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Objective. This study is aimed at exploring the trends in the prevalence, awareness, treatment, and control of hypertension in rural
northeast China from 2008 to 2018. Methods. Two successive cross-sectional surveys were conducted in Liaoning rural areas in
2008 and 2018, which included 131520 and 10926 representative participants aged ≥ 40 years, respectively. Results. Overall, the
age-standardized prevalence of hypertension increased from 44.7% to 53.6%, and male residents showed a faster pace of increase
and a 2.1-fold increase than female residents (25.5% vs. 10.6%) from 2008 to 2018. Moreover, the mean systolic and diastolic
blood pressures increased by 9.0% and 4.1%, respectively, and the increase rates were greater in men than in women (9.2% vs.
8.9% and 5.3% vs. 3.5%, P < 0:05). Additionally, the prevalence of stage 2 and above hypertension was significantly higher in
men than in women. However, the awareness, treatment, and control rates showed no improvement and remained unacceptably
low. Control rates were 3.7% in 2008 and 3.6% in 2018. Even among individuals who received medical treatment, only 8.7% and
10.1% had controlled hypertension in 2008 and 2018, respectively. Conclusions. The prevalence of hypertension and mean blood
pressure increased steadily in the past 10 years in rural northeast China, especially in men. However, the awareness, treatment,
and control rates of hypertension remained extremely low. Therefore, long-term comprehensive strategies are urgently needed
to prevent further development of cardiovascular diseases in these areas.

1. Introduction

Hypertension has long been considered as a major public
health problem [1]. As a leading modifiable risk factor of var-
ious cardiovascular diseases, it accounts for nearly 54% of
stroke and 47% of coronary artery disease [2]. A previous
study reported that the number of individuals with hyperten-
sion was projected to be nearly 1.56 billion by 2025 world-
wide, and approximately 3/4 of them will be in developing
countries [3]. The economic burden of hypertension was esti-

mated to cost approximately US $370 billion and 10% of
healthcare expenditures worldwide [4]. Therefore, strategies
targeted on hypertension management could provide under-
estimated public health gains.

The status of hypertension varies widely with different
geographic, demographic, and socioeconomic factors. The
prevalence of hypertension is significantly high in northeast
China compared to those in other regions [5]. Moreover,
more than half of the Chinese population is composed of
rural residents. These populations possibly remain unaware,
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and hypertension remains untreated and uncontrolled
despite the high prevalence [6]. Furthermore, rural China
has been experiencing rapid epidemiologic transitions and
economic progress in the past 10 years [7], so the status
and distribution of hypertension might change accordingly.
However, long-term estimates of the trends in hypertension
remain scarce even though the prevalence of hypertension
in different regions of China has been widely reported [8, 9].

An accurate estimation of the long-term trends of this
condition is crucial in proposing effective strategies and pro-
grams regarding the prevention and control of hypertension,
as well as planning the rational use of limited healthcare
resources in rural China. In the present study, we conducted
a cross-sectional survey of two large representative rural pop-
ulations in 2008 and 2018, aiming to identify long-term nat-
ural changes in the prevalence, treatment, and control of
hypertension in rural northeast China and further provide
population-based evidence for formulating corresponding
strategies.

2. Methods

2.1. Study Population. This consisted of two cross-sectional
studies conducted in northeast rural China in 2008 and
2018. A multistage, stratified, and cluster random sampling
method was used to ensure that the samples of the two stud-

ies were representative. Further details on the design are
described as follows.

2.2. Cross-Sectional Study in 2008. The study was conducted
from September 2008 to November 2008. Six counties/cities
(Zhuanghe city, Benxi county, Fumeng county, Jianping
county, Xifeng county, and Dawa county) were selected from
Liaoning Province. Subsequently, 70% of the township and
50% of the villages were randomly selected. Thereafter, 626
rural villages in 96 townships were randomly selected from
these 6 counties/cities. All permanent residents aged ≥ 40
years in each village (n = 149882), except those who were
pregnant or had a mental disorder, were eligible to partici-
pate; 131520 participants (87.75%) completed the study
(Figure 1). The study was approved by the Central Ethics
Committee of the Liaoning Provincial Center for Disease
Control and Prevention. Written informed consent was
obtained from all participants.

