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Backgrounds: Hypertension is one of the most prevalent non-communicable diseases (NCDs).
However, unbalanced regional development and different research designs lead to greater heterogeneity of
hypertension data in China, and lack of a summary of long-term variation trends. The aim was to estimate
the pooled prevalence of hypertension and to describe the secular trend in hypertension.

Methods: Literatures, related to the prevalence of hypertension among Chinese adults, were searched
through both English and Chinese databases. The pooled prevalence was estimated with random effects.
Subgroup analysis and meta-regression was conducted to address heterogeneity. Continuous fractional
polynomial regression model and compound model were used to estimate the trend of hypertension
prevalence with time.

Results: A total of 18 studies were included and the whole population was 9, 191, 121. The pooled
prevalence of hypertension among Chinese adults was 24.3% (95% CI: 18.8-29.8%), increasing from the
west to the east. Hypertension was more common in male than in female (27.8% vs. 25.1%) and in urban
population than in rural population (27.0% wvs. 26.0%). The annual increase of prevalence was about 0.29%
nonlinearly before 2004 and maintained approximately 2.45% per year between 2004 and 2010. After a
significant decline in 2011, there was a slight incline.

Conclusions: The prevalence of hypertension in Chinese adults has been increasing, indicating that more

efforts should be strengthened for hypertension management in China.
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Introduction China’s economic development and urbanization, the aging
of the population and epidemic of obesity, hypertension

Non-communicable diseases (NCDs) comprised the has become one of the major public health problems,

greatest fraction of deaths, accounting for 73.4% of total
deaths in 2017, while high blood pressure was one of the
leading risk factors for NCDs (1). In line with the global
trend, the burden of hypertension has increased rapidly
over the past decades in China. With the acceleration of

© Annals of Palliative Medicine. All rights reserved.

affecting the health of Chinese residents (2). Chinese
scholars recently reported the latest large-scale population
investigation of hypertension in Circulation (3), which has
aroused widespread concern and discussion at home and
abroad. According to the national survey, the prevalence of
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hypertension in Chinese adults reached 23.2%. Compared
with the second national hypertension prevalence survey in
1979 (4), the prevalence increased double. Chinese Guidelines
for the Management of Hypertension (in 2018) pointed that the
prevalence of hypertension in China was still on the rise, but
there were some new changes in epidemic characteristics (5).
Another national population-based screening study (China
Patient-Centered Evaluative Assessment of Cardiac Events
Million Persons Project) revealed the hypertension prevalence
of population aged 35-75 reached 37.2% in 2014-2017 (6).

Due to the large population, estimation of prevalence
will make contributions to evaluation of the scale of patients
and cost of clinical treatment, as well as the allocation of
public health resources. Concurrent with an epidemiological
transformation of disease spectrum, government has taken
actions to improve the chronic disease surveillance system
and conduct a series of cross-sectional surveys (7,8) and
cohort studies (9,10). The current literatures reporting the
hypertension rate with more diversity populations, different
representative, less power and without national trend of
hypertension, so we conducted a systematic review and
meta-analysis on the hypertension prevalence in the past
sixty years and described the trend using the longitudinal
data to assist in the planning and implementation of
future management. We present the following article in
accordance with the PRISMA Reporting Checklist (available
at http://dx.doi.org/10.21037/apm-19-377).

Method
Search strategy

We searched for epidemiological studies on hypertension from
several electronic databases, including PubMed, the China
National Knowledge Infrastructure (CNKI), the Wanfang
and Chongqing VIP. A systematic literature searching proceed
was performed in the PubMed database with the MeSH terms
“hypertension”, “prevalence” and “China”. Three Chinese
databases were used to searching for Chinese papers with
the keywords “hypertension”, “prevalence” and “China”. All
the literatures were searched before September 20, 2019.
In addition, the references listed in the literatures were also
retrieved to seek more eligible articles. The English and
Chinese papers were taken into consideration.

