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High Prevalence of Prehypertension Is Associated with
the Increased Body Mass Index in Community-Dwelling
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Hypertension and obesity are likely the most common disease in Japan. It has been report-
ed that subjects with prehypertension (systolic blood pressure [SBP] 120-139 mmHg and/
or diastolic blood pressure [DBP] 80-89 mmHg) have also an increased risk of cardiovas-
cular disease; however, only limited data are available on the prevalence of prehypertension
and its association with body weight. We performed a cross-sectional study to examine
whether the status of body weight was associated with prehypertension. Study participants
aged 19 to 90 years [1,207 men aged 60 + 15 (mean + standard deviation) years and 1,634
women aged 63 + 12 years] were randomly recruited for a survey at the community-based
annual medical check-up. The prevalence of prehypertension was 27.3% in men and
23.9% in women. The levels of SBP and DBP increased, as body mass index (BMI)
increased in both genders. In a multivariate-adjusted model, increasing BMI categories
were positively associated with prehypertension. Especially in men, compared to partici-
pants with BMI of < 21.0 kg/m’ (referent), the multivariate-odds ratio (95% CI) of prehy-
pertension was 1.90 (1.17-3.09) in the 21.0-23.4 kg/m2 group, 2.38 (1.31-4.34) in the
23.5-24.9 kg/m” group, and 3.79 (2.03-7.09) in the = 25.0 kg/m’ group. In conclusion,
even subjects with mildly increased BMI (21.0-24.9 kg/m’) had an increased risk of prehy-
pertension in community-dwelling persons. It is time to pay more attention to excess
bodyweight in preventing high blood pressure. risk factor; body mass index; pre-
hypertension; hypertension; community-dwelling persons.
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Hypertension is likely the most common dis-
ease in Japan and is strongly associated with an
increased risk of cardiovascular disease (CVD).
An increased risk of CVD mortality is present in
persons with blood pressure levels as low as 115
mmHg systolic blood pressure (SBP) and 70
mmHg diastolic blood pressure (DBP), and the
risk increases steadily with elevating blood pres-

sure (Lewington et al. 2002). The most recent
references for blood pressure classification in
adults are the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure (JNC-7) in
2003. In this guideline, people with SBP of 120
to 139 mmHg and/or DBP of 80 to 89 mmHg
were categorized as having prehypertension
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(Chobanian et al. 2003). Prehypertension and
even normal blood pressure frequently progress to
clinical hypertension over several years, especial-
ly in older adults (Vasan et al. 2001). The incre-
mental relationship between blood pressure and
cardiovascular disease (CVD) risk is continuous
and consistent (Qureshi et al. 2005; Nakamura et
al. 2006; Gu et al. 2008). Prehypertension is
associated with an increased risk of major CVD
events, thus lifestyle modification or even medical
treatment is recommended for individuals with
prehypertension (Lewington et al. 2002). How-
ever, the prevalence of prehypertension and asso-
ciated risk factors in Japan is not clear.

Obesity is also a worldwide public health
problem. Obesity increases the risk of cardiovas-
cular disease, diabetes, hypertension, and dyslip-
idemia. However, few studies have examined the
relationship between excess body weight and ele-
vated blood pressure risk.

The aim of this study was to evaluate the
distribution of blood pressure and the prevalence
of prehypertension and its association with body
weight, using cross-sectional data from rural
community-dwelling Japanese persons.

MATERIALS AND METHODS

Subjects

Participants were recruited at the time of their annu-
al health examination in a rural town with a total popula-
tion of 11,136 (as of April 2002) located in Ehime pre-
fecture, Japan, in 2002. Among 9,133 adults aged 19 to
90 years in this population, a random sample of 3,164
(34.6%) subjects was enrolled. Baseline clinical charac-
teristics including anthropometric parameters were ob-
tained from the subject’s personal health records evaluat-
ed medical check-up. Other characteristics e.g., smoking
and alcohol habit, and medication, were investigated by
individual interviews using a structured questionnaire.
Information on medical history, present conditions, and
medications was obtained by interview. And the final
study sample included 2,841 eligible persons. The Ethics
Committee of Ehime University School of Medicine
approved all procedures, and each participant provided
informed consent for the procedure.

