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Abstract
Objective  We aimed to estimate the current use of 
secondary prevention drugs and identify its associated 
individual characteristics among those with established 
cardiovascular diseases (CVDs) in the communities of 
China.
Methods  We studied 2 613 035 participants aged 
35–75 years from 8577 communities in 31 provinces 
in the China Patient-Centered Evaluative Assessment of 
Cardiac Events Million Persons Project, a government-
funded public health programme conducted from 2014 
to 2018. Participants self-reported their history of 
ischaemic heart disease (IHD) or ischaemic stroke (IS) 
and medication use in an interview. Multivariable mixed 
models with a logit link function and community-specific 
random intercepts were fitted to assess the associations 
of individual characteristics with the reported use of 
secondary prevention therapies.
Results  Among 2 613 035 participants, 2.9% (74 830) 
reported a history of IHD and/or IS, among whom the 
reported use rate either antiplatelet drugs or statins was 
34.2% (31.5% antiplatelet drugs, 11.0% statins and 
8.3% both). Among the 1 530 408 population subgroups, 
which were defined by all possible permutations of 16 
individual characteristics, reported use of secondary 
prevention drugs varied substantially (8.4%–60.6%). 
In the multivariable analysis, younger people, women, 
current smokers, current drinkers, people without 
hypertension or diabetes and those with established CVD 
for more than 2 years were less likely to report taking 
antiplatelet drugs or statins.
Conclusions  The current use of secondary prevention 
drugs in China is suboptimal and varies substantially 
across population subgroups. Our study identifies 
target populations for scalable, tailored interventions to 
improve secondary prevention of CVD.

Introduction
Cardiovascular diseases (CVDs), especially isch-
aemic heart disease (IHD) and ischaemic stroke 
(IS), are the leading causes of death in China.1 
Therapies for the secondary prevention of CVD 
such as aspirin, β blockers, angiotensin converting 
enzyme inhibitors (ACEIs) and statins could reduce 
cardiovascular mortality.2 3 Therefore, ensuring 
widespread use of secondary prevention therapies is 
crucial for decreasing the burden of CVD in China.

Prior community-based studies in China report 
that the use of secondary prevention drugs was low 
(less than 20% taking antiplatelet drugs and less 
than 2% taking statins) before 2009.4 5 After the 

health reform of 2009, health insurance coverage 
expanded, and out-of-pocket payments declined 
in China.6 In parallel with insurance reform, 
evidence-based guidelines for secondary prevention 
of IHD and stroke were published.7–9 Hospital-
based studies suggest these developments have been 
accompanied by improvements in the treatment for 
secondary CVD prevention.10 However, commu-
nity physicians lack awareness of the secondary 
prevention recommendations.11 Individual factors 
including age, income and severity of diseases also 
impact on the persistence of secondary prevention 
medications.12 We have previously shown there 
is an extremely low use of aspirin and statins for 
primary prevention in patients with high CVD 
risk in community settings in China.13 Yet, little is 
known about the current use of these agents for 
those with diagnosed CVD. Furthermore, varia-
tions in secondary preventive treatment for CVD 
among population subgroups, which would support 
targeted preventive health policies in China, have 
not been characterised.

Accordingly, we report findings from a national 
community-based project in mainland China. Our 
aim was to report the use of secondary preven-
tion drugs among those with IHD and/or IS in the 
community, assess variations among population 
subgroups and identify the demographic, socioeco-
nomic and health-related factors associated with 
secondary preventive treatment for CVD in China.

Methods
Study design and participants
The China Patient-Centered Evaluative Assess-
ment of Cardiac Events Million Persons Project is 
a government-funded public health programme 
designed to focus on high CVD risk throughout 
China. Details of the project design have been 
described previously.14 Briefly, from September 
2014 to November 2018, 189 county-level regions 
(114 rural counties, 75 urban districts) in all 31 
provinces in mainland of China were selected to 
provide diversity in geographic distribution, popu-
lation structure (ethnicity distribution) and expo-
sure to risk factors and disease patterns (figure 1). 
Study site selection considered population size, 
population stability and local capacity to support 
the project (details were shown in online supple-
mentary eAppendix 1). Local residents aged 35–75 
years, who were currently registered in the commu-
nity’s Hukou (a record officially identifying area 
residents) or had lived in the community for at least 
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Figure 1  Study sites in China Patient-Centered Evaluative Assessment 
of Cardiac Events Million Persons Project.

6 months of the prior 12 months, were invited and recruited in 
this project. All enrolled participants provided written informed 
consent.

Patient and public involvement
This study was done without patient involvement. Patients were 
not invited to participate in study design, data interpretation and 
writing or editing of the manuscript.

Data collection and variables
For each participant, blood pressure, blood lipids, blood glucose, 
height and weight were measured. Blood pressure was measured 
twice in the right upper arm after 5 min of rest in a seated position 
using a standardised electronic blood pressure monitor (Omron 
HEM-7430, Omron Corporation, Kyoto, Japan). If the differ-
ence between the two systolic blood pressure measurements was 
larger than 10 mm Hg, a third measurement was obtained, and 
the average of the last two readings was used. Hypertension was 
defined as systolic blood pressure ≥140 mm Hg, diastolic blood 
pressure ≥90 mm Hg or the use of antihypertensive medications 
according to the US and Chinese definitions.15–17 Participants 
were required to wear light clothes, no shoes and no cap for 
measurements of height and weight. Body mass index (BMI) was 
defined as weight in kilograms divided by the square of height 
in metres. Normal weight was defined as 18.5≤BMI≤23.9, low 
weight was defined as BMI <18.5, overweight was defined as 
24.0≤BMI≤27.9 and obesity was defined as BMI ≥28.0 kg/m2, 
based on recommendations of the Working Group on Obesity 
in China.18

