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The combination of abdominal obesity and
high-sensitivity C-reactive protein predicts new-onset
hypertension in the general Japanese population:
the Tanno–Sobetsu study

Mizue Fujii1,2, Hirofumi Ohnishi1,3, Shigeyuki Saitoh4, Hiroshi Akasaka3, Tetsuji Miura3 and Mitsuru Mori1

The aim of this study was to examine whether the combination of abdominal obesity and high serum levels of high-sensitivity

C-reactive protein (hsCRP) improves the prediction of new-onset hypertension in the general Japanese population. Participants in

the Tanno–Sobetsu study, a prospective cohort study, were enrolled. Of 1516 subjects aged 30 years or older in 2002, those

with hypertension or abnormal hsCRP levels were excluded, and the remaining 705 subjects were included in the present

analyses. Abdominal obesity (AO) and high hsCRP levels were defined by the Japanese criteria of waist circumference and

median hsCRP values, respectively. Subjects were followed up on for a maximum of 4.5 years, and the hazard ratio (HR) for

new-onset hypertension was calculated using the Cox proportional hazard model. The HR for new-onset hypertension after

adjustment for age, sex, fasting plasma glucose, alcohol intake, smoking, treatment for dyslipidemia and high normal blood

pressure at baseline was significantly higher in the group with AO and high hsCRP (HR=1.44, 95% CI: 1.00–2.07) compared

with the reference group, a group with no AO and low hsCRP; AO alone or high hsCRP alone was not associated with a

significant increase in the HR. Similar trends for the increase in the HR by AO and high hsCRP were observed in separate

analyses of men and women, although the differences did not reach statistical significance. Co-presence of AO and a high level

of hsCRP is associated with a high risk for new-onset hypertension in the general population.
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INTRODUCTION

In a report by the World Health Organization, hypertension is ranked
first among the important risk factors associated with mortality and
fifth among the risk factors of disability-adjusted life years.1 A recent
study on the risk factors for noncommunicable diseases confirmed
that hypertension is a major risk factor for adult mortality, as is
smoking.2 Hypertension therapy has greatly advanced in the past four
decades, and the prognosis of hypertension has improved. In addition,
the importance of hypertension prevention has been recognized in
society and by several organizations, including the Japanese Society of
Hypertension,3 which have formulated lifestyle modifications for
preventing hypertension. Lifestyle modifications for hypertension
prevention (that is, salt and alcohol restrictions, control of obesity,
increase in physical activity, diet rich in fruits and vegetables and low
fat intake) are beneficial and recommended for the general population.
On the other hand, stratification of hypertension risks in normoten-
sive subjects is important for the efficient use of social resources for

education and lifestyle guidance. However, how to stratify hyperten-
sion risks in normotensive adults has not yet been established except
for the fact that blood pressure at high normal blood pressure levels
poses a great risk of new-onset hypertension.4

We hypothesized that the risk of hypertension in normotensives is
better predicted by a combination of multiple risk factors, and we
selected abdominal obesity and elevated levels of serum C-reactive
protein (CRP) as indices for the combination. Obesity is an established
risk factor of hypertension and cardiac diseases, and earlier studies
have demonstrated a significant association of abdominal obesity (AO)
with subsequent development of hypertension in various ethnic
groups.5–10 Conversely, weight reduction has been shown to reduce
blood pressure in hypertensive subjects.11 Chronic low-grade inflam-
mation has also been shown to be involved in blood pressure elevation
and atherosclerosis.12–25 Inflammatory cytokines and upregulated
production of reactive oxygen species induce endothelial dysfunction
and vascular remodeling.26,27 CRP is produced in the liver in response
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to interleukin-6 and interleukin-1,28 and its levels, as determined by a
high-sensitivity test or high-sensitivity CRP (hsCRP), predict cardio-
vascular events.17,20,21 Although visceral obesity is associated with
upregulation of inflammatory cytokines, obesity is not the only factor
that promotes chronic inflammatory reactions.29 To test the present
hypothesis, we used data from the Tanno–Sobetsu study, a prospective
cohort study.5,30,31

METHODS
This study was approved by the Ethical Committee of Sapporo Medical
University. Written informed consent was received from all participants.

