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Abstract

Background: Currently, obesity has become a worldwide health problem and yet little is known about the impact of
changes in obesity indicator on incident hypertension. The aim of this study was to compare the impact of changes in
the WC and BMI on incident hypertension in a cohort population.

Methods: After a baseline investigation, we conducted the first and the second follow-up assessments for subjects
after 2 and 5 years, respectively. The associations between the changes in the WC and BMI (measured as the D-value,
i.e., the value at the first follow-up minus the value at baseline) and the hazard ratio (HR) of incident hypertension
were analyzed with a multilevel Cox proportional hazards regression model.

Results: Among 2778 participants without hypertension, 660 developed hypertension between the first and the se-
cond follow-up assessments. When both the BMI and WC D-values were included in the regression model, the WC
D-value was a predictor of hypertension incidence in both sexes (OR= 1.03 and P values < 0.05 for men and women),
but the BMI D-value was no longer a predictor of hypertension incidence in either sex (OR=1.04 for men and 1.01
for women, both P values >0.05). In both sexes, hypertension risk was higher for subjects whose BMI was modified
but WC was categorically increasing than for subjects whose WC and BMI were both modified.

Conclusions: Both WC and BMI changes were associated with hypertension, but a change in the WC was a better
predictor of the hypertension.
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Introduction

Body fat content is a well-established risk factor
for the development of hypertension (1, 2), and
recent studies have suggested that abdominal vis-
ceral fat has a stronger association with hyperten-
sion incidence than does total fat mass (3-5). Alt-
hough BMI is significantly related to an individ-
ual’s body fat content (6, 7), some studies have
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suggested that the WC is a better predictor than
BMI of the amount of abdominal visceral fat de-
termined using computed tomography; further-
more, the WC can be easily measured and inter-
preted (8, 9). The impact of changes in the WC or
BMI on the incidence of hypertension has been
observed in previous clinical studies but not in
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cohort studies (10-12). On the population level,
the association between changes in the WC or
BMI and incident hypertension is unclear, and
such an association may be impacted by a change
in lifestyle or a targeted intervention.

The aim of this study was to compare the impact
of changes in the WC or BMI on incident hyper-
tension utilizing data from the Prevention of Mul-
tiple Metabolic Disorders and MS in Jiangsu Prov-
ince (PMM]JS) project.

Methods

Study Cohort

A multi-stage sampling method was employed for
the present study. In stage one; we randomly se-
lected 3 districts from 13 urban districts and 9
counties from the 52 counties of Jiangsu province
based on the economic conditions in different
regions. In the second stage, one community
(such as a street district or a residential commu-
nity) from each city and one rural township from
each county were sampled randomly. In the final
stage, households were randomly chosen from the
selected communities and townships; only one
participant was randomly selected, without re-
placement, from each household. Simple random
sampling methods were used at each stage. The
local public health administrative institutes pos-
sess the household registrations, which include the
addresses and telephone numbers for all partici-
pants, allowing the health status of each par-
ticipant to be tracked easily in follow-up assess-
ments. Individuals who suffered from cancer, se-
vere disability, or a severe psychiatric disturbance
were excluded.

Data on demographic characteristics, lifestyle risk
factors, personal medical history and family his-
tory of hypertension for all participants were ob-
tained using a standard questionnaire administered
by trained staff. Three sitting blood pressure (BP)
measurements were taken at 30-second intervals
by trained observers using a standard mercury
sphygmomanometer after the subjects had been
resting for 5 min according to a standard protocol.
The first and fifth Korotkoff sounds were rec-
orded as the systolic (SBP) and diastolic (DBP)
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blood pressures, respectively. The mean of the
three BP measurements was used in the analysis.
Body weight and height were measured by using
standard methods (13), and the BMI was calcu-
lated as the weight in kilograms divided by the
square of the height in meters. The WC was meas-
ured two times at 1 cm above the umbilicus at
minimal respiration by trained observers with the
subjects standing and breathing normally during
the physical examination.