2.3. Cross-Sectional Study in 2018. The study was conducted
between September 2017 and May 2018. Four counties
(Chaoyang, Lingyuan, Liaoyang, and Donggang) were ran-
domly selected from Liaoning Province. Subsequently, 19
rural villages were randomly selected from these four
counties. All permanent residents aged ≥ 40 years in each vil-
lage (n = 12808), except those who were pregnant or had a

A multiple-stage, stratified and cluster random sampling
method was employed

2008

Six countries/cities were selected in Liaoning Province
(Zhuanghe, Benxi, Fumeng, Jianping, Xifeng, Dawa)

Four countries/cities were selected in Liaoning Province
(Liaoyang, Chaoyang, Dandong, Donggang)

4 townships with 19 villages were randomly selected96 townships with 628 villages were randomly selected

Permanent residents aged ≥ 40 years were invited ( n = 149882) Permanent residents aged ≥ 40 years were invited ( n = 12808)

131520 were included finally (response rate 87.75%) 10926 were included finally (response rate 85.30%)

Participants with hypertension (n = 58303) Participants with hypertension (n = 6623)

Male: 27553 Female: 30750 Male: 2791 Female: 3932

2018

Figure 1: Flow chart of patient selection.
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mental disorder, were eligible to participate; overall, 10926
participants (85.30%) completed the study (Figure 1). The
study was approved by the Central Ethics Committee of the
China National Center for Cardiovascular Disease. Written
informed consent was obtained from all participants.

2.4. Measurements and Definitions. Patients and public will
not be involved in the development of the research question
or in the design of the study. Patients will receive written
information about this trial. Moreover, the burden of hyper-
tension will be assessed by investigators. After signing an
informed consent by the participants, they will be assessed
for eligibility and data collection will begin. Dissemination
of the general results (no personal data) will be made on
demand. For each participant, blood pressure was measured
three times at 2min intervals after at least 5min of rest in
the sitting position using a standardized automatic electronic
sphygmomanometer (J30; Omron, Kyoto, Japan). Partici-
pants were asked during the interview whether they had used
prescription medication for blood pressure in the past two
weeks.

Hypertension was defined as a mean systolic blood pres-
sure ðSBPÞ ≥ 140mmHg or a mean diastolic blood pressure
ðDBPÞ ≥ 90mmHg and/or self-reported use of antihyperten-
sive medication in the past 2 weeks according to the 2010
Chinese guidelines for the management of hypertension
[10]. Prehypertension was considered as an SBP ≥ 120
mmHg and <140mmHg and DBP ≥ 80mmHg and
<90mmHg and not using antihypertensive medication. Stage
1 hypertension was defined as an average SBP ≥ 140mmHg
and <160mmHg and/or DBP ≥ 90mmHg and <100mmHg;
stage 2 hypertension was defined as SBP ≥ 160mmHg and
<180mmHg and/or DBP ≥ 100mmHg and <110mmHg;
stage 3 hypertension was defined as SBP ≥ 180mmHg and/or
DBP ≥ 110mmHg [11].

Each participant had a medical history of hypertension.
Awareness of hypertension was defined as having an answer
of “Yes” to the question “Have you been diagnosed with
hypertension by a certified doctor?” Treatment of hyperten-
sion was defined as use of antihypertensive medication in
the past 2 weeks. Hypertension control was defined as an
average SBP < 140mmHg and an average DBP < 90mmHg,
while uncontrolled hypertension was considered as not meet-
ing these criteria.

2.5. Statistical Methods. Descriptive statistics were calculated
for all variables. Continuous variables with normal distribu-
tion are reported as means and standard deviations (SDs).
Meanwhile, continuous variables are reported as medians
and interquartile ranges. Student’s t-test and nonparametric
Mann–Whitney test were used, as appropriate, to compare
differences in continuous variables between sex subgroups.
All statistical analyses were conducted using SPSS 22.0 (SPSS
Inc., Chicago, IL, USA). P values < 0.05 were considered sta-
tistically significant.

3. Results

3.1. Prevalence of Hypertension. In 2008, the sample included
131520 individuals with a mean age of 54.1 years (SD, 9.7), of
which 64430 (48.9%) were men. On the contrary, in 2018,
10926 participants accomplished the study, with 4390 men
(40.2%) and an average age of 60.0 years (SD 10.1). Table 1
shows the prevalence of hypertension in the past 10 years.
There was a noticeable increase in the prevalence of hyper-
tension during this period. The crude prevalence of hyper-
tension was 44.3% in 2008 and 60.6% in 2018. Noticeably,
the prevalence of hypertension was lower in men than in
women in 2008. However, it did not differ significantly
between men and women in 2018 due to the steeper increase
in the prevalence of hypertension in men. The highest age-
specific prevalence of hypertension was observed in those
aged 50–59 years in 2008; however, it changed into 60–69
years in 2018.

The age-standardized prevalence was 44.7% to 53.6%
from 2008 to 2018, which increased by 16.5% during this
period. Further, male residents showed a faster pace of
increase than female residents, from 42.7% to 55.1% com-
pared to 46.7% to 53.3%, respectively. The prevalence of
hypertension in men showed a more rapid increase than that
in women (29.0% vs. 14.1%, P < 0:05) in 10 years.

The percentages of normal condition and prehyperten-
sion showed a significant decrease in the past 10 years, espe-
cially in men, as shown in Table 2. However, the percentages
of stage 2 and 3 hypertension in men increased significantly
from 2008 to 2018, with rates of 44.3% and 19.0%,
respectively.

