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System (RAS) blocker (Angiotensin-Converting Enzyme Inhibitor (ACEI) or

with this multiple drug therapy the preferred use of a single pill combination, the
polypill, is recommended in most guidelines. This strategy is supported by robust
evidence demonstrating better adherence and long-term persistence on treatment, with
the consequent reduction of CV events and CV mortality in primary or secondary
CV disease prevention. This review summarizes the latest evidence supporting these

recommendations.
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Introduction

One of the main targets of the Sustainable Development Goals program is a one-
third reduction in premature mortality related to non-communicable diseases by
2030 [1]. This goal should be achieved by improving their prevention and treatment,
particularly Cardiovascular Disease (CVD). However, in the last three decades, CVD
has remained the leading cause of death and disability worldwide [2]. The above has
led to the proposal of innovative strategies to reduce the burden of CVD. In the early
2000s, it was proposed that a combination of medications with proven CVD benefits
(beta-blocker, Angiotensin-Converting Enzyme Inhibitor (ACEI), statin, and aspirin)
in a single pill might reduce CVD events in people at high risk [3]. The efficacy of this
intervention, named polypill, was confirmed by a meta-analysis from Wald and Law
that demonstrated that a Single Pill Combination (SPC) of six components (three
antihypertensive agents, statin, aspirin, and folic acid) reduced the risk of myocardial
infarction by 88% (95% Confidence Interval (CI): 84-91%) and stroke by 80%
(95% CI: 71-87%) [4]. Nowadays, the most accepted definition of polypill is the
one proposed by the World Heart Federation, which defines it as an SPC therapy that

includes one or two antihypertensive agents and a statin, with or without aspirin [5].
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The rationale for the use of a polypill

The use of medications with proven CVD benefits is a mainstay
in CV risk treatment and prevention of new events. In secondary
prevention, the combination of an antiplatelet agent, a Renin-
Angiotensin System (RAS) blocker, a beta-blocker, and a statin
reduces the risk of myocardial infarction by 27% (95% CI: 17-36%)
and stroke by 21% (95% CI: 9-32%) compared to monotherapy
or no therapy [6]. However, evidence-based pharmacotherapy is
underused worldwide [7,8]. In the INTERASPIRE survey, it was
shown that less than half of the participants were taking the four
medications indicated in secondary prevention [9]. The barriers
described for these low levels of adherence are related to the low
availability, accessibility, and affordability of the medications [10].
In addition, patients at high risk for CVD usually require complex
drug regimens with multiple daily intakes. In other words, a
patient’s increased risk translates into an increased pill burden
that predisposes to lower adherence and persistence in treatment

[11]. Therefore, some of these barriers could be addressed with the
polypill strategy.

Polypill in primary prevention

The pivotal trial demonstrating that a polypill was effective in
reducing major cardiovascular events in primary prevention was
the International Polycap Study (TIPS)-3 study. The TIPS-3 [12],
was a 2-by-2-by-2 factorial design trial that randomly assessed
5,713 adults with intermediate or high INTERHEART risk
scores to the polycap (containing 40 mg of simvastatin, 100 mg
of atenolol, 25 mg of hydrochlorothiazide, and 10 mg of ramipril)
or placebo daily, aspirin (75 mg) or placebo daily, and vitamin
D or placebo monthly. After a 4.6-year follow-up, the polycap
plus aspirin reduced the composite primary outcome (CV death,
myocardial infarction, stroke, heart failure, cardiac arrest) by 31%
compared to the control group (Hazard Ratio (HR): 0.69; CI
95%: 0.50 -0.97). The benefits were independent of the level of
reduction of blood cholesterol or Blood Pressure (BP). Likewise,
the Polylran study, a pragmatic, cluster-randomized trial, nested
in a prospective cohort that included 6,838 adults between
40-75 years in primary and secondary prevention to receive
polypill or usual care. The assessed intervention was a Statistical
Process Control (SPC) containing hydrochlorothiazide 12.5
mg, aspirin 81 mg, atorvastatin 20 mg, and enalapril 5 mg (in
case of cough, enalapril was replaced by valsartan 40 mg). The
primary outcome was a composite of Major Cardiovascular Events
(MACE) including hospitalization for acute coronary syndrome,
fatal myocardial infarction, sudden death, heart failure, coronary
artery revascularisation procedures, and non-fatal and fatal stroke.
After a median follow-up of 60 months, was significantly lower

in the polypill arm, compared to the control (HR: 0.66; 95% CI:

0.55-0.80) [13]. Interestingly, when the analysis was restricted
to participants with high adherence, the reduction in the risk of
MACE was even greater compared to the control group (adjusted
HR 0.43, 95% CI 0.33-0.55). Furthermore, a meta-analysis of
3 randomized controlled trials (TIPS-3, HOPE-3, and Polylran)
with 18,162 adults at intermediate CVD risk showed that
polypill decreased a composite outcome of CV death, myocardial
infarction, stroke, or revascularization by 38% (95% CI: 27-
47%, P<0-0001) compared to standard treatment, after a median
follow-up of 5 years. The addition of aspirin showed an increased
47% reduction in the main outcome (95%CI: 33-59%) [14]. In
conclusion, a SPC therapy of antihypertensive drugs with statin,
with or without aspirin, substantially reduces MACE in primary

prevention, with greater reductions in those receiving aspirin.
Polypill in secondary prevention

The NEPTUNO observational retrospective study assessed the
efficacy of the Centro Nacional de Investigaciones Cardiovasculares
(CNIC)-Polypill  with data obtained from

anonymized electronic health records from 6,456 participants in

administrative

Spain [15]. After a propensity score matching and two years’ follow-
up, the CNIC-Polypill, containing aspirin 100 mg, atorvastatin
20/40 mg, and ramipril 2.5/5/10 mg, administered once daily,
improved BP (12.5% vs 6.3%; p<0.05) and LDL-C (10.3% vs
4.9%; p<0.001) control rates compared to standard treatment.
The incidence of recurrent MACE was lower in the polypill cohort
(19.8%) compared to the cohort using medications separately
(23.3%) (p<0.001). Subsequently, the Secondary Prevention of
Cardiovascular Disease in the Elderly (SECURE) trial randomized
2,499 participants with a history of myocardial infarction in the
previous six months to a polypill-based strategy with the CNIC-
Polypill or usual care. At three years of follow-up, the polypill
arm significantly reduced the risk of MACE (HR: 0.76; 95%CI:
0.60-0.90), including the reduction of CV death (HR: 0.67;
95% CI: 0.47-0.97) [16]. As mentioned before, also the Polylran
trial reported a significant 20% reduction in MACE (HR: 0.80;
95% CI: 0.57-1.12) in the polypill arm after a 5-year follow-up
in the secondary prevention groups. However, a meta-analysis
of 8 studies with 25,584 patients [17], found no differences in
MACE (RR: 0.85; 95% CI: 0.70-1.02) but a 10% reduction in
the risk of all-cause mortality (RR: 0.90; 95% CI: 0.81-1.00) with
the polypill intervention in secondary prevention of patients with
CVD. This meta-analysis had a significant limitation, including a
high range of heterogeneity, especially when evaluating adherence
and treatment discontinuation. Therefore, evidence suggests that
incorporating a once-daily fixed-dose cardiovascular polypill into
clinical practice could significantly decrease the risk of recurrent
CV events. Using a once-daily fixed-dose cardiovascular polypill
should be integrated into clinical practice [18,19].
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Safety of the polypill

A major reason to promote the SPC therapy strategy is that
combining different classes of medications will improve efficacy
while reducing side effects due to lower medication dosing.
Participants using a polypill did not experience fewer side effects
compared to those assigned to usual care. Therefore, reducing
the side effects of individual medications does not represent an
important reason for its clinical use [20]. Given the high prevalence
of comorbidities in subjects with established CVD, a careful review
of each polypill component is essential. For example, a polypill
containing aspirin should be avoided in patients who require long-
term or permanent chronic anticoagulation. Additionally, polypills
should not be prescribed for patients with heart failure when an

ARB/neprilysin inhibitor is indicated.
Possible explanations of the polypill benefits

In addition to its efficacy in reducing MACE, polypills increase
medication adherence. A higher adherence could be driven by
a reduction in pill burden, enhanced patient preferences, less
therapeutic inertia, and a synergistic effect of the individual
components of the pill. The polypill has been shown to improve
quality of life. In the AURORA study, it was reported that 98%
of participants would choose a medication regimen that included
the polypill, with 92% highlighting the ease of use, and 97%
considering the polypill practical and feasible [21]. Similarly,
the participants in the polypill arm of the IMPACT study more
frequently reported “very easy” use of this strategy compared with
usual care (53% vs 46%) [22]. Therefore, regimen simplification is
effective in addressing low medication adherence [23,24]. A meta-
analysis of 8 randomized clinical trials with 25,584 adults showed
improvement in adherence with polypill (HR: 1.31; 95%CI: 1.11-
1.55). In a recent review including real-world data, the polypill
improved overall medication adherence by 13% (95% CI, 7.6%

Patients with a previous clinical cardiovascular event (secondary prevention) or advanced
silent atherosclerotic disease at risk of a cardiovascular event (primary prevention)

