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Abstract

Background: Up to date, most of previous studies about Chinese prehypertension were conducted based on a
small sample or in only one province, which could not represent the general population in China. Furthermore, no
information on the ethnic difference in prevalence of prehypertension has been reported in China. The aim of this
study is to examine the sex-specific, age-specific and ethnic-specific prevalence of prehypertension and associated
risk factors in a large-scale multi-ethnic Chinese adult population.

Methods: The subjects came from a large-scale population survey about Chinese physiological constants and health
conditions conducted in six provinces. 47, 495 adults completed blood pressure measurement. Prehypertension
was defined as not being on antihypertensive medications and having SBP of 120-139 mmHg and/or DBP of
80-89 mmHg. Odds ratio (OR) and its 95 % confidence interval (Cl) from logistic models were used to reflect
the prevalence of prehypertension.

Results: The mean age of all subjects was 43.9 + 16.8 years. The prevalence of hypertension and prehypertension for all
them was 29.5 and 364 %, respectively. The prevalence of hypertension and prehypertension for males (33.2 and 41.1 %,
respectively) was higher than that for females (27.0 and 33.2 %, respectively), and P < 0.001. The mean age of the subjects
was 54.8 + 14.0 years for hypertensive, 44.0 + 16,0 years for prehypertensive and 35.3 + 14.5 years for normotensive. With
aging, subjects had more odds of getting prehypertension. Multivariate logistic model indicated that males (OR = 2.076,
95 % Cl: 1.952-2.208), laborers with mental work (OR = 1.084, 95 % Cl: 1.020-1.152), Yi (OR= 1347, 95 %Cl: 1.210-1.500)
and Hui subjects (OR = 1.133, 95 % ClI: 1.024-1.253), alcohol drinkers (OR = 1.147, 95 % Cl: 1.072-1.228), the generally
obese (OR= 2460, 95 % Cl: 2.190-2.763), the overweight (OR= 1667, 95 % Cl: 1.563-1.788), the abdominally obese
(OR=1371,95 % Cl: 1.280-1.467) and subjects with family history of cardiovascular diseases (OR=1.132, 95 % CI: 1.045-1.
226) had higher prevalence of prehypertension. Subjects with higher educational level (OR = 0687, 95 % Cl: 0.627-0.752
for university) and Miao (OR=0.753, 95 % Cl: 0.623-0.910), Tibetan (OR =0.521, 95 % Cl: 0442-0.613), Tujia (OR=0.779,

95 % Cl: 0.677-0.898) subjects had lower prevalence.

Conclusion: High prevalence rate of prehypertension was general in Chinese adults. Many sociodemographic
characteristics were significantly associated with prehypertension. There were important clinical significance and public
health significance about age-specific, gender-specific and ethnic-specific Chinese prehypertension conditions studies.
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Background

Cardiovascular diseases (CVD) and cerebrovascular dis-
eases have gradually become the leading cause of mor-
tality in both developed and developing countries over
the last several decades. CVD has become the No. 1
cause of death 10 years ago in China [1]. Although CVD
and cerebrovascular diseases were caused by many risk
factors, hypertension has been identified as the major
one leading to myocardial infarction, stroke, renal dys-
function and heart failure [2, 3]. In general, the trend of
hypertension prevalence has been increasing in many
countries. It was reported that hypertension affected
26.4 % of the world’s adult population (972 million) in
2000, and the rates were expected to increase to 29.2 %
(1.56 billion) by 2025 [4]. China has the most condensed
population in the world and has also been transitioning
economically. As a major public health problem, hyper-
tension is threatening more and more Chinese people
too. In China, hypertension has become a dominant
chronic disease and appropriately 160 million Chinese
or 18.8 % were suffering from hypertension according to
the recent report from the Chinese National Nutrition
and Health Survey [5].

The Eighth Joint National Committee on the Prevention,
Detection, Evaluation and Treatment of High Blood Pres-
sure (JNC-8) continued to recommend and emphasize life-
style changing in prevention of hypertension [6, 7]. In 2014,
JNC-8 introduced a new category of prehypertension which
is defined as systolic blood pressure (SBP) from 120 to
139 mmHg, and/or diastolic blood pressure (DBP) from
80-89 mmHg in order to improve blood pressure control
[6, 7]. After the release of this new blood pressure category,
numerous studies have been focusing on this topic. Re-
search on prehypertension prevalence and its associated
risk factors is of great interest worldwide [8, 9]. More than
30 % of adults were reported suffering from prehyperten-
sion in the United States [10]. It was estimated that prehy-
pertension progresses to clinical hypertension at a rate of
19 % over 4 years [11]. According to the Framingham Heart
Study, people with prehypertension are 3.5 times more
likely to develop heat attacks than those with normal blood
pressure [12].