Standardised in-person interviews were conducted by trained 
personnel to collect information on sociodemographic status, 
lifestyle, medical history and medication usage. All participants 
were asked if they had the medical histories or received the 
treatments, including myocardial infarction, coronary artery 
bypass graft surgery (CABG) or percutaneous coronary -inter-
vention (PCI) and stroke. If participants had a previous history 
of stroke, they were asked about the type of stroke (IS, haemor-
rhagic stroke or unclear). Previous history of IHD was derived 
based on self-reported of myocardial infarction, CABG or PCI. 
If participants had history of IHD or stroke, they were asked 
the year of diagnosis. History of hypertension or diabetes was 
defined as self-reported previously diagnosed hypertension or 

diabetes. Medication use was determined by self-report of taking 
drugs for antiplatelet therapy or lipid-lowering in the past 2 
weeks. If participants were taking these two kinds of drugs, they 
were asked to report the name, dose and frequency of each drug 
(online supplementary eAppendix 2).

Statistical analyses
Among participants with IHD and/or IS, we described the rates of 
antiplatelet drugs or statins overall and by population subgroups, 
such as age, sex and urbanity and so on. The use of antihyperten-
sive drugs was also reported. The 95% CIs for prevalence rates 
were calculated using the Clopper-Pearson method.19

Then, we conducted a subgroup analysis to describe the use 
of antiplatelet drugs or statins among patients with established 
CVD. Population subgroups were defined a priori by all possible 
permutations of 16 characteristics including age group (35–44, 
45–54, 55–64 and 65–75), sex (men and women), urbanity (urban 
and rural), geographic region (Western, Central and Eastern), 
ethnicity (Han and non-Han), occupation (farmer and non-
farmer), annual household income (<10 000 yuan, 10 000–50 
000 yuan and >50 000 yuan), education (primary school and 
below, middle school, high school, college and above), marital 
status (married and not married), medical insurance (insured 
and uninsured), current smoker (yes or no), current drinker (yes 
or no), history of hypertension (yes or no), history of diabetes 
(yes or no), BMI groups (low weight, normal weight, overweight 
and obesity) and years since diagnosis (<2, 2–7 and >7 years). 
We retained 1 530 408 subgroups that included at least 500 
participants and assessed the distributions of rates of secondary 
prevention treatment in these subgroups (online supplementary 
eAppendix 3). These subgroups were not mutually exclusive. 
The histogram plots and density plots were used to visualise the 
estimates in the population subgroups.

Finally, we developed multivariable mixed models with 
community as a random effect and individual-level variables as 
fixed effects. Using a logit-link function, we calculated the asso-
ciations between individual-level variables with the dependent 
variable accounting for clustering of individuals within commu-
nities. The individual characteristics included in the model were 
age, sex, urbanity, geographic region, ethnicity, education level, 
occupation, annual household income, marital status, medical 
insurance, smoking, drinking, history of hypertension, history 
of diabetes, BMI groups and years since diagnosis. The depen-
dent variable was whether patients with IHD and/or IS reported 
taking either antiplatelet drugs or statins. Additionally, we fitted 
mixed models to identified individual characteristics associated 
with the use of multiple secondary prevention drugs among 
those with IHD or IS.

We excluded participants with missing value for age, house-
hold income, education or BMI. P<0.05 was considered statisti-
cally significant. All analyses were conducted with SAS V.9.4 and 
R 3.4.1 (The R Foundation for Statistical Computing, Vienna, 
Austria).

Results
Characteristics of study population
Among 2 613 035 participants, 74 830 (2.9%) participants 
reported a history of IHD and/or IS (online supplementary 
eFigure 1). Among them, 39.1% (29 231) had IHD, 57.9% (43 
359) had IS and 3.0% (2240) had both IHD and IS. The median 
years since diagnosis was 4 (IQR: 2–7). Among the participants 
with established CVD, 37 528 (50.2%) were men, the mean age 
was 61.6±8.1 years, 22.0% were current smoker, 52.9% had 
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Table 1  Baseline characteristics of participants with IHD and/or IS

IHD IS Both IHD and/or IS

N 29 231 43 359 2240 74 830

Mean of age, mean (SD) 60.96 (8.58) 62 (7.74) 63.35 (7.33) 61.63 (8.09)

Age (years)

 � 35–44 1356 (4.6) 1029 (2.4) 36 (1.6) 2421 (3.2)

 � 45–54 5409 (18.5) 6799 (15.7) 256 (11.4) 12 464 (16.7)

 � 55–64 10 970 (37.5) 17 473 (40.3) 865 (38.6) 29 308 (39.2)

 � 65–75 11 496 (39.3) 18 058 (41.6) 1083 (48.3) 30 637 (40.9)

Sex

 � Men 15 865 (54.3) 20 467 (47.2) 1196 (53.4) 37 528 (50.2)

 � Women 13 366 (45.7) 22 892 (52.8) 1044 (46.6) 37 302 (49.8)

Urbanity

 � Urban 12 650 (43.3) 18 676 (43.1) 1151 (51.4) 32 477 (43.4)

 � Rural 16 579 (56.7) 24 681 (56.9) 1089 (48.6) 42 349 (56.6)

Region

 � Eastern 10 005 (34.2) 14 160 (32.7) 738 (32.9) 24 903 (33.3)

 � Central 8894 (30.4) 18 183 (41.9) 1001 (44.7) 28 078 (37.5)

 � Western 10 332 (35.3) 11 016 (25.4) 501 (22.4) 21 849 (29.2)

Ethnicity

 � Han 26 422 (90.4) 40 635 (93.7) 2104 (93.9) 69 161 (92.4)

