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Abstract

Background: This study examines the association between socioeconomic and lifestyle factors and the prevalence
of hypertension among elderly individuals in rural Southwest China.

Methods: A cross-sectional survey of 4833 consenting adults aged > 60 years in rural regions of Yunnan Province,
China, was conducted in 2017. Data on individual socioeconomic status, sleep quality, physical activity level, and fam-
ily history of hypertension were collected with a standardized questionnaire. Blood pressure, fasting blood glucose,
height, weight, and waist circumference were also measured. An individual socioeconomic position (SEP) index was
constructed using principal component analysis. Structural equation modelling (SEM) was applied to analyse the
association between socioeconomic and lifestyle factors and the prevalence of hypertension.

Results: The overall prevalence of hypertension was 50.6% in the study population. Body fat distribution, includ-
ing measures of obesity and central obesity, had the greatest total effect on hypertension (0.21), followed by family
history of hypertension (0.14), biological sex (0.08), sleep quality (—0.07), SEP (— 0.06), physical inactivity (0.06), and
diabetes (0.06). Body fat distribution, SEP, and family history of hypertension had both direct and indirect effects on
hypertension, whereas physical inactivity, diabetes, and sleep quality were directly associated with the prevalence of
hypertension. Biological sex was indirectly associated with the prevalence of hypertension.

Conclusions: SEP, body fat distribution, physical inactivity, diabetes, and sleep quality critically influence the preva-
lence of hypertension. Future interventions to prevent and control hypertension should give increased attention to
individuals with low SEP and should focus on controlling diabetes and obesity, increasing physical activity levels, and
improving quality of sleep among older adults aged > 60 years in rural Southwest China.
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Background
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Worldwide, the prevalence of hypertension was 26.4% in
2000 and is predicted to increase to 29.2% by 2025 [1].
High SBP accounted for 10.4 million deaths and 218 mil-
lion disability-adjusted life-years (DALYs) globally in
2017 [2]. The prevalence of hypertension is higher in low-
and middle-income countries than in high-income coun-
tries, especially among older adults aged > 60 years [3],
and hypertension is a preventable risk factor for stroke,
coronary heart disease, heart failure, and kidney disease
in older adults. The prevalence of hypertension is sharply
increasing due to the ageing of the global population, low
physical activity levels, and increased BMI [4].

China is the largest developing country in the world,
with 1.39 billion people. The population is also age-
ing, with those aged > 60 years making up 15.5% of the
population in 2014 [5], but individuals in this age group
are projected to constitute 29.7% of the total popula-
tion by 2050 [6]. The overall prevalence of hypertension
in China increased from 18% in 2002 to 29.6% in 2010
among adults [7]. Furthermore, the prevalence of hyper-
tension increased from 60.1% to 65.2% between 2001
and 2010 among urban residents aged > 60 years [8]. As
the population ages and the prevalence of hypertension
increases, China is facing an increasingly serious chal-
lenge to manage the economic cost of hypertension and
its complications.

Yunnan Province, an economically disadvantaged
region in southwestern China, is home to 47.4 million
people, including 6.1 million adults aged>60 years.
Hypertension has become one of Yunnan’s greatest pub-
lic health challenges, imposing a considerable economic
burden over the past several decades [9]. Large urban—
rural gaps in hypertension prevalence exist and deserve
more attention from researchers [10].