3.2. Blood Pressure. The trends of blood pressure in the over-
all population were demonstrated in Table 3. From 2008 to

Table 1: Prevalence and age-standardized prevalence rates of hypertension and their percentage change by sex in rural northeast China,
2008-2018.

Age groups (years)
Men Women Total

P for men P for women P for total
2008 2018 Change (%) 2008 2018 Change (%) 2008 2018 Change (%)

40-49 29.3 45.1 54.0 29.8 35.4 18.8 29.6 38.8 31.1 <0.001 <0.001 <0.001
50-59 43.3 54.0 24.8 48.0 53.8 12.1 45.7 53.9 17.9 <0.001 <0.001 <0.001
60-69 55.3 64.8 17.1 61.8 70.1 13.4 58.5 67.8 15.9 <0.001 <0.001 <0.001
70-79 66.8 77.3 15.7 71.1 80.4 13.0 68.8 78.9 14.7 <0.001 <0.001 <0.001
≥80 69.1 74.3 7.5 75.4 82.7 9.6 72.2 78.9 9.2 0.224 0.05 0.019

Total 42.8 61.3 43.2 45.8 60.2 31.4 44.3 60.6 36.8 <0.001 <0.001 <0.001
ASR∗ 42.7 55.1 29.0 46.7 53.3 14.1 44.7 53.6 19.9
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2018, these two groups manifested a continuous increase in
both SBP and DBP. The mean SBP increased from
133.6mmHg in 2008 to 145.7mmHg in 2018, with a rate of
9.0% (9.2% in men and 8.9% in women). Meanwhile, the
mean DBP increased from 83.3mmHg to 86.7mmHg, with
a rate of 4.1% (5.3% in men and 3.5% in women). Addition-
ally, SBP showed a gradual increase with increasing age in

both 2008 and 2018; however, DBP did not show a significant
change across all ages. In the population with hypertension,
the SBP increased by 5.2% although DBP did not show a sig-
nificant change.

3.3. Awareness, Treatment, and Control Rate of Hypertension.
Overall, the awareness, treatment, and control rates of

Table 2: Prevalence of normal, prehypertension, stage 1, stage 2, and stage 3 and their percentage change by sex in rural northeast China,
2008-2018.

Age groups (years)
Men Women Total

P for men P for women P for total
2008 2018 Change (%) 2008 2018 Change (%) 2008 2018 Change (%)

Normal

40-49 19.3 14.6 -24.0 33.9 28.6 -15.7 26.9 23.7 -11.7 0.003 <0.001 0.003

50-59 15.6 12.1 -22.6 21.8 14.2 -34.9 18.8 13.4 -28.7 0.001 <0.001 <0.001
60-69 13.0 9.1 -29.8 14.5 9.1 -37.4 13.8 9.1 -33.8 <0.001 <0.001 <0.001
70-79 10.1 4.0 -60.5 10.0 8.4 -16.1 10.1 6.4 -36.8 <0.001 0.14 <0.001
≥80 8.9 5.6 -37.7 7.4 4.0 -44.9 8.1 4.7 -41.9 0.192 0.128 0.042

Total 15.9 9.8 -38.4 23.9 14.1 -41.0 20.0 12.4 -38.0 <0.001 <0.001 <0.001
ASR ∗ 15.9 11.6 -27.0 23.5 18.0 -23.4 19.9 15.8 -20.6

Prehypertension

40-49 52.8 40.5 -23.1 37.6 37.1 -1.2 44.9 38.3 -14.6 <0.001 0.745 <0.001
50-59 42.6 36.0 -15.3 32.1 34.4 7.3 37.1 35.0 -5.7 <0.001 0.028 0.015

60-69 33.6 28.4 -15.5 25.8 23.6 -8.2 29.7 25.7 -13.7 <0.001 0.036 <0.001
70-79 25.2 20.2 -20.0 20.8 14.7 -29.4 23.1 17.2 -25.5 0.003 <0.001 <0.001
≥80 24.1 21.5 -10.7 18.6 16.2 -12.8 21.4 18.6 -12.9 0.519 0.48 0.29

Total 42.8 30.7 -28.3 32.0 28.2 -11.9 37.3 29.2 -21.7 <0.001 <0.001 <0.001
ASR∗ 42.9 34.6 -19.3 31.4 30.8 -1.9 37.0 32.3 -12.7

Stage 1

40-49 18.5 27.6 49.5 16.7 22.5 34.9 17.5 24.3 38.5 <0.001 <0.001 <0.001
50-59 24.1 29.4 21.7 23.3 27.2 16.6 23.7 28.0 18.1 <0.001 <0.001 <0.001
60-69 27.8 31.5 13.1 26.4 31.6 19.5 27.1 31.5 16.2 0.002 <0.001 <0.001
70-79 30.8 34.9 13.2 27.1 28.2 4.4 29.0 31.3 7.9 0.024 0.468 0.059

