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ABSTRACT

Objective: This study compared the prevalence, awareness, treatment and control of hypertension and associated
factors in China and the United States (US).

Methods: Adult data from nationally representative samples were derived from the Chronic Disease and Risk
Factors Surveillance in 2010 and 2013 in China and the National Health and Nutrition Examination Survey
in 2010 and 2013 in the US. Multivariable logistic and Poisson regression analysis were conducted to assess
associations of the four outcomes with body weight status and behavioral factors.

Results: Age-standardized prevalence rates of hypertension was 35.7% (95% confidence interval [CI]: 35.4% to
36.1%) in 2010 and 29.8% (95% CI: 29.4% to 30.2%) in 2013 in China, and 35.3% (95% CI: 33.6% to 37.1%)
in 2010 and 37.9% (95% CI: 36.0% to 39.7%) in 2013 in the US. Among hypertensive participants, the age-
standardized rates of treatment were 18.4% (95% CI: 17.9% to 18.9%) in 2010 and 23.8% (95% CI: 23.1% to
24.6%) in 2013 in China and 54.5% (95% CI: 50.3% to 58.7%) in 2010 and 50.9% (95% CI: 46.5% to 55.3%)
in 2013 in the US; the age-standardized hypertension control rates were 3.2% (95% CI: 3.0% to 3.5%) and 5.7%
(95% CI: 5.3% to 6.0%) in 2010 and 2013 in China and 50.6% (95% CI: 46.2% to 55.0%) and 55.3% (95% CI:
50.3% to 60.3%) in the US. Obesity was significantly associated with prevalence, awareness and control rates in
both countries. Different from the US, obesity was negatively associated with hypertension control in China.
Conclusion: Hypertension prevalence in China is similar to that in the US, but the control rate in China was
significantly lower. Obesity was a critical risk factor for poor hypertension control in China.

1. Introduction

China, while the situation is better in high-income countries.® Related
comparison studies across-countries are limited, but they can offer im-

Hypertension is a major contributor to the increased morbidity and
premature mortality worldwide.! In 2021, an estimated 1.28 billion
adults aged 30-79 years worldwide had hypertension, and about two-
thirds lived in low- and middle-income countries (LMICs).! Further-
more, this number is projected to increase to 416.47 million by 2030 in
China.? Another serious worldwide challenge is that the awareness and
management rates of hypertension are low in many LMICs, including

portant insights to help fight hypertension. A comparison study of China,
the largest transitional country, and the US, the largest industrialized
country, can offer valuable insights into hypertension management for
many other countries.

Along with rapid industrialization, urbanization, and modernization,
China has witnessed an increase in hypertension prevalence.* This is
likely due to the shifts in lifestyle factors and the increase in obesity.>
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To curb the increasing trend in hypertension, the Chinese Center for Dis-
ease Control and Prevention (China CDC) launched six national surveys
since 2004 to examine the status of and factors related to chronic and
non-communicable diseases (NCDs) with hypertension as a priority fo-
cus.® Findings from these surveys consistently showed high prevalence
rates of hypertension (27%-34%) but low rates of awareness (26%-—
41%), treatment (19%-35%), and control (6%-11%).7-°

Previous studies shows that during 1999-2018, hypertension preva-
lence rates among American adults varied from 28%-32%; among those
with hypertension, more than 80% were aware of their diagnosis, over
70% received treatment, and nearly half had their blood pressure un-
der control.!%-11 Although Lu and colleagues compared hypertension re-
lated outcomes (prevalence, and the rates of awareness, treatment and
control) in adults (45-75 years) using 2011-2012 data from the China
Health and Retirement Longitudinal Study and the US National Health
and Nutrition Examination Survey (NHANES), the sample was relatively
small (12 654 participants in China and 2 607 in the US) and did not
included younger participants (< 45 years) that are also at high risk
for hypertension.'? In addition, understanding changes in key outcome
measures over time is of great significance for hypertension manage-
ment. However, few studies have examined these issues and compared
their differences between China and the US. Furthermore, studies on
factors associated with these hypertension outcomes is essential for pre-
cision interventions.

