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IMPORTANCE Hypertension is a leading cause of premature death in China, but limited

evidence is available on the prevalence andmanagement of hypertension and its effect on

mortality from cardiovascular disease (CVD).

OBJECTIVES To examine the prevalence, diagnosis, treatment, and control of hypertension

and to assess the CVDmortality attributable to hypertension in China.

DESIGN, SETTING AND PARTICIPANTS This prospective cohort study (China Kadoorie Biobank

Study) recruited 500 223 adults, aged 35 to 74 years, from the general population in China.

Blood pressure (BP) measurements were recorded as part of the baseline survey from June

25, 2004, to August 5, 2009, and 7028 deaths due to CVDwere recorded before January 1,

2014 (mean duration of follow-up: 7.2 years). Data were analyzed from June 9, 2014, to July

17, 2015.

EXPOSURES Prevalence and diagnosis of hypertension (systolic BP �140mmHg, diastolic BP

�90mmHg, or receiving treatment for hypertension) and treatment and control rates

overall and in various population subgroups.

MAIN OUTCOMES ANDMEASURES Cox regression analysis yielded age- and sex-specific rate

ratios for deaths due to CVD comparing participants with and without uncontrolled

hypertension, which were used to estimate the number of CVD deaths attributable to

hypertension.

RESULTS The cohort included 205 167men (41.0%) and 295056women (59.0%) with a

mean (SD) age of 52 (10) years for both sexes. Overall, 32.5% of participants had

hypertension; the prevalence increased with age (from 12.6% at 35-39 years of age to 58.4%

at 70-74 years of age) and varied substantially by region (range, 22.7%-40.7%). Of those with

hypertension, 30.5% had received a diagnosis from a physician; of those with a diagnosis of

hypertension, 46.4%were being treated; and of those treated, 29.6% had their hypertension

controlled (ie, systolic BP <140mmHg; diastolic BP <90mmHg), resulting in an overall

control rate of 4.2%. Even among patients with hypertension and prior CVD, only 13.0% had

their hypertension controlled. Uncontrolled hypertension was associated with relative risks

for CVDmortality of 4.1 (95% CI, 3.7-4.6), 2.6 (95% CI, 2.4-2.9) and 1.9 (95% CI, 1.8-2.0) at

ages 35 to 59, 60 to 69, and 70 to 79 years, respectively, and accounted for about one-third

of deaths due to CVD (approximately 750000) at 35 to 79 years of age in 2010.

CONCLUSIONS AND RELEVANCE About one-third of Chinese adults in this national cohort

population had hypertension. The levels of diagnosis, treatment, and control were much

lower than inWestern populations, and were associated with significant excess mortality.
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I
n 2010, cardiovascular disease (CVD) accounted for more

thanone-thirdofall adultdeaths inChina, including1.7mil-

lion deaths due to stroke and 0.9million deaths due to is-

chemic heart disease (IHD).1 Hypertension is one of themost

important causesofCVDmortality inChina,becauseof itshigh

prevalence and concomitant vascular risks.2,3

Large prospective studies ofmainlyWestern populations

have shown a continuous positive association for stroke and

IHD-relatedmortalitywith systolic bloodpressure (SBP)down

to at least 115 mm Hg, with each 20-mm Hg lower usual SBP

associatedwith an approximate halving in risk for stroke and

IHDmortality.3Furthermore, randomized clinical trials of BP-

lowering medication (antihypertensives)4 have demon-

stratedthat loweringSBPby10mmHglowers therisk for stroke

and IHD by about one-fourth, indicating almost complete re-

versibility of the excess risks for CVD associated with hyper-

tension within a few years of treatment.

Successive population surveys of hypertension in China

during the last 30 years have reported an increasing preva-

lence of hypertension, with the most recent surveys indicat-

ing thataboutone-thirdofall adultshavehypertension.5-7Con-

siderable uncertainty remains about the prevalence of

hypertension by age, sex, region, and socioeconomic status;

the current levels of BP management in the population; and

the likely effect of this highburdenof uncontrolledhyperten-

sion on CVDmortality rates in China.

