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Purpose: Little is known about the recent trends of hypertension in southern China. The aim of the
study was to investigate the trends of hypertension in Guangdong Province between 2012 and 2019.
Methods: We conducted two cross-sectional surveys in 2012 and 2019 in southern China,
which included 10,970 and 27,483 participants, respectively, aged 35 to 75 years old using
a method of stratified, multistage, and cluster sampling. Hypertension was defined as a mean
systolic/diastolic blood pressure (SBP/DBP) >140/90mmHg, or a self-reported condition, or
any pharmacological treatment in the last 2 weeks. In addition, according to the 2017 ACC/
AHA guideline for high blood pressure, we estimated the prevalence and control rate of
hypertension.

Results: According to the 2010 Chinese guideline, the age-standardized rate of hypertension
prevalence was 34.7% in 2012 and 36.9% in 2019 with a slight increase, while the
prevalence of prehypertension was stable (14.5% vs 14.3%). Over the period of our study,
45.6% and 60.7% of hypertensive patients knew their diagnosis in 2012 and 2019, and 40.8%
and 51.5% were using antihypertensive medications, respectively. The control rates increased
from 15.1% to 23.6%. Hypertension prevalence was 64.5% in 2012 and 63.2% in 2019, and
the control rate increased from 3.0% to 4.8% during the study period under the 2017 ACC/
AHA guideline.

Conclusion: Although the past 7 years have seen some progress in hypertension manage-
ment, the rates of hypertension awareness, treatment, and control in southern Chinese
remained regrettably low, and the prevalence rate was still high.
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Introduction

Hypertension and its cardiovascular complications have become a severe global
health issue, accounting for nearly half of the cardiovascular morbidity and
mortality."? The global prevalence of hypertension was 40% among adults over
25 years of age in 2008, and affected individuals would amount to 1.56 billion by
2025.% In China, the prevalence of hypertension was reported to increase from
18.8% to 23.2%, according to the Chinese national nutrition and health survey in
2002 and the China Hypertension Survey 2012-2015.*° Results from the PEACE
(Patient-Centered Evaluative Assessment of Cardiac Event) Million Persons Project
(MPP) showed that the age-standardized prevalence of hypertension was 37.2%.°
The presentation of hypertension, however, differs widely in different regions of
China due to the great variation in demographic characteristics, cultural behaviors,
and lifestyle habits. Hypertension prevalence in southern China, for example, was
reported to be lower than that of northern China in a recent meta-analysis.’
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Importantly, the rapid economic, social and cultural
changes in the past decades in southern China came with
improved nutrition and new lifestyle that may result in
great burden of chronic diseases such as hypertension.
Data from the Guangdong Provincial Chronic Disease
Risk Factor Surveillance I (2004) and II (2007) showed
that the prevalence of hypertension among Guangdong
Province adults were 12.2% and 15.4%, respectively.®
A recent study showed that the prevalence of hypertension
among southern China adults was 27.3%, but more
detailed epidemiological results were not mentioned.*
Moreover, information on the recent trends of status of
hypertension in Southern China is lacking. Therefore, the
present study analyzed the trends of hypertension preva-
lence, awareness, treatment, and control rate along with
related risk factors using data from two large-scale repre-
sentative cross-sectional surveys conducted in 2012 and
2019.

Methods
Study Population

This study included two cross-sectional surveys con-
ducted in southern China in 2012 and 2019, respectively.
It was ensured that the samples were representative by
using a method of multistage, stratified, and cluster sam-
pling. The surveys were conducted from July 2012 to
December 2012, and from January 2019 to August 2019,
respectively. Six cities in 2012 and eight cities in 2019
were selected from southern China. Subsequently, by
a simple random sampling method, three/four districts
were selected within each city in 2012/2019. Thereafter,
a total of six communities were randomly selected. All
permanent residents aged 35 to 75 years old in these
communities were eligible to participate. A total of
10,970 and 27,483 people were enrolled in 2012 and
2019, respectively (Figure 1). The survey protocol was
approved by the Guangdong Provincial People’s Hospital
(Guangzhou, China). Written informed consent was
obtained from all participants.