Evaluation of risk factors
We measured the participants’ height without foot-

wear and weight in light clothing and calculated their
body mass index (BMI) as weight in kilograms divided
by the square of height in meters. Participants with BMI
> 30 kg/m” were included (37 subjects). Body mass
index was subdivided into four categories as follows:
BMI-1 (underweight), < 21.0 kg/mQ; BMI-2 (lower nor-
mal weight), 21.0-23.4 kg/m*; BMI-3 (upper normal
weight), 23.5-24.9 kg/m’; BMI-4 (overweight), = 25.0
kg/m’. We measured blood pressure in the right upper
arm of participants in a sedentary position using an auto-
matic oscillometric blood pressure recorder (BP-103i;
Colin, Aichi, Japan) while the subjects were seated after
having rested for at least 5 min. Appropriate cuff bladder
size was determined at each visit based on arm circum-
ference. Normotension was defined as not being on anti-
hypertensive medication and having of SBP < 120
mmHg and DBP < 80 mmHg. Prehypertension was
defined as not being on antihypertensive medication and
having a SBP of 120 to 139 mmHg and/or DBP 80 to 89
mmHg. Hypertension was defined as SBP > 140 mmHg
and/or DBP = 90 mmHg, and also if the individual was
on antihypertensive medication (Chobanian et al. 2003).
Cigarette smoking was quantified based on daily con-
sumption and duration of smoking. Fasting total choles-
terol (T-C), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), fasting blood glucose (FBG), cre-
atinine (enzymatic method), and uric acid were measured
during fasting. Low-density lipoprotein cholesterol
(LDL-C) levels were calculated by the Friedewald for-
mula (Friedewald et al. 1972). Participants with TG lev-
els = 400 mg/dL were excluded (24 cases). The presence
of diabetes and CVD was defined as a history of treat-
ment for diabetes and CVD. Estimated glomerular filtra-
tion ratio (eGFR) was calculated with the following
equation: eGFR=194 x Cr'"* x Age™**" x 0.739 (if
female) (Levey et al. 2006; The Japanese Society of
Nephrology 2007).

Statistical analysis

Statistical analysis was performed using SPSS 10.0J
(Statistical Package for Social Science, Inc., Chicago, IL,
USA). All values are expressed as mean + standard
deviation (s.p.), unless otherwise specified. Data for
smoking status and TG were skewed, and were log-trans-
formed for multivariate analysis. Differences based on
blood pressure status were analyzed by Mann-Whitney U
tests or the chi-square (Xz) tests. Correlations between
various characteristics and BMI were determined using
Pearson’s correlation test. Logistic regression analyses
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were used to test significant factors of prehypertension
(versus normotension) and hypertension status (versus
normotension + prehypertension), with prehypertension
and hypertension serving as the dichotomous outcome
variable and age, BMI, smoking status, drinking status,
antihypertensive medication, lipids, antilipidemic medi-
cation, FBG, diabetes, uric acid, and eGFR. A value of
p < 0.05 was considered significant.

RESULTS

Subject background factors categorized by sex

The 2,841 participants included 1,207 men
aged 60 + 15 years and 1,634 women aged 63 +
15 years. Among them, the prevalence of prehy-
pertension and hypertension was 27.3% and
56.3% in men, and 23.9% and 54.7% in women.
The prevalence of prehypertension decreased with
increasing age and the prevalence of hypertension
increased with increasing age in male and female
subjects (Fig. 1). Table 1 shows the background
characteristics of subjects according to sex.
Smoking status, drinking status, DBP, TG, FBG,
serum creatinine, uric acid levels and prevalence
of CVD were higher in men than women, but age,
T-C, HDL-C, and LDL-C were higher in women
than in men. There were no inter-group differ-
ences in BMI, SBP, prevalence of diabetes and

eGFR.

Characteristics of subjects categorized by sex
and blood pressure status

Table 2 shows the value of each background
factor categorized by sex and blood pressure sta-
tus. In men, age, BMI, presence of antihyperten-
sive medication, T-C, TG, FBG, prevalence of
diabetes, serum creatinine and uric acid, and
prevalence of CVD were higher in subjects with
prehypertension and hypertension than those with
normotension, but smoking status and eGFR were
lower in subjects with hypertension. In women,
age, BMI, presence of antihypertensive medica-
tion, T-C, TG, LDL- C, presence of antilipidemic
medication, FBG, serum creatinine, uric acid and
prevalence of CVD were higher in subjects with
prehypertension and hypertension than those with
normotension, but smoking status, drinking status,
HDL-C and eGFR were lower.