Weherein report findings from the recent large-scale pro-

spectiveChinaKadoorieBiobankStudyof 500223adults aged

35 to 74 years (when first surveyed during 2004-2008) in 10

diverse regionsofChina.8,9Theaimsof thepresent reportwere

to (1) examine the prevalence, diagnosis, treatment, and con-

trol of hypertension at baseline, overall and by age, sex, re-

gion, and socioeconomic and other characteristics; (2) assess

prospectively the age- and sex-specific effects of hyperten-

sion on CVD mortality; and (3) estimate the number of CVD

deaths attributed to hypertension in 2010 in China.

Methods

Baseline Survey

Details of the study design, survey methods, and partici-

pant characteristics have been reported previously.8,9

Briefly, the baseline survey was conducted from June 25,

2004, to August 5, 2009, in 10 geographically defined

regions (5 urban and 5 rural) of China. The regions were

chosen to ensure a wide range of risk exposures and disease

patterns while taking account of the quality of established

disease registries for follow-up and the local capacity to

conduct the study. The regions were not selected to be rep-

resentative of China as a whole. In each region, temporary

assessment centers were set up at local residential centers

(village or street committees), and permanent residents

with no major disability were invited to participate; about

one-third of residents responded.9 Local, national, and

international ethics approvals were obtained (see eMethods

in the Supplement for details). All participants provided

written informed consent.

At the baseline survey, trained health care workers col-

lected detailed information on sociodemographic character-

istics, lifestyle, andmedical history using a laptop computer–

basedquestionnaire. Eachparticipant alsohadmeasurements

taken, including height, weight, lung function, and BP. Blood

pressure was measured twice by trained staff using a digital

sphygmomanometer (Omron UA-779; Live Source) after par-

ticipantshad remainedat rest in the seatedposition for at least

5minutes. If the difference between the 2measurementswas

greater than 10mmHg for the SBP, a thirdmeasurement was

obtained and the last 2 measurements were recorded. The

mean of the 2 recorded values of SBP and diastolic BP (DBP)

were used in all analyses. All devices were regularly main-

tained and calibrated to ensure consistency of the measure-

ments. Participantswere considered tobehypertensive if they

had ameasured SBP of at least 140mmHgor ameasuredDBP

of at least 90 mm Hg or were receiving treatment for hyper-

tension. The latter was defined as those who reported a diag-

nosis of hypertensionby aphysician anduse of antihyperten-

sives at baseline.

Mortality Follow-up

Vital status of each participantwas obtained through the Dis-

ease Surveillance Points systemof theChineseCentre forDis-

easeControl andPrevention, annual checks against local resi-

dential records and health insurance records, and active

confirmation through street committee or village administra-

tors. Residential recordswere also used to identify thosewho

had moved out of the area and were therefore lost to follow-

up. Fatal CVD events were assigned codes from the Interna-

tional Statistical Classification of Diseases and Related Health

Problems, Tenth Revision (I00-I25, I27-I88, or I95-I99) by

trainedDisease Surveillance Points staff whowere blinded to

baseline information. By January 1, 2014, 25448 deaths oc-

curred, including7028duetoCVD,and2411participants (0.5%)

were lost to follow-up.

Statistical Analysis

Data were analyzed from June 9, 2014, to July 17, 2015. We

excluded participants with a baseline age outside the age

range of interest for this study (9410 persons <35 years; 3258

persons ≥75 years). We found nomissing values for BP or any

other key variables in the remaining 500 223 participants.

Mean SBP, mean DBP, and prevalence of hypertension were

calculated within each age group (35-39, 40-49, 50-59,

60-69, and 70-74 years) separately for men and women. To

assess the management of hypertension (as previously

defined), we calculated the proportion of those with hyper-

tension who had received a diagnosis from a physician, the

proportion of those diagnosed whowere treated with antihy-

pertensives, and theproportionof those treatedwhoachieved

BP control (ie, SBP <140mmHg and DBP <90mmHg). These

proportions were stratified by age, sex, area, prior CVD (IHD

or stroke or transient ischemic attack reported at baseline),

the season at the time of the survey, household income,

and highest level of education; all subgroups were prespeci-

fied. Analyses were adjusted, where appropriate, for age,

sex, and region.
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WeusedCox regressionanalysis10 to calculate theage- and

sex-specific death rate ratios and 95% CIs (adjusted for re-

gion) for CVD mortality comparing participants with uncon-

trolled hypertension (SBP ≥140 mm Hg or DBP ≥90 mm Hg)

