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Prevalence of prehypertension and hypertension
in a Chinese rural area from 1991 to 2007

Jianmin Yang1,3, Fanghong Lu2,3, Cheng Zhang1,3, Zhendong Liu2, Yingxin Zhao2, Fei Gao1, Shangwen Sun2,
Yuxia Zhao1 and Yun Zhang1

Shandong Province is located in the east of China. The province is characterized by robust economic development, with a

rural population accounting for 56% of the total population. However, no data are available regarding temporal changes in the

prevalence, awareness, treatment and control of hypertension among this population. Three independent cross-sectional surveys

were performed in 1991 (n¼8359), 2002 (n¼18922) and 2007 (n¼20167) in the rural area population, aged 35–74 years.

The sampling included a survey on blood pressure and associated risk factors. Although the rate of smoking and alcohol

consumption decreased significantly from 1991 to 2007, the prevalence of overweight and obesity increased, whereas that

of high-strength physical activity decreased remarkably. In 1991, 2002 and 2007, the prevalence of prehypertension was 33.8,

61.5 and 54.6%, respectively. The prevalence of hypertension was 20.4, 24.5 and 30.6%, respectively. Overall, the rate

of hypertension awareness, treatment and control showed a steady increase over the 16-year period, although the control

rate of hypertension is still far from being satisfactory. In conclusion, among the Chinese rural population, the prevalence

of prehypertension and hypertension increased significantly from 1991 to 2007. Public health programs are required

to improve this situation in Chinese rural populations.
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INTRODUCTION

Cardiovascular diseases are the major cause of death in most devel-
oped and some developing countries.1,2 Hypertension is one of the
most important risk factors of cardiovascular diseases, and many
studies have consistently demonstrated the long-term benefits of
effective control of hypertension. Although recent data showed an
upward trend in the rates of hypertension awareness, treatment and
control and a downward trend in the prevalence of cardiovascular
diseases in most developed countries,3–5 cardiovascular diseases in
developing countries are still rampant, largely because hypertension is
poorly controlled.6–8

Recently some investigators have reported the prevalence and the
rates of hypertension awareness, treatment and control in several
Chinese populations.7,9–11 However, owing to the large variation in
geographical characteristics, dietary patterns, local lifestyles, income,
education levels and health care in different regions of China, the
prevalence and the rates of hypertension awareness, treatment and
control in different studies may differ widely.12 Shandong Province is
located in the east of China with the rural population accounting for
56% of the total population. During the past two decades, most young
and middle-aged farmers in the rural areas of Shandong Province were

employed by companies in neighboring cities and their daily physical
activity dropped significantly. Although Shandong Province has been
ranked as one of the best provinces in China with regard to economic
development, public health resources are more limited in the rural
area than in the urban area. No data are available regarding the
temporal changes in hypertension prevalence, awareness, treatment
and control rates in the rural areas of rapidly developing provinces
in China. Nonetheless, these data are extremely important for
evaluating the impact of economic development on health care and
vice versa.
Another important issue is the prevalence and significance of

prehypertension. The Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (JNC-7) defined normal blood pressure as systolic blood
pressure (SBP) o120mmHg and diastolic blood pressure (DBP)
o80mmHg and prehypertension as SBP of 120–139mmHg or DBP
of 80–89mmHg.13 In the Chinese population, prehypertension has
been found to be associated with increased risk of hypertension and
major cardiovascular diseases.14,15 However, the temporal changes in
prehypertension prevalence in the Chinese population are still
unknown.
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In an attempt to answer these questions, this study was designed to
examine the evolution of the prevalence of prehypertension and
hypertension as well as the rates of hypertension awareness, treatment
and control over the past two decades in a Chinese rural population.
To this end, we used three cross-sectional surveys performed in the
same rural area of Zhangqiu County, Shandong Province, China.