≥80 31.5 34.0 8.0 25.3 27.2 7.2 28.4 30.3 6.5 0.564 0.634 0.528

Total 23.5 31.0 31.9 21.7 27.9 28.6 22.6 29.2 29.2 <0.001 <0.001 <0.001
ASR∗ 23.3 29.7 27.5 21.7 26.2 20.7 22.5 27.5 22.2

Stage 2

40-49 6.2 12.2 95.6 7.8 8.2 4.2 7.1 9.6 35.5 <0.001 0.673 <0.001
50-59 11.6 16.2 39.4 14.3 16.9 17.9 13.0 16.6 27.7 <0.001 0.002 <0.001
60-69 16.9 21.6 27.6 20.6 21.9 6.3 18.7 21.7 16.1 <0.001 0.17 <0.001
70-79 21.5 25.5 18.8 24.4 29.4 20.2 22.9 27.6 20.5 0.012 0.002 <0.001
≥80 19.7 22.9 16.1 27.9 29.5 5.8 23.8 26.5 11.5 0.401 0.681 0.319

Total 11.6 19.4 67.2 13.9 18.9 36.0 12.8 19.1 49.2 <0.001 <0.001 <0.001
ASR∗ 11.5 16.6 44.3 14.5 16.1 11.0 13.0 16.1 23.8

Stage 3

40-49 3.3 5.0 52.3 4.0 3.6 -9.4 3.6 4.1 12.3 0.015 0.515 0.31

50-59 6.1 6.3 3.8 8.6 7.4 -13.9 7.4 7.0 -5.3 0.744 0.062 0.41

60-69 8.7 9.5 9.0 12.7 13.8 8.7 10.7 12.0 12.1 0.297 0.153 0.017

70-79 12.3 15.4 24.8 17.7 19.3 9.0 14.9 17.5 17.5 0.019 0.256 0.007

≥80 15.7 16.0 1.4 20.9 23.1 10.7 18.3 19.9 8.6 0.948 0.536 0.527

Total 6.2 9.2 48.4 8.4 10.8 28.6 7.3 10.2 39.7 <0.001 <0.001 <0.001
ASR∗ 6.3 7.5 19.0 8.9 8.9 0.0 7.6 8.2 7.9
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hypertension were 54.2%, 42.0%, and 3.7% in 2008 and
47.5%, 35.4%, and 3.6% in 2018 in northeast rural China
(Table 4). The awareness and treatment of hypertension did
not have a significant improvement during this period.
Among those who are aware of their hypertension, 69.4%
and 74.5% received medical treatment in 2008 and 2018,
respectively. However, a majority of these individuals did
not achieve better control of blood pressure, with low control
rates of 8.7% and 10.1% in 2008 and 2018, respectively. What
was worth noticeable was that, among those who did not
achieve adequate control of blood pressure, stage 2 and 3
hypertension accounted for 47.1% and 46.4% in 2008 and
2018, respectively.

4. Discussion

The major findings of the study were as follows. (1) The age-
standardized prevalence of hypertension increased from
46.0% to 53.6% in rural northeast China from 2008 to 2018,
with a rate of 16.5%. (2) Men had higher increase rate in
the prevalence of hypertension than women in the past 10
years. Moreover, the prevalence of stage 2 and 3 hypertension
was higher in men than in women. (3) The SBP and DBP
showed increasing trends in the overall population from
2008 to 2018, and greater upward shift of blood pressure in
men than in women was observed, suggesting increased car-
diovascular risk and end-organ damage in the future decades,
especially in men. (4) Hypertension awareness, treatment,
and control rates remained disproportionately low. There-
fore, comprehensive strategies should be highlighted in the
prevention andmanagement of hypertension in terms of pre-
venting adverse outcomes in the future decades.

The present study showed that the hypertension status
was becoming worse over the past 10 years in rural northeast
China. The prevalence of hypertension in rural northeast
China was higher than the average national level conducted
in 2002 and 2017 [8, 12], which also exceeded the estimation

of 42% reported by the Prospective Urban Rural Epidemiol-
ogy study in 2003–2009 [13]. Compared with other regions
of China, the prevalence of hypertension obviously increased,
with the frustrating low awareness, treatment, and control
rates [14–16]. Compared to those in the studies conducted
in other countries with no or slight changes in prevalence,
awareness, treatment, and control rates, the status of rural
northeast China remained suboptimal [1, 13, 15].