Obesity prevalence in China has been increasing since the 1990s and
has become a major public health problem now, with one in every two
adults overweight or obese.!® Obesity is considered as a major deter-
minant of hypertension, accounting for 65% to 75% of primary hyper-
tension.'* Obesity can also negatively affect the effect of hypertension
treatment and control.'>1® However, this negative influence has not
been evaluated using national data in China.
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Using nationally representative data from China and the US, this
study aimed to: (1) compare the rates of prevalence, awareness, treat-
ment, and control of hypertension between China and the US; and (2)
explore factors being associated with these rates. A China-US compari-
son study will help guide improvements in future intervention strategies
in China and other LMICs.

2. Methods and materials

2.1. Data sources and study populations

The 2009-2010 (2010) and 2013-2014 (2013) data for China and
the US were derived from the China Chronic Disease and Risk Fac-
tors Surveillance (CCDRFS) and the NHANES. The CCDRFS is a data
collection system for cross-sectional surveys with nationally represen-
tative samples. The system is designed and implemented by the Na-
tional Center for Chronic and Noncommunicable Disease Control and
Prevention, the China CDC. Detailed description about CCDRFS can be
found elsewhere.!” The NHANES as a cross-sectional national survey
was launched in the early 1960s and has been conducted by the US
National Center for Health Statistics, the US Centers for Disease Con-
trol and Prevention. Detailed description of the NHANES can be found
elsewhere.!®

To ensure homogeneity of the study samples, participants were lim-
ited to those who were aged > 20 with complete data. Participants who
were pregnant (0 in China and 133 in US), or with missing data on key
variables such as age, sex, and measured blood pressure (3 668 for the
CCDRFS and 1 624 for the NHANES) were excluded, yielding a final
sample of 270 779 for China data (94 741 in 2010 and176 038 in 2013)
and 10 230 for US data (5 311 in 2010 and 4 919 in 2013). A flow-chart
detailing the sample selection is presented in Fig. 1.
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Fig. 1. Flow diagram of study sample sizes.
CCDREFS: The China Chronic Disease and Risk Factors Surveillance; NHANES: US National Health and Nutrition Examination Survey; SBP: Systolic blood pressure;

DBP: Diastolic blood pressure.
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The CCDRFS was approved by the Chinese Center for Disease
Control and Prevention ethical review committee and other par-
ticipating institutions, and NHANES was approved by the National
Center for Health Statistics Ethics Review Board. Participants were
recruited through written informed consent in both CCDRFS and
NHANES.

2.2. Outcome variables

Hypertension: In the CCDRFS, after 5 min rest three consecutive
measures of systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were assessed using the Omron digital blood pressure monitor
(Omron, Dalian, China) with 60 s between each measure. The same
protocol was used in the NHANES with blood pressures measured us-
ing the mercury sphygmomanometer (W.A. Baum, Copiague, NY).!°
Our primary outcomes were prevalence of hypertension, proportion
of people with hypertension who were aware of their disease (aware-
ness), proportion of those taking medication for hypertension (treat-
ment), and proportion of those whose blood pressure was controlled
(control).

Based on both the measured BP and survey data, participants were
classified as hypertensive if they: (1) responded positively to either of
the two survey questions, or (2) the measured mean BP met the WHO
criteria (SBP > 140 mmHg or DBP > 90 mmHg).'?

Both CCDRFS and NHANES collected data to assess the awareness,
treatment, and control of hypertension among participants with hyper-
tension: (1) Hypertension awareness was defined based on the response
of a participant to the question: “Have you ever been told by a doctor
or health professional that you had hypertension, also called high blood
pressure?” Participants were coded as 0 (unaware) if they responded
negatively to the question, including never measured blood pressure;
otherwise, 1 (aware). (2) Hypertension treatment was defined by par-
ticipant self-reporting taking medication to lower hypertension in the
last two weeks (0 = no, 1 = yes). (3) Hypertension control was defined
according to the 1999 WHO standard for hypertensive participants.>’
Participants were coded as 1 (under optimal control) if aged 60 years
or older with mean SBP < 140 mmHg and DBP < 90 mmHg or 18-59
years old with mean SBP < 130 mmHg and DBP < 85 mmHg, otherwise,
0 (not under control).