However, little is known about the current situation of
the prevalence of prehypertension in China. Most of
previous estimates on the prevalence of prehypertension
in china were only based on only one province of China
or a small sample size, which could not represent the
general Chinese population [13—16]. Furthermore, China
is a multi-ethnic country, up to date no information on
the ethnic difference in prevalence of prehypertension
has been reported in China. To the best of our know-
ledge, this is the first time to report the prevalence of
prehypertension and its associated risk factors among
Chinese adult population using nationally representative
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sample covering dozens of minorities. Specifically, the
aim of this study is to examine the sex-specific, age-
specific and ethnic-specific prevalence of hypertension
and prehypertension and associated risk factors in a
large-scale multi-ethnic Chinese adult population.

Methods

Sample and participants

This study is based on data from a large-scale population
survey in a representative sample of general Chinese
population from 2007 to 2011. The main purpose of that
survey is to examine Chinese physiological constants
and health conditions. It was supported by the basic per-
formance key project by the ministry of science and
technology of the People’s Republic of China, and has
been approved by the review board of Institute of Basic
Medical Sciences, Chinese Academy of Medical Sciences
annually. In brief, this survey was carried out in six
provinces of China, which was selected according to the
population size of the minorities, including Sichuan
province, Heilongjiang province, Hunan province, Inner
Mongolia autonomous region, Yunnan province and
Ningxia Hui autonomous region. Three-stage cluster
sampling method was used to select eligible subjects in
each province. First, two or three cities were sampled
according to their economical status and ethnic inhabi-
tations of minorities. Then five or six communities and
villages were randomly selected in each city. Among
eligible people, we excluded participants suffering from
severe chronic diseases and those with a high fever in
the past 15 days. All included participants gave their
informed consent to participant in the study. The pro-
cedure of this study involves physical examination in-
cluding blood pressure measurement and face-to-face
questionnaire interviews. Finally, out of 52, 265 included
subjects, 47, 495 (90.9 %) subjects have complete data
on all survey scales and blood pressure measure.

Blood pressure measurement
Blood pressure was measured by trained physicians fol-
lowing standard guidelines, which involved American
national high blood pressure education program and
Chinese guidelines for hypertension prevention and
treatment [17, 18]. Subjects were asked to avoid drinking
coffee, tea or eating other stimulant food and drugs
before the measurement. Blood pressure was measured
at morning after subjects having rested for five minutes
in the seating position with her or his back supported,
feet on the floor and right arm supported with cubit
fossa at heart level. The appropriate cuff was chosen
based on their arm circumference. Blood pressure was
measured based on one clinical visit.

Average values of two readings separated by 5 min were
used in the analysis. The classification of normotensive
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(NT), prehypertensive (PRT) and hypertensive (HT) was
based on the criteria from JNC-8 [6, 7]. Subjects were de-
fined as being hypertensive if they had an average SBP
equal to or greater than 140 mmHg, and/or average DBP
equal to or greater than 90 mmHg, and/or were diagnosed
as being hypertensive in the past, and/or reported current
treatment with antihypertensive medications. Prehyper-
tension was defined as not being on antihypertensive med-
ications and having SBP of 120-139 mmHg and /or DBP
of 80-89 mmHg. Normal blood pressure was defined as
not being on antihypertensive medications and having
SBP <120 mmHg and DBP <80 mmHg.