 � Non-Han 2780 (9.5) 2690 (6.2) 135 (6.0) 5605 (7.5)

 � Unknown 29 (0.1) 34 (0.1) 1 (0.0) 64 (0.1)

Education

 � Primary school or lower 11 739 (40.2) 19 937 (46.0) 845 (37.7) 32 521 (43.5)

 � Middle school 9398 (32.2) 13 498 (31.1) 794 (35.4) 23 690 (31.7)

 � High school 5237 (17.9) 6917 (16.0) 414 (18.5) 12 568 (16.8)

 � College or above 2564 (8.8) 2635 (6.1) 171 (7.6) 5370 (7.2)

 � Unknown 293 (1.0) 372 (0.9) 16 (0.7) 681 (0.9)

Occupation

 � Farmer 11 504 (39.4) 19 615 (45.2) 738 (32.9) 31 857 (42.6)

 � Non-farmer 17 365 (59.4) 23 213 (53.5) 1475 (65.8) 42 053 (56.2)

 � Unknown 362 (1.2) 531 (1.2) 27 (1.2) 920 (1.2)

Household income (yuan/year)

 � <10 000 5831 (19.9) 9541 (22.0) 384 (17.1) 15 756 (21.1)

 � 10 000–50 000 16 040 (54.9) 25 007 (57.7) 1344 (60.0) 42 391 (56.6)

 � >50 000 5005 (17.1) 6099 (14.1) 379 (16.9) 11 483 (15.3)

 � Unknown 2355 (8.1) 2712 (6.3) 133 (5.9) 5200 (6.9)

Marital status

 � Married 26 922 (92.1) 39 107 (90.2) 2028 (90.5) 68 057 (90.9)

 � Widowed, separated, divorced, single 2070 (7.1) 3905 (9.0) 195 (8.7) 6170 (8.2)

 � Unknown 239 (0.8) 347 (0.8) 17 (0.8) 603 (0.8)

Health insurance status

 � Insured 28 815 (98.6) 42 863 (98.9) 2222 (99.2) 73 900 (98.8)

 � Uninsured 101 (0.3) 166 (0.4) 11 (0.5) 278 (0.4)

 � Unknown 315 (1.1) 330 (0.8) 7 (0.3) 652 (0.9)

Lifestyle

 � Current smoker 6329 (21.7) 9598 (22.1) 550 (24.6) 16 477 (22.0)

 � Current drinker 3038 (10.4) 4885 (11.3) 257 (11.5) 8180 (10.9)

Medical history

 � History of hypertension 13 493 (46.2) 24 574 (56.7) 1492 (66.6) 39 559 (52.9)

 � History of diabetes 5348 (18.3) 7167 (16.5) 658 (29.4) 13 173 (17.6)

BMI group

 � Low weight (<18.5 kg/m2) 407 (1.4) 543 (1.3) 35 (1.6) 985 (1.3)

 � Normal weight (18.5–23.9 kg/m2) 9116 (31.2) 14 523 (33.5) 627 (28.0) 24 266 (32.4)

 � Overweight (24.0–27.9 kg/m2) 12 939 (44.3) 19 132 (44.1) 1031 (46.0) 33 102 (44.2)

 � Obesity (≥28.0 kg/m2) 6769 (23.2) 9161 (21.1) 547 (24.4) 16 477 (22.0)

 � Years since diagnosis, median (IQR) 4 (2–7) 4 (2–7) 3 (2–6) 4 (2–7)

BMI, body mass index; IHD, ischaemic heart disease; IS, ischaemic stroke.
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Table 2  Use of secondary prevention drugs among participants with IHD and/or IS

N (%, 95% CI) IHD IS Both IHD and/or IS

Any of following two secondary prevention 
drugs

11 811 (40.4, 39.8 to 41.0) 12 584 (29.0, 28.6 to 29.5) 1184 (52.9, 50.8 to 54.9) 25 579 (34.2, 33.8 to 34.5)

Antiplatelet drug 10 935 (37.4, 36.9 to 38) 11 553 (26.6, 26.2 to 27.1) 1094 (48.8, 46.7 to 50.9) 23 582 (31.5, 31.2 to 31.8)

Statin 4254 (14.6, 14.2 to 15.0) 3558 (8.2, 7.9 to 8.5) 415 (18.5, 16.9 to 20.2) 8227 (11.0, 10.8 to 11.2)

Both 3378 (11.6, 11.2 to 11.9) 2527 (5.8, 5.6 to 6.1) 325 (14.5, 13.1 to 16.0) 6230 (8.3, 8.1 to 8.5)

IHD, ischaemic heart disease; IS, ischaemic stroke.

previously diagnosed hypertension and 17.6% had previously 
diagnosed diabetes (table 1).

Use of secondary prevention drugs among participants with 
established CVD
Overall, the rate of reported antiplatelet drug or statin use was 
34.2% among the 74 830 studied population (table 2). The use 
of secondary prevention drugs among those with IHD were 
more common than that among those with IS (40.4% vs 29.0% 
for any of two drugs, 37.4% vs 26.6% for antiplatelet drugs, 
14.6% vs 8.2% for statins and 11.6% vs 5.8% for both). Among 
those with IHD, 10.2% and 10.9% were taking ACEI/angio-
tensin receptor blocker (ARB) and β blocker for cardiovascular 
event prevention. About 10% were taking ACEI/ARB for cardio-
vascular event prevention among those with IS (online supple-
mentary eTable 1).

Among 11 682 patients with established CVD and taking 
lipid-lowering drugs, 33% did not remember the exact drug 
name, which would result in the underestimation of statin use 
in this study. We conducted a sensitivity analysis to estimate 
the statin use rate by assuming that patients did not remember 
the exact drug name were taking statins. The estimated statin 
use rate is 16.2% among patients with established CVD. 
Among those with IHD and IS, 21.0% and 12.2% was taking 
statins, respectively.

