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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. 
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. Introduction 

Hypertension is a major contributor to the increased morbidity and

remature mortality worldwide. 1 In 2021, an estimated 1.28 billion

dults aged 30–79 years worldwide had hypertension, and about two-

hirds lived in low- and middle-income countries (LMICs). 1 Further-

ore, this number is projected to increase to 416.47 million by 2030 in

hina. 2 Another serious worldwide challenge is that the awareness and

anagement rates of hypertension are low in many LMICs, including
∗ Corresponding authors: youfawang@xjtu.edu.cn (Youfa Wang); wujing@chinacd
1 Joint first authors. 
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hina, while the situation is better in high-income countries. 3 Related

omparison studies across-countries are limited, but they can offer im-

ortant insights to help fight hypertension. A comparison study of China,

he largest transitional country, and the US, the largest industrialized

ountry, can offer valuable insights into hypertension management for

any other countries. 

Along with rapid industrialization, urbanization, and modernization,

hina has witnessed an increase in hypertension prevalence. 4 This is

ikely due to the shifts in lifestyle factors and the increase in obesity. 5 
c.cn (Jing Wu). 
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o curb the increasing trend in hypertension, the Chinese Center for Dis-

ase Control and Prevention (China CDC) launched six national surveys

ince 2004 to examine the status of and factors related to chronic and

on-communicable diseases (NCDs) with hypertension as a priority fo-

us. 6 Findings from these surveys consistently showed high prevalence

ates of hypertension (27%–34%) but low rates of awareness (26%–

1%), treatment (19%–35%), and control (6%–11%). 7-9 

Previous studies shows that during 1999–2018, hypertension preva-

ence rates among American adults varied from 28%–32%; among those

ith hypertension, more than 80% were aware of their diagnosis, over

0% received treatment, and nearly half had their blood pressure un-

er control. 10-11 Although Lu and colleagues compared hypertension re-

ated outcomes (prevalence, and the rates of awareness, treatment and

ontrol) in adults (45–75 years) using 2011–2012 data from the China

ealth and Retirement Longitudinal Study and the US National Health

nd Nutrition Examination Survey (NHANES), the sample was relatively

mall (12 654 participants in China and 2 607 in the US) and did not

ncluded younger participants ( < 45 years) that are also at high risk

or hypertension. 12 In addition, understanding changes in key outcome

easures over time is of great significance for hypertension manage-

ent. However, few studies have examined these issues and compared

heir differences between China and the US. Furthermore, studies on

actors associated with these hypertension outcomes is essential for pre-

ision interventions. 

Obesity prevalence in China has been increasing since the 1990s and

as become a major public health problem now, with one in every two

dults overweight or obese. 13 Obesity is considered as a major deter-

inant of hypertension, accounting for 65% to 75% of primary hyper-

ension. 14 Obesity can also negatively affect the effect of hypertension

reatment and control. 15-16 However, this negative influence has not

een evaluated using national data in China. 
Fig. 1. Flow diagram of 

CCDRFS: The China Chronic Disease and Risk Factors Surveillance; NHANES: US Nat

DBP: Diastolic blood pressure. 

25 
Using nationally representative data from China and the US, this

tudy aimed to: (1) compare the rates of prevalence, awareness, treat-

ent, and control of hypertension between China and the US; and (2)

xplore factors being associated with these rates. A China-US compari-

on study will help guide improvements in future intervention strategies

n China and other LMICs. 

. Methods and materials 

.1. Data sources and study populations 

The 2009–2010 (2010) and 2013–2014 (2013) data for China and

he US were derived from the China Chronic Disease and Risk Fac-

ors Surveillance (CCDRFS) and the NHANES. The CCDRFS is a data

ollection system for cross-sectional surveys with nationally represen-

ative samples. The system is designed and implemented by the Na-

ional Center for Chronic and Noncommunicable Disease Control and

revention, the China CDC. Detailed description about CCDRFS can be

ound elsewhere. 17 The NHANES as a cross-sectional national survey

as launched in the early 1960s and has been conducted by the US

ational Center for Health Statistics, the US Centers for Disease Con-

rol and Prevention. Detailed description of the NHANES can be found

lsewhere. 18 

To ensure homogeneity of the study samples, participants were lim-

ted to those who were aged ≥ 20 with complete data. Participants who

ere pregnant (0 in China and 133 in US), or with missing data on key

ariables such as age, sex, and measured blood pressure (3 668 for the

CDRFS and 1 624 for the NHANES) were excluded, yielding a final

ample of 270 779 for China data (94 741 in 2010 and176 038 in 2013)

nd 10 230 for US data (5 311 in 2010 and 4 919 in 2013). A flow-chart

etailing the sample selection is presented in Fig. 1 . 
study sample sizes. 