Training and Data Collection

Data were collected by investigators who were qualified to
conduct this survey after undergoing a training program
that oriented them to the methods and process of the study,
using a face-to-face interview and a self-administered
questionnaire during a single clinic visit. The standardized
questionnaire was designed by the coordinating center of

Guangdong Provincial People’s Hospital. Demographic
characteristics including age, sex, education and lifestyle
habits (eg, smoking, drinking) were collected using the
above-mentioned questionnaire. Current smokers were
defined as participants who currently smoke or have
smoked more than 20 packets of cigarettes before the
visit. Alcohol drinkers were defined as participants who
consumed alcoholic drinks more than once a week in the
past year. Physical measurements were taken during the
interview, including height, weight and waist circumfer-
ence (WC), following standard protocols. The participants
were required to wear light-weight clothes and no shoes to
take the measurements to the nearest 0.1 kg and 0.1 cm.
Body mass index (BMI) was defined as the ratio of weight
(kg) to the square of height (m2).

Blood Pressure Measurement

For each participant, we measured blood pressure (BP) on
the right arm after 5 mins rest in a seated position for three
times with a 30 s interval using the OMRON HBP-1300
Professional Portable Blood Pressure Monitor (OMRON,
Kyoto, Japan). Three readings were averaged for data
analysis. An enquiry was made to every participant during
the interview about any use of antihypertensive drugs in
the last 2 weeks.

Definitions
In the 2010 Chinese
management,’ hypertension was defined as a mean systolic

guideline for hypertension
blood pressure (SBP) > 140mmHg and/or a mean diastolic
blood pressure (DBP) > 90 mmHg, and/or self-report use
of antihypertensive medication within 2 weeks.
Prehypertension was defined as 120 mmHg < SBP < 140
mmHg and 80 mmHg < DBP < 90 mmHg without self-
report use of antihypertensive medication.” Awareness of
hypertension was defined as a self-report of any previous
diagnosis of hypertension by a health-care professional.
Treatment was defined as self-report prescription for anti-
hypertensive medication within 2 weeks prior to the inter-
view. Control of hypertension was defined as an average
SBP <140 mmHg and an average DBP < 90 mmHg over
three readings in hypertensive patients. In addition, using
criteria of the 2017 American College of Cardiology
(ACC)/American Heart Association (AHA) High Blood
Pressure Guideline, we recalculated the prevalence of
hypertension (defined as SBP > 130 or DBP > 80
mmHg) and control rate (defined as SBP < 130 and DBP
< 80 mmHg)."’
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A multiple, stratified and cluster random sampling method
was employed
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Figure | Flow chart of study participants.

Overweight was defined as between 24.0 < BMI
< 28 kg/m2 and obesity as a BMI > 28.0. Central
obesity was defined as WC >90 cm in men and
>85 c¢cm in women, based on the recommendations of
defining abdominal obesity in Chinese.'" Trained
investigators scanned the questionnaires for future
reference, and manually recorded the data twice for

each questionnaire to ensure data integrity.

Statistical Analysis

Continuous values were reported as means + standard (SD)
deviation and compared using Student’s #-test, categorical
variables were reported as numbers and percentages and com-
pared by the y*-test. Participants were stratified into 4 groups
by age (3544, 45-54, 55-64, 65-75 years old), and the
hypertension prevalence, awareness, treatment and control
rates were estimated in each group, respectively. We also

I
v v

Male: 5250 Female: 6398

estimated the age-standardized rate of hypertension prevalence
according to China’s 2010 population census. Moreover, we
estimated the prevalence of major risk factors including old-
ness (age > 60 years), current smoking, alcohol drinking, over-
weight or obesity, and central obesity in hypertensive patients
by sex. Then, we used univariate logistic regression model to
explore the risk factors associated with awareness, treatment,
and control rates. All P values were two-sided, and the sig-
nificance level was set at 0.05. All analyses were done with
R 3.5.1 (https://cran.r-project.org/mirrors.html).