The usage rates of secondary prevention drugs increased with 
age (from 19.2% for 35–39 years to 37.3% for 70–75 years, 
p<0.001) (table  3 and figure  2). Men was more commonly 
taking secondary prevention drugs than women (37.9% vs 
30.4%, p<0.001). The rates of antiplatelet drug or statin 
use was higher in urban than in rural areas (35.9% vs 32.9%, 
p<0.001). Use of antiplatelet drugs or statins was slightly 
more common among those with higher level of education 
and household income (p<0.001). Those with medical insur-
ance had higher rates than those without medical insurance, 
but the difference was not statistically significant (34.3% vs 
29.1%, p=0.07). People with hypertension (39.1% vs 28.7%, 
p<0.001) or diabetes (41.1% vs 32.7%, p<0.001) had signifi-
cantly higher usage rates. Patients with established CVD diag-
nosed within 2 years (34.9%) had slightly higher usage rates 
than those diagnosed 2 or more years before (33.7% for 2–7 
years; 33.8% for >7 years, p=0.07). There are few differences 
in the usage rates of secondary prevention drugs across indi-
vidual characteristics between those with IHD and IS.

Across the 1 530 408 population subgroups, the rates of 
secondary prevention drugs use varied substantially from 
8.4% to 60.6%. Ninety-eight per centof all subgroups had 
less than 50% usage rates. Groups including people who were 
elderly, men, having higher education level, having higher 
household income, with previous diagnosed hypertension or 
with previous diagnosed diabetes had higher rates of reported 
use of antiplatelet drugs or statins (figure 3).

Individual factors associated with the secondary prevention 
drugs use
In the mixed model, we found that younger people, women, 
those with lower education level or those having less house-
hold income was less likely to report taking antiplatelet drugs 
or statins (figure  4). The reported use of antiplatelet drugs 
or statins was moderately less common in current smokers 
(OR=0.86, 95% CI 0.82 to 0.91) and current drinkers 
(OR=0.84, 95% CI 0.79 to 0.89). Patients with self-reported 
hypertension (OR=1.33, 95% CI 1.27 to 1.38) or diabetes 
(OR=1.13, 95% CI 1.07 to 1.18) had significantly higher 
usage rates of antiplatelet drugs or statins. In addition, patients 
were more likely to take antiplatelet drugs or statins within the 
first 2 years since diagnosis (2–7 years vs <2 years: OR=0.92, 
95% CI 0.87 to 0.96; >7 years vs <2 years: OR=0.81, 95% CI 
0.76 to 0.86).

Among the patient with IHD who taking secondary preven-
tion drugs, women, those living in rural areas, those with lower 
education level, those having less household income, current 
smokers or current drinkers were less likely to report taking 
at least three kind of drugs (online supplementary eTable 2). 
Similar findings were identified among the patient with IS 
who taking secondary prevention drugs (online supplementary 
eTable 3).

Discussion
About one in three middle-aged adults with IHD and/or IS 
in this national study reported taking antiplatelet drugs or 
statins for cardiovascular event prevention, and only 1 in 12 
reported taking both antiplatelet drugs and statins. The usage 
rates of antiplatelet drugs or statins varied substantially across 
1.5 million population subgroups defined by 16 individual 
characteristics. We identified target population subgroups for 
interventions to improve secondary prevention of CVD, such 
as younger people, women and people who had lower level of 
education or household income. Nevertheless, these findings 
reveal the need to promote secondary prevention therapies in 
all groups to reduce CVD mortality in primary care settings in 
China, as the opportunity for improvement is pervasive.

Currently reported usage of secondary prevention drugs 
is still far from optimal in the communities of China, even 
though rates in this study represent an improvement from 
observations before health reform instituted in 2009. A large-
scale community-based study, which recruited over 0.5 million 
residents aged 30–79 years during 2004–2008 from 10 regions 
in China, reported that only 10.6% and 1.4% of participants 
with IHD and/or stroke reported taking antiplatelet drugs 
and statins, respectively.4 Compared with their findings, the 
current usage rate of anti-platelet drugs are nearly three times 
higher (31.5% vs 10.6%), and the usage rate of statins is eight 
times higher (11.0% vs 1.4%) in our study. However, there 
is still much room for improvement. Furthermore, the usage 
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Table 3  Use of antiplatelet drugs or statins among participants with IHD and/or IS by individual characteristics

IHD IS Both IHD and/or IS

Age (years)

 � 35–44 19.9% (270/1356) 17.8% (183/1029) 36.1% (13/36) 19.2% (466/2421)

 � 45–54 33.9% (1831/5409) 25.2% (1716/6799) 49.6% (127/256) 29.5% (3674/12 464)

 � 55–64 42.0 .% (4608/10 970) 28.4% (4971/17 473) 51.1% (442/865) 34.2% (10 021/29 308)

 � 65–75 44.4% (5102/11 496) 31.6% (5714/18 058) 55.6% (602/1083) 37.3% (11 418/30 637)

Sex

 � Men 46.1% (7308/15 865) 30.6% (6254/20 467) 56.6% (677/1196) 37.9% (14 239/37 528)

 � Women 33.7% (4503/13 366) 27.7% (6330/22 892) 48.6% (507/1044) 30.4% (11 340/37 302)

Urbanity

 � Urban 45.1% (5706/12 650) 28.5% (5326/18 676) 53.4% (615/1151) 35.9% (11 647/32 477)

 � Rural 36.8% (6103/16 579) 29.4% (7258/24 681) 52.2% (569/1089) 32.9% (13 930/42 349)