and those without uncontrolled hypertension. These analy-

ses excluded individuals with a history of CVD to limit the ef-

fects of reverse causality. Participants contributed person-

years until death, the date lost to follow-up, or the censoring

date (December 31, 2013). We calculated the age- and sex-

specific population-attributable fractionsusing the formulaPd

(RR − 1)/RR,wherePd is theproportionofparticipantswhodied

of vascular causes with uncontrolled hypertension and RR is

the adjusted death rate ratio for vascular mortality in partici-

pantswithvswithoutuncontrolledhypertension.11Population-

attributable fractions were applied to the estimated age- and

sex-specific number of CVD deaths in China for 2010,12,13 to

give thenumberofdeathsattributable tohypertension for that

year.Theproportionalityassumptionof theCoxregressionwas

checked by comparing death rate ratios in the first and sec-

ondhalf of the follow-upperiod and confirmed the validity of

the analyses.AnalysesusedSAS software (version9.3; SAS In-

stitute Inc), and figures were plotted using R software (ver-

sion 3.0; https://www.r-project.org).

Results

Population Characteristics

Amongthe500223participants included intheanalysis,59.0%

were women and 41.0%weremen; themean (SD) age was 52

(10) years for both sexes (Table 1). Overall, 55.9% were from

rural areas, 57.0%hadanannualhousehold incomeof less than

¥20000, and 18.5% had no formal schooling (men, 8.8%;

women, 25.3%); 4.5% reported a history of CVD at baseline.

More thanhalf of theparticipantswere surveyedduring spring

or autumn (55.4%); 20.1% were surveyed during winter; and

24.5%were surveyed during summer.

Distribution of BP

Mean SBP showed an approximately linear increase with age

in both sexes, but the associationwas about twice as extreme

in women compared with men (Figure 1). Mean levels of SBP

were similar in both sexes at about 55 years of age, however,

such that men had higher SBP than women at younger than

55years andwomenhadhigher SBPatolder than55years. The

association between DBP and age was nonlinear, with a posi-

tive association in those younger than 55 years and an inverse

Table 1. Selected Characteristics of Study Participantsa

Characteristic
Men
(n = 205 167)

Women
(n = 295 056)

All
(N = 500 223)

Age at entry, y, No. (%)

35-39 26 172 (12.8) 42 222 (14.3) 68 394 (13.7)

40-49 59 240 (28.9) 93 508 (31.7) 152 748 (30.5)

50-59 63 725 (31.1) 93 831 (31.8) 157 556 (31.5)

60-69 41 339 (20.2) 50 434 (17.1) 91 773 (18.3)

70-74 14 691 (7.1) 15 061 (5.1) 29 752 (5.9)

Age, mean (SD) 52 (11) 51 (10) 52 (10)

BP, mean (SD)

Systolic 133 (20) 130 (22) 131 (21)

Diastolic 79 (11) 77 (11) 78 (11)

Area, No. (%)

Rural 116 158 (56.6) 163 389 (55.4) 279 547 (55.9)

Urban 89 009 (43.4) 131 667 (44.6) 220 676 (44.1)

Annual household income, ¥, No. (%)

<5000 18 881 (9.2) 29 670 (10.1) 48 551 (9.7)

5000-19 999 92 251 (45.0) 144 431 (49.0) 236 682 (47.3)

≥20 000 94 035 (45.8) 120 955 (41.0) 214 990 (43.0)

Educational level, No. (%)

No formal school 18 022 (8.8) 74 635 (25.3) 92 657 (18.5)

Primary school 68 974 (33.6) 93 167 (31.6) 162 141 (32.4)

Middle or high school 102 428 (49.9) 114 613 (38.8) 217 041 (43.4)

Technical school or university 15 743 (7.7) 12 641 (4.3) 28 384 (5.7)

Prior CVD, No. (%)

No 195 373 (95.2) 282 221 (95.6) 477 594 (95.5)

Yes 9794 (4.8) 12 835 (4.4) 22 629 (4.5)

Season of baseline survey, No. (%)b

Winter 44 649 (21.8) 56 015 (19.0) 100 664 (20.1)

Spring or autumn 110 911 (54.1) 165 995 (56.3) 276 906 (55.4)

Summer 49 607 (24.2) 73 046 (24.8) 122 653 (24.5)

Abbreviations: BP, blood pressure;

CVD, cardiovascular disease.

a Percentages have been rounded

andmay not total 100.

bWinter indicates December to

February; spring, March toMay;

autumn, September to November;

and summer, June to August.
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association thereafter. The shapeof this associationwas simi-

lar in both sexes, butmeanDBPwas higher at all ages inmen.