ional Health and Nutrition Examination Survey; SBP: Systolic blood pressure; 
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The CCDRFS was approved by the Chinese Center for Disease

ontrol and Prevention ethical review committee and other par-

icipating institutions, and NHANES was approved by the National

enter for Health Statistics Ethics Review Board. Participants were

ecruited through written informed consent in both CCDRFS and

HANES. 

.2. Outcome variables 

Hypertension: In the CCDRFS, after 5 min rest three consecutive

easures 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

rotocol was used in the NHANES with blood pressures measured us-

ng the mercury sphygmomanometer (W.A. Baum, Copiague, NY). 10 

ur primary outcomes were prevalence of hypertension, proportion

f people with hypertension who were aware of their disease (aware-

ess), proportion of those taking medication for hypertension (treat-

ent), and proportion of those whose blood pressure was controlled

control). 

Based on both the measured BP and survey data, participants were

lassified as hypertensive if they: (1) responded positively to either of

he two survey questions, or (2) the measured mean BP met the WHO

riteria (SBP ≥ 140 mmHg or DBP ≥ 90 mmHg). 19 

Both CCDRFS and NHANES collected data to assess the awareness,

reatment, and control of hypertension among participants with hyper-

ension: (1) Hypertension awareness was defined based on the response

f a participant to the question: ‘‘Have you ever been told by a doctor

r health professional that you had hypertension, also called high blood

ressure?’’ Participants were coded as 0 (unaware) if they responded

egatively to the question, including never measured blood pressure;

therwise, 1 (aware). (2) Hypertension treatment was defined by par-

icipant self-reporting taking medication to lower hypertension in the

ast two weeks (0 = no, 1 = yes). (3) Hypertension control was defined

ccording to the 1999 WHO standard for hypertensive participants. 20 

articipants were coded as 1 (under optimal control) if aged 60 years

r older with mean SBP < 140 mmHg and DBP < 90 mmHg or 18–59

ears old with mean SBP < 130 mmHg and DBP < 85 mmHg, otherwise,

 (not under control). 

.3. Anthropometry measures and body weight status 

For China data, height was measured using mechanical anthropom-

try stadiometers (Bengbu Equipment; Anhui, China). Weight was mea-

ured using electronic body scales with regular calibration. Waist cir-

umference (WC) was measured using torch shape measuring tape (Fos-

an Equipment, China). 

For US data, height was measured using a stadiometer with a fixed

ertical backboard and an adjustable head piece. Weight was measured

sing a digital weight scale. WC was measured using snug tape to the

losest 0.1 cm after palpating. 

Body mass index (BMI) was calculated as weight (kg) divided by

eight square (m 

2 ). Using BMI and WC, participants were classified

nto different weight groups: (1) Chinese criteria (used for China): un-

erweight ( < 18.5), normal weight (18.5 to 23.9), overweight (24.0 to

7.9), and general obesity ( ≥ 28.0); central obesity was defined as a

C ≥ 90 cm in men and ≥ 85 cm in women; 21 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); 22 

entral obesity was defined as WC ≥ 102 cm (men) and WC ≥ 88 cm

women). 23 

For China-US comparison and consistent with previously published

hinese studies, both the Chinese and WHO criteria were used to assess

eight status for China, but only the WHO criteria for the US. 
26 
.4. Covariates and hypertension risk factors 

Physical activity (PA) level was estimated from the Global Physical

ctivity Questionnaire (GPAQ) in both countries. The minutes of physi-

al activity (PA) were converted into metabolic equivalents (METs) and

hen categorized into three groups according to the GPAQ guideline:

ow, moderate, or high. 24 

For CCDRFS, current smoker was defined as who self-reported

igarette use every day or some days at the time of survey; former

moker was defined as an adult who self-reported cigarette use in his

r her lifetime but who had quit smoking at the time of interview;

on-smoker was defined as an adult who self-reported never having

moked in his or her lifetime. Annual drinking frequency was catego-

ized 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

onsumed alcohol in the past 12 months. 