Geographical region

 � Eastern 48.5% (4853/10 005) 34.7% (4918/14 160) 65.6% (484/738) 41.2% (10 255/24 903)

 � Central 39.4% (3502/8894) 26.0% (4725/18 183) 49.0% (490/1001) 31.0% (8717/28 078)

 � Western 33.4% (3456/10 332) 26.7% (2941/11 016) 41.9% (210/501) 30.2% (6607/21 849)

Ethnicity

 � Han 42.0% (11 088/26 422) 29.7% (12 072/40 635) 53.7% (1129/2104) 35.1% (24 289/69 161)

 � Non-Han 25.3% (702/2780) 18.4% (494/2690) 40.7% (55/135) 22.3% (1251/5605)

Education

 � Primary school or lower 35.2% (4128/11 739) 28.6% (5710/19 937) 49.3% (417/845) 31.5% (10 255/32 521)

 � Middle school 42.6% (4008/9398) 30.5% (4117/13 498) 53.7% (426/794) 36.1% (8551/23 690)

 � High school 46.3% (2424/5237) 28.4% (1967/6917) 57.2% (237/414) 36.8% (4628/12 568)

 � College or above 45.4% (1164/2564) 27.6% (727/2635) 55.6% (95/171) 37.0% (1986/5370)

Occupation

 � Famer 35.4% (4070/11 504) 28.7% (5634/19 615) 52.7% (389/738) 31.7% (10 093/31 857)

 � Non-farmer 43.9% (7616/17 365) 29.5% (6840/23 213) 53.2% (785/1475) 36.2% (15 241/42 053)

Household Income (yuan/year)

 � <10 000 33% (1922/5831) 27.8% (2651/9541) 45.3% (174/384) 30.1% (4747/15 756)

 � 10 000–50 000 40.4% (6487/16 040) 29.0% (7250/25 007) 52.5% (706/1344) 34.1% (14 443/42 391)

 � >50 000 53.0% (2653/5005) 34.3% (2091/6099) 68.3% (259/379) 43.6% (5003/11 483)

Marital status

 � Married 40.6% (10 936/26 922) 29.0% (11 347/39 107) 53.4% (1082/2028) 34.3% (23 365/68 057)

 � Not-married 38.1% (789/2070) 29.8% (1162/3905) 49.2% (96/195) 33.2% (2047/6170)

Health insurance status

 � Insured 40.6% (11 691/28 815) 29.0% (12 445/42 863) 53.1% (1180/2222) 34.3% (25 316/73 900)

 � Uninsured 29.7% (30/101) 28.9% (48/166) 27.3% (3/11) 29.1% (81/278)

History of hypertension

 � Yes 47.2% (6366/13 493) 33.5% (8227/24 574) 57.9% (864/1492) 39.1% (15 457/39 559)

 � No 34.6% (5445/15 738) 23.2% (4357/18 785) 42.8% (320/748) 28.7% (10 122/35 271)

History of diabetes

 � Yes 49.0% (2620/5348) 33.2% (2382/7167) 63.2% (416/658) 41.1% (5418/13 173)

 � No 38.5% (9191/23 883) 28.2% (10 202/36 192) 48.5% (768/1582) 32.7% (20 161/61 657)

Current smoker

 � Yes 41.2% (2605/6329) 28.3% (2720/9598) 50.0% (275/550) 34.0% (5600/16 477)

 � No 40.2% (9206/22 902) 29.2% (9864/33 761) 53.8% (909/1690) 34.2% (19 979/58 353)

Current drinker

 � Yes 41.0% (1245/3038) 28.8% (1405/4885) 49.4% (127/257) 33.9% (2777/8180)

 � No 40.3% (10 566/26 193) 29.1% (11 179/38 474) 53.3% (1057/1983) 34.2% (22 802/66 650)

BMI group

 � Low weight 25.1% (102/407) 21.9% (119/543) 28.6% (10/35) 23.5% (231/985)

 � Normal weight 33.7% (3075/9116) 26.1% (3784/14 523) 47.5% (298/627) 29.5% (7157/24 266)

 � Overweight 42.4% (5482/12 939) 29.9% (5717/19 132) 55.1% (568/1031) 35.5% (11 767/33 102)

 � Obesity 46.6% (3152/6769) 32.4% (2964/9161) 56.3% (308/547) 39.0% (6424/16 477)

Year since diagnosis

 � <2 41.2% (1950/4735) 29.5% (2019/6834) 51.2% (233/455) 34.9% (4202/12 024)

 � 2–7 40.7% (6246/15 335) 27.8% (6351/22 855) 53.2% (733/1378) 33.7% (13 330/39 568)

 � >7 37.8% (2110/5586) 30.4% (2541/8352) 53.7% (181/337) 33.8% (4832/14 275)

IHD, ischaemic heart disease; IS, ischaemic stroke; BMI, body mass index.
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Figure 2  The usage rates of antiplatelet drugs or statins by individual 
characteristics.