Inclusion and exclusion criteria

In order to achieve the goal of analysis and reduce selection
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deviation, studies were required to meet the following
criteria:

(I) Description of the hypertension prevalence in
mainland China;

(II) Using population-based epidemiological survey
data;

(IIT) Clearly reporting research design, detection time,
hypertension diagnosis methods and diagnostic
criteria;

(IV) Baseline data for cohort study population;

(V) Following hypertension diagnostic criteria
proposed by the World Health Organization/
International Society Hypertension (WHO/ISH)
in 1999 (if the WHO/ISH 1978 criteria were used,
the prevalence of borderline hypertension should
be reported).

According to the WHO/ISH 1999 criteria (11),
hypertension was defined as systolic blood pressure (SBP)
>140 mmHg and (or) diastolic blood pressure (DBP)
>90 mmHg and (or) use of antihypertensive medicine within
2 weeks. However, hypertension was defined when the
blood pressure was up to 160/95 mmHg and above; blood
pressure between 160/95 and 140/90 mmHg was designated
as ‘borderline hypertension’, as recommended by a WHO
Expert Committee Meeting held in 1978 (12).

Studies were excluded if the following terms were met:

() Only pre-hypertension prevalence involved;

(II) Reporting the prevalence of hypertension
combined with other chronic diseases;

(IIT) A specific population-based investigation: such as
people of specific occupations, ethnic minorities,
patients with certain diseases;

(IV) Case-control study;

(V)  Secondary analysis, such as reviews, communications,
reviews, reports, etc.;

(VI) Results already reported by other included studies;

(VII) Study areas limited to a province or smaller.

Literature screening

All of articles collected from different electronic databases
were combined in NoteExpress, and duplicates were
removed. Then, two independent researchers screened titles
and abstracts and reviewed full text of the eligible citations
if title and abstract were not explicit enough to determine
whether the inclusion criteria were met; disagreement over
eligibility of studies was solved by all investigators. If more
than one article reported the same research or detection
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Figure 1 Flow diagram of selecting relevant studies.

time in the same year, we selected a more comprehensive
one (Figure I).

Quality assessment

The assessment of literature quality followed the
observational study criteria that were recommended by the
Agency of Healthcare Research and Quality (AHRQ) (13).
The third investigator took part in discussion to reach a
consensus when two reviewers made different assessments.
The quality score of retained articles was at least 6 points.

Data extraction and statistical analysis

We extracted the key information from each included
article: name of first author, screening year, publication
year, study region, number of participants, age, gender,

hypertension prevalence and 95% confidence interval (CI),
standardized population and diagnostic criteria. Prevalence
of hypertension with 95% CI was pooled. Heterogeneity
among studies was assessed with a forest plot and the
inconsistency statistic (I). If there is no heterogeneity
(I’ <50%), the fixed-effect model was used for the meta-
analysis; otherwise, the random-effect model was employed.
Subgroup analysis was conducted based on the stratification
of screening time, gender, geographical region, area, and
age group. Some variables mentioned above were also
included in a meta-regression. One of the studies was only
included in the age group and geographic stratification
analysis (14), because it was limited to population aged
35-85 and detection time coincided with another more
comprehensive study. If hypertension prevalence changed
with time and age significantly in case of heterogeneity
across studies, we explored the trend in the further step. In
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order to reduce the confounding caused by age, 6 studies
with aged >35 years old were excluded. The continuous
fractional polynomial regression model at the midpoint
of each survey period was used to estimate the prevalence
of hypertension over time. In addition, according to the
age stratification in the subgroup analysis, the sigmoidal
model based on the midpoint of each age group was used
to estimate the trend of hypertension prevalence with age.
Statistical analysis was performed using Stata 12.0 software
(College Station, Texas), both for bilateral testing and
reporting 95% CI. P<0.05 was considered as significance
level for all analysis.

Besides, sensitivity analysis was conducted to measure
the effect of any study on the pooled estimate. Begg’s test
was performed to assess the publication bias.