For NHANES, current smoker was defined as an adult who had

moked at least 100 cigarettes and who currently smokes cigarettes;

ormer smoker was defined as an adult who had smoked at least 100

igarettes in his or her lifetime but who had quit smoking at the time of

nterview; non-smoker was defined as an adult who had never smoked,

r who has smoked fewer than 100 cigarettes in his or her lifetime. 25 Av-

rage daily drinking volume was categorized as follows: men were classi-

ed as “light drinker ” < 1 (operationally < 0 to 0.49) drinks/day, “mod-

rate 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)

rinks/day, and “heavier drinker ” ≥ 2 (operationally ≥ 1.5) drinks/

ay. 26 

Sociodemographic factors included age, marital status, education,

ousehold income, disease history, and medical insurance coverage. All

he measures for both China and US data were based on the same or sim-

lar survey questions except for the household income. For China data,

ousehold income was classified according to the per capita household

ncome by tertiles, while for the US data, household income was de-

ned using the family poverty income-to-poverty ratio (PIR) 27 with low

 ≤ 130%), middle (131%–350%), and high ( ≥ 350%). 9 

.5. Statistical analysis 

Descriptive analysis was conducted to describe the study sample

nd to obtain point (rate or proportion) and 95% confidence interval

 CI ) estimates for the four outcome variables (prevalence, awareness,

reatment, and control of hypertension). Sample weights were used to

rovide nationally representative estimates; and the estimated rates for

hina and the US at the national levels were age-standardized using

he direct method and the 2010 Census data in China and 2010 pro-

ected population data in the US. The estimated 95% CI s were used to

ompare the China-US difference in the outcome measures. An outcome

easure was considered as significantly different between China and

he US at the P < 0.05 level if there was no overlap in the estimated

5% CI s. 

To explore the associations between the four outcome measures and

ociodemographic factors, body weight status, anti-hypertensive ther-

py and behavioral factors, multivariable logistical regressions were

sed when an observed event rate was < 10% to avoid overestimate

f the prevalence/risk ratio; 28 and Poisson regression was used when

n observed event rate was ≥ 10%. 

In all statistical models, sociodemographic factors (age, gender,

ousehold income, education level, medical insurance) and other risk

actors such as drinking, smoking, weight status and diseases history

ere included. Adjusted odds ratio ( OR ) or prevalence ratio ( PR ) with

5% CI was used to measure the associations. In addition, P < 0.05 was

sed for statistical inference. 

Statistical analyses were conducted using Stata (version 15.0, Stata-

orp, College Station, Texas, USA). 
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Table 1 

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 (%). 

Characteristics 

Total Hypertensive Normal blood pressure 

China The US China The US China The US P ∗ P ∗∗ 

( n = 270 779) ( n = 10 230) ( n = 105 529) ( n = 4 226) ( n = 165 250) ( n = 6 004) 

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. 
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. Results 

.1. Prevalence, awareness, treatment, and control of and over time 

hanges in hypertension 

Of the total sample, proportions of overweight, obesity and central

besity were 32.1%, 13.6% and 28.6 in China, and 33.9%, 35.6% and

2.9% in the US, respectively. The proportions of overweight, obesity

nd central obesity were higher in hypertensive participants than those

ith normal blood pressure in both countries ( Table 1 ). 

Table 2 presents the prevalence levels of the four outcomes measured

t 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

nd 29.8% (95% CI: 29.4% to 30.2%) in 2013, while in the US it was

5.3% (95% CI: 33.6% to 37.1%) in 2010 and 37.9% (95% CI: 36.0%

o 39.7%) in 2013. The rates of awareness, treatment, and control were
27 
uch lower in China than in the US. For example, only about 1 in 3

hinese participants knew about their hypertension diagnosis, 1 in 5

eceived treatment, and 5.7% of them achieved control. 

