 Pearson correlation coefficients between anthropometric
obesity indices among subjects (n 29 079) from fourteen Chinese
general populations, mainland China

WC BMI WSR WHR Cl
Women  WC - 0-740 0-948 0-669  0-809
BMI 0-740 - 0-729  0-331 0-236
WSR 0948 0729 - 0-683  0-817
WHR  0-669 0-331 0683 - 0-731
Men WC - 0-746 0938 0-713  0-797
BMI 0-746 - 0719  0-442  0-227
WSR 0938 0719 - 0-726  0-817
WHR 0713 0442 0726 - 0-693

WC, waist circumference; WSR, waist:stature ratio; WHR, waist:hip ratio;
Cl, conicity index.
Each coefficient was statistically significant: P<0-001.

Table 5 presents the correlation coefficients of obesity
measures with blood pressure. Multivariate linear step-
wise regression analysis was used with SBP and DBP as
the continuous dependent variable, respectively. Before
this analysis, we excluded 4905 subjects with hyperten-
sion who took antihypertensive medicine regularly or
irregularly. Both in men and in women, the orders of
correlation with SBP and DBP were BMI > WC > WSR >
WHR > CI. In men BMI was positively correlated with
(B =0-264) and explained 18-7% of the variance in SBP,
followed by WC (17-:2%) and WHR (142 %), while both
CI (13-3%) and WSR (13-2%) explained a similar amount
of variance; BMI was also most correlated with DBP in
men (B =0-323) and explained more variance (12-0%)
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than any other obesity index. In women, the order of
amount of SBP variance explained was BMI > WSR >
WC>WHR>CI, where BMI (B=0-265) explained
26:3 % of the variance in SBP; and the order for DBP was
BMI > WC > WSR >WHR > CI, where BMI (8=0-311)
explained 11-5% of the variance in DBP. All obesity
measures were significantly (2<<0-001) and positively
associated with blood pressure.

AUC in men and women are listed in Table 6 and the
P values of pairwise comparisons are listed in Table 7.
ROC analyses for associations between the five indices
and hypertension are shown in Fig. 1 for men and Fig. 2
for women.

In men, ROC curve analyses showed that AUC of WSR
for hypertension was always the largest among the five
anthropometric indices whether adjusted for age or not.
However, pairwise comparison indicated that the differ-
ence between AUC of WSR and WC for hypertension was
not statistically significant (0-737 v. 0-735, P=0-0060).
When SBP was used as the classification variable with cut-
off point =140 mmHg or DBP was used with cut-off point
=90 mmHg, WSR had the largest AUC for SBP and DBP
without adjustment for age. After adjusting for age,
however, AUC of WSR was slightly lower than that of WC
for DBP (0-668 v. 0:670, P=0-594) and slightly higher
than AUC of BMI (0-665, P=0-545), both differences
being statistically insignificant. AUC of WSR for hyper-
tension and SBP were still significantly higher than the
AUC of any other index after adjustment for age.
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Table 3 Crude and adjusted odds ratios for hypertension according to different obesity measures among subjects (n 29 079) from fourteen

Chinese general populations, mainland China

Crude Adjustedt Adjustedt
95 % confidence 95 % confidence 95 % confidence
OR interval OR interval OR interval

Men

WC (per 1cm) 1-067 1-063, 1-072 1-068 1-063, 1-072 1-054 1-050, 1-059

BMI (per 0-1 kg/mz) 1-016 1-015, 1-018 1-019 1-018, 1-020 1-018 1-017, 1-019

WSR (per 0-01) 1-134 1-126, 1-142 1-123 1-115, 1-131 1-112 1-104, 1-120

WHR (per 0-01) 1-070 1-064, 1-077 1-069 1-062, 1-075 1-062 1-055, 1-069

Cl (per 0-01) 1-058 1-053, 1-062 1-045 1-041, 1-050 1-040 1-036, 1-045

BMI (per 1kg/m?) 1-178 1-164, 1-192 1-214 1-198, 1-229 1-195 1-180, 1-211
Women

WC (per 1cm) 1-076 1-072, 1-080 1-060 1-055, 1-064 1-062 1-057, 1-066

BMI (per 0-1 kg/mz) 1-019 1-018, 1-020 1-019 1-018, 1-020 1-018 1-016, 1-:019

WSR (per 0-01) 1-131 1-124, 1-138 1-092 1-086, 1-099 1-084 1-077, 1-091

WHR (per 0-01) 1-067 1-061, 1-:073 1-037 1-031, 1-043 1-033 1-027, 1-039

ClI (per 0-01) 1-055 1-051, 1-059 1-023 1-019, 1-027 1-019 1-015, 1-023

BMI (per 1 kg/mz) 1-205 1-193, 1-218 1-204 1191, 1-217 1-190 1-176, 1-203

WC, waist circumference; WSR, waist:stature ratio; WHR, waist:hip ratio; CI, conicity index.

