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1 | INTRODUCTION

Hypertension, or elevated blood pressure (BP), is a major modifi-
able risk factor for cardiovascular disease (CVD) and chronic kid-
ney disease.’ Understanding the epidemiology of hypertension is
essential for quantifying the public health burden of disease, as
well as guiding adequate health care planning and provision.? As
a prevalent condition, hypertension affected more than one billion
people and was responsible for 11 million deaths and 212 million
disability-adjusted life years globally in 2015, bringing a significant
public health challenge to the global society.? It is estimated that,
from 2000 to 2010, the age-standardized prevalence of hyperten-
sion has decreased by 2.6% in high-income countries (HIC), but
increased by 7.7% in low- and middle-income countries (LMIC).4
Overall, the absolute burden of hypertension worldwide is still
consistently on the rise during 2000-2010, with the number of
people affected by hypertension having increased by 27 million in
HIC and 440 million in LMIC.*

In the largest developing country-China, the emergence of
hypertension has also become a major public health challenge.®
Thus far, several large-scale investigations have revealed the
prevalence of hypertension in the Chinese population. The China
Health and Nutrition Survey (CHNS, from 1989 to 2015) adopted
a standard procedure for BP measurement over time and across
geographic regions, providing an opportunity to track the trends
of BP distribution and hypertension prevalence.® Different hy-
pertension phenotypes represent potentially distinct underly-
ing pathophysiological mechanisms and clinical impacts.7*8 For
example, isolated systolic hypertension (ISH, abnormal systolic
blood pressure [SBP] and normal diastolic blood pressure [DBP])
represents a particularly salient subtype of hypertension and a
reliable predictor for adverse cardiovascular outcomes.” Using
CHNS 1991-2009, a previous study has revealed an increasing
trend in mean systolic BP and hypertension prevalence among
Chinese adults; however, secular trends in the prevalence of
different severities and phenotypes of hypertension remain
unknown.®

To fill this knowledge gap, we herein report a comprehen-
sive analysis from CHNS to assess the dynamic prevalence of
hypertension severities and phenotypes in Chinese adults over
more than two decades (1991-2015). The specific objectives of
the present study were twofold. The first was to assess secular
trends in the prevalence of hypertension, different severities and
phenotypes of hypertension, including prehypertension, stage
1 and stage 2 hypertension, ISH, isolated diastolic hypertension
(IDH, abnormal DBP and normal SBP), combined systolic and dia-
stolic hypertension (SDH, abnormal SBP and abnormal DBP), and
controlled hypertension, among the general Chinese adults.? The
second objective was to explore the associations of hypertension,
different severities and phenotypes, with selected demographic,
geographic, socioeconomic, health behavioral, and cardiometa-

bolic factors.

2 | MATERIALS AND METHODS

2.1 | Survey methods

Details of the study design were described previously.X® Briefly,
CHNS is an ongoing prospective household-based health and nutri-
tion survey that covered a set of large provinces across China (the
list and locations of investigated provinces are shown in Table S1
and Figure S1). CHNS was approved by the Institutional Review
Committees of the University of North Carolina at Chapel Hill and
the National Institute of Nutrition and Food Safety, Chinese Center
for Disease Control and Prevention. Informed consents were ob-
tained from all participants.

Beginning in 1989, CHNS has been continuously conducted, and
data have been released for ten rounds between 1989 and 2015
(1989,1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, and 2015).1°
CHNS maintains a high standard in sampling, data collection, and
processing. In each wave, a multistage, random-clustered sampling
approach was adopted. First, all counties and cities in each province
were stratified into low-, middle-, and high-income groups based
on income, among which four counties (one low-, two middle-, and
one high-income) and two cities (usually the provincial capital and a
lower-income city) were selected. Second, two urban and two sub-
urban communities within selected cities, one community within the
provincial capital city, and three rural villages within selected coun-
ties were randomly chosen. Third, 20 households were randomly se-
lected for participation from each selected community/village, and

