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Abstract

The prevalence of hypertension has increased in China, and prehypertension frequently progress to
hypertension over a couple of years, both has been public health problems. Therefore a cross-sectional
epidemiological survey was conducted in order to determine the prevalence of pre-hypertension and
associated risk factors in Zhengzhou, middle of China. A total of 4800 community residents aged 18 year
and older from 6 communities were screened by a stratified random cluster sampling method. Baseline
characteristics of residents were acquired by questionnaire, physical examination, blood and urine
biochemical measurement. Prehypertension was defined according to the Seventh Report of the Joint
National Committee (JNC 7) on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure guidelines. Multivariate logistic analysis was used to analyse the risk factors of
prehypertension. Prevalence of prehypertension was 30.3% in Zhengzhou adult population, and 36.1%
in men and 26.0% in women separately. Prevalence of prehypertension was 27.4% in overweight
residents, 32.5% in insulin resistance residents, 36.1% in current smoking residents, and increased
dramatically with age. Multivariate logistic regression indicated that age, Body Mass Index (BMI), waist
circumference, Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) smoking, and
brachial-ankle Pulse Wave Velocity (baPWV), were independent risk factors of prehypertension.
Prehypertension has been a major public health problem in Zhengzhou, middle China; obesity and
insulin resistance have been important risk factors.
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Introduction
During the past decades, studies indicate that hypertension was
a major threat to health, increasing the risk of cardiovascular
disease, stroke, renal failure, and visual loss [1-5], and has
become an important public-health challenge worldwide [6].
Previous researches reveal that there has different prevalence
of hypertension in China according to geographic locations
[7-10]. Geographic attributes may be as diverse as physical,
socio-demographic, and medical care access of an environment
[11,12]. There were substantial geographic variations in the
prevalence of hypertension, and geographic variation may lead
to geographic risk factors for the prevalence of prehypertension
and hypertension [13].

Prehypertension frequently progress to hypertension over a
period of 4 years, especially in older adults, in American
population by the Framingham Heart Study [14] and in
Western European population by Flemish Study on
Environment, Genes and Health Outcomes [15].
Prehypertension is also associated with an increased risk of
cardiovascular disease, with a risk-factor-adjusted hazard ratio

of 2.5 in women and 1.6 in men compared to optimal blood
pressure [16]. Prehypertension is very common in the general
population. The prevalence of prehypertension in American
adults was 40% in men and 23% in women, according to the
1999-2000 National Health and Nutrition Examination Survey
[17]. However, there was few studies developed on the
epidemiology of prehypertension and associated risk factors in
Chinese population, and there was in death of epidemiological
data of prehypertension in Zhengzhou. Therefore, we conduct
this community based cross-sectional study in order to
determine the prevalence of prehypertension and associated
risk factors in Zhengzhou adult population.

Materials and Methods

Participants
A community-based survey for prevalence investigation of
prehypertension was conducted in Zhengzhou from October
2011 to October 2012. Participants were selected using a
stratified random cluster sampling method. Three districts were
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first selected randomly, and then three further communities
were also selected randomly from each district. Finally all
residents living in Zhengzhou for at least 5 years from the
street blocks and/or villages in each community were selected
and invited to participate our survey. Using this method, a total
of 4065 participants from 4800 citizens complete the entire
survey, with a response rate of 84.6%. All participants were
given their written informed consent prior to data collection.
Illiterate participants had the information leaflet read out to
them and provided a thumb impression. The Human Ethics
Committees of Zhengzhou People’s Hospital, Zhengzhou,
China, approved the study.

Questionnaire
All clinical doctors, technicians, medical students and nurses
participated in the project had received intensive training on
proper methods for screening. All participants were asked to
fill in the questionnaire under the guidance of well-trained
investigators. The questionnaire consists of age, sex, personal
and family history of diabetes (yes vs. no), hypertension (yes
vs. no), cardiovascular disease (yes vs. no), education (>10
years vs. 6-10 years vs. 1-5 years vs. no), smoking (yes
(current) vs. yes (former) vs. no), alcohol intake (>5 times a
week vs. 1-4 times a week vs.<once a week vs. no), physical
activity (>60 min/day vs. 30-60 min/day vs.<30 min/day vs.
no), and waist circumference, hip circumference weight, height
and blood pressure were measured instantly, it was emphasized
that three times of blood pressure should be performed, and a
mean value calculated. BMI=weight (kg)/height (m2).
Previously diagnosed disease was identified by a positive
answer from the participants to the question “has a doctor ever
told you that you have a hypertension?” All subjects were
examined forbrachial-ankle Pulse Wave Velocity (baPWV), in
the morning hours and after a 10 min rest period. The average
values of baPWV were used in the statistical analysis. An
abnormal waist circumference for Chinese males is ≥ 90 cm
and for Chinese females is ≥ 80 cm [18].

