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Background. Reliable epidemiologic data on the present burden of hypertension are needed in developing region-specific
strategies since previous studies have suggested that China is lagging in risk factor management. Objective. The study aimed at
exploring the prevalence of hypertension and its associated factors among adult residents in Ganzhou, China. Methodology. A
multistage, stratified, and cluster random sampling method was used to conduct the cross-sectional survey. The study selected four
county-level districts in Ganzhou City, China, as the investigation area. Permanent residents aged >18 years who have settled in
the area for 6 months or more were selected. A total of 7430 residents were involved in the study. Univariate and multivariate
logistic regression analysis was carried out to identify predictors of hypertension. Results. The prevalence of hypertension in
Ganzhou was 28.5%, and the age-standardized prevalence of hypertension was 22.4%. Univariate logistic regression analysis
revealed that multiple variables have a statistically significant effect on the prevalence of hypertension. The elderly (odds ratio [95%
CI]: 2.791 [2.594-3.004]), men (1.805 [1.583-2.058]), lower educated (0.848 [0.805-0.893]), a family history of hypertension (4.575
[3.900-5.368]), higher body mass index (1.344 [1.215-1.488]), central obesity (1.532 [1.304-1.799]), and less vegetable intake (1.150
[1.023-1.294]) were the major risk factors for hypertension. Conclusion. Hypertension is a major public health problem in
Ganzhou and requires much effort to reduce its prevalence. An effective multifaceted implementation strategy is highly desirable
to combat the emerging burden of hypertension.

1. Background

Hypertension, also regarded as high blood pressure, is
a consistently elevated blood pressure disorder and
a growing public health concern [1]. Hypertension increases
the risk of heart, brain, kidney, and other disorders. It is the
leading modifiable risk factor for cardiovascular diseases
(including coronary heart disease, heart failure, stroke,
myocardial infarction, atrial fibrillation, and peripheral ar-
tery disease) and premature death worldwide [1, 2]. Over
a billion people worldwide, approximately 1 in 4 men and 1
in 5 women, have hypertension as of 2016 [3]. Two-thirds of
hypertension are found in low- and middle-income nations,
partly because there are more prevalent risk factors in those

populations over the past few decades. Therefore, effective
strategies focusing on the prevention and management of
hypertension should be emphasized. Hypertension preva-
lence is regionally heterogeneous and may be partly
explained by variations in the prevalence of risk factors for
hypertension such as high sodium intake, low potassium
intake, obesity, alcohol consumption, lack of physical ac-
tivity, and unhealthy diet.

As the world’s largest developing country, China’s
economic and social development is changing rapidly, which
is accompanied by an altered lifestyle amongst its population.
The prevalence of hypertension is remarkably heterogeneous
among different populations associated with geographic,
demographic, and socioeconomic characteristics [4-6].
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Moreover, a concurrent change in epidemiologic character-
istics may occur [5]. Ganzhou, a city in the Southern part of
Jiangxi Province, China, has moderate economic develop-
ment and significant variations in health determinants. The
health level of its residents is a good representation of that of
China. However, the current characteristics of hypertension
and related risk factors among adult residents in Ganzhou,
China, still need to be well studied. Therefore, the current
study performed a cross-sectional survey of a large repre-
sentative population in Ganzhou, China, to profile the
characteristics of hypertension and corresponding risk factors
for future research guidance on hypertension prevention and
management strategies in China.

2. Methods

2.1. Study Area. Ganzhou City (Figure 1(a)), with 18 county-
level administrative districts, in the south of Jiangxi Prov-
ince, China, is located between latitude 24°29'N and 27°09'N
and between longitude 113°54’E and 116°38E. The total area
is 39379.64 km?, accounting for 23.6% of Jiangxi and making
it the largest administrative region in Jiangxi Province. At
the end of 2021, the city had a total registered population of
9.821 million.

2.2. Study Design and Participants. A multistage, stratified,
and cluster random sampling method was used to conduct
the cross-sectional survey in Ganzhou City, China, between
2018 and 2020. The study selected four county-level districts
(Figure 1(a)): Zhanggong, Ganxian, Nankang, and Xinfeng
districts in Ganzhou City as the investigation area. Per-
manent residents aged 18 years and above who have settled
in the area for 6 months or more were selected.