Similar patterns of the four outcome measures, including levels

nd changes over time were observed for different age- and gender-

pecific subgroups in both China and the US ( P < 0.05 based on the

5% CI ). 

.2. Associations between weight status and hypertension outcomes 

Fig. 2 depicts the four outcome measures by body weight status. First,

verweight, general obesity, and central obesity were all associated with

igher prevalence in China and the US. Second, although no significant

ifferences in the prevalence between China and the US, the rates of

wareness, treatment, and control were lower in China than in the US

 P < 0.05), regardless of body weight status. 
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Fig. 2. The age-adjusted prevalence (A), rates of awareness (B), treatment (C), and control (D) of hypertension by weight status in China and the US. 

The data in 2013 were used for the association analyses. All analyses accounted for sample weights to provide nationally representative estimates. Chi-square test 

was used between China and the US by weight status according to WHO criteria. ∗ P < 0.05. NW: Normal weight; OW: Overweight; OB: Obesity; COB: Central obesity. 
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Table 3 indicates that in China, general obesity and central obesity

ere positively associated with higher hypertension prevalence (general

besity: PR 1.94, 95% CI : 1.72 to 2.20; central obesity: PR 1.25, 95%

I : 1.13 to 1.38), awareness (general obesity: PR 1.14, 95% CI : 1.07 to

.21; central obesity: PR 1.17, 95% CI : 1.04 to 1.33), treatment (general

besity: PR 1.18, 95% CI : 1.10 to 1.27; central obesity: PR 1.09, 95% CI :

.04 to 1.15), but with a lower control rate (general obesity: OR 0.67,

5% CI : 0.55 to 0.82; central obesity: OR 0.86, 95% CI : 0.75 to 0.99).

imilar results were observed in the US except for the association with

reatment and control rates. 

.3. Other factors associated with hypertension outcomes 

Education was negatively associated with hypertension prevalence

or Chinese ( PR 0.80, 95% CI : 0.71to 0.91), and positively associated

ith hypertension treatment ( PR 1.17, 95% CI : 1.00 to 1.36). High

ousehold income was positively associated with hypertension aware-

ess and control rates for Chinese participants ( PR 1.15, 95% CI : 1.03 to

.28; OR 1.82, 95% CI : 1.24 to 2.68) but not for American. Higher lev-

ls 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

o 0.98). Details of the factors associated with the four outcomes are

resented in the Table 3 . 

.4. Obesity negatively interacted with antihypertensive medication on 

ypertension control 

Compared with those who did not take hypertensive drugs, partic-

pants who had hypertensive drugs were more likely to have their hy-

ertension under control regardless of obesity status for American par-

icipants (no-general obese and medication, PR 1.98, 95% CI : 1.50 to
28 
.62; general obesity and medication, PR 1.49, 95% CI : 1.04 to 2.13; no-

entral obese and medication, PR 1.81, 95% CI : 1.28 to 2.57; central

bese and medication, PR 1.69, 95% CI: 1.39 to 2.06). Similar results

ere also observed for Chinese participants except those with general

besity ( Table 4 ) . 

In the US, both SBP and DBP were relatively higher for partici-

ants without antihypertensive medication, while in China only DBP

as higher for participants without anti-hypertension medication re-

ardless of their body weight status ( Fig. 3 ). 

. Discussion 

To our knowledge, this study is the first that compared hyperten-

ion outcomes and associated factors between China and the US using

ationally representative data collected over time. There were substan-

ial differences between the two countries in some outcomes: the rates

f awareness, treatment, and control in China were much lower than

hose in the US, but hypertension prevalence was similarly high in both

ountries. High levels of education, household income and PA were pos-

tively related with hypertension management in China, but only higher

ousehold income was positively associated with treatment in the US.

oreover, those who used antihypertensive drug were more likely to

ave their blood pressure under control regardless of obesity status for

oth countries, except for those who had obesity in China. 