Each OR was statistically significant: P<0-001.
tAdjusted for age.

tAdjusted for age, smoking, education, drinking, hyperthyroidism, dyslipidaemia and diabetes.

In women, if not adjusted for age, AUC of WSR was
still larger than that of any other index, while after
adjustment for age BMI had the largest AUC for all three
classification variables and the differences were all
statistically significant.

Discussion

As early as 1967, data from the Framingham Study indi-
cated that obesity is a leading risk factor for chronic
arterial hypertension®’. Several previous studies have
tried to find which anthropometric index correlates most
closely with blood pressure and incidence or prevalence
of hypertension, when used to define obesity. Mark et al.
found that the prevalence of elevated blood pressure was
positively correlated with increasing adipose tissue!”.
Fuchs et al. reported that WC was a very important
screening tool for elevated blood pressure in a cross-
sectional study, though still less important than BMI'*.
Also, a longitudinal study with relatively small sample
reported by Fuchs et al indicated that the correction
of waist by stature or hip circumference improved its
prediction of the incidence of hypertension, even better
than that for BMI'””. However, these studies involved
fewer obesity measures than the present study and were
not able to fully solve the question.

Only two previous studies explored the association
of all five simple anthropometric obesity indices with
blood pressure and hypertension®*?". The most recent
one was conducted in Singapore, in which Ghosh and
Bandyopadhyay claimed that BMI, WSR and WC had
stronger correlations than other anthropometric indices
with both SBP and DBP as continuous variables".
Similar trends could be seen in the present study. Ghosh
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and Bandyopadhyay tried to compare the relationship of
obesity measures with the presence of hypertension using
multiple logistic regression models and found that BMI
was associated with greater risk of hypertension. As seen
in our results (Table 3), however, the OR for obesity
measures highly depends on the size of the measurement
unit when the logistic regression model is used. BMI's
association with hypertension became the weakest
among obesity indices if its measurement unit was set to
0-1kg/m* and the strongest with 1kg/m* per measure-
ment. That is, the OR for a continuous variable increases
with the size of measurement unit in the logistic regres-
sion analysis. Therefore, without a standard measurement
unit for each obesity index being clearly and reasonably
defined, direct comparison between obesity measures
based on OR value becomes invalid or at least less
convincing. In the present study, besides the method
used in Table 3, we transformed each obesity measure
into a categorical variable by its quartiles to avoid the
issue related to the measurement unit and then made a
comparison using a logistic regression model. Thus we
found that WSR rather than BMI was the best indicator for
hypertension in men and BMI was best associated with
hypertension in women after adjusting for age and/or
other risk factors. Moreover, this result was in agreement
with that from ROC curve analysis.