all members of the selected households were interviewed.'®

2.2 | Datacollection

Throughout the ten rounds of CHNS surveys, trained interviewers
(investigators) collected information on demographics (eg, age and
sex), geographic location (eg, urban or rural, north region or south
region), socioeconomic status (eg, marriage, educational attainment,
economic level), and health-related behaviors (eg, smoking and alco-
hol drinking) by a structured questionnaire. Blood pressure, weight,
height, and waist circumference (WC) were examined following a
standard protocol from the World Health Organization.!' After a
10-minute seated rest, blood pressure was measured on the par-
ticipant's right arm using a mercury sphygmomanometer by trained
examiners. Three BP measurements, separated by a 3- to 5-minute
interval, were successively taken on one visit for each participant.
SBP and DBP were, respectively, recorded as the average of the
three readings. On a calibrated beam scale, weight was measured to
the nearest 0.1 kg with lightweight clothing. Height was measured
to the nearest 0.1 cm without shoes by a portable stadiometer. With
a non-elastic tape, WC was measured to the nearest 0.1 cm at the
mid-level between the iliac crest and the lowest rib in a horizontal
plane.12 Body mass index (BMI) was calculated as weight divided by

height squared (kg/m?). Participants’ blood samples were collected
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in CHNS 2009, and the levels of various biochemical indexes, in-
cluding fasting plasma glucose (FPG), glycosylated hemoglobin A,
(HbA, ), total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycer-
ide (TG), were measured at a national laboratory.

2.3 | Definitions

2.3.1 | Hypertension severities and phenotypes

The definitions of hypertension, hypertension severities, and hy-
pertension phenotypes were in accordance with the “Guidelines for
prevention and treatment of hypertension in Chinese adults (Revised
Edition 2018)” (Chinese Guidelines 2018) and listed in Table 1.1°
Hypertension was considered as “controlled” if SBP < 120 mmHg
and DBP < 80 mmHg while taking antihypertensive medication.

2.3.2 | Demographic, socioeconomic, and
behavioral factors

All participants were divided into three age-groups: 18-39 years, 40-
59 years, and 60 years and above. Marital status was classified into
single (unmarried, divorced, widowed, or separated) and married.
Education attainment was categorized as no formal education, pri-
mary education, middle education (including middle or high school
degree), and higher education (including a technical school degree,
college school degree, or above). Tertiles of per capita household
income (PCHI) were used to define the economic status as poor, mid-
dle, and rich.** We divided all participants’ residence into Southern
China and Northern China. The former regions included Shanghai,
Jiangsu, Hubei, Hunan, Guangxi, Guizhou, and Chongging and the
latter included Beijing, Liaoning, Heilongjiang, Shandong, and Henan
in CHNS. Other well-established behavioral factors (eg, smoking and
alcohol drinking) were also included.’>® Based on a face-to-face

interview, people who smoke at least one cigarette per day were

identified as smokers (including former smokers and current smok-
ers). Similarly, alcohol consumers (including former drinkers and cur-
rent drinkers) were defined by the question “did you drink beer or

any alcoholic beverage last year?”.

2.3.3 | Cardiometabolic factors

Following the Working Group on Obesity in China criteria, general
obesity was defined as a BMI of 28.0 kg/m? or higher.”” Central
obesity was defined as a WC of >85 cm in males or >80 cm in fe-
males, or a waist to height ratio (WHtR) of 0.5, or a waist to hip
ratio (WHR) of 0.9 in males or 20.85 in females.!” According to the
World Health Organization (WHO) recommendation in 2011, dia-
betes was diagnosed as an FPG 27.0 mmol/L or an HbA, > 6.5%, or
currently on anti-diabetic medication.'® Consistent with the guide-
lines for prevention and treatment of dyslipidemia in Chinese adults
(Revised Edition 2016), elevated TC, elevated LDL-C, low HDL-C, and
elevated TG were, respectively, defined as a level of 25.18 mmol/L
(200 mg/dL), 23.37 mmol/L (130 mg/dL), <1.04 mmol/L (40 mg/dL),
and 21.70 mmol/L (150 mg/dL).*’

2.4 | Statistical analysis

In descriptive analyses, continuous variables were presented as
means with standard deviations (SDs), and categorical variables
were expressed as percentages with 95% confidence intervals (Cls).
Using the direct standardization method, we estimated the age-
standardized prevalence of hypertension in each CHNS wave with
the 2010 China Census population as the reference population.?°
Considering dependencies within the same participants across sur-
vey years, generalized linear models (GLMs) using generalized es-
timating equation method were adopted.?! The individual calendar
year was included as a single continuous variable and adjusted for
age in GLMs to examine the significance of trends in the preva-

lence of hypertension, hypertension severities, and phenotypes.