.1. High rates of prevalence and low rates of awareness, treatment and 

ontrol of hypertension in China 

Compared to the US, China is much less developed; however, the

revalence 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. 
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a  
ore alarming than the high prevalence are the lower rates of aware-

ess, treatment, and control of hypertension in China than in the US.

nly 30%–34% patients with hypertension in China are aware of their

tatus, compared to 83%–85% in the US. Fortunately, there is a recent

ecline in hypertension prevalence in China probably due to several

ational health promotion programs, including the Lifestyle for All pro-

ram started in 2007 and the Healthy China 2020 launched in 2009. 29-30 

hese national health programs are designated to encourage healthier

ifestyle and promote risk reduction behaviors. Studies are needed to

ocument the effect and to investigate mechanisms of these program

or blood pressure control. 

Among the three indicators of hypertension awareness, treatment,

nd control in China, addressing the low rates of awareness is a priority

tep toward the optimal control of hypertension and other NCDs. Al-

hough the awareness and treatment rates increased a bit during 2010–

013, the rates are much lower than those in the US. By contrast, the US
29 
erformed better in controlling hypertension. Reported studies suggest

he role of strong healthcare systems and some evidence-based public

ealth intervention programs (e.g., Life’s Simple 7 program). 31 These

rograms were launched in the 1960–1970s. 29-30 Although China has

aunched several health promotion programs recently, these programs

tarted much later. Greater efforts are needed to enhance the awareness,

o strengthen the health system for prevention by integrating hyper-

ension screening and follow-up services into the routine primary care

ractice. 

Economic development creates an economic disparity in society,

eaving hunger and malnutrition among the poor unresolved, and in-

reasing hypertension due to overnutrition among the wealthy. Aging

ith accompanying unhealthy lifestyle further exacerbated the disparity

n low and middle income countries (LMICs). The rates of hypertension

wareness, treatment, and control in high-income countries (HICs) were

t least twice higher than those in LMICs over the past decade. 32 For ex-
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30 
mple, Japan and Australia had a higher prevalence and higher rates

f awareness, treatment and control of hypertension, compared with

hina. 3 The control rate may be as low as around 5%–10% in China

nd about 20%–30% in Japan and Australia. 3 

.2. Significant differences in the associations of hypertension outcomes 

ith risk factors 

To our surprise, overall, similar risk factors for hypertension were

ound for participants in China and the US. These factors include older

ge, overweight/obesity, and less PA. This result suggests the need for

hina to learn from the US to improve hypertension control at the pop-

lation level. Experience in the US and other countries demonstrate

he fundamental role of modifiable risk factors for hypertension control

mong aging societies across the globe. 33 

One exceptional finding of our study is that low educational level

nd male gender were directly associated with hypertension prevalence

nly in the China, but not in the US. Over the past two decades, China

as experienced rapid economic growth, 34 accompanied by increases in

dverse health-related behaviors, including insufficient physical activity

nd low fruit/vegetable intake. 13 Further studies are needed to examine

f these factors play a role in China. Older age, higher income, and higher

A were associated with hypertension awareness in China, but not in

he US. These findings are very useful to prioritize subpopulations for

argeted interventions, including those who are younger than 40 years

f age with low household incomes. 

Promoting PA may also enhance people’s awareness of their blood

ressure status. PA is associated with both hypertension and awareness

n China, but not in the US. Due to China’s rapid urbanization, occu-

ational and domestic PA significantly declines over the last decades,

ut it was still in a high level ( ≥ 150 min/week, 84.0% in 2013 and

8.0% in 2018). 35 On contrast, in the US, the PA was relatively lower

 ≥ 150 min/week, 49.9% in 2013 and 54.2% in 2018), and remain rel-

tively stable (0.9 /years) during 2008–2018. 36 Participants who were

ware of their condition were more likely to adopt intervention includ-

ng increased PA. However, how to develop or maintain regular PA is

till a big challenge. This may give an explanation that no positive asso-

iations among PA and hypertension treatment and control rates were

bserved in both countries. 

It is worth mentioning the lack of associations of several key risk

actors (e.g., higher income, and more PA) in the US. This could be

ue to the effective antihypertensive medication and adherence (the

S vs. China 51.3% vs. 17.7%). 37 When the intervention reached its

eiling, common risk factors will become insignificant, since the treat-

ent might have successfully reached all individuals regardless of in-

ome and PA. This evidence provides further evidence supporting the

eed for China to promote hypertension treatment adherence. Finally,

verweight and obesity are positively associated with awareness in both

hina and the US. It seems participants with overweight and obesity are

ore likely to recognize their health status. 