It is well known that individual educational level,
household income, socioeconomic position (SEP), obe-
sity, central obesity, family history of hypertension, diabe-
tes, and physical inactivity have strong associations with
the development of hypertension [10]. However, hyper-
tension is caused by a complex interplay of these various
factors simultaneously, some with direct effects and some
with indirect effects. Few studies have analysed the indi-
rect effect of all of these factors on hypertension and the
interaction between the variables [11, 12]. Epidemiolo-
gists are increasingly interested in and able to explore all
these factors concurrently as a network of multiple path-
ways leading to disease [13]. Specifically, structural equa-
tion modelling (SEM) offers a tool to measure both direct
and indirect effects of observational and latent charac-
teristics of observational variables on the risk of diseases
[14]. Previous studies have employed SEM to identify
risk factors for prediabetes and prehypertension [13,
15]. However, the literature focusing on SEP and lifestyle
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factors associated with hypertension in rural older adults
aged > 60 years in Yunnan is sparse, with prior epidemio-
logical studies focusing on urban areas and overlooking
rural communities. We predict socioeconomic factors
and lifestyle factors have both direct and indirect effects
on hypertension, and the present study aims to fill this
knowledge gap.

Specifically, the aim of the present study was to exam-
ine the socioeconomic factors (biological sex, age, eth-
nicity, and SEP) and lifestyle factors (sleep quality,
physical inactivity, obesity, central obesity, diabetes, and
family history of hypertension) related to the prevalence
of hypertension among adults aged >60 years in rural
Yunnan Province using an SEM approach.

Methods

Study area and population

We conducted a community-based cross-sectional sur-
vey in Yunnan Province. According to the prevalence rate
of hypertension in previous studies, we used a formula
to calculate the sample size. To ensure a representative
study sample, we used a multistage stratified random
sampling method. First, all 129 Yunnan counties were
classified into three categories, advantaged economic
status, normal economic status, and economically disad-
vantaged, according to per capita gross domestic product
(GDP) based on the 2016 Yunnan Statistical Yearbook
[16]. One county was then randomly selected from each
category. Second, townships in each selected county were
divided into two categories according to GDP, and one
township was selected from each category for a total of
six townships. Third, three villages from each township
were selected using the probability proportional to size
(PPS) method for a total of 18 villages. Finally, individu-
als aged > 60 years were selected from each village using
a simple random sampling method with random num-
ber tables. Older adults with various mental diseases,
malignant tumours, acute or chronic infectious diseases,
physical limitations or advanced arthritis/arthrosis were
excluded.

Data collection and measurement

Sixteen medical students from Kunming Medical Univer-
sity were selected as interviewers for data collection. All
students participated in a training workshop before the
commencement of the study to learn how to adminis-
ter the questionnaire as well as how to measure height,
weight, waist circumference, blood pressure (BP), and
fasting blood glucose (FBG).

Each study participant who gave informed consent was
interviewed by one of these trained interviewers using a
pretested and structured questionnaire to collect infor-
mation on demographic characteristics, socioeconomic
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status, sleep quality, physical activity, and family history
of hypertension.

All methods were performed in accordance with the
relevant guidelines and regulations. BP, FBG, height,
weight, and waist circumference were measured accord-
ing to standard protocols. Following the American Heart
Association recommendations, BP was measured using
a mercury sphygmomanometer on the right arm sup-
ported at the level of the heart with the participants in
a sitting position after five minutes of rest [17]. Three BP
measurements were taken at 5-min intervals. The final
recorded measurement was the average of these three BP
readings.

FBG was measured using the ACCU-CHEK Perform
Glucometer (Roche Diagnostics, Germany) by extracting
a small drop of peripheral blood after an overnight fast of
at least 10 h.

Height was measured in centimetres to the nearest
0.1 cm using a standard height-measuring ruler. Weight
was measured in kilograms to the nearest 0.1 kg with a
digital scale (Xiangshan, China). The participants were
asked to wear light clothes and stand in an appropri-
ate position with their feet 30 cm apart and their arms
hanging at the sides of their body. Waist circumference
was measured in centimetres to the nearest 0.1 cm using
a measuring tape at the level of midpoint between the
lower edge of the 12th costal arch and the anterior supe-
rior iliac crest (Additional file 1).

Definitions

Hypertension was defined as SBP>140 mmHg or
DBP >90 mmHg, use of anti-hypertension medication
during the two weeks prior to the study, and/or self-
report of a diagnosis of hypertension by a healthcare
professional.