The awareness, treatment, and control rates of hyperten-
sion in rural north China increased significantly in 1991 to
2011 as previously reported. However, the two surveys were
conducted in the same population [17]. On the contrary,
the present study consisted of two representative samples
without any intervention. In this regard, we considered that
our study represented a more accurate estimation of natural
changes during this period in rural northeast China. Liaoning
Province has an overall population of 43.78 million, a major-
ity of the residents are living in rural areas, and hypertension
has become a great population burden and major public
health challenge in these areas. Therefore, comprehensive
strategies focusing on the prevention and treatment of hyper-
tension in these areas should be emphasized.

The SBP showed a noticeable increase in the past 10 years
in both overall population and those with hypertension, sug-
gesting that the situation has markedly worsened over several
years. As rural China has been experiencing rapid socioeco-
nomic changes and health transitions [18, 19], the uncon-
trolled related risk factors including age, male sex, diabetes,
obesity, dyslipidemia, hyperuricemia, and lifestyle change
might largely contribute to the increasing burden of hyper-
tension, although great efforts have been made to address
the cause of hypertension and implement appropriate treat-
ment. Moreover, it was not surprising that the prevalence
of hypertension in male residents had a faster pace of
increase. Male residents were likely to have multiple risk fac-
tors including smoking and drinking in rural areas [20].
Moreover, the age-specific prevalence was different from

Table 3: Level of SBP and DBP (mmHg) in adults of rural northeast China by age and sex between 2008-2018.

Age group (years)
Men Women Total

P for men P for women P for total
2008 2018 Change (%) 2008 2018 Change (%) 2008 2018 Change (%)

SBP in adults

40-49 127.1 134.6 5.9 125.2 130.3 4.1 126.1 131.8 4.5 <0.001 <0.001 <0.001
50-59 133.1 140.9 5.8 134.9 142.1 5.3 134.0 141.6 5.7 <0.001 <0.001 <0.001
60-69 139.0 147.9 6.4 143.1 151.8 6.1 141.0 150.1 6.4 <0.001 <0.001 <0.001
70-79 144.8 155.3 7.2 149.5 158.8 6.2 147.0 157.2 6.9 <0.001 <0.001 <0.001
≥80 146.9 154.5 5.2 152.5 162.0 6.2 149.7 158.6 6.0 0.001 <0.001 <0.001

Total 133.2 145.4 9.2 134.0 145.9 8.9 133.6 145.7 9.1 <0.001 <0.001 <0.001
DBP in adults

40-49 81.2 88.0 8.4 79.6 83.7 5.1 80.3 85.2 6.0 <0.001 <0.001 <0.001
50-59 84.1 88.9 5.8 83.9 86.4 3.0 84.0 87.3 4.0 <0.001 <0.001 <0.001
60-69 85.4 87.6 2.6 86.1 86.6 0.6 85.8 87.0 1.5 <0.001 0.137 <0.001
70-79 86.6 87.2 0.7 87.1 85.3 -2.1 86.9 86.2 -0.8 0.265 <0.001 0.065

≥80 86.4 86.4 0.0 88.1 88.1 -0.1 87.3 87.3 0.1 0.977 0.971 0.96

Total 83.5 87.9 5.3 83.0 85.9 3.5 83.3 86.7 4.1 <0.001 <0.001 <0.001
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2008 to 2018. The highest age-specific prevalence of hyper-
tension was observed in those aged 50–59 years in 2008; how-
ever, it changed into 60–69 years in 2018. Longer life
expectancy likely attributed to the change.

In addition to the increased prevalence, our study identi-
fied that the overall awareness, treatment, and control rates
of hypertension remained less than 50%, 40%, and 7%,
respectively, in the last decade. Compared to those in eco-
nomically developed countries, they were far from satisfac-
tory [4, 21, 22]. Moreover, the treatment and control rates
of hypertension were still remarkably below the national
average levels and those in other developing countries [8,
23, 24]. The persistent frustrating awareness, treatment, and
control rates of hypertension suggested that aggressive edu-
cation and screening were urgently required in these areas.
Moreover, provision of adequate treatment and affordable
medications provided by protocols and policies might be of
great importance.

The disappointing awareness, treatment, and control
rates indicated that a considerably large number of individ-
uals with uncontrolled hypertension largely contributed to

the high prevalence of stroke in northeast China, which elic-
ited a major concern in these areas [6, 20]. Individuals with
stage 2 and 3 hypertension were more likely to be aware of,
treated for, and controlled for hypertension, although there
were still a large proportion of this population who had
uncontrolled hypertension [8, 25]. It was possible that indi-
viduals with low income and without prior cardiovascular
events and/or coexisting conditions were less likely to seek
medical attention [8]. Therefore, available and affordable
therapies in addition to persistent education and long-term
screening in the rural Chinese population were reasonably
expected.

The strength of this study is that the surveys were con-
ducted in two representative rural populations and were ade-
quately powered, thus providing opportunity to assess the
long-term natural changes of hypertension in rural northeast
China. There are still several limitations in the study. First,
the current hypertension guideline defined stage 1 hyperten-
sion as SBP of 130–139mmHg or DBP of 80–89mmHg [26].
However, in the present study, hypertension was defined
according to the previous guideline, since the current

Table 4: Awareness, treatment, and control of hypertension among rural adults of northeast China by age and sex in 2008-2018.