Results

Characteristics of Study Population

Table 1 shows the basic features of the population in our
study. In the 2012 survey, the average age of the 10,970
participants was 53.5 years old (standard error: 11.5
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years), of which 46.1% was male (n=5065) and 53.9% was
female (n=5905). In the 2019 survey, the average age of
the 27,483 participants was 53.8 years old (standard error:
10.3 years), including 39.8% male (n=14,289) and 60.2%
female (n=22,087).

Prevalence of Prehypertension and

Hypertension

According to the 2010 Chinese guideline for hypertension
management, 39.3% (4315/10,970) participants had hyper-
tension in 2012, whereas 42.4% (11,653/27,483) participants
were diagnosed with hypertension in 2019. The age-
standardized prevalence of hypertension was 34.7% [95%
confidence interval (CI): 34.1-35.2] and 36.9% (95% CI:
36.5-37.2) in 2012 and 2019, showing an increased trend
in men, but evidence was insufficient to support a similar
trend in women (37.4% in 2012 vs 43.2% in 2019, P < 0.05
for male; 32.3% in 2012 vs 33.0% in 2019, P > 0.05 for
female). Hypertension prevalence was higher in men than

Table | Demographic Profiles of Participants in 2012 and 2019

Overall 2012 2019 P-value

n 38,453 10,970 27,483

Age(year) 5372 + 53.54 + 5379 + 0.033
10.63 11.47 10.28

Female 22,444 5905 16,539 <0.001
(58.4) (53.8) (60.2)

Current smoking 7246 2317 4929 <0.001
(18.8) 21.1) (17.9)

Current drinking 2767 (7.2) | 1349 1418 <0.001

(12.3) (5.2)

Education <0.001

Primary school or | 13,216 4499 8717

below (34.6) (41.0) (32.0)

Junior high school | 13,235 3596 9639
(34.6) (32.8) (35.4)

Senior high school | 11,747 2875 8872

or above (30.8) (26.2) (32.6)

SBP (mmHg) 130.96 + 133.58+ | 12991 + | <0.001
19.10 19.04 19.03

DBP (mmHg) 80.12 £ 79.23 + 80.48 + <0.001
11.39 11.00 11.52

BMI (kg/m2) 24.04 24.04 24.04 0.832
3.32 3.37 3.30

Waist 83.54 £ 8436 + 8322 + <0.001

circumstance 9.75 9.99 9.63

Overweight or 18,372 5234 13,138 0.951

obesity (48.0) (47.9) (48.0)

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI,
body mass index.

that in women in 2012 (37.4 vs 32.3%) and 2019 (43.2 vs
33.0%) (Table 2). In addition, the prevalence of hypertension
increased substantially with age in both sexes. The prehyper-
tension prevalence slightly decreased from 14.5% to 14.3%
from 2012 to 2019, with a decrease across all age-based
subgroups except for female aged 45-54 years old in 2019

(Table 3, Figure S1).

Age and Sex-Specific Distributions of
Awareness, Treatment, and Control

Rates of Hypertension

During the study period, 45.6% and 60.7% of hypertensive
patients knew their diagnosis in 2012 and 2019, and 40.8%
and 51.5% were taking antihypertensive drugs, respec-
tively (Figure 2, Table S1); the control rate increased
from 15.1% to 23.6% and among patients receiving anti-
hypertensive treatment, 36.9% and 41.4% achieved BP
targets, respectively. Overall, the rates of hypertension
awareness, control and treatment during this period
showed an increased trend which was accompanied with
increasing age. Moreover, in 2012, men were more likely
to be aware of their diagnosis and to receive medications
than women. However, it showed the opposite for aware-
ness and no difference for treatment between the sexes in
2019. The control rate among men became higher than
women in 2019 while being similar in 2012.