TABLE 1 Classification of blood pressure in adults according to Chinese Guidelines 2018

Category

Normal
Prehypertension
Hypertension
Severities
Stage 1
Stage 2
Phenotypes
Isolated systolic hypertension
Isolated diastolic hypertension

Systolic-diastolic hypertension

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.

Definition

SBP < 120 mmHg and DBP < 80 mmHg
SBP = 120-139 mmHg or DBP = 80-89 mmHg

SBP 2 140 mmHg or DBP = 90 mmHg or currently on antihypertensive medication

SBP = 140-159 mmHg or DBP = 90-99 mmHg
SBP > 160 mmHg or DBP 2 100 mmHg

SBP > 140 mmHg and DBP < 90 mmHg
SBP < 140 mmHg and DBP > 90 mmHg
SBP > 140 mmHg and DBP 2> 90 mmHg
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Subgroup trend analysis between 1991 and 2015 was conducted by
strata of demographic (age, sex), socioeconomic (marital status, edu-
cation, economic status), geographic (setting, region), and behavioral
(smoking, drinking) groups, separately. Furthermore, univariable and
multivariable logistic regression models were used to explore the as-
sociated demographic, socioeconomic, geographic, and behavioral
factors of hypertension, severities, and phenotypes.

Biochemical indexes were only available in CHNS 2009, based
on which we additionally assessed the effects of cardiometabolic
factors using multivariable logistic regression. The outcome vari-
ables were hypertension, hypertension severities, and phenotypes.
The independent variables included general obesity, central obesity,
diabetes, elevated TC, elevated LDL-C, low HDL-C, and elevated
TG levels. Odds ratios (ORs) and corresponding 95% Cls were re-
ported to quantify the extent of associations. All statistical analyses
were conducted using Stata statistical software (version 14.0; Stata
Corporation, College Station, TX, USA). Differences were consid-
ered statistically significant if a P value was less than .05.

3 | RESULTS

3.1 | Characteristics of participants

In total, 164,682 records were obtained from CHNS 1991-2015, of
which 86 623 were used for the descriptive analysis of hypertension
prevalence. For the analysis of demographic, socioeconomic, geo-
graphic, and behavioral factors, a total of 80 594 observations were
eligible. Since the cardiometabolic factors were only assessed in one
survey year, we captured 8010 records from CHNS 2009 adult data-
base. The selection procedure of records is summarized in Figure S2.
The demographic characteristics of the included and excluded re-
cords are shown in Table S2. For all survey rounds, the included par-
ticipants were relatively older than the excluded (all P values <.001).
The proportions of female participants in the included groups were
slightly higher than those in the excluded groups across all survey
rounds, except for CHNS 2006, 2009, and 2011. The socioeconomic,
geographic, health behavioral, and cardiometabolic characteristics

are presented in Tables S3 and S4.

3.2 | Trendsin SBP,
DBP, and prevalence of hypertension, hypertension
severities, and phenotypes

Table 2 shows the age-standardized mean SBP and DBP levels in
Chinese adults over the 25 years of survey. From 1991 to 2015,
both SBP and DBP levels increased by 0.3%, from 115.9 mmHg (95%
Cl: 115.5-116.2) to 123.6 mmHg (95% Cl: 123.2-123.9) and from
74.9 mmHg (95% Cl: 74.6-75.1) to 79.6 mmHg (95% Cl: 79.4-79.9),
respectively (both P values for age-adjusted trend < .001). Over the
same period, the mean SBP and DBP levels all increased significantly
across age- and sex groups.