Sociodemographic variables

Sociocharacteristics included age, gender, marital status,
educational level, occupation, ethnicity, smoking, alcohol
drinking, high-salt diet condition, body mass index
(BMI), abdominal obesity and family history of cardio-
vascular diseases. Age was categorized into 6 groups:
18-29, 30-39, 40-49, 50-59, 60—69 and 70-79 years
old. Marital status included married, single, divorced
and widowed. Educational level was categorized into
three groups: illiterate or primary school, high school
and university. Occupation referred to physical laborer
or laborer with mental work. With broad range of ethni-
city, subjects were grouped as Han, Yi, Miao, Mongolia,
Tibetan, Hui, Tujia, Korean, Manchu, Yao, Dai, Qiang
and all others. Smoking was categorized into never
smokers, current smokers and former smokers. Alcohol
drinking was categorized into regular drinkers and non-
drinkers. Subjects were also categorized as liking high-
salt diet or not. BMI was defined as weight (kg) divided
by squared height (m?). Weight and height were mea-
sured to the nearest 0.1 kg or 0.1 cm with the subjects
wearing light undergarments and no shoes according to
standard procedure [19, 20]. According to Chinese
guidelines for prevention and control of adult over-
weight and obesity and the Chinese criteria by Working
Group on Obesity in China [19, 20], general obesity is
defined as BMI equal to or greater than 28 kg/m? over-
weight was defined as BMI less than 28 kg/m* and equal
to or greater than 24 kg/m” Waist circumference (WC)
was measured to the nearest 0.1 cm while subjects were
in the standing position. According to the Chinese
criteria by Working Group on Obesity in China [20],
abdominal obesity is defined as WC equal to or greater
than 85 c¢cm for males and 80 cm for females. Finally, in
order to account for the genetic variation, subjects were
categorized into having family history of cardiovascular
diseases or not. The subject was defined having family
history of cardiovascular diseases if his/her father or/
and mother have been diagnosed suffering from cardio-
vascular diseases.
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Statistical analysis

Database was constructed with EPI3.02 software by two
data managers respectively and was corrected to guaran-
tee the accuracy and integration of the data. Continuous
variables were described with mean and standard devi-
ation (SD). Categorical variables were described with
number and percentage. The mean age was compared
with analysis of variance. Blood pressure conditions were
compared with Wilcoxon rank sum test. Univariate and
multivariate logistic regression model was used to esti-
mate odds ratio (OR) and its 95 % confidence interval
(CI) for prehypertension. Variables with P <0.05 in uni-
variate analyses were included in the multivariate logistic
model. All statistical analysis was conducted in SAS9.2
software (SAS institute Inc, Cary, NC, USA). Two sided
P <0.05 was considered statistically significant.

Results

Of all subjects, 16,211 individuals had normal blood
pressure, 17,281 individuals were prehypertensive and
14,003 were hypertensive. The prevalence rates of HT
and PRT were 29.5 and 36.4 % respectively. The mean
age for NT subjects was 35.3+14.5 years old, which
seems younger than those with HT (54.8 + 14.0) or PRT
(44.0 £ 16.0), P < 0.001.

The basic characteristics were tabulated according to
three blood pressure categories in Table 1. Subjects who
are older (P<0.001), male (P<0.001), not single (P<
0.001), physical laborer (P < 0.001), lower educational level
(P <0.001), Yi and Korean (P < 0.001), smokers (P < 0.001),
drinkers (P <0.001), liking high-salt diet (P =0.003),
general obese or overweight (P < 0.001), abdominal obese
(P<0.001) and with family history of cardiovascular dis-
eases (P<0.001) have higher prevalence of HRT. The
prevalence rates of HT and PRT were 33.2 and 41.1 % for
males, 27.0 and 33.2 % for females respectively. 40.8 % of
subjects in 18-29 years old were HT or PRT, but 89.7 %
of subjects in seventies were HT or PRT. With aging, the
proportion of NT subjects declined gradually. The preva-
lences of HT and PRT across demographic variables were
shown in Table 1.

Table 2 gives the results of the univariate and multi-
variate logistic regression analysis of risk factors for pre-
hypertension. After controlling other demographic
characteristics, males had more than twice odds of get-
ting prehypertension (OR =2.076, 95 % CI: 1.952-2.208)
than females. Subjects had more odds of getting prehy-
pertension with aging. In univariate analysis, subjects
who are single had lower odds of getting prehyperten-
sion while the divorced or widowed was in opposite
direction. However, marital status was not statistically
associated with prehypertension after controlling other
demographic characteristics. In two logistic models, edu-
cational level was closely associated with prehypertension
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Table 1 Prevalence conditions of hypertension and prehypertension (n(%))