Diabetes was defined as FBG>7.0 mmol/l, self-
reported diagnosis of diabetes by a healthcare profes-
sional, or self-reported use of anti-diabetes medication
during the previous two weeks.

Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m?). Obesity was defined as
BMI > 28 kg/m? for both men and women. Central obe-
sity was defined as a waist circumference of>90 cm for
males and >80 cm for females, following World Health
Organization (WHO) recommendations for Asian adults
[18].

Illiterate was defined as the inability to read or write an
understandable full sentence.

Sleep quality was assessed by the Pittsburgh Sleep
Quality Index (PSQI). The PSQI consists of 19 self-eval-
uation questions to assess the quality of sleep of partici-
pants in the last month. Seven factors were abstracted,
including subjective sleep quality, sleep latency, sleep
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duration, habitual sleep efficiency, sleep disturbances, use
of sleep medications, and daytime dysfunction [19]. Each
factor was scored on a 0-3 point scale for a total score of
0-21. High scores refer to worse sleep quality, with poor
sleep quality defined as a score of 6 or greater.

Physical inactivity was measured based on sitting time
in daily life along with activity intensity during household
work according to the health-related behaviours of rural
older adults [20]. Specifically, physical inactivity referred
to sitting time >4 h in a day and light activity as a result
of household work, whereas physical activity referred to
sitting time<4 h in a day and engagement in moderate
or vigorous activity during household work. Sitting time
and activity intensity were used as continuous variables
and were scored on a 1-3 point scale for a total score
of 2-5. High scores refer to physical inactivity, which is
defined as a score of 3 or greater, whereas low scores refer
to physical activity, which is defined as a score of 2 or less.

Household income, house-construction materials and
toilet construction were used as dichotomous variables
and scored on a 1- or 2-point scale for a total score of
3-6. High scores, defined as a score of 5 or greater, refer
to good household assets, while low scores, defined as a
score of 4 or less, refer to poor household assets. Indi-
viduals with poor household assets were defined as those
with an annual household income in the previous year of
less than US$945 and a house made from adobe or stone
and without a toilet. Individuals with good household
assets were defined as those with an annual household
income of more than US$945 and a house made from
brick or concrete with a toilet. Good access to medical
services was defined as living within a 30-min walk to the
nearest medical facility, while poor access to medical ser-
vices was defined as living more than a 30 min-walk to
the nearest medical facility.

A positive family history of hypertension was defined
as the presence of hypertension in at least 1 grandparent,
parent, or sibling [21].

Statistical analysis

A chi-squared test was used to compare categorical vari-
ables of socioeconomic factors (biological sex, age, eth-
nicity, education level, household assets and access to
medical services) and lifestyle factors (sleep quality, phys-
ical inactivity, obesity, central obesity, diabetes, and fam-
ily history of hypertension) in hypertensive participants.
Principal component analysis (PCA) was conducted to
derive SEP based on education level, household assets
and access to medical services. SEM analysis was used
to analyse the relationship between SED, lifestyle factors,
and the prevalence of hypertension. SPSS 22.0 was used
for the descriptive analysis and chi-square test, whereas
SEM analyses were conducted with AMOS 22.0 and
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fitted by the maximum likelihood estimation method.
P-values of <0.05 were considered statistically significant.