Correlation between body mass index and
blood pressure by sex

By study design, these subjects are charac-
teristic of the Japanese population with a BMI of
15.2 to 38.8 kg/m’ in men and 14.2 to 41.4 kg/m’

O Normotension O Prehypertension B Hypertension

100%
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<45 45-54  55-64 65-

N=194 206 236 571

Men P<0.001

<45 45-54  55-64 65-
N=148 228 378 880

Women  P<0.001

Fig. 1. Prevalence of each blood pressure status by age and gender

*P-value; ) % test.
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TaBLE 1. Characteristics of subjects categorized by sex.

Characteristics Men (N=1,207) Women (N=1,634) P-value*
Age (years) 60 + 15 63+ 12 <0.001
Body mass index" (kg/m?) 23.5+3.1 23.4+34 0.288
Smoking status* (pack year) 12 (0-31) 0 <0.001
Drinking status, N (%) 1,015 (84.1) 544 (33.3) <0.001
Systolic blood pressure (mmHg) 139 £ 21 138 £23 0.260
Diastolic blood pressure (mmHg) 83+ 12 80+12 <0.001
Antihypertensive medication, N (%) 315 (26.1) 455 (27.8) 0.306
Total cholesterol (mg/dL) 191 £ 35 209 + 33 <0.001
Triglycerides (mg/dL) 100 (73-147) 93 (69-130) <0.001
HDL cholesterol (mg/dL) 58 +15 64 £ 15 <0.001
LDL cholesterol (mg/dL) 107 £ 34 124 + 30 <0.001
Antilipidemic medication, N (%) 50 (4.2) 110 (6.7) 0.004
Fasting blood glucose (mg/dL) 103 £ 28 98 +24 <0.001
Diabetes 47 (3.9) 63 (3.9 1.000
Serum creatinine (mg/dL) 0.80 +0.18 0.61+0.14 <0.001
Serum uric acid (mg/dL) 6.0+14 4.5 +1.1 <0.001
Estimated GFR 80.7 £ 17.5 79.6 +18.0 0.139
Cardiovascular disease, N (%) 122 (10.2) 122 (7.5) 0.015

Data presented are mean + standard deviation. Data for smoking status and triglycerides were
skewed and are presented as median (interquartile range). "Body mass index was calculated using
weight in kilograms divided by the square of the height in meters. *Smoking status: daily consumption
(pack) x duration of smoking (year). HDL, high-density lipoprotein; LDL, low-density lipoprotein;
GFR, Glomerular Filtration Rate. Estimated GFR =194 x Cr'%*x Age 7 x 0.739 (if female).

*P-value for comparison between men and women; *P-value; Mann-Whitney U test or ) test.

women. In men and women, BMI significantly
correlated with SBP (r = 0.206 and r = 0.256,
respectively) and DBP (r = 0.258 and r = 0.271,
respectively). Presence of antihypertensive and
antilipidemic medication and prevalence of CVD
were significantly lower in subjects with lowest
category of BMI than those with other category
(data not shown).

Odds ratio of prehypertension and hyperten-
sion by BMI categories

Table 3 shows the odds ratios (ORs) {95%
confidence interval (CI)} of prehypertension and
hypertension with increasing BMI category.
Increasing BMI categories were positively associ-
ated with prehypertension and hypertension in
both genders in a univariate model, and especially
in men in a multivariate-adjusted model.

Compared to male subjects with a BMI of < 21.0
kg/m2 (referent), the multivariate-OR (95% CI) of
prehypertension was 1.90 (1.17-3.09) in the
21.0-23.4 kg/m® group, 2.38 (1.31-4.34) in the
23.5-24.9 kg/m” group, and 3.79 (2.03-7.09) in
the = 25.0 kg/m” group. Moreover, the multivari-
ate-OR (95% CI) of hypertension was 1.88
(1.23-2.86) in the 21.0-23.4 kg/m’ group, 2.15
(1.33-3.48) in the 23.5-24.9 kg/m’ group, and 3.61
(2.25-5.78) in the = 25.0 kg/m” group.

DiscussioN

In this cross-sectional, population-based
study, we set out to determine the prevalence of
prehypertension and hypertension, as defined by
JNC-7 criteria (Chobanian et al. 2003), and its
association with body weight. This study showed
that prehypertension and hypertension are
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Fig. 2. Correlation between body mass index and blood pressure by sex. In men and women, BMI sig-
nificantly correlated with SBP (r = 0.206 and r = 0.256, respectively) and DBP (r = 0.258 and r =

0.271, respectively).

extremely common, affecting more than half of
male subjects (83.5%) and female subjects
(78.6%), and persons with prehypertension and
hypertension had a higher prevalence of other risk
factors for atherosclerotic disease, including
increased BMI, dyslipidemia, and FBG, but not
smoking, than did persons with normotension.
The prevalence of prehypertension significantly
decreased with increasing age because many par-
ticipants in the older group aged = 65 years had
hypertension (71.1%). Furthermore, the preva-
lence was significantly higher in the upper normal
weight or overweight individuals than in the low-
er normal weight.