Blood samples were collected in the morning after
at least 8 hours of fasting. All plasma and serum
samples were frozen at —80 °C until laboratory
testing was performed. Plasma glucose was meas-
ured using an oxidase enzymatic method. The
concentrations of HDL cholesterol and triglycer-
ides were assessed enzymatically using an auto-
matic biochemistry analyzer (Hitachi Inc, Tokyo,
Japan) and commercial reagents. The Friedewald
equation (14) was used to calculate the LDL-C
from the total cholesterol, HDL cholesterol, and
triglycerides. All analyses were performed by the
same lab. All of the participants signed the in-
formed consent form. The study was approved by
the Soochow University ethics committee.

Follow-up Assessments

Of the 5888 subjects eligible for follow-up at 2
years, a total of 4582 participants (77.82%) com-
pleted the first follow-up questionnaire and com-
pleted the WC re-measurement between January
2002 and August 2003. The contents and methods
of the questionnaire and WC measurements in the
first follow-up investigation were the same as
those at baseline. In addition, data on participant’s
blood pressure and development of hypertension
and cardiovascular diseases were collected at the
first follow-up. Of the 4582 subjects eligible for
follow-up at 5 years, a total of 3847 participants
(83.96%) completed the second follow-up ques-
tionnaire between March 2006 and November
2007. In this survey, we mainly collected infor-
mation on participant’s current blood pressure
and the incidence of hypertension and cardio-
vascular diseases over the past five years. Those
subjects who did not attend the second follow-up
examination were similar to those who did com-
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plete the second follow-up in age, sex, smoking,
alcohol usage, family history of hypertension and
metabolic variables. In total, 3847 participants
completed the two follow-ups. After the exclusion
of subjects who were found to have hypertension
at baseline and the first follow-up investigation
(n=882), CVD (n=32), or a BMI<18.5 kg/m’
(n=22) and the exclusion of patients with missing
data (n=133), a total of 2778 participants (1097
males and 1681 females) were included in this
analysis, A detailed description of the multi-stage
sampling method and subjects selection was
shown in Fig. 1. The median duration of follow-
up was 3.8 years from the first follow-up to the
second follow-up. The study outcome was defined
as incident hypertension during the period be-
tween the first and second follow-up assessments.

Definitions

Abnormal WC (abdominal obesity) was defined as
a WC290 cm for males and =80 cm for females
(15). Abnormal BMI (overweight or obesity) was
defined as a BMI>25 kg/m?® (16). Hypertension
was defined as SBP 2140 mmHg and/or DBP
>90 mmHg and/or the use of antihypertensive
medication, as reported in the questionnaires (17).

Statistical Analysis

The difference values (D-value) for the WC and
BMI between the first follow-up and baseline
were calculated to evaluate the changes in WC or
BMI from the baseline to the first follow-up and
to ensure that the change in WC or BMI hap-
pened before hypertension developed.

13 urban districts and 52 counties in Jiangsu province

/

A

One commmmity (similar as a street district or a
residential committee) from each cify and one mral
township from each county were sampled randomly.

.

Households were randomly chosen from the selected
communities and townships: only one participant was
randomly selected from each household. without
replacement.

B

6400 participants aged 35-74 years old were randomly
selected from 12 primary units (each umt was about
10002000 households). stratified by sex and age (10

years per group).

‘

After the exclusion of subjects who
were found to have hypertension at
baseline and the first follow-up
investigation (n=882), CVD (n=32),
or a BMI=18.5 kg/m” (n=22) and the
exclusion of patients with nussing
data (n=133). a total of 2778
participants were mcluded in this
analysis.

Of the 5888 subjects eligible for follow-up at 2 years. a
total of 4582 participants (77.82%) completed the first
follow-up questionnaire and completed the WC
re-measurement between January 2002 and August 2003.

v

Of the 4582 subjects eligible for follow-up at 5 years. a
total of 3847 participants (83.96%) completed the
second follow-up questionnaire between March 2006
and November 2007

Fig. 1: A flowchart of this multi-stage sampling method and subject selection
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A D-value >0 signified that the WC or BMI in-
creased between baseline and the first follow-up,
and a greater D-value implied a larger WC or BMI
increase. A D-value <0 signified that the WC or
BMI decreased between baseline and the first fol-
low-up, and a lower D-value implied a larger WC
or BMI decrease. Subjects with abnormal WC or
BMI at the first follow up no matter whether
baseline WC or BMI was normal were defined as
non-modificatory group. Subjects with normal
WC or BMI at the first follow-up no matter
whether baseline WC or BMI was normal were
defined as modificatory group.