METHODS
Three major cross-sectional surveys of hypertension were conducted in

Zhangqiu County, Shandong Province, China, according to a random, multi-

staged cluster sampling scheme. The sample population included 8359 (4067

men), 18 922 (8926 men) and 20167 (7770 men) subjects (aged 35–74 years) in

1991, 2002 and 2007, respectively. Data were collected during a single clinic visit

by cardiologists and specially trained nurses using standardized methods. The

information collected included demographic characteristics such as age, sex,

body weight, height and education, history of hypertension, cigarette smoking,

alcohol consumption and administration of antihypertensive medications. The

response rates for the subjects participating in the surveys of 1991, 2002 and

2007 were 93.1, 92.6 and 95.4%, respectively. Current smokers were defined as

smoking at least one cigarette per day during the last year.2 Smokers were

further divided into heavy smokers (X20 cigarettes per day) and light smokers

(o20 cigarettes per day).16 Alcohol drinkers were defined as drinking alcohol at

least 12 times during the previous year.17 This population was further divided

into heavy drinkers (X30 g ethanol per day) and light drinkers (o30 g ethanol

per day).18 Body weight was measured with 0.1-kg precision when the subjects

were wearing light indoor clothing without shoes. Height was measured to the

nearest 0.5 cm. Body mass index (BMI) was calculated as weight (kg)/height

(m)2. Overweight and obesity in both men and women were defined as

25pBMIo30 and BMIX30kgm�2, respectively, according to the World

Health Organization (WHO) criteria.19 Work-related physical activity was

classified as one of three categories in accordance with previously described

methods:20 low strength, sitting office work; moderate strength, work including

standing and walking; and high strength, work including walking and lifting, or

heavy manual labor. Education levels were divided into low (years of education

p9) and high (years of education 49) levels.

Blood pressure in the right arm was measured between 0800 and 1200 hours

using standard mercury sphygmomanometers after the subjects had been

sitting quietly for 5min. SBP and DBP were each taken as the mean of three

readings. Normotension and prehypertension were defined using the JNC-7

criteria.13 Hypertension was defined as SBPX140mmHg and/or DBPX

90mmHg and/or use of antihypertensive medications. Awareness of hyper-

tension was defined as reporting a previous diagnosis of hypertension by a

health-care professional. Treatment of hypertension was defined as reported use

of an antihypertensive drug during the previous 2 weeks. Control of hyperten-

sion was defined as receiving drug treatment for hypertension, as well as

recorded SBP o140mmHg and DBPo90mmHg.7 Participants were divided

into four groups according to their ages (35–44, 45–54, 55–64 and 65–74 years).

Statistical analysis
Continuous data were reported as mean±s.d. Categorical variables were

presented as frequencies and s.e. (%, s.e.). Statistical analysis involved use of

SPSS for Windows (v15.0; SPSS, Chicago, IL, USA). Differences in mean values

of the baseline characteristics among groups, including height, weight, SBP and

DBP, were tested by one-way analysis of variance. Differences in prevalence of

overweight, obesity, smoking, alcohol consumption, high-level education, high-

strength physical activity, prehypertension and hypertension among groups

were tested by w2-test. BMI, blood pressure, prevalence of prehypertension,

hypertension, smoking, alcohol consumption, overweight, obesity, different

levels of education and physical activity as well as awareness, treatment and

control rates of hypertension from the three surveys were adjusted by age and

sex with data obtained during the census in China.7 In brief, the adjusted

prevalence (%) was calculated as: P¼
P

(Pi�Ji), where Pi is the prevalence of a

given epidemiological parameter in each age and sex group in this study, and Ji

is the percentage of each age and sex group in the Chinese census population.

The association between risk factors and hypertension was tested by logistic

regression analysis, using age, BMI (categorized as BMIo25, 25pBMIo30

and BMIX30kgm�2), sex, education, physical activity, and smoking and

drinking status as independent variables. In order to clarify the impact of

gender on weight-associated blood pressure, the data were stratified by gender.

A P-value o0.05 was considered to be statistically significant.

RESULTS

Temporal changes in the prevalence of prehypertension
In each survey, the prevalence of prehypertension tended to decline
with increased age in both men and women (Table 1). However,
prehypertension was more common in men than in women for all
three surveys (36.5 vs. 31.2% in 1991; 63.4 vs. 56.3% in 2002 and 56.4
vs. 53.7% in 2007, all Po0.05, Figure 1). In both men and women, the
prevalence of prehypertension increased remarkably from 1991 to
2002 and remained high from 2002 to 2007 (Figure 1). After
adjustment by age and sex, the prevalence of prehypertension showed
an immense surge from 33.8% in 1991 to 61.5% in 2002 and to 54.6%
in 2007 (both Po0.01, Figure 1).