Study subjects
The Tanno and Sobetsu study is a prospective cohort study that has followed
residents in two rural towns in Hokkaido, Japan, since 1977 (5,30,31). In the
present study, we retrieved data for subjects who participated in annual
examinations in 2002 (n= 1516) and then excluded 765 individuals with
hypertension, 27 individuals with serum levels of hsCRP ⩾ 0.5mg dl− 1, and 19
individuals with missing data for waist circumference, hsCRP and other
confounding factors. Hypertension was defined as a systolic blood pressure
(SBP) ⩾ 140mmHg and/or a diastolic blood pressure (DBP) ⩾ 90mmHg or
treatment with antihypertensive agents. Subjects with hsCRP ⩾ 0.5 mg dl− 1

were excluded because of probable inflammatory diseases. Data for the
remaining 705 subjects were used for the analyses.

Measurements
Study participants were examined in the morning after an overnight fast. After
5 minutes of rest, their SBP and DBP were measured twice by a well-trained
doctor using a mercury sphygmomanometer with the patient in a sitting
position, and the average values were used. In addition to body weight and
height, waist circumference at the umbilical level was measured. Body mass
index (BMI) was calculated as body weight (in kg) divided by the square of
body height (in m). Information regarding past history of hypertension,
diabetes, dyslipidemia, heart disease, hepatic disease, regular medication for
any diseases and lifestyle habits, including smoking and alcohol intake, was
collected by public health nurses on an interview form.
Venous blood was sampled to determine the levels of high-density

lipoprotein cholesterol (HDL-C), total cholesterol (TC), triglycerides (TG),

fasting plasma glucose (FPG) and hsCRP. The serum levels of TC, HDL-C and
TG were determined by the cholesterol-oxidase-dimethoxy-aniline hydroxyl-3-
sulfopropyl (DAOS) method, the dextran sulfate–magnesium hydrochloride
precipitation method and the glycerol-3-phosphate-oxidase-DAOS method,
respectively. The glucose oxide method and the latex aggregation and
nephelometry method were used to determine plasma glucose and hsCRP
levels, respectively.

Follow-up and study end point
The study end point was new onset of hypertension (SBP⩾ 140mmHg and/or
DBP ⩾ 90mmHg and/or initiation of regular medication for hypertension).
The study subjects were followed until the annual examination in 2007.

Statistical analysis
To assess the effect of abdominal obesity with high hsCRP levels on the
development of hypertension, the participants were divided into four groups
based on the cutoff levels of AO and hsCRP. The cutoff points of waist
circumference for AO were ⩾ 85 cm for men and ⩾ 90 cm for women,
according to the criteria for abdominal obesity by the Japan Society for the
Study of Obesity.32 The cutoff values of hsCRP were the median values for men
and women: 0.048mg dl− 1 and 0.034mg dl− 1, respectively. A similar analysis
was conducted using the cutoff points of waist circumference for Asians
(⩾90 cm for men and ⩾ 80 cm for women) in the international diagnostic
criteria for metabolic syndrome (MS).33

Continuous variables are presented as the mean± standard deviation or
median (range). The unpaired t-test, Mann–Whitney test and χ2 test were used
for comparison between two groups, and Dunett’s test and Steel’s test were
used for multiple comparisons among the four groups. Because hsCRP showed
a skewed distribution, the Mann–Whitney test was used for comparison
between men and women, and logarithmically transformed values were used to
analyze the correlations. The hazard ratio (HR) for the end point was calculated
for each group using the Cox proportional hazard model in which the reference
group was a group without AO and with an hsCRP level below the median. As
known confounding factors for high hsCRP and hypertension, age, sex, alcohol
intake, smoking, FPG, medication for dyslipidemia and high normal blood
pressure at baseline (SBP of 130–139mmHg and/or DBP of 85–89mmHg)
were selected. IBM-SPSS ver. 17 (IBM, Tokyo, Japan) was used for the
statistical analysis. The level of statistical significance was Po0.05.