Characteristics HT (n = 14003) PRT (n=17281) NT (n=16211) " P
Gender 27.591 <0.001
Male 6378 (33.2) 7902 (41.1) 4950 (25.7)
Female 7625 (27.0) 9379 (33.2) 11261 (39.8)
Age 9718.166 <0.001
18-29 729 (6.1) 4303 (34.7) 7007 (58.2)
30-39 1356 (17.0) 3145 (394) 3483 (43.6)
40-49 2840 (294) 3906 (40.4) 2930 (30.3)
50-59 3525 (43.1) 3031 (37.1) 1(19.8)
60-69 3455 (55.7) 1930 31.1) 817 (13.2)
70-79 2098 (61.4) 966 (28.3) 353 (10.3)
Marital status 4733453 <0.001
Married 12051 (34.7) 12878 (37.1) 9792 (28.2)
Single 645 (6.4) 3595 (35.4) 5902 (58.2)
Divorced/widowed 1307 (49.7) 808 (30.7) 517 (19.6)
Educational level 3391.819 <0.001
llliterate or primary school 4505 (46.5) 3225 (33.3) 1968 (20.3)
High school 6906 (31.8) 8239 (37.9) 6591 (30.3)
University 2592 (16.1) 5817 (36.2) 7652 (47.6)
Occupation 49.867 <0.001
Physical laborer 9684 (38.7) 8820 (35.3) 6512 (26.0)
Laborer with mental work 4319 (19.2) 8461 (37.6) 9699 (43.1)
Ethnicity 332522 <0.001
Han 10789 (30.3) 12874 (36.2) 11927 (33.5)
Vi 652 (26.7) 985 (40.3) 808 (33.0)
Miao 143 (22.2) 250 (38.9) 250 (38.9)
Mongolia 557 (31.6) 644 (36.6) 560 (31.8)
Tibetan 138 (15.6) 275 (31.1) 1(53.3)
Korean 529 (36.5) 525 (36.2) 395 (27.3)
Hui 732 (282) 968 (37.3) 896 (34.5)
Tujia 293 (24.2) 444 (36.6) 475 (39.2)
Others 170 (18.6) 316 (34.5) 429 (46.9)
Smoker 374.036 <0.001
Never 10396 (28.1) 13092 (354) 13473 (36.5)
Current 3515 (34.0) 4133 (39.9) 2701 (26.1)
Former 92 (49.7) 56 (30.3) 37 (20.0)
Alcohol drinker 19417 <0.001
No 10360 (28.1) 12992 (35.3) 13466 (36.6)
Yes 3643 (34.1) 4289 (40.2) 2745 (25.7)
High-salt diets 2962 0.003
No 12479 (29.3) 15522 (36.4) 14617 (34.3)

Yes 1524 (31.2) 1759 (36.1) 1594 (32.7)
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Table 1 Prevalence conditions of hypertension and prehypertension (n(%)) (Continued)
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BMI
General obesity 3316 (58.8)
Overweight 5886 (40.1)
Normal 4801 (17.7)
Abdominal obesity
Yes 8691 (47.0)
No 5312 (183)
Family history of cardiovascular diseases
No 12385 (29.0)
Yes 1618 (33.8)

6399.594 <0.001
1776 (31.5) 551 (9.8)
5763 (39.3) 3026 (20.6)
9742 (35.8) 12634 (46.5)

764597 <0.001
6473 (36.4) 3074 (16.6)
10538 (36.4) 13137 (45.3)

8.0453 <0.001
15533 (36.4) 14791 (34.6)
1748 (36.5) 1420 (29.7)

*Wilcoxon rank-sum test was used, in which the statistic was Z or y°
HT hypertension PRT prehypertension, NT Normotension

and higher educational level could reduce the prevalence
compared to illiterate subjects or ones with primary
school educational level. Compared to Han subjects, Yi
and Hui subjects had a higher prevalence of prehyperten-
sion, but Miao, Tibetan and Tujia subjects were associated
with a lower prevalence rate of prehypertension. Contrary
to univariate analysis results, current smokers had lower
prevalence hazard (OR =0.741, 95 % CI: 0.688-0.798) in
the multivariate model. However association between
former smoker and prehypertension was not statistically
significant. Alcohol drinking (OR =1.147 95 % CI: 1.072—
1.228) and family history of cardiovascular diseases (OR =
1.132, 95 % CIL: 1.045-1.226) had similar effect on the
prevalence of prehypertension. Abdominal obesity, gen-
eral obesity or overweight could increase prevalence of
prehypertension. In summary, after controlling other
demographic characteristics, gender, age, educational
level, occupation, ethnicity, smoking, alcohol drinking,
BMI, abdominal obesity and family history of cardiovas-
cular diseases were associated with prehypertension.