Results from three studies which investigated the same
five obesity measures are listed in Table 8; they include
the study from Cambridge by Yalcin et al*®, Ghosh and
Bandyopadhyay®" and the present study. In spite of the
obviously small sample size of the two previous studies,
all three studies indicated BMI, WSR and WC to have
stronger correlations with both SBP and DBP in both
genders. In fact, compared with the two previous studies,
the order of correlation between obesity measures and
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Table 5 Multivariate linear stepwise regression analysis of obesity % 3
measures with blood pressure among subjects (n 24 174) from » S _ g g g % % § % ﬁ:"\'% % %
i i i i 5 ST POOOO WLOWLK
fourteen Chinese general populations, mainland China S = OO d 6o
< S0 NN SN SS
SBP DBP Eolp|SE|l 838=ER BYR&R
I Bz | 88888 £3B8s
B R P B R P a lalyg
[ [o)]
Men g‘
) ) . ] ] . 2 1) NHOVWO —WDOO
BMI 0264 0187 * 038 012  * 2 S| £3588 58538
WC 0-236 0-172 0-291 0-101 £ < SO S SO
WSR 0-212 0-132 * 0-269 0-088 * 3
WHR 0-15 0-142 * 0-176 0-051 * z o
. . * . . * — [S]
Cl 0-118 0-133 0-133 0-037 8 S °NYPY LYPIy
Women o G| QOO0 ©OOOr
BMI 0-265 0-263 * 0-311 0-115 * 5 “g g Ceooo ooocoo
weC 0227  0-221 * 0267 0085 * 2 |&| 88| FEe35¢ FINCS
WSR 0226 0237  * 0-241 0-071 * s |5 28828 £38ésé
WHR 0-109 0-206 * 0-114 0-034 * o n |8
Cl 0-082 0-201 * 0-083 0-028 * $
Both g —0wOo—-—t NOOoOOY
]
BMI 0254 0193  * 0304  0-11 * > S| 332338 3I3I5IB |4
wC 0-225 0-178 * 0-281 0-093 * g < OO0 0O0 0000 Oo | =
WSR 0-212 0-172 * 0-232 0-068 * g °
WHR 0-14 0-148 * 0-165 0-044 * « 8 2
cl 0096 0139 * 0106 0029  * 2 = SEONS BE8SL |2
@ w |8 c COOVOVY QOO | 3
SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist o 5 % QE, qqqqq ‘?‘2‘2‘20, §
circumference; WSR, waist:stature ratio; WHR, waist:hip ratio; Cl, conicity index. _g- % | OF SIBLY TNSEE | ¢
*P<0-001. o) o | & COOLOD® DOOOMN U§3
o T 7o) oOoOoooo Ooooo
o) Q (o)) s
< ke
hypertension in our study is more consistent between g T ®
. . o o N2TYs ©gNwY | e
different groups, which may be due to three reasons: (Q 5 S 33598 H8QIR | £
the sample size in the present study was large; and/or (ii) 2 < 00000 oooco |8
. . o . : - @ E
in order to avoid multicollinearity from which Yalcin’s 5 o 5
. . . . >
study suffered™™ | all five obesity indices in the present _c% 2 TQOIN RhY8Q §€
study were tested in multivariate linear stepwise regres- 5 o COOOE BLOLO | &
study © SLEpWIS sres L =2 S00S0S 000SS | 8¢
sion models separately adjusted for other factors. On @ .| 88 NOENg 6odag | S
. . . 1] c = k)
the other hand, (iii) considering the small sample size ki L CEELE LEege e £
. . P . . = 7o) 3
and potential problem in statistics in the two previous > 8| £ §
studies, conclusions made in the present study should be 3 B2
. . . el o HNOWOW®O MOMOYNT | T&
more reliable, although results in the mentioned two g 2 oS8 BBBLBI 5 o
studies are in agreement with each other in men (see 5 ©oooco ooocoo |3 E
. © -
Table 8). However, it should be noted that results from 2= ° ]
both ROC curve and logistic regression analyses in the p % é 2PN RYBEB | <
S dy sh d that the ‘strongest’ obesity measure = 2c S50 s S5o55 |58
present study showe s ges sity su c§ 28 66600 66666 |83
on i ; . . o< 59 NGB —oaiaie | 85
for hypertf?nsmn 1r'1 men is \W?R rather tban BMI. In our o8| |8E E % ‘E § 5B § % % g 8
analysis with the linear stepwise regression model, 4905 2 |z A Co666 oooos |0 <
patients with hypertension were excluded in order to 25 © g 2
get rid of the confounding effects of antihypertensive 8 ALY ® ©®Do®o 2 @
. . < 3 O o]
drugs on blood pressure. Excluding these participants °8g 2 NRERN RKRERR .§' s
who potentially contained information related to hyper- £ ceeee cccce | of
. . . © = <
tension, however, may in turn have compromised the o2 o 2 £
. . T . Q o = o
results to some extent. Despite this possibility, results in o5 S E) E g = E g g E &’ ‘E EES
our study are still convincing due to the large sample size g % = ':g g OO S SO :“ 2
. . Q TN GS ool o £
and because they do not suffer from multicollinearity. 5 L_%) '% 80 E g § CE % § E & § g % 8_-“3
Furthermore, the obesity measure that most closely cor- @ c % $ 60000 o660 |2 é
relates with continuous change of blood pressure per 5 § g|? g
1 mmHg may not have the same strong association with g 3|t o O
. . NOMOm ~NMOMmOo Q0 g
the presence of hypertension. Further data, especially o £ 2 NENSN NNNNN [ 925
. . ) 89S < OO0 O SO0 d |8 T
from large-scale prospective studies, are still needed to z= 2853
verify the relationships and the correlation orders. o5 _ Tas_ oo | 203 é
ROC curves are frequently used to compare the diag- 20 S_QIQesS_QIQ | 8
* q Y us p 8 ohe) gMO==2=5mM0O=Z=2= 5553
nostic performance of two or more laboratory or diagnostic (S = = onTE
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Table 7 P values in pairwise comparisons of areas under the receiver-operating characteristic curve between anthropometric obesity
indices for different classification variables among subjects (n 29 079 for hypertension, n 24 174 for SBP and DBP) from fourteen Chinese

