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the scientific community did not accept this strat‑
egy of “vaccination approach” and discarded it as 
unproven and unrealistic. The main concerns in‑
cluded the unknown consequences of medicat‑
ing the entire population, negative psychologi‑
cal effects of lifelong treatment in healthy indi‑
viduals, inconvenience, and costs of possible ad‑
verse reactions to a high number of drugs, togeth‑
er with the risk of favoring unhealthy lifestyle 
habits resulting from the belief of being protect‑
ed by the drugs taken.

However, based on the initial hypothesis of 
Wald and Law, many scientists proposed a more 
selective use of the polypill in individuals with‑
out CVD and high cardiovascular risk as a prima‑
ry prevention strategy.3 Although lacking a defini‑
tive proof of efficacy, safety, and cost‑effectiveness 
of this strategy in all participants, several pilot 
studies4-6 demonstrated its feasibility and efficacy 

Introduction  The  concept of a  cardiovascu‑
lar polypill was originally proposed in 2001 by 
the World Health Organization and Welcome 
Trust expert group,1 suggesting that a one‑pill 
combination of 4 drugs, each with a document‑
ed ability to prevent cardiovascular disease (CVD) 
(a β‑blocker, an angiotensin-converting enzyme 
inhibitor [ACEI], a statin, and aspirin) might re‑
duce the risk of future events in patients with pre‑
vious CVD. Two years later, Wald and Law2 sug‑
gested that a polypill containing 6 agents with 
proven or potential cardiovascular prevention 
ability (3 antihypertensive drugs, a statin, aspi‑
rin, and folic acid) would reduce the incidence 
of cardiovascular events by over 80% in individ‑
uals over 55 years old, and that its wide imple‑
mentation would be followed by an unthinkable 
and unprecedented improvement of both prima‑
ry and secondary CVD prevention. Nevertheless, 

REVIEW ARTICLE

Polypill in cardiovascular disease prevention: 
recent advances

Antonio Coca1, José Maria Castellano2,3, Miguel Camafort1, Valentín Fuster2

1 � Hypertension and Vascular Risk Unit, Department of Internal Medicine, Hospital Clínic (IDIBAPS), University of Barcelona, Barcelona, Spain
2 � Centro Nacional de Investigaciones Cardiovasculares, Instituto de Salud Carlos III, Madrid, Spain
3 � Centro Integral de Enfermedades Cardiovasculares (CIEC), Hospital Universitario Montepríncipe, HM Hospitales, Madrid, Spain

Correspondence to:
Antonio Coca, MD, PhD, FRCP, EFESC,  
Hypertension and Vascular Risk Unit, 
Department of Internal Medicine,  
Hospital Clínic (IDIBAPS), 
University of Barcelona, 
Villarroel 170, 08036 Barcelona, 
Spain,  phone: +34 618 769 035, 
email: acoca1492@gmail.com
Received: February 7, 2023.
Revision accepted: March 6, 2023.
Published online: March 13, 2023.
Pol Arch Intern Med. 2023; 
133 (3): 16460
doi:10.20452/pamw.16460
Copyright by the Author(s), 2023

Key words

polypill, primary 
cardiovascular 
prevention, secondary 
cardiovascular 
prevention, treatment 
adherence, treatment 
persistence 

Abstract

Triple therapy with lipid‑lowering, antihypertensive, and antiplatelet agents reduces the  risk of recur‑
rent cardiovascular fatal and nonfatal events, cardiovascular mortality, and total mortality in secondary 
prevention. In real life, however, effective implementation of these optimal treatments both in primary 
and secondary prevention is low, and thus their contribution to cardiovascular prevention is much lower 
than it could be, based on research data. One of the main barriers to the adequate implementation of 
these strategies is low adherence to the elevated number of pills, as adherence is adversely affected 
by the complexity of the prescribed treatment regimen, and can be considerably improved by treatment 
simplification. This review updates the findings provided by recent epidemiological and clinical studies 
favoring a polypill‑based approach to cardiovascular prevention. The increased prevalence of patients with 
multiple cardiovascular risk factors and comorbidities provides the rationale for a therapeutic strategy 
based on a combination of drugs against different risk factors in a single pill. Pharmacologic studies have 
demonstrated that different cardiovascular drugs can be combined in a single pill with no loss of their 
individual efficacy, and this favors adherence to and persistence of treatment, as well as multiple risk factor 
control. Recently, a randomized clinical trial SECURE (Secondary Prevention of Cardiovascular Disease 
in the Elderly) has shown a significant, 30% reduction in cardiovascular events, and a 33% reduction in 
cardiovascular death in patients after myocardial infarction treated with a polypill, as compared with 
usual care, thus supporting the polypill use as an integral part of any cardiovascular prevention strategy.
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of cardiovascular risk factors, especially in low- 
and middle-income countries (LMIC), where ac‑
cessibility of preventive cardiovascular therapy 
is scarce, calls for scalable, simple, and cost-ef‑
fective strategies to ensure adequate therapeu‑
tic treatment to prevent first or recurrent car‑
diovascular events.28-30

