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The authors retrospectively examined data from 3 sur-
veys on hypertension according to the 2010 Chinese
Guidelines for the Management of Hypertension. These
surveys were conducted in 1991, 1999, and 2007, and
included 85,371 individuals 18 years and older who were
living in Shandong Province, China. Age-standardized
prevalent hypertension increased from 15.6% in 1991 to
17.3% in 1999 and 32.7% in 2007 (both P<.0001). The
ascending prevalence can be partially explained by
increasing body weight. Among individuals with hyperten-
sion, awareness increased significantly from 27.8% in
1991 to 39.1% in 1999 and 49.2% in 2007. The propor-
tion of pharmacologic treatment also considerably

improved, with the estimate of 12.9%, 28.1%, and
43.3% in the 3 surveys, respectively. Hypertension control
increased from 3.0% to 4.4% to 7.1% in the past 20 years.
The upward trend in blood pressure control was mostly
attributable to a rise among men and persons at middle
age. This study suggests that the prevalence of hyperten-
sion increased in the Shandong population from 1991 to
2007. Although substantially improved, control rates were
still unacceptably low. Comprehensive strategies are
urgently required to put into practice for the management
of hypertension in Shandong Province, China. J Clin Hyper-
tens (Greenwich). 2012;14:637–643. �2012 Wiley Periodi-
cals, Inc.

Cardiovascular disease (CVD) is the leading cause of
death in the world, accounting for 30% of deaths
globally. It was estimated that 17.5 million deaths
were attributable to CVD worldwide in 2005 and this
number will increase to 20 million in 2015.1 Although
the age-adjusted CVD mortality rate and prevalence of
major cardiovascular risk factors have declined in
economically developed countries due to aggressive
application of preventive interventions, the burden of
CVD is substantially increasing in some developing
regions where socioeconomy has changed rapidly,
including China.2

Hypertension is not only an important modifiable
risk factor for CVD, but also a major public health
problem in both developed and developing countries.
More than one quarter of adults had hypertension in
2000 worldwide, and this was predicted to be 29.2%
by 2025, with almost three quarters in developing
countries.3 The estimated number of adult patients
with hypertension in 2000 was 181.6 million in China,
and modeled projections indicate an increase to
299.2 million by 2025.4 The prevalence of hyperten-
sion in Chinese adult populations increased from
13.6% in 1991 to 18% in 2002,5,6 but the ratio of

controlled to treated individuals were similarly lower,
at about 1:4. This situation was even worse in rural
China. The prevalence of hypertension in rural resi-
dents aged 35 to 74 years was 30.6%, and only 7.3%
achieved blood pressure (BP) control.7

We have participated in the 1991 China National
Hypertension Survey5 and the 1999 China National
Hypertension Survey Epidemiology Follow-Up Study.8

In 2007, we conducted a cross-sectional survey in
adults on the epidemiology of hypertension in Shan-
dong Province. To delineate the epidemiologic trends
and facilitate the development of appropriate strategies
for detection and prevention of hypertension, we
examined the changes in prevalence, awareness, treat-
ment, and control of hypertension through a retrospec-
tive analysis of the data in 1991, 1999, and 2007 in
Shandong Province according to the 2010 Chinese
Guidelines for the Management of Hypertension.9

METHODS

Study Design
We analyzed the data of Shandong Province retro-
spectively in this article. They were from the third
China National Hypertension Survey 1991, the
China National Hypertension Survey Epidemiology
Follow-Up Study 1999, and a cross-sectional survey
2007. A multi-stage random cluster sampling strategy
was used to collect information by well-trained phy-
sicians and nurses in a standardized interview and
physical examination. Specifically, in the first stage,
we selected districts or counties in Shandong
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Province. Secondly, a sampling of neighborhoods or
townships was done from districts or counties. The
third stage involved the selection of residential com-
mittees or villages from neighborhoods or townships.
Finally, all households within residential committees
or villages were visited. The protocol was approved
by the Shandong Academy of Medical Sciences ethics
review board. All participants provided written
informed consent.

BP Measurements and Definitions
The methodology of BP measurements was available
elsewhere.5,8,10,11 Quality control was ensured with
proofreading of health care professionals and statisti-
cal staff.

BP on the right arm was measured with a standard
mercury sphygmomanometer and appropriately sized
cuff after the participant rested in a sitting position for
5 minutes. Participants were instructed to avoid alco-
hol, coffee or tea, cigarette smoking, and exercise for
at least 30 minutes before BP measurement. Systolic
BP (SBP) and diastolic BP (DBP) were recorded at the
appearance and the disappearance of Korotkoff sound,
respectively. For the data from 1991 and 2007 where
3 readings were available, the average of the second
and third values was used for analysis. In the survey
from 1999, only 1 measurement was obtained. Other
methods employed in the 3 surveys were similar.