2.3. Anthropometry measures and body weight status

For China data, height was measured using mechanical anthropom-
etry stadiometers (Bengbu Equipment; Anhui, China). Weight was mea-
sured using electronic body scales with regular calibration. Waist cir-
cumference (WC) was measured using torch shape measuring tape (Fos-
han Equipment, China).

For US data, height was measured using a stadiometer with a fixed
vertical backboard and an adjustable head piece. Weight was measured
using a digital weight scale. WC was measured using snug tape to the
closest 0.1 cm after palpating.

Body mass index (BMI) was calculated as weight (kg) divided by
height square (m?2). Using BMI and WC, participants were classified
into different weight groups: (1) Chinese criteria (used for China): un-
derweight (< 18.5), normal weight (18.5 to 23.9), overweight (24.0 to
27.9), and general obesity (> 28.0); central obesity was defined as a
WC > 90 cm in men and > 85 cm in women;?! and (2) WHO criteria
(used for China and the US), underweight (BMI < 18.5), normal weight
(18.5 to 24.9), overweight (25.0 to 29.9) and general obesity (> 30.0);2?
central obesity was defined as WC > 102 cm (men) and WC > 88 cm
(women).%3

For China-US comparison and consistent with previously published
Chinese studies, both the Chinese and WHO criteria were used to assess
weight status for China, but only the WHO criteria for the US.
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2.4. Covariates and hypertension risk factors

Physical activity (PA) level was estimated from the Global Physical
Activity Questionnaire (GPAQ) in both countries. The minutes of physi-
cal activity (PA) were converted into metabolic equivalents (METs) and
then categorized into three groups according to the GPAQ guideline:
low, moderate, or high.%*

For CCDRFS, current smoker was defined as who self-reported
cigarette use every day or some days at the time of survey; former
smoker was defined as an adult who self-reported cigarette use in his
or her lifetime but who had quit smoking at the time of interview;
non-smoker was defined as an adult who self-reported never having
smoked in his or her lifetime. Annual drinking frequency was catego-
rized as light (less than once per month/1-3 days/month), moderate
(1-4 days/week), or heavy (5-7 days/week) among respondents who
consumed alcohol in the past 12 months.

For NHANES, current smoker was defined as an adult who had
smoked at least 100 cigarettes and who currently smokes cigarettes;
former smoker was defined as an adult who had smoked at least 100
cigarettes in his or her lifetime but who had quit smoking at the time of
interview; non-smoker was defined as an adult who had never smoked,
or who has smoked fewer than 100 cigarettes in his or her lifetime.?> Av-
erage daily drinking volume was categorized as follows: men were classi-
fied as “light drinker” < 1 (operationally < 0 to 0.49) drinks/day, “mod-
erate drinker” 1 to 2 (0.5 to 2.49) drinks/day, and “heavier drinker”
> 3 (> 2.5) drinks/day; women were categorized as “light drinker”
< 1 (< 0 to 0.49) drinks/day, “moderate drinker” 1 (0.5 to 1.49)
drinks/day, and “heavier drinker” > 2 (operationally > 1.5) drinks/
day.20

Sociodemographic factors included age, marital status, education,
household income, disease history, and medical insurance coverage. All
the measures for both China and US data were based on the same or sim-
ilar survey questions except for the household income. For China data,
household income was classified according to the per capita household
income by tertiles, while for the US data, household income was de-
fined using the family poverty income-to-poverty ratio (PIR)?” with low
(< 130%), middle (131%-350%), and high (> 350%).°

2.5. Statistical analysis

Descriptive analysis was conducted to describe the study sample
and to obtain point (rate or proportion) and 95% confidence interval
(CI) estimates for the four outcome variables (prevalence, awareness,
treatment, and control of hypertension). Sample weights were used to
provide nationally representative estimates; and the estimated rates for
China and the US at the national levels were age-standardized using
the direct method and the 2010 Census data in China and 2010 pro-
jected population data in the US. The estimated 95% CIs were used to
compare the China-US difference in the outcome measures. An outcome
measure was considered as significantly different between China and
the US at the P < 0.05 level if there was no overlap in the estimated
95% ClIs.

To explore the associations between the four outcome measures and
sociodemographic factors, body weight status, anti-hypertensive ther-
apy and behavioral factors, multivariable logistical regressions were
used when an observed event rate was < 10% to avoid overestimate
of the prevalence/risk ratio;?® and Poisson regression was used when
an observed event rate was > 10%.