Blood and urine sample collection
Appointments were made for urine and blood collection from
participants by investigators. Participants were asked to
provide the first morning urine, it’s the midstream urine, and
no proteases inhibitor was used. Menstrual period in females
was avoided. Fasting venous blood drawing was performed at
local community clinics or health stations. All urine and blood
samples were sent to the central laboratory of Zhengzhou
People’s Hospital, Southern Medical University. The blood and
urine samples were either disposed within 3 hours or stored at
4°C for not more than two days. The central laboratory had
successfully finished a standardization and certification
programme.

Blood and urine measurements
Fasting Plasma Glucose (FPG) test was performed, and fasting
serum insulin concentration was measured by electrochemical
luminescence immunoassay. Serum Total Cholesterol (TC),

High-Density Lipoprotein (HDL) cholesterol, Triglycerides
(TG), and Low-Density Lipoprotein (LDL) cholesterol were
measured by an auto analyser (Toshiba, Japanese). Serum
creatinine (Scr) was measured from overnight fasting venous
blood samples by Jaffe’s kinetic method. Albuminuria was
measured with immuno-turbidimetric tests.

Evaluation criteria
The classification of normotension, prehypertension and
hypertension was based on the classification of BP from the
JNC-7 [19]. Normotension was defined as not being on
antihypertensive medication and having a SBP<120 mmHg
and DBP<80 mmHg. Prehypertension was defined as not being
on antihypertensive medication and having a SBP of 120-139
mmHg and/or DBP of 80-89 mmHg. Hypertension was defined
as SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg, and also if the
individual was on antihypertensive medication. Family history
of hypertension was defined as a diagnosis of hypertension in
one parent.

Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR) was calculated according to the formula: HOMA-
IR=fasting plasma glucose (mmol/L) × fasting insulin (mU/L)/
22.5. Upper quartile was considered as cut-off point of Insulin
Resistance (IR) according to the recommendation of European
Group for the Study of Insulin Resistance [20].

Statistical analysis
Relevant characteristics were described and stratified
according to the blood pressure (normotension and
prehypertension). Non-normal distributed variables were
transformed into normally distributed variables, and then
performed analysis. Continuous variables were given as the
mean ± SD, and categorical variables as the percentage in each
subgroup. Two-sample unequal variance t-test followed by
Bonferroni’s correction was used to calculate whether the
differences between normotension and prehypertension groups
were statistically significant. p<0.05 were considered
significant.

A multivariate logistic analysis was used to examine the
association of risk factors with the occurrence of
prehypertension and normotension, with the method of
backward elimination, only co-variables that were significant
(p<0.05) were retained in the final model. Covariates included
were age, sex, systolic blood pressure, history of diabetes,
hypertension, cardiovascular disease, education, smoking,
alcohol intake, physical activity, BMI (continuous variable),
HOMA-IR (continuous variable), FPG (a continuous variable),
albuminuria (continuous variable), plasma cholesterol (a
continuous variable), triglyceride (a continuous variable), HDL
cholesterol (a continuous variable), LDL cholesterol (a
continuous variable), and baPWV (a continuous variable).
Epidata software (version 3.1) was used for data entry and
management. SPSS13.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis, and GraphPad Prism 5 was used
for mapping.
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Results
4065 participants finished the survey, and 42.6% of which was
man. The mean age and SD of the subjects in this analysis
were 45.0 ± 13.1 years. Of which, 1836 individuals had normal

blood pressure, 1233 individuals were prehypertension, and
996 individuals were hypertension. The overall prevalence rate
of prehypertension was 30.3%, and hypertension was 24.5%.

Table 1. Baseline information of participants with normal tension and prehypertension.