Discussion

In developed counties and developing counties, preva-
lence of hypertension and prehypertension was different
from others. In general, the prevalence of hypertension
has been highest in industrial countries. For example,
Wang Y mentioned that approximately 60 % of Ameri-
can adults have prehypertension or hypertension [10]. In
China, the overall prehypertension prevalence rate was
estimated to be 21.9 % among Chinese people aged from
35-74 years old from the InterASIA study conducted
10 years ago [21]. Compared to InterASIA study results,
the prevalence rate of prehypertension were found in-
creased greatly in the present study, in which the preva-
lence rates of hypertension and prehypertension were 29.5
and 36.4 % respectively in China. All previous hyperten-
sion survey about Chinese people were conducted in a
province of China and didn’t include Chinese minorities

[13, 14, 21], which was not representative for the general
population in China. The present study is the first study
to investigate the prevalence of prehypertension in a rep-
resentative sample of general Chinese population with the
largest sample size covering dozens of ethnicities. Given
that our analysis excluded subjects suffering from some
severe chronic diseases and having fever in the last 15 days,
we believe the true prevalence of hypertension and prehy-
pertension in general Chinese adults would be underesti-
mated. This is an important public health issue and more
attention should be paid to provide health education for
hypertensive and prehypertensive people to treat their
hypertension regularly.

Multivariate logistic regression model analysis found
that gender, age, educational level, occupation, ethnicity,
smoking, alcohol drinking, BMI, abdominal obesity and
family history of cardiovascular diseases were associated
with prehypertension. Male subjects had twice risk of
prehypertenion and then males should pay more atten-
tion to blood pressure control. Higher educational level
was a protective factor of prehypertension, which was
similar as the findings from industrialized countries, in
which high educational level was found to be associated
with lower risk of hypertension [22-24]. People with
higher educational level maybe have learned more health
knowledge about blood pressure and developed more
healthy life styles. Increased knowledge of a healthy life-
style in order to prevent hypertension is of importance
to public health. China is a multi-ethnic country and mi-
norities have their specific dietary habits and life styles,
which could influence their blood pressure status. We
found that prevalence of prehypertension were statisti-
cally different between ethnicities. Both Okosun IS et al.
and Agyemang C et al. have ever found that ethnic
difference can influence the prevalence of hypertension
and prehypertension [25, 26]. Subjects with family his-
tory of cardiovascular diseases had higher risk of prehy-
pertension like previous findings [27, 28]. Consequently,
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Table 2 Risk factors associated with prehypertension
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Characteristics

Univariate logistic model

Multivariate logistic model

B

OR 95 % CI" OR’ 95 % CI"

Gender

Male 1917 1.833-2.005 2076 1.952-2.208

Female 1.0 (Ref.) 1.0 (Ref.)
Age

18-29 1.0 (Ref) 1.0 (Ref)

30-39 1470 1.383-1.563 1.201 1.090-1.322

40-49 2171 2.042-2.308 1.607 1.456-1.773

50-59 3.045 2.835-3.270 2.081 1.868-2.319

60-69 3.847 3.515-4.210 2498 2.204-2.831

70-79 4456 3.922-5.063 2.948 2.514-3457
Marital status

Married 1.0 (Ref.) 1.0 (Ref)

Single 0463 0.441-0486 0928 0.844-1.020

Divorced/widowed 1.188 1.061-1.331 1.003 0.888-1.134
Educational level

Illiterate or primary school 1.0 (Ref) 1.0 (Ref)

High school 0.763 0.715-0.814 0919 0.851-0.992

University 0.464 0434-0495 0687 0.627-0.752
Occupation

Physical laborer 1.0 (Ref) 1.0 (Ref.)

Laborer with mental work 0.644 0.617-0.673 1.084 1.020-1.152
Ethnicity

Han 1.0 (Ref) 1.0 (Ref.)

Yi 1.129 1.026-1.244 1347 1.210-1.500

Miao 0926 0.776-1.106 0.753 0.623-0.910

Mongolia 1.065 0.949-1.196 1.042 0.920-1.179

Tibetan 0.541 0465-0.629 0.521 0442-0613

Korean 1.231 1.078-1.406 0.965 0.837-1.111

Hui 1.001 0.911-1.100 1133 1.024-1.253

Tujia 0.866 0.759-0.988 0.779 0.677-0.898

Others 0.682 0.589-0.791 0974 0.832-1.140
Smoker

Never 1.0 (Ref) 1.0 (Ref)

Current 1.575 1.492-1.662 0.741 0.688-0.798

Former 1.558 1.028-2.361 0.825 0.530-1.285
Alcohol drinker

No 1.0 (Ref) 1.0 (Ref)

Yes 1.619 1.535-1.709 1.147 1.072-1.228
High-salt diets

No 1.0 (Ref) 1.0 (Ref)

Yes 1.039 0.968-1.116 0.977 0.905-1.055
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Table 2 Risk factors associated with prehypertension (Continued)
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BMI
General obesity 4.180
Overweight 2470
Normal 1.0 (Ref)
Abdominal obesity
Yes 2.734
No 1.0 (Ref)
Family history of cardiovascular diseases
No 1.0 (Ref)
Yes 1.172

3.785 2460 2.190-2.763
2.346 1.667 1.563-1.788
1.0 (Ref)

2601-2.873 1.371 1.280-1.467
1.0 (Ref)

1.0 (Ref)
1.089-1.262 1.132 1.045-1.226

*OR odds ratio, CI confidence interval

people whose parents have suffered from cardiovascular
diseases should supervise their blood pressure level
more frequently. In contrary to univariate analysis, mari-
tal status was not statistically significant in multivariate
logistic analysis. The possible cause was that the single
was younger than others, which would be verified insig-
nificant after adjusting age in multivariate analysis.