In all statistical models, sociodemographic factors (age, gender,
household income, education level, medical insurance) and other risk
factors such as drinking, smoking, weight status and diseases history
were included. Adjusted odds ratio (OR) or prevalence ratio (PR) with
95% CI was used to measure the associations. In addition, P < 0.05 was
used for statistical inference.

Statistical analyses were conducted using Stata (version 15.0, Stata-
Corp, College Station, Texas, USA).
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Table 1
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Characteristics of study samples and potential risk factors of hypertension in China and the US: analysis of nationally representative data from the 2010 and 2013

CCDRFS and NHANES (%).

Total Hypertensive Normal blood pressure
Characteristics
China The US China The US China The US p* p
(n=270779) (n =10 230) (n =105 529) (n=4226) (n =165 250) (n=6004)
Age 0.08 0.51
20-< 40 years 43.1 36.1 20.2 36.1 54.3 49.0
40-< 60 years 39.3 38.3 45.6 38.3 36.3 38.3
> 60 years 17.6 25.7 34.2 25.7 9.4 12.7
Gender 0.62 0.62
Man 50.6 49.5 53.5 49.5 49.2 49.0
Woman 49.4 50.5 46.5 50.5 50.8 51.0
Marital status < 0.01 <0.01
Unmarried 10.4 18.4 4.2 18.4 13.4 23.2
Married 82.6 63.1 84.3 63.1 81.8 62.8
Ever-married 7.0 18.5 11.5 18.5 4.8 14.1
Education < 0.01 <0.01
Below high school 73.6 16.9 80.6 16.9 70.1 15.5
High school or vocational school 16.3 22.2 13.6 22.2 17.7 20.4
College and above 10.1 60.9 5.8 60.9 12.2 64.1
Household income® 0.08 0.05
Low 34.2 21.0 36.2 21.0 33.3 21.1
Medium 36.4 40.1 36.1 40.1 36.5 38.9
High 29.4 38.9 27.7 38.9 30.2 40.0
Medical insurance* 98.1 80.7 98.4 80.7 97.9 76.7 < 0.01 < 0.01
Weight status < 0.01 < 0.01
Underweight 4.3 1.5 2.2 1.5 5.5 2.0
Normal weight 50.0 28.9 35.3 28.9 57.1 35.5
Overweight 32.1 33.9 39.4 33.9 28.5 34.1
General obesity 13.6 35.6 23.1 35.6 8.9 28.4
Central obesity* 28.6 52.9 44.0 52.9 21.1 44.2 < 0.01 < 0.01
Disease history*
Diabetes 10.0 12.0 18.2 12.0 6.0 5.6 0.23 0.99
Cancer 0.7 10.5 9.0 10.5 6.4 7.0 0.09 0.77
Dyslipidemia 58.9 64.3 64.8 64.3 55.5 55.1 < 0.05 0.82
Stroke 1.0 2.6 2.4 2.6 0.3 1.0 0.45 0.99
CVDs 0.5 6.6 1.1 6.6 0.3 2.9 < 0.01 0.25
Smoking status < 0.01 < 0.01
Former smoker 5.1 24.3 7.8 24.3 3.7 20.0
Current smoker 28.1 20.2 28.1 20.2 28.2 21.6
Never smoked 66.8 55.5 64.1 55.5 68.1 58.4
Drinking status < 0.01 < 0.05
Light 62.9 63.0 53.7 63.0 67.6 63.0
Moderate 21.7 31.8 23.8 31.8 20.6 32.0
Heavier 15.4 5.2 22.5 5.2 11.8 5.1
Physical activity < 0.01 < 0.01
Low 9.0 45.9 10.2 45.9 8.4 40.1
Moderate 49.2 24.3 47.8 24.3 49.9 26.0
High 41.8 29.8 42.0 29.8 41.7 33.8

Bold font indicates statistical significance. Chi-square test was used for categorical variables and t-test (normally distributed) or Wil-coxon rank-sum (not normally
distributed) test was used for continuous variable. *P for hypertension group; **P for normal blood pressure group; $Household income of low, medium, and
high were determined using tertiles of the per capita household income for China and family income-to-poverty level ratio for the US; *The proportion of the
population who answered were classified into “Yes”. CCDRFS: The China Chronic Disease and Risk Factors Surveillance; NHANES: The National Health and

Nutrition Examination Survey; CVDs: Cardiovascular diseases.