Hypertension was defined as a mean SBP �140 mm
Hg and ⁄ or mean DBP �90 mm Hg or self-reported
current use of antihypertensive medication. Awareness
of hypertension was defined as participants having
been informed at least once by a health care profes-
sional that they had hypertension. Hypertensive
patients were categorized as treatment if they were
taking a prescribed medicine for management of
hypertension. Control of hypertension was defined as
antihypertensive treatment associated with mean SBP
<140 mm Hg and mean DBP <90 mm Hg. Although
current guidelines in China9 recommend a lower goal
of BP <130 ⁄ 80 mm Hg for diabetic patients, recent
evidence from clinical trials suggests that an aggressive
BP-lowering therapy is not superior to a standard ther-
apy targeting SBP <140 mm Hg in preventing cardio-
vascular events.12,13 Therefore, we focus exclusively
on the goal of SBP <140 mm Hg and DBP <90 mm
Hg. Family history was documented as positive if �1
first-degree relatives have been diagnosed as having
hypertension.

Data Collection on Lifestyle Risk Factors and
Medical History
Lifestyle risk factors and medical history were
recorded according to the self-report by participants.
Cigarette smoking was defined as having smoked at
least one cigarette per day for �1 year. Alcohol con-
sumption was defined as drinking alcohol at least 12
times during the previous year. Body mass index
(BMI) was calculated as weight in kilograms divided

by squared height in meters. According to the Chinese-
specific criteria,6 body size was classified into 4 BMI
categories: underweight, defined as BMI <18.5 kg ⁄ m2;
normal weight, 18.5 kg ⁄ m2 to <24 kg ⁄ m2; over-
weight, 24 kg ⁄ m2 to <28 kg ⁄ m2; and obesity,
�28 kg ⁄ m2. Respondents were stratified into 6 age
groups: 18 to 29, 30 to 39, 40 to 49, 50 to 59, 60 to
69, and �70 years.

Statistical Analysis
SPSS 17.0 for Windows (SPSS Inc, Chicago, IL) was
used for data analysis. Participant characteristics were
summarized as mean�standard deviation or numbers
and percentages as appropriate. Comparisons of the
differences in continuous variables were performed
using one-way analysis of variance, while those of cat-
egorical variables were treated with chi-square test.
Correlation was determined to assess the association
between BP levels and the other parameters of cardio-
vascular risk factors. A two-sided P value <.05 was
considered statistically significant.

RESULTS

Sociodemographic Characteristics of Study
Sample
A total of 85,371 individuals 18 years and older
were included in this report, of which 38,146 were
from the survey of 1991, 25,532 from 1999, and
21,693 from 2007. Table I presents the sociodemo-
graphic characteristics of participants, including age,
sex, BP levels, family history of hypertension, body
weight, lifestyle, and education. The averages of BP
levels and BMI increased with time, which may
represent the rapid economic growth in China. The
proportion of male smokers was at least 10 times
higher than that of female smokers and the estimate
for drinkers was 25.

Prevalence of Hypertension
In 1991, 15.6% of the population had hypertension,
with higher prevalence among men than among
women (16.8% vs 14.4%; P<.0001). The prevalence
was 19.5% in 1999 (19.7% for men vs 19.3% for
women; P=.481) and 55.3% in 2007 (58.6% for men
vs 53.2% for women; P<.0001). If the prevalence in
1991 was regarded as a reference, the age-standardized
prevalence of hypertension was 17.3% (18.3% for
men vs 16.1% for women; P<.0001) in 1999 and
32.7% (36.3% for men vs 29.9% for women;
P<.0001) in 2007. In comparison with the data from
1991, the relative increases of age-standardized preva-
lence in the later two surveys were 11.1% and
110.2% (both P<.0001), respectively. The elevated
prevalence of hypertension may be related to the
increasing prevalence of overweight ⁄ obesity. For both
sexes, the prevalence of hypertension increased with
age, except that in the subgroups older than 70 years
in 1999 (Table II).
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Awareness, Treatment, and Control of
Hypertension
In 1991, less than one third of the individuals with
hypertension were aware of their condition. This rate
increased to two fifths in 1999 (P<.0001) and nearly
half in 2007 (P<.0001). The awareness was signifi-
cantly higher for women than for men (Figure 1A).
For each survey and both sexes, the awareness was
lowest in the subgroup of 18 to 29 year olds. It
peaked at the 50s age range in 1991 and at the 60s
age range in 1999 and 2007 (Figure 2A).