Life style factors were found closely associated with
prehypertension. Contrary to the results in univariate
analysis, current smokers had lower prevalence for pre-
hypertension. Although association of smoking and pre-
hypertension needs to be explored further, other studies
reported similar results as this paper [13, 18, 29]. In this
study, alcohol drinking was found as a risk factor for
prehypertension. Fan AZ has ever reported that there
was a direct association between higher alcohol con-
sumption and a higher prevalence rate of prehyperten-
sion among non-hypertensive drinkers [30]. After
controlling other demographic characteristics, general
obesity had nearly 2.5-fold prevalence and overweight
had nearly twice prevalence of prehypertension. Signifi-
cant positive associations between overweight, general
obesity, abdominal obesity and prehypertension were
same as reported in previous reports [13, 31-33]. So,
reducing alcohol drinking and keeping in shape would
facilitate the control of blood pressure. Furthermore,
although some reports have mentioned high-salt diet
could increase risk for hypertension [34, 35], associ-
ation of high-salted diet and prehypertension was not
statistically significant in the present paper. This may
be caused by recall bias resulted from self-reported
diet conditions.

Several limitations have to be mentioned. First, due to
the nature of cross-sectional study design, we could not
make causation between potential risk factors and
prehypertension. Second, criteria of defining prehyper-
tension and hypertension only based on one time
measure of blood pressure without follow-up informa-
tion might not truly represent the prehypertension

and hypertension status. Hypertension could of course
be defined in different ways, one way is self-reported,
and another way is that it is based on diagnosis in
patient records or administrative databases. The dif-
ferent definitions of prehypertension and hypertension
limit the comparison of prevalence figures from different
studies. Finally, recall bias might exist in the current study
due to self-report high-salt diet conditions.

Conclusions

Appropriately two-third of subjects was hypertensive or
prehypertensive and high prevalence rate of prehyper-
tension was general in Chinese adults. Many sociodemo-
graphic characteristics were significantly associated with
hypertension and prehypertension conditions. There were
important clinical significance and public health signifi-
cance about age-specific, gender-specific and ethnic-
specific hypertension and prehypertension studies in China.
More health education should be provided for hypertensive
people to treat their hypertension regularly. In addition,
regular medical check-up and measuring blood pressure
are necessary to improve awareness, treatment and control
of hypertension.

Abbreviations

BM!I, body mass index; Cl, confidence interval; DBP, diastolic blood pressure;
HT, hypertensive; JNC-8, the Eighth Joint National Committee on the Preven-
tion, Detection, Evaluation and Treatment of High Blood Pressure; NT,
normotensive; OR, Odds ratio; PRT, prehypertensive; SBP, systolic blood pres-
sure; SD, standard deviation; WC, Waist circumference; WGOC, Working
Group on Obesity in China

Acknowledgements
We wish to thank all of the subjects who gave their time so generously to
participate in the research.

Funding
This work is supported by the basic performance key project by the Ministry of
Science and Technology of the People’s Republic of China (No. 2006FY110300).

Availability of data and material
Data are held at the Institute of Basic Medical Sciences, Chinese Academy of
Medical Sciences. All relevant data are within the paper.



Xu et al. BMC Public Health (2016) 16:775

Authors’ contributions

XT participated in the design of the study and the field survey, preformed the
statistical analysis and drafted the manuscript. LJT participated in the field
survey and the blood pressure measurement. ZGJ conceived of the study. LIX
helped to draft the manuscript. HSM conceived of the study and participated in
its design. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
All participants gave written or verbal consent for their accounts to be
anonymously published.

Ethics approval and consent to participate

The study was approved by the review board of Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences. All included subjects gave
their informed consent to participant in the study.

Author details

'Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences &
School of Basic Medicine, Peking Union Medical College, Beijing 100005,
China. “Department of Epidemiology, Capital Institute of Pediatrics, Beijing
100020, China. *Department of Epidemiology and Biostatistics, University of
South Carolina, United States, Columbia, SC 29208, USA.

