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Aims The retrospective NEPTUNO study evaluated the effectiveness of the Centro Nacional de Investigaciones Cardiovasculares
(CNIC)-polypill (including acetylsalicylic acid, ramipril, and atorvastatin) vs. other therapeutic approaches in secondary pre-
vention for cardiovascular (CV) disease. In this substudy, the focus was on the subgroup of patients with ischaemic heart
disease (IHD).

Methods Patients on four strategies: CNIC-polypill, its monocomponents as loose medications, equipotent medications, and other ther-

and results apies. The primary endpoint was the incidence of recurrent major adverse CV events (MACEs) after 2 years. After matching,
1080 patients were included in each cohort. The CNIC-polypill cohort had a significantly lower incidence of recurrent
MACE compared with monocomponents, equipotent drugs, and other therapies cohorts (16.1 vs. 24, 24.4, and 24.3%, respect-
ively; P < 0.001). The hazard ratios (HRs) for recurrent MACE were higher in monocomponents (HR = 1.12; P = 0.042), equipo-
tent drugs (HR = 1.14; P=0.031), and other therapies cohorts (HR = 1.17; P = 0.016) compared with the CNIC-polypill, with a
number needed to treat of 12 patients to prevent a MACE. The CNIC-polypill demonstrated a greater reduction in LDL chol-
esterol (LDL-c; —56.1 vs. —43.6, —33.3, and —33.2% in the monocomponents, equipotent drugs, and other therapies, respect-
ively; P < 0.001) and systolic blood pressure (—13.7 vs. —11.5, —10.6, and —9.1% in the CNIC-polypill, monocomponents,
equipotent drugs, and other therapies, respectively; P < 0.001) compared with other cohorts. The CNIC-polypill intervention
was less costly and more effective than any other therapeutic option, with €2317—-€2407 cost savings per event prevented.

Conclusion In IHD, the CNIC-polypill exemplifies a guideline-recommended secondary prevention treatment linked to better outcomes
and cost saving compared with other therapeutic options.
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Introduction

The major components of cardiovascular diseases (CVDs) encompass is-
chaemic heart disease (IHD), ischaemic cerebrovascular disease, and periph-
eral arterial disease (PAD). Survivors of each cardiovascular (CV) event face a
significantly heightened risk of subsequent ischaemic events, CV death, or
hospitalization."* Although recurrent CV events typically occur within the
same disease category as the first event, patients with IHD have the high-
est incidence of non-fatal myocardial infarction (M), whereas those with
cerebrovascular disease show the highest non-fatal stroke rates.” Shared vas-
cular risk factors vary among CVD categories, with diabetes mellitus, hyper-
cholesterolaemia, and male sex showing stronger associations with M, while
hypertension is more strongly linked to stroke,® and smoking emerges as the
most influential risk factor for PAD.” Lastly, the financial impact of non-fatal
CV events differs by disease category, with patients experiencing acute cor-
onary syndrome (ACS) being more frequently readmitted to the hospital
following the initial CV event compared with stroke patients.?

The pharmacological treatments recommended by the guidelines for
very high-risk patients with established CVD include lipid-lowering drugs,
antihypertensive agents, and antiplatelet therapy (and other drugs de-
pending on the associated comorbidities).”™" In this context, the CV
polypill strategy, combining generic pharmaceutical components to sim-
ultaneously target major CV risk factors, was initially proposed for pri-
mary and secondary CVD prevention.'> The first commercially
available polypill for secondary CV prevention in Europe, known as the
Centro Nacional de Investigaciones Cardiovasculares (CNIC)-polypill,
consists of 100 mg of acetylsalicylic acid (ASA), 20 or 40 mg of atorvas-
tatin, and 2.5, 5, or 10 mg of ramipriI.B’14 The inclusion of ASA in the pill
aligns with established guidelines recommending antiplatelet therapy in
patients with a history of CV events. Therefore, the CNIC-polypill is spe-
cifically indicated for secondary prevention of CVD in adult patients who
are already well-controlled on concomitantly administered monocompo-
nents at therapeutically equivalent doses.'>"