Results
Study selection and characteristics

A total of 3,038 articles were obtained from the initial
search, including 559 from CNKI, 1,485 from Wanfang,
126 from VIP, and 868 from PubMed. A total of 516
records were excluded after screening titles, abstracts
and removing duplicate studies. After further reading
the full text, 26 papers which reported the prevalence of
hypertension in Chinese adults in mainland based on a
nationwide sample survey (>2 provinces) were included. By
retrieving references to these articles, two additional studies
were included (15,16). As for the remaining 28 relevant
studies, 10 were excluded, 3 of which diagnostic criteria
for hypertension adopted the definition recommended
by WHOVISH in 1978 but did not report the prevalence
of borderline hypertension. The investigation region of
another 7 excluded studies was restricted to a specific area,
so the results could not represent the national level. A
total of 18 studies provided comprehensive information on
the prevalence of hypertension and included in the final
analysis. The flow diagram of the studies selection process
was shown in Figure 1. The prevalence of hypertension and
the characteristics of research reported in the literatures
were summarized in Table 1.

The baseline information of overall studies was collected
from 1959 to 2017. Among the 18 included studies,
9 were included all provinces (autonomous regions and
municipalities) in mainland China; 2 were prospective
cohort studies and 16 were cross-sectional surveys;
6 were written in Chinese and 12 were written in English;
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6 were limited to respondents aged >35 years. The total
sample size of the involved studies was 9,191,121. The
diagnostic criteria for hypertension mainly corresponded
to the WHO/ISH 1999 criteria (WHO/ISH has not
changed the definition of hypertension since 1999; the
multiple versions of Chinese Guidelines for the Management
of Hypertension have also adopted the criteria). The first
national hypertension prevalence survey did not clarify
diagnostic criteria; the second national survey adopted the
WHO/ISH 1978 criteria and the prevalence including both
defined hypertension and borderline hypertension was used
in accordance with other studies. As to quality assessment,
three of studies scored 6; another 15 articles scored between
7 and 10.

Prevalence of hypertension and subgroup analysis

In general, the prevalence of standardized hypertension
varied between 5.11% and 37.2% from 1959 to 2017. The
pooled prevalence of hypertension among Chinese adults
was 24.3% (95% CI: 18.8-29.8%) (Figure 2) and there
was significant heterogeneity of the selected studies due to
diverse sources of population (I’=100.0%, P<0.001).

In the subgroup analysis, the pooled prevalence of
hypertension was stratified by the midpoint of detection
year, sex, geographical region, area and age group. As shown
in Table 2, the pooled prevalence from 2006 to 2015 was
higher than that from 1979 to 2004. There were 14 articles
reported the prevalence of hypertension by gender. As a
result, the pooled prevalence in males was 2.7% higher than
that of females. Next, six articles reported the prevalence
of hypertension in terms of different geographical regions.
Consequently, the prevalence rose from the west to the
east. Then, 12 articles reported the prevalence in different
regions. Residents living in urban areas (27.0%, 95% CI:
19.2-34.8%) were more likely to suffer from hypertension
than those living in rural areas (26.0%, 95% CI: 15.9—
36.2%). Additionally, six articles reported the prevalence of
hypertension by age group. With the increase of age, more
people suffered hypertension.

Meta-regression

Given that both overall and subgroup analysis revealed a
high level of heterogeneity (P<0.001, 1°’=99.9%), meta-
regression analysis was performed. In the univariate
analyses, the variables of age range, detection time
and publication time were significantly associated with
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Figure 2 Forest plot of the hypertension prevalence in Chinese adults in the random-effects model.

Table 2 Stratified analysis on the prevalence of hypertension in China (1959 to 2017)