Age groups
(years)

Men Women Total
P value for

men
P value for
women

P value for
total2008 2018

Change
(%)

2008 2018
Change
(%)

2008 2018
Change
(%)

Awareness

40-49 38.6 36.5 -5.4 49.5 40.6 -17.8 44.3 39.0 -12.0 0.468 <0.001 0.005

50-59 48.7 40.0 -17.9 59.6 48.6 -18.4 54.6 45.4 -16.9 <0.001 <0.001 <0.001
60-69 55.2 42.7 -22.7 64.5 52.6 -18.5 60.1 48.6 -19.1 <0.001 <0.001 <0.001
70-79 56.6 43.6 -23.0 64.0 59.9 -6.4 60.2 52.5 -12.8 <0.001 0.039 <0.001
≥80 52.5 37.4 -28.8 59.0 60.8 3.2 55.8 50.8 -9.0 0.006 0.698 0.166

Total 48.9 41.3 -15.6 58.9 51.7 -12.1 54.2 47.5 -12.3 <0.001 <0.001 <0.001
Treatment

40-49 28.2 21.6 -23.5 37.3 27.7 -25.7 33.0 25.2 -23.5 0.013 <0.001 <0.001
50-59 36.0 25.5 -29.1 46.9 37.5 -20.1 42.0 33.1 -21.2 <0.001 <0.001 <0.001
60-69 42.7 31.3 -26.8 52.0 42.8 -17.8 47.6 38.1 -19.9 <0.001 <0.001 <0.001
70-79 44.5 29.4 -33.8 52.5 49.1 -6.4 48.4 40.2 -16.9 <0.001 0.103 <0.001
≥80 42.3 15.9 -62.4 47.2 38.5 -18.5 44.8 28.8 -35.8 <0.001 0.073 <0.001

Total 37.0 27.8 -24.8 46.5 40.6 -12.7 42.0 35.4 -15.7 <0.001 <0.001 <0.001
Control

40-49 4.5 0.7 -85.0 4.5 3.2 -27.4 4.5 2.2 -51.0 0.002 0.229 0.003

50-59 3.3 4.0 19.0 3.9 4.4 14.6 3.6 4.2 17.5 0.384 0.355 0.173

60-69 3.3 3.5 5.3 3.4 4.0 17.4 3.4 3.8 12.7 0.767 0.25 0.27

70-79 3.3 1.9 -41.5 2.7 4.3 61.6 3.0 3.2 8.4 0.08 0.019 0.63

≥80 3.0 1.9 -38.1 1.8 3.5 94.8 2.4 2.8 17.3 0.522 0.241 0.717

Total 3.6 2.9 -19.5 3.7 4.1 9.2 3.7 3.6 -2.0 0.06 0.288 0.763

Control among treated

40-49 16.0 3.1 -80.4 11.9 11.7 -2.3 13.6 8.7 -36.0 0.005 0.928 0.056

50-59 9.2 15.5 67.9 8.2 11.8 43.3 8.6 12.8 49.2 0.007 0.012 <0.001
60-69 7.8 11.2 43.9 6.6 9.4 42.8 7.1 10.0 40.8 0.031 0.009 0.001

70-79 7.3 6.5 -11.6 5.1 8.7 72.7 6.1 8.0 30.5 0.683 0.007 0.105

≥80 7.1 11.8 64.7 3.8 9.1 139.0 5.3 9.7 82.6 0.495 0.115 0.157

Total 9.7 10.4 7.1 8.0 10.0 25.0 8.7 10.1 16.3 0.538 0.006 0.021
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Chinese guidelines for the management of hypertension rec-
ommended a blood pressure treatment goal of 140/90mmHg
[16, 27]. Second, we did not obtain information regarding the
risk factors of hypertension, including obesity, diabetes, dys-
lipidemia, and lifestyle change, since it was well established
recently [28, 29].

5. Conclusion

We provided the long-term natural evolution of the preva-
lence, awareness, treatment, and control of hypertension by
conducting two cross-sectional studies in different represen-
tative samples. A comprehensive assessment of these changes
was essential in exploring effective strategies in northeast
rural China. The prevalence of hypertension dramatically
increased in the past 10 years. The increasing number of indi-
viduals with hypertension and increased blood pressure has
become a serious public problem in these areas, especially
in men. Moreover, the awareness, treatment, and control
rates were frustratingly low in each period, even among indi-
viduals with stage 2 and above hypertension. Inadequate
management of the population with hypertension might
have substantial economical and health consequences,
including the development of cerebrovascular, kidney, and
heart diseases. Therefore, our study highlighted the urgent
need to develop comprehensive strategies for adequate man-
agement of hypertension in rural northeast China.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Ethical Approval

The study in 2008 and 2018 was granted approval by Central
Ethics Committee at the Liaoning Provincial Center for Dis-
ease Control and Prevention and China National Center for
Cardiovascular Disease, respectively.