In real-world clinical practice for secondary prevention of CVD, the
CNIC-polypill has demonstrated efficacy in reducing and controlling

blood pressure (BP) and LDL-c, improving the overall lipid
profile.w’18 The SECURE randomized clinical trial showed that the
CNIC-polypill strategy in post-acute MI patients was associated with
a significant reduction in major CV events, driven by a significant
33% reduction in CV mortality.'® For that reason, the polypill contain-
ing ASA, atorvastatin and ramipril are recommended in the 2023
European Society of Cardiology (ESC) guidelines for the management
of ACS," the 2023 European Society of Hypertension guidelines for
the management of hypertension in patients in secondary preven-
tion,20 and has been included in the WHO essential medicines list.2!
A retrospective observational study conducted in subjects with an es-
tablished CVD (NEPTUNO study) reported that the CNIC-polypill
significantly reduced the cumulative incidence of recurrent major ad-
verse CV event (MACE) compared with three alternative options:
separate administration of the same individual monocomponents,
equipotent drugs, and other medications not included in the other co-
horts.?* Additionally, health economic assessments conducted in the
MERCURY cost-effectiveness analysis (CEA) and model-based CEAs
based on NEPTUNO effectiveness data concluded that the
CNIC-polypill is a cost-effective therapeutic strategy compared with
other approaches.”**> These findings underscore the growing body
of evidence advocating for the incorporation of polypills in CV
care 2628

The NEPTUNO study included the following categories of CVD:
IHD (acute Ml and stable/unstable angina), ischaemic cerebrovascular
disease [ischaemic stroke and transient ischaemic attack (TIA)], and
PAD (intermittent claudication, ischaemia, and amputation). Given
the potential variations in CV risk factors, prevalence, therapeutic man-
agement, prognosis, and financial costs associated with recurrent CV
events among different categories of CVD, our objective was to assess
the effectiveness of the CNIC-polypill specifically in a subgroup of pa-
tients with IHD, which represents the most prevalent form of
CVD.* For this, we extracted data pertaining to this specific subgroup
from the NEPTUNO primary study. Our evaluation encompassed the
2-year cumulative incidence and risk of recurrent MACE, clinical
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effectiveness in controlling CV risk factors, medication persistence, and
utilization of healthcare resources and costs, comparing these out-
comes with other therapeutic strategies.

Methods
Study design and patients

This subanalysis was conducted within the framework of the primary retro-
spective, non-interventional, multicentre NEPTUNO study, with the detailed
methodology having been previously published.* In summary, the primary
study used clinical data extracted from anonymized medical records in the
BIG-PAC® administrative database spanning the period between 2015 and
2018. The current study focused on patients with prior CV events, including
IHD encompassing acute or old Ml or stable/unstable angina, cerebrovascular
disease involving ischaemic stroke or transient TIA, and PAD involving inter-
mittent claudication, ischaemia, or amputation, all within the context of sec-
ondary prevention. For this post hoc analysis, only patients with International
Statistical Classification of Diseases and Related Health Problems Ninth
Revision, Clinical Modification (ICD-9-CM) codes corresponding to acute or
old Ml (Codes 410 and 412) or stable/unstable angina pectoris (Codes 411
and 413) were included. The original study received approval from the
Ethics Committee (EC) of the Hospital Consorci Sanitari de Terrassa. Since
the proposed subanalysis does not alter the study’s objectives, there was no
requirement for resubmission of the project as an amendment to the EC.

Study cohorts

As previously described,?? patients were subdivided into four different co-
horts based on the therapy received: Cohort 1 (see Supplementary material
online, Table S1): CNIC-polypill (case—cohort), patients treated with the
CNIC-polypill containing 100 mg aspirin, 20 or 40 mg atorvastatin and
2.5, 5, or 10 mg ramipril; Cohort 2: Monocomponents: identical monocom-
ponents, but taken as loose medications; Cohort 3: Equipotent medication:
patients treated with ASA, a statin (simvastatin or rosuvastatin) and angio-
tensin-converting-enzyme inhibitors (ACEi) or an angiotensin receptor
blocker (ARB) (enalapril or valsartan, respectively); and Cohort 4: Other
therapies: patients treated with different drug combinations to those de-
scribed in the prior cohorts or not receiving all three drug classes
concomitantly.