Factor Subgroup No. of study Sample Prevalence, % (95% CI) I* (%) P value

Midpoint of screening 1959 1 739,204 5.11 (5.06-5.16)
year

1979 to 2004 7 5,163,875 18.4 (15.5-21.4) 99.9 <0.001

2006 to 2015 9 3,258,966 30.6 (26.0-35.1) 99.9 <0.001

Sex Male 14 3,735,798 27.8 (18.7-36.9) 99.9 <0.001

Female 14 4,498,912 25.1(16.9-33.3) 99.9 <0.001

Geographic region Eastern 6 1,978,953 29.6 (19.3-39.9) 99.9 <0.001

Central 6 2,186,901 27.4 (17.8-37.0) 99.9 <0.001

Western 6 1,747,029 24.7 (16.9-32.4) 99.9 <0.001

Area Urban 12 3,145,172 27.0 (19.2-34.8) 99.9 <0.001

Rural 12 5,171,931 26.0 (15.9-36.2) 99.9 <0.001

Age-specific group (y) 18 to 24* 4 1,450,840 4.4 (3.2-5.6) 99.9 <0.001

25t0 34 4 1,244,673 6.9 (5.0-8.9) 99.9 <0.001

35to 44 6 1,229,181 15.0 (8.9-21.1) 99.9 <0.001

45 to 54 6 1,355,334 26.8 (14.7-38.8) 99.9 <0.001

55 to 64 6 1,134,104 40.1 (25.3-54.1) 99.9 <0.001

65to 74 6 719,389 51.8 (38.0-65.6) 99.9 <0.001

>75 5 146,242 56.8 (46.0-67.6) 99.9 <0.001

*, age-specific group of studies (4) and (15) is 15-24.
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Table 3 Results of meta-regression for the prevalence of hypertension in China (1959 to 2017)

Covariance Meta-regression coefficient 95% ClI P value Proportion of variance explained (%)
Univariate analyses
Year of screening 0.0053 0.003-0.008 <0.001 56.87
Year of publication 0.0050 0.003-0.008 <0.001 58.49
Male/total (%) -0.0157 —-0.032 to 0.000 0.054 21.44
Age range* 0.1189 0.023-0.215 0.019 27.05
Quality score 0.0378 —0.004 to 0.079 0.073 14.60
Multivariable analyses 0.002 74.87
Year of publication 0.0080 0.004-0.012 0.002
Male/total (%) —-0.0032 —-0.015 to 0.009 0.559
Age range 0.0747 0.007-0.143 0.034
Quality score -0.0286 -0.070 t0 0.013 0.151
*, studies restricted to people aged =35 years =2, others =1.
80
70
—~60
S
2 50
240
R
T30
820
10
0o = k

1959 1979 1991 1995 2000 2002 2004 2006 2007 2009 2010 2011 2013 2015
Midpoint of each survey period (year)

Figure 3 The long-term trend of hypertension prevalence in
Chinese adults. Each dot represents the prevalence of hypertension

in each study.

heterogeneity (P=0.019 for age range, P<0.001 for detection
time, P<0.001 for publication time, respectively). Because
the variables—detection time and publication time—
overlapped when interpreting heterogeneity, only the later
variables incorporated the multivariable analysis. The
multivariable analysis showed a consistent result to the
univariate analyses (7able 3).

Prevalence of bypertension over time

As shown in Figure 3, the prevalence of hypertension
increased about 7 times, from 5.11% in 1959 to 37.2%
in 2015. The prevalence in 10-year age groups showed

© Annals of Palliative Medicine. All rights reserved.

1979 1991 2002 2010 2012 2014

Midpoint of each survey period (year)

| 824 s 25-34. 36-44 45-54y s 55-64 s 6574 w75 yeQrs

Figure 4 The long-term trend of hypertension prevalence in

10-year age groups. Each colorful line represents an age group.

an accordant trend over time (Figure 4). Furthermore,
continuous fractional polynomial regression model on
the midpoint of screening year was used to estimate and
illustrate the secular trend of the hypertension prevalence.
Figure 5 showed the overall increase in the prevalence of
hypertension was divided into two stages after six studies
restricted to people aged >335 years were excluded. The
average annual increase of the prevalence was approximately
0.29% before 2004; Between 2004 and 2010, the prevalence
increased linearly by about 2.45% per year, about 8 times
compared with the growth rate before 2004. The trend of
hypertension prevalence changed within the second stage
if including three latest studies (Figure 6). The compound
model weighted by the sample size of each study was used
to estimate the overall trend (Figure 7). In contrast with
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Figure 5 The prevalence of hypertension in Chinese adults
increased over time before 2010. Divided into two segments by
2004, the polynomial fitting indicated by the red curve is the
growth trend before 2004, and the linear fitting represented by the
blue line is the growth trend after 2004.
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Figure 6 The trend of hypertension prevalence in Chinese adults
over time. Divided into two segments by 2004, the previous
polynomial fitting indicated by the green curve is the trend before
2004, and the latter polynomial fitting represented by the purple
curve is the trend after 2004.

the posture shown in Figure 6, the prevalence maintained a
continuous increase.