Table 1 Prevalence of prehypertension and hypertension in different ages and sex among Chinese rural adults in three surveys

Men Women Total

1991 2002 2007 1991 2002 2007 1991 2002 2007

PHT, % (s.e.)

Age groups (years)

35–44 40.6 (2.2) 75.3 (1.5) 67.6 (2.4) 30.8 (2.1) 61.0 (1.7) 58.5 (1.8) 35.6 (1.6) 67.8 (1.2) 61.8 (1.4)

45–54 35.5 (3.0) 68.8 (1.6) 53.5 (2.2) 32.8 (2.9) 60.4 (1.6) 52.9 (1.7) 34.1 (2.1) 64.4 (1.1) 53.1 (1.3)

55–64 31.1 (3.1) 57.6 (2.4) 42.0 (1.9) 30.9 (3.1) 53.1 (2.3) 47.1 (1.6) 31.0 (2.2) 55.3 (1.7) 45.0 (1.2)

65–74 30.7 (4.3) 49.4 (3.1) 46.4 (2.4) 29.0 (4.0) 47.8 (2.7) 48.6 (2.0) 29.8 (2.9) 48.5 (2.0) 47.7 (1.6)

HT, % (s.e.)

Age groups (years)

35–44 12.6 (1.5) 11.9 (1.2) 17.1 (1.4) 10.3 (1.4) 8.5 (0.9) 14.9 (1.3) 11.4 (1.0) 10.1 (0.7) 15.7 (1.1)

45–54 19.1 (2.4) 20.8 (1.4) 35.8 (2.1) 20.7 (2.5) 19.9 (1.3) 32.7 (1.6) 19.9 (1.7) 20.4 (1.0) 33.9 (1.3)

55–64 27.7 (3.0) 33.6 (2.3) 49.5 (1.9) 32.2 (3.1) 31.9 (2.1) 43.5 (1.5) 30.0 (2.2) 32.7 (1.6) 45.9 (1.2)

65–74 40.4 (4.5) 42.6 (3.1) 48.8 (2.4) 50.0 (4.4) 39.8 (2.6) 46.1 (2.0) 45.5 (3.2) 41.0 (2.0) 47.2 (1.6)

Abbreviations: PHT, prehypertension; HT, hypertension.
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Temporal changes in the prevalence of hypertension
In contrast to the case of prehypertension, the prevalence of hyper-
tension rose with increased age in both men and women in all three
surveys. For most age groups, the prevalence of hypertension increased
significantly from 1991 to 2007 (from 11.4% in 1991 to 15.7% in 2007
in the 35–44 year age group, from 19.9% in 1991 to 33.9% in 2007 in
the 45–54 year age group and from 30.0% in 1991 to 45.9% in 2007 in
the 55–64 year age group, all Po0.05), but not in the 65–74 year age
group (from 45.5% in 1991 to 47.2% in 2007, P40.05) (Table 1). The
prevalence of hypertension was similar in men and women in 1991
(19.8 vs. 21.0%, P40.05), but was higher in men than in women in
2002 (25.7 vs. 21.2%, Po0.05) and in 2007 (32.0 vs. 28.8%, Po0.05,
Figure 1). However, after adjustment by age and sex, the prevalence of

hypertension still exhibited a stepwise increase from 20.4% in 1991 to
24.5% in 2002 (Po0.05) and to 30.6% in 2007 (Po0.01, Figure 1).