Study variables and outcomes

The primary objective of this study was the cumulative incidence of recurrent
MACE (IHD, PAD, ischaemic cerebrovascular disease, or CV death) over a
2-year follow-up period across all cohorts. Secondary endpoints included
the time to the occurrence of the first recurrent CV event or CV death, con-
trol of BP and LDL-c levels, and therapeutic persistence. Therapeutic persist-
ence was defined as the duration, measured in days, during which patients did
not discontinue the initial treatment or switch to another medication for at
least 30 days following the initial prescription. Dose adjustments were not con-
sidered indicative of a lack of therapeutic persistence.

For the economic analysis, we conducted a deterministic cost-
effectiveness analysis from a societal perspective with a 2-year time horizon.
Direct healthcare costs were estimated as the products of healthcare re-
source utilization (HCRU; including inpatient and outpatient care) during
the follow-up period multiplied by the corresponding unit cost (see
Supplementary material online, Table 52).3° Medication costs were calcu-
lated as the costs for prescribed drugs according to the pharmacy sales
price at the prescription date in the BOT PLUS drugs database.’’
Non-healthcare (indirect) costs were estimated based on the number of
sick leave days due to temporary or permanent disability and calculated
by multiplying the number of sick leave days by the mean daily loss of prod-
uctivity for a working person in Spain in the related calendar year.>? All costs
were expressed in euros at 2020 rates.

Statistical analysis

Stratified propensity score matching (PSM) technique was performed to
match the four cohorts 1:1 with baseline variables as covariates (see
Supplementary material online, Table S3). The PSM was developed

according to the greedy nearest neighbour algorithm, with replacement
(substitution) and accepting a calliper (tolerance) of 0.20. Exact matches
were prioritized (randomly). Absolute and relative frequencies were calcu-
lated for qualitative variables, and the mean, standard deviation (SD), me-
dian, and percentiles were calculated for quantitative variables. The
incidence of MACE was assessed using Kaplan—Meier survival curves. The
incidence among the groups was compared using a Cox proportional risk
regression model, estimated as the hazard ratio and 95% confidence interval
(CI). The persistence/duration of treatment was analysed using Kaplan—
Meier survival analysis (log-rank test procedure). Quantitative variables
were compared among the groups using analysis of variance (ANOVA)
and y* tests for quantitative and qualitative variables, respectively.
Student’s t-tests and McNemar’s tests were used for paired samples or re-
peated measurements. A generalized linear model analysis of covariance
(ANCOVA) was developed to correct costs, considering age, sex, and
Charlson comorbidity index scores as covariates by estimating the marginal
average with Bonferroni adjustment.

The incremental cost-effectiveness ratio per CV event prevented was es-
timated as (C; — Co)/(E1 —Eo), where C; is the total cost in the
CNIC-polypill group, Cy the cost in the control cohorts (monocomponents,
equipotent or other therapies groups), E is the effectiveness (estimated as
the percentage of patients without CV events) in the CNIC-polypill group,
and Ey is the effectiveness in the control cohorts (monocomponents,
equipotent, or other therapies groups).

A two-sided significance level of 0.05 was set in all statistical tests. The
data were analysed using the SPSS (v27.0) statistical package (SPSS Inc,
Chicago, IL, USA).

Results

From 8946 subjects with established CVD in the main NEPTUNO
study, 6117 (68.4%) were diagnosed with IHD and were used for the
PSM technique (see Supplementary material online, Figure S17). After
matching, 1080 patients remained in each cohort (i.e. CNIC-polypill,
monocomponents, equipotent, and other therapies). The mean overall
age was 62.9 years, and there was a preponderance of male patients
(61.3%). The matched cohorts were well-balanced for most demo-
graphic characteristics, baseline comorbidities, and CV risk factors
(Table 1). Approximately half of the patients across the cohorts were
on more than four medications at baseline (Table 7). Almost all patients
received ASA and statins, and approximately 53% antihypertensives (in
nearly all cases, renin-angiotensin-aldosterone system [RAA]
inhibitors).