RESULTS

Table 1 shows the characteristics of the study subjects. Men were
significantly older and had larger waist circumference, SBP, DBP, TG
and FPG levels and smoking rates, and women had higher levels of TC
and HDL-C. The hsCRP level was significantly higher in men than in
women, and thus the cutoff values of hsCRP level defined as the
medians were different in men and women, as described in the
statistical analysis.
As shown in Figure 1, log-hsCRP was positively correlated with

waist circumference in both men and women (men: r= 0.28,
Po0.001; women: r= 0.42, Po0.001). When the subjects were
divided into four levels of waist circumference that included both
Japanese and Asian cutoff levels separately by sex, the rate of high
hsCRP (that is, hsCRP above the median) was higher in the group
with a larger waist circumference in both men(trend Po0.001) and
women (trend P= 0.001; Figure 1).
Table 2 shows comparisons of abdominal obesity and hsCRP

characteristics in each sex among the four groups. In men, BMI was
larger, DBP and TG levels were higher and HDL-C levels were lower
in groups with AO and high or low hsCRP than in the reference group
(that is, the group with no AO and low hsCRP). None of the
parameters was significantly different between the reference group and
the group with non-AO and high hsCRP. Similarly, groups with AO in
women exhibited larger BMI, higher levels of TG and lower levels of

Table 1 Baseline characteristics in 2002

All (n=705) Men (n=261) Women (n=444)

Age (years) 57.7±12.2 60.7±12.2* 55.9 ±11.8

Waist Circumference

(cm)

80.6±9.5 83.9 ±7.8* 78.6 ±9.9

BMI(kgm−2) 23.0±3.0 23.4±2.7 22.7±3.1

SBP (mmHg) 120.1±11.5 122.8 ±10.6* 118.5 ±11.7

DBP (mmHg) 69.8±8.2 71.5 ±7.8* 68.9 ±8.3

TC (mg dl−1) 199.4±33.4 190.7 ±29.0* 204.4 ±34.8

TG (mg dl−1) 80 (27–488) 93 (31–488)§ 73 (27–397)

HDL-C (mg dl−1) 52.0±12.5 47.2 ±11.9* 54.9 ±12.0

FPG (mg dl−1) 94.2±20.2 98.4 ±24.4* 91.7 ±16.7

Current smoker (%) 25.0 47.9# 11.5

Current alcohol

intake(%)

40.9 61.3# 28.8

Medical treatment for

dyslipidemia (%)

4.3 2.7 5.2

Hs CRP(mg dl−1) 0.037

(0.003–0.484)

0.048

(0.003–0.484)§
0.034

(0.003–0.473)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma
glucose; HDL-C, high-density lipoprotein cholestrol; Hs CRP, high-sensitivity C-reactive protein;
TC, total cholesterol; TG, triglycerides.
Baseline data were collected in 2002. Values are expressed as mean± s.d. or median (range).
Statistical analyses were used to compare the difference between men and women.
*Po0.05, t-test, #Po0.05, χ2 test, §Po0.05, Mann–Whitney test.
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HDL-C than those in the group with non-AO and low hsCRP, but the
high hsCRP groups additionally showed higher levels of SBP, DBP and
TC. Moreover, the AO and high hsCRP group additionally exhibited
higher levels of FPG. In contrast to the absence of differences between
the reference group and the group with non-AO and high hsCRP in
men, significant differences were observed between the corresponding
groups in women: BMI was larger; SBP, DBP, TC and TG levels were
higher; and HDL-C levels were lower in the group with non-AO and
high hsCRP.
The incidence rates of HT in the four groups are shown in Table 3.

The median follow-up period was three years, and the incidence of
new-onset hypertension, the end point in this study, was approxi-
mately 70–85 per 1000 person-years in the groups with non-AO and
low hsCRP. The incidence rate tended to be higher in the group with
AO and low hsCRP, the group with non-AO and high hsCRP and the
group with AO and high hsCRP in both sexes.
To quantify the impact of AO and high levels of hsCRP on the

incidence of the end point, we conducted Cox’s proportional hazard
model analysis. As shown in Table 4, in the analysis of all subjects with
adjustments for age, sex, FPG, alcohol intake, smoking and treatment
for dyslipidemia (model 1), the HR was increased by high hsCRP, but
not by AO, to 1.41 (95% confidence interval (CI): 1.02–1.94), and the
HR was larger in the group with both high hsCRP and AO (HR= 1.67,
95% CI: 1.18–2.42). However, after additional adjustment for high
normal blood pressure (model 2), the HR in the group with non-AO
and high hsCRP (1.29, 95% CI: 0.93–1.79) was not significantly
different from the HR in the reference group, although the increase in
the HR by the presence of both AO and high hsCRP remained
significant (HR= 1.44, 95% CI: 1.00–2.07).
In men, the HR for the end point in model 1 was significantly

higher in the group with AO and high hsCRP (HR= 1.83, 95% CI:

1.07–3.13) than in the reference group, but statistical significance was
lost with additional adjustment for high normal blood pressure
(model 2). In women, HRs in model 1 and model 2 were not
significantly different between the four groups, although the HR
was largest in the group with AO and high hsCRP in model 1 and
model 2.
Table 5 shows the results of the Cox’s proportional hazard analysis

in groups divided based on the use of AO criteria in the international
diagnostic criteria for MS. In the analysis of all subjects, inter-group
differences in HRs were comparable to those in Table 4: compared
with the reference group, the HR was significantly higher in the group
with non-AO and high hsCRP (HR= 1.51, 95% CI: 1.07–2.13) and
the group with AO and high hsCRP (HR= 1.72, 95% CI:1.22–2.45) in
model 1, and the latter group showed only a significantly higher HR
(HR= 1.55, 95% CI: 1.10–2.20) in model 2. However, the results for
each gender were different from those based on the use of different
AO criteria in Table 4. In men, the HR in model 1 was significantly
higher in the group with non-AO and high hsCRP (HR= 1.64, 95%
CI: 1.02–2.65) but not in the group with AO and high hsCRP. In
women, the HR was significantly higher in the group with AO and
hsCRP than in the reference group in model 1 (HR= 1.73, 95% CI:
1.11–2.72) but was not significantly higher in model 2.

DISCUSSION

In the present study, the HR for new-onset hypertension was
significantly higher in the group with AO and high hsCRP at baseline
than in the reference group (that is, the group with no AO and low
hsCRP) after adjustment for known confounding factors for hsCRP
and development of hypertension, whereas HRs in the groups with
AO alone or high hsCRP alone were not significantly different from
the reference HR. Similar trends for an increase in the HR based on
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the copresence of AO and high hsCRP were observed in separate
analyses of men and women, although the presence or absence of
statistical significance was dependent on AO criteria and the inclusion
of high normal blood pressure as an adjustment. The findings indicate
that a combination of AO and elevation of hsCRP level is a useful
predictor of new-onset hypertension, although sex-specific cutoff
levels of AO and hsCRP levels for prediction of hypertension remain
to be further investigated. Individuals with AO and high hsCRP may
be a high priority for lifestyle intervention to prevent the development
of hypertension.
Earlier studies5,34 have shown that the risk of hypertension has

increased from a comparatively small waist circumference without a
clear threshold level. Thus, changes in HRs by AO were considerably
different depending on the criteria used for the definition of AO (that
is, criteria of the Japan Society for the Study of Obesity32 vs. criteria for
Asians in the international diagnostic criteria for MS33). The cutoff
levels of waist circumference were lower for men and higher for
women in the Japanese Society criteria than in the international
criteria, and the differences are a plausible explanation for the lower
HR in men and higher HR in women in the results obtained using the
former criteria (Table 4) than in the results obtained using the latter
criteria (Table 5). The results of this study may indicate that lower
cutoff levels of waist circumference are suitable for the screening of
individuals at high risk of future occurrence of hypertension, but
further studies are needed to establish appropriate cutoff levels in
clinical situations for primary prevention of hypertension.
Consistent with an earlier report of a relationship between the

accumulation of visceral fat and chronic inflammation,35 there was a
positive correlation between waist circumference and hsCRP at
baseline, and the rate of a high level of hsCRP was higher in the
group with a larger waist circumference. Adipose tissue remodeling is
well known to be one of the underlying mechanisms of the
accumulation of visceral fat and chronic inflammation. Animal
experiments using a live-tissue imaging technique have shown that
leukocyte and activated platelets attach to blood vessel walls in adipose
tissues, modifying the functions of the vascular endothelial cells and
macrophages.36 In addition, upregulation of the expression of
adhesion molecules (ICAM1, P-selectin, L-selectin, PECAM), platelet
activation and increased vascular permeability have been observed in
adipose tissues in AO models.37,38 Elevation of serum hsCRP appears
to be an index of the complex inflammatory reactions in visceral fat.
There have been many reports on the relationship between

inflammation and blood pressure elevation.13–15,23–35,39 Sesso et al.
reported that CRP levels were associated with subsequent development
of hypertension in a cohort consisting of 20 525 US female health
professionals.12 In that study, even after adjustment for several
confounding factors including BMI, the relative risks of quintiles
divided by the baseline CRP level were 1.07, 1.17, 1.30 and 1.52 (linear
trend Po0.001) compared with the lowest quintile group. In the
present study, the HR for new-onset hypertension was higher in the
high hsCRP groups than in the low hsCRP groups (Tables 4 and 5),
confirming the findings by Sesso et al. in a different ethnic population.
Several mechanisms have been postulated for the elevation of blood