Consent

Written informed consent was obtained from all
participants.

Conflicts of Interest

The authors declared they have no competing interests.

Authors’ Contributions

GP and LX were responsible for the concept and design of the
study. LX was responsible for the study coordination and
conduct. LX, SL, LJ, and YT contributed to the drafting of
the manuscript. LJ, SL, YT, ML, ZD, DD, and LS collected
and analyzed the data. LX, LS, and RZ interpreted the data.
All authors read and approved the final manuscript.

Acknowledgments

We would like to thank CDC of Dawa, Chaoyang, Liaoyang,
Dandong, Donggang, Zhuanghe, Benxi, Fumeng, Jianping,
and Xifeng city or county in Liaoning Province who work
hard to ensure the reliability and accuracy of data. This study
was supported by the Department of Science and Technology
of Liaoning Province (2018225065 and 2019JH2/10300001).

References

[1] A. Roy, P. A. Praveen, R. Amarchand et al., “Changes in hyper-
tension prevalence, awareness, treatment and control rates
over 20 years in National Capital Region of India: results from
a repeat cross-sectional study,” BMJ Open, vol. 7, no. 7, 2017.

[2] A. Satoh, H. Arima, T. Ohkubo et al., “Associations of socio-
economic status with prevalence, awareness, treatment, and
control of hypertension in a general Japanese population: NIP-
PON DATA 2010,” Journal of Hypertension, vol. 35, no. 2,
pp. 401–408, 2017.

[3] P. M. Kearney, M. Whelton, K. Reynolds, P. Muntner, P. K.
Whelton, and J. He, “Global burden of hypertension: analysis
of worldwide data,” Lancet, vol. 365, no. 9455, pp. 217–223,
2005.

[4] M. Joffres, E. Falaschetti, C. Gillespie et al., “Hypertension
prevalence, awareness, treatment and control in national sur-
veys from England, the USA and Canada, and correlation with
stroke and ischaemic heart disease mortality: a cross-sectional
study,” BMJ Open, vol. 3, no. 8, 2013.

[5] Z. Wang, Z. Chen, L. Zhang et al., “Status of hypertension in
China: results from the China hypertension survey, 2012-2015,”
Circulation, vol. 137, no. 22, pp. 2344–2356, 2018.

[6] J. Wang, Z. An, B. Li et al., “Increasing stroke incidence and
prevalence of risk factors in a low-income Chinese popula-
tion,” Neurology, vol. 84, no. 4, pp. 374–381, 2015.

[7] Z. Li, X. Guo, L. Zheng, H. Yang, and Y. Sun, “Grim status of
hypertension in rural China: results from Northeast China
Rural Cardiovascular Health Study 2013,” Journal of the Amer-
ican Society of Hypertension, vol. 9, no. 5, pp. 358–364, 2015.

[8] J. Lu, Y. Lu, X. Wang et al., “Prevalence, awareness, treatment,
and control of hypertension in China: data from 1.7 million
adults in a population-based screening study (China PEACE
Million Persons Project),” Lancet, vol. 390, no. 10112,
pp. 2549–2558, 2017.

[9] L. Fang, J. Song, Z. Ma, L. Zhang, C. Jing, and D. Chen, “Prev-
alence and characteristics of hypertension in mainland Chi-
nese adults over decades: a systematic review,” Journal of
Human Hypertension, vol. 28, no. 11, pp. 649–656, 2014.

[10] L. S. Liu, “2010 Chinese guidelines for the management of
hypertension,” Zhonghua Xin Xue Guan Bing Za Zhi, vol. 39,
no. 7, pp. 579–615, 2011.

[11] A. V. Chobanian, G. L. Bakris, H. R. Black et al., “Blood Insti-
tute Joint National Committee on Prevention DE, Treatment
of High Blood P, National High Blood Pressure Education
Program Coordinating C. The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure: the JNC 7 report,”
JAMA, vol. 289, no. 19, pp. 2560–2572, 2003.

[12] D. Gu, K. Reynolds, X. Wu et al., “Prevalence, awareness, treat-
ment, and control of hypertension in China,” Hypertension,
vol. 40, no. 6, pp. 920–927, 2002.

7BioMed Research International



[13] C. K. Chow, K. K. Teo, S. Rangarajan et al., “Prevalence, aware-
ness, treatment, and control of hypertension in rural and
urban communities in high-, middle-, and low-income coun-
tries,” JAMA, vol. 310, no. 9, pp. 959–968, 2013.