Sensitivity analysis and publication bias

According to the sensitivity analysis, 18 studies were evenly
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Figure 7 The overall posture of the long-term trend of the
hypertension prevalence in Chinese adults since 1950. Each circle
represents the prevalence of hypertension in each study. Red curve

indicates the growth trend of hypertension prevalence.

distributed on both sides of the pooled hypertension
prevalence (from 23.2% to 25.4%). The results of sensitivity
analysis did not conflict with that of original analysis, which
strengthened the credibility of the original analysis results.
In addition, all eighteen eligible studies yielded a Begg’s test
score of P=0.537 which suggested the absence of publication
bias.

Discussion

Totally, 18 articles were included in this study. Meta-analysis
and continuous fractional polynomial regression analysis
were used to describe the prevalence of hypertension in
Chinese adults from 1959 to 2017. It showed that the
pooled prevalence of hypertension from 1959 to 2017 was
24.3% and was increasing in two stages. The growth rate
before 2004 was flat, and accelerated between 2004 and
2010. There was a slight increase after a significant decline
in 2011. From the perspective of the whole trend, the
prevalence reached a peak in 2010. However, the national
chronic disease surveillance, conducted in 2010, did not
clearly define that those who received antihypertensive
treatment or antihypertensive drugs in the past two weeks
were patients with hypertension (8). Therefore, it was likely
that those with transient hypertension or blood pressure
fluctuations around threshold were included in patients
with hypertension, which overestimated the prevalence in
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2010. Secondly, a complex weighted approach was used to
deal with the crude prevalence, so the reported prevalence
was different from the standardized prevalence according
to the 2010 Chinese population census. In addition,
geographical and age distributions, sampling methods and
blood pressure measurements were heterogeneous. All
above mentioned may cause the peak of the prevalence in
2010 to be an illusion. According to the crude prevalence
reported by six large national surveys from 1959 to 2015,
the prevalence of hypertension has maintained a sustainable
increase (5). According to China Health and Nutrition
Survey (CHNS), the fluctuation of hypertension prevalence
was not statistically significant between 2006 and 2011 (18).
It could be inferred that the prevalence of hypertension was
downshifting from a sustainably fast pace during this period.

In the subgroup analysis, we discovered that the
prevalence of hypertension in urban areas was higher than
in rural areas (28.0% vs. 27.0%), a result that was in line
with the previous findings (27,28). Indeed, the difference
between urban and rural areas was gradually shrinking. The
latest national survey showed that the weighted prevalence
of hypertension in rural and urban areas was similar,
and the crude prevalence in rural areas was even higher
than in urban areas (3). It suggested medical resources
are deficient and many elderly people with low health
literacy are staying behind in rural areas, which should be
focused on in the next stage of hypertension management.
Meanwhile, another trend that the prevalence gradually
increases from west to east was also significant. The highest
prevalence of hypertension was mainly concentrated in the
eastern metropolis including Beijing (35.9%) and Tianjin
(34.5%) (3). Additionally, this meta-analysis revealed that
hypertension was more common in male than in female
(27.8% wvs. 25.1%), which was also found in East and South
Asia (29-32). It was also important to be noted that age was
a strongest determinant of the suffering of hypertension as
both subgroup analysis and meta regression reflected. After
age stratification, we could see that the trend over time
presented a same pattern.

Distribution of hypertension showed regional imbalance
and it is becoming more and more prevalent in other
developing countries as well. Several studies reported a
high prevalence of hypertension in Malaysia (32.7%), Brazil
(22.8%), Turkey (24.8%), India (25.8%) and Arab countries
(29.5%) (29,30,33-35). The prevalence of hypertension
had risen rapidly in most of these low- and middle-income
countries (36-38). For example, there had been a constant
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12% increase every year in hypertension prevalence from
the period of 1970 to 2014 in Brazil (38).

Global systematic analysis indicated the absolute burden
was greatest among the middle-aged in low- and middle-
income countries (39). Consistently, chronic disease
surveillance in developing countries reported that the
prevalence increased more sharply in the middle-aged
population (36,40,41), which suggested the early onset of
hypertension. The findings of our study also confirmed this
point.