3. Results

3.1. Prevalence, awareness, treatment, and control of and over time
changes in hypertension

Of the total sample, proportions of overweight, obesity and central
obesity were 32.1%, 13.6% and 28.6 in China, and 33.9%, 35.6% and
52.9% in the US, respectively. The proportions of overweight, obesity
and central obesity were higher in hypertensive participants than those
with normal blood pressure in both countries (Table 1).

Table 2 presents the prevalence levels of the four outcomes measured
at two times for China and the US. In China, age-standardized prevalence
(95% CI) of hypertension was 35.7% (95% CI: 35.4% to 36.1%) in 2010
and 29.8% (95% CI: 29.4% to 30.2%) in 2013, while in the US it was
35.3% (95% CI: 33.6% to 37.1%) in 2010 and 37.9% (95% CI: 36.0%
to 39.7%) in 2013. The rates of awareness, treatment, and control were
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much lower in China than in the US. For example, only about 1 in 3
Chinese participants knew about their hypertension diagnosis, 1 in 5
received treatment, and 5.7% of them achieved control.

Similar patterns of the four outcome measures, including levels
and changes over time were observed for different age- and gender-
specific subgroups in both China and the US (P < 0.05 based on the
95% CD).

3.2. Associations between weight status and hypertension outcomes

Fig. 2 depicts the four outcome measures by body weight status. First,
overweight, general obesity, and central obesity were all associated with
higher prevalence in China and the US. Second, although no significant
differences in the prevalence between China and the US, the rates of
awareness, treatment, and control were lower in China than in the US
(P < 0.05), regardless of body weight status.
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Table 3 indicates that in China, general obesity and central obesity
were positively associated with higher hypertension prevalence (general
obesity: PR 1.94, 95% CI: 1.72 to 2.20; central obesity: PR 1.25, 95%
CI: 1.13 to 1.38), awareness (general obesity: PR 1.14, 95% CI: 1.07 to
1.21; central obesity: PR 1.17, 95% CI: 1.04 to 1.33), treatment (general
obesity: PR 1.18, 95% CI: 1.10 to 1.27; central obesity: PR 1.09, 95% CI:
1.04 to 1.15), but with a lower control rate (general obesity: OR 0.67,
95% CI: 0.55 to 0.82; central obesity: OR 0.86, 95% CI: 0.75 to 0.99).
Similar results were observed in the US except for the association with
treatment and control rates.

3.3. Other factors associated with hypertension outcomes

Education was negatively associated with hypertension prevalence
for Chinese (PR 0.80, 95% CI: 0.71to 0.91), and positively associated
with hypertension treatment (PR 1.17, 95% CI: 1.00 to 1.36). High
household income was positively associated with hypertension aware-
ness and control rates for Chinese participants (PR 1.15, 95% CI: 1.03 to
1.28; OR 1.82, 95% CI: 1.24 to 2.68) but not for American. Higher lev-
els of PA were associated with lower hypertension prevalence in China
(PR 0.94, 95% CI: 0.89 to 0.99) and in the US (PR 0.83, 95% CI: 0.71
to 0.98). Details of the factors associated with the four outcomes are
presented in the Table 3.

3.4. Obesity negatively interacted with antihypertensive medication on
hypertension control

Compared with those who did not take hypertensive drugs, partic-
ipants who had hypertensive drugs were more likely to have their hy-
pertension under control regardless of obesity status for American par-
ticipants (no-general obese and medication, PR 1.98, 95% CI: 1.50 to

28

2.62; general obesity and medication, PR 1.49, 95%CI: 1.04 to 2.13; no-
central obese and medication, PR 1.81, 95% CI: 1.28 to 2.57; central
obese and medication, PR 1.69, 95% CI: 1.39 to 2.06). Similar results
were also observed for Chinese participants except those with general
obesity (Table 4).