Prevalence of Hypertension

Overall, 32.5%ofparticipants (33.7%ofmenand31.9%ofwom-

en) had hypertension (Figure 2); 17.3% of the total population

had isolated systolic hypertension, 2.0%had isolateddiastolic

hypertension, 11.8%had both, and 1.4%had controlled hyper-

tension (eTable 1 in the Supplement). Overall, 20.1%of partici-

pantshad stage 1hypertension (SBP 140-159mmHgorDBP90-

99mmHg), 11.0%had stage 2 hypertension (SBP ≥160mmHg

or DBP ≥100mmHg) (eTable 2 in the Supplement), and 39.5%

hadprehypertension(SBP120-139mmHgorDBP80-89mmHg).

Theprevalenceofhypertension increasedwithage (from12.6%

at35-39yearsofage to58.4%at70-74yearsofage), but theage-

specificprevalenceofhypertensionwashigherinmenthanwom-

enwhen younger (age 35-39 years, 17.9% formen and8.8% for

women)andslightlyhigher inwomenthanmenwhenolder (age

70-74years,60.2%forwomenand56.2%formen) (Figure2and

eTables 3 and 4 in the Supplement).

Diagnosis, Treatment, and Control of Hypertension

Overall, only 30.5%of participantswith hypertension had re-

ceived a diagnosis by a physician (eTable 3 in the Supple-

ment). This proportion increased with age and ranged from

15.2% at ages 35 to 39 years to 37.9% at ages 70 to 74 years in

women and 10.8% at ages 35 to 39 years to 36.1% at ages 70 to

74 years in men. Among participants with a diagnosis of hy-

pertension, less thanhalfwere being treated, and this propor-

tion did not vary substantially by age or sex (48.3% for men

Figure 1. Mean Systolic (SBP) and Diastolic (DBP) Blood Pressure
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Figure 2. Prevalence of Hypertension by Age and Sex

70

50

40

30

20

10

0

P
re

v
a

le
n

ce
, 

%

Age, y

35-39 40-49 50-59 60-69 70-74 All

MenA

70

60 60

50

40

30

20

10

0

P
re

v
a

le
n

ce
, 

%

Age, y

35-39 40-49 50-59 60-69 70-74 All

WomenB

Controlled

Treated but not controlled

Diagnosed but not treated

Undiagnosed

Hypertension is defined as a

measured systolic blood pressure

(BP) of at least 140mmHg,

a measured diastolic BP of at least

90mmHg, or treatment for

hypertension. Hypertension is

categorized as undiagnosed,

diagnosed but not treated, treated

but not controlled, or controlled.

Prevalences are standardized for

region and additionally for age within

the group 35 to 74 years (All).

Hypertension and Associated Risk for Cardiovascular Mortality Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine April 2016 Volume 176, Number 4 527

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/25/2022

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.0190&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.0190
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.0190&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.0190
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.0190&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.0190
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.0190&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.0190
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.0190&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.0190
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.0190


Copyright 2016 American Medical Association. All rights reserved.

and 45.1% for women) (eTable 3 in the Supplement; eTable 5

in the Supplement provides information on the type of anti-

hypertensive used). Among those treated for hypertension,

only 29.6%achieved control of hypertension and this propor-

tion was similar in men and women. This proportion de-

clined with increasing age and to a slightly greater extent in

womenthanmen.Overall, thecontrolofhypertensionasapro-

portion of all participants with hypertension increased with

age, but never exceeded 5.0% in both sexes and at all ages

(eTable 3 in the Supplement).

Regional Differences in Prevalence and Control

of Hypertension

Theprevalenceofhypertensionvariedmarkedlybyregion,rang-

ing from 22.7% in Haikou to 40.7% in Zhejiang (Table 2 and

eTable6 intheSupplement).Theprevalencewasslightlyhigher

in rural thanurban areas, but no clear difference by geography

(northvs southoreastvswest)was found.Wedetecteda2-fold

variation by region in the proportions of participants with hy-

pertension who were diagnosed (range, 21.0% in Sichuan to

43.8% in Liuzhou) and a 3-fold variation in the proportions of

participants with diagnosed hypertensionwho received treat-

ment (range, 18.5% inZheijiang to64.1% inLiuzhou) and those

inwhom treated hypertensionwas controlled (range, 13.8% in

Gansuto to 39.0% in Luizhou). Overall, however, the propor-

tionofhypertensiveparticipantswithcontrolledBPwas low in

all regions (range, 1.3% in Zhejiang to 11.0% in Liuzhou).