CVDs are now the leading cause of death world‑
wide. In 2019, they were responsible for more 
than 19 million deaths worldwide and the death 
toll is expected to reach 25 million by 2030. Al‑
though it continues its decades‑long rise in al‑
most all countries, the problem affects particular‑
ly LMIC. Alarmingly, in some high‑income coun‑
tries where it was previously declining, the age
‑standardized rate of CVD has begun to rise.31 
The health‑related, social, and economic costs 
of this growth require simple solutions to over‑
come this grave problem, and there is an urgent 
need to focus on implementing the already exist‑
ing cost‑effective policies and interventions. Not 
only a healthier lifestyle including healthy diet, 
increased physical activity, and smoking cessa‑
tion must be recommended and implemented, 
but also additional strategies to prevent CVDs 
are urgently needed. Pharmacologic treatment 
of high blood pressure (BP) and LDL-C levels to 
achieve strict targets have shown to significant‑
ly reduce the frequency of cardiovascular events 
and CVD‑related mortality even in individuals 
at a low risk and without clinical CVD. In high
‑risk populations without established vascular 
disease and in those with established vascular 
disease, a combination of low doses of aspirin, 
antihypertensive, and lipid‑lowering drugs has 
reduced the frequency of cardiovascular events 
and CVD‑related mortality.32,33 Therefore, the car‑
diovascular polypill containing an antihyperten‑
sive drug, a statin, and aspirin represents one of 
the most promising strategies, which should be 
implemented as an integrated public health ap‑
proach to promote healthy lifestyle, control car‑
diovascular risk factors, and effectively implement 
cardiovascular therapies in high-risk patients.34

Advantages of the clinical use of a polypill in cardio-
vascular prevention: accessibility, adherence, risk 
factor control, cost‑effectiveness, and patient pref-
erence  The negative impact of low adherence to 
prescribed CVD drugs on primary and second‑
ary prevention prompted investigators to evalu‑
ate new strategies that should include new inter‑
ventions in routine clinical practice and encour‑
aged governments to develop new health poli‑
cies. One of these strategies is treatment simpli‑
fication by reducing the number of pills. It can 
be assumed that any strategy aimed at simplify‑
ing the treatment, such as the polypill, shall re‑
sult in improved adherence. The initial polypill 
trials were designed to investigate pharmacody‑
namics and safety of the polypill as phase 2 stud‑
ies, although with not enough statistical power to 
detect differences in clinical outcomes.35 The ra‑
tionale for designing phase 2 studies was largely 

in subgroups of patients with multiple cardio‑
vascular risk factors and advanced atheroscle‑
rotic disease.7 Overall, studies have shown that 
the use of the polypill significantly increases ad‑
herence to treatment.8,9 None of the previous 
studies had the power to detect significant differ‑
ences in the rate of new cardiovascular events, but 
recent results of a meta‑analysis by the Polypill 
Trialists’ Collaboration7 confirm that the polyp‑
ill containing an antihypertensive drug, a statin, 
and aspirin may be effective in the primary pre‑
vention of cardiovascular events.

In the last years, a large body of evidence has 
indicated that the control of cardiovascular risk 
factors either in the general population or in 
the patients at high risk, such as those with cor‑
onary artery disease (CAD), is very low and that 
poor adherence to cardioprotective treatment 
may be one of the most important factors con‑
tributing to this problem.10-16 The EUROASPIRE 
surveys in the patients hospitalized for CAD in 
24 European countries have consistently shown 
that the guideline‑recommended targets for blood 
pressure and low‑density lipoprotein cholester‑
ol (LDL-C) are critically low.10 This is associated 
with insufficient implementation of the optimal 
medical treatment in these patients, particular‑
ly the suboptimal use of high‑intensity statin 
therapy and a combination of antihypertensive 
drugs to achieve recommended targets. Results 
of the ISCHEMIA study in Poland clearly show 
that this challenge may be overcome by the use 
of contemporary treatment methods and multi‑
specialty team efforts.11 In addition, several stud‑
ies have shown that complex treatment strate‑
gies, particularly those based on a high number 
of daily pills, adversely affect adherence, which 
is substantially improved by treatment simplifi‑
cation.17-21 As treatment simplification is proba‑
bly the most important feature of a polypill reg‑
imen, this strategy appears to be the most ade‑
quate to improve the reported low efficacy of pri‑
mary and secondary cardiovascular prevention 
at the population level.22-26

This review will update the findings provided 
by recent epidemiologic and clinical studies fa‑
voring a polypill‑based approach to cardiovas‑
cular prevention, the most recent evidence that 
this approach is effective in reducing cardiovascu‑
lar morbidity and mortality in both primary and 
secondary cardiovascular prevention, the advan‑
tages associated with combining several drugs in 
a single tablet, and the challenges and opportuni‑
ties for wide implementation of a polypill strate‑
gy for cardiovascular protection in both low-in‑
come and developed countries.

Rationale for the use of a polypill in the era of per-
sonalized medicine  It may seem counterintui‑
tive that in the era of personalized and precision 
medicine, a cardiovascular polypill would be con‑
sidered one of the most scalable strategies to re‑
strain atherosclerotic cardiovascular disease (AS‑
CVD) pandemic.6,27 However, the growing number 
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levels seen in the polypill and comparator groups 
were not maintained in the long‑term follow‑up 
to manifest differences in clinical events. A recent 
real-life phase 4 study in 1193 patients in Mexi‑
co has shown a significant reduction of SBP from 
a mean baseline of 146.9 mm Hg to 128 mm Hg 
(P  <0.001), and of diastolic BP (DBP) from 
89.1 mm Hg to 80.4 mm Hg (P <0.001). LDL‑C 
levels were also significantly reduced from a mean 
baseline of 132.5 mg/dl to 107.6 mg/dl (P <0.001) 
after 1 year of treatment with the CNIC‑polypill.46

Although increasing the use of drugs results 
in a short‑term increase of costs, it then reduc‑
es the long‑term number of significant cardio‑
vascular events, as well direct and indirect costs 
of hospitalization and treatment of the events. 
The net result is a reduction in health care costs 
in the long‑term. A systematic review47 found 
that when adherence is greater than 80%, the re‑
duction in expenditure may be up to 18%. Sever‑
al pharmacoeconomic models comparing the use 
of a polypill strategy with the usual care have 
been reported. Even in the least beneficial mod‑
els, the polypill strategy has been shown to be 
cost‑effective due to its effects on the clinical out‑
comes resulting from improved adherence and 
control of the cardiovascular risk factors.48-50