Trends in demographic characteristics
The majority of the population in the 1991 and 2002 surveys were
farmers who engaged in high-strength physical labor. In the 2007
survey, most young and middle-aged people were employed by
companies in neighboring cities and towns. The demographic char-
acteristics determined by the three surveys are shown in Table 2. The
rate of cigarette smoking in these populations dropped significantly
from 42.5% in 1991 to 16.3% in 2007 (Po0.01), and the rate of
alcohol consumption declined significantly from 25.2% in 1991 to
18.0% in 2007 (Po0.05). The rate of high-strength physical activity
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Figure 1 Age-adjusted prevalence of normotension (NT), prehypertension (PHT) and hypertension (HT) in different years and genders. (a) Prevalence of NT,

prehypertension (PHT) and HT in men; (b) Prevalence of NT, PHT and HT in women; (c) Prevalence of NT, PHT and HT in all subjects. *Po0.05, **Po0.01:

vs. 1991; #Po0.05, ##Po0.01: vs. 1991; &Po0.05, &&Po0.01: vs. 2002.
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decreased significantly from 75.5% in 1991 to 49.5% in 2007. In
contrast, the rates of overweight, obesity and high-level education as
well as body weight and SBP levels increased steadily from 1991 to
2002 and from 1991 to 2007. Thus, the prevalence of overweight and
obesity increased from 19.7 and 3.5% in 1991 to 49.7 and 9.3% in
2007, respectively (all Po0.05). SBP increased from 123.1mmHg in
1991 to 127.9mmHg in 2007 (Po0.01), and DBP increased from
74.7mmHg in 1991 to 81.0mmHg in 2002 (Po0.05), but no
significant difference in DBP was found between 2002 and 2007.

Association between demographic characteristics and the risk
of hypertension
To study the association between demographic characteristics and the
risk of hypertension, multivariate logistic regression analysis was
performed on the basis of the data obtained in 2007. In comparison
with the 35–44 year group, the 45–54, 55–64 and 65–74 year groups
showed a stepwise increase in the risk of hypertension (Table 3).
Similarly, male sex, overweight, obesity, low-strength physical activity,
high alcohol consumption and heavy smoking were independently
associated with hypertension. The odds ratios of these parameters
were all more than 1.0 for increased risk of hypertension, which was
statistically significant. However, there was no significant association
between low alcohol consumption or education levels and hyperten-
sion. It is interesting to note that high-strength physical activity had an
odds ratio less than 1.0, suggesting this is a protective factor against
hypertension (Table 3).

Temporal changes in the rates of hypertension awareness,
treatment and control
As shown in Table 4, the rate of hypertension awareness tended to rise
with increased age in both men and women, but was consistently
higher in women than in men in all three surveys (16.6 vs. 13.2% in
1991, 51.1 vs. 46.4% in 2002 and 53.5 vs. 50.6% in 2007, all Po0.05,
Figure 2). After adjustment by age and sex, the rate of awareness of
hypertension exhibited a stepwise increase from 15.0% in 1991 to
49.0% in 2002 and to 52.4% in 2007 (both Po0.01, Figure 2).
Similar to the rate of hypertension awareness, the rate of hyperten-

sion treatment tended to increase with increased age in both men and
women, but was consistently higher in women than in men in all three
surveys (10.1 vs. 7.7% in 1991, 42.4 vs. 34.8% in 2002 and 39.6 vs.
36.2% in 2007, all Po0.05, Figure 2). After adjustment by age and sex,
the rate of treatment for hypertension increased from 8.9% in 1991 to
38.8% in 2002 and 38.3% in 2007 (both Po0.01, Figure 2).
In contrast to the rates of hypertension awareness and treatment,

the rate of hypertension control did not show any trend in changes
with age, but was higher in women than in men in all three surveys

(3.8 vs. 2.9% in 1991, 6.6 vs. 6.0% in 2002 and 7.6 vs. 6.7% in 2007, all
Po0.05, Figure 2). After adjustment by age and sex, the rate of
hypertension control increased from 3.3% in 1991 to 6.3% in 2002
and 7.3% in 2007 (both Po0.01, Figure 2).

DISCUSSION

The major findings of this study are that in a Chinese rural area, (1)
the prevalence of prehypertension increased remarkably from 1991 to
2007; (2) the prevalence of hypertension increased steadily over the
16-year period; (3) the remarkable increase in overweight and obesity
and decrease in physical activity may partially explain the upward
trend of prehypertension and hypertension; and (4) rates of hyperten-
sion awareness, treatment and control showed a steady increase over
the 16-year period, although the rate of control of hypertension is still
far from satisfactory. To the best of our knowledge, our study is the
first to report temporal changes in the prevalence of prehypertension
and hypertension and the rates of hypertension awareness, treatment
and control in a Chinese rural area over the past two decades.