Prevalence and Control of Hypertension by Socioeconomic

andOther Factors

Hypertensionwasslightlymorecommonat lower levelsofedu-

cation (no formal school, 34.8%; technical school or univer-

Table 2. Prevalence, Diagnosis, Treatment, and Control of Hypertension by Selected Characteristicsa

Characteristic
No. of
Participants

Prevalence of
Hypertension, %

Diagnosis Among
Participants With
Hypertension, %

Treated
Hypertension Among
Participants With
a Diagnosis, %

Controlled Hypertension, %

Among Treated for
Hypertension

Among All With
Hypertension

Region (type)

Haikou (U) 28 394 22.7 36.4 51.5 37.2 6.8

Sichuan (R) 54 268 25.0 21.0 36.6 26.1 2.0

Liuzhou (U) 49 379 27.3 43.8 64.1 39.0 11.0

Harbin (U) 55 118 29.3 35.7 48.7 31.8 5.6

Hunan (R) 59 651 32.6 35.1 60.3 22.0 4.7

Suzhou (U) 52 591 34.8 30.5 36.7 34.7 4.0

Gansu (R) 46 845 35.2 20.9 50.0 13.8 1.4

Qingdao (U) 35 194 35.7 34.2 36.2 25.5 3.2

Henan (R) 61 655 37.6 23.6 53.2 31.3 4.1

Zhejiang (R) 57 128 40.7 28.1 18.5 25.2 1.3

Annual household
income, ¥

<5000 48 551 32.7 28.3 40.4 22.7 2.7

5000-19 999 236 682 32.4 29.7 45.4 28.3 3.8

≥20 000 214 990 32.1 34.7 49.3 33.2 5.7

Educational level

No formal school 92 657 34.8 28.2 36.6 23.8 2.6

Primary school 162 141 32.9 29.7 46.5 26.1 3.5

Middle or high
school

217 041 31.7 35.4 55.0 32.7 6.4

Technical school
or university

28 384 30.7 42.6 63.2 43.3 12.6

Prior CVD

No 477 594 31.8 27.2 44.1 28.8 3.4

Yes 22 629 49.4 72.4 58.4 32.0 13.0

Season of baseline
surveyb

Winter 100 664 39.6 27.6 44.3 20.9 2.6

Spring or autumn 276 906 33.3 30.6 45.8 29.2 4.1

Summer 122 653 24.9 34.4 49.7 38.0 6.6

Overall 500 223 32.5 30.5 46.4 29.6 4.2

Abbreviations: CVD, cardiovascular disease; R, rural; U, urban.

a Hypertension is defined as measured systolic blood pressure of at least 140

mmHg, measured diastolic blood pressure of at least 90mmHg, or treatment

for hypertension. Each percentage is calculated as a percentage of the

specified subgroup of the participants in each row (eg, in the first row of the

table, there were 51.5% of participants with diagnosed hypertension in Haikou

whowere treated for hypertension). All analyses are standardized for age and

sex, and, where appropriate, for region.

bWinter indicates December to February; spring, March toMay; autumn,

September to November; and summer, June to August.
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sity, 30.7%), butdidnotvarymateriallyby income (Table2and

eTable 6 in the Supplement). Diagnosis, treatment, and con-

trol of hypertension, however, were substantially less com-

monat lower levels of educationand income.Thosewithprior

CVDat baselinehad ahigher prevalence of hypertension than

those without prior CVD (49.4% vs 31.8), but they also had

higher rates of diagnosis, treatment, and control. Control of

BP in participants with hypertension and prior CVD, how-

ever, was still low (13.0%). The estimated prevalence of hy-

pertension was substantially higher in winter (39.6%) than

summer (24.9%)and intermediate inspringorautumn(33.3%).