The trends of age-standardized prevalence of hypertension, se-
verities, and phenotypes from 1991 to 2015 are listed in Table 3.
For prehypertension, the age-standardized prevalence increased
from 30.1% (95% Cl: 29.1-31.1) to 43.1% (95% Cl: 41.9-44.2).
Prehypertension was consistently more prevalent in males (than
among females) and people aged 40-59 years (than in those aged
18-39 years and 260 years). Across the study period, the overall
age-standardized prevalence of hypertension significantly increased
from 15.7% (95% Cl: 15.0-16.5) to 23.3% (95% Cl: 22.5-24.1), yield-
ing a relative increasing rate of 2.0%. The prevalence of hyperten-
sion was generally higher in males (than in females) and the elderly
aged 60 years and above (than in the younger groups). However, the
relative increasing rate of prevalence was the highest in young adults
aged 18-39 years (5.4%), being twice that in those aged 40-59 years
(2.7%) and more than ten times of that in over 60 years of age (0.4%).

For stage 1 and stage 2 hypertension, the age-standardized prev-
alence increased from 10.1% (95% CI: 9.5-10.8) to 15.6% (95% Cl:
14.8-16.3) and from 5.5% (95% Cl: 5.0-6.0) to 7.4% (95% Cl: 6.9-7.8),
respectively, from 1991 to 2015. The prevalence of stage 1 hyper-
tension was generally higher than stage 2 hypertension. Within this
time frame, the relative increasing rates of both stage 1 and stage 2
hypertension were greater in males than in females, and the highest
was in people aged 18-39 years. However, no statistically significant
secular trend of increasing stage 2 hypertension prevalence was ob-
served among people aged 60 years or older (P = .071).

SDH accounted for the largest share of hypertension subtypes
(Figure S3). For ISH, the age-standardized prevalence increased from
3.6% to 6.4% (men from 3.4% to 6.1%, women from 3.8% to 6.6%) over
the 25 years (1991-2015). The prevalence of ISH in three age-groups
(18-39, 40-59, and =60 years) increased by 16.1%, 4.3%, and 2.1% (all
age-adjusted P values < .001). Similar to ISH, the age-standardized
prevalence of SDH increased from 6.9% (95% Cl: 6.4-7.4) in 1991 to
10.4% (95% Cl: 9.9-10.9) in 2015. Upward trends were seen in all sub-
groups (males, females, 18-39 years, 40-59 years), except in people
over 60 years (decreased from 22.0% to 19.5%). For IDH, however, no
significant trend of age-standardized prevalence was observed from
1991 to 2015 (P = .132). An overall increasing trend of IDH prevalence
was found in the age-groups of 18-39 years (from 3.2% to 5.8%) and
in males (from 6.3% to 8.9%), but was insignificant in the middle-aged
and in females (P = .316 and 0.912) across the survey period. During
1991-2015, the prevalence of controlled hypertension rose from 0.1%
(95% Cl: 0.1-0.2) to 0.4% (95% Cl: 0.3-0.5). The corresponding relative
increasing rates in males, females, 18-39, 40-59, and 260 years were
6.3%,7.5%, -0.8%, 6.9%, and 15.8%, respectively (Table 3).

3.3 | Demographic, socioeconomic,
geographic, behavioral, and cardiometabolic
factors of hypertension, hypertension
severities, and phenotypes