[14] J. Zhang, S. Wan, B. Zhang et al., “Twenty-year time trends in
hypertension prevalence in Yi people of China: three succes-
sive cross-sectional studies, 1996-2015,” BMJ Open, vol. 8,
no. 10, 2018.

[15] X. Q. Lao, Y. J. Xu, M. C. S. Wong et al., “Hypertension prev-
alence, awareness, treatment, control and associated factors in
a developing southern Chinese population: analysis of serial
cross-sectional health survey data 2002-2010,” American Jour-
nal of Hypertension, vol. 26, no. 11, pp. 1335–1345, 2013.

[16] B. Xu, Z. Xu, X. Xu, Q. Cai, and Y. Xu, “Prevalence, awareness,
treatment, and control of hypertension among residents in
Guangdong Province, China, 2004 to 2007,” Circulation. Car-
diovascular Quality and Outcomes, vol. 6, no. 2, pp. 217–222,
2013.

[17] J. Wang, X. Ning, L. Yang et al., “Trends of hypertension prev-
alence, awareness, treatment and control in rural areas of
northern China during 1991-2011,” Journal of Human Hyper-
tension, vol. 28, no. 1, pp. 25–31, 2014.

[18] M. Zhou, H. Wang, J. Zhu et al., “Cause-specific mortality for
240 causes in China during 1990–2013: a systematic subna-
tional analysis for the Global Burden of Disease Study 2013,”
Lancet, vol. 387, no. 10015, pp. 251–272, 2016.

[19] G. Yang, Y. Wang, Y. Zeng et al., “Rapid health transition in
China, 1990–2010: findings from the Global Burden of Disease
Study 2010,” Lancet, vol. 381, no. 9882, pp. 1987–2015, 2013.

[20] W. Wang, B. Jiang, H. Sun et al., “Prevalence, incidence, and
mortality of stroke in China,” Circulation, vol. 135, no. 8,
pp. 759–771, 2017.

[21] Y. Zhang and A. E. Moran, “Trends in the prevalence, aware-
ness, treatment, and control of hypertension among young
adults in the United States, 1999 to 2014,” Hypertension,
vol. 70, no. 4, pp. 736–742, 2017.

[22] T. Scheltens, M. L. Bots, M. E. Numans, D. E. Grobbee, and
A. W. Hoes, “Awareness, treatment and control of hyperten-
sion: the ‘rule of halves’ in an era of risk-based treatment of
hypertension,” Journal of Human Hypertension, vol. 21,
no. 2, pp. 99–106, 2007.

[23] K. R. Haldiya and R. Sachdev, “Is the ‘rule of halves’ in hyper-
tension still valid? Evidence from the Chennai urban popula-
tion study,” Journal of the Association of Physicians of India,
vol. 51, p. 931, 2003.

[24] S. R. Joshi and S. N. Shah, “Control of blood pressure in India:
rule of halves still very much valid,” The Journal of the Associ-
ation of Physicians of India, vol. 51, pp. 151-152, 2003.

[25] L. Wu, Y. He, B. Jiang et al., “Trends in prevalence, awareness,
treatment and control of hypertension during 2001-2010 in an
urban elderly population of China,” PLoS One, vol. 10, no. 8,
2015.

[26] P. K. Whelton, R. M. Carey, W. S. Aronow et al., “2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/N-
MA/PCNA guideline for the prevention, detection, evaluation,
and management of high blood pressure in adults: executive
summary: a report of the American College of Cardiology/A-
merican Heart Association Task Force on clinical practice
guidelines,” Hypertension, vol. 71, no. 6, pp. 1269–1324, 2018.

[27] S. Tao, X. Wu, X. Duan et al., “Hypertension prevalence and
status of awareness, treatment and control in China,” Chinese
Medical Journal, vol. 108, no. 7, pp. 483–489, 1995.

[28] Y. Qi, X. Han, D. Zhao et al., “Long-term cardiovascular risk
associated with stage 1 hypertension defined by the 2017
ACC/AHA hypertension guideline,” Journal of the American
College of Cardiology, vol. 72, no. 11, pp. 1201–1210, 2018.

[29] J. Wu, T. Li, X. Song et al., “Prevalence and distribution of
hypertension and related risk factors in Jilin Province, China
2015: a cross-sectional study,” BMJ Open, vol. 8, no. 3, 2018.

8 BioMed Research International


	Trends in Prevalence, Awareness, Treatment, and Control of Hypertension in Rural Northeast China: 2008 to 2018
	1. Introduction
	2. Methods
	2.1. Study Population
	2.2. Cross-Sectional Study in 2008
	2.3. Cross-Sectional Study in 2018
	2.4. Measurements and Definitions
	2.5. Statistical Methods

	3. Results
	3.1. Prevalence of Hypertension
	3.2. Blood Pressure
	3.3. Awareness, Treatment, and Control Rate of Hypertension

	4. Discussion
	5. Conclusion
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