Finally, various trials comparing different 
polypills with the usual care have reported on 
acceptability of the polypill concept by physi‑
cians and patients.45 Although subject to social 
desirability bias, whereby participants might 
report favorably to be seen in a better light, 
the overwhelming response was favorable to‑
ward the use of a polypill in routine clinical prac‑
tice. Further studies surveyed the patients and 
physicians who were not involved in clinical tri‑
als with similar positive response to the polypill 
concept. The most commonly mentioned advan‑
tages were the ease and convenience of taking 
fewer pills, cost‑saving benefits, and improved 
safety due to simplified, and therefore less con‑
fusing pill regimens.51

What is new in primary prevention of cardiovascu-
lar disease  Although the beneficial effects of 
antihypertensive and lipid‑lowering drugs are 
well‑established,32,52 the use of low‑dose aspirin 
for primary prevention of CVD has been a mat‑
ter of controversy.53 A recent systematic review 
and meta‑analysis54 of randomized clinical tri‑
als (RCTs) showed that the use of aspirin in pa‑
tients without CVD was associated with a 38% 
risk reduction of cardiovascular events, and with 
a 0.47% higher risk of major bleedings.

This informed the European Society of Cardiol‑
ogy guidelines on diabetes, prediabetes, and CVD 
developed in collaboration with the European As‑
sociation for the Study of Diabetes, which recom‑
mend the use of aspirin at low doses in diabet‑
ic patients even without prior CVD, thereby ex‑
tending antiplatelet treatment to patients with 
a high cardiovascular risk also in primary preven‑
tion of CVD, if there are no contraindications.55 

based on the understanding that the components 
of the polypill have been previously widely accept‑
ed, and their use is approved for primary and sec‑
ondary prevention of atherosclerosis.

A Cochrane systematic review36 from 2017 
summarized the evidence on the use of the polyp‑
ill and included 13 polypill trials (9059 partici‑
pants) from 32 countries, published up to 2016, 
that investigated the effect of different drug com‑
binations in comparison with usual care, place‑
bo, or an active comparator. The most recent re‑
ports (until 2022) have included new retrospec‑
tive observation studies on the beneficial effects 
of the polypill on cardiovascular risk factors and 
prevention of hard events,37 2 randomized clinical 
trials on primary and secondary prevention29,38 
and their meta‑analysis,7 and a prospective ran‑
domized clinical trial comparing the effect of 
a polypill‑based strategy on cardiovascular events 
and mortality in comparison with the usual care.39

The barriers that need to be overcome to global‑
ly implement the polypill‑based strategies include 
confirmation of their superiority vs the standard 
treatment in several aspects, such as the drug 
accessibility, the adherence to and persistence 
of the treatment, better control of all major 
risk factors, cost‑effectiveness, and the patient 
preference.

As far as accessibility and affordability are con‑
cerned, nearly 80% of all deaths due to CVDs take 
place in LMIC, where the access to any medication 
is a serious problem. Results from the PURE stud‑
ies40,41 show that only 8% to 14% of patients have 
access to antiplatelet drugs, statins, and antihy‑
pertensive medication in secondary prevention, 
which is even more evident in rural areas. The su‑
perior adherence to the polypill, as compared 
with the standard treatment, has been consis‑
tently reported in clinical trials in different pop‑
ulations, which has made the polypill the single 
most efficient strategy to significantly improve 
adherence. Four trials have shown the effect of 
polypills on adherence as being 44% higher than 
that of the comparator (P <0.001).9,42-44 It is im‑
portant to note that participants with low base‑
line adherence were those showing the greatest 
improvement in adherence to polypills, as com‑
pared with the participants with high baseline ad‑
herence levels. This finding supports the recom‑
mendation that polypills may be used to reduce 
differences manifested as lower baseline medica‑
tion adherence rates in low‑income populations.45

As far as the control of cardiovascular risk fac‑
tors is concerned, 13 trials, with 7638 partici‑
pants, reported the polypill effect on systolic BP 
(SBP), which was on average by 6.3 mm Hg lower 
in the polypill group than in the comparator group 
(P <0.001). A total of 11 trials, with 6565 partici‑
pants, reported the effect of the polypill on total 
cholesterol, which was on average by 0.6 mmol/l 
lower in the polypill group (P <0.001).35 Due to 
the fact that most trials addressing changes in 
these cardiovascular risk factors had short‑term 
follow‑up, the differences in BP and cholesterol 
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the efficacy and safety of once‑daily polypill con‑
taining 40 mg of simvastatin, 100 mg of atenolol, 
25 mg of HCTZ, and 10 mg of ramipril compared 
with matching placebo, and 75 mg of aspirin com‑
pared with matching placebo, and a combination 
of the polypill with aspirin compared with dou‑
ble placebo. The primary outcome was the inci‑
dence of MI, stroke, death from cardiovascular 
causes, resuscitated cardiac arrest, HF, or revas‑
cularization. A total of 5713 patients of a mean 
age of 64 years at intermediate or high cardiovas‑
cular risk, without CVD, were randomized and 
the mean follow‑up was 4.6 years. The primary 
outcome for the polypill comparison was the in‑
cidence of MACE plus HF, resuscitated cardiac 
arrest, and arterial revascularization, and it was 
present in 126 participants (4.4%) in the polypill 
group and in 157 individuals (5.5%) in the placebo 
group (hazard ratio [HR], 0.79; 95% CI, 0.63–1). 
The primary outcome for the polypill‑plus‑aspirin 
combination occurred in 59 participants (4.1%) 
in the combined‑treatment group and in 83 pa‑
tients (5.8%) in the double placebo group (HR, 
0.69; 95% CI, 0.5–0.97). A similar beneficial effect 
of the polypill strategy on death from cardiovas‑
cular causes, MI, or stroke occurred in 52 partic‑
ipants (3.6%) in the polypill-plus-aspirin group, 
and in 75 patients (5.3%) in the placebo group 
(HR, 0.68; 95% CI, 0.47–0.96).29