Statistical analyses were performed with the statis-
tical program SAS for Windows V9.12. The
means and standard deviations (SDs) for continu-
ous variables were normally distributed, and the
percentages for categorical variables were calcu-
lated and compared between participants with and
without abdominal obesity and between partici-
pants with and without an abnormal BMI. Medi-
ans and interquartile ranges were calculated for
continuous variables that were not normally dis-
tributed. Significant differences for characteristics
among four groups were examined using one-way
ANOVA, the rank test and the y’ test. Logistic
regression was used to examine the association
between WC and BMI D-values and incident hy-
pertension, odds ratio (OR) and 95% confidence
intervals (95%ClIs) were calculated. The multilevel
Cox proportional hazards regression model was
used to examine the association between changes
in WC or BMI and incident hypertension; hazards
ratios (HR) and 95% confidence intervals (95%
Cls) were calculated. Potential confounding fac-
tors including age, sex and family history of hyper-
tension were adjusted for in the analysis. All re-
ported P-values were two-tailed, and those less
than 0.05 were considered statistically significant.

Results

A total of 2778 participants (1097 males and 1681
females) were studied; this number included 660
subjects with incident hypertension (254 males
and 406 females) who developed hypertension by
the second follow-up. A total of 440 subjects with
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a normal WC at baseline developed abdominal
obesity by the first follow-up, and 112 subjects
with abdominal obesity at baseline returned to a
normal WC at the first follow-up. A total of 280
subjects with a normal BMI at baseline developed
obesity at the first follow-up, and 164 subjects
with obesity at baseline returned to a normal BMI
at the first follow-up. The baseline characteristics
of the 2778 study participants separated by sex are
shown in Table 1.

The results of the multilevel proportional hazards
regression model in which the WC D-value alone,
the BMI D-value alone, or both the WC and BMI
D-values were used as continuous variables to
predict hypertension are shown in Table 2. Be-
cause the units for BMI and WC are different, the
magnitude of the ORs for BMI and WC presented
in Table 2 are not directly comparable. The esti-
mated tolerance between the WC D-value and
BMI D-value was high (0.63), and the VIF was
low (1.58), suggesting a low level of multicolline-
arity. When the BMI D-value alone or the WC D-
value alone was included in the multivariate re-
gression model, the WC D-value was significantly
related to hypertension, SBP and DBP in both
sexes. The BMI D-value was related to hyperten-
sion, SBP and DBP in males and to SBP in fe-
males. When both the BMI and WC D-values
were included in the multivariate regression model,
the WC D-value remained a predictor of hyper-
tension, SBP and DBP in both sexes. However,
the BMI D-value was no longer a predictor of hy-
pertension, SBP and DBP in either sex.

The participants were further stratified by WC or
BMI at baseline and the first follow-up, and the
incidence rate and RRs of hypertension for each
group were calculated by multilevel proportional
hazards regression models. Compared with those
with no abdominal obesity at the first follow-up,
the RRs of incident hypertension were all signifi-
cantly higher for subjects with abdominal obesity
at the first follow-up than for those participants
who did not have abdominal obesity at the first
follow-up, regardless of their abdominal obesity
status at baseline (all P values less than 0.05).
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Table 1: Baseline characteristics of 2778 study participants grouped by sex