Cumulative incidence and risk of recurrent

major adverse cardiovascular event

During the 2-year follow-up, MACE occurred in 22.2% of all patients,
and the most frequent subsequent CV event observed across cohorts
was another IHD (58.6%), followed by PAD (23.1%) and ischaemic
cerebrovascular disease (18.3%; see Supplementary material online,
Figure $2). The recurrent MACE incidence was significantly lower in pa-
tients treated with the CNIC-polypill than in all other cohorts [16.1%
(95% Cl =13.9-18.3) vs. 24.0% (21.5-26.5) in those on monocompo-
nents, 24.4% (21.8-27.0) among those on equipotent drugs, and 24.2%
(21.7-26.9) in those on other therapies; P<0.001; Figure T1A].
Compared with patients in the CNIC-polypill cohort, all other treat-
ment groups had a greater risk of recurrent MACE (12, 14, and 17%
increased risk among monocomponents, equipotent, or other therap-
ies cohorts, respectively; P < 0.05; Figure 1B), with a calculated number
needed to treat of 12 patients to prevent a recurrent event. The me-
dian time to the recurrent MACE was significantly longer among pa-
tients in the CNIC-polypill (229 vs. 228-168 days across the control
cohorts; P=0.004; Table 2).

Cardiovascular death occurred in 8.1% of overall patients, but the in-
cidence and the time to CV death were similar among cohorts (P =
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Figure 1 Cumulative incidence of major adverse cardiovascular event of individuals evaluated at 2 years (A) and risk of major adverse cardiovascular
event (B) among the different treatment cohorts. Cl, confidence interval; CNIC-polypill, acetylsalicylic acid 100 mg, atorvastatin 20/40 mg, and ramipril

2.5/5.0/10 mg; HR, hazard ratio.

0.936 and P =0.489, respectively; Table 2 and Supplementary material
online, Figure S2).

Cardiovascular risk factors evolution and

control

After 2 years, the lipid profile improved from baseline in all treatment
cohorts (P < 0.001), but the magnitude of the observed change was sig-
nificantly greater among patients in the CNIC-polypill and greater than
that of each of the three control cohorts for all the assessed parameters
(all P<0.001; Figure 2A-D). The proportion of patients achieving an

LDL-c goal of <55 or <70 mg/dL at the end of the study was not sig-
nificantly different between cohorts; however, the increase from base-
line in the number of controlled patients was significantly greater in the
CNIC-polypill cohort than in each of the control cohorts (all P < 0.001;
Supplementary material online, Figure S3). Conversely, the least strict
LDL-c goal of <100 mg/dL was achieved in a significantly greater pro-
portion of patients in the CNIC-polypill cohort (52.6 vs. 36.4-43.8%
across the control cohorts; P < 0.001), and the number of controlled
patients was also greater in the CNIC-polypill cohort than in each of
the control cohorts (all P<0.001). This pattern was also observed
when assessing the proportion of patients achieving triglycerides levels
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Table 2 Time to recurrent major adverse cardiovascular event and cardiovascular death at 2 years follow-up

Event CNIC-polypill Monocomponents Equipotent Other therapies P-value
(n=1080) (n=1080) (n=1080) (n=1080)
CV events, n (%) 174 (16.1) 259 (24.0%)* 263 (24.4%)** 262 (24.3%)** <0.001
Time to MACE, days
Mean (SD) 262.8 (187.2) 259.1 (189.9) 232.5 (202.4) 208 (171.7) 0.004
Median (P25-P75) 229 (107.5-394.8) 228 (104-370) 189 (54-351) 168 (62.3-308.8)
CV deaths 87 (8.1) 86 (8.0) 93 (8.6) 86 (8.0) 0.936
Time to CV death, days
Mean (SD) 406.1 (188.1) 384.7 (205.2) 363.1 (204.6) 370 (196.8) 0.489

Median (P25-P75) 389 (246-574)

402 (208.5-564)

358 (179-536) 3515 (226-520.3)

CV, cardiovascular; P25-P75, 25th percentile~75th percentile; MACE, major adverse cardiovascular event; SD, standard deviation.
*P < 0.01; #*P < 0.001; reference cohort: CNIC-polypill (acetylsalicylic acid 100 mg, atorvastatin 20/40 mg, and ramipril 2.5/5.0/10 mg).