S -

to 34.9%) compared with standard medication. For clinicians,
prescribing a polypill may reduce therapeutic inertia and improve

patient adherence.
Guidelines recommendations on the clinical use of polypills

Based on the results of clinical trials demonstrating the potential
benefits of CV polypills to increase adherence and reduce MACE,
the 2023 European Society of Cardiology (ESC) guidelines
for the management of acute coronary syndromes recommend
polypills as an option to improve adherence and outcomes in
secondary prevention (Class Ila, Level B) [25]. Furthermore, the
2023 European Society of Hypertension (ESH) Guidelines for
the management of arterial hypertension recommends polypills
in both primary and secondary prevention, clarifying that those
with aspirin should be preferred in secondary prevention and
polypills without aspirin in primary prevention (Class II, Level A)
[26]. However, some barriers to the routine use of a polypill in
clinical practice must be addressed and overcome: a) the adoption
of multiple combination dosing regimens of antihypertensive
medications and statin to achieve BP and cholesterol targets is
difficult; b) the inclusion of dual antihypertensive therapy in some
polypills to follow the recommendations of current guidelines;
¢) finding the correct combination of antihypertensive drugs
in the polypill may be problematic since the antihypertensive
agents recommended for primary prevention (ACEI or ARB plus
Calcium Channel Blocker (CCB) or thiazide diuretic) differ from
antihypertensive therapies required for secondary prevention (e.g.
beta-blocker instead of diuretic); and d) standardized clinical
algorithms with polypills for primary and secondary prevention
will require more validation before their widespread use. Figure 1
shows an algorithm to help clinicians when switching from current
multiple pill combination patient’s actual treatment to a polypill

based treatment.

Primary CVD prevention
In patients with hypertension.
type 2 disbetes, and
dyslipidasmis, and advanced

with: silent atherosclerosis disease

Gui T
AAS + Stafin + ACEI (or ARB) + specific drugs for comorbidities (beta-blockers, mineralocorticoid
receptor antagonists, diuretics, glucose lowering drugs, other) and those required for BP and LDL-
C control {dihydropyridine CCB, Thiazide/thiazidelike diurefics, ezelimibe, other)

[Search for the equivalent effective daily dose

of the ACE or ARB, and the statin usedin | ~J L~
patient's treatment

with & high risk of a
thrombotic event use of AAS
is recommended

Ramipril 2.5 to 10 mg) plus specific drugs for comorbidities, and dihvdropyridin

Switch to the CNIC-polvpill (AAS 100 mg + Atorvastatin 20 or 40 mg +
CCB or Thiazide/thiazide-like diuretic, and ezetimibe when needed

Initisl BP LOL-Chalesterol
target < 70 mgidL for high

Initisl BP target < 130/20
mmiHg for most
e
risk pafients or < 55 mg/dL.

=

for very high risk patients

If BF >130/80 mmHg with Ramipril 10 mg +
diuretic or CCB; or LDL-Cholestercl > 70 or 55

mgidL with Atorvastatin 40 mg + Ezetimibe 10 mg

Add a low or standard dose of a third antihypertensive drug (diuretic or CCB)
Add a PC3K39i at low or standard dose

Figure 1: Algorithm with the steps for switching from actual patients treatment to the CNIC-polypill for primary or secondary cardiovascular disease prevention of

patients with atherosclerotic disease, treated with multiple drugs/pills for their associated cardiovascular risk factors (BP and LDL-C) and comorbidities. Note: AAS:

Aspirin; ACEI: Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor blocker; BP: Blood pressure; CCB: Calcium channel blocker; LDL-C: Low-density

lipoprotein cholesterol; PCSK9i: Proprotein convertase subtilisin/kexin type 9 inhibitor.
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Cost-effectiveness of polypills

The cost-effectiveness of a strategy should ideally be documented
before being implemented, especially in regions with limited
resources. Using a probabilistic approach, a study in the United
Kingdom reported that a polypill was only cost-effective depending
on price and population demographics [27]. Recently, a cost-
effectiveness study using a Markov model with the data from the
NEPTUNO observational study and administrative data from
Portugal was conducted [28]. The study showed that independently
from the length of the horizon, the polypill improved quality of
life (starting at 54.6% when the time horizon selected was two
years and reaching 82% at a 20-year time horizon) compared to
monotherapy. In addition, the cost-effectiveness and cost-utility
ratios were below the generally recommended cost-effectiveness
threshold of €10,000/QALY to €100,000/QALY. Therefore,
in secondary prevention, the polypill could have a potential
public health benefit as a cost-effective intervention compared to

treatment with monocomponents in a multiple pill therapy.
Conclusion

Results of clinical trials have demonstrated that CV polypills
increase adherence and persistence on treatment compared
with the strategy based on free components in multiple pills. In
addition, recent randomised clinical trials have also demonstrated
that the polypill strategy reduce MACE. For these reasons, the
2023 ESC Guidelines for the Management of Acute Coronary
Syndromes has recommended polypills as an option to improve
adherence and outcomes in secondary prevention (CoR Ila - LoE
B). Moreover, the 2023 ESH Guidelines for the management of
arterial hypertension recommend the clinical use of polypills in
the primary and secondary CV prevention. Polypills containing
aspirin should be used in secondary CV prevention, and may be
used in primary prevention of CVD in patients with advanced
atherosclerotic process at high risk of CV event (CoR II LoE A).
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