CVDMortality Attributable to Hypertension

Uncontrolled hypertensionwas associatedwith relative risks

for CVDmortality for bothmen andwomen combined of 4.13

(95%CI, 3.72-4.59), 2.61 (95%CI, 2.38-2.85), and 1.89 (95%CI,

1.76-2.03) at ages 35 to 59, 60 to 69, and 70 to 79 years, re-

spectively (Figure 3). We found no evidence that further ad-

justment for a broad range of socioeconomic and lifestyle risk

factors (listed in eTable 7 in the Supplement) materially

changed the strength of these associations. Overall, uncon-

trolledhypertension accounted for about one-third of all CVD

deaths at ages 35 to 79 years (almost half of all CVD deaths at

ages35-59years). In2010, approximately 750000CVDdeaths

could be attributed to uncontrolled hypertension in China.

Discussion

This large study provides important new evidence about the

current burden of hypertension in China, particularly the ex-

tent of its undertreatment and the consequences of uncon-

trolled hypertension for premature vascular death. Overall,

aboutone-thirdof theadultpopulationhadhypertension.The

prevalence increased steeplywith age, varied substantially by

region, and was higher in those with prior CVD. About one-

third of thosewith hypertensionwere diagnosed; of those di-

agnosed, about halfwere treated; and, of those treated, about

one-third had their hypertension controlled, resulting in less

than5%ofparticipantswithhypertensionwhoachievedprop-

erly controlled BP. Undertreatment was observed in all re-

gionsandsubgroupsassessed, including thosewithpriorCVD.

Although theprevalence of hypertensionwasnot strongly re-

lated to socioeconomic status, the control of BP was lower

among participants with lower levels of education and in-

come. Uncontrolled hypertension was estimated to cause

750000 CVD deaths annually in China.

Although the China Kadoorie Biobank Study was not de-

signed as a nationally representative study, the prevalence of

hypertension observed in this study is consistent with previ-

ous reports of recent nationally representative hypertension

surveys in China.5,6,14 Only a few studies (all substantially

smaller than the present study) have reported the age-

specific proportions of persons with hypertension who have

received a diagnosis and inwhom the hypertension is treated

andcontrolled.The2007 to2008ChinaNationalDiabetes and

MetabolicDisorders Survey6and the2000 to2001Chinese In-

terAsia Survey5 reportedhigher levels of diagnosedhyperten-

sionthanthepresent study,withabouthalfofparticipantswith

hypertension receiving a diagnosis at 45 to 64 years of age (vs

one-third in the present study). As in the present study, the

participants in those studieswerenot randomly selected.Un-

like the present study, however, the levels of diagnosed hy-

pertension were based on diagnosis by any health care pro-

fessional rather than specificallybya fullyqualifiedphysician.

The InterAsia Survey5 also reported that at 45 to 64 years of

Figure 3. Age- and Sex-Specific Association of HypertensionWithMortality Due to Cardiovascular Disease (CVD)
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A, Death rate ratios (RR) are calculated for participants with vs without

uncontrolled hypertension. Rate ratios are adjusted for region and age (in 5-year

bands) within each age group and exclude participants with a history of CVD

disease at baseline. For each RR, the area of the data point is inversely

proportional to the variance of the log risk. The overall RR (adjusted for age, sex,

and region) at ages 35 to 79 years (mean age at death, 67.6 years) was 2.49

(95% CI, 2.37-2.62). B, CVDmortality due to uncontrolled hypertension in 2010

is calculated by applying population-attributable fractions (PAF) to the

estimated age- and sex-specific number of CVD deaths in China for 2010 to give

the number of deaths attributable to uncontrolled hypertension for that year.

Hypertension is defined as a measured systolic blood pressure of at least 140

mmHg, a measured diastolic blood pressure of at least 90mmHg, or treatment

for hypertension. Deaths due to CVD are categorized as attributable to

hypertension in persons with hypertension, not attributable to hypertension in

persons with hypertension, and in persons without hypertension.
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age, two-thirds of participants with diagnosed hypertension

were treated (vs half in the present study), but less than one-

third of those treated achieved control of hypertension, con-

sistent with the present study.