In this study, SEM analyses were conducted in two
stages. First, we constructed a hypothesized model based
on a literature review [22]. We constructed two latent
variables, including SEP and body fat distribution. SEP
incorporated educational level, household assets, and
access to medical services, whereas body fat distribution
was composed of obesity and central obesity. The basic
model is shown in Fig. 1. The observed variables are rep-
resented by rectangles, whereas latent variables are rep-
resented by ellipses. Direct effects are depicted as a line
with an arrow from a variable to other variables. In this
model, socioeconomic characteristics—including SEP
(educational level, household assets and access to medical
services), age (in years), biological sex (female or male),
ethnicity (Han majority and ethnic minority), and fam-
ily history of hypertension (yes or no)—were considered
exogenous variables. Lifestyle factors—including body fat
distribution (obesity and central obesity), physical inac-
tivity (sitting time in daily life and activity intensity dur-
ing household work), sleep quality (good or poor), and
diabetes (yes or no)—were considered endogenous vari-
ables that can be affected by both exogenous and other
endogenous variables. Hypertension was measured as
dichotomous variable (yes=1, no=0) in this model. We
hypothesized 28 paths that directly or indirectly affected
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hypertension. These paths originated from 7 observed
variables and 2 latent variables. Biological sex, age, eth-
nicity and family history of hypertension are determined
at birth but still impact the prevalence of hypertension
directly or indirectly through other variables. Second,
we tested the significance of all exogenous variables and
endogenous variables on hypertension and analysed the
direct and indirect effects of all variables on hyperten-
sion. The aim of this hypothesized model was to identify
whether SEP and modifiable factors, such as body fat dis-
tribution, physical inactivity, sleep quality and diabetes,
affect hypertension.

Modification indices were used to evaluate and select
appropriate paths for the best fitted model. We calcu-
lated goodness-of-fit indices, including root mean square
error of approximation (RMSEA), goodness-of-fit index
(GFI), comparative fit index (CFI), Tacker-Lewis index
(TLI), and weighted root mean square residual (WRMR),
to evaluate the best fit model. Direct, indirect, and total
effects were calculated and recorded.

Results

A total of 5000 individuals aged > 60 years were involved
in the survey. Of these, after excluding 171 individuals
with missing variables, 4833 participants were included
in the final analysis. The response rate was 96.6%. The
general characteristics of the target participants are

Diabetes

Family history of
hypertension

Hypertension

Ethnicity

Obesity

Central
obesity

Physical inactivity

Fig. 1 Basic structural equation modeling model of our study
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shown in Table 1. The older adults aged > 60 years who
were included in the survey included 2198 (45.5%)
males and 2635 (54.5%) females. Han majority and eth-
nic minority participants constituted 83.3% and 16.7% of
the total population, respectively, whereas older adults
aged > 60 years with poor household assets and poor
access to medical services accounted for 28.6% and 21.4%
of the participants, respectively. A total of 65.0% of older

Table 1 Characteristics of study participants

Variables n % 95% Cl
Biological sex

Male 2198 45.5 (44.0,46.9)

Female 2635 54.5 (53.1,56.0)
Age group

60-64 years 1326 274 (26.1,28.7)

65-69 years 1284 26.6 (25.4,27.9)

70-74 years 1047 217 (20.4,22.8)

>75 years 1176 243 (23.2,25.6)
Ethnicity

Han 4026 833 (82.3,84.3)

Minority 807 16.7 (15.7,17.7)
Educational level

llliterate 1690 350 (33.7,36.4)

Primary (grade 1-6) or 3143 65.0 (63.6,66.3)

higher

Household assets

Good 3453 714 (70.1,72.7)

Poor 1380 286 (27.3,29.9)
Access to medical service

Good 3797 78.6 (77.3,79.7)

Poor 1036 214 (20.3,22.7)
Sleep quality

Good 2574 533 (51.7,54.6)

Poor 2259 46.7 (454,483)
Physical inactivity

Yes 2472 51.1 (49.8,52.6)

No 2361 489 (47.4,50.2)
Obesity

Yes 321 6.6 (59,74)

No 4512 934 (92.6,94.1)
Central obesity

Yes 2551 52.8 (51.3,54.2)

No 2282 472 (45.8,48.7)
Family history of hypertension

Yes 738 153 (14.2,16.3)

No 4095 847 (83.7,85.8)
Diabetes

Yes 494 10.2 (9.3,11.2)

No 4339 89.8 (88.8,90.7)
Total 4833 100.0
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adults had a higher educational level. The proportions of
older adults suffering from physical inactivity, poor sleep
quality, obesity, central obesity, diabetes, and family his-
tory of hypertension were 51.1%, 46.7%, 6.6%, 52.8%,
10.2% and 15.3%, respectively.