Our research team partnered with the local Centers for
Disease Control and Prevention (CDC) to study how social
factors affect chronic diseases, and the data currently herein
were only a portion of our overall findings. The survey was
carried out under the guidance of the related County Health
Commission and organized by the CDC in conjunction with
the township health center in program design, on-site in-
vestigation, and residents’” health examination.

2.3. Sampling Methodology. The sampling method was
conducted in three stages: first stage: the townships in each
district were divided into three strata according to their
economic status, and two townships were randomly selected
from each stratum; second stage: one or two administrative
villages or resident committees were randomly selected from
the selected townships; third stage: one or two villagers or
resident groups were randomly selected from the selected
administrative villages or resident committees, and then the
research participants were randomly selected from the se-
lected villagers or resident groups to do the investigation.

2.4. Sample Size. The formula mentioned below was adopted
to calculate the sample size, referring to the average prev-
alence of chronic disease from 9.1% in the baseline year to
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6.9% among rural residents across the five surveys, with the
maximum prevalence of approximately 9.1% in Jiangxi
Province as calculation base [7], with « =0.05, u, =1.96, and
6=15% p, to calculate the sample size of 1705 people.

(1)

_( 1.96
“\0.15 x 0.091

2
> % 0.091 x (1 —0.091) = 1705.

Considering that there may be a potential nonresponse
rate, which we desired to be less than 10%, we distributed
approximately 1870 questionnaires in each district. A total of
7430 valid questionnaires were collected, including 1830 in the
Zhanggong district, 1868 in the Ganxian district, 1910 in the
Nankang district, and 1822 in the Xinfeng county, respectively.

2.5. Tools of the Study. Residents’ health investigation
questionnaire primarily consists of basic resident in-
formation and behavioral risk factors questions such as diet,
smoking, and alcohol intake. Part of the variables and
variable groupings can be seen in Table 1. The standardized
questionnaire was administered by the trained investigator
who also measured the height, weight, and waist circum-
ference of each participant in households according to the
standard procedure.

2.6. Outcome Definitions. During the current study, par-
ticipants were questioned about their medical history
concerning hypertension. Those who reported being di-
agnosed with hypertension were classified as hypertensive,
and their blood pressure was subsequently measured. In-
dividuals who were found to have hypertension during the
measurement were also included in the hypertensive group.
(1) Prevalence of hypertension = (number of hypertension
cases/number of respondents) x 100; (2) the systolic and di-
astolic blood pressure of the residents were measured three
times consecutively and the average value was adopted as the
reference for the diagnosis of hypertension; (3) the diagnostic
criteria for hypertension are as follows: systolic blood pressure
>140 mmHg and/or diastolic blood pressure >90 mmHg was
considered hypertension [2]; (4) waist circumference >90 cm
for men and >85 cm for women were the criteria for central
obesity; and (5) passive smoking: the phenomenon of non-
smokers inhaling smoke produced by burning tobacco from
the environment. It is passive smoking when the inhalation
time is 15 minutes or more daily.

2.7. Statistical Analysis. EpiData (version 3.1, USA) was used
to collect data and create the database. For statistical
analysis, descriptive measures were performed using IBM
SPSS (version 20.0, USA) software to summarize the prin-
cipal results. The chi-square test was used for comparisons of
categorical variables among groups. Student’s t-test was
performed to analyze continuous variables with a normal
distribution. Odds ratios (ORs) with 95% confidence in-
tervals (CIs) were calculated by univariate and multivariate
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FIGURE 1: The prevalence of hypertension. Note. (a) The city of Ganzhou (black) and the four selected districts (gray) in this research; (b)
prevalence of hypertension in four districts; (c) prevalence of hypertension in different age groups; *** p < 0.001.
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logistic regression to evaluate the influencing factors of
hypertension. Before conducting regression analysis, we
preprocessed variables with 5-20% missing values. Two-
sided p <0.05 was statistically significant.

To compare with the national epidemiological data, the
prevalence was age-standardized at the national level, using
data from the 2010 Population Census of the People’s Re-
public of China [8]. The ArcGIS 10.2 software was used to
draw China maps and generate spatial distribution maps of
the prevalence of hypertension.