Figure 3  Density plots of reported use of antiplatelet drugs or 
statins in 1 530 408 subgroups defined by 16 patient characteristics 
subgroups were defined by 16 characteristics including age, sex, 
urbanity, geographic region, ethnicity, occupation, annual household 
income, education, marital status, medical insurance, current smoker, 
current drinker, history of hypertension, history of diabetes, body mass 
index and years since diagnosis. In the above density plots, we have 
shown the reported use of antiplatelet drugs or statins of all population 
subgroups grouped by the variables in the legend. For example, we 
separated all subgroups by sex, and ‘women’ means all subgroups 
including women, ‘men’ means all subgroups including men. The vertical 
axis indicates the probability density of the corresponding reported 
medication usage rate. The horizontal axis means the reported usage 
rate of antiplatelet drugs or statins.

rates of antiplatelet drugs or statins are much lower than that 
in other countries. Among US adults aged ≥40 years with 
previous IHD and/or stroke, the antiplatelet drug use for 
secondary prevention was 76%.20 Findings from a multicountry 
study observed that use of antiplatelet drugs and statins for 
secondary prevention in China was much lower than in North 
America and Europe (52.2% and 52.1%), South America 
(29.0% and 15.0%) and Middle East (49.7% and 35.7%).5 
This study indicated that therapeutic interventions for patients 
with established CVD should be widely spread in China. In the 
meantime, the extremely low use of aspirin (2.4%) and statins 
(0.6%) in people with high CVD risk founded in our previous 
study calls for improvement in primary prevention of CVD to 
effectively reduce the CVD burden.13

Several factors could influence the use of secondary preven-
tion drugs in China. From the healthcare system perspective, 
recent hospital-based data have indicated that the use of 
secondary prevention treatment during hospitalisation after 
acute myocardial infarction dramatically increase during the 
past decade in China (aspirin: from 78.4% in 2001 to 90.0% 
in 2011; statins: from 27.9% in 2001 to 88.8% in 2011).10 21 
However, huge gaps in the capacity for secondary preven-
tion management among primary care physicians persist. A 
Chinese study found that less than 50% of community physi-
cians were aware of the secondary prevention recommenda-
tions included in the current clinical guidelines.11 Practical 
guidelines for primary care physicians, physician training and 
pragmatic implementation strategies are likely to enhance 
guideline adherence for secondary prevention management. 

Bidirectional referral mechanisms instituted in China in 2015 
could facilitate the provision of preventive therapy by primary 
care institutions22; this programme however is in the early 
stages of implementation.

From the patient’s perspective, adherence to secondary 
preventive treatment is still of great concern and strongly 
influenced by patients’ awareness and self-management capa-
bility. Prior evidence suggested that half of patients hospital-
ised with an acute cardiovascular event reported discontinuing 
one or more secondary prevention drugs within few months 
after discharge.12 23 In a meta-analysis of 376 162 patients, 
adherence to cardiovascular medications was estimated to be 
about 57% after a median of 2 years.24 Similar with previous 
studies,10 21 we have identified that people with lower degrees 
of health awareness, such as younger people, or people with 
lower education level, are less likely to take secondary preven-
tion drugs. Moreover, cost-effective approaches to enhancing 
patients’ self-management in secondary prevention of CVD is 
lacking, although the number of relevant studies has markedly 
increased.25 26 Furthermore, financial barriers may have a nega-
tive effect on patients’ adherence. Although medical insurance 
status had no relationship with secondary prevention drug use in 
our study, we found that lower household income was related. 
A previous study has also found that about 20% patients in the 
highest wealth groups, one-third in the middle wealth groups 
and nearly half in the lowest wealth groups could not afford 
aspirin, ACEIs, β blockers and statins recommended for the 
secondary prevention of CVD in lower middle-income coun-
tries (including China and other three countries).27 In addition, 
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Figure 4  Multivariable regression model for association between 
individual characteristics and the reported use of secondary prevention 
drugs or >1 means ‘secondary prevention drug more likely to be used’, 
whereas or <1 means ‘secondary prevention drug less likely to be used’. 
The marker size reflects sample size in each subgroup.

Key messages

What is already known on this subject?
►► Hospital-based studies suggest that the use of therapies for 
secondary cardiovascular disease (CVD) prevention has been 
improved with the development in medical insurance reform 
and implementation of evidence-based guidelines in China.

What might this study add?
►► This study assesses the use of secondary prevention drugs 
of CVDs that varies across population subgroups in the 
communities of China. We find that only 34.2% of middle-
aged adults with ischaemic heart diseases and/or ischaemic 
stroke reported taking antiplatelet drugs or statins for 
secondary prevention. The reported use rates of secondary 
prevention medications varied substantially among the 
1 530 408 population subgroups (from 8.4% to 60.6%).

How might this impact on clinical practice?
►► By exploring the gaps in secondary prevention of CVD in the 
communities of China, we highlight the needs of effective 
interventions that can be tailored to populations at highest 
risk for undertreatment and are scalable to large populations 
to improve the secondary prevention for CVDs in China.

higher rates of adverse outcomes to statin or aspirin therapy has 
been reported in Asian population,28 29 which might also influ-
ence patient’s adherence.

This study has several limitations. First, a random probability 
sample was not taken to ensure representativeness in this study; 
however, our sampling from all 31 provinces in mainland China 
makes it likely that the findings are generalisable to the main-
land China. Second, the use of secondary prevention drugs was 
self-reported, which could be subject to recall bias and lead to 
an underestimation of the medication use. Among patients with 
established CVD and taking lipid-lowering drugs, 33% did not 
remember the exact drug name. Even if we assume that all these 
patients were taking statins, the statin use rate is still very low 
(16%), and the diagnosis of CVD was based on self-reported data. 
Previous studies have found that self-reported CVD are highly 
sensitive and specific.30 Although there might be some misclassifi-
cation, but regardless the rates are quite low and the main findings 
would be unexpected to change. Third, we did not collect informa-
tion about the contraindications of antiplatelet therapy and statins. 
This may underestimate the use of secondary prevention medica-
tions. However, the proportion of CVD patients having contrain-
dications is small.10 21 Finally, we did not collect information, such 
as people’s attitudes and knowledge about secondary prevention 
treatment for CVD. Therefore, we were unable to assess potential 
reasons for the low use rates.