Variables Males (n=1097) Females (n=1681) Pvalues
Age (yr) 49.4£9.4 48.6£9.7 0.029
TC (mmol/I) 4.5%0.9 4.5%11.0 0.226
HDL-C (mmol/]) 1.220.4 1.3£0.3 0.037
LDL-C (mmol/]) 2.5%0.7 2.610.8 0.103
FPG (mmol/l) 5212 5.3%1.1 0.351
TG (mmol/l) 1.2 (0.9-1.8) 1.3 (1.0-1.8) 0.07
SBP (mmHg) 118.3+10.8 116.9+11.2 0.001
DBP (mmHg) 77.1£7.8 75.2%7.6 <0.001
BMI (Kg/m?) 22.2%2.9 22.9%3.2 <0.001
BMI D-value 0.4£2.7 0.4%2.9 0.713
WC (cm) 76.4£8.6 74.918.7 <0.001
WC D-value 3.2%7.3 3.5%7.5 0.323
Smoking (%0) 46.9 5.9 <0.001
Alcohol use (%) 44.4 5.8 <0.001
Family history of hypertension (%0) 26.0 24.7 0.465

BMI, body mass index; WC, waist citrcumference; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; HDL, high density lipoprotein; LDL, low density lipoprotein; FPG, fast plasma glucose; TG, triglyceride; D-value, differ-
ence value between the first follow-up and baseline./ Note: median and inter quartile for TG; means standard deviation for age,
TC, HDL-C, LDL-C, FPG, SBP, DBP, WC, BMI, WC D-value and BMI D-value

Table 2: Four Logistic regression models predicting hypertension, SBP and DBP using WC D-value, BMI D-value
or combined D-values 2

Variables

WC D-value
alone

BMI D-value
alone

WC D-value and BMI D-value

WC D-value

BMI D-value

Males (n=1097)

Hypertension 1.04 (1.02-1.07)>

SBP 1.03 (1.01-1.06)®

DBP 1.09 (1.06-1.12)b
Females (n=1681)

Hypertension 1.03 (1.02-1.05)>

SBP 1.04 (1.02-1.05)>

DBP 1.04 (1.01-1.06)"

1.09 (1.04-1.18)>
1.08 (1.02-1.15)>
1.20 (1.11-1.30)p

1.03 (0.98-1.09)
1.08 (1.03-1.13)b
1.03 (0.99-1.10)

1.03 (1.01-1.06)>
1.02 (1.01-1.05)>
1.06 (1.02-1.09)>

1.03 (1.01-1.05)b
1.03 (1.01-1.05)>
1.03 (1.01-1.06)°

1.04 (0.97-1.12)
1.04 (0.96-1.12)
1.06 (0.98-1.14)

1.01 (0.97-1.06)
1.03 (0.98-1.09)
1.02 (0.97-1.08)

CI, confidence intetval; OR, odds ratio; D-value, difference value./ * BMI D-value and WC D-value were included in the multi-
level regression model as continuous vatiables, and the ORs were computed for each unit increase in BMI (kg/m?) and WC (cm).
The ORs were adjusted for age, TC, HDL-C, LDL-C, FPG, TG, smoke and alcohol status, family history of hypertension. A

low level of multicollinearity between WC D-value and BMI D-value, and among triglycerides, HDI-C, total cholesterol and
LDL-C was found, because tolerance values were >0.5, VIF<10. /  Significantly greater odds, P<0.05

Among the subjects with a normal BMI at base-
line, there was a higher RR of incident hyperten-
sion for subjects with an abnormal BMI at the
first follow-up than for subjects with a normal
BMI at the first follow-up (P<0.05). In the popu-
lations with an abnormal BMI at baseline, there
was no significant difference between subjects
with an abnormal BMI at the first follow-up and
subjects with a normal BMI at the first follow-up
(P>0.05). (Table 3 and 4) Table 5 shows the inci-
dence rate and RRs of hypertension for partici-
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pants stratified by whether WC and/or BMI were
categorically increasing. The lowest cumulative
incidence rate of hypertension was 19.1% in males
and 16.0% in females in populations in which
both WC and BMI were modified; the highest hy-
pertension incidence was 45.1% in males and
35.8% in females in populations in which WC was
not modified and BMI was modified. In both sex-
es, the hypertension risk was higher in populations
in which WC was categorically increasing but BMI
was modified than that of subjects in which both
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WC and BMI were modified (P<0.01). No signif- BMI was categorically increasing and subjects
icant difference in hypertension risk was obtained whose WC and BMI were both modified
between subjects whose WC was modified but (P>0.05).