3. Results

3.1. Characteristics of Respondents. The processing of
missing values is described in Tables S1-S2 of the supple-
mentary file, and the following statistics are all valid per-
centages with missing values excluded. As summarized in
Table 1, there were 3571 men, accounting for 48.1% of the
respondents, and 3859 women, accounting for 51.9%. Most
respondents were Han Chinese, accounting for 99.1%. The
average age of respondents was 47.28+16.51 years,
46.86 + 16.53 years for men, and 47.67 +16.48years for
women. Only 2.7% (201) of the respondents had an un-
dergraduate or higher level of education. 2264 residents
(30.6%) were “not working, such as jobless, retired.” Ap-
proximately 43.8% of the respondents had an average
monthly income per capita of >1000 and <3000 yuan, and
32.8% had >3000 and <5000 yuan. In total, 1134 (38.4%) of
the residents had a family history of hypertension. Smoking
in Ganzhou City is 22.1% of the residents. Among non-
smokers, the proportion of passive smoking was 32.2%
(1856/5772). Approximately 8.0% of the respondents have
experienced being drunk. Daily consumption of vegetables
by the respondents was 89.5%, 34.7% of the respondents had
a daily fruit intake, and 46.0% consumed dairy products.
Overall, 76.7% of the respondents slept for 6 to 8h. The
proportion of respondents who were overweight (body mass
index (BMI) >24 and <28) and obese (BMI >28) was 23.9%
and 6.1%, respectively, while 21.6% of respondents had
central obesity.

3.2. The Prevalence of Hypertension. The prevalence of hy-
pertension in Ganzhou was 28.5% (Table 1), and the age-
standardized prevalence of hypertension was 22.4%. The
prevalence of hypertension varied in different districts
(x*=98.536, p<0.001). The closer to the city center, the
higher the prevalence of hypertension, which went from
21.6% from the farthest point to the center and peaked at the
Zhanggong district with a hypertension prevalence of 36.3%
(Figure 1(b)). The prevalence of hypertension was higher in
men (p<0.001, Table 1). The prevalence of hypertension
dramatically increased with age (p for trend <0.001,
Figure 1(c)).

3.3. Associated Factors for Hypertension. As presented in
Table 1, univariate analysis showed that multiple variables
have a statistically significant effect on the prevalence of
hypertension, besides the age and sex variables. More

specifically, education, occupation, monthly average income
per capita, family history of hypertension, the average
amount of cigarettes smoked daily, frequency of getting
drunk, and frequency of vegetable, fruit, and dairy products
variables had a remarkable link with hypertension preva-
lence (all p values were <0.05).

In this survey, 7307 respondents provided information
on their respective sleep time, and the average sleep time was
7.69 £ 1.29 hours. Mostly, respondents (76.7%) slept for
between 6 and 8h, 4.4% slept for less than 6h, and 18.9%
slept for more than 8 h.

The per capita daily salt intake (including salt in soy
sauce and monosodium glutamate in the calculation) was
7.73g. Overall, 58.0% of the residents in Ganzhou City
exceeded the salt limit of 6g per capita per day recom-
mended by the Chinese Dietary Guidelines. There was no
statistically significant difference in salt intake by sex
(t=1.129; p=0.219). No statistically significant differences
were found in the composition of salt consumption ex-
ceeding the limit by gender (y* = 0.075; p = 0.784) and by age
group (y°=9.393; p=0.052). The salt consumption rate was
slightly higher in hypertensive patients than in non-
hypertensive (' =2.036; p <0.05).

The per capita daily intake of edible oil in Ganzhou City
was 39.79 g (standard deviation 24.65 g), and only 10.9% of
the respondents’ average daily consumption of edible oil met
the standard (25-30 g of oil per day recommended for adults
in China), while up to 65.2% of the respondents’ edible oil
intake exceeded the standard. There was no statistically
significant difference in the consumption of edible oil by sex
(t=0.515; p=0.607).

Multivariate logistic regression analysis was performed
on hypertension diagnosed in this survey and respondents
without hypertension. Univariate analysis showed neither
ethnic nor edible oil intake was statistically associated with
hypertension. Furthermore, the multivariate analysis did not
include occupation variables, such as “student” and “not
working, such as jobless and retired,” due to their strong
collinearity with age.