Table 2 Age-adjusted demographic characteristics among Chinese rural adults aged 35–74 years in three surveys

Weight

(kg)

Height

(cm)

SBP

(mmHg)

DBP

(mmHg)

Overweight,

% (s.e.)

Obesity,

% (s.e.)

Smoking,

% (s.e.)

Alcohol

drinking,

% (s.e.)

High-level

education,

% (s.e.)

High-strength

physical activity,

% (s.e.)

1991

(n¼8359) 58.2±8.9 163.4±8.7 123.1±19.1 74.7±10.9 19.7 (0.9) 3.5 (0.4) 42.5 (1.1) 25.2 (0.9) 2.4 (0.3) 75.5 (0.9)

2002

(n¼18922) 63.4±10.8* 164.6±8.4 125.8±19.8* 79.6±11.4* 39.8 (0.7)** 5.4 (0.3)* 27.2 (0.6)** 22.1 (0.6)* 4.4 (0.3)** 62.1 (0.7)*

2007

(n¼20167) 66.4±11.3##, & 163.9±7.9 127.9±20.4#,& 81.0±12.3# 49.7 (0.7)##,& 9.3 (0.4)##,&& 16.3 (0.5)##,& 18.0 (0.5)#,& 9.1 (0.4)##,&& 49.5 (0.7)**,&

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
*Po0.05, **Po0.01: vs. 1991; #Po0.05, ##Po0.01: vs. 1991; &Po0.05, &&Po0.01: vs. 2002.

Table 3 Risk factors of hypertension among the Chinese rural adults

in 2007

Variables Odds ratio (95% CI)

Age (vs. 35–44 years)

45–54 years 2.26 (2.05–2.50)#

55–64 years 4.48 (4.02–5.01)#

65–74 years 6.86 (6.08–7.74)#

Male sex 1.22 (1.12–1.32)#

Overweight (25pBMIo30kgm�2) 2.13 (1.99–2.28)#

Male 2.27 (2.05–2.51)#

Female 2.04 (1.86–2.25)#

Obesity (BMIX30kgm�2) 2.91 (2.56–3.38)#

Male 3.17 (2.63–3.58)#

Female 2.81 (2.41–3.28)#

Smoking (vs. no smoking) 1.21 (1.02–1.53)*

Light smoker 1.17 (1.03–1.37)*

Heavy smoker 1.29 (1.09–1.58)*

Alcohol drinking (vs. no drinking) 1.19 (1.07–1.31)*

Light drinker 1.03 (0.95–1.21)

Heavy drinker 1.35(1.10–1.45)*

High-level education (years of education 49) 0.68 (0.34–1.16)

Physical activity (vs. moderate strength)

Low strength 1.37 (1.13–1.55)*

High strength 0.91 (0.72–0.97)*

Abbreviations: BMI, body mass index; 95% CI, 95% confidence interval.
*Po0.05, #Po0.001.

Evolution of hypertension in China
J Yang et al

334

Hypertension Research



One notable finding in this study was that the prevalence of
prehypertension almost doubled from 33.8% in 1991 to 61.5% in
2002. The prevalence of prehypertension in 1991 in our subjects was
similar to that (34.5%) determined by a study of the Chinese
population in 1991.14 However, the prevalence of prehypertension in
2002 in our study was higher than that (from 23.9 to 44.3%) in other
studies conducted in China, Israel, the United States and Japan.21–24

Although variations in geography, race, age and lifestyle in different
studies may partially account for the differences in observed
results,12,24 the rapid increase in the prevalence of prehypertension
from 1991 to 2002 in our study may be related to the more stressful
workload, high-calorie and salty food, reduced physical activity and
more common overweight and obesity in the rural area during the
past two decades.25,26 Although the term prehypertension is still in
dispute, recent studies have found a positive correlation between
prehypertension and major cardiovascular diseases in the Chinese
population,14,15 indicating that detection of prehypertension may have
important clinical significance.
In this study, the prevalence of hypertension showed a steady