Table 4 shows the associated demographic, socioeconomic, geo-
graphic, and behavioral factors of hypertension, severities, and
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phenotypes. After adjusting for demographic characteristics, so-
cioeconomic status, geographic location, and health behaviors, the
prevalence of prehypertension, hypertension, stage 1 hypertension,
and IDH increased gradually with survey years. For stage 2 hyperten-
sion, ISH, and SDH, it was progressive more common in 1997-2015
than in 1991. In addition, advanced age, being rich, highly urbanized,
and alcohol drinking were all positively associated with prehyperten-
sion, hypertension, and stage 1 and stage 2 hypertension, whereas
females, higher educational attainments, and living in Southern
China were negatively associated factors. For ISH, people aged over
60 were positively associated with higher odds (OR = 40.2, 95% Cl:
34.6-46.6). Moreover, participants residing in highly or moderately
urbanized areas were more likely to have ISH, with an odds ratio of
1.7 (95% Cl: 1.5-2.0) and 1.5 (95% Cl: 1.4-1.7), compared with those
living in less urbanized regions. However, being females (vs. males),
married status (vs. single status), a higher education level (vs. no for-
mal education), and south residence (vs. north residence) were as-
sociated with a decreased risk of ISH. For IDH, where people aged
40-59 years (OR = 2.6, 95%Cl: 2.4-2.8) and those aged over 60 years
(OR = 3.7, 95%Cl: 3.3-4.2) had a higher risk of IDH than those aged
18-39 years, advanced age was also a positively associated factor.
Moreover, being married, higher economic level, medium/high ur-
banization, and drinkers were positively related to IDH with ORs of
1.3(95% Cl: 1.2-1.)4,1.2(95% Cl: 1.1-1.3), 1.2(95% CI: 1.1-1.3)/1.4(95%
Cl: 1.3-1.6), and 1.2(95% Cl: 1.1-1.3), respectively. A consistent in-
verse association existed between females, higher education at-
tainments, or south regions and the prevalence of IDH. For SDH,
elevated risks were evaluated between the middle-aged (OR = 5.4,
95% Cl: 4.9-5.9) or the elderly (OR = 13.1, 95% ClI: 11.8-14.6), being
rich (OR = 1.1, 95% ClI: 1.0-1.2), higher urbanization level (OR = 1.4,
95% Cl: 1.3-1.5 and 1.5, 95% Cl: 1.3-1.6), drinking alcohol (OR = 1.1,
95%Cl: 1.0-1.2), and the prevalence of SDH. However, being males
was related to a negative association. Compared with people with
no formal education and in Northern China, those receiving higher
education and from Southern China were less likely to have SDH.
Neither urban residence nor smoking was independently associated
with a higher risk of hypertension, the two different hypertension se-
verities, and all the three phenotypes.

Using CHNS 2009 data, the cardiometabolic factors related to
hypertension, severities and phenotypes were assessed after adjust-
ing for the demographic, socioeconomic, geographic, and behavioral
factors (Figure 1). General obesity, central obesity, diabetes, and
elevated TG levels were estimated to be positively associated with
all types of hypertension (prehypertension, hypertension, stage 1
and stage 2 hypertension). Besides, compared with people who had
normal TC levels, those with elevated TC levels were more likely to
have hypertension. General obesity, central obesity, diabetes, and el-
evated TG were associated with an increased risk of ISH. General and
central obesity and elevated TG were linked to the presence of IDH,
as well. Moreover, two types of obesity, diabetes, and elevated TC
and TG levels were related to a positive association of SDH. However,
no significant associations between elevated LDL or low HDL and se-
verity of hypertension or hypertension phenotypes were observed.

4 | DISCUSSION

In this nationwide household-based study, the prevalence and cardi-
ometabolic factors of hypertension, severities, and phenotypes were
estimated in the general adult population for the first time. From
1991 to 2015, the age-standardized prevalence of hypertension,
hypertension severities and hypertension phenotypes in Chinese
adults increased dramatically. The prevalence of hypertension se-
verities and phenotypes varied in different demographic, socioeco-
nomic, geographic, and health behavioral groups. Advanced age and
medium or high urbanization were positively associated factors of
hypertension, hypertension severities, and phenotypes, whereas fe-
males, higher educational attainments, and living in Southern China
were all negatively related factors. Regarding cardiometabolic fac-
tors, general obesity, central obesity, and elevated TG levels were
linked to ISH, IDH, and SDH. Furthermore, ISH was associated with
diabetes, and SDH was additionally associated with diabetes and el-
evated TC levels.

To the best of our knowledge, previous studies have mainly
focused on the trends of hypertension, but findings on the trends
in hypertension severities and phenotypes were limited in China.
Compared with previous studies, we extended the study period to
1991-2015. We additionally assessed the prevalence of hypertension
severity (stage 1 hypertension and stage 2 hypertension) and pheno-
types (ISH, IDH and SDH) by age and sex. Our findings were largely
reliable based on a substantial number of participants, the stringent
sampling approach and standard procedure for BP measurements
across diverse economic and geographic regions.“"’10 The diagno-
sis of hypertension has been evolving over time. According to the
US National Health and Nutrition Examination Survey (NHANES),
where hypertension was defined as a BP > 140/90 mmHg, the prev-
alence remained stable with a rate of 29.6% (95% Cl: 26.7-32.4) in
1999 and 29.5% (95% Cl: 27.7-31.4) in 2010.%% In comparison with
their results, lower age-standardized prevalence estimates of hy-
pertension (18.7% and 17.3%) among the general Chinese adults in
2000 and 2011 were revealed in our study. In Korea, the absolute
number of people with treated hypertension increased remarkably
from 1.4 million to 5.7 million during 1998-2012, whereas the prev-
alence of ISH and SDH decreased.?® On the contrary, the current
study revealed a rising tendency in ISH as well as SDH in Chinese
adults. Moreover, 8.1% of Japanese adults aged 30-49 were diag-
nosed as ISH patients during a 29-year follow-up.?*