Table 3: Cumulative incidence and hazard ratio of hypertension stratified by WC at baseline and the first follow-up

Abdominal obesity at ~ Abdominal obesity at Cumulative HR (95%CI)
baseline the first follow-up incidence % (n)
Model 1 Model 2
yes no 21.9 24) 1.00 1.00
yes yes 34.8 (153) 1.89 (1.17-3.22)** 4.27 (1.62-9.81) **
no no 18.1 (329) 1.00 1.00
no yes 35.4 (154) 2.41 (1.84-3.01) ** 1.45 (1.02-2.41) *

CI, confidence interval; HR, hazard ratio; N, number of cases./ Model 1: Only WC was included as independent variable.
Model 2: Adjusted for sex, age, TC, HDL-C, LDL-C, FPG, TG, smoke and alcohol status, family history of hypertension, SBP
and DBP./ No multicollinearity was found among triglycetides, HDL-C, total cholesterol and LDL-C, because tolerance values
were >0.5, VIF<10./ *Significantly greater odds, P < 0.05./ **Significantly greater odds, P < 0.01.

Table 4: Cumulative incidence and hazard ratio of hypertension stratified by BMI at baseline and the first follow-up

Overall obesity at Overall obesity at the first Cumulative HR (95%CI)
baseline follow-up incidence % (n)
Model 1 Model 2
yes no 28.6 (47) 1.00 1.00
yes yes 33.7 (141) 1.25 (0.79-1.99) 1.29 (0.82-2.06)
no no 20.9 (388) 1.00 1.00
no yes 29.8 (84) 1.58 (1.19-2.10)" 1.67 (1.24-2.26)"

CI, confidence interval; HR, hazard ratio; N, number of cases./ Model : Only BMI was included as independent vat-
iable./ Model 2: Adjusted for sex, age, TC, HDL-C, LDL-C, FPG, TG, smoke and alcohol status, family history of
hypertension, SBP and DBP./ No multicollinearity was found among triglycerides, HDL-C, total cholesterol and
LDL-C, because tolerance values were >0.5, VIF<10./ * Significantly greater odds, P<0.05

Table 5: Cumulative incidence and hazard ratio of hypertension stratified by whether WC and/or BMI were modified

BMI was WC was modified Cumulative HR (95%CI)
modified incidence n (%)
Model 1 Model 2
Males (n=1097)
yes yes 166 (19.1) 1.00 1.00
no yes 28 (28.4) 1.24 (0.78-2.12) 1.13 (0.68-2.99)
yes no 11 (45.1) 2.71 (1.61-4.69) ** 3.83 (1.56-10.15) **
no no 49 (38.5) 2.41 (1.49-3.83) ** 2.21 (1.11-4.89) **
Females (n=1681)
yes yes 147 (16.0) 1.00 1.00
no yes 12 (23.6) 1.44 (0.91-2.35) 1.16 (0.85-5.97)
yes no 111 (35.8) 2.37 (1.81-3.09) ** 1.59 (1.16-3.68) *
no no 136 (33.3) 3.21 (2.38-4.29) ** 2.53 (1.48-4.14) **

CI, confidence interval; HR, hazard ratio; N, number of cases./ Model 1: Only WC and BMI were included as inde-
pendent variables./ Model 2: Adjusted for age, TC, HDL-C, LDL-C, FPG, TG, smoke and alcohol status, family
history of hypertension, SBP and DBP./ No multicollinearity was found among triglycerides, HDL-C, total choles-
terol and LDL-C, because tolerance values were >0.5, VIF<10./ *Significantly greater odds, P < 0.05./
**Significantly greater odds, P < 0.01.
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Discussion