increase from 1991 to 2007. Data from the Third Nationwide Survey
of Blood Pressure Level and Hypertension27 in 1991 (age X15 years)
and the China National Nutrition and Health Survey7 in 2002 (age
X18 years) showed the prevalence to be 11.26 and 18%, respectively.
However, the prevalence of hypertension showed a gradual decrease
from the north to the south. Thus, the prevalence of hypertension
(30.6%) reported in this study was higher than that in the southern
area (from 16.0 to 23.3%),11,12 but similar to that in the northeastern
area (from 33.8 to 36.2%)10,12 of China. In contrast, studies conducted
in Europe showed reduced blood pressure over the past two dec-
ades,3,5 whereas studies from the United States found a decreasing
trend in the prevalence of hypertension before 1990, with a rise in
recent years.4,28 Thus, the trend of the prevalence of hypertension
during the past two decades in the Chinese population studies is
different from that in Europe or the United States.

Our results confirmed that cigarette smoking was an associated risk
factor for hypertension,29 although the prevalence of smoking
dropped significantly over the 16 years, in contrast to the rapid
increase in the prevalence of hypertension during the same period
of time. It is noteworthy that smoking of any amount is an important
risk factor of hypertension and thus, completely abstaining from
smoking is important to reduce the risk of hypertension. However,
the association between alcohol consumption and hypertension was
significant only in heavy drinkers, which was consistent with pre-
viously reported results.18 The prevalence of overweight and obesity in
our study increased by 252 and 266%, respectively, from 1991 to 2007,
which is similar to a previous report from China.30 Our results
confirmed that overweight and obesity were independent risk factors
for hypertension,31 which may explain, at least in part, why the
prevalence of hypertension went up despite a decreased prevalence
of smoking and alcohol consumption during the past two decades.
The association between obesity and blood pressure was reportedly
more prominent in women,32 but our results showed that the impact
of obesity on hypertension appeared to be more significant in men
than in women. Differences in body fat distribution among different
races may partially account for the different impacts of gender and
obesity on blood pressure.
It should be noted that the education level in the Chinese rural

area under investigation was significantly improved in accordance
with economic development, although a low level of education was not
proven to be an independent risk factor for hypertension, contrary to
the results of a study conducted in a northeast rural area in China.10

One recent survey revealed that people with less physical activity had
higher blood pressure,33 and our study confirmed this finding. As most
people in the Chinese rural area do not engage in regular physical
activity during their leisure time, only work-related physical activity
was assessed in this study. Our results showed that the rate of high-
strength physical activity dropped 34.4% over the 16-year period,
representing an emerging risk factor for hypertension in China.

Table 4 Rates of hypertension self-awareness, treatment and control in different sex and ages among the Chinese rural adults in three surveys

Men Women Total

1991 2002 2007 1991 2002 2007 1991 2002 2007

Self-awareness, % (s.e.)

Age groups (years)

35–44 8.9 (1.3) 42.7 (1.8) 45.7 (2.5) 12.1 (1.5) 50.2 (1.7) 49.3 (1.9) 10.5 (1.0) 46.6 (1.2) 48.0 (1.5)

45–54 14.6 (2.2) 48.9 (1.7) 51.5 (2.2) 16.7 (2.3) 51.8 (1.6) 53.6 (1.7) 15.7 (1.6) 50.7 (1.2) 52.8 (1.3)

55–64 20.5 (2.7) 48.4 (2.4) 56.3 (1.9) 27.3 (2.9) 49.2 (2.3) 58.1 (1.5) 24.0 (2.0) 48.8 (1.7) 57.4 (1.2)

65–74 14.7 (3.3) 50.1 (3.1) 57.0 (2.4) 16.0 (3.2) 55.9 (2.7) 61.4 (2.0) 15.4 (2.3) 53.4 (2.0) 59.6 (1.5)

Treatment, % (s.e.)