Forward stepwise (likelihood ratio) with agye,=0.05
and Aremove = 0.10 was adopted to discover the principal risk
factors for hypertension among Ganzhou residents. As
presented in Figure 2, the elderly (OR [95% CIJ]: 2.791
[2.594-3.004]), men (OR [95% CIJ: 1.805 [1.583-2.058]),
lower degree of education (OR [95% CI]: 0.848
[0.805-0.893]), a family history of hypertension (OR [95%
CI]: 4.575 [3.900-5.368]), higher body mass index (OR [95%
CI]: 1.344 [1.215-1.488]), central obesity (OR [95% CI]:
1.532 [1.304-1.799]), and less vegetable intake (OR [95% CI]:
1.150 [1.023-1.294]) were the major factors for hypertension
in Ganzhou.

4. Discussion

Hypertension is the most common and modifiable risk
factor for increased cardiovascular morbidity and mortality
in the population [2] and is the leading single contributor to
all-cause death and disability worldwide [9]. Hypertension
prevalence in China is increasing yearly with the changes in
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2.791[2.594-3.004]  <0.001 751.344
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FIGURE 2: Multivariate logistic regression analysis.

lifestyle, dietary structure, and the pressure of life in modern
society [10, 11].

The current survey, from a large representative sample,
provides new information on the status of prevalence and
risk factors associated with hypertension among the adult
population in Ganzhou. The results of this survey showed
that the standardized hypertension prevalence in Ganzhou
City was 22.4% for adult residents. These data are close to
previous national surveys but higher than hypertension
prevalence in nearby coastal regions such as Guangxi (15.8%
from 2013 to 2015 [12]) and Shenzhen (19.2% as of 2018
[13]). Overall, the prevalence of hypertension among adult
residents of Ganzhou is commensurate with the level of
economic and social development. Ganzhou, as an ancient
city that connects the less developed regions of Western
China to the developed cities of the eastern coast, is un-
dergoing profound changes in the social determinants of
hypertension among its residents. Over the past decades,
aging, urbanization, and associated unhealthy lifestyles and
diets may explain the dramatic increase in the prevalence of
hypertension [2, 14, 15]. Moreover, residents in developed
areas tend to suffer from higher psychosocial stress, coupled
with an individual unhealthy lifestyle, contributing to the
development of hypertension [16].

The results showed geographical differences in the
prevalence of hypertension among Ganzhou residents,
which could be due to the variation in the geographical
environment and economic development of the districts
[6, 10]. Both univariate and multivariate logistic regression
indicated that age and sex correlated with hypertension,
which is consistent with previous findings [17]. With aging
and physiological deterioration, for example, early vascular
aging, the occurrence of various diseases (such as hyper-
tension) inevitably increases [2, 18]. Compared to women,
men had a much higher prevalence of hypertension, which

might not only be due to sex, but also because men are more
at risk for personal unhealthy behaviors associated with
hypertension, such as smoking, physical inactivity, and al-
cohol consumption. Consistent with previous studies [19],
family history is an important nonmodifiable risk factor for
hypertension. The prevalence of hypertension was signifi-
cantly higher in those with a family history of hypertension.
Considering the growing trend of aging and the fact that
38.4% of residents have a family history of hypertension, the
elderly, men, and those with a family history of hypertension
should be a priority group for hypertension management.

Consistent with several studies [20], lower education is
a primary risk factor for hypertension in residents of the
Ganzhou district. This may be explained by (1) residents
with lower education levels may be more deficient in health
literacy, which has a very relevant role in health promotion.
Studies have shown that inadequate health literacy levels
were significantly associated with arterial hypertension, and
being a male, having a low educational level, and being old
were significant predictors of poor health literacy [21]; (2)
some studies suggest that education level is not a causal risk
factor for hypertension but rather serves as an indicator of
socioeconomic status and a key determinant of hypertension
prevalence [20]. Residents with undergraduate and higher
education in Ganzhou were only 2.7%, suggesting that most
residents have a low level of education. Therefore, in the
short term, community health education to improve the
health literacy of residents is essential for hypertension
prevention, and over the longer term, the improvement of
the education level of the whole population is a critical
strategic practice for hypertension management.

Several literature studies suggest that overweight or
obese people are more likely to develop hypertension, which
is consistent with our findings. The proportion of re-
spondents who were overweight and obese was 23.9% and
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6.1%, respectively. Overall, 21.6% of the residents had central
obesity. This is low compared with the 2017 national
weighted prevalence of central obesity (35.4% [22]); how-
ever, given the close association between obesity and hy-
pertension, residents must manage their weight properly.