In conclusion, among participants with IHD and/or IS, about 
one in three reported taking antiplatelet drugs or statins and 1 
in 12 reported taking both kinds of drugs in this study. The uses 
of antiplatelet drugs and stains are low in all subgroups, and 
particularly in younger people, women and people who had 
lower level of education or household income. The scalable, 
tailored and effective interventions are needed to improve the 
secondary prevention for cardiovascular diseases in China.
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eAppendix 1. Detailed information about sampling selection 

From September 2014 to Nov 2018, we selected 189 sites (114 rural counties, 75 urban districts) 

from all 31 provinces based on their geographic locations within each province, number of 

residents live in rural or urban area, minority ethnicity distribution, quality of disease and death 

registries, and local capacity to support the project. Specifically, staff in provincial coordinating 

office collected basic information (geographic information, economic development, population 

size, and minority ethnicity distribution) about the selected sites in their province; reported this 

information to the national coordinating office; and discussed with staff in the national 

coordinating office to determine the study sites. In each site, about 10 towns or sub-districts were 

chosen according to their population size, population stability (e.g., no sudden significant change 

in the number of residents), local staff’s commitment, and ability to perform the screening. Initial 
screening stations were set up in each town or sub-district health center.  

Potentially eligible participants were identified in each town or sub-district through official 

residential records and then invited by local community workers via telephone or extensive 

publicity campaigns on television and in newspaper. All participants were required to bring their 

identity cards to the screening center to verify that they met the inclusion criteria: 1) aged 35 to 75 

years; 2) registered in the selected site’s Hukou (a record officially identifying a person as a 
resident of an area) in pilot phase (2014-2015), and lived in the selected regions at least 6 months 

during the last 12 months. Participants who met the inclusion criteria were enrolled during 2015–
2018. After their residency was verified, participants who had signed the informed consent 

agreement were then enrolled in the project. In the published protocol, we also describe the 

sampling methods.1 On average, 15,000 residents were recruited from each study site. 
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eAppendix 2. Collection of medication data in China PEACE Million Persons 

Project 

 

During the face-to-face interview, local project staff asked participants whether they always took 

anti-hypertension, lipid-lowering, anti-diabetics or anti-platelet drugs during the past 2 weeks. 

Those who answered “yes” and knew the name of the drug were further asked to report the name, 

dose, and frequency of each drug. For those who did not remember the exact dose of the drug, the 

number of tablets or pills taken was recorded. Interviewers searched and selected drug names or the 

first letter of the Chinese phonetic alphabet participants answered by entering the generic name or 

trade name of each drug in the electronic data capture system. In this system, a data dictionary was 

used to confirm drug information, including the drug class, generic name, trade name, and 

corresponding unique ID. 

 

To increase the response rate in drug usage, potential participants who were taking medications were 

required to bring their drug packaging (boxes) to the screening centers.
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eAppendix 3. Construction of population subgroups in the comprehensive 

subgroup analysis 

For the comprehensive subgroup analysis, we selected 16 variables representing demographic, 

socioeconomic and health-related factors; we categorized them into the following categories: 

 

1. Age group (35-44, 45-54, 55-64, 65-75)  

2. Sex (men, women) 

3. Urbanity (urban, rural) 

4. Geographic region (Western, Central, Eastern) 

5. Ethnicity (Han, non-Han) 

6. Occupation (farmer, non-farmer)  

7. Annual household income (<10 000 Yuan, 10 000-50 000 Yuan, >50 000 Yuan) 

8. Education (primary school and below, middle school, high school, college and above) 

9. Marital status (married, not-married) 

10. Medical insurance (insured, uninsured)  

11. Current smoker (yes, no) 

12. Current drinker (yes, no) 

13. History of hypertension (yes, no) 

14. History of diabetes (yes, no) 

15. BMI groups (low weight, normal weight, overweight, obesity) 

16. Years since diagnosis (<2, 2-7, >7) 

 

We defined subgroups based on every combination of every k-sized subset of the variables, for k 

ranging from 1 to 16. For example, with k=1 we had subgroups: Men, Women, Han, Non-Han, 

Farmers, and so forth. With k=2 we had subgroups: Men who are farmers, women who are farmers, 

men who were not farmers, Men who are Han, and so forth. Therefore, the subgroups are not 

mutually exclusive and there are overlaps between subgroups. The result is a large number of 

subgroups, many of which have very few people—even with a study as large as ours. We thus 

restricted the analysis to subgroups with at least 500 participants.  

 

Example: When k=1 we identified 6 subgroups based on age or sex, and when k=2 we identified 8 

subgroups based on both age and sex (showed in the following table). 

 

 Subgroups Number of participants 

k=1 Age="35-44" 260,141 

Age="45-54" 550,629 

Age="55-64" 524,400 

Age="65-75" 344,956 

Sex="Female" 1,005,751 

Sex="Male" 674,375 

k=2 Sex="Female" and Age="65-75" 192,473 

Sex="Female" and Age="55-64" 313,135 

Sex="Female" and Age="45-54" 342,603 
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Sex="Female" and Age="35-44" 157,540 

Sex="Male" and Age="65-75" 152,483 

Sex="Male" and Age="55-64" 211,265 

Sex="Male" and Age="45-54" 208,026 

Sex="Male" and Age="35-44" 102,601 

 

Using above algorithm, we identified 1,530,408 subgroups among all participants, each with at least 

500 participants. In each subgroup, we calculated usage rates of anti-platelet drugs and statins.  