The proportion of hypertensive patients receiving
treatment improved notably with age. In 1991, only
about one eighth of hypertensive individuals were
treated with medications. However, it approximately
doubled in 1999 (P<.0001) and tripled in 2007
(P<.0001). The treatment was remarkably lower for
men than for women in each survey (Figure 1B). This
proportion was equivalent to almost half of those
aware of their hypertension in 1991, around 70% in
1999, and nearly 90% in 2007. The greatest increment
was in the subgroup of those 70 years and older for
both sexes (Figure 2B).

In 1991, only 3.0% patients with hypertension had
their BP controlled. The control rate increased by
49.7% (P<.0001) in 1999 (86.8% for men, P<.0001;

23.6% for women, P=.009) and by 139.4%
(P<.0001) in 2007 (14.0% for men and 100.7% for
women, both P<.0001). The difference of control was
significant between sexes in 1991 (P=.002), but it
disappeared in 1999 (P=.687) and 2007 (P=.203).
Although relative increment was substantial in men,
the absolute control rate was still lower than that in
women (Figure 1C). Unexpectedly, among the patients
who were treated with antihypertensive medications,
the control rate was about 23.1% in 1991, but 15.8%
in 1999 and 16.5% in 2007. As for the age-specific
subgroups, the control rate in each survey demon-
strated a pattern of inverted U curve. Pharmacologic
intervention was more effective in the hypertensive
patients at middle age (Figure 2C).

Relationship Between BP and BMI
From 1991 to 2007, both the prevalence of hyperten-
sion and the proportion of overweight ⁄ obesity increased
over time. In each survey and for both sexes, BMI was
positively correlated with BP levels. When the data of
all participants were pooled for analysis, Pearson
coefficient was 0.298 between BMI and SBP (0.280 for
men and 0.317 for women; all P<.0001) and 0.337
between BMI and DBP (0.342 for men and 0.350 for
women; all P<.0001). If the patients taking current

TABLE I. Characteristics of Participants in Surveys of 1991, 1999, and 2007

1991 (n=38,146) 1999 (n=25,532) 2007 (n=21,693) P for Trend

Age, y 46.7�15.8 43.8�13.8 52.9�12.0 <.0001

Sex <.0001

Men 18,495 (48.5) 12,354 (48.4) 8385 (38.7)

Women 19,651 (51.5) 13,178 (51.6) 13,308 (61.3)

Systolic blood

pressure

119.7�19.2 124.9�14.9 140.1�23.3 <.0001

Diastolic blood

pressure

73.8�11.1 79.0�8.9 84.5�12.4 <.0001

Family history

of hypertension

6783 (17.8) 5840 (22.9) 2356 (10.9) <.0001

Body mass index 22.5�3.3 23.4�2.6 24.7�3.7 <.0001

Underweight 2892 (7.6) 517 (2.0) 702 (3.2) <.0001

Normal weight 24,560 (64.4) 15,383 (60.2) 9016 (41.6)

Overweight 8405 (22.0) 8387 (32.8) 8187 (37.7)

Obesity 2289 (6.0) 1245 (4.9) 3788 (17.5)

Cigarette smoking 12,177 (31.9) 6799 (26.6) 3744 (17.3) <.0001

Men 11,034 (59.7) 6300 (51.0) 3555 (42.4)

Women 1143 (5.8) 499 (3.8) 189 (1.4)

Alcohol consumption 7762 (20.3) 5367 (21.0) 3674 (16.9) <.0001

Men 7535 (40.7) 5155 (41.7) 3564 (42.5)

Women 227 (1.2) 212 (1.6) 110 (0.8)

Education <.0001

Illiterate 9116 (23.9) 2521 (9.9) 4567 (21.1)

Primary school 7410 (19.4) 9499 (37.2) 8375 (38.6)

Middle school 11,947 (31.3) 12,540 (49.1) 6967 (32.1)

High school 7632 (20.0) 946 (3.7) 1380 (6.4)

College ⁄ university

or above

2041 (5.4) 26 (0.1) 404 (1.9)

The values are expressed as mean�standard deviation or number (percentage).
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antihypertensive agents were excluded and only the
data of untreated hypertensive and normotensive indi-
viduals were analyzed, Pearson coefficient was 0.256
between BMI and SBP (0.248 for men and 0.273 for
women; all P<.0001) and 0.307 between BMI and DBP
(0.317 for men and 0.319 for women; all P<.0001).
The association was stronger for DBP than SBP, and a
closer linear relationship was found in women than
in men.