Trends of Related Risk Factors for

Hypertension

During the study period, the rates of oldness, current
smoking, and current alcohol drinking decreased from
2012 to 2019 (52.7 vs 46.5%, 22.7 vs 19.6%, and 12.8
vs 6.4%, respectively), however, rate of overweight or
obesity increased a little from 2012 to 2019 (58.7 vs
59.5%). Men were more likely to be overweight or obesity
than women. On the contrary, rate of central obesity
decreased from 52.1% to 48.0%. (Table S2).

Risk Factors Associated with Awareness,

Treatment and Control Rates

The results from the logistic regression model analyzing
factors associated with awareness, treatment, and control
rates of hypertension were shown in Table S3. Awareness
of hypertension was positively associated with older age,
being a man, lower education levels, higher BMI, being
a nonsmoker, being a nondrinker, and being central obesity;
however, associated with

smoking was no longer
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Table 2 Prevalence of Hypertension Among Southern Chinese Adults Between 2012 and 2019 According to Sex
Male Female Total
2012 2019 2012 2019 2012 2019
Age Rate, | 95% CI Rate, | 95% CI Rate, | 95% CI Rate, | 95% CI Rate, | 95% CI Rate, | 95% CI
Group | % % % % % %
(Years)
35-44 21.3 19.3-23.6 | 288 26.9-30.7 | 11.4 9.9-13.1 12.7 11.6-13.9 | l6.1 14.8-17.5 | 19.0 18.0-20.0
45-54 37.2 34.6-39.9 | 44.6 43.0-46.3 | 31.6 29.4-340 | 314 30.2-32.7 | 34.1 32.4-359 | 364 35.4-37.4
55-64 52.7 49.8-55.6 | 55.8 54.0-57.7 | 51.7 49.0-54.3 | 52.0 50.5-53.5 | 52.1 50.2-54.1 | 53.5 52.4-54.7
65-75 60.9 58.0-63.7 | 61.9 59.9-63.9 | 62.6 59.9-65.3 | 64.0 62.3-65.8 | 61.8 59.8-63.7 | 63.1 61.8-64.4
Total 41.6 40.3-43.0 | 48.0 47.0-489 | 374 36.1-38.6 | 38.7 37.9-39.4 | 393 38.4-40.3 | 424 41.8-43.0
ASR 37.4 36.6-38.2 | 43.2 42.6-43.7 | 32.3 31.6-33.0 | 33.0 32.6-33.3 | 347 34.1-35.2 | 36.9 36.5-37.2
Abbreviations: Cl, confidence interval; ASR, age-standardized rate.
Table 3 Distribution of Prehypertension in 2012 and 2019
Male Female Total
2012 2019 2012 2019 2012 2019
Age Rate, | 95% CI Rate, | 95% CI Rate, | 95% CI Rate, | 95% CI Rate, | 95% CI Rate, | 95% CI
Group | % % % % % %
(Years)
35-44 22.7 20.6-25 19.3 17.7-21.0 | 14.0 12.3-15.8 | 12.5 11.4-13.6 | 18.1 16.7-19.5 | 15.2 14.3-16.1
45-54 19.7 17.5-21.9 | 179 16.6-19.2 | 13.8 12.1-15.5 | 16.0 15.0-169 | 16.4 15.1-17.8 | 16.7 15.9-17.5
55-64 15.9 13.8-18.2 | 16.8 15.5-18.2 | 10.5 9.0-12.3 12.3 11.3-13.3 | 13.0 11.7-14.3 | 14.1 13.3-14.9
65-75 10.3 8.6—12.2 12.0 10.7-13.4 | 8.6 7.1-10.3 75 6.6-8.5 9.4 8.3-10.7 9.5 8.7-10.3
Total 17.5 16.5-18.6 | 16.6 16.0-17.4 | 12.0 11.2-12.8 | 12.7 12.2-13.2 | 145 13.9-152 | 143 13.9-14.7