The results of this study showed that for every 1.0
kg/m’ increase in BMI, the odds of developing
hypertension increased by 9.0% and 3.0% in males
and females, respectively, and that for every 1.0
cm increase in WC, the odds of developing hyper-
tension increased by 4.0% and 3.0% in males and
females, respectively. Regardless of whether the
WC or BMI was abnormal at baseline, compared
with subjects with a normal WC or BMI at the
first follow-up, the incidence rate of hypertension
was significantly higher for subjects with an ab-
normal WC or BMI at the first follow-up. These
results indicate that the hypertension risk of obese
subjects would decrease if they reduce their WC
or BMI and that the hypertension risk of subjects
with a normal WC or BMI would increase if their
WC or BMI becomes abnormal. During follow-up
in cohort studies, the WC or BMI of subjects can
change due to lifestyle modification or a targeted
intervention. The WC or BMI of obese subjects
can return to normal, and subjects with a normal
WC or BMI at baseline can become obese be-
tween baseline and the first follow-up. The impact
of such a change on hypertension incidence, how-

ever have only been shown in clinical trials (10-12).

The changes in WC and BMI reflect changes in
the distribution and composition of body fat. In
cohort populations, the WC could decrease when
BMI increases and the WC could increase when
BMI decreases, or both the WC and BMI could
be maintained at a normal level similar to the val-
ues found at baseline. Therefore, when we evalu-
ate the impact of obesity control on blood pres-
sure, it should be determined whether WC or BMI
is the more practical and sensitive indicator. The
results from most of the cross-sectional studies
have shown a stronger association of hypertension
prevalence with central obesity (as measured by
WC) than with general obesity (as measured by
BMI) in different ethnic groups (18-21). A previ-
ous study suggested that WC was indeed a better
predictor of visceral adipose tissue than BMI (22).
Siani et al. (23) reached the conclusion that the
relationship between WC and BP was unaffected
by adjustment for BMI; in contrast, the correla-
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tion between BMI and BP was no longer
significant when WC was modified. The observa-
tional study conducted by Tseng et al. (24) with
1183 type 2 diabetes patients showed that the
metabolic disease risk was higher in subjects with
a normal BMI but an abnormal WC than that in
subjects with an abnormal BMI but a normal WC.
Alberts et al. (25) reported that WC was the
strongest obesity indicator related to hypertension.
Janssen et al (20) indicated that there was no dif-
ference in the health risk between overweight and
obese subjects with same WC, but that the health
risk of subjects with the same BMI increased with
WC; these studies confirmed that the impact of
WC on hypertension risk factors was greater than
that of BML In the current study, a low level of
multicollinearity was found between the WC D-
value and the BMI D-value (the tolerance value
was 0.63 and the VIF was 1.58); therefore, when
the WC D-value and the BMI D-value were in-
cluded as continuous variables in the same regres-
sion model, the change in WC was better correlat-
ed with hypertension than the change in BMI. In-
deed, the association between the BMI D-value
and hypertension was no longer statistically
significant when the WC D-value was modified.
The hypertension risk decreased significantly if
the WC changed from abnormal to normal, but a
decreased risk of hypertension was not observed
when the BMI changed from abnormal to normal.
There was no significant difference in the hyper-
tension risk between the group in which both WC
and BMI were modified and the group in which
WC was modified but BMI was categorically in-
creasing. However, the hypertension risk in sub-
jects whose WC was categorically increasing but
whose BMI was modified was higher than that
found in subjects whose WC and BMI were both
modified. These results suggest that the impact of
changes in the WC on hypertension risk was
greater than that of changes in the BMI dynamic.

There are some limitations in our study. The ratio
of men to women was not ideal: there were more
women than men included in the analysis. In addi-
tion, it would have been prudent to stratify the
population into ten-year age groups and to con-
sider the length of time subjects were obese for.
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Thirdly, data on serum levels of uric acid and cre-
atinine (or estimated glomerular filtration rate) are
not available in our study, so we cannot adjust
these variables in the multivariate analysis. In addi-
tion, the diet and physical activity are the im-
portant factors for incident hypertension, but the-
se factors were not included in the analysis.

Conclusion

We discussed the impact of increases or decreases
in WC and BMI on hypertension risk. Based on
our data, there is evidence that changes in WC are
better predictors of the risk for hypertension than
changes in BMI. Intervention programs designed
to reduce WC through lifestyle modifications in-
cluding exercise and diet may have significant
public health significance in reducing the inci-
dence of hypertension.
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