A balanced diet is crucial to keep a healthy life and
contributes to reducing the prevalence of hypertension [23].
This study found that the dietary intake of vegetables, fruits,
and dairy products is associated with a lower prevalence of
hypertension. Similar reports have been presented in pre-
vious studies [23-25] that the incident risk of hypertension
was decreased by 1.9% for each serving per day of fruit
consumption and decreased by 1.2% for each serving per day
of total fruit and vegetable consumption [24]. A prospective
epidemiological study from 21 countries showed that
a higher intake of whole-fat (but not low-fat) dairy was
associated with a lower incidence of hypertension [26]. Our
results support the recommendation to increase the con-
sumption of vegetables to prevent the risk of developing
hypertension. Moreover, considering that lower salt intake
correlated with better blood pressure control, keeping a low-
salt diet is recommended for the prevention of hypertension,
as shown by numerous literature findings [2, 23, 27].

Besides the factors mentioned above, univariate logistic
regression analysis showed that multiple variables have
a statistically significant effect on the prevalence of hyper-
tension. Health disparities among different socioeconomic
status groups remain a consistent finding in epidemiological
studies [28]. Similar to education, occupation and income
are indicators of socioeconomic status and are associated
with the prevalence of hypertension [28, 29]. A previous
study showed that unemployed or sedentary occupation
workers reported being more susceptible than other occu-
pation groups to cardiometabolic diseases when leisure time
is spent being sedentary [30, 31]. Prior observational studies
have revealed that hypertension is more common and more
poorly controlled in lower socioeconomic groups [32]. The
results showed a low income level with 43.8% and 32.8% of
Ganzhou residents having an average monthly income per
capita of 21000 and <3000 and >3000 and <5000 yuan,
respectively. Priority actions are needed, especially in rural
areas, to address the burden of hypertension in low- and
middle-income populations.

Previous studies have shown [33-35] that unhealthy
lifestyles such as smoking or passive smoking and alcohol
consumption are risk factors for hypertension. Smoking has
been widely reported to have a significant relationship with
hypertension [33, 34]. A study has reported that light/
moderate smoking or high cumulative smoking exposure
accompanied by weight gain increased the risk of hyper-
tension in Chinese men and smoking cessation decreased
this effect [33]. Passive smoking has previously been dem-
onstrated to be associated with increased prevalence and
lower control of hypertension in a community-based elderly
population [34]. The current survey found that 22.1% of the
Ganzhou City residents smoke, and the proportion of
passive smoking was 32.2% among nonsmokers. Health
departments should conduct health education to reduce
active smoking rates and take initiative to control

environmental tobacco smoke exposure. This survey re-
ported that approximately 8.0% of residents have experi-
enced being drunk. Excessive alcohol consumption is
a common adverse lifestyle. Population-based survey anal-
ysis showed an association between moderate and heavy
alcohol consumption and a higher prevalence of systemic
hypertension [36]. Curtailing alcohol consumption is the
cornerstone in the management of hypertension owing to its
significance as part of comprehensive lifestyle modifications
[35]. Studies have shown that short sleep duration and poor
sleep quality are associated with the prevalence of hyper-
tension in the elderly [37]. The survey results showed that
4.4% of respondents slept less than 6 h and 18.9% slept more
than 8h. The prevention of hypertension in the elderly
should be studied from the perspective of improving sleep
quality [37].

5. Conclusion and Limitations

Altogether, hypertension is a major public health problem in
Ganzhou, and much work remains to be done in an effort to
reduce the prevalence of hypertension. The current study
provides new information on the prevalence and risk factor
profile of hypertension in the adult population of Ganzhou with
a large representative sample. The factors influencing hyper-
tension were consistent with the results reported in the previous
literature. Taking appropriate precautions against these risk
factors is a key aspect of hypertension management. Com-
munity outreach and long-term education strategies should be
adopted to improve the health literacy of the residents. An
effective multifaceted implementation strategy is highly de-
sirable to combat the emerging burden of hypertension.

This study had some limitations. First, unlike prospective
studies, the cross-sectional design prevents us from drawing
causal and temporal inferences between potential risk factors
and hypertension. Second, this study was conducted only in
Ganzhou, which may affect its generalizability and repre-
sentativeness due to regional differences.
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