Note: Prehypertension was defined as SBP at least 120 mmHg and less than 140 mmHg and DBP at least 80 mmHg and less than 90 mmHg and not being on

antihypertensive medication.
Abbreviation: Cl, confidence interval.

hypertension awareness in 2019. Factors associated with
a higher treatment rate of hypertension were similar while
the association with gender and education levels were not
significant in 2019. The control rate among participants with
central obesity and higher education levels had better control
of hypertension in 2019, although all factors of interest were
not significantly related with control rate in 2012.

Classification According to the 2017

ACC/AHA Guideline

Based on 2017 ACC/AHA guideline, the prevalence of
hypertension was 64.5% and 63.2% in 2012 and 2019,
respectively (Figure 3, Table S4). The control rate
increased from 3.0% to 4.8% during this period. Only
12.2% and 14.0% became normotensive in 2012 and

2019, respectively, among participants who received

antihypertensive treatment. Prevalence of hypertension
was higher in males than females, while control rate was
lower in the same region, except for the same rate of
control between the two sexes in 2019.

Discussion

The current study provided comprehensive temporal trends
of hypertension status among people aged 35-75 years in
Southern China. Overall, hypertension prevalence has
slightly increased from 34.7% in 2012 to 36.9% in 2019;
moreover, the prevalence of prehypertension during the
period was stable at approximately 14%. Notably, hyper-
tension control rate in southern Chinese population was
worrying (15.1 vs 23.6%). Drinking, smoking, being over-
weight or obesity, and central obesity were still major

contributing risk factors, leading to further development
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Figure 2 Rates of awareness (A), treatment (B), control overall (C) and control in treated patients (D) among southern Chinese classified by age and sex between 2012

and 2019.

of hypertension and huge burden of cardiovascular dis-
eases. The prevalence of hypertension increased signifi-
cantly when classified by the 2017 ACC/AHA guideline
(64.5% in 2012 and 63.2% in 2019) while the control rate
was unacceptable low control rate (3.0% and 4.8% in 2012
and 2019, respectively). Thus, urgent and comprehensive
strategies are needed to delay hypertension development
and manage risk factors related to southern Chinese adults.

An increased prevalence of hypertension has been
found in recent years in southern China. Actually, the
standardized prevalence rate in southern China in 1979
was only 4.7%.'% In 2002, the prevalence of hypertension
increased to 20.5%, exceeding the national rate of the
same period.”®> Recently, the China National Nutrition
and Health Survey 2002 (GNHS 2002) revealed that the
age-standardized prevalence rates of hypertension in
in 2007 and 13.3%
2010.%' The corresponding prevalence in our population
was extremely higher (34.7% in 2012 and 36.9% in 2019),
a bit lower than the national population aged 35-75 years
old in 2017 (37.2%) according to data from the China
PEACE Million Persons Project.®
ducted in southern China with a large Chinese population

southern China were 15.4% in

All three studies con-

aged 18 years or 20 years or above, which to some extent

explained why the results of this study were much higher
than previous studies. On the other hand, Southern China
has experienced huge changes in economic development,
lifestyle and diet, and an increased in life expectancy in
the past decades,'” the prevalence of hypertension has
sharply increased and will continue to set at a high level.
Moreover, a recent study showed the prevalence of hyper-
tension in northern China was 60.6% in 2018,16 which was
much higher than that in southern China and the results
Overall, the high

prevalence of hypertension is worrying in southern China

were consistent with previous studies.’

compared with the Western countries, whose hypertension
status are showing a decreasing trend in the past few
decades.'”'®