.3. Antihypertensive treatment modifies the effect of obesity on 

ypertension control 

Another important finding of this study is that the use of antihy-

ertensive drugs significantly modified the effect of central obesity to

chieve hypertension control for both countries, but not general obesity

n China. This finding is consistent with previous studies. 15 , 38 For ex-

mple, the joint statement of the European Associations of Obesity and

ypertension demonstrated people with obesity require two or more

ntihypertensive drugs. 15 

How to combine weight loss strategies with antihypertensive treat-

ent to achieve an optimal clinical outcome has not been resolved.

his is also a serious challenge in China given its high prevalence of

verweight and obesity among adults ( > 50%). Obesity is not widely

ecognized as a disease in China yet. 13 , 21 Asians are found to have a
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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% CI )]. 

Variables 
Prevalence # Awareness † Treatment † Control † 

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 1.72 (1.57 to 1.90) 1.94 (1.63 to 2.32) 1.91 (1.59 to 2.31) 0.95 (0.88 to 1.03) 2.37 (1.83 to 3.08) 1.91 (1.40 to 2.60) 2.60 (1.48 to 4.56) 0.90 (0.71 to 1.14) 

≥ 60 years 2.52 (2.26 to 2.80) 2.82 (2.35 to 3.40) 2.07 (1.69 to 2.54) 0.96 (0.91 to 1.02) 3.02 (2.28 to 3.99) 2.34 (1.83 to 3.01) 6.24 (3.46 to 11.25) 0.99 (0.81 to 1.21) 

Gender 

Man REF REF REF REF REF REF REF REF 

Woman 0.75 (0.65 to 0.87) 1.00 (0.93 to 1.07) 1.03 (0.84 to 1.26) 1.05 (1.00 to 1.10) 1.05 (0.80 to 1.37) 1.08 (0.98 to 1.18) 1.04 (0.58 to 1.85) 1.11 (0.99 to 1.25) 

Education 

Below high school REF REF REF REF REF REF REF REF 

High or vocational school 0.96 (0.88 to 1.05) 1.10 (0.96 to 1.26) 1.05 (0.90 to 1.23) 1.00 (0.92 to 1.08) 1.14 (0.94 to 1.39) 0.94 (0.80 to 1.10) 0.88 (0.53 to 1.48) 1.08 (0.89 to 1.32) 

College and above 0.80 (0.71 to 0.91) 0.94 (0.80 to 1.11) 1.12(0.93 to 1.34) 1.04 (0.98 to 1.09) 1.17 (1.00 to 1.36) 0.94 (0.87 to 1.01) 1.08 (0.65 to 1.80) 1.16 (0.99 to 1.36) 

Household income 

Low REF REF REF REF REF REF REF REF 

Middle 0.94 (0.86 to 1.02) 0.93 (0.81 to 1.07) 1.07 (0.94 to 1.21) 1.00 (0.97 to 1.04) 0.86 (0.73 to 1.02) 1.07 (1.01 to 1.14) 1.15 (0.75 to 1.77) 1.00 (0.87 to 1.16) 

High 0.95 (0.87 to 1.03) 0.94 (0.83 to 1.06) 1.15 (1.03 to 1.28) 0.96 (0.92 to 1.00) 1.03 (0.89 to 1.19) 1.00 (0.89 to 1.11) 1.82 (1.24 to 2.68) 0.97 (0.82 to 1.13) 

Weight status 

Normal weight REF REF REF REF REF REF REF REF 

Overweight 1.46 (1.32 to 1.62) 1.29 (1.09 to 1.53) 1.07 (1.02 to 1.13) 1.11 (1.05 to 1.17) 1.08 (1.02 to 1.15) 1.05 (0.91 to 1.21) 0.82 (0.71 to 0.95) 1.38 (1.14 to 1.68) 

General obesity 1.94 (1.72 to 2.20) 1.53 (1.31 to 1.79) 1.14 (1.07 to 1.21) 1.13 (1.04 to 1.23) 1.18 (1.10 to 1.27) 1.13 (0.98 to 1.30) 0.67 (0.55 to 0.82) 1.24 (1.02 to 1.52) 