 Normotension (n=1836) Prehypertension (n=1233) P value

Male (%) 36.30% 50.80% <0.05

Age-year (Mean ± SD) 39.22 ± 11.06 45.45 ± 12.22 <0.05

High school education and above (%) 58.20% 51.00% <0.05

Current Smoking (%) 17.50% 19.80% <0.05

Habitual drinking (%) 3.60% 6.40% <0.05

Physical activity (%) 39.70% 31.20% <0.05

Family history of hypertension (%) 22.80% 24.60% <0.05

Family history of diabetes (%) 9.40% 9.90% <0.05

Family history of Cardiovascular disease (%) 7.20% 8.00% <0.05

Waist (cm) (Mean ± SD) 77.34 ± 9.16 82.55 ± 9.50 <0.05

SBP (mmHg) (Mean ± SD) 104.78 ± 8.11 124.67 ± 7.23 <0.05

DBP (mmHg) (Mean ± SD) 66.86 ± 5.63 77.43 ± 6.33 <0.05

Albuminuria (mg/l) (Mean ± SD) 13.18 ± 19.63 18.03 ± 38.96 <0.001

Serum creatinine (mmol/l) (Mean ± SD) 70.02 ± 49.68 77.29 ± 50.23 <0.05

Glucose (mmol/l) (Mean ± SD) 4.84 ± 1.09 5.07 ± 1.25 <0.05

Serum insulin (μU/ml) (Mean ± SD) 5.45 ± 5.03 7.53 ± 5.80 <0.05

TC (mmol/l) (Mean ± SD) 4.59 ± 1.10 4.91 ± 1.23 <0.05

HDL-C (mmol/l) (Mean ± SD) 1.42 ± 0.54 1.41 ± 0.56 >0.05

TG (mmol/l) (Mean ± SD) 1.35 ± 1.23 1.68 ± 1.45 <0.05

LDL-C (mmol/l) (Mean ± SD) 2.47 ± 0.93 2.54 ± 1.00 <0.05

eGFR (ml/min/1.73 m2 ) (Mean ± SD) 125.87 ± 20.90 116.38 ± 22.34 <0.05

HOMA-IR (Mean ± SD) 1.09 ± 1.10 1.59 ± 1.46 <0.05

BMI (kg/m2) (Mean ± SD) 22.34 ± 2.96 23.83 ± 3.21 <0.05

baPWV 1242.03 ± 170.20 1502.26 ± 285.31 <0.05

Abbreviations: SBP: Systolic Blood Pressure; DBP: Dystonic Blood Pressure; TC: Total Cholesterol; HDL-C: High Density Lipid-Cholesterol; TG: Triglycerides; LDL-C:
Low Density Lipid-Cholesterol; eGFR: estimated Glomerular Filtration Rate; HOMA-IR: Homeostasis Model of Assessment-Insulin Resistance; BMI: Body Mass Index;
baPWV: brachial-ankle Pulse Wave Velocity.

The baseline characteristics of the prehypertension
and normal tension residents
Table 1 lists the baseline characteristics of the prehypertension
and normal tension. Individuals with prehypertension were
significantly older (45.5 ± 12.2) than those with normal blood
pressure (39.22 ± 11.06). There was 50.8% of male have
prehypertension in all 1233 prehypertension residents, and
36.3% of male have normal tension in all 1836 normal tension
residents. Maybe, we can reach the conclusion that the overall
prevalence of prehypertension was associated with an increase

in age, and male seems to have the trend to develop
prehypertension. The mean HOMA-IR in prehypertension
(1.59 ± 1.46) was significantly higher than that of normal
tension (1.09 ± 1.10), and the mean of BMI in prehypertension
(23.83 ± 3.21) was also significantly higher over that of normal
tension (22.34 ± 2.96). Education status, smoking, drinking,
physical activity, family history of hypertension, family history
of diabetes, family history of cardiovascular disease, all of
them have significant difference between prehypertension and
normal tension. Waist circumference, SBP, DBP, albuminuria,
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serum creatinine, blood glucose, serum insulin, TC, HDL-C,
TG, LDL-C, and baPWV, all of them were significantly
different between groups.

Risk factors of prehypertension by multivariate
logistic regression
Multivariate logistic regression show that age, BMI, waist
circumference, HOMA-IR, smoking, and baPWV were
independent risk factors of prehypertension (Table 2). Of
which, age increased per 10 years was associated with the
increase of prevalence of prehypertension, and there have
significant differences. Obesity and overweight both were
independent risk factors of prehypertension, according to the

recommendation of the Working Group on Obesity in China
that is BMI of 18.5 to 23.9 was considered as optimal, 24.0 to
27.9 as overweight, and above 28.0 and including of 28.0 as
obesity [21]. Central obesity, considered as an abnormal waist
circumference for Chinese males’ ≥ 90 cm and for Chinese
females’ ≥ 80 cm [18], was also an independent risk factor
with a p value of p<0.05. According to the recommendation of
European Group for the Study of Insulin Resistance, 75% cut
off point was considered as IR [20], thus IR was an important
independent risk factor of prehypertension. We also found
current smoking and baPWV were independent risk factors of
prehypertension.

Table 2. Risk factors of prehypertension by multivariate logistic regression.