It was noteworthy that many prehypertensive popula-
tion in our survey will be classified as having hypertension
based on the 2017 ACC/AHA guideline, which lowered
BP standards for the diagnosis of hypertension to 130/80
mmHg.'® The hypertension prevalence in southern China
has a nearly 150% increase under the new guideline,
which is significantly higher than the national value of
China as well as the United States.*'’ Prehypertension
was proved to be correlated with elevated risk of organ

damage and cardiovascular diseases compared with
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normotension.”’ % In the Chinese population, it was also
be related to higher risk of hypertension and major cardi-
ovascular diseases.”>** Clearly, urgent attention should be
paid to preventing prehypertension, and in people already
with prehypertension, comprehensive screening and man-
agement strategies are needed. Importantly, the high pre-
valence of overweight and obesity and higher BMI and
central obesity remained to be closely associated with
higher hypertension prevalence in southern China.
Comprehensive and effective strategies should be carried
out to better manage this huge population.

Despite the increasing trend of rates of awareness,
treatment, and control of hypertension, they are still sig-
nificantly lower than that in developed countries.®> >’
When compared with different regions of China, the
rates were much higher than those of rural northeast
China (awareness, treatment, and control rates were
47.5%, 35.4%, and 3.6%, respectively).'® Similarly, in
southwestern China, values were 47.9%, 40.1%, and
10.3%, respectively.”® Moreover, the hypertension aware-
ness rate (60.7% in 2019) among adults aged at 35-75
years in southern China was much higher than the national
level (44.7%) from 2014 to 2017, while the treatment rate
(51.5%) and control rate (23.6%) were both higher than
that in the survey (30.1% and 7.2%,
respectively).® The government has made significant

national

efforts to improve the worsening situation of hypertension
in the past few decades, including promoting the develop-
ment of basic medical care, implementing a basic health
insurance plan that covers all residents, and building effec-
tive drug system that makes antihypertensive drugs afford-
able for more people.”’ However, there is still a large
population who is unable to recognize hypertension and
untreated or inadequately treated, which is worrisome.
Although many efforts and progress have been made in
the past 7 years, there remains a big gap of hypertension
status between southern China and developed and other
developing countries.’**® Previous studies have shown
that during the past decades in China, high prevalence of
overweight and obesity, low health education, and poor
compliance with treatment, significantly affect control of
hypertension among low-income populations.®'~** In addi-
tion, the reasons why the control rate is still low could be
partly explained by three fundamental problems.**-** First,
the simple screening process without subsequent follow-
up, further treatment or referral. The second reason for
poor control of hypertension lies with the perverse incen-
tives offered within the health system. Finally, the

insufficient primary prevention of hypertension. Overall,
more strong and effective measures should be taken to
reduce the huge burden of hypertension in southern
China, as well as all over the country.

The present study included two representative surveys
conducted in southern Chinese adults using analogous
methods and both have large sample sizes, which consti-
tuted a major strength of this study. However, the major
limitation of our study was that the relationship between
risk factors and hypertension and its related diseases bur-
den was not fully assessed regarding the cross-sectional
design. Moreover, the study lacked data on blood tests,
such as lipids, fasting blood glucose, all of which would
have strengthened the characterization of the participants
and reduced the bias on the potentially inaccurate self-
reported data. Furthermore, the considerable increase in
the number of individuals with hypertension under the new
ACC/AHA guideline and subsequent impact on hyperten-
sion management in Chinese adults needs to be completely
evaluated.

Conclusion

In totality, the prevalence of prehypertension and hyper-
tension in southern China is basically stable, but it is still
at a high level between 2012 and 2019. Although the rates
of awareness, control, and treatment of hypertension
improved significantly, there are still at an extremely low
level. The prevalence of hypertension increased signifi-
cantly while the rate of control decreased sharply based
on the new 2017 ACC/AHA guideline. Therefore, hyper-
tension remains to be still a serious public problem, and
urgent and aggressive strategies are necessary to improve
hypertension control and intervention in the future.
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