Our study found an overall prehypertension
prevalence rate of 25.3% in rural Japanese adults,

a similar level to Taiwanese (Tsai et al. 2005) and
American adults (Greenlund et al. 2004). The
prevalence of prehypertension decreased with
increasing age and was significantly greater in
men than in women, which was similar to a study
with Chinese adults (Sun et al. 2007). In our
study, increasing BMI categories were positively
associated with prehypertension and hypertension.
Similar results were found in a community-based,
cross-sectional study in Taiwanese (Tsai et al.
2005), and multivariable logistic regression
revealed that age (OR, 1.01; 95% CI, 1.00-1.03)
and BMI (OR, 1.11; 95% CI, 1.05-1.17) were pre-
dictors of prehypertension status in men. For
women, age (OR, 1.03; 95% CI, 1.02-1.04), waist
circumference (OR, 1.03; 95% CI, 1.01-1.05), and
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triglycerides (OR, 1.00; 95% CI, 1.00-1.01) were
determinants of prehypertension (Tsai et al.
2005). Also in a cross-sectional study in Israel,
body weight was strongly and linearly associated
with blood pressure and accounted for 8% to 10%
of blood pressure variance (Sharabi et al. 2004).

In this study, 20.0% and 23.9% of men with
prehypertension, and 23.9% and 36.1% of women
with prehypertension were upper normal weight
(BMI, 23.5-24.9 kg/mz) and overweight (BMI, >
25 kg/m”), respectively. Among Japanese work-
ers, 31.2% of men and 19.5% of women are over-
weight or obese (Inoue et al. 2007). Moreover,
these prevalences are expected to increase in
Japan in the future. Excess bodyweight could
therefore increase the burden of prehypertension
in such populations. The long-term effect of
weight reduction could lower the odds of hyper-
tension by 77% (He et al. 2000). The prehyper-
tension status highlights the need for early inter-
vention to lower blood pressure through lifestyle
modification (Mitsui et al. 2008).

The mechanisms that lead to prehypertension
and hypertension in individuals with excess body-
weight are not completely understood. Several
previous studies showed that being obese or over-
weight increased the risk of cardiovascular dis-
ease, diabetes, hypertension, dyslipidemia, and
renal dysfunction (Mokdad et al. 2003; Qureshi et
al. 2005; Gu et al. 2008). The relationship
between increased BMI and blood pressure may
incorporate other non-traditional risk factors not
examined in this report, including increased
C-reactive protein (Ridker et al. 2002), amyloid A
(Poitou et al. 2006), hyperlipidemia (Qureshi et
al. 2005; Gu et al. 2008), cytokines (Honda et al.
2006), homocysteine (Homocysteine Studies
Collaboration 2002), oxidative stress (Drueke et
al. 2002), hyperleptinemia (Mathew et al. 2007),
increased sympathetic activity (Masuo et al.
2000), renal hyperfiltration (Knight and Imig
2007) and gamma-glutamyl transferase activity
(Kawamoto et al. 2008) caused by insulin resis-
tance, and the renin-angiotensin system (Engeli et
al. 1999). All these risk factors result in athero-
sclerosis, and prehypertension and hypertension
may be complicated by both the severity and

duration of atherosclerosis, and vice versa.

Our cross-sectional study design does not
eliminate potential causal relationships between
BMI and blood pressure. The prevalence of blood
pressure categories is based on single blood pres-
sure measurement. We could not rule out one-
time hypertension and white-coat hypertension.
There still remain important problems on the
cumulative effects of excess bodyweight over
several decades, the effect of weight-change peri-
ods or past maximum weight, and interactions with
other risk factors (Ben-Shlomo and Kuh 2002).
Therefore, the demographics and referral source
may limit generalizability.

In conclusion, the present study showed that
even subjects with mildly increased BMI (21.0-
24.9 kg/m®) had an increased risk of prehyperten-
sion and hypertension in the general population.
The underlying mechanism seems to be indepen-
dent from traditional cardiovascular risk factors
such as age, dyslipidemia, and diabetes. For
community-dwelling healthy persons, prospective
population-based studies are needed to investigate
the mechanisms underlying this association to
determine whether intervention, such as effective
lifestyle modifications that decrease bodyweight,
in adult populations will decrease risks.
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