 OR 95% CI P value

Sex (ref: female) 2.663 2.113-3.356 <0.001

Age groups (years): 18-29 1.000 (reference)   

30-39 1.355 1.050-1.748 <0.05

40-49 1.798 1.381-2.342 <0.001

50-59 3.723 2.670-5.192 <0.001

60-69 4.376 2.769-6.914 <0.001

70-79 3.776 1.920-7.425 <0.001

BMI (kg/m2)<23.9 1.000 (reference)  <0.001

24.0<BMI<27.9 1.617 1.095-2.388 <0.001

BMI>28.0 2.377 1.433-3.944 <0.001

Waist (ref: male <90 cm, female<80 cm) 1.25 1.011-1.545 <0.05

HOMA-IR (ref: HOMA-IR<75% cut point) 1.447 1.177-1.780 <0.001

Current smoking (ref: never smoking) 0.572 0.443-0.739 <0.001

baPWV 0.454 0.249-0.830 <0.001

Abbreviations: OR: Odds Ratio; CI: Confidence Interval; HOMA-IR: Homeostasis Model of Assessment-Insulin Resistance; BMI: Body Mass Index; baPWV: brachial-
ankle Pulse Wave Velocity.

Map analysis of risk factors
Figure 1A illustrates crude proportions of prehypertension,
hypertension and normal tension according to age of all
participants. The age-specific prevalence of prehypertension
increased with age increased per 10 years, however, the age-
specific prevalence of hypertension increased with age
increased per 10 years tin 50-59, then decreased. Figure 1B
illustrates crude proportions of prehypertension, hypertension
and normal tension accounted for all participants by sex. The
sex-specific prevalence of prehypertension and hypertension
both increased in male population. There were 36.1% of
prehypertension and 25.3% of hypertension in male
participants. Figure 1C illustrates crude proportions of
prehypertension, hypertension and normal tension accounted
for all participants by waist circumference. The waist
circumference-specific prevalence of prehypertension and

hypertension both increased, and there were 33.5% of
prehypertension and 36.9% of hypertension in central obesity
participants. Figure 1D illustrates crude proportions of
prehypertension, hypertension and normal tension accounted
for all participants by smoking status. The smoking-specific
prevalence of prehypertension increased in present smoking
population, and there were 36.1% of prehypertension and
40.0% of hypertension in current smoking participants. The
smoking-specific prevalence of prehypertension increased in
past smoking population, with the incidence of 33.1%,
however the smoking-specific prevalence of hypertension not
increased in past smoking participants. Figure 1E illustrates
crude proportions of prehypertension, hypertension and normal
tension accounted for all participants by BMI. The BMI-
specific prevalence of prehypertension and hypertension both
increased, and there were 27.4% of prehypertension and 53.6%
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of hypertension in overweight population; the BMI-specific
prevalence of prehypertension and hypertension both increased
also in obesity participants, with the incidence of 47.3% of
prehypertension and 41.8% of hypertension. Figure 1F
illustrates crude proportions of prehypertension, hypertension
and normal tension accounted for all participants by HOMA-
IR. The HOMA-IR-specific prevalence of prehypertension and
hypertension both increased, and there were 32.5% of
prehypertension and 40.4% of hypertension in IR participants.
G reveals baPWV in different blood pressure groups. There
were significant difference in baPWV between normal tension
and prehypertension groups (p<0.05), between normal tension
and hypertension groups (p<0.001).

Figure 1. A: Prevalence of normotension, prehypertension and
hypertension in different age groups; B: Prevalence of normotension,
prehypertension and hypertension in different sex groups; C:
Prevalence of normotension, prehypertension and hypertension in
different waist groups; D: Prevalence of normotension,
prehypertension and hypertension in different smoking groups; E:
Prevalence of normotension, prehypertension and hypertension in
different BMI groups; F: Prevalence of normotension,
prehypertension and hypertension in different HOMA-IR groups; G:
baPWV in different blood pressure groups.

Discussion
In our present study, the prevalence of prehypertension is
30.3% (36.1% in men and 26.0% in women) in Zhengzhou
adult population, which was almost the same as the prevalence
of 31% (40% in men and 23% in women) in American adults
in the 1999-2000 National Health and Nutrition Examination
Survey [17], and both indicate that there has sex difference in
prevalence of prehypertension. Our result was higher than the
prevalence of prehypertension of 28.7% (30.0% in men and
27.2% in women) in five cities of Indian [22], maybe the
difference coming from the BP measuring on a single day or
day-to-day in our present study.