A systematic review in 2005 of the prevalence of hyper-

tension in different regions of the world reported that the

prevalence inChinawashigher than inother parts ofAsia, but

lower than in establishedmarket economies.2The levels of di-

agnosis, treatment, andcontrol ofhypertension inChina,how-

ever, are substantially lower than thoseachieved inmanyhigh-

incomecountries,whererecentsurveys indicate thatmorethan

two-thirds of the population with hypertension receive a di-

agnosis, more than two-thirds of those with a diagnosis are

treated, and about two-thirds of those treated achieve BP

control.15Althoughprevious reports indicated that thepreva-

lence of hypertension was slightly lower on average in China

than in the West, the present study indicates that the preva-

lence of hypertension in China is now comparable to that of

Western populations, but the prevalence of uncontrolled hy-

pertension is much higher in China than in Western popula-

tions. Occlusive CVDmortality has fallen significantly during

the last few decades in theWest, due at least in part to better

managementofhypertension;bycontrast, occlusiveCVDmor-

tality has increased in China during the same period.16-18

Alargeprospectivecohort study19 reported thatabout60%

of CVDdeaths in China at ages 55 to 64 years in 2005were at-

tributable to hypertension, comparedwith about 40% in this

age group in the present study. In this study, the risk for CVD

mortality inpersonswithhypertensionwascomparedwiththat

in persons with normal BP (defined as SBP <120 mm Hg and

DBP <80mmHg). In the present study, usual BP in thosewho

did not have hypertension was in the prehypertensive range

(SBP120-139mmHgandDBP80-89mmHg),which is thestan-

dard target range for those with hypertension; as such, the

population-attributable fractions and associated attributable

deaths more closely estimate the effect of addressing hyper-

tension than reducing BP tomuch lower levels. A large trial20

and a meta-analysis of all available trials21 recently demon-

strated reductions in major cardiovascular events from anti-

hypertensive regimens targetingSBP less than140mmHgeven

in thoseolder than60years, consistentwith theevidence from

prospective cohort studies. A combination of antihyperten-

sives isgenerally required to reachthis targetBPrange,butonly

a small proportion (17.0%) of those treated for hypertension

in the present study were taking more than 1 type of antihy-

pertensive (eTable 5 in the Supplement).

The strengths of the present study include the very large

sample size, the diversity (geographic and socioeconomic) of

the areas sampled, the range of population subgroups as-

sessed, and the standardization of techniques to measure BP

at baseline, including the training of technicians. In addition,

because the baseline survey was conducted throughout the

year and for several years, wewere able to examine the effect

of the season on the estimates of prevalence and control, and

health care professionals and policy makers should be aware

of such effects when evaluating the burden and control of BP

in China.22 The study was not designed to collect a represen-

tative sampleof theChinesepopulation,which limits the gen-

eralizabilityof the findings toChinaasawhole,despite thecon-

sistencyof theage-specificprevalencewithrecentlyconducted

nationally representative surveys. Before the analyses in this

study, the real prevalence of hypertension in China was ex-

pected, if anything, tobeunderestimated in this cohort of gen-

erally healthy volunteers. Another limitation is that the diag-

nosis of hypertension was based on serial BP measurements

recorded on a single occasion (as is standard in BP surveys),

whereas ideally 2 or more readings would be taken on sepa-

rate occasions. The estimated prevalence of hypertension at

baseline will be affected by regression to the mean of subse-

quent BP measurements. This regression to the mean is un-

likely to affect the estimated prevalence of hypertensionma-

terially at 60 to 69 years of age (because the mean BP at this

age is approximately equal to the threshold BP for hyperten-

sion), but the prevalencemay be somewhat overestimated at

younger ages and underestimated at older ages.

Conclusions

In2013, theWorldHealthAssemblysetvoluntary targets for the

control of noncommunicable diseases, including a 25% reduc-

tion in theprevalenceof elevatedBPby2025.Weestimate that

such a reduction would have prevented about 130000 vascu-

lar deaths in China for those who were from 35 to 79 years of

age in2010alone.Detectionandadequate treatmentofhyper-

tension in primary care have a key role to play inmeeting this

goal, and the present study shows an enormous potential for

improvement, given thatno regionsor subgroupshadsatisfac-

tory BP control; such an approach ideally would be expanded

to lower the BP of all individuals at high absolute risk for a car-

diovascular event.23Furthermore, public health initiatives are

required that focus on themajor determinants of BP at a popu-

lation level, includingsalt intake (knowntobeparticularlyhigh

in China24), harmful alcohol consumption, obesity, and poor

home heating (shown to have a substantial effect on BP in

China22).Ongoing research seeks to identify themost effective

population-level approaches for BP control in China.25 These

population-based approaches alsowould have the added ben-

efit of reducing the largeproportionof vascular deaths that oc-

cur inpersonswithnormalBP.Unlessconcertedeffortsaremade

to lower BP levels in China, rates of deathdue toCVDare likely

to increase further during the next few decades.
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Invited Commentary