Received: 24 March 2016 Accepted: 29 July 2016
Published online: 11 August 2016

References

1. He J, Gu D, Wu X, Reynolds K, Duan X, Yao C, Wang J, Chen CS, Chen J,
Wildman RP, Klag MJ, Whelton PK. Major causes of death among men and
women in China. N Engl J Med. 2005;353:1124-34.

2. lkeda A, Iso H, Yamagishi K, Inoue M, Tsugane S. Blood pressure and the risk
of stroke, cardiovascular disease, and all-cause mortality among Japanese:
the JPHC Study. Am J Hypertens. 2009;22:273-80.

3. Whitworth JA. Blood pressure and control of cardiovascular risk. Vasc Health
Risk Manag. 2005;1:257-60.

4. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global
burden of hypertension: analysis of worldwide data. Lancet. 2005;365:217-23.

5. Li LM, Rao KQ, Kong LZ, Yao CH, Xiang HD, Zhai FY, Ma GS, Yang XG,
Technical Working Group of China National Nutrition and Health Survey. A
description on the Chinese national nutrition and health survey in 2002.
Chin J Epidemiol. 2005,26:478-84.

6. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C,
Handler J, Lackland DT, LeFevre ML, MacKenzie TD, Ogedegbe O, Smith Jr
SC, Svetkey LP, Taler SJ, Townsend RR, Wright Jr JT, Narva AS, Ortiz E. 2014
evidence-based guideline for the management of high blood pressure in
adults: Report from the panel members appointed to the Eight Joint
National Committee (JNC 8). JAMA. 2014;311:507-20.

7. Makridakis S, DiNicolantonio JJ. Hypertension: Empirical evidence and
implications in 2014. Open Heart. 2014;1:¢000048.

8. Kim SJ, Lee J, Jee SH, Nam CM, Chun K, Park IS, Lee SY. Cardiovascular risk
factors for incident hypertension in the prehypertensive population.
Epidemiol Health. 2010,32:¢2010003.

9. Gupta R, Deedwania PC, Achari V, Bhansali A, Gupta BK, Gupta A, Mahanta
TG, Asirvatham AJ, Gupta S, Maheshwari A, Saboo B, Jali MV, Singh J,
Guptha S, Sharma KK. Normotension, prehypertension, and hypertension in
urban middle-class subjects in India: prevalence, awareness, treatment, and
control. Am J Hypertens. 2013;26:83-94.

10. Wang Y, Wang QJ. The prevalence of prehypertension and hypertension
among US adults according to the new joint national committee guidelines:
new challenges of the old problem. Arch Intern Med. 2004;164:2126-34.

11. Vasan RS, Larson MG, Leip EP, Kannel WB, Levy D. Assessment of frequency
of progression to hypertension in non-hypertensive participants in the
Framingham Heart Study: a cohort study. Lancet. 2001,358:1682-6.

12. Qureshi Al, Suri MF, Kirmani JF, Divani AA, Mohammad Y. Is prehypertension
a risk factor for cardiovascular diseases? Stroke. 2005;36:1859-63.

13. Meng XJ, Dong GH, Wang D, Liu MM, Liu YQ, Zhao Y, Deng WW, Tian S,
Meng X, Zhang HY. Epidemiology of prehypertension and associated risk

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

Page 8 of 8

factors in urban adults from 33 communities in China-the CHPSNE study.
Circ J. 2012;76:900-6.

Chu J, Wang L, Xu A, Li Y, Wang H, Guo X, Lu Z, Zhang X, Zhang J, Ma J, Bi
Z. Analysis on prevalence states and associated factors of hypertension and
prehypertension among adults in Shandong province. Zhonghua Yu Fang
Yi Xue Za Zhi. 2014;48:12-7.

Yu W, Yang L, Yan J, Zhang YF, Gao J, Fang SY, Xu XL, Luo JY, Tang XH. Study on
the prevalence of prehypertension among residents living in the communities in
Zhejiang. Zhonghua Liu Xing Bing Xue Za Zhi. 2013;34:1059-62.

Zhang L, Shi K, Yi D, Li Y, Wu YZ. Prevalence and risk factors of prehypertension
among adults in Chongqing city. Zhong Guo Gong Gong Wei Sheng.
2010;26:698-700.