However our result was lower than the prevalence of 35.87%
(37.82% in men and 34.43% in women) in Fujian province
[23], 38.89% among a Mongolian population [24], and a
research focus on northeast of China during 2009 and 2010
found that the prevalence of prehypertension was 56.9%, men
71.1% and women 44.6%, respectively in adults aged 18-74

years [25]. Our result also lower than prevalence of 40.5% in
urban Chinese [26], lower than 35.7% (38.2% in men and
31.8% in women) in Beijing suburban adults [27], lower than
38.6 in Southern China [28], and lower than 44.1% (48.7% in
men and 39.6% in women) in rural adults in Liaoning Province
[29]. This heterogeneity might be related to differences in
study methodology, variability in lifestyles and economic
development, or geographic attributes.

Our research also reveals that age was an independent risk
factor of prehypertension. In our present study, prevalence of
prehypertension was increased with age increased per 10 years
until 50-59, then decreased gradually. However, prevalence of
hypertension was always increased by age increased per 10
years. Maybe the reason is that with the increase of age, most
of prehypertension developed into hypertension finally,
especially in old adults [14,15].

Our results also indicate that prevalence of prehypertension
was 27.4% in overweight residents, prevalence of
prehypertension was 47.3% in obesity participants, and it was
28.6% in non-central obesity participants, 33.5% in central
obesity participants. Therefore, overweight, obesity and central
obesity were most important independent risk factors of
prehypertension. It was already shown in many studies [17,30].
An interesting research by the Coronary Artery Risk
Development in Young Adults (CARDIA) study report that
young adults who maintained a stable BMI (within 2 kg/m2 of
baseline) at 6 examinations during 15 years had no significant
changes in SBP or DBP, whereas those who had an increase in
their BMI ≥ 2 kg/m2 had substantial increases in blood
pressure [31]. Obesity, special in abdominal obesity, is also
considered a major risk factor for cardiovascular disease by the
Framingham Heart Study [32,33].

Most important finding in our study was that HOMI-IR play an
important role in occurrence of prehypertension, because that
prevalence of prehypertension and hypertension were 32.5%
and 40.4% separately in IR participants, and prevalence of
prehypertension and hypertension were 29.6% and 19.0%
separately in non-insulin resistance participants. Obesity may
be a kind of determinant for IR [34,35], and it’s associated with
activated and insulin resistant immune cells [36]. Thus, obesity
and IR tracked together in prehypertension and cardiovascular
disease.

Accumulated evidence indicated that baPWV is an
independent predictor of blood pressure progression and
incident hypertension [37,38]. BMI was associated with PWV,
and abdominal obesity is associated with arterial stiffness
determined by pulse wave velocity in middle-aged adults [39].
Visceral adiposity index, a good measure of visceral obesity
and significantly increased in prehypertension in our previous
study [40], was a positive independent indicator of baPWV
[41]. However, baPWV was also significantly increased in
prehypertension in our study.

Our study also indicated that current smoking was an
independent risk factor of pre-hypertension; there was 36.1%
prevalence of prehypertension in current smoking participants
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and 29.4% prevalence of prehypertension in non-smoking
populations. Together with other risk factors of overweight,
obesity, central obesity, baPWV and IR, maybe all of these risk
factors can attribute to lifestyles [42].

Zhengzhou is a rapidly growing city, as well as a major
transportation hub for Central China, which had experienced
unequal economic prosperity. More and more people drive cars
to work, have no time to do outdoor activities and seldom walk
around after dinner. People enjoy spending leisure time on the
indoor entertainments such as watching TV, surfing on the
internet, and playing games both in rural and urban areas.
People usually consume a lot of high calorie or high fat food
than in previous times. Young guys tend to smoking addiction,
white-collar have no time do physical activity, middle-aged
have a lot of social activity such as the Chinese business dinner
or banquet, then IR present in old people. A research
conducted by the CARDIA study reveal that, weight
maintenance than substantial weight loss may be a good
strategy for preventing or controlling of hypertension [31].
Therefore, Life style changing and thus induced overweight or
obesity and/or insulin resistance were the specific problems in
Zhengzhou city residents, which increased the potential of
CAD. It’s time to act.

Limitations
The community based cross-sectional epidemiological survey
in Zhengzhou had been carried by our study group, and some
valuable indications were present, however a large scale
prospective research remains to be carried out to further reveal
the relationship of risk factors and prehypertension, and the
mechanisms through which obesity and IR directly causes
hypertension are still an area of research.

Conclusions
Prehypertension has become an important public health
problem in Zhengzhou. It’s suggested to develop healthy
lifestyles to avoid risk factors of prehypertension.
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