The reduction in SBP observed in the TIPS‑3 
trial was larger than that observed in the Poly‑
Iran trial, in which no difference in DBP was de‑
tected at the study’s end.38 A combination treat‑
ment in the TIPS‑3 trial with a polypill contain‑
ing a statin, 3 antihypertensive drugs, and aspirin 
lowered the incidence of cardiovascular events as 
compared with placebo in the participants with‑
out established CVD at intermediate or high car‑
diovascular risk.29

Finally, the individual participant data meta
‑analysis7 of these 3 large RCTs (HOPE‑3, Poly‑
Iran, and TIPS‑3 trials), including 18 162 partic‑
ipants, compared the fixed‑dose combination 
treatment strategy including antihypertensive 
drugs plus statin, with or without aspirin, and a 
control strategy (placebo or usual care) in the pri‑
mary prevention of CVD. The primary outcome 
was time to the first occurrence of a compos‑
ite of cardiovascular death, MI, stroke, or arte‑
rial revascularization. During a median follow
‑up of 5 years, the primary outcome occurred in 
276 patients (3%) in the fixed‑dose combination 
strategy and 445 patients (4.9%) in the control 
group (HR, 0.62; 95% CI, 0.53–0.73; P <0.001). 
A significant reduction in the primary outcome 
and its components was observed for all fixed
‑dose combination strategies, with and with‑
out aspirin, although strategies including aspi‑
rin showed greater reductions. The reductions 
were also observed for all separate components 
of the primary outcome, that is, MI (HR, 0.52; 
95% CI, 0.38–0.7), revascularization (HR, 0.54; 
95% CI, 0.36–0.8), stroke (HR, 0.59; 95% CI, 
0.45–0.78), and cardiovascular death (HR, 0.65; 

Similarly, the 2019 guidelines of the American 
College of Cardiology / American Heart Associa‑
tion on the primary prevention of CVD recom‑
mended using low‑dose aspirin for primary pre‑
vention of ASCVD in adults aged 40 to 70 years 
with high cardiovascular risk and no increased 
risk of bleeding. On the other hand, a therapy for 
patients older than 70 years, without increased 
bleeding risk must be individualized.56 Therefore, 
in individuals at high cardiovascular risk with 
no clinical evidence of a previous cardiovascular 
event and no significant risk of major bleeding, 
the polypill strategy including a low dose of as‑
pirin can be considered.

The HOPE‑3 study57 explored the role of 3 
drugs, renin‑angiotensin system (RAS) AT1 re‑
ceptor blocker (ARB) candesartan, thiazide di‑
uretic hydrochlorothiazide (HCTZ), and a 10‑mg 
dose of rosuvastatin into a single pill. The study 
recruited over 12 000 participants from many 
countries around the world, including men aged 
over 55 years and women over 65 years with 
at least 1 cardiovascular risk factor. The study 
had a 2 × 2 factorial design and the participants 
were randomly assigned to receive placebo or 
a low dose of a candesartan/HCTZ combina‑
tion in the first arm. Then, in the second arm,58 
they were randomly assigned to receive rosuv‑
astatin 10 mg or placebo. The third arm com‑
pared the combination of the 2 antihyperten‑
sive drugs plus the statin with the double place‑
bo.59 In the first arm, the patients who received 
only BP‑lowering treatment did not show a sig‑
nificant reduction in the composite primary out‑
come of cardiovascular death, nonfatal myo‑
cardial infarction (MI), or nonfatal stroke after 
a mean of 5.6 years vs placebo.57 In the second 
arm, the participants receiving only the statin 
showed a significantly (by 24%) lower risk of 
cardiovascular events than those receiving pla‑
cebo.58 The third arm showed that the patients 
receiving the combination of the 2 antihyper‑
tensive drugs plus the statin had significantly 
(by 38%) lower rates of the primary outcome as 
compared with those taking placebo.59

A pragmatic cluster‑RCT conducted in Iran as‑
sessed the efficacy of a polypill with 4 compo‑
nents: aspirin, atorvastatin, HCTZ, and either 
enalapril or valsartan, vs minimal care consist‑
ing of a nonpharmacologic intervention in 6838 
patients treated for primary or secondary CVD 
prevention. The primary outcome was the onset 
of major cardiovascular events (MACE) includ‑
ing hospitalization for acute coronary syndrome, 
fatal MI, sudden death, heart failure (HF), cor‑
onary artery revascularization procedures, and 
nonfatal and fatal stroke. After a 5-year follow
‑up, the 3421 individuals treated with the polyp‑
ill had a lower risk of MACE than the 3417 pa‑
tients offered minimal care, regardless of the his‑
tory of CVD. The incidence of bleeding was simi‑
lar in the 2 groups.38

Using a 2 × 2 × 2 factorial design, the recent In‑
ternational Polycap Study‑3 (TIPS‑3)29 evaluated 
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still largely insufficient in patients with estab‑
lished CVD64 due to underprescription of drugs 
with documented protective effects, low treat‑
ment adherence and, in low‑income countries, 
limited accessibility to the health systems and 
medications, and the treatment costs too high 
for many patients.40,41