Our results showed a notable and consistent increment in
sex- and age-specific hypertension rates between 1991 and 2015.
Compared with females and younger generations, males and older
people were more vulnerable to hypertension. Although the mech-
anisms for the sex disparities in hypertension are still not clear, it
has been realized that sex hormones may play an important role in
BP regulation.?®> Hormone replacement therapy in postmenopausal
women does not significantly decrease BP levels, as determined by
numerous clinical studies, suggesting that estrogens may not be the
only factor contributing to BP control.?® Instead, animal experiments
found that androgens, such as testosterone, may increase BP via the
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FIGURE 1

Cardiometabolic factors associated with severities and phenotypes of hypertension in CHNS 2009. *Note: Demographic,

socioeconomic, geographic, and behavioral factors were adjusted; values were odds ratio (95% confidence interval), and statistically

significant odds ratios are shown in bold

renin angiotensin-aldosterone system (RAAS).2>% In addition, the
rates of unhealthy lifestyles, such as alcohol intake, overweight and
obesity, and high salt intake, were higher in Chinese men than in
Chinese women.?”?’ These factors may have resulted in a greater
risk of hypertension in Chinese males. Aging is the irresistible de-
generation of biological functions after tissues and organs have at-
tained their maximal reproductive competence.*° Vascular-aging is
associated with an impairment of blood vessel function, including
increased arterial stiffness, dilation of central elastic arteries, and
endothelial dysfunction.31 On this account, nearly half of the elderly
(ranging from 40.3% to 47.8%) suffered from hypertension, and
about one-sixth were stage 2 hypertension patients (ranging from
12.5% to 18.6%). As population aging progresses, the number of
people with high BP, especially stage 2 hypertension, is likely to rise
to a much higher level in the coming decades.??3?

In line with the discovery of a large cross-sectional study, ISH
took up around a quarter of hypertension (from 22.3% in 1991 to
33.9% in 2015) and was more common in older population (ranging
from 12.7% to 22.4%, OR = 40.2) in our study.*® The predominant
cause of ISH is a reduced compliance of the large elastic arteries
during the aging process.®*%° Previous studies have demonstrated
a marked increase in arterial stiffness and aortic characteristic
impedance, and elevated central pulse pressure and central SBP
in ISH patients.?® This hemodynamic features for ISH lead to a
myriad of downstream effects (eg, endothelial dysfunction, in-
creased inflammatory cytokines levels, end-organ hypoperfusion,
and activation of the RAAS and sympathetic tone), which could
in turn enhance arterial stiffness and result in a worse stage of
ISH if uncontrolled.®” However, in contrast with the pattern
of ISH, IDH was mainly observed in middle-aged people (rang-
ing from 7.1% to 9.2%, OR = 2.6). IDH was manifested as an in-
creased DBP (DBP = 90 mmHg), normal or slightly elevated SBP
(SBP < 140 mmHg), and decreased pulse pressure difference.?
There is evidence that the RAAS and vasoactive substances (eg,
catecholamine) contribute to the increase of vascular resistance
and, thus, the DBP levels.®® Given that arteries in the young

generation are generally in good condition, unhealthy lifestyles,
such as obesity, sedentariness, alcohol consumption, and exces-
sive intake of salt, might serve as possible contributors of IDH.%¢