Age groups (years)

35–44 4.9 (1.0) 30.8 (1.6) 28.9 (2.2) 8.0 (1.2) 39.9 (1.7) 33.4 (1.7) 6.5 (0.8) 35.5 (1.2) 31.8 (1.4)

45–54 8.8 (1.8) 36.4 (1.7) 37.6 (2.1) 11.6 (2.0) 44.6 (1.6) 41.9 (1.7) 10.2 (1.3) 40.9 (1.2) 40.3 (1.3)

55–64 12.5 (2.2) 39.1 (2.4) 44.0 (1.9) 13.5 (2.3) 43.9 (2.3) 42.3 (1.5) 13.0 (1.6) 41.6 (1.6) 43.0 (1.2)

65–74 7.6 (2.4) 38.2 (3.0) 46.7 (2.4) 8.9 (2.5) 42.7 (2.7) 52.0 (2.0) 8.3 (1.8) 40.8 (2.0) 49.8 (1.6)

Control, % (s.e.)

Age groups (years)

35–44 3.2 (0.8) 6.0 (0.8) 6.4 (1.2) 4.4 (0.9) 6.6 (0.9) 7.9 (1.0) 3.8 (0.6) 6.3 (0.6) 7.3 (0.8)

45–54 2.7 (1.0) 5.9 (0.8) 7.1 (1.1) 3.7 (1.2) 6.4 (0.8) 7.8 (0.9) 3.2 (0.8) 6.2 (0.6) 7.5 (0.7)

55–64 3.1 (1.2) 6.4 (1.2) 7.4 (1.0) 3.1 (1.1) 7.2 (1.2) 7.2 (0.8) 3.1 (0.8) 6.8 (0.8) 7.3 (0.6)

65–74 1.9 (1.2) 5.8 (1.5) 5.5 (1.1) 2.3 (1.3) 6.1 (1.3) 6.6 (1.0) 2.1 (0.9) 6.0 (1.0) 6.1 (0.7)
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An encouraging finding of this study was that the rate of hyperten-
sion awareness increased tremendously from 15.0% in 1991 to 49.0%
in 2002 and 52.4% in 2007, the latter being significantly higher than
that in a Chinese national survey (24%)7 and an Iranian study (34%),6

but relatively lower than that in a US study (63.0–68.5%)4,28 and a
Czech study (67.2%).3 These differences may reflect discrepancies in
public health education and medical resources.
In accordance with temporal changes in the rate of hypertension

awareness, the rate of hypertension treatment showed a substantial
increase from 8.9 to 38.3% over the 16-year period. Although the
latest rate of hypertension treatment obtained in this study was higher
than that in the Chinese national survey in 2002 (18.7%)7 and that in
a northeast rural area in China (19.8%),10 it is still lower than those
reported for the United States and Europe (43.0–61.4%).3,4,28 It is

noteworthy that the hypertension treatment rate did not improve
from 2002 to 2007, meaning that more than 60% patients with
hypertension did not receive any treatment.
As revealed in this study, the rate of hypertension control doubled

from 1991 (3.3%) to 2002 (6.3%) and from 1991 to 2007 (7.2%).
Although our study was performed in a rural area, the rate of
hypertension control was still higher than that (4.56%) reported by
the Chinese national survey in 20027 and that determined by a
northeast rural area in China (0.90%).10 However, it is still much
lower than that reported for the United States and other developed
countries and regions (from 8.7 to 35.1%).3,4,28,34,35 As it is the control
rate of hypertension that determines the clinical outcome of hyper-
tensive patients, the presence of a large number of patients with
uncontrolled hypertension represents a big burden to society. Further
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improvement in public health education and reform to the medical
insurance system will be necessary to effectively control hypertension
in the rural areas of China.
There were two major limitations in our study. First, our study

population included only rural populations in Shandong Province and
further studies should recruit both rural and urban populations to
accurately capture the evolution of hypertension in China. Second, we
did not collect data on serum lipid levels or other relevant laboratory
results. Therefore, contribution of these factors to the prevalence of
hypertension could not be analyzed.
In conclusion, in the rural area of Shandong Province, China, the

prevalence of prehypertension and hypertension was still on the rise
from 1991 to 2007. Remarkable increase of overweight and obesity
may partially explain the situation. Although the rates of hypertension
awareness, treatment and control more than doubled from 1991 to
2007, hypertension is still poorly controlled and has constituted a
major socioeconomic problem in China. Enhanced public health
programs are required to improve this situation among the rural
population in China.
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