general populations, mainland China

Men Women

Classification variable BMI Cl wC WHR WSR BMI Cl wC WHR WSR
Hypertensiont BMI - * 0-066 * 0-005 - * * * *

Cl * - * 0-814 * * - * 0-705 *

wWC 0-066 * - * 0-037 * * - * 0-003

WHR * 0-814 * - * * 0-705 * - *
SBP+ BMI - 0-708 * * - * * * 0-002

Cl * - * 0-445 * * - * 0-303 *

WC 0-708 * - * 0-008 * * - * 0-338

WHR * 0-445 * - * * 0-303 * - *
DBP+ BMI - * 0-371 * 0-545 - * * * *

CI * _ * * * * —_ * 0. 1 69 *

wC 0-371 * - 0-012 0-594 * * - * *

WHR * 0-012 * - * * 0-169 * - *
Hypertensiont BMI - 0-322 * 0-001 * - 0-002 * * *

Cl 0-322 - * * * 0-002 - * * *

WC * * —_ * * * * — * *

WHR * 0-001 * - * * * * - *
SBP% BMI - 0-003 * * * - 0-933 * * *

Cl 0-003 - 0-482 0-976 * 0-933 - * * *

WC * 0.482 —- * * * * — * *

WHR 0‘976 * * - * * * * —_ *
DBPt BMI - * 0-351 * 0-729 - * * * *

Cl * - * 0-004 * * - * 0-195 *

WC 0-351 0 - * 0-288 * * - * 0-004

WHR * 0-004 * - * * 0-195 * - *

Cl, conicity index; WC, waist circumference; WHR, waist:hip ratio; WSR, waist:stature ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure.
SBP and DBP were categorized into binomial variables by cut-off value of 140 mmHg and 90 mmHg, respectively.

*P<0-001.
tAdjusted for age.
tNot adjusted.

Sensitivity

ok | | | | |
0 0-2 0-4 06 0-8 1-0

1 — specificity

Fig. 1 Receiver-operating characteristic curves of obesity
indices ( , BMI; , conicity index; - , waist
circumference; - , waist:hip ratio; ------- , waist:stature
ratio) for hypertension among male subjects (n 13558) from
fourteen Chinese general populations, mainland China. —-—--
indicates area under the curve of 0-5 (line indicating no
discriminative capability)
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Sensitivity

0 4 | | | | |
0 0-2 0-4 0-6 0-8 1-0

1 — specificity

Fig. 2 Receiver-operating characteristic curves of obesity
indices ( , BMI; ———, conicity index; - , waist
circumference; - , waist:hip ratio; ------- , waist:stature
ratio) for hypertension among female subjects (n 15521) from
fourteen Chinese general populations, mainland China. —-—--
indicates area under the curve of 0-5 (line indicating no
discriminative capability)
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Table 8 Comparison of correlation orders of obesity measures with blood pressure

Present study (n 29079)

Yalcin et al.'® (n 267)

Ghosh & Bandyopadhyay®" (n 180)