In the US, both SBP and DBP were relatively higher for partici-
pants without antihypertensive medication, while in China only DBP
was higher for participants without anti-hypertension medication re-
gardless of their body weight status (Fig. 3).

4. Discussion

To our knowledge, this study is the first that compared hyperten-
sion outcomes and associated factors between China and the US using
nationally representative data collected over time. There were substan-
tial differences between the two countries in some outcomes: the rates
of awareness, treatment, and control in China were much lower than
those in the US, but hypertension prevalence was similarly high in both
countries. High levels of education, household income and PA were pos-
itively related with hypertension management in China, but only higher
household income was positively associated with treatment in the US.
Moreover, those who used antihypertensive drug were more likely to
have their blood pressure under control regardless of obesity status for
both countries, except for those who had obesity in China.

4.1. High rates of prevalence and low rates of awareness, treatment and
control of hypertension in China

Compared to the US, China is much less developed; however, the
prevalence of hypertension in China is comparable to that in the US.
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Fig. 3. Mean systolic and diastolic blood pressure (mmHg) among hypertensive adults using antihypertensive medications by weight status in China (A) and the US

(B).

In China, we used Chinese weight standard and in the US, we used the US weight standard. The data in 2013 were used for the association analyses. All analyses
accounted for sample weights to provide nationally representative estimates. * There were significant differences in blood pressure between users and non-users by
t-tests (P < 0.05). NW: Normal weight; OW: Overweight; OB: Obesity; COB: Central obesity; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

More alarming than the high prevalence are the lower rates of aware-
ness, treatment, and control of hypertension in China than in the US.
Only 30%-34% patients with hypertension in China are aware of their
status, compared to 83%-85% in the US. Fortunately, there is a recent
decline in hypertension prevalence in China probably due to several
national health promotion programs, including the Lifestyle for All pro-
gram started in 2007 and the Healthy China 2020 launched in 2009.2°-3°
These national health programs are designated to encourage healthier
lifestyle and promote risk reduction behaviors. Studies are needed to
document the effect and to investigate mechanisms of these program
for blood pressure control.

Among the three indicators of hypertension awareness, treatment,
and control in China, addressing the low rates of awareness is a priority
step toward the optimal control of hypertension and other NCDs. Al-
though the awareness and treatment rates increased a bit during 2010-
2013, the rates are much lower than those in the US. By contrast, the US
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performed better in controlling hypertension. Reported studies suggest
the role of strong healthcare systems and some evidence-based public
health intervention programs (e.g., Life’s Simple 7 program).®! These
programs were launched in the 1960-1970s.2°%0 Although China has
launched several health promotion programs recently, these programs
started much later. Greater efforts are needed to enhance the awareness,
to strengthen the health system for prevention by integrating hyper-
tension screening and follow-up services into the routine primary care
practice.

Economic development creates an economic disparity in society,
leaving hunger and malnutrition among the poor unresolved, and in-
creasing hypertension due to overnutrition among the wealthy. Aging
with accompanying unhealthy lifestyle further exacerbated the disparity
in low and middle income countries (LMICs). The rates of hypertension
awareness, treatment, and control in high-income countries (HICs) were
at least twice higher than those in LMICs over the past decade.>? For ex-
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Table 3
Factors associated with prevalence, awareness, treatment, and control of hypertension in China and the US using 2013 data [PR (95% CD)].
Prevalence” Awareness’ Treatment’ Control®
Variables
China The US China The US China The US China The US
Age
20-<40 years REF REF REF REF REF REF REF REF

40-< 60 years

> 60 years
Gender

Man

Woman
Education

Below high school

High or vocational school

College and above
Household income

Low

Middle

High
Weight status

Normal weight

Overweight
General obesity
Central obesity

No

Yes
Physical activity

Low

Moderate

High

1.72 (1.57 to 1.90)
2.52 (2.26 to 2.80)

REF
0.75 (0.65 to 0.87)

REF
0.96 (0.88 to 1.05)
0.80 (0.71 to 0.91)

REF
0.94 (0.86 to 1.02)
0.95 (0.87 to 1.03)

REF
1.46 (1.32 to 1.62)
1.94 (1.72 to 2.20)

REF
1.25 (1.13 to 1.38)