DISCUSSION
This study indicates that the prevalence of age-stan-
dardized hypertension for both men and women con-
tinues to rise alarmingly in the adult population of
Shandong Province in the recent 2 decades. These find-
ings are consistent with the data of China National
Surveys from 1991 to 2002.5,6 The InterASIA Collabo-
rative Group reported that 27.2% of the Chinese adult
population aged 35 to 74 years had hypertension in
2000 to 2001. Results from a cross-sectional study
conducted in 2007 by Li and colleagues14 revealed
that the prevalence of hypertension was 43.8% in
rural residents 25 years and older. A similar trend was
also found in India. Data from a small-sample investi-
gation demonstrated that in the North Indian urban
population, the age- and sex-adjusted prevalence of
hypertension increased by 30% from 2000 to 2005.15

However, during the corresponding period, this situa-
tion was improved greatly in some developed coun-
tries. For example, the prevalent hypertension in the
United States increased from 23.9% in 1988–1994 to
28.5% in 1999–2000, but came to a halt at 29.0% in
2007–2008,16 suggesting achievement in the substan-
tial efforts of preventing hypertension.

We find that the rising prevalence of hypertension in
Shandong Province is paralleled by the prevalent trend
of overweight ⁄ obesity. In each survey and for both
sexes, a moderate and positive linear relationship was
confirmed between BMI and BP levels, regardless of
whether the data of the individuals whose BP levels
were modified with antihypertensive medications were
included for analysis. According to the data from 2002
China National Nutrition and Health Survey, the preva-
lence of overweight and obesity in adults 18 and older
was 22.8% and 7.1%, respectively.17 Although the

FIGURE 1. Total and sex-specific awareness, treatment, and control
of hypertension in the adult population of Shandong Province, China.
The awareness as well as treatment and control of hypertension was
significantly different between surveys among the total or sex-specific
populations (P<.01).

TABLE II. Prevalence of Hypertension in the Adult
Population of Shandong Province, China, From the
1991, 1999, and 2007 Surveys

Population

Group

1991 1999 2007

No. % No. % No. %

Total 5936 15.6 4976 19.5 11,993 55.3

Men 3114 16.8 2430 19.7 4913 58.6

Women 2822 14.4 2546 19.3 7080 53.2

Total, age, y

18–29 509 4.4 179 4.2 102 14.1

30–39 763 7.9 597 8.9 702 28.5

40–49 1030 15.7 1296 19.4 1911 44.3

50–59 1392 27.8 1292 32.5 4385 58.2

60–69 1370 38.5 1090 42.2 3380 70.8

70+ 872 45.9 522 39.3 1513 80.3

Men, age, y

18–29 397 7.0 122 5.1 47 17.5

30–39 522 11.0 355 10.9 331 36.0

40–49 528 16.6 625 19.8 792 50.9

50–59 674 28.0 631 33.2 1762 60.5

60–69 662 39.3 507 44.0 1373 69.8

70+ 331 40.6 190 38.9 608 79.9

Women, age, y

18–29 112 1.9 57 3.1 55 12.1

30–39 241 4.9 242 7.1 371 24.0

40–49 502 14.8 671 19.0 1119 40.6

50–59 718 27.6 661 31.9 2623 56.7

60–69 708 37.9 583 40.7 2007 71.4

70+ 541 49.9 332 39.6 905 80.5
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mean BMI in Chinese citizens was much lower than that
in Western populations, it increased significantly in the
late 20th century. Intake of high-calorie food and seden-
tary lifestyle are major contributors to weight gain. The
presence of obesity and overweight predicts the devel-
opment of hypertension.18,19 Even worse, the mean
BMI in Chinese children and adolescents aged 7 to
17 years increased by 0.9 kg ⁄ m2 from 1991 to 2006,
and the prevalence of overweight and obesity increased
from 5.2% to 13.2%.20 Such temporal trends impose a
huge challenge for the prevention of adult hypertension
in the next 10 years. Weight loss by means of a health-
ful diet and physical activity is associated with a notable
reduction in BP.21,22

Different from the disappointing tendency of preva-
lence in the Shandong population, the trends in aware-
ness, treatment, and control of hypertension improved
from 1991 to 2007. In recent 20 years, the diagnosis
and treatment of hypertension in Mainland China was
under the supervision of guidelines on hypertension
issued by the World Health Organization and Interna-
tional Society of Hypertension23,24 with some adapta-
tion or by the Chinese Hypertension League.10,11

These guidelines promoted the management of hyper-
tension by offering available and appropriate recom-
mendations to health care providers. Meanwhile, the

access to health care in China was remarkably
improved in the past decade. Insurance coverage
increased from 7% in 1999 to 96% in 2011,25,26

which greatly contributed to the improvements in
awareness and treatment of hypertension. Neverthe-
less, a huge gap exists in dealing with hypertension
between China and Western countries. In the United
States, the Healthy People 2010 goal of controlling BP
in 50% of all individuals with hypertension was
achieved 2 years in advance.16 Public health policies
should be reinforced to raise the awareness and inter-
vention of hypertension in China.