pressure and atherosclerosis by chronic inflammatory reactions:
CRP-mediated inhibition of nitric oxide production in endothelial
cells;40,41 endothelia damage by leukocyte adherence, platelet activa-
tion, oxidation and thrombosis;42–44 and CRP-induced upregulation
of the angiotensin type-1 receptor and plasminogen activator
inhibitor-1.45 Accumulation of visceral fat is not the only trigger of
chronic inflammation; other environmental factors and genetic back-
grounds are involved in the extent of inflammatory reactions in eachT
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Table 3 Incidence rates of HT in the four groups according to AO and hsCRP

Number of individuals with new development of HT Observed person-year Incidence rates of new HT, per 1000 person-year

All
Non-AO and low hsCRP (n=296) 73 964 75.7

AO and low hsCRP (n=64) 21 225 93.3

Non-AO and high hsCRP (n=213) 78 650 120

AO and high hsCRP (n=132) 59 351 168.1

Men
Non-AO and low hsCRP (n=84) 22 263 83.7

AO and low hsCRP (n=49) 16 175 91.4

Non-AO and high hsCRP (n=48) 20 152 131.5

AO and high hsCRP (n=80) 35 210 162.8

Women
Non-AO and low hsCRP (n=212) 51 701 72.8

AO and low hsCRP (n=15) 5 50 100

Non-AO and high hsCRP (n=165) 58 498 116.5

AO and high hsCRP (n=52) 24 141 170.2

Abbreviations: AO, abdominal obesity; hsCRP, high-sensitivity C-reactive protein; HT, hypertension.
Median follow-up period: 3 years.

Table 4 Cox’s proportional hazards ratio for development of HT

Non-AO and low hsCRP (n=296) AO and low hsCRP (n=64) Non-AO and high hsCRP (n=213) AO and high hsCRP (n=132)

All
Model 1a 1.00 1.33 (0.81–2.21) 1.41* (1.02–1.94) 1.67** (1.18–2.42)

Model 2 1.00 1.21 (0.73–2.01) 1.29 (0.93–1.79) 1.44* (1.00–2.07)

Men
Model 1b 1.00 1.33 (0.68–2.60) 1.49 (0.81–2.74) 1.83* (1.07–3.13)

Model 2 1.00 1.21 (0.62–2.37) 1.37 (0.74–2.53) 1.61 (0.94–2.78)

Women
Model 1b 1.00 1.27 (0.51–3.21) 1.38 (0.94–2.03) 1.55 (0.93–2.60)

Model 2 1.00 1.13 (0.45–2.85) 1.26 (0.85–1.85) 1.29 (0.77–2.18)

Abbreviations: AO, abdominal obesity; hsCRP, high-sensitivity C-reactive protein.
Model 2: Model 1+high normal blood pressure (SBP of 130mmHg and/or DBP of 85mmHg) at baseline (Yes/No).
*Po0.05, **Po0.01.
AO using Japanese cutoff points of waist circumference: waist circumference ⩾85 cm for men and ⩾90 cm for women.
High hsCRP:⩾0.048 for men and ⩾ 0.034 for women.
aModel 1: adjusted for age, sex, fasting plasma glucose, alcohol intake, smoking and medical treatment for dyslipidemia (yes/no).
bModel 1: adjusted for age, fasting plasma glucose, alcohol intake, smoking and medical treatment for dyslipidemia (Yes/No).

Table 5 Cox’s proportional hazards ratio for development of HT using Asian cutoff points

Non-AO and low hsCRP (n=279) AO and low hsCRP (n=81) Non-AO and high hsCRP (n=176) AO and High hsCRP (n=169)

All
Model 1a 1.00 1.54 (0.99–2.39) 1.51* (1.07–2.13) 1.72** (1.22–2.45)

Model 2 1.00 1.04 (0.90–2.18) 1.35 (0.95–1.91) 1.55* (1.10–2.20)

Men
Model 1b 1.00 1.34 (0.57–3.11) 1.64* (1.02–2.65) 1.47 (0.79–2.75)