National Institutes of Health National Heart, Lung, and Blood: National High
Blood Pressure Education Program. America: NIH Publication, 2003.
Chinese guidelines for hypertension prevention and treatment Revision
Committee. Chinese guidelines for hypertension prevention and treatment
(revised edition 2005). Beijing: People’s Medical Publishing House; 2006.
Zhou BF. Effect of body mass index on all-cause mortality and incidence of
cardiovascular diseases-report for meta-analysis of prospective studies open
optimal cut-off points of body mass index in Chinese adults. Biomed
Environ Sci. 2002;15:245-52.

WHO: Obesity: preventing and managing the global epidemic. Report of a
WHO consultation. World Health Organ Tech Rep Ser 2000; 894: 1-xii.

Yu D, Huang J, Hu D, Chen J, Cao J, Li J, Gu D. Association between
prehypertension and clustering of cardiovascular disease risk factors among
Chinese adults. J Cardiovasc Pharmacol. 2009;53:388-400.

Baek TH, Lee HY, Lim NK, Park HY. Gender differences in the association
between socioeconomic status and hypertension incidence: the Korean
Genome and Epidemiology Study (KoGES). BMC Public Health. 2015;15:852.
Bruthans J, Mayer Jr O, De Bacquer D, De Smedt D, Reiner Z, Kotseva K, Cifkovd R,
EUROASPIRE IV investigators. Educational level and risk profile and risk control in
patients with coronary heart disease. Eur J Prev Cardiol. 2016;23(8):881-90.

Di Chiara T, Scaglione A, Corrao S, Argano C, Pinto A, Scaglione R.
Association between low education and higher global cardiovascular risk. J
Clin Hypertens (Greenwich). 2015;17:332-7.

Okosun IS, Boltri JM, Anochie LK, Chandra KM. Racial/ethnic differences in
prehypertension in American adults: population and relative attributable
risks of abdominal obesity. J Hum Hypertens. 2004;18:849-55.

Agyemang C, van Valkengoed |, van den Born BJ, Stronks K. Prevalence and
determinants of prehypertension among African Surinamese, Hindustani
Surinamese, and White Dutch in Amsterdam, the Netherlands: the SUNSET
study. Eur J Cardiovasc Prev Rehabil. 2007;14:775-81.

Sobrino J, Domenech M, Camafort M, Vinyoles E, Coca A, ESTHEN group
investigators. Prevalence of masked hypertension and associated factors in
normotensive healthcare workers. Blood Press Monit. 2013;18:326-31.
Chaudhry K, Diwan SK, Mahajan SN. Prehypertension in young females,
where do they stand? Indian Heart J. 2012;64:280-3.

Lin SJ, Lee KT, Lin KC, Cheng KH, Tsai WC, Sheu SH, Wu MT, Lee CH, Lai WT.
Prevalence of prehypertension and associated risk factors in a rural
Taiwanese adult population. Int J Cardiol. 2010;144:269-73.

Fan AZ, Li'Y, Elam-Evans LD, Balluz L. Drinking pattern and blood pressure
among non-hypertensive current drinkers: findings from 1999-2004 National
Health and Nutrition Examination Survey. Clin Epidemiol. 2013;5:21-7.

Deng WW, Wang J, Liu MM, Wang D, Zhao Y, Liu YQ, Wang H, Dong GH.
Body mass index compared with abdominal obesity indicators in relation
toprehypertension and hypertension in adults: the CHPSNE study. Am J
Hypertens. 2013;26:58-67.

Guzman-Guzman IP, Salgado-Goytia L, Murioz-Valle JF, Salgado-Bernabé AB,
Quiroz-Vargas |, Parra-Rojas |. Prehypertension in a Mexican population:
influence of age, gender, and body fat. Clin Exp Hypertens. 2013;35:67-73.
Jang SY, Ju EY, Choi S, Seo S, Kim DE, Kim DK, Park SW. Prehypertension
and obesity in middle-aged Korean men and women: the third Korea
national health and nutrition examination survey (KNHANES ll) study. J
Public Health (Oxf). 2012;34:562-9.

Montasser ME, Douglas JA, Roy-Gagnon MH, Van Hout CV, Weir MR, Vogel
R, Parsa A, Steinle NI, Snitker S, Brereton NH, Chang YP, Shuldiner AR,
Mitchell BD. Determinants of blood pressure response to low-salt intake in a
healthy adult population. J Clin Hypertens (Greenwich). 2011;13:795-800.
Weidmann P, Ferrari P, Allemann Y, Ferrier C, Shaw SG. Developing essential
hypertension: a syndrome involving ANF deficiency? Can J Physiol
Pharmacol. 1991;69:1582-91.



	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Sample and participants
	Blood pressure measurement
	Sociodemographic variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