Table 2 presents the prevalence of hypertension
among rural adults in Yunnan Province aged > 60 years

Table 2 Prevalence of hypertension among rural adults
aged >60 years in Yunnan Province, China, according
to socioeconomic and lifestyle factors

Variables n % 95% Cl P value
Biological sex 0.001
Male 1047 476  (45.5,49.7)
Female 1400 531 (51.2,54.9)
Age group 0.001
60-64 years 591 446  (42.0,473)
65-69 years 649 505 (47.8,533)
70-74 years 562 53.7 (50.9,56.7)
>75 years 645 548 (52.2,57.6)
Ethnicity 0.015
Han 2007 499 (484,513)
Minority 440 545  (51.1,57.8)
Educational level 0.220
llliterate 876 51.8  (494,543)
Primary (grade 1-6) or higher 1571 500  (483,51.8)
Household assets 0.004
Good 1703 493 (47.6,509)
Poor 744 539 (51.2,56.6)
Access to medical service 0.013
Good 1887 497 (48.1,51.2)
Poor 560 541 (509,57.1)
Sleep quality 0.001
Good 1191 463 (443,482
Poor 1256 556  (53.5,57.6)
Physical inactivity 0.001
Yes 1349 546 (526,56.6)
No 1098 465  (44.5,486)
Obesity 0.001
Yes 224 69.8  (64.8,74.6)
No 2223 493  (47.8,508)
Central obesity 0.001
Yes 1500 588 (56.9,60.7)
No 947 415  (395,435)
Family history of hypertension 0.001
Yes 501 679 (64.7,71.1)
No 1946 475 (46.0,49.2)
Diabetes 0.001
Yes 318 644  (60.2,68.6)
No 2129 491  (47.5,504)
Total 2447 506
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according to socioeconomic and lifestyle factors. The
overall prevalence of hypertension was 50.6%. Older
adults aged > 60 years with poor household assets, poor
access to medical services, poor sleep quality, physi-
cal inactivity, and family history of hypertension had a
higher prevalence of hypertension than their counter-
parts; additionally, older adults aged > 60 years with obe-
sity, including central obesity, and diabetic older adults
had a higher prevalence of hypertension than their coun-
terparts (P<0.01).

The PCA results indicated satisfactory reliability
(Kaiser—Meyer—Olkin (KMO) =0.529), and the Bartlett
test of sphericity was statistically significant (P<0.001).
The three variances associated with SEP accounted for
39.0% of the total variance. As shown in Table 3, the
final model reached the model fit indices, which are
generally considered to indicate a reasonable model
fit to the data, including RMSEA, GFI, CFI, TLI, and

Table 3 Goodness-of-fit index of the structural equation
modelling

Goodness-of-fit Reference value Value

Root mean square error of approximation <0.05 0.024
(RMSEA)

Coefficient of determination (GFI) >0.90 0.995

Comparative fit index (CFI) >0.90 0.945

Tacker-Lewis index (TLI) >0.90 0.927

Weighted root mean square residual (WRMR) < 0.05 0.004
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WRMR. We tested 797 models by a machine learn-
ing system and identified the final model that fit the
hypothesis most appropriately. The following changes
were made from the basic model to create the final
model. First, we dropped age and ethnicity from the
basic model, as the modification indices revealed that
the path was not statistically significant (P> 0.05). Sec-
ond, we dropped the direct effect of biological sex on
diabetes and hypertension and of physical inactivity
on body fat distribution based on the fit of the model
according to the goodness-of-fit index.