We discovered that higher educational attainments (OR = 0.5,
0.6, and 0.5, respectively), higher urbanization (OR = 1.7, 1.4, and
1.5, respectively), and dwelling in Southern China (OR = 0.6, 0.3, and
0.5, respectively) were related to the occurrence of ISH, IDH, and
SDH. Indeed, the negative association between education degree
and hypertension has been previously discussed, the possible con-
tributors of which might be the higher knowledge or awareness of
hypertension and healthier lifestyles in educated people.>® Since
the Reform and Opening in the late 1970s, rapidly expanding urban-
ization has sprawled out in China. Particularly, urbanization rate has
marvelously increased from 26.94% in 1991 to 56.10% in 2015, with
a great acceleration compared to ever before.®” Sedentary lifestyle
instead of manual labor and changes in dietary pattern, as a conse-
quence of urbanization, may partly explain the low-high urbanization
gradient in hypertension. For the geographic variation of ISH, IDH,
and SDH between Southern and Northern China, different climates,
temperature degrees, air pollution, dietary compositions, and obesity
rates were taken into consideration.*® Moreover, genetics was also
suggested as an essential factor for assessing this disparity by a pre-
vious study on hypertension and CVD.* Given the rising prevalence
of hypertension, severities, and phenotypes in populations with low
education, high urbanization, and residing in Southern China, critical
measures, including strengthening the primary care system, scaling
up education programs, and promoting diet and physical activity in-
terventions, are needed to mitigate the CVD burden in China.

Our study extends the existing knowledge by demonstrating the
associations of cardiometabolic factors with hypertension, hyperten-
sion severities, and phenotypes. We found that both general obesity
and central obesity were connected with ISH (OR = 1.78 and 1.92),
IDH (OR = 1.79 and 2.01), and SDH (OR = 2.47 and 2.34), as depicted
in previous researches.!® Furthermore, we revealed an association
between diabetes and ISH (OR = 2.49) or SDH (OR = 1.89). Although
this finding was supported by evidence from a population-based
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prospective cohort study using Mendelian randomization analysis
and a meta-analysis of 49 trials,*>*® the precise mechanisms for the
relationship of diabetes with ISH and SDH (with elevated SBP) but
not IDH (with elevated DBP) are largely unknown. Broad cardiomet-
abolic disorders in diabetic patients, including RAAS activation, en-
dothelial dysfunction, insulin resistance, and the elevated level of
advanced glycation end products, may be responsible for the initi-
ation and maintenance of hypertension.***> Our study also showed
that elevated TG was positively linked to ISH, IDH, and SDH, with
ORs of 1.48, 1.36, and 1.76. Consistent with our outcomes, a study in
Korea presented a significant role of elevated TG in predicting hyper-
tension and CVD.* Tohidi et al also reported that a 1-standard devi-
ation increment in TG levels was correlated with a 16% increased risk
of developing hypertension.*” However, the mechanisms underlying
the interaction between hypertriglyceridemia and hypertension are
uncertain to date. Some studies suggest that insulin resistance and
increased renal Na reabsorption play a potentially key role in obesity-
induced hypertension.*®*’ In this study, the elevated TC was also
observed as a useful predictor for identifying SDH (OR = 1.62, 1.22-
2.14), indicating the necessity of screening for dyslipidemia in public.

However, some limitations should be noted. First, the national
representativeness of CHNS could not be fully ensured, despite the
large sample size and a range of economic and demographic varia-
tions. Second, several confounding factors (eg, family history, phys-
ical activity, sodium intake, and comorbidities) were not accounted
for in our multivariable analyses for lack of relative information.
Third, biochemical indexes, such as FPG, HbA1c, TC, LDL-C, HDL-C,
and TG, were only detected in CHNS 2009, based on which we ex-
plored the associations between cardiometabolic factors and hyper-
tension subtypes. This may result in a weaker statistical power when
compared to the assessment of other factors (eg, sex, age, educa-
tion) in this study. Fourth, the current study did not report the per-
centage of resistant and secondary hypertension since information
on target organ damage, drug-resistant (>3 drugs), and comorbidities
was not collected in CHNS.

In conclusion, the present study demonstrates an increasing trend
in the prevalence of hypertension, hypertension severities, and phe-
notypes among Chinese adults over two decades. Various demo-
graphic, socioeconomic, geographic, and behavioral predictors (sex,
age, urbanization, educational attainments, Southern China), as well as
cardiometabolic factors (general obesity, central obesity, elevated TG
levels), were associated with ISH, IDH, and SDH. Efforts for the pre-

vention and management of hypertension are in urgent need in China.
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