<150 and <200 mg/dL at the end of the study, with more patients in
the CNIC-polypill able to achieve either goal (P < 0.001) and showing
a significantly greater change in the proportion of patients at these goals
compared with each of the control groups (all P<0.001;
Supplementary material online, Figure $4).

There was a significant decrease from baseline in both systolic BP and
diastolic BP in all cohorts (P < 0.001), although the greatest reductions
were observed among patients in the CNIC-polypill cohort and were
greater than those observed in each of the control cohorts
(P <0.001; Figure 2E and F). As for BP control, the proportion of pa-
tients reaching <130/80 mmHg was greater among patients in the
CNIC-polypill cohort (14.4 vs. 1.8-8.9% across control cohorts;
P <0.001), and the magnitude of the change was also greater in the
CNIC-polypill compared with each of the other control groups (all
P < 0.001; Supplementary material online, Figure S5).

Treatment persistence and concomitant
treatments

Persistence at 1 and 2 years was significantly higher in patients treated
with the CNIC-polypill than in the control cohorts (87.3 vs. 79.0—
81.9%, P<0.001; and 74.4 vs. 55.2-61.3%, P <0.001, respectively;
Supplementary material online, Figure $6). Moreover, the number of pa-
tients who abandoned the treatment during the 2-year follow-up was
significantly lower among those prescribed the CNIC-polypill than in
the other cohorts (25.6 vs. 38, 39.6, and 44.8% in the monocompo-
nents, equipotent, and other therapies, respectively; P < 0.001).

The number of patients needed five or more drugs slightly increased
from baseline in all cohorts (from 51.4 to 58.6%), but the smallest in-
crease was observed in the CNIC-polypill group (55.3 vs. 57.7-61.2%
across other cohorts; P<0.001; Supplementary material online,
Table S$4). In the case of antihypertensives, the proportion of subjects
requiring additional drugs increased (52.9% at baseline and 57.9% at
2 years) but was lower among CNIC-polypill users than in the other
treatment groups (54.3 vs. 58.6-59.9%; P = 0.04). Lastly, the percentages
of patients requiring additional medications besides their CV preventive
treatment, such as insulin, non-insulin antidiabetic drugs, cardiac therapy,
or other antihypertensives such as beta-blockers (BBs), calcium channel
blockers (CCBs), or diuretics, was slightly higher at the end of the study
compared with baseline in all cohorts (see Supplementary material
online, Table S4). However, this increase was non-significant across co-
horts for diuretics and insulin, whereas it was significantly lower among
CNIC-polypill users than in any of the other cohorts regarding BB/
CCB, cardiac therapy, and antidiabetic drugs.

Healthcare resource utilization and costs

Overall, primary care visits and productivity losses were the largest
components of the overall resource use across cohorts. The average
per-patient HCRU was significantly lower among CNIC-polypill pa-
tients than in the other cohorts for all assessed resources except la-
boratory tests (Table 3). For instance, the average proportion of
CNIC-polypill patients requiring hospitalization was lower and was as-
sociated with fewer inpatient days (P<0.001). Similarly, fewer
CNIC-polypill patients were on sick leave than in the other cohorts
(P < 0.001), and the average duration of the sick leave was significantly
shorter (P=0.021).

The adjusted average total (direct and indirect) cost per patient dur-
ing the follow-up was lower among patients on the CNIC-polypill com-
pared with each of the other cohorts (€4485 vs. monocomponents:
€5824, equipotent: €5805 and other therapies: €5869; all P < 0.001;
Figure 3). Direct costs (HCRU-associated costs and medication costs)
represented 86.6% of the total costs, and in terms of cost components,
the highest contributors were pharmacy and inpatient stays (see
Supplementary material online, Table S5). In addition, direct cost com-
ponents in the CNIC-polypill cohort were significantly lower than
those in the other cohorts.