The histogram plots and density plots were used to show the distribution of usage rates of anti-

platelet drugs and statins across all subgroups, which provide a visualization of the estimates in the 

population subgroup analysis. 
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eTable 1. Use of anti-hypertensive drugs among participants with IHD and/or IS 

 

 IHD IS Both Total 

Any antihypertensive drug 8116(27.8) 12745(29.4) 866(38.7) 21727(29) 

ACEI/ARB 2994(10.2) 4277(9.9) 301(13.4) 7572(10.1) 

Beta blocker 3191(10.9) 1214(2.8) 255(11.4) 4660(6.2) 

CCB 3970(13.6) 8637(19.9) 540(24.1) 13147(17.6) 

Diuretics 348(1.2) 983(2.3) 56(2.5) 1387(1.9) 

IHD: ischemic heart disease, IS: ischemic stroke, ACEI: angiotensin-converting-enzyme 

inhibitors, ARB: angiotensin receptor blockers, CCB: calcium channel blockers. 
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eTable 2. Regression model for association between individual characteristics 

and the use of at least 3 secondary prevention drugs among treated patients with 

IHD 

 OR (95%CI) P value* 

Age (years)   

    35-44 1 (reference) 0.12 

    45-54 1.15 (0.78 - 1.69)  

    55-64 1.00 (0.68 - 1.45)  

    65-75 0.95 (0.65 - 1.38)  

Sex   

    Men 1 (reference) <0.001 

    Women 0.62 (0.55 - 0.70)  

Urbanity   

    Urban 1 (reference) 0.03 

    Rural 0.87 (0.77 - 0.98)  

Geographic region   

    Eastern 1 (reference) 0.05 

    Central 1.47 (1.29 - 1.67)  

    Western 1.22 (1.06 - 1.39)  

Ethnicity   

    Non-Han 1 (reference) 0.36 

    Han 1.12 (0.87 - 1.45)  

Education level   

    Primary school and below 1 (reference) 0.49 

    Middle school 1.49 (1.29 - 1.72)  

    High school 1.37 (1.16 - 1.61)  

    College and above 1.51 (1.23 - 1.85)  

Occupation   

    Not-farmer 1 (reference) <0.001 

    Farmer 0.75 (0.64 - 0.87)  

Annual household income (Yuan)   

    <10000 1 (reference) 0.01 

    10000-50000 1.11 (0.94 - 1.30)  

    >50000 1.22 (1.01 - 1.48)  

Marital status   

    Not Married 1 (reference) 0.10 

    Married 0.83 (0.68 - 1.03)  

Health insurance status   

    Uninsured 1 (reference) 0.34 

    Insured 1.80 (0.54 - 6.06)  

Lifestyle   

    Current smokers 0.75 (0.66 - 0.86) <0.001 

    Current drinkers 0.86 (0.72 - 1.02) 0.08 
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 OR (95%CI) P value* 

Medical history   

    History of hypertension 1.91 (1.70 - 2.14) <0.001 

    History of diabetes 1.09 (0.96 - 1.22) 0.28 

BMI groups   

    Normal 1 (reference) 0.18 

    Low weight 0.62 (0.27 - 1.43)  

    Overweight 1.15 (1.01 - 1.32)  

    Obesity 1.22 (1.05 - 1.41)  

Year since diagnosis   

    < 2 1 (reference) 0.04 

    2-7 1.12 (0.97 - 1.28)  

    > 7 0.83 (0.70 - 0.99)  

*P value for trend or heterogeneity. IHD: ischemic heart diseases, OR: odds ratio, 95% CI: 95% 

confidence interval, BMI: body mass index. 
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eTable 3. Regression model for association between individual characteristics 

and the use of at least 2 secondary prevention drugs among treated patients with 

IS 

 OR (95%CI) P value* 

Age (years)   

    35-44 1 (reference) 0.60 

    45-54 1.72 (1.14 - 2.60)  

    55-64 1.33 (0.89 - 1.99)  

    65-75 1.47 (0.98 - 2.20)  

Sex   

    Men 1 (reference) 0.01 

    Women 0.88 (0.80 - 0.97)  

Urbanity   

    Urban 1 (reference) 0.02 

    Rural 0.89 (0.80 - 0.98)  

Geographic region   

    Eastern 1 (reference) 0.83 

    Central 1.22 (1.11 - 1.35)  

    Western 1.00 (0.90 - 1.13)  

Ethnicity   

    Non-Han 1 (reference) 0.07 

    Han 1.27 (0.98 - 1.64)  
Education level   

    Primary school and below 1 (reference) <0.001 

    Middle school 1.56 (1.40 - 1.73)  

    High school 1.46 (1.27 - 1.67)  

    College and above 1.74 (1.44 - 2.10)  

Occupation   

    Not-farmer 1 (reference) 0.001 

    Farmer 0.83 (0.74 - 0.93)  
Annual household income (Yuan)   

    <10000 1 (reference) 0.42 

    10000-50000 0.90 (0.80 - 1.01)  

    >50000 1.02 (0.88 - 1.19)  

Marital status   

    Not Married 1 (reference) 0.88 

    Married 1.01 (0.87 - 1.18)  
Health insurance status   

    Uninsured 1 (reference) 0.50 

    Insured 0.78 (0.38 - 1.60)  
Lifestyle   

    Current smokers 0.92 (0.82 - 1.03) 0.15 

    Current drinkers 0.77 (0.67 - 0.89) <0.001 
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 OR (95%CI) P value* 

Medical history   

    History of hypertension 1.55 (1.40 - 1.71) <0.001 

    History of diabetes 1.20 (1.09 - 1.32) <0.001 

BMI groups   

    Normal 1 (reference) 0.73 

    Low weight 0.66 (0.38 - 1.13)  

    Overweight 1.11 (1.00 - 1.23)  

    Obesity 1.15 (1.02 - 1.29)  

Year since diagnosis   

    < 2 1 (reference) 0.19 

    2-7 0.86 (0.77 - 0.96)  

    > 7 0.94 (0.83 - 1.07)  

*P value for trend or heterogeneity. IS: ischemic stroke, OR: odds ratio, 95% CI: 95% confidence 

interval, BMI: body mass index. 
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