REF
0.94 (0.89 to 0.99)
0.95 (0.90 to 1.00)

1.94 (1.63 to 2.32)
2.82 (2.35 to 3.40)

REF
1.00 (0.93 to 1.07)

REF
1.10 (0.96 to 1.26)
0.94 (0.80 to 1.11)

REF
0.93 (0.81 to 1.07)
0.94 (0.83 to 1.06)

REF
1.29 (1.09 to 1.53)
1.53 (1.31 to 1.79)

REF
1.14 (1.02 to 1.28)

REF
0.83 (0.71 to 0.98)
0.82 (0.73 to 0.91)

1.91 (1.59 to 2.31)
2.07 (1.69 to 2.54)

REF
1.03 (0.84 to 1.26)

REF
1.05 (0.90 to 1.23)
1.12(0.93 to 1.34)

REF
1.07 (0.94 to 1.21)
1.15 (1.03 to 1.28)

REF
1.07 (1.02 to 1.13)
1.14 (1.07 to 1.21)

REF
1.17 (1.04 to 1.33)

REF
1.04 (0.98 to 1.11)
1.07 (1.01 to 1.14)

0.95 (0.88 t0 1.03)
0.96 (0.91 to 1.02)

REF
1.05 (1.00 to 1.10)

REF
1.00 (0.92 to 1.08)
1.04 (0.98 to 1.09)

REF
1.00 (0.97 to 1.04)
0.96 (0.92 to 1.00)

REF
1.11 (1.05 to 1.17)
1.13 (1.04 to 1.23)

REF
0.98 (0.94 to 1.03)

REF
0.99 (0.93 to 1.06)
0.98 (0.86 to 1.11)

2.37 (1.83 to 3.08)
3.02 (2.28 to 3.99)

REF
1.05 (0.80 to 1.37)

REF
1.14 (0.94 to 1.39)
1.17 (1.00 to 1.36)

REF
0.86 (0.73 to 1.02)
1.03 (0.89 t0 1.19)

REF
1.08 (1.02 to 1.15)
1.18 (1.10 to 1.27)

REF
1.09 (1.04 to 1.15)

REF
1.01 (0.95 to 1.09)
1.03 (0.96 to 1.10)

1.91 (1.40 to 2.60)
2.34 (1.83 to 3.01)

REF
1.08 (0.98 to0 1.18)

REF
0.94 (0.80 to 1.10)
0.94 (0.87 to 1.01)

REF
1.07 (1.01 to 1.14)
1.00 (0.89 to 1.11)

REF
1.05 (0.91 to 1.21)
1.13 (0.98 to 1.30)

REF
1.01 (0.89 to 1.14)

REF
1.01 (0.89 to 1.15)
1.08 (0.95 to 1.23)

2.60 (1.48 to 4.56)
6.24 (3.46 to 11.25)

REF
1.04 (0.58 to 1.85)

REF
0.88 (0.53 to 1.48)
1.08 (0.65 to 1.80)

REF
1.15(0.75 to 1.77)
1.82 (1.24 to 2.68)

REF
0.82 (0.71 to 0.95)
0.67 (0.55 to 0.82)

REF
0.86 (0.75 to 0.99)

REF
0.66 (0.40 to 1.09)
0.66 (0.39 to 1.11)

0.90 (0.71 to 1.14)
0.99 (0.81 to 1.21)

REF
1.11 (0.99 to 1.25)

REF
1.08 (0.89 to 1.32)
1.16 (0.99 to 1.36)

REF
1.00 (0.87 to 1.16)
0.97 (0.82 to 1.13)

REF
1.38 (1.14 to 1.68)
1.24 (1.02 to 1.52)

REF
0.94 (0.77 to 1.15)

REF
0.98 (0.87 to 1.10)
1.04 (0.88 to 1.22)

Bold font indicates statistical significance. Multivariable logistic regression was used when an observed event rate was < 10%, while Poisson regression was used when an observed event rate was > 10%. Sample weights
are considered in all analyses to provide nationally representative estimates. Covariates included in all regression models were age, gender, smoking status, drinking status, household income, education level, medical
insurance, BMI, central obesity and disease history. The values in bold indicate statistically significant.” Prevalence rates of hypertension were for participants 20 years old and older; "Rates of awareness, treatment and

control were computed among patients with hypertension. OR: Odd ratio; PR: Prevalence ratio; CI: Confidence interval; REF: Reference.
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Table 4

Interactions between obesity (general obesity and central obesity) and antihy-
pertensive medication on blood pressure control among hypertensive adults in

China and the US using 2013 data.