Cost-effectiveness

After 2 years of follow-up, the mean average cost of the CNIC-polypill
intervention per patient was lower than that of other therapeutic op-
tions (—€1339, —€1320, and —€1384 difference with respect to the
monocomponents, equipotent, and other therapies, respectively;
Supplementary material online, Table S6). Moreover, the proportion
of patients experiencing a recurrent MACE was lower in the
CNIC-polypill strategy (—7.9, —8.3, and —8.2% difference with respect
to the monocomponents, equipotent, and other therapies, respectively).
Therefore, the CNIC-polypill strategy was considered an economically
dominant strategy, that is, it avoided more recurrent CV events and
was less costly than any other therapeutic option, with savings exceeding
€2000 per event prevented compared with other options (difference —
€2317 to —€2407 across groups).

Discussion

Compared with other therapeutic strategies, patients with IHD treated
with the CNIC-polypill had a reduced incidence, risk, and time to a sub-
sequent MACE. Moreover, it provided better control of preventable
CV risk factors (i.e. BP and lipid profile), was associated with greater
medication persistence, and was a cost-effective strategy.


http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data

R. Dalmau et al.

-®- CNIC-polypill Monocomponents
A
300+
275
250+
§l 225+
2 200
© 175 P<0.001
150
1254
100 T T
Baseline End of study ~ Change
= 227.7(50.7) 171.6 (48.9)  -56.1(41.9)
229.0 (52.2) 185.4 (52.1)  -43.6 (47.3)*
2208 (48.7) 196.5 (49.4) -33.3 (44.9)
Bl 2297 (47.0) 196.5 (47.7) -33.2 (41.6)"
C
70
60
)
i} P<0.001
jo2}
\El 50+
o
4
o
I
40
30 T T
Baseline End of study ~Change
= 484(119) 54.6 (11.7) +6.2 (10.1)
47.6 (11.8) 52.1 (12.0) +4.5 (11.3)
mm  484(133) 52.1 (13.4) +3.7 (11.3)*
mm  485(13.3) 51.2(13.4) 2.7 (11.1)*
E
175
S 150
T
IS
£
&
B 125+
100 T

Baseline End o; study  Change
mm 139.5(21.1) 125.8 (20.7) -13.7 (24.9)
138.6 (21.8) 127.2(21.1) -11.5 (23.8)*
mm 139.2(21.7) 1285 (22.1) -10.6 (24.4)*
B 1394 (22.6) 130.3 (21.4) -9.1 (23.6)"

—4— Equipotent —¥— Other therapies

175+
150+
125+

100

LDL-c (mg/mL)

75

50 T T
Baseline End of study Change
= 1268 (4238) 106.6 (40.3)  -20.1(38.6)
127.7 (43.7) 113.9 (42.6)  -13.6 (43.7)"
mm 127.8(41.8) 116.0 (42.3) -11.4 (40.7)*

mm 127.7(401)  117.8(418)  -9.5(40.2)

D 350
325+
300
275 T
-3 250
% 225+
£ 200
o 1754 T3 P<0.001
E 150
125
100
754
50 T T
Baseline End of study Change
mm 238.2(90.8) 167.4 (80.2) -70.8(78.4)
239.9 (93.1) 181.5(79.8)  -58.5(68.1)*
mm 2397 (91.9) 183.6 (90.2) -56.1 (84.0)"
mm 238.2(89.9) 1835 (79.5)  -54.7 (78.1)
F
1004
¥
S
T
£
E
P<0.001
& 754
[a)
T T
Baseline End of study  Change
== 81.7(13.0) 77 (11.9) 4.6 (13.5)
81.9 (12.5) 79.1 (12.2) -2.7 (12.2)*
mm  824(13.0) 80.1(12.4) -2.3 (13.0*
mm 82.1(12.8) 81.2(12.4) -1.0 (12.6)*

