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Use of secondary prevention drugs for cardiovascular disease 
in the community in high-income, middle-income, and 
low-income countries (the PURE Study): a prospective 
epidemiological survey
Salim Yusuf, Shofi qul Islam, Clara K Chow, Sumathy Rangarajan, Gilles Dagenais, Rafael Diaz, Rajeev Gupta, Roya Kelishadi, Romaina Iqbal, 
Alvaro Avezum, Annamarie Kruger, Raman Kutty, Fernando Lanas, Liu Lisheng, Li Wei, Patricio Lopez-Jaramillo, Aytekin Oguz, Omar Rahman, 
Hany Swidan, Khalid Yusoff , Witold Zatonski, Annika Rosengren, Koon K Teo, on behalf of the Prospective Urban Rural Epidemiology (PURE) 
Study Investigators

Summary
Background Although most cardiovascular disease occurs in low-income and middle-income countries, little is known 
about the use of eff ective secondary prevention medications in these communities. We aimed to assess use of proven 
eff ective secondary preventive drugs (antiplatelet drugs, β blockers, angiotensin-converting-enzyme [ACE] inhibitors 
or angiotensin-receptor blockers [ARBs], and statins) in individuals with a history of coronary heart disease or stroke. 

Methods In the Prospective Urban Rural Epidemiological (PURE) study, we recruited individuals aged 35–70 years 
from rural and urban communities in countries at various stages of economic development. We assessed rates of 
previous cardiovascular disease (coronary heart disease or stroke) and use of proven eff ective secondary preventive 
drugs and blood-pressure-lowering drugs with standardised questionnaires, which were completed by telephone 
interviews, household visits, or on patient’s presentation to clinics. We report estimates of drug use at national, 
community, and individual levels.

Findings We enrolled 153 996 adults from 628 urban and rural communities in countries with incomes classifi ed as 
high (three countries), upper-middle (seven), lower-middle (three), or low (four) between January, 2003, and 
December, 2009. 5650 participants had a self-reported coronary heart disease event (median 5·0 years previously 
[IQR 2·0–10·0]) and 2292 had stroke (4·0 years previously [2·0–8·0]). Overall, few individuals with cardiovascular 
disease took antiplatelet drugs (25·3%), β blockers (17·4%), ACE inhibitors or ARBs (19·5%), or statins (14·6%). 
Use was highest in high-income countries (antiplatelet drugs 62·0%, β blockers 40·0%, ACE inhibitors or ARBs 
49·8%, and statins 66·5%), lowest in low-income countries (8·8%, 9·7%, 5·2%, and 3·3%, respectively), and 
decreased in line with reduction of country economic status (ptrend<0·0001 for every drug type). Fewest patients 
received no drugs in high-income countries (11·2%), compared with 45·1% in upper middle-income countries, 
69·3% in lower middle-income countries, and 80·2% in low-income countries. Drug use was higher in urban than 
rural areas (antiplatelet drugs 28·7% urban vs 21·3% rural, β blockers 23·5% vs 15·6%, ACE inhibitors or ARBs 
22·8% vs 15·5%, and statins 19·9% vs 11·6%; all p<0·0001), with greatest variation in poorest countries 
(pinteraction<0·0001 for urban vs rural diff erences by country economic status). Country-level factors (eg, economic 
status) aff ected rates of drug use more than did individual-level factors (eg, age, sex, education, smoking status, 
body-mass index, and hypertension and diabetes statuses).

Interpretation Because use of secondary prevention medications is low worldwide—especially in low-income 
countries and rural areas—systematic approaches are needed to improve the long-term use of basic, inexpensive, 
and eff ective drugs.

Funding Full funding sources listed at end of paper (see Acknowledgments).

Introduction
About 35 million people have an acute coronary or 
cerebrovascular event every year and about half of these 
events occur in individuals with pre-existing vascular 
disease.1 The number of people with known prevalent 
cardiovascular disease worldwide probably exceeds 
100 million. β blockers,2 angiotensin-converting-enzyme 
(ACE) inhibitors,3,4 statins,5 and antiplatelet drugs6 each 
reduce death, reinfarction, or stroke in patients with 

coronary heart disease.7,8 Similarly, use of antiplatelet 
drugs, ACE inhibitors, or statins, coupled with reduction 
of blood pressure with diuretics, β blockers, ACE 
inhibitors, or angiotensin-receptor blockers (ARBs), is 
benefi cial in patients with stroke.9 Such drugs are 
widely recommended for the management of patients 
with cardiovascular disease or their risk factors. Some 
studies of hospital registries or surveys of patients 
recruited in out-patient or general practice clinics 



Articles

1232 www.thelancet.com   Vol 378   October 1, 2011

(Prof P Lopez-Jaramillo MD); 
Goztepe Training and Research 

Hospital, Istanbul, Turkey 
(A Oguz MD); Independent 

University, Bangladesh 
Bashundhara, Dhaka, 

Bangladesh 
(Prof O Rahman MD); 

Dubai Health Authority, Dubai, 
United Arab Emirates 

(H Swidan MD); Faculty of 
Medicine, Universiti Teknologi 
MARA Sungai Buloh, Selangor, 

Malaysia (Prof K Yusoff  MD); The 
Maria Sklodowska-Curie 

Memorial Cancer Center and 
Institute of Oncology, Warsaw, 

Poland (Prof W Zatonski MD); 
and Sahlgrenska Academy 
University of Gothenburg, 

Gothenburg, Sweden 
(Prof A Rosengren MD)

Correspondence to: 
Prof Salim Yusuf, Population 

Health Research Institute, 
David Braley Cardiac, Vascular, 
and Stroke Research Institute 
(DBCVSRI), Hamilton General 

Hospital, 237 Barton Street East, 
Hamilton, ON, Canada L8L 2X2

yusufs@mcmaster.ca

(mainly in high-income countries) report moderate to 
high rates of drug use.10–12 However, treatment rates for 
individuals with prevalent coronary heart disease or 
stroke in the community are unknown, because many 
people might not be in medical care years after their 
acute event. Most available data are from high-income 
countries or from centres that participate in multicentre 
studies (generally trials) and whether their fi ndings 
refl ect the actual situation in communities is debateable. 
Because about 75% of the burden of cardiovascular 
disease falls on low-income and middle-income 
countries, relevant data for secondary prevention 
practices are needed in countries at various stages of 
economic development and in diff erent regions.13 
Furthermore, many individuals live in rural areas where 
access to medical care can be restricted, and few data 
exist for diff erences in the use of secondary prevention 
medications between people in urban or rural settings. 
We designed the Prospective Urban Rural Epidemiology 
(PURE) study to assess rates of use of key drugs for 
secondary prevention in populations with prevalent 
cardiovascular disease from urban and rural 
communities in such countries.

Methods
Study design and participants
In our prospective epidemiological survey, we recruited 
individuals from communities in low-income, middle-
income, and high-income countries with wide variation 
in economic development and sociocultural diversity. We 
selected the number and location of countries on the 
basis of a need to balance between having a large number 
of communities in countries with substantial heterogeneity 
in socioeconomic circumstances and policies, and the 
feasibility of centres to successfully achieve long-term 
follow-up. Thus, PURE includes sites at which 
investigators were committed to collecting high quality 
data with a modest budget, and which would attempt to 
follow up participants for 10 years or more. For reasons of 
practicality, we did not aim for a strict proportionate 
sampling of the whole world, any specifi c country, or 
region. From World Bank classifi cations at the time PURE 
study was started,14 we included four low-income countries 
(Bangladesh, India, Pakistan, and Zimbabwe), seven 
upper middle-income countries (Argentina, Brazil, Chile, 
Malaysia, Poland, South Africa, and Turkey), three lower 
middle-income countries (China, Colombia, and Iran), 

Communities Participants

Overall Urban Rural Overall Urban Rural

All countries 628 348 (55·4%) 280 (44·6%) 153 996 80 925 (52·6%) 73 071 (47·4%)

High-income countries

Canada 82 53 (64·6%) 29 (35·4%) 10 416 7282 (69·9%) 3134 (30·1%)

Sweden 31 28 (90·3%) 3 (9·7%) 4153 3251 (78·3%) 902 (21·7%)

UAE 3 1 (33·3%) 2 (66·7%) 1504 1000 (66·5%) 504 (33·5%)

Overall 116 82 (70·7%) 34 (29·3%) 16 073 11 533 (71·8%) 4540 (28·2%)

Upper middle-income countries

Argentina 20 6 (30·0%) 14 (70·0%) 7527 3607 (47·9%) 3920 (52·1%)

Brazil 14 7 (50·0%) 7 (50·0%) 6070 3949 (65·1%) 2121 (34·9%)

Chile 5 2 (40·0%) 3 (60·0%) 3451 2808 (81·4%) 643 (18·6%)

Malaysia 71 53 (74·6%) 18 (25·4%) 15 617 6841 (43·8%) 8776 (56·2%)

Poland 4 1 (25·0%) 3 (75·0%) 2036 1210 (59·4%) 826 (40·6%)

South Africa 8 4 (50·0%) 4 (50·0%) 4585 2416 (52·7%) 2169 (47·3%)

Turkey 44 31 (70·5%) 13 (29·5%) 4232 2765 (65·3%) 1467 (34·7%)

Overall 166 104 (62·7%) 62 (37·3%) 43 518 23 596 (54·2%) 19 922 (45·8%)

Lower middle-income countries

China 115 45 (39·1%) 70 (60·9%) 46 285 22807 (49·3%) 23 478 (50·7%)

Colombia 58 35 (60·3%) 23 (39·7%) 7444 3761 (50·5%) 3683 (49·5%)

Iran 20 11 (55·0%) 9 (45·0%) 6013 3031 (50·4%) 2982 (49·6%)

Overall 193 91 (47·2%) 102 (52·8%) 59 742 29 599 (49·5%) 30 143 (50·5%)

Low-income countries

Bangladesh 56 30 (53·6%) 26 (46·4%) 2934 1379 (47·0%) 1555 (53·0%)

India 90 38 (42·2%) 52 (57·8%) 28 747 13 380 (46·5%) 15 367 (53·5%)

Pakistan 4 2 (50·0%) 2 (50·0%) 1742 980 (56·3%) 762 (43·7%)

Zimbabwe 3 1 (33·3%) 2 (66·7%) 1240 458 (36·9%) 782 (63·1%)

Overall 153 71 (46·4%) 82 (53·6%) 34 663 16 197 (46·7%) 18 466 (53·3%)

UAE=United Arab Emirates.

Table 1: Number of communities and participants by country income



Articles

www.thelancet.com   Vol 378   October 1, 2011 1233

and three high-income countries (Canada, Sweden, and 
United Arab Emirates; table 1). 

Within every country, we selected urban and rural 
communities at collaborating sites on the basis of 
previously published guidelines.15 In the PURE study, we 
defi ned community as a group of people who were 
generally expected to have characteristics in common 
(sharing culture, socioeconomic status, and use of 
amenities, goods, and services) and reside in a defi ned 
geographical area. A city or large town was not usually 
regarded as one community, but communities from low-
income, middle-income, and high-income areas were 
selected from sections of cities and the community area 
was further defi ned according to a geographical measure 
(eg, a set of contiguous postal code areas or a group of 
streets or a village). The main sampling unit for rural 
areas in all countries was the village or a rural area defi ned 
by a post code, and located at least 50 km away from an 
urban centre. The reason for inclusion of both urban and 
rural communities was that, for many countries, urban 
and rural environments were expected to have distinct 
characteristics in social and physical environments and 
variations in access to health-care facilities. Therefore, by 
sampling individuals from both sets of communities 
from low-income, middle-income and high-income 
countries, we ensure substantial variation in societal 
factors. In some countries (eg, India, China, Canada, and 
Colombia), we included communities from several states 
or provinces to capture regional diversity in policies, 
socioeconomic status, cultures, and physical environ-
ments within a country. In other countries (eg, Iran, 
Poland, Sweden, and Zimbabwe) we selected fewer 
communities. 

Within every community, we aimed to achieve a 
representative sample of adults aged 35–70 years. The 
choice of the sampling frame within every centre was 
based on representativeness and feasibility of long-term 
follow-up, following broad study guidelines. Once a 
community was identifi ed, we used common and 
standardised approaches for the calculation of the number 
of households, identifi cation of individuals, recruitment 
procedures, and data collection. The method of 
approaching households diff ered between regions to avoid 
biases from diff erences in risk factors or prevalence of any 
disease. For example, in rural areas of India and China, 
announcements were made to the village or community 
through a community leader, followed up by door to door 
visits by study staff  to all households. By contrast in 
Canada, information about the study was initially sent by 
post and followed up by telephone calls by study staff  to 
every household inviting eligible representatives to a 
central clinic. For every approach, at least three attempts 
to contact an individual in the household were made. 
Households were eligible if at least one household 
member was aged 35–70 years and the household intended 
to live at their current address for a further 4 years. All 
eligible individuals within these households who provided 

written informed consent were enrolled. When an eligible 
household or eligible individual in a household refused to 
participate, demographics and simple data about tobacco 
use, education, and history of cardiovascular disease were 
recorded in a non-responder form. 

Procedures
To ensure standardisation and high quality of data, we 
used a comprehensive operations manual and periodical 
training workshops, training DVDs, and regular 
communication with study personnel. We entered all 
data in a customised database programmed with range 
and consistency checks and transmitted electronically to 
the Project Offi  ce at the Population Health Research 
Institute in Hamilton (ON, Canada) where further quality 
control measures were implemented. 

We collected data at national, community, household, 
and individual levels with standardised questionnaires. 
Questions about age, sex, education, smoking status, 
hypertension, diabetes, and obesity were identical to 
those in the INTERHEART16 and INTERSTROKE 
studies.17 The names of all drugs taken by an individual 
(at least once per week) were recorded and classifi ed by 
type. Most individuals brought their drugs to clinic visits 
or interviewers recorded drugs at home visits. 

We assessed histories of cardiovascular and other 
diseases from every participant with standardised 
questionnaires. Coronary heart disease was ascribed on 
the basis of self-reported myocardial infarction, coronary 
artery bypass graft surgery, or percutaneous coronary 
angioplasty or angina (categories were not identifi ed 
separately). Stroke was ascribed on the basis of self-reports. 

15 515 households (61 158 individuals) refused 
 to participate*

123 114 households (443 499 individuals)
 in initial family census

107 599 households (382 341 individuals) agreed 
 to participate in the family census study

185 009 (48·4%) individuals aged 
 <35 or >70 years included 
 in mortality follow-up only†

197 332 (51·6%) individuals aged 
 35–70 years

85 461 (55·6%)
 women

68 117 (44·4%)
 men

153 662 (77·9%) agreed to 
 participate in the adult 
 study‡

43 670 (22·1%) refused to participate 
 in the adult study (but agreed 
 to mortality follow-up)

19 001 (43·5%)
 women

24 669 (56·5%)
 men

Figure 1: Participant enrolment
*No further information was available about these individuals or households. †1444 individuals younger than 35 years 
and 586 older than 70 years provided complete data for the adult questionnaires, anthropometric measurements, and 
blood and urine analysis, and were included in the main analysis. ‡151 966 (98·9%) of 153 662 individuals provided 
complete measurements and questionnaires (sex data were missing for 84 individuals). 
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We verifi ed self-reports with medical or hospital records in 
a sample of 455 reported events during follow-up. The 
confi rmation rates were 89% during central adjudication. 

Statistical analysis
We analysed use of antiplatelet drugs, β blockers, ACE 
inhibitors or ARBs, statin, and diuretics (because of 
recognised benefi t after stroke). We included β blockers, 
ACE inhibitors or ARBs, diuretics, or calcium channel 
blockers in an analysis of blood-pressure-lowering drugs. 
We summarised categorical variables, including disease 
status and drug intakes, as n (%) and continuous variables 
as mean (SD). We compared proportions between groups 
with a two-sample Z test with a two-sided alternative.18 We 
adjusted proportions for individual-level factors with a 
generalised linear model as appropriate, and used the 
Cochran-Armitage test to assess trends in subgroups. We 
compared the contribution of country-level factors (eg, 
economic status) and individual characteristics to the 
variations in rates of drug use with a generalised linear 
mixed-eff ect model. Country economic status, which was 
used to estimate between-country variances and within-
country variances, was regarded as having random eff ects 
whereas individual level factors were regarded as having 

fi xed eff ects. On the basis of partitioned error variance, the 
percentage of variance explained by country status 
(between-country variance), or individual factors and urban 
location versus rural location (within-country variance) 
was calculated as a percentage of the overall variance. All 
statistical analysis were done with SAS version 9.2 and all 
fi gures were drawn with S-PLUS version 6.2. 

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication. 

Results
We recruited 382 341 individuals from 107 599 households 
in 628 communities (348 urban and 280 rural) in 
17 countries on fi ve continents. Recruitment started in 
Karnataka, India in January, 2003; however, most 
communities were recruited between January, 2005, and 
December, 2009. 197 332 (52%) individuals were eligible 
for the main study, and 153 996 adults participated (78%; 
151 966 were aged 35–70 years, 1444 were aged <35 years, 

Coronary heart 
disease

Stroke Coronary heart 
disease or stroke

Neither Overall

Participants 5650 (3·7%) 2292 (1·5%) 7519 (4·9%) 146 477 (95·1%) 153 996 

High-income countries 669 (4·2%) 213 (1·3%) 841 (5·2%) 15 232 (94·8%) 16 073

Upper middle-income countries 1396 (3·2%) 691 (1·6%) 1967 (4·5%) 41 551 (95·5%) 43 518

Lower middle-income countries 2857 (4·8%) 1042 (1·7%) 3669 (6·1%) 56 073 (93·9%) 59 742

Low-income countries 728 (2·1%) 346 (1·0%) 1042 (3·0%) 33 621 (97·0%) 34 663

Urban 3447 (4·2%) 1367 (1·6%) 4555 (5·5%) 78 446 (94·5%) 83 001

Rural 2203 (3·1%) 925 (1·3%) 2964 (4·2%) 68 031 (95·8%) 70 995

Age (years) 57·4 (8·8) 56·8 (9·4) 57·2 (9·0) 50·1 (9·9) 50·4 (9·9)

Sex

Female 3036 (3·4%) 1218 (1·4%) 4017 (4·5%) 85 188 (95·5%) 89 205

Male 2614 (4·0%) 1074 (1·7%) 3502 (5·4%) 61 289 (94·6%) 64 791

Education

None, primary school, or unknown 2661 (4·0%) 1185 (1·8%) 3640 (5·5%) 62 662 (94·5%) 66 302

Secondary or high school 1889 (3·3%) 731 (1·3%) 2479 (4·3%) 55 520 (95·7%) 57 999

Trade, college, or university 1087 (3·7%) 372 (1·3%) 1383 (4·7%) 27 887 (95·3%) 29 270

Diabetes 1404 (8·6%) 572 (3·5%) 1809 (11·0%) 14 583 (89·0%) 16 392

Body-mass index* 27·13 (5·6) 26·77 (5·7) 27·01 (5·6) 25·68 (5·4) 25·74 (5·5)

<25 2018 (2·9%) 851 (1·2%) 2717 (3·9%) 67 140 (96·1%) 69 857

25–30 2110 (4·3%) 817 (1·7%) 2771 (5·6%) 46 635 (94·4%) 49 406

>30 1284 (5·2%) 464 (1·9%) 1650 (6·6%) 23 255 (93·4%) 24 905

Non-smoker 3479 (3·4%) 1359 (1·3%) 4571 (4·4%) 98 479 (95·6%) 103 050

Former smoker 1158 (6·5%) 447 (2·5%) 1526 (8·5%) 16 424 (91·5%) 17 950

Current smoker 982 (3·1%) 475 (1·5%) 1382 (4·3%) 30 576 (95·7%) 31 958

Hypertension 4275 (6·7%) 1749 (2·7%) 5653 (8·8%) 58 449 (91·2%) 64 102

Years since diagnosis 6·84 (6·8) 6·35 (6·9) 6·81 (6·9) NA NA

Data are n (%) or mean (SD). NA=not applicable. *Data not available for 9828 participants. 

Table 2: Baseline characteristics
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and 586 were aged >70 years; fi gure 1 and table 1). Of these, 
36 individuals younger than 35 years and 91 individuals 
older than 70 years had cardiovascular disease and were 
retained in the analysis. Exclusion of these individuals has 
little eff ect on the results in this report. 7519 (4·9%) of 
151 966 individuals who provided complete measurements 
and questionnaires had cardiovascular disease (table 2).

Characteristics of the 197 332 eligible adults and the 
153 578 participants aged 35–70 years with complete data 
were much the same in both groups (mean age 50·2 years 
in the eligible group vs 50·7 years in the enrolled group; 
53·0% vs 55·6% women; 22·1% vs 21·2% current 
smokers; 41·7% vs 42·3% low education; 13·3% vs 14·7% 
history of hypertension; 1·2% vs 1·3% stroke; 3·5% vs 
3·9% coronary heart disease; 1·3% vs 1·2% cancer; and 
5·2% vs 5·5% diabetes). 

Overall, patients had had a coronary heart disease 
event a median of 5·0 (IQR 2·0–10·0) years before 
inclusion (6·0 years [3·0–10·0] in high-income countries, 
4·0 years [2·0–10·0] in upper middle-income countries, 
5·0 years [2·0–10·0] in lower middle-income countries, 
and 5·0 years [2·0–9·0] in low-income countries; 

ptrend=0·0241). Overall, patients had had a stroke at a 
median of 4·0 years (2·0–8·0) before inclusion (6·0 years 
[3·0–10·0] in high-income countries, 5·0 years [2·0–10·0] 
in upper middle-income countries, 4·0 years [2·0–8·0] 
in lower middle-income countries, 3·0 years [1·0–6·0] 
in low-income countries; ptrend<0·0001).

Table 3, fi gure 2, and fi gure 3 show rates of drug use in 
participants with cardiovascular disease. Similar 
proportions of participants were taking antiplatelet drugs 
(~25%) or ACE inhibitors or ARBs (~20%) after coronary 
heart disease or stroke, but fewer people in the stroke 
group than in the coronary heart disease group took 
β blockers (stroke 9·4% [215 of 2292] vs coronary heart 
disease 20·4% [1154 of 5650]; p<0·0001) or statins (9·0% 
[206 of 2292] vs 16·7% [942 of 5650]; p<0·0001).

Patients with coronary heart disease or stroke in high-
income countries had the highest rates of drug use, 
which decreased with declining country economic wealth 
(table 3). We noted strong correlations between overall 
rates of drug use and per head health expenditure by 
country (fi gure 3) and gross domestic product 
(webappendix p 4).

Overall High-income 
countries

Upper 
middle-income 
countries

Lower 
middle-income 
countries

Low-income 
countries

Ptrend

Coronary heart disease 5650 669 1396 2857 728

Antiplatelet drugs 1460 (25·8%) 429 (64·1%) 378 (27·1%) 573 (20·1%) 80 (11·0%) <0·0001

β blockers 1154 (20·4%) 311 (46·5%) 433 (31·0%) 329 (11·5%) 81 (11·1%) <0·0001

ACE inhibitors or ARBs 1128 (20·0%) 346 (51·7%) 432 (30·9%) 303 (10·6%) 47 (6·5%) <0·0001

Diuretics* 768 (13·6%) 102 (15·2%) 262 (18·8%) 375 (13·1%) 29 (4·0%) <0·0001

Calcium-channel blockers† 753 (13·3%) 150 (22·4%) 163 (11·7%) 387 (13·5%) 53 (7·3%) <0·0001

Blood-pressure-lowering drugs‡ 2427 (43·0%) 524 (78·3%) 712 (51·0%) 1032 (36·1%) 159 (21·8%) <0·0001

Statins 942 (16·7%) 474 (70·9%) 295 (21·1%) 140 (4·9%) 33 (4·5%) <0·0001

Stroke 2292 213 691 1042 346 <0·0001

Antiplatelet drugs 557 (24·3%) 113 (53·1%) 137 (19·8%) 294 (28·2%) 13 (3·8%) <0·0001

β blockers 215 (9·4%) 44 (20·7%) 87 (12·6%) 62 (6·0%) 22 (6·4%) <0·0001

ACE inhibitors or ARBs 426 (18·6%) 89 (41·8%) 195 (28·2%) 135 (13·0%) 7 (2·0%) <0·0001

Diuretics* 348 (15·2%) 48 (22·5%) 109 (15·8%) 180 (17·3%) 11 (3·2%) <0·0001

Calcium-channel blockers† 331 (14·4%) 37 (17·4%) 80 (11·6%) 202 (19·4%) 12 (3·5%) 0·0307

Blood-pressure-lowering drugs‡ 916 (40·0%) 129 (60·6%) 293 (42·4%) 449 (43·1%) 45 (13·0%) <0·0001

Statins 206 (9·0%) 110 (51·6%) 72 (10·4%) 22 (2·1%) 2 (0·6%) <0·0001

Coronary heart disease or stroke 7519 841 1967 3669 1042 <0·0001

Antiplatelet drugs 1900 (25·3%) 521 (62·0%) 484 (24·6%) 803 (21·9%) 92 (8·8%) <0·0001

β blockers 1312 (17·4%) 336 (40·0%) 500 (25·4%) 375 (10·2%) 101 (9·7%) <0·0001

ACE Inhibitors or ARBs 1469 (19·5%) 419 (49·8%) 590 (30·0%) 406 (11·1%) 54 (5·2%) <0·0001

Diuretics* 1033 (13·7%) 138 (16·4%) 350 (17·8%) 507 (13·8%) 38 (3·6%) <0·0001

Calcium-channel blockers† 1006 (13·4%) 174 (20·7%) 233 (11·8%) 535 (14·6%) 64 (6·1%) <0·0001

Blood-pressure-lowering drugs‡ 3146 (41·8%) 621 (73·8%) 954 (48·4%) 1371 (37·4%) 200 (19·2%) <0·0001

Statins 1096 (14·6%) 559 (66·5%) 347 (17·6%) 156 (4·3%) 34 (3·3%) <0·0001

See webappendix p 2 for age-adjusted rates. ACE=angiotensin-converting enzyme. ARB=angiotensin II receptor blockers. *The value of diuretics for reduction of mortality or 
recurrent events has been shown only after a stroke, but not in non-hypertensive patients with coronary heart disease. †The value of calcium-channel blockers for secondary 
prevention has not been shown, but they can reduce the number of cardiovascular disease events in trials of hypertension. ‡ Blood-pressure-lowering drugs 
include any of β blockers, ACE inhibitors, ARBs, diuretics, or calcium-channel blockers—all of which reduce recurrent events in participants with previous strokes.

Table 3: Drug use in participants with coronary heart disease or stroke, by country economic status and overall 

See Online for webappendix
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The overall rates of use of secondary prevention drugs 
were higher in urban areas than rural areas (table 4). We 
noted much the same diff erences in the use of diuretics 
and calcium-channel blockers. Proportionally, diff er ences 
in drug use in urban and rural settings were least pro-
nounced in high-income countries and most pronounced 
in low-income and lower middle-income countries. 

Striking variations in the use of eff ective drugs (ie, 
antiplatelet drugs, β blockers, ACE inhibitors or ARBs, 
and statins) existed between regions with the highest 
rates of drug use (North America and Europe) and those 
with the lowest rates of use (Africa; table 5), where such 
drugs were used in less than 10% of patients 
with previous coronary heart disease or stroke. Use 
of statins was especially low in south Asia (3·5% [34 of 
970 patients]), China (1·7% [53 of 3070]), and 
Africa (1·1% [3 of 283]). 

Patients younger than 60 years were less likely to take 
the drugs than were patients aged 60 years or older 
(fi gure 4). For example, 31·9% of patients aged 60 years 
or older took antiplatelet drugs after coronary heart 
disease, compared with 24·6% of those aged 50–60 years 
and 13·7% of those younger than 50 years. We reported 
much the same prevalence of use of all four drug types 
by age for stroke patients, and noted these age variations 
irrespective of country economic status. 

The subsequent data we report for prevalence of drug 
use in relation to sex, education, smoking status, 
body-mass index, diabetes, and hypertension have been 
mutually adjusted for individual characteristics, urban or 
rural location, and country economic status. Multivariate 
odds ratios for the rates of drug use by country economic 
status, urban versus rural locations, and by individual 
risk factors are shown in webappendix p 1.

Women were less likely to take proven eff ective drugs 
after coronary heart disease than were men (antiplatelet 
drugs 19·8% in women vs 32·8% in men; β blockers 
17·4% vs 23·9%; ACE inhibitors or ARBs 16·0% vs 
24·6%; statins 10·5% vs 23·8%; fi gure 4). Patients who 
had the highest level of education were more likely to 
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take antiplatelet drugs or statins than were those with 
the lowest level of education, although this diff erence 
did not exist for patients taking β blockers or ACE 
inhibitors or ARBs (fi gure 4). Use of proven drugs was 
consistently lower in current smokers (antiplatelet 
drugs 20·6%, β blockers 11·7%, ACE inhibitors or 
ARBs 11·0%, and statins 6·9%) than it was in former 
smokers (31·3%, 19·9%, 22·2%, and 16·3%) or never 
smokers (24·3%, 18·4%, 17·7%, and 13·3%; fi gure 4). 
These patterns were consistent for all country economic 
statuses, and rates for all drug types were lowest in 
smokers from low-income countries (eg, only 5·4% of 
smokers used antiplatelets, 6·1% used β blockers, 2·2% 
used ACE inhibitors or ARBs, and 0·9% used statins in 
low-income countries). Individuals with a body-mass 
index of less than 25 kg/m² used the drugs less often 
(antiplatelet drugs 19·9%, β blockers 13·7%, ACE 
inhibitors or ARBs 11·7%, and statins 8·7%) than did 
those with body-mass indexes of 25–<30 (29·1%, 19·0%, 
18·9%, and 16·2%) or 30 or more (28·2%, 23·6%, 
26·1%, 17·3%; fi gure 4). People with diabetes used 
these drugs more often than did those without diabetes 

(antiplatelet drugs 27·7% with vs 25·2% without, β 
blockers 24·7% vs 19·0%, ACE inhibitors or ARBs 
25·4% vs 18·2%, and statins 21·7% vs 15·0%; fi gure 4). 

Patients with hypertension used the drugs more often 
than did those without hypertension (fi gure 5); 
particularly drugs that reduce blood pressure, many of 
which (eg, β blockers and ACE inhibitors) also reduce 
recurrent myocardial infarction or stroke rates, even in 
those without hypertension. 

Among participants who had coronary heart disease or 
stroke, 4398 (58·5%) of 7519 individuals were not taking 
any of the four proven eff ective drugs and 233 (3·1%) of 
7519 were taking all four drug types. The proportion of 
those receiving no drug was lowest in high-income 
countries (12·7%), compared with 48·4% in upper 
middle-income countries, 67·5% in lower middle-
income countries, and 82·8% in low-income countries. 
The highest proportion of participants taking three or 
more drugs lived in high-income countries (44·2%), 
compared with 12·9% in upper middle-income countries, 
3·1% in lower middle-income countries, and 2·6% in 
low-income countries. 

Overall High-income countries Upper middle-income 
countries

Lower middle-income 
countries

Low-income countries

Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural

Coronary heart disease 3447 2203 507 162 816 580 1673 1184 451 277

Antiplatelet drugs 990 (28·7%) 470 (21·3%)† 325 (64·1%) 104 (64·2%) 261 (32·0%) 117 (20·2%) 337 (20·1%) 236 (19·9%) 67 (14·9%) 13 (4·7%)

β blockers 810 (23·5%) 344 (15·6%)† 235 (46·4%) 76 (46·9%) 291 (35·7%) 142 (24·5%) 220 (13·2%) 109 (9·2%) 64 (14·2%) 17 (6·1%)

ACE inhibitors or ARBs 787 (22·8%) 341 (15·5%)† 277 (54·6%) 69 (42·6%) 291 (35·7%) 141 (24·3%) 183 (10·9%) 120 (10·1%) 36 (8·0%) 11 (4·0%)

Diuretics 478 (13·9%) 290 (13·2%) 74 (14·6%) 28 (17·3%) 163 (20·0%) 99 (17·1%) 226 (13·5%) 149 (12·6%) 15 (3·3%) 14 (5·1%)

Calcium-channel blockers 542 (15·7%) 211 (9·6%)† 109 (21·5%) 41 (25·3%) 107 (13·1%) 56 (9·7%) 280 (16·7%) 107 (9·0%) 46 (10·2%) 7 (2·5%)

Blood-pressure-lowering 
drugs

1666 (48·3%) 761 (34·5%)† 399 (78·7%) 125 (77·2%) 461 (56·5%) 251 (43·3%) 686 (41·0%) 346 (29·2%) 120 (26·6%) 39 (14·1%)

Statins 686 (19·9%) 256 (11·6%)† 369 (72·8%) 105 (64·8%) 202 (24·8%) 93 (16·0%) 87 (5·2%) 53 (4·5%) 28 (6·2%) 5 (1·8%)

Stroke 1367 925 160 53 425 266 625 417 157 189

Antiplatelet drugs 354 (25·9%) 203 (21·9%)* 80 (50·0%) 33 (62·3%) 85 (20·0%) 52 (19·5%) 180 (28·8%) 114 (27·3%) 9 (5·7%) 4 (2·1%)

β blockers 157 (11·5%) 58 (6·3%)† 35 (21·9%) 9 (17·0%) 63 (14·8%) 24 (9·0%) 46 (7·4%) 16 (3·8%) 13 (8·3%) 9 (4·8%)

ACE inhibitors or ARBs 286 (20·9%) 140 (15·1%)* 67 (41·9%) 22 (41·5%) 129 (30·4%) 66 (24·8%) 87 (13·9%) 48 (11·5%) 3 (1·9%) 4 (2·1%)

Diuretics 229 (16·8%) 119 (12·9%)* 38 (23·8%) 10 (18·9%) 67 (15·8%) 42 (15·8%) 119 (19·0%) 61 (14·6%) 5 (3·2%) 6 (3·2%)

Calcium-channel blockers 228 (16·7%) 103 (11·1%)† 25 (15·6%) 12 (22·6%) 47 (11·1%) 33 (12·4%) 152 (24·3%) 50 (12·0%) 4 (2·5%) 8 (4·2%)

Blood-pressure-lowering 
drugs

616 (45·1%) 300 (32·4%)† 97 (60·6%) 32 (60·4%) 188 (44·2%) 105 (39·5%) 309 (49·4%) 140 (33·6%) 22 (14·0%) 23 (12·2%)

Statins 132 (9·7%) 74 (8·0%) 79 (49·4%) 31 (58·5%) 40 (9·4%) 32 (12·0%) 12 (1·9%) 10 (2·4%) 1 (0·6%) 1 (0·5%)

Coronary heart disease or stroke 4555 2964 634 207 1172 795 2156 1513 593 449

Antiplatelet drugs 1264 (27·7%) 636 (21·5%)† 388 (61·2%) 133 (64·3%) 327 (27·9%) 157 (19·7%) 474 (22·0%) 329 (21·7%) 75 (12·6%) 17 (3·8%)

β blockers 925 (20·3%) 387 (13·1%)† 255 (40·2%) 81 (39·1%) 341 (29·1%) 159 (20·0%) 254 (11·8%) 121 (8·0%) 75 (12·6%) 26 (5·8%)

ACE inhibitors or ARBs 1014 (22·3%) 455 (15·4%)† 330 (52·1%) 89 (43·0%) 395 (33·7%) 195 (24·5%) 250 (11·6%) 156 (10·3%) 39 (6·6%) 15 (3·3%)

Diuretics 658 (14·4%) 375 (12·7%)* 103 (16·2%) 35 (16·9%) 218 (18·6%) 132 (16·6%) 317 (14·7%) 190 (12·6%) 20 (3·4%) 18 (4·0%)

Calcium-channel blockers 709 (15·6%) 297 (10·0%)† 124 (19·6%) 50 (24·2%) 147 (12·5%) 86 (10·8%) 388 (18·0%) 147 (9·7%) 50 (8·4%) 14 (3·1%)

Blood-pressure-lowering 
drugs

2147 (47·1%) 999 (33·7%)† 471 (74·3%) 150 (72·5%) 618 (52·7%) 336 (42·3%) 918 (42·6%) 453 (29·9%) 140 (23·6%) 60 (13·4%)

Statins 783 (17·2%) 313 (10·6%)† 429 (67·7%) 130 (62·8%) 230 (19·6%) 117 (14·7%) 96 (4·5%) 60 (4·0%) 28 (4·7%) 6 (1·3%)

ACE=angiotensin-converting enzyme. ARB=angiotensin II receptor blockers. *p<0·05. †p<0·001.

Table 4: Participants with coronary heart disease or stroke, by urban or rural locations stratifi ed by country economic status
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Use of proven eff ective drugs did not diff er much 
between the 5227 participants with coronary heart 
disease alone and 1869 participants with stroke alone 
compared with the 423 participants who had stroke and 
coronary heart disease. For example, rates of use of 
antiplatelet drugs (25·1% for one disorder vs 27·7% for 
both disorders; p=0·26) and ACE inhibitors or ARBs 
(19·5% vs 20·1%; p=0·77) did not diff er in participants 
with both events compared with those with only one 
event. However, use of statins or β blockers was 
substantially lower when an individual had had both 
events compared with coronary heart disease alone 
(12·3% vs 17·0% statins [p=0·0048] and 13·5% vs 21·0% 
β blockers [p<0·0001]). 

For people with coronary heart disease, there was a 
signifi cant decline in use of antiplatelet drugs, ACE 
inhibitors or ARBs, and statins, but not β blockers, with 
increasing number of years between the index event and 
time of assessment. However, for patients who had had a 
stroke, although we noted a decline in the use of statins, 
the use of antiplatelet drugs, ACE inhibitors or ARBs, and 
other blood-pressure-lowering drugs (diuretics or 
calcium-channel blockers) was low throughout and did 
not change with time (fi gure 6). 

We noted the lowest degree of variation in drug use 
between urban and rural communities after adjustment 
for country economic status and individual characteristics 
(table 6). However, adjustment for country economic status 
had the largest eff ect on variations in use of all drugs 
whereas the contribution of individual factors was generally 
lower. When use of any one of the drugs was considered, 
about 65% of the variation was at the country level. 

Discussion
Eff ective preventive drugs for coronary heart disease and 
stroke are underused globally, with striking variation 
between countries at diff erent stages of economic 
development. Even the use of accessible and inexpensive 
treatments such as aspirin (the most commonly used 
antiplatelet drug) varied seven-fold between low-income 
and high-income countries but the use of statins varied 
20-fold. For every group of countries, classifi ed by 
economic development, rates of drug use were 
consistently lower in rural than urban settings. Once 
these factors were accounted for, individual-level factors 
such as age, sex, educational status (a surrogate for 
economic status), hypertension, diabetes, smoking, and 
obesity were related to the rates of drug use. After 

North America 
and Europe

South 
America

Middle East South Asia China Malaysia Africa

Coronary heart disease 951 781 332 683 2407 289 207

Antiplatelet drugs 527 (55·4%) 256 (32·8%) 175 (52·7%) 79 (11·6%) 373 (15·5%) 43 (14·9%) 7 (3·4%)

β blockers 432 (45·4%) 289 (37·0%) 149 (44·9%) 81 (11·9%) 163 (6·8%) 36 (12·5%) 4 (1·9%)

ACE inhibitors or ARBs 445 (46·8%) 314 (40·2%) 87 (26·2%) 44 (6·4%) 187 (7·8%) 37 (12·8%) 14 (6·8%)

Diuretics 180 (18·9%) 169 (21·6%) 39 (11·7%) 21 (3·1%) 319 (13·3%) 17 (5·9%) 23 (11·1%)

Calcium-channel blockers 194 (20·4%) 95 (12·2%) 65 (19·6%) 49 (7·2%) 316 (13·1%) 24 (8·3%) 10 (4·8%)

Blood-pressure-lowering drugs 700 (73·6%) 495 (63·4%) 224 (67·5%) 149 (21·8%) 764 (31·7%) 68 (23·5%) 27 (13·0%)

Statins 539 (56·7%) 148 (19·0%) 124 (37·3%) 33 (4·8%) 49 (2·0%) 46 (15·9%) 3 (1·4%)

Stroke 323 428 69 316 872 193 91

Antiplatelet drugs 140 (43·3%) 94 (22·0%) 24 (34·8%) 12 (3·8%) 257 (29·5%) 21 (10·9%) 9 (9·9%)

β blockers 58 (18·0%) 58 (13·6%) 23 (33·3%) 22 (7·0%) 36 (4·1%) 14 (7·3%) 4 (4·4%)

ACE inhibitors or ARBs 135 (41·8%) 150 (35·0%) 13 (18·8%) 6 (1·9%) 101 (11·6%) 12 (6·2%) 9 (9·9%)

Diuretics 72 (22·3%) 72 (16·8%) 8 (11·6%) 1 (0·3%) 166 (19·0%) 11 (5·7%) 18 (19·8%)

Calcium-channel blockers 50 (15·5%) 41 (9·6%) 9 (13·0%) 9 (2·8%) 190 (21·8%) 24 (12·4%) 8 (8·8%)

Blood-pressure-lowering drugs 187 (57·9%) 209 (48·8%) 36 (52·2%) 35 (11·1%) 389 (44·6%) 40 (20·7%) 20 (22·0%)

Statins 125 (38·7%) 34 (7·9%) 19 (27·5%) 2 (0·6%) 7 (0·8%) 19 (9·8%) 0

Coronary heart disease or stroke 1216 1148 392 970 3070 440 283

Antiplatelet drugs 635 (52·2%) 333 (29·0%) 195 (49·7%) 90 (9·3%) 571 (18·6%) 60 (13·6%) 16 (5·7%)

β blockers 465 (38·2%) 331 (28·8%) 168 (42·9%) 101 (10·4%) 190 (6·2%) 49 (11·1%) 8 (2·8%)

ACE inhibitors or ARBs 553 (45·5%) 435 (37·9%) 96 (24·5%) 50 (5·2%) 264 (8·6%) 48 (10·9%) 23 (8·1%)

Diuretics 233 (19·2%) 228 (19·9%) 44 (11·2%) 22 (2·3%) 440 (14·3%) 27 (6·1%) 39 (13·8%)

Calcium-channel blockers 228 (18·8%) 129 (11·2%) 69 (17·6%) 58 (6·0%) 457 (14·9%) 48 (10·9%) 17 (6·0%)

Blood-pressure-lowering drugs 842 (69·2%) 664 (57·8%) 252 (64·3%) 182 (18·8%) 1056 (34·4%) 105 (23·9%) 45 (15·9%)

Statins 633 (52·1%) 172 (15·0%) 140 (35·7%) 34 (3·5%) 53 (1·7%) 61 (13·9%) 3 (1·1%)

North America and Europe is Canada, Sweden, Poland, and Turkey. South America is Argentina, Brazil, Chile, and Colombia. Middle East is United Arab Emirates and Iran. 
South Asia is India, Pakistan, and Bangladesh. Africa is South Africa and Zimbabwe. ACE=angiotensin-converting enzyme. ARB=angiotensin-receptor blocker.

Table 5: Drug use in participants with coronary heart disease or stroke, by region



Articles

www.thelancet.com   Vol 378   October 1, 2011 1239

adjustment for these factors, patients who had a stroke 
were less likely to receive some proven drugs (eg, statins) 
than were those with coronary heart disease (table 3). 
Surprisingly, some very high risk groups (those with or 
both coronary heart disease and stroke) did not have a 
higher rate of use of drugs, but this fi nding is consistent 
with several studies in which the sickest patients received 
the least care (termed the inverse care law). In our 
analysis, 58% of individuals with coronary heart disease 
and 50% of individuals who had a stroke did not receive 
any of the four eff ective drug types; these rates were 
highest in the low-income countries. 

The PURE study provided prospective data for 
individuals in numerous countries from the community 
rather than data from patients who were in the care of 
doctors in a hospital, clinic setting, or active follow-up by 
general practitioners. Such non-community studies tend 
to provide an overestimate of the rates of drug use in a 
population, because they do not include individuals who 
have no access to medical care, those who are not long-
term drug users, or those who have discontinued active 
follow-up by a doctor. Consequently, data from hospital 
registries or general practices tend to substantially 
overestimate the rates of actual use of secondary 
prevention drugs in a population. 

Substantial opportunities remain for enhancement of 
drug use, even in high-income countries. For example in 
the high-income countries in PURE, only 64·6% of 
patients with coronary heart disease and 52·7% of patients 
who had a stroke were on an antiplatelet drug and only 
72·2% and 52·2%, respectively, were on statins, with 

lower rates for ACE inhibitors or ARBs (53·2% coronary 
heart disease and 41·9% stroke) and β blockers (47·6% for 
coronary heart disease). Only 60·6% of patients who had a 
stroke received a blood-pressure-lowering drug. Prevalence 
of drug use was substantially lower in less economically 
developed countries than it was in developed countries, 
suggesting an urgent need for systematic approaches to 
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understand and rectify the causes of the large treatment 
gap in secondary prevention globally. Our data are 
consistent with the only other study that we are aware of 
done in rural communities in a low-income country 
(Andhra Pradesh in India),19 in which the use of antiplatelet 
drugs (19·4% for coronary heart disease and 11·8% 
stroke), β blockers (23·5% and 41·0%), ACE inhibitors 
(10·3% and 4·4%), and statins (6·0% and 1·0%) was also 
very low. The WHO-PREMISE study,20 which was done in 
10 000 patients in ten countries, and the CREATE Registry,21 

which was done in 21 000 patients in India, have reported 
much higher rates of use of drugs than we reported, but 
these studies were mostly based on patients who were in 
hospital or referred to relatively large hospitals (although 
WHO-PREMISE had 15% of patients enrolled from 
primary health-care facilities). Thus, although some 
patients receive appropriate treatments when they access 
health-care providers or hospitals, most do not receive 
basic eff ective therapies long term, with many individuals 
receiving no preventive treatment. 

Reasons for the underuse of eff ective drugs are not clear 
and need to be prospectively studied through assessment 
of existing multinational, national, and community 
databases, and qualitative research and surveys in 
multiple countries (including urban and rural 
communities) at various economic stages. Reasons might 
include restricted availability of these drugs in low-income 
and middle-income countries, especially in rural areas, 
unaff ordability of even generic drugs,21–23 side-eff ects from 
drugs, inconvenience, costs associated with visiting health 
practitioners, absence of transportation and long distances 
from clinics in some rural areas, restricted access to 
health-care providers in low-income countries, an absence 
of systematic programmes for long-term preventive care 
in most countries (including high-income ones) after an 
acute vascular event, and an absence of awareness of the 
need for lifelong therapy with such drugs by patients and 
their doctors.24,25 These factors might contribute most in 
individuals who feel healthy several years after an acute 
cardiovascular disease event or feel that they are at lower 
risk for an event (eg, the young), contributing to a decline 
in their use with time.

The economic status of the country accounted for about 
two-thirds of the variations in drug use, whereas only a 
third was accounted for by individual factors. Of these, 
why fewer women in all settings took drugs is unclear. 
However, this diff erence has been noted in several 
previous studies.26 The fi nding that younger individuals 
were treated less often than were older individuals was 
unexpected, as was the fi nding that most individuals with 
diabetes and a previous vascular event were not taking 
proven treatments. Current smokers tended to use these 
drugs less frequently than did former smokers or non-
smokers, suggesting that there is a group of individuals 
who might not be willing to use any behavioural or drug 
prevention strategy, and these individuals are likely to be 
at high risk of recurrent events in the future. Moreover, 
this fi nding might be related to the crowding out eff ect of 
the cost of smoking that compromises allocation of 
resources for essential expenditures such as preventive 
drugs.27 By contrast, obese individuals were more likely to 
be treated, which might be attributable to self-awareness 
of increased risk for cardiovascular disease events. The 
substantial diff erences in use of β blockers and ACE 
inhibitors or ARBs between patients with cardiovascular 
disease with and without hypertension (10% with vs 28% 
without for β blockers and 5% vs 30% for ACE inhibitors 
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or ARBs) suggest that doctors might focus more on 
reduction of risk factors rather than risk for the patient. 
This notion suggests a need to re-educate doctors in their 
approach to secondary prevention. We noted a decline in 
rates of use of several drugs with time for inexpensive 
and widely available drugs such as antiplatelets, as well 
as for more expensive drugs such as statins (for which 
the reported decline was greater), suggesting that in 
several countries even basic generic medications for 
long-term chronic use might be unaff ordable.

Our study had some limitations. Diagnoses of coronary 
heart disease and stroke were self-reported (although an 
interviewer used standardised questionnaires and face-to-
face interviews) and therefore a small proportion of 
individuals might not have had vascular disease. However, 
previous studies showed a high degree of specifi city for 
self-reports of coronary heart disease and stroke,19,28–33 and 
in our study, confi rmation by an adjudication committee 
occurred about 90% of the time. Therefore, individuals 
who reported these events probably had the disorder. 
Furthermore, the prevalence of cardiovascular disease in 
our study was much the same as that reported in age-
matched individuals from other studies in high-income 
and low-income countries. The consistency of the pattern 
of our results for stroke and coronary heart disease suggests 
that the general trends and low rates of drug use are 
probably real. The degree to which our results can be 
generalised to entire countries or regions studied is 
unclear. We excluded individuals who were older than 
70 years and although this group made up only 3% of 
household members in this study, they are likely to include 
a higher proportion of individuals with cardiovascular 
disease. For patients aged 35–70 years, smoking rates and 
education levels were equivalent to external fi ndings 
(unpublished data), suggesting no real biases that would 
alter conclusions. 

Our study has several strengths. We provide the only 
community-level estimates to date of preventive drug use 
in individuals with prevalent cardiovascular disease from 
urban and rural settings in high-income, middle-income, 
and low-income countries (panel). Our approach to 
identifi cation of participants in the community avoided 
potential biases related to collection of data only for 
patients who visit clinics or hospitals. Therefore, our 
study probably provides a more realistic overview of the 
rates of long-term use of various proven eff ective 
cardiovascular drugs. Because of the substantial underuse 
of eff ective secondary prevention drugs in middle-income 
and low-income countries, the low costs of these drugs 
(which are generic in most parts of the world), and the 
high prevalence of cardiovascular disease in these 
countries, a large eff ect on reduction in global 
cardiovascular disease can be achieved by systematically 
enhancing secondary prevention. Improvements to the 
uptake of eff ective secondary prevention strategies are 
probably more feasible than are lifestyle modifi cations in 
primary prevention (although both are desirable). 

We plan therefore to systematically obtain information 
about the barriers to optimum care in communities 
participating in PURE, and in various types of individuals 
to inform national and community policies for improving 
availability, access, and aff ordability of essential drugs for 
chronic conditions. Such information will also assist in 
development and implementation of structured long-
term programmes that could involve non-physician 
health workers, low cost and aff ordable combination 
therapies (eg, the polypill),34,35 and better educate patients 
and health-care providers about the benefi ts, safety, and 
lifelong need for basic secondary prevention strategies. 

Our study shows the large gap that exists in secondary 
prevention worldwide, with extremely low rates of use of 
eff ective therapies in middle-income and low-income 
countries. Systematic eff orts are needed to understand 

Between-country variance (%) Within-country variance (%) Overall variance

Antiplatelet drugs 1·488 (60·0%) 0·990 (40·0%) 2·478

β blockers 1·464 (59·8%) 0·985 (41·2%) 2·449

ACE inhibitor or ARB 1·198 (54·8%) 0·990 (45·2%) 2·188

Statin 3·724 (79·4%) 0·967 (20·6%) 4·691

Any one drug type 2·150 (68·4%) 0·995 (31·6%) 3·145

Individual factors are age, sex, education, body-mass index, hypertension, diabetes, and smoking. Variance estimates 
related to individual drugs are less reliable than for estimates in any one drug type because of less convergence as the 
cell frequencies become smaller. Nevertheless, the table shows that the dominant infl uence on the variations in use of 
statins and ACE inhibitors or ARBs is the economic status income level of the country, whereas individual factors 
infl uenced the use of antiplatelet drugs and β blockers to a greater extent. ACE=angiotensin-converting enzyme. 
ARB=angiotensin II receptor blocker.

Table 6: Country (between country) and individual (within country) variances and their contributions as 
a percentage to the total variance based on multilevel modelling

Panel: Research in context

Systematic Review
We searched the Medline database for articles about 
secondary prevention of cardiovascular disease at a 
community level in countries at various stages of 
economic development, without language or date 
restrictions, with the terms “secondary prevention”, 
“cardiovascular disease”, “community”, and “developing 
countries”. We were unable to locate any relevant 
publications.

Interpretation
Our study is the fi rst to assesses the use of secondary 
prevention drugs in the community in high-income, 
middle-income, and low-income communities. We report 
substantial shortfalls in the use of proven inexpensive 
medications (aspirin, β blockers, angiotensin-converting 
enzyme inhibitors or angiotensin-receptor blockers, diuretics, 
or statins) in patients with coronary heart disease or strokes 
in all countries studied, with more striking shortfalls in 
low-income countries. Systematic programmes to ensure 
increased and appropriate use of proven drugs for secondary 
prevention are needed in most countries to reduce this gap. 
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