The improvement of awareness in youth was
remarkable over time. The proportion of younger indi-
viduals who were aware of their hypertension and
treated with medications was still less than other age
groups, however, which resulted in a lower control
rate. In general, young people seldom feel ill enough
to see a doctor. It is difficult to perceive the elevated
BP without any symptoms or physical examinations.
On the other hand, more hypertensive patients
60 years or older realized their condition and received
pharmacologic therapy, but the control rate is
paradoxically lower in this group than that in the
middle-aged group. Aging and concomitant diseases
are clinical characteristics associated with resistant

FIGURE 2. Age-specific awareness (A), treatment (B), and control (C) of hypertension in the adult population of Shandong Province, China.
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hypertension.27 Achievement of BP control is one of
the most important targets for public health policy
and clinical practice. Complementary programs are in
urgent demand to raise the awareness and treatment in
the young population and enlarge the proportion of
patients treated and controlled in the elderly.

In comparison with the findings in women, the prev-
alence of hypertension was higher in men, while the
BP control as well as awareness and treatment was
lower. In addition to the protective role of endogenous
estrogen against hypertension,28 cigarette smoking and
alcohol consumption explain this disparity between
sexes to some extent. As indicated in Table I, the pro-
portion of smokers was exceedingly higher in men
than in women, and so was that of drinkers. Recent
cross-sectional studies suggested that cigarette smoking
and excessive alcohol consumption are both associated
with elevated BP and risk of hypertension in the Chi-
nese adult population.29,30 Even so, when compared
with the trends from 1991 to 2007 in women, the
acceleration of awareness, treatment, and control rate
was slightly greater in men.

LIMITATIONS
This retrospective analysis was conducted to delineate
the epidemiological trends of adult hypertension in 3
large representative samples of the Shandong popula-
tion. Stringent procedures were used to ensure high
quality in data collection and processing. However,
several limitations should be taken into consideration.
Firstly, some subpopulations were not sampled in each
survey, such as pregnant women, hospitalized patients,
prisoners, and military personnel, which may under-
mine the estimates related to hypertension. Secondly, a
small minority of individuals were diagnosed with
stage 1 hypertension. Underestimation bias may exist
if their BP falls into the high-normal category or was
controlled with nonpharmacologic therapy at the time
of survey. On the other hand, inclusion of white-
coat hypertension results in potential overestimates.
Patients with these conditions are of particular concern
in view of the fact that they are at an increased risk of
sustained hypertensive state and poor prognosis.31

Moreover, the guidelines recommend that the diagno-
sis and classification of hypertension should be made
on the basis of 3 measurements from different days,9

and patients with various stages of hypertension
should be followed-up for confirmation.32 A single-
visit BP measurement may overestimate the prevalence
and underestimate the control rate of hypertension.
Finally, the first reading of BP is often higher than the
actual level. It is advisable to attenuate the physician
effect on BP values by using the average of the second
and third readings for analysis.16 However, only one
BP reading was available in the survey from 1999.

CONCLUSIONS
The overall trend of hypertension control was upward
from 1991 to 2007, but the rates were far from

acceptable. Meanwhile, the age-standardized preva-
lence of hypertension doubled, driven primarily by a
rise in BMI. Shandong Province is located in the east
of North China. The dietary intake of sodium is signif-
icantly higher in northern residents than those living in
the southern areas of China. Salt consumption
accounts partially for the geographic variations in
hypertension prevalence.33,34 In addition, cigarettes
and alcohol might contribute to the difference of
hypertension between sexes. Population-based health
education, dietary and lifestyle modification, and
pharmacologic therapy are all effective measures to
reduce the prevalence and increase the control rate of
hypertension. Comprehensive strategies are urgently
required to focus on maintaining optimal body weight,
lowering sodium intake, abstaining from smoking and
drinking in men, raising awareness and treatment of
hypertension in youth, and implementing aggressive
antihypertensive interventions in the elderly.
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