Figure 2 Evolution of cardiovascular risk factors from baseline for lipid parameters (A—D) and blood pressure (E, F) by treatment cohort. *P < 0.001,
with the CNIC-polypill (acetylsalicylic acid 100 mg, atorvastatin 20/40 mg, and ramipril 2.5/5.0/10 mg) as the reference cohort. CV, cardiovascular; DBP,
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In agreement with the results of the NEPTUNO primary study, the
rate, risk, and time to subsequent MACE in patients with IHD were signifi-
cantly lower in the CNIC-polypill cohort compared with the three other
strategies.”” Moreover, the recent results of the prospective, randomized
SECURE trial conducted in 2499 post-MI patients over 65 years followed

for a median of 3 years confirmed that there was a 24% risk reduction in
recurrent MACE with the CNIC-polypill strategy compared with usual
care, mainly driven by a 33% risk reduction in CV death."® The observed
significant reduction in MACE in the polypill group compared with pa-
tients on loose medications may be attributed to enhanced treatment
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Table 3 Average number per-patient health care resource utilization in the different treatment cohorts during the

2year follow-up

Resource CNIC-polypill Monocomponents Equipotent Other therapies P-value
(n =1080) (n = 1080) (n =1080) (n =1080)
Medical visits, average (SD)
Primary care 16.3 (12.2) 18.5 (14.4) 19.9 (14.1) 212 (13.3) <0.001
Specialized 58 (47) 7.3 (5.8) 75 (74) 79 (74) <0.001
Emergency department 09 (29) 18 (2.7) 20 (3) 24 (3.1) <0.001
Inpatient stays, % 13.6% 19.2% 21.7% 20.2% <0.001
Inpatient days 1.9 (5.6) 32(8.1) 3.8(83) 32(74) <0.001
Rehabilitation sessions 0.6 (2.9) 113.2) 1.0 (3) 1.0 (29) 0.002
Non-invasive diagnostic procedures,
average (SD)
Laboratory tests 32(3.5) 29 (3.1) 2.8 (29) 3231 0.006
Conventional radiology 1.8 (1.6) 22 (1.7) 22 (17) 20 (1.7) <0.001
Computed tomography 0.3 (0.7) 0.4 (0.8) 0.5 (0.8) 0.4 (0.8) <0.001
Magnetic nuclear resonance 0.1 (0.3) 0.3 (0.6) 0.3 (0.6) 0.4 (0.7) <0.001
Other diagnostic/therapeutic tests 0.3 (0.7) 0.4 (0.8) 0.5 (0.9) 0.7 (1) <0.001
Patients on sick leave, % 10.2% 15.3% 14.8% 16.1% <0.001
Sick leave days 59 (227) 9.4 (31.8) 7.9 (26.9) 8.5 (27.2) 0.021

CNIC-polypill, acetylsalicylic acid 100 mg, atorvastatin 20/40 mg, and ramipril 2.5/5.0/10 mg; HCRU, health care resource utilization; SD, standard deviation.

persistence. Indeed, adherence to vascular medications is crucial in pre-
venting CVD, with approximately 9% of CVD events in Europe attributed
to poor medication adherence.*® Additionally, optimal adherence signifi-
cantly reduces adverse outcomes, as seen in a post-Ml cohort where fully
adherent individuals had a 27% lower risk of MACE compared with non-
adherent individuals.>* However, beyond increased adherence, other non-
mutually exclusive mechanisms could contribute to the observed lower
risk of MACE in patients receiving the CNIC-polypill. The GREACE study
demonstrated that combined treatment with a statin and an ACE:i signifi-
cantly reduced CV events more effectively than each drug alone or neither
drug, particularly in high-risk dyslipidaemic coronary heart disease (CHD)
patients.>® Building on these observations, a recent pharmacodynamic trial
comparing the CNIC-polypill with atorvastatin and ramipril taken separ-
ately showed that the polypill group had greater reductions in LDL-c le-
vels.3® Notably, in this Phase | study adherence was 100% in both
groups, suggesting a potential synergistic effect of the polypill components.
Collectively, these studies contribute to our evolving understanding of po-
tential synergies between statins and BP-lowering agents in CV risk
reduction.