Reducing the Burden of Hypertension

China’s LongMarch Ahead
Nathan D. Wong, PhD; Stanley S. Franklin, MD

Elevated blood pressure (BP) represents the leading cause of

death globally, at approximately 7.5 million deaths or 12.8%

of all deaths.1Chinabears a significantproportionof theglobal

burden of morbidity and mortality due to hypertension. In

this issue of JAMA Internal

Medicine, Lewington and

colleagues2 describe China’s

burdenof cardiovascular dis-

ease (CVD)mortality due to hypertension from the large pro-

spectiveChinaKadoorieBiobankStudy conducted from2004

to2008among500223adults aged30 to 74yearswith 7years

of follow-up throughout 10 major provinces. Not surpris-

ingly, the investigators report that only 30.5% of those with

hypertensionhad receivedapreviousdiagnosis; of these, only

46.4% were treated, and among those treated, only 29.6%

achieved control of hypertension, resulting in an overall con-

trol rateof4.2%.These ratesare roughlyconcordantwith those

of the recently reported 17-country Prospective Urban Rural

Epidemiology (PURE) Study,3 in which among 45 108 adults

in China aged 35 to 70 years, 42% were aware of their hyper-

tension, 34%received treatment, andonly8.2%achievedcon-

trol. The PURE Study showed treatment and control rates to

be worse in western parts of China, and overall among pa-

tients receiving documented treatments, more than one-

third (37.5%)wereonlyusing traditional (non-Western) drugs.

A recent pooling of data4 from178 studies involving 2901464

participants in 30 provinces from 1999 to 2014 shows overall

prevalence, treatment, and control rates for hypertension to

be 28.9%, 35.3%, and 13.4%, respectively.

Lewington and colleagues2 estimate that about 750000

CVDdeaths could be attributed to uncontrolled hypertension

alone in China in 2010 and that a 25% reduction in the preva-

lenceof elevatedBPas recommendedby theWorldHeart Fed-

eration would have averted about 130000 vascular deaths.

They report that overall control of hypertensionwas less than

5% for 7 of the 10 provinces studied. Although control rates

were higher in those participants with higher levels of in-

comeoreducation, theywerestill low(only 12.6%inthosewith

technical schooloruniversityeducation,and5.7%inthosewith

household income>¥20000 [about US $3000]). The authors

point to the need for public health initiatives, such as focus-

ing on salt intake, harmful alcohol consumption, obesity, and

evenpoor homeheating,which has been found to have a dra-

matic effect on BP in China.

Clearly, sodium intake has been long recognized as a sig-

nificant issue, with an effect on the prevalence and adequate

control of hypertension; sodiumconsumption formost adults

remains far in excess of World Health Organization recom-

mendations to reduce intake to less than2300mg/d. Some ini-

tiatives have been successful at reducing thepopulation’s salt

intake by gradual reformulation on a voluntary basis, such as

in theUnitedKingdom,where sucheffortshave resulted in sig-

nificant reductions in the sodium content of processed foods

and population urinary sodium levels.5Modest reductions of

salt intake of 5 to 10 g/d can have a substantial impact in re-

ducing strokedeaths by 14%andcoronarydeaths by9%.6Nu-

trition surveys in China indicate that salt intake ranges from

8 to 9 g/d in the south and 12 to 18 g/d in the north,7 far more

than the 5-g/d limit recommended by theWorld Health Orga-

nization.

Althoughadoptionof suchaprogrambyavery large coun-

try such as China will be challenging, the Chinese govern-

ment andhealth organizations have begun to advocate for re-

duced salt intake alongwith smoking cessation, restriction of

alcohol intake, and moderate exercise. A National Hyperten-

sionDayhas beenpromoted. TheCardiovascularDisease Pre-

ventionResearchCenter in theMinistry ofHealth and theChi-

neseHypertensionLeaguepublishedabrochureabout salt and

hypertension forWorld Hypertension Day of 2009. In 2013, a

guide for patientswith hypertension that emphasized salt re-

strictionwaspublished.A campaign termedLimit Salt Spoons

was created calling for theuseof a small spoon (1 spoonequals

about 2 g of salt) to encourage a “comprehensive healthy

lifestyle.”7(p194)

Moreneeds tobedone.Opportunities for improvement in-

clude better coordination of efforts among national, provin-
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