Central obesity 

No REF REF REF REF REF REF REF REF 

Yes 1.25 (1.13 to 1.38) 1.14 (1.02 to 1.28) 1.17 (1.04 to 1.33) 0.98 (0.94 to 1.03) 1.09 (1.04 to 1.15) 1.01 (0.89 to 1.14) 0.86 (0.75 to 0.99) 0.94 (0.77 to 1.15) 

Physical activity 

Low REF REF REF REF REF REF REF REF 

Moderate 0.94 (0.89 to 0.99) 0.83 (0.71 to 0.98) 1.04 (0.98 to 1.11) 0.99 (0.93 to 1.06) 1.01 (0.95 to 1.09) 1.01 (0.89 to 1.15) 0.66 (0.40 to 1.09) 0.98 (0.87 to 1.10) 

High 0.95 (0.90 to 1.00) 0.82 (0.73 to 0.91) 1.07 (1.01 to 1.14) 0.98 (0.86 to 1.11) 1.03 (0.96 to 1.10) 1.08 (0.95 to 1.23) 0.66 (0.39 to 1.11) 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 China [ OR ( 95% CI) ] The US [ PR (95% CI )] 

medication interaction 

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. 
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i

igher body fat content and visceral fatness with the same age, gender,

nd BMI, when compared to with Caucasians. 39 Based on the above ev-

dence, we proposed individuals who were classified as general obesity

re more likely to have central obesity who may have antihypertensive

rugs previously, contributing to the disparity in general and central

besity group in China. 

Furthermore, some clinicians are reluctant to use weight-loss and an-

ihypertensive medications due to safety concerns until they had serious

elated metabolic disorder in China. 40 These approaches may explain,

t least in part, the lack of modification effect of antihypertensive med-

cation on hypertension control. Besides, the success of hypertension

ontrol in a challenging diverse cultural, and racial and ethnic settings

n the US encourages China to promote health weight and to increase

wareness, treatment for effective hypertension control. 

.4. Strengths and limitations 

This study has several strengths. First, it focused on a comparison of

hina, the largest transitional country, with the US, the largest indus-

rialized country. The study findings are of great significance in global

fforts for chronic disease prevention and control. Second, data we used

ere pulled from the CCDRFS in China and the NHANES in the US, two

uthoritative sources with good data quality. Third, both status and over

ime changes in the target outcomes are studied. 

This study has limitations. The data used are cross-sectional in na-

ure. Thus, causality cannot be inferred. Second, we could not use more

pdated data from China. Third, in order to make the China-US compar-

sons more meaningful and with available data, we only chose medica-

ion for both countries to define the treatment. Finally, the definitions

f several covariates (e.g., current smoking, drinking and income lev-

ls) used in China and the US are different. Caution is needed while

nterpreting such results. 

.5. Perspectives and recommendations 

China, with the largest population globally, has made good progress

verall. Along with rapid economic growth, hypertension prevalence in

hina is similar to that in the US, but its awareness, treatment, and

ontrol rates are still much lower. With effective national intervention

fforts, these rates in China can be improved to become similar to the

S. These may be true for other LMICs as well. 
32 
Our study further revealed that hypertension management had sig-

ificant age- and gender disparities in China and the US. To effec-

ively control hypertension, vigorous population-specific interventions

re needed to help prevent and treat obesity and NCDs. In addition, pub-

ic health education programs need to promote healthy lifestyles, such

s healthy eating, physical activity, and tobacco control. 

To achieve the national goals presented in “Healthy China 2030, ” we

ecommend that public health professionals and policymakers in China

eed recognize obesity as a chronic disease, support life-course health

romotion programs, and engage all stakeholders from schools, commu-

ities, healthcare systems, and the related industries to promote public

ealth. 

. Conclusion 

This study is the first to systematically compare the status and

hanges in hypertension outcomes in China and the US. China has a

imilar prevalence as the US. Hypertension awareness, treatment, and

ontrol rates increased over time in China but remained low and were

uch lower than in the US. Some social demographic and lifestyle fac-

ors and weight status were associated with hypertension outcomes. Ef-

ective national intervention efforts can improve these rates in China

o become similar to those in the US. Findings from this study provide

aluable insights for other LMICs as well. 
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