However, the time-related trend in developing countries
was different from that in more developed countries. The
prevalence of male hypertension in Japan decreased from
54.2% to 50.1% from 1980 to 2010, while that of female
decreased significantly from 47.4% to 37.8% (31). In South
Korea, the prevalence of hypertension in male decreased
from 33.3% to 30.3% from 1998 to 2014, while in female
dropped significantly from 28.7% to 22.7% (32). Unlike
the sustainable decline in Asian developed countries, the
prevalence of hypertension in the United States maintained
at around 30% between 1999 and 2012 (29.3-31.1%) (42),
while in England increased slightly from 29.6% in 1998 to
30% in 2006 (43,44).

Over the past decades, China’s economic reform has
accelerated the process of urbanization (45). According to
the sixth national census in 2010, half of China’s population
was living in urban areas. Although population aging and
lower diagnostic criteria for hypertension since 1999 partly
explain the increased prevalence of hypertension (46,47),
urbanization is the main causation. Lifestyles of citizens
have changed drastically (48). Most of residents have been
increasingly exposed to risk factors related to chronic
diseases, such as bad living habits, environmental pollution,
occupational stress and other social pressures (49). There
is no doubt that the urbanization process has led to an
increasing proportion of people who are overweight and
obese, driving the growth of hypertension (50). In 2014, the
male obese population increased 60 times compared with
1975, while women increased 27 times, both surpassing the
United States and ranking first in the world (51). Data from
the National Health and Nutrition Examination Surveys
(NHANEYS) revealed that the proportion of obese people
in all age groups was increasing (52). Especially in the
age group <45 years, the percentage of people with body
mass index (BMI) >30 had exceeded 60%, indicating that
hypertensive population was becoming younger mainly
because of obesity. A prospective study based on Chinese
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population demonstrated that with the increase of BMI, the
relative risk for the incidence of hypertension in overweight
and obesity groups was 1.16 to 1.28 compared with the
normal weight group (53). A comparative study of risk
factors for hypertension between the United States and
Japan showed that for every 1 kg/m’ increase in BMI, the
odds ratio of developing hypertension in Japan increased
by 23%, which was about 4 times that of Americans (54).
Obviously, Chinese and Japanese are more similar in
many aspects such as food culture, so the incidence of
hypertension is more sensitive to the increase in BMI. If
the growth rate of BMI does not slow down, the prevalence
of hypertension in China is likely to keep a continuous
increase.

Our study incorporated national surveys on the
prevalence of hypertension, with a large sample size and
national representation, which eliminated geographical
differences due to limitations of the scope of surveys.
Moreover, this article was able to reflect the longitudinal
trend because of a long-time span—nearly sixty years.

Nevertheless, some shortcomings should be noted.
Firstly, the current meta-analysis revealed a high
heterogeneity, which possibly resulted from differences
in sampling methods and sample sizes among studies.
Due to the lack of raw material, many factors correlated
with heterogeneity have not been included in subgroup
analysis and meta-regression. Therefore, the explanation
of heterogeneity is not complete. Secondly, advance in
blood pressure measurement from mercury to digital
sphygmomanometers has effects on diagnostic criteria.
Improved accuracy of measurements is likely to accelerate
the evolutionary results of blood pressure. Moreover, the
eligible published articles before the 1990s was so limited
that the time interval among the included articles was
discordant. Last, the prevalence of hypertension after 2010
declined by about 10% compared with that of 2010, even
lower than that between 2006 and 2010. Yet, the overall
trend estimated by compound model revealed sustained
growth. In addition, it is not convinced that the prevalence
reached a peak in 2010 according to Chinese Guidelines for
Management of Hypertension (5,55).

Conclusions

In conclusion, the prevalence of hypertension in Chinese
adults has continued to increase over the past sixty years.
In the subgroup, the prevalence of hypertension is higher
in male, the elderly, and overweight and obese people.
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Given rapid economic development, the rising trend of
the prevalence of hypertension will maintain in the future.
Moreover, with a large population, there is still a long
way to go to reach a balance of development between
different regions in China. Therefore, different strategies
should be conducted when implementing management of
hypertension. In rural areas, priority should be given to
health education and health screening in order to detect
hypertension earlier, and in urban areas, healthy lifestyles of
the population should be cultivated to reduce exposure to
the risk factors of the hypertension.
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