Obesity-antihypertensive
medication interaction

China [OR (95% CD]

The US [PR (95%CID)]

General obesity

No obese
No medication REF REF
Medication 2.42 (1.96 to 2.98) 1.98 (1.50 to 2.62)
Obese

No medication

REF

REF

Medication 1.27 (0.81 to 2.00) 1.49 (1.04 to 2.13)
Central obesity
No obese
No medication REF REF
Medication 2.53 (1.99 to 3.21) 1.81 (1.28 to 2.57)
Obese
No medication REF REF
Medication 1.75 (1.35 to 2.27) 1.69 (1.39 to 2.06)

Bold font indicates statistical significance. All analyses accounted for sampling
weights to provide nationally representative estimates. Covariates included in
all regression models were age, gender, smoking status, drinking status, house-
hold income, education level, medical insurance, body mass index, central obe-
sity and disease history. OR: Odd ratio; PR: Prevalence ratio; CI: Confidence
interval; REF: Reference.

higher body fat content and visceral fatness with the same age, gender,
and BMI, when compared to with Caucasians.> Based on the above ev-
idence, we proposed individuals who were classified as general obesity
are more likely to have central obesity who may have antihypertensive
drugs previously, contributing to the disparity in general and central
obesity group in China.

Furthermore, some clinicians are reluctant to use weight-loss and an-
tihypertensive medications due to safety concerns until they had serious
related metabolic disorder in China.*? These approaches may explain,
at least in part, the lack of modification effect of antihypertensive med-
ication on hypertension control. Besides, the success of hypertension
control in a challenging diverse cultural, and racial and ethnic settings
in the US encourages China to promote health weight and to increase
awareness, treatment for effective hypertension control.

4.4. Strengths and limitations

This study has several strengths. First, it focused on a comparison of
China, the largest transitional country, with the US, the largest indus-
trialized country. The study findings are of great significance in global
efforts for chronic disease prevention and control. Second, data we used
were pulled from the CCDRFS in China and the NHANES in the US, two
authoritative sources with good data quality. Third, both status and over
time changes in the target outcomes are studied.

This study has limitations. The data used are cross-sectional in na-
ture. Thus, causality cannot be inferred. Second, we could not use more
updated data from China. Third, in order to make the China-US compar-
isons more meaningful and with available data, we only chose medica-
tion for both countries to define the treatment. Finally, the definitions
of several covariates (e.g., current smoking, drinking and income lev-
els) used in China and the US are different. Caution is needed while
interpreting such results.

4.5. Perspectives and recommendations

China, with the largest population globally, has made good progress
overall. Along with rapid economic growth, hypertension prevalence in
China is similar to that in the US, but its awareness, treatment, and
control rates are still much lower. With effective national intervention
efforts, these rates in China can be improved to become similar to the
US. These may be true for other LMICs as well.
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Our study further revealed that hypertension management had sig-
nificant age- and gender disparities in China and the US. To effec-
tively control hypertension, vigorous population-specific interventions
are needed to help prevent and treat obesity and NCDs. In addition, pub-
lic health education programs need to promote healthy lifestyles, such
as healthy eating, physical activity, and tobacco control.

To achieve the national goals presented in “Healthy China 2030,” we
recommend that public health professionals and policymakers in China
need recognize obesity as a chronic disease, support life-course health
promotion programs, and engage all stakeholders from schools, commu-
nities, healthcare systems, and the related industries to promote public
health.

5. Conclusion

This study is the first to systematically compare the status and
changes in hypertension outcomes in China and the US. China has a
similar prevalence as the US. Hypertension awareness, treatment, and
control rates increased over time in China but remained low and were
much lower than in the US. Some social demographic and lifestyle fac-
tors and weight status were associated with hypertension outcomes. Ef-
fective national intervention efforts can improve these rates in China
to become similar to those in the US. Findings from this study provide
valuable insights for other LMICs as well.
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