SBP Men BMI>WC >WSR > WHR > CI
Women BMI>WC >WSR > WHR > CI
DBP Men BMI>WC >WSR > WHR > Cl
Women BMI >WC >WSR >WHR > ClI

WSR > BMI >WC >WHR > CI
WC >BMI >WSR > Cl > WHR -
BMI>WC >WSR >WHR > CI
WC >WSR > Cl > WHR > BMI -

WSR > BMI >WC >WHR > Cl

BMI>WC >WSR>WHR > Cl

WC, waist circumference; WSR, waist:stature ratio; WHR, waist:hip ratio; Cl, conicity index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

tests, and were first used by Ho et al. in 2003 to select the
best index in relation to cardiovascular risks, including
hypertension, SBP and DBP''>. Ho et al. reported in their
study that WSR was more strongly associated with hyper-
tension, SBP and DBP than other simple anthropometric
indices. Unfortunately however, the results were not
adjusted for age, which may render the conclusion invalid.
As listed in Tables 6 and 7, results in the present study
showed in both men and women that the AUC of WSR
was significantly the largest for hypertension, SBP and
DBP before adjusting for age; but after adjustment for age,
AUC of WSR was the largest only in men and second to
that of BMI in women.

In the present study, WSR in men and BMI in women
had the closest correlation with the presence of hyper-
tension, and these results were very consistent across
two logistic regression models (with obesity indices as
continuous or categorized variables) and ROC curve
analyses. This major difference between the two sexes
was never reported before. Many previous studies ©1019
indicated that visceral obesity measured by WC or WHR
was more closely associated with blood pressure and/or
the presence of hypertension than overall obesity mea-
sured by BMI; while a study in 1992 claimed that BMI had
a better correlation with blood pressure in both men and
women®®”. Most of these studies were limited by rela-
tively small sample size and almost all of them suffered
from multicollinearity in statistical analysis with either a
logistic regression model or a linear stepwise regression
model. Moreover, none of them performed important
ROC curve analysis to explore the predictive value of
these anthropometric indices for hypertension. This may
partly explain why they could not reveal the major
difference between the genders. One previous study
based on a Hong Kong Chinese population®” reported
that types of obesity of men and women were clearly
different according to WHR and BMI, but the authors did
not perform further analysis between obesity measures
and blood pressure as done in our study. Moreover, in
our study, all obesity measures as quartiles in the same
logistic regression model also supported that WSR and
BMI rather than WC had stronger correlation with
hypertension. WSR has been proved to be a good indi-
cator of abdominal visceral fat®® and cardiovascular risk
factors''>, while BMI is by far a good indicator for overall
adiposity'®. Consequently, the present results indicate
that men’s hypertension depends mainly on visceral
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obesity and women'’s hypertension correlates mainly with
overall adiposity.

Furthermore, the linear regression coefficients for each
obesity measure with continuous SBP or DBP were sub-
stantially greater in men than in women, suggesting a
greater male responsiveness of blood pressure to a gain in
relative weight or abdominal deposition. This result is totally
different from that in the study by Doll et al”, where
women had a greater responsiveness than did men. The
two studies were both cross-sectional but they were not
based on the same ethnic groups. Also, Doll did not con-
sider the effect of collinearity between obesity measures.
The two factors may partly explain the differences.

The present study had a very large sample size, which
made it possible to perform statistical analyses using more
than one method and made the results more convincing.
Consistent results from different statistical methods,
including logistic regression models and ROC curve
analyses, contributed to the reliability of the findings.
Moreover, multicollinearity between obesity measures was
avoided in statistical analysis to a large extent. However,
the present study also has some limitations. First, histories
of diseases were self-reported and no blood test was per-
formed. Second, although the sample size was very large,
the population studied was limited to Chinese in China
mainland. Therefore we could not obtain results across
different ethnic groups. Besides, the limitation of the cross-
sectional design was also a fact in our study. The relative
ratio of anthropometric indices for blood pressures and
incidence of hypertension could not be calculated. Long-
itudinal studies with large sample size and a follow-up
with the present study are needed to further explore these
questions.

Conclusion

All anthropometric indices for obesity were positively
correlated with blood pressure and the presence of
hypertension in this representative Chinese sample. After
adjusting for age or for age and other factors, WSR in men
and BMI in women had a greater association with
hypertension than other simple obesity measures.
Therefore we may infer that WSR for males and BMI for
females should be recommended as good predictors for
hypertension. BMI had the strongest correlation with
continuous blood pressures in both genders. There exists
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a major difference between men and women, which has
never been revealed by previous studies, regarding the
issue of which obesity measure is the best indicator for
hypertension. We may not hope to use a universal good
indicator of obesity for hypertension and/or blood pres-
sure in both genders. Visceral obesity tends to be more
important in men with regard to hypertension, while in
women the better indicator for hypertension should be
overall obesity.
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