In line with the results of the original NEPTUNO study,? treatment
with CNIC-polypill improved the lipid profile and BP control rates in
the subgroup of patients with IHD compared with other therapeutic
strategies. However, no substantial differences in LDL-c or BP were ob-
served between the CNIC-polypill and the usual care group of the
SECURE trial.'® A possible explanation for this discrepancy may be re-
lated to the different designs. Indeed, the NEPTUNO study was retro-
spective and observational, whereas the SECURE trial was a Phase 3,
randomized, controlled clinical trial. Although in both studies the in-
crease in adherence/persistence was around 10%,'®2% in prospective
studies, patients may have enhanced adherence around the days of
the scheduled study visits. In contrast, patients are unaware that they
will be studied retrospectively. Moreover, patients in the real-world
NEPTUNO study were much less well-controlled at baseline than
those in the SECURE trial, so they had a much greater chance of im-
provement with similar treatment. Finally, more than 40% of the pa-
tients in the usual care arm of the SECURE trial were on statins with

an intensity higher than the 20/40 mg of atorvastatin contained in the
CNIC-polypill (e.g. atorvastatin 80 mg or rosuvastatin 10 mg), showing
that, at lower doses, the polypill produces similar outcomes.

In the current study, it was quite striking that, despite the high prescrip-
tion rate of recommended drugs in all cohorts, the proportion of patients
with inadequate BP and LDL-c was still high at the end of the study. It is
worth noting that the study period, spanning 2015-2018, coincided with
ESC and the European Atherosclerosis Society (ESC/EAS) guidelines re-
commending an LDL-c target of <70 mg/dL (<1.8 mmol/L),”’ whereas
this goal was subsequently revised to <55 mg/mL (<1.4 mmol/L) in the
ESC/EAS 2019 update®® Despite this, the proportion of patients with
LDL-c < 70 mg/dL (<1.8 mmol/L) remained lower in our IHD population
(16.3% in the best cohort, that is, the CNIC-polypill) compared with the
EUROASPIRE V survey (32% in patients using lipid-lowering drugs) and
other international studies conducted before 2019 (43-61%).>**" As for
the recent stricter goal of <55 mg/dL (<1.4 mmol/L), it was anticipated
that the proportion of patients meeting this goal target would be markedly
lower (4.6% in the CNIC-polypill cohort). However, this figure is much low-
er than the 20% reported among patients at high and very high-risk across
Europe,* and it lags behind the results observed in other international stud-
ies conducted before 2019 (13.4-23.4%).*'* This low target achievement
is of concern considering that the 1-year risk of subsequent CV events is
inversely related to risk factor control* and that the rate of a subsequent
CV event or death significantly increases with underuse and poor statins ad-
herence. ™" However, treatment persistence at the conclusion of our
study remained notably high in the CNIC-polypill cohort (74.4 vs. 55.2—
61.3% across other cohorts), exceeding the 60% adherence to CV medica-
tions in patients with CVD reported in a meta-analysis.>> Despite the high
persistence observed after 2 years of treatment, our study showed a reduc-
tion in therapy adherence over time, a trend evident even within the
CNIC-polypill group. This observation underscores the imperative for con-
tinuous patient monitoring and emphasizes the challenges associated with
maintaining therapy adherence over the long term.*® Additionally, our re-
sults highlight the importance of adopting comprehensive, long-term ap-
proaches that prioritize consistent lipid management to meet therapeutic
goals.
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Figure 3 Adjusted average costs* per patient during the follow-up by treatment cohort. *Models corrected for age, sex, and Charlson comorbidity
index. **P < 0.01, with the CNIC-polypill (acetylsalicylic acid 100 mg, atorvastatin 20/40 mg, and ramipril 2.5/5.0/10 mg) as the reference cohort.
*#¥%P < 0.001, with the CNIC-polypill (acetylsalicylic acid 100 mg, atorvastatin 20/40 mg, and ramipril 2.5/5.0/10 mg) as the reference