Model 2 1.00 0.98 (0.42–2.28) 1.48 (0.91–2.40) 1.25 (0.66–2.38)

Women
Model 1b 1.00 1.49 (0.87–2.56) 1.42 (0.85–2.37) 1.73* (1.11–2.72)

Model 2 1.00 1.45 (0.84–2.50) 1.27 (0.76–2.14) 1.55 (0.98–2.44)

Model 2: Model 1+high normal blood pressure (SBP of 130 to 139mmHg and/or DBP of 85 to 89mmHg) at baseline (yes/no).
*Po0.05, **Po0.01.
AO using Asian cutoff points of waist circumference: waist circumference⩾90 cm for men and ⩾80 cm for women.
High hsCRP: ⩾0.048 for men and ⩾0.034 for women
aModel 1: adjusted for age, sex, fasting plasma glucose, alcohol intake, smoking, and medical treatment for dyslipidemia (yes/no).
bModel 1: adjusted for age, fasting plasma glucose, alcohol intake, smoking and medical treatment for dyslipidemia (Yes/No).
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individual. The present finding that the HR for hypertension was
larger in the group with both AO and high hsCRP than in the group
with AO alone or high hsCRP alone suggests that inflammatory
reactions unrelated to AO also contribute to blood pressure elevation.
As another reason for the HR of the AO and hsCRP group being the

highest among the four groups, the combination of AO and high
hsCRP may improve the accuracy of prediction of a high-risk
condition of obesity with adipose tissue remodeling. Abdominal
obesity assessed by waist circumference may not discriminate visceral
fat-type obesity at high risk for developing atherosclerosis from
subcutaneous fat-type obesity at low risk for atherosclerosis. A high
hsCRP level may also not discriminate disorders of adipocytokines or
potential atherosclerosis from various inflammatory diseases, such as
infectious disease, collagen disease, malignancy and other inflamma-
tory diseases. The combination of AO and high hsCRP, however, may
reflect visceral fat-type obesity with disorders of various adipocyto-
kines, including hsCRP and chronic inflammation in the early stages
of atherosclerosis.
One of the clinical implications of this study is that the use of the

combination of AO and hsCRP for identifying and intervening in
individuals at high risk for the development of hypertension may be a
useful ‘high-risk’ strategy for the primary prevention of hypertension.
In Japan, specific health checkups and specific counseling guidance
that focus on MS have been performed since 2008. In this system,
public nurses or nutritionists intervene with individuals who satisfy
the criteria for MS or pre-MS (those with AO and 1 risk factor) to
prevent future occurrence of lifestyle-related diseases. Thus, lifestyle
interventions may be initiated for individuals with AO and high
normal blood pressure level but not for obese individuals without high
normal blood pressure level. The results of this study may be useful for
screening of normotensive patients with AO who are at high risk for
hypertension because the combination of AO and high hsCRP was
related to new-onset hypertension after adjustment for high normal
blood pressure level. Identification of those at high risk for new onset
of hypertension among obese individuals, who have been increasing
with the aging of the population, may be important because of limited
social resources. However, further studies are needed to evaluate the
cost-effectiveness of routinely measuring hsCRP in this system.
There were several limitations of this study. First, we excluded

individuals with hsCRP⩾ 0.5 mg dl− 1 to eliminate the effects of co-
existing inflammatory diseases such as infectious diseases and con-
nective tissue disease. However, we could not exclude low-grade
inflammatory disorders because we did not conduct complete screen-
ing for these disorders. Second, we did not incorporate changes in AO
and hsCRP levels during the follow-up period regarding their impact
on the development of hypertension. Third, the number of study
subjects was insufficient for clarifying gender differences in the
predictive values of AO and high hsCRP for new-onset hypertension.
Because high normal blood pressure is the strongest predictor of the
development of hypertension,4 incorporating high normal blood
pressure into the model would make it difficult for relatively small
samples to show the contribution of other factors to hypertension.
However, the trend for an increase in the HR by the co-presence of
AO and high hsCRP was clear in both men and women after
adjustment, including high normal blood pressure (Tables 4 and 5).
In conclusion, the presence of both AO and a high serum level of

hsCRP indicates a high risk of new-onset hypertension in the general
population, and individuals with these two risk factors should be
advised regarding lifestyle modification for prevention of hyperten-
sion. Cutoff levels for AO and hsCRP for risk stratification of
hypertension warrant further investigation.
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