Figure 2 shows the final SEM model of factors asso-
ciated with hypertension. Whereas biological sex
(female=1, male=0) had a negative relationship with
sleep quality (—0.14, P<0.001), it had a positive rela-
tionship with body fat distribution (0.30, P<0.001) and
physical inactivity (0.11, P<0.001). Higher socioeco-
nomic status had a negative association with hyperten-
sion (—0.08, P=0.001) and a positive relationship with
body fat distribution (0.09, P=0.008). The effect of
body fat distribution on hypertension (0.20, P<0.001)
was greater than that of diabetes (0.14, P<0.001). A
family history of hypertension had similar effects on
hypertension (0.12, P<0.001) and body fat distribution
(0.11, P<0.001). Diabetes (0.06, P<0.001) and physical
inactivity (0.06, P<0.001) had the same positive rela-
tionship with hypertension, while sleep quality (—0.07,
P <0.001) had a negative effect on hypertension.
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Family history of
hypertension
0.06 12

Hypertension

Obesity

Central
obesity

06

Physical inactivity

China

Fig. 2 Final structural equation modeling model of associated factors of hypertension among rural adults aged > 60 years in Yunnan Province,
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Table 4 presents the direct, indirect, and total effects of
the studied variables on hypertension. Overall, body fat
distribution had the greatest total effect on hypertension
(0.21), followed by family history of hypertension (0.14),
biological sex (0.08), sleep quality (—0.07), SEP (— 0.06),
physical inactivity (0.06), and diabetes (0.06). Figure 3
shows that biological sex alone had an indirect effect on
hypertension through mediators, including physical inac-
tivity, sleep quality, and body fat distribution.

Discussion

To our knowledge, this is the first study to use SEM to
examine the direct and indirect effects of socioeconomic
and lifestyle determinants on hypertension in China. The
findings indicate that body fat distribution, SEP, and fam-
ily history of hypertension have both direct and indirect
effects on hypertension, while physical inactivity, diabe-
tes, and sleep quality are directly associated with hyper-
tension and biological sex is indirectly associated with
hypertension.

Our study indicated noticeably high prevalence rates
of physical inactivity and poor sleep quality among
older adults aged>60 years in rural Southwest China.
The prevalence of physical inactivity in our participant
population was also higher than the 27.5% global preva-
lence [20]. Furthermore, the prevalence of poor sleep
quality was higher than that observed in previous stud-
ies in China [23]. These high prevalence rates may result
from the demographic transition caused by the eco-
nomic development currently underway in China as well
as lack of awareness of the impact of lifestyle choices on
chronic disease among older adults aged >60 years in
rural Yunnan Province. Correspondingly, as these central
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Table 4 Direct, indirect, and total effects of variables
on hypertension

Variables Direct Indirect Total

Family history of hypertension 0.12 0.02 0.14
Physical inactivity 0.06 No path 0.06
Diabetes 0.06 No path 0.06
SEP —0.08 0.02 —0.06
Biological sex No path 0.08 0.08
Sleep quality —0.07 No path —0.07
Body fat distribution 0.20 0.01 0.21

determinants of blood pressure lead to a higher preva-
lence of hypertension among the studied population, the
prevalence of hypertension was similar to the reported
prevalence rate of 44.6—60.1% in the China Hypertension
Survey [24] and similar to the worldwide prevalence of
33-59% among individuals aged 40—79 years [25].

SEM was used to construct a complex theoretical
model that reflected reality. The study indicated that
body fat distribution was the most important risk factor
that directly affected the development of hypertension in
our study. Furthermore, the high prevalence of obesity
and central obesity directly contributed to the occur-
rence of hypertension, which is consistent with the WHO
report [3]. Body fat distribution also indirectly affected
hypertension via diabetes. This may be due to alterations
at hormonal, inflammatory, and endothelial levels that
result from obesity and central obesity [26]. The findings
suggested that it is urgently necessary to advise individu-
als, especially for older adults with diabetes, to engage in
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Hypertension

Physical inactivity

Yunnan Province, China

Fig. 3 Indirect effects of associated factors of hypertension based on structural equation modeling model among rural adults aged > 60 years in
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weight management programmes and control their waist
circumference to prevent hypertension.