In the last 10 years, studies have shown that 
the polypill strategy can favorably affect cardio‑
vascular prevention in patients with established 
CVD through their improved adherence. The Sec‑
ond Indian Polycap Study (TIPS‑2),5 the UMPIRE 
(Use of a Multidrug Pill In Reducing cardiovascu‑
lar Events) trial,42 the IMPACT (Improving Ad‑
herence using Combination Therapy) trial,43 and 
the Kanyini GAP (Kanyini Guidelines Adherence 
with Polypill) open‑label trial44 showed a much 
greater adherence to the polypill‑based strategy 
than to the usual care with separate administra‑
tion of appropriate drugs. Further evidence came 
from the research conducted in Spain at the Cen‑
tro Nacional de Investigationes Cardiovascula‑
res (CNIC). Preclinical and clinical studies with 
a polypill containing 100 mg of aspirin, 40 mg of 
simvastatin, and ramipril at various doses (2.5, 5, 
or 10 mg) confirmed its similar efficacy in com‑
parison with individual administration of these 
3 components.65,66 Subsequently, the polypill 
was tested in an RCT in the patients with a his‑
tory of MI in whom separate administration of 
the 3 drugs was compared with the polypill strat‑
egy during 9 months. Both groups showed sim‑
ilar effects on BP and serum LDL‑C reduction, 
serious adverse events, and death. In line with 

95% CI, 0.52–0.81). Therefore, the individualized 
results of these 3 trials and their meta‑analysis 
showed that the combination treatment strate‑
gies based on polypills containing low‑dose aspi‑
rin, antihypertensive drugs, and statin, substan‑
tially reduced MACE, MI, stroke, revasculariza‑
tion, and cardiovascular death in primary CVD 
prevention.7 These benefits were consistent ir‑
respective of cardiometabolic risk factors, sug‑
gesting that the polypill strategy should be rec‑
ommended to hypertensive patients with dyslip‑
idemia in whom aspirin is indicated as a simpli‑
fication strategy in primary prevention of CVD 
(Table 1).

What is new in secondary prevention of cardiovas-
cular disease  It is important to note that all 
research about the polypill was initially devel‑
oped in the context of secondary cardiovascu‑
lar prevention in patients with a history of MI 
for a number of reasons: 1) in patients with es‑
tablished CVD, the efficacy of pharmacological 
treatment of several cardiovascular risk factors 
(antihypertensive, antiplatelet, and lipid-lower‑
ing treatments) has been unequivocally proven 
by RCTs,60-62 and a greater protective effect has 
usually been documented when these drugs are 
used in combination63; 2) secondary cardiovas‑
cular prevention is characterized by a more fa‑
vorable number‑needed‑to‑treat ratio as com‑
pared with the primary prevention, with thus 
a more favorable cost‑benefit ratio; 3) despite its 
high economic burden for the health care sys‑
tem, the control of cardiovascular risk factors is 

TABLE 1  Clinical trials assessing the use of a cardiovascular polypill for primary prevention of cardiovascular disease

Trial (sample size) Population Polypill composition Outcomes

Indian Polycap Study (TIPS)4 
(n = 2053)

Men and women aged 40–80 y without 
CVD, with hypertension and high‑risk 
diabetes mellitus in India

Aspirin 100 mg, ramipril 5 mg, 
simvastatin 20 mg, HCTZ 12.5 mg, 
atenolol 50 mg

Feasibility, effect on risk 
factor levels, safety and 
tolerability

Polypill for primary prevention 
of cardiovascular disease: 
a feasibility WHO study6 
(n = 216)

Age >40 y without CVD and with estimated 
10‑year total CVD risk score >20% in Sri 
Lanka

Aspirin 75 mg, simvastatin 10 mg, 
lisinopril 10 mg, HCTZ 12.5 mg 
(Red Heart Pill 2b)

Effect on estimated 10‑year 
total CVD risk score

Improving Adherence using 
Combination Therapy 
(IMPACT)43 (n = 513)

Established CVD or 5‑year risk ≥15% Aspirin 75 mg, simvastatin 40 mg, 
and lisinopril 10 mg with either 
atenolol 50 mg or HCTZ 12.5 mg

Effect on adherence and 
mean change in blood 
pressure and LDL‑C at 12 
months

Indian Polycap Trial (TIPS‑3)29 
(n = 5713)

Primary prevention with estimated yearly 
CVD event rate >1% using the INTERHEART 
risk score in China and India

Simvastatin 40 mg, atenolol 100 mg, 
HCTZ 25 mg, and ramipril 10 mg

Death from cardiovascular 
causes, major cardiovascular 
events

Heart Outcomes Prevention 
Evaluation (HOPE-3)57-59 
(n=12 500)

Primary prevention in men aged >55 y with 
at least 1 cardiovascular risk factor and 
women aged >60 y with at least 2 risk 
factors in 22 countries

Rosuvastatin 10 mg, candesartan 
16 mg/HCTZ 12.5 mg (2 × 2 
factorial design)

MACE, neurocognitive 
function, renal function

PolyIran: pragmatic, cluster
‑randomized trial38 
(n = 6838)

Primary and secondary prevention of 
cardiovascular disease in a cohort of men 
and women aged 40–75 y in Iran

Atorvastatin 20 mg, HCTZ 12.5 mg, 
and either enalapril 5 mg or 
valsartan 40 mg, aspirin 81 mg

Major cardiovascular events, 
sudden death

Polypill in primary prevention 
of CVD: an individual 
participant data meta‑analysis7 
(n = 18 162)

Individual participant data meta‑analysis of 
3 large randomized controlled trials (HOPE‑3, 
PolyIran, and TIPS‑3) on the effect of different 
polypills in primary prevention of CVD

Fixed‑dose combination treatment 
strategy with antihypertensive 
drugs plus statin, with or without 
aspirin

Death from cardiovascular 
causes, major cardiovascular 
events

Abbreviations: CVD, cardiovascular disease; HCTZ, hydrochlorothiazide; LDL-C, low‑density lipoprotein cholesterol; MACE, major cardiovascular 
events
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that the use of the CNIC-polypill is associated 
with a significant reduction in the incidence of 
recurrent MACE, together with a delayed time 
to event, in a large sample of real‑world patients 
with a history of ASCVD, as compared with 3 dif‑
ferent active treatments (the same monocompo‑
nents in 3 tablets, equipotent drugs given sepa‑
rately, and other therapies), reinforcing the use‑
fulness of the polypill strategy for secondary car‑
diovascular prevention in clinical practice.