The study established that high SEP was a protective
factor that directly affected hypertension. This finding is
inconsistent with studies conducted in Sudan [27] and
South Africa [28]. This may result from the fact that older
adults with better SEP had better health awareness and
more opportunities to prevent, diagnosis, treat, and man-
age hypertension in Yunnan Province than in Sudan and
South Africa. SEP also negatively affected hypertension
through body fat distribution. This result indicated that
older adults with better SEP may be more likely to have
obesity or central obesity, which impacts the prevalence
of hypertension. Thus, the findings indicate that older
adults with lower SEP and older adults with higher SEP
who are less conscious of body fat control need more
effective prevention and intervention programmes for
hypertension prevention.

The present study also found that poor sleep quality
had a direct effect on the prevalence of hypertension.
The contribution of sleep quality to the development of
hypertension has been established in previous research
[29]. Poor sleep quality is common in older populations,
and our results of a high prevalence of poor sleep qual-
ity were similar to those of a cross-sectional survey con-
ducted in Iran [30]. Given this finding, improving sleep
quality among Yunnan residents could have a positive
effect on the prevention of hypertension.

Physical inactivity was positively and directly associ-
ated with the prevalence of hypertension in our study.
This finding aligns with previous studies conducted in
China [31], Greece [32], and the UK [33]. Our study sug-
gested that increasing moderate and vigorous physical
activity as well as reducing sitting time is important for
the prevention of hypertension among rural older adults.
Moreover, we found that a family history of hypertension
also directly affected the prevalence of hypertension, a
result consistent with previous research [34]. This study
thus indicates that those with a family history of hyper-
tension should have regular screenings for hypertension
and undergo lifestyle interventions for hypertension
prevention.

In our study, diabetes had a positive, direct effect on
the prevalence of hypertension. In the basic model of our
study, diabetes was also found to be affected by biologi-
cal sex, age, ethnicity, and body fat distribution. Finally,
age, biological sex, and ethnicity were eliminated from
the model because the paths were not significant. This
is consistent with previous research that found that the
prevalence of diabetes and hypertension was associated
with similar risk factors [35]. This finding also suggests
that maintaining proper body fat distribution promotes
hypertension and diabetes prevention.
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Our study also showed that the effect of biological sex
on hypertension was mediated by body fat distribution,
physical inactivity, and sleep quality. This result indicated
that the factors that made hypertension more frequent in
women were related to differences in risk factors and life
expectancy between men and women. This was contrary
to a previous study conducted in China [36].

Limitations

The following limitations of the present study should be
noted. First, haemoglobin A1C was not measured, and
the diagnosis of diabetes was solely based on FBG tests
or self-reported. This may underestimate the prevalence
of diabetes among the study population. Second, physi-
cal exercise was self-reported in the study questionnaire,
which could introduce inaccuracies, as it was subject to
participant recall. Physical activity should be measured in
metabolic equivalents (METs) in the future to strengthen
the analysis results. Third, data on participants’ diets,
mental factors renal function, uric acid and lipid param-
eters were not included in the present study, and they are
important factors in the development of hypertension.
Fourth, we did not consider using multilevel models to
handle cluster data or survey weights in the statistical
model in our study, and we should do so in future work
to further explore the results of our analysis. Fifth, hyper-
tension could directly affect low socioeconomic position,
but we could not consider this situation in our study.
Finally, the findings were based on a study of three coun-
ties, which could limit the ability to generalize the results
to the entire province.

Conclusions

In sum, based on the findings that SEP, body fat distribu-
tion, physical inactivity, diabetes, and sleep quality have
significant influences on the prevalence of hypertension,
future interventions to prevent and control hypertension
among rural Chinese older adults should focus on those
with low SEP, while interventions to control diabetes
should focus on body fat distribution, increasing physical
activity levels and improving the quality of sleep.
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