The results of the first and unique RCT as‑
sessing the effectiveness of the CNIC‑polypill 
on cardiovascular events and mortality in sec‑
ondary cardiovascular prevention, the SECURE 
(Secondary Prevention of Cardiovascular Dis‑
ease in the Elderly) trial,39 have been recently 
published. In this phase 3 RCT, 2499 patients 
with MI in the previous 6 months were random‑
ized to a polypill‑based strategy or usual care. 
The polypill contained aspirin (100 mg), ator‑
vastatin (20 or 40 mg), and ramipril (2.5, 5, or 
10 mg). The primary outcome was a composite of 
cardiovascular death, nonfatal type 1 MI, nonfa‑
tal ischemic stroke, or urgent revascularization. 
The key secondary end point was a composite 
of cardiovascular death, nonfatal type 1 MI, or 
nonfatal ischemic stroke. The composite prima‑
ry outcome was significantly (by 24%) reduced 
in the CNIC‑polypill group. Any of the compo‑
nents of the composite primary event occurred 
in 118 out of 1237 patients (9.5%) in the CNIC
‑polypill group and in 156 out of 1229 patients 
(12.7%) in the  usual care group (HR, 0.76; 
95% CI, 0.60–0.96; P = 0.02). A significant re‑
duction by 30% in the key composite secondary 
outcome was also observed in the CNIC-polypill 
group. The secondary outcome event occurred in 
101 patients (8.2%) in the CNIC‑polypill group 
and in 144 patients (11.7%) in the usual care 
group (HR, 0.70; 95% CI, 0.54–0.90; P = 0.005). 
Cardiovascular death rate was reduced by 33% 
in the CNIC‑polypill group. These results were 
consistent across all prespecified subgroups di‑
vided by age (<75 or ≥75 years), sex, absence 
of diabetes, type 2 diabetes, chronic kidney 
disease, and previous cardiovascular events. 
Patient‑reported medication adherence was by 
17% higher in the CNIC‑polypill group than in 
the usual care group at 24 months, and adverse 
events were similar in both groups. The SECURE 
trial is the first RCT showing a significant re‑
duction in the cardiovascular events and mor‑
tality with the safe use of a polypill‑based strat‑
egy that may be partly explained by increased 
adherence39 (Table 3).

Considering the results of all the above men‑
tioned studies, the use of a fixed‑dose cardiovas‑
cular polypill once daily to replace the multiple 
pill strategy of separate drugs, may be an inte‑
gral part of a more efficient secondary preven‑
tion strategy. Simplification of treatment com‑
plexity and availability of the polypill allow for 
implementation of a widely applicable strate‑
gy to improve accessibility and adherence to 

the previous studies, adherence to treatment in 
the polypill group was significantly better than 
in the group in which the drugs were given sep‑
arately (50.8% vs 41%; P = 0.019).9 Similar find‑
ings were reported for the second polypill also 
containing aspirin and ramipril at various dos‑
es, but in which simvastatin was replaced with 
atorvastatin (20–40 mg). It showed similar safe‑
ty, tolerability, and bioequivalence of all its com‑
ponents with the drugs given separately.67 Based 
on all these data, the European Society of Hy‑
pertension published in 2017 a position state‑
ment on the clinical use of the polypill.68 Table 2 
shows the clinical situations in which the use of 
the polypill is recommended.

Recently, a retrospective observation‑
al NEPTUNO study37 using data from electronic 
health records, evaluated the efficacy of the CNIC
‑polypill including aspirin, ramipril, and atorvas‑
tatin, on the incidence of recurrent MACE and 
control of cardiovascular risk factors in 6456 pa‑
tients with established ASCVD, in comparison 
with 3 cohorts: 1) the same monocomponents tak‑
en separately (monocomponents); 2) equipotent 
drugs (equipotent); and 3) other drugs not includ‑
ed in the previous cohorts (other therapies). After 
a 2-year follow‑up, the risk of MACE in the CNIC
‑polypill cohort was lower than in all the oth‑
er control groups (by 22% vs monocomponents; 
P = 0.017; by 25% vs equipotent drugs; P = 0.002; 
and by 27% vs other therapies; P = 0.001, respec‑
tively). The proportion of patients achieving strict 
BP control below 130/80 mm Hg increased more 
in the CNIC‑polypill cohort than in all control co‑
horts (+12.5% vs +6.3% in the monocomponent 
group; P <0.05; +12.5% vs +2.2% in the equipotent 
group; P <0.01; and +12.5% vs +2.4% in the oth‑
er therapies; P <0.01). Similarly, the proportion 
of patients who achieved LDL‑C targets below 
70 mg/dl increased more in the CNIC‑polypill co‑
hort (+10.3% vs +4.9% in the monocomponent 
group; P <0.001; +10.3% vs +5.7% in the equi‑
potent group; P <0.001; and +10.3% vs +4.9% 
in the other therapies; P <0.001). Finally, treat‑
ment persistence at the end of the study was 
also significantly higher in the patients receiv‑
ing the CNIC‑polypill (72.1% vs 62.2%, 60%, and 
54.2% for the monocomponent, equipotent, and 
other therapies group, respectively; P <0.001). 
This observational study is the first one showing 

TABLE 2  Clinical situations in which preferential use of a polypill is recommended for 
secondary prevention of cardiovascular disease68

• Patients not adherent to 1 or more components of the best drug therapy established 
for secondary cardiovascular prevention (aspirin, ACEI or ARB, statin) or who have 
factors predicting poor adherence

• Patients with blood pressure or LDL‑C not at target with equivalent doses of 
the drugs and with suspected low adherence

• Patients well‑controlled on individual drugs (substitution strategy)

• Patients with several comorbidities needing additional drugs to those included in 
the polypill (treatment simplification)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin AT1 
receptor blocker; others, see Table 1
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polypill in the context of public health strategies 
for either secondary prevention in patients with 
previous cardiovascular events, and for prima‑
ry prevention in patients with advanced athero‑
sclerosis and high cardiovascular risk, is a crucial 
strategy for the optimization of the best proven 
treatments.27,34,37,39,46,50,51,69

However, when a clinician decides to start a 
cardiovascular polypill or switch to it from previ‑
ous treatment in order to simplify treatment for 
patients with hypertension, dyslipidemia, and 
advanced atherosclerotic disease or established 
cardiovascular event, a common problem is that 
the doses of the current antihypertensive drugs 
and statin used by the patient must be adapt‑
ed to their hypertension grade and LDL‑C lev‑
el, which may vary widely between different pa‑
tients showing a similar global cardiovascular 
risk. Actually, this should not be a major prob‑
lem, as the physician may choose from multi‑
ple versions of the CNIC‑polypill with differ‑
ent doses of the BP‑lowering and statin compo‑
nents, allowing for greater flexibility of its pre‑
scription and use.70

Based on the extensive data on the thera‑
peutic interchangeability between RAS block‑
ers, either ACEIs or ARBs, as well as between 
statins, switching between 6 different versions 
of the CNIC‑polypill with the same components, 
namely 100 mg of aspirin, 2 available doses of 
atorvastatin (20 mg or 40 mg), and 3 different 
doses of ramipril (2.5 mg, 5 mg, or 10 mg), is 

treatment, leading to decreased risk of cardio‑
vascular events and cardiovascular death.

Global implementation of a polypill strategy: challeng-
es, barriers, and opportunities  The present rate of 
cardiovascular morbidity and mortality, together 
with the statistical projections of their devastat‑
ing effects in the near future, particularly in LMIC, 
calls for an urgent reassumption of the polypill 
concept by stakeholders, to overcome the critical 
barriers to the implementation of major public 
health actions for all the CVD patients. The ben‑
eficial consequences of the polypill use for health 
systems are potentially relevant not only in low
‑resource settings but also in all settings where 
adherence in primary or secondary prevention is 
low. The important gaps in the secondary cardio‑
vascular prevention have been well documented 
and, despite the known benefits of effective and 
inexpensive pharmacotherapy, either for primary 
or secondary prevention of cardiovascular events 
and mortality, these treatments are underused in 
many LMIC, where the greatest burden of CVD 
occurs. There is an urgent need of a conceptual 
adaptation to the reality of noncommunicable 
diseases by stakeholders (the society, the associ‑
ations of patients, scientific associations, phar‑
maceutical industry, insurance companies, and 
policy makers) to adopt and implement simple, 
cost‑effective strategies, such as the cardiovascu‑
lar polypill for primary and secondary cardiovas‑
cular prevention. The wide use of a cardiovascular 

TABLE 3  Clinical trials using a cardiovascular polypill for secondary prevention of cardiovascular disease

Trial (sample size) Population Polypill composition Outcomes

Second Indian Polycap Study 
(TIPS‑2)5 (n = 518)

Previous vascular disease or diabetes 
mellitus from 27 centers in India

Simvastatin 20 mg, ramipril 5 mg, 
atenolol 50 mg, HCTZ 12.5 mg, and 
aspirin 100 mg, plus K+

Effect of 2 polycaps vs 1 
polycap on cardiovascular risk 
factors and tolerability

UMPIRE randomized clinical 
trial42 (n = 2004)

Established CVD or high risk of CVD 
(5‑year CVD risk >15%) in India, 
the Netherlands, England, and Ireland

Aspirin 75 mg, atenolol 50 mg, 
simvastatin 40 mg, lisinopril 10 mg; 
or aspirin 75 mg, simvastatin 
40 mg, lisinopril 10 mg, and HCTZ 
12.5 mg

Adherence to medications and 
changes in SBP and LDL-C. 
Secondary outcomes: MACE 
and cardiovascular death

Improving Adherence using 
Combination Therapy (IMPACT)43 
(n = 513)

Established CVD or estimated 5‑year 
CVD risk ≥15% in 54 primary care 
centers in New Zealand

Aspirin 75 mg, simvastatin 40 mg, 
and lisinopril 10 mg with either 
atenolol 50 mg or HCTZ 12.5 mg

Effect on adherence and mean 
change in BP and LDL-C at 12 
months

Kanyini Guidelines Adherence 
with Polypill (Kanyini GAP)44 
(n = 623)

Men and women aged ≥18 y with 
established CVD or estimated 5‑year 
CVD risk ≥15% from 33 primary care 
centers in Australia

Aspirin 75 mg, simvastatin 40 mg, 
and lisinopril 10 mg with either 
atenolol 50 mg or HCTZ 12.5 mg

Effect on adherence and mean 
change in BP and LDL-C at 24 
months

FOCUS Trial in Secondary 
Prevention9 (phase 1, 
n = 2118; phase 2, n = 695)

MI survivors from Spain, Italy, 
Argentina, Brazil, and Paraguay

Aspirin 100 mg, simvastatin 40 mg, 
and ramipril 2.5, 5, or 10 mg

Adherence, feasibility, effect on 
CVD risk factor levels, safety, 
and tolerability

NEPTUNO study37 (n = 6456) Electronic health records from patients 
with established ASCVD in Spain

Aspirin 100 mg, atorvastatin 20 or 
40 mg, and ramipril 2.5, 5, or 10 mg

Incidence of recurrent MACE

Secondary Prevention of 
Cardiovascular Disease in 
the Elderly (SECURE) trial39 
(n = 2499)

MI survivors within previous 6 months, 
aged ≥75 y or, ≥65 y with a major risk 
factor from 113 centers in Spain, Italy, 
France, Germany, Poland, Czech 
Republic, and Hungary

Aspirin 100 mg, atorvastatin 20 or 
40 mg, ramipril 2.5, 5, or 10 mg

Composite of MACE 
(cardiovascular death, nonfatal 
ischemic stroke, nonfatal MI) 
at 36 months

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BP, blood pressure; FOCUS, Fixed‑dose combination drug for secondary cardiovascular 
prevention; MI, myocardial infarction; SBP, systolic blood pressure; UMPIRE, Use of a multidrug pill in reducing cardiovascular events; others see 
Table 1
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ACEIs or ARBs combined with other medications 
for comorbidities (ie, glucose-lowering drugs, di‑
uretics, CCBs, antialdosterone drugs or β-blockers 
for HF, or post-MI) to the CNIC-polypill based reg‑
imen for treatment simplification and reduction 
of the number of daily pills.70

Summary and conclusions  CVDs are the lead‑
ing cause of death worldwide, with a huge social 
impact, as well as growing burden for the glob‑
al economy and health care systems. Many fac‑
tors have been involved in the transition from 
the burden of transmissible chronic diseases 
to a nontransmissible chronic diseases such as 
CVDs: the effective vaccination programs and 
infectious diseases control, the change in di‑
etary habits worldwide, the trend to seden‑
tary lifestyle, industrialization with a  shift 
from manual to sedentary labor, globalization, 
the surge in smoking habits and sugary beverage 

not a major problem. However, we must con‑
sider different real‑life, clinical situations, as 
patients may differ in the severity of BP and 
LDL-C levels. Moreover, BP and LDL-C targets 
to be achieved are different for primary or sec‑
ondary cardiovascular prevention, and may re‑
quire a stricter target depending on the associ‑
ated cardiovascular risk factors and comorbidi‑
ties.33 In each situation, the doses of the polypill 
components (ie, ramipril and / or atorvastatin) 
must be adapted and, in the patients whose BP 
or LDL-C levels are not at target, the addition 
of further BP‑lowering drugs, for example, cal‑
cium channel blockers (CCBs) or diuretics, or 
lipid‑lowering drugs may be required.70

Figure 1 summarizes the steps that clinicians 
may follow in the patients with indications for a 
triple combination of a RAS blocker, a statin, and 
a low dose of aspirin, to switch from the current 
baseline multiple pill treatment with statins and 

Patients with a previous clinical cardiovascular event or with atherosclerotic 
vascular disease at risk of a cardiovascular event

Use of AAS is recommended in patients 
with HT, type 2 diabetes and dyslipidemia with 
atherosclerotic vascular disease and high risk 

of a thrombotic event

Initial BP target <130/80 mm Hg for most patients
Initial BP and LDL-C target <70 mg/dl for high risk 
patients or <55 mg/dl for very high risk patients

If BP >130/80 mm Hg with ramipril 
+ diuretic or CCB; or LDL-C >70 mg/dl 

or 55 mg/dl with maximal doses of 
atorvastatin + current treatment for 

comorbidities

Search for equivalent effective daily dose 
of the current ACEI or ARB and statin

Indication for treatment with:
AAS + statin + ACEI (or ARB) + specific drugs for comorbidities 

(β-blockers, mineralocorticoid receptor antagonists, diuretics, CCBs, 
glucose-lowering drugs, other)

Switch to the CNIC-polypill (AAS 100 mg + atorvastatin
20 or 40 mg + ramipril 2.5 to 10 mg) plus specific drugs

for comorbidities plus diuretic or CCB if needed

Add a low / standard dose of a third antihypertensive drug
(diuretic or CCB)

Add ezetimibe or a PCSK9i at low / standard dose

Figure 1�  Steps for switching from baseline treatment to the CNIC‑polypill for primary or secondary cardiovascular disease prevention in patients 
with atherosclerotic disease, treated with multiple drugs / pills for their associated cardiovascular risk factors and comorbidities 
Abbreviations: AAS, aspirin; CCB, calcium channel blocker; HT, hypertension; PCSK9i, proprotein convertase subtilisin / kexin type 9 inhibitor; others 
see TableS 1 and 2
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consumption in LMIC, and rapid urbanization, 
all have played a role.

The simultaneous increase in the prevalence of 
cardiovascular risk factors, together with a decline 
in mortality in high‑income countries in the past 
2 decades, with improved survival after the first 
cardiovascular event, has led to a significant up‑
surge in the need for secondary cardiovascular 
prevention. The important role of nonadherence 
to cardioprotective drugs in increased frequency 
of cardiovascular outcomes and increased health 
care expenditure has become more clear.

The cardiovascular polypill has proven to be 
a key therapeutic strategy to improve medication 
adherence and treatment persistence in CVD pre‑
vention. There is clearly a need for a global polyp‑
ill strategy in the current scenario of CVD based 
on improved accessibility, affordability, adher‑
ence, and cost‑effectiveness. The available data 
demonstrate that the cardiovascular polypill im‑
proves adherence to treatment and reduces mor‑
bidity and cardiovascular mortality in compar‑
ison with the usual care. Therefore, this medi‑
cation should be an integral part of an effective 
strategy for primary and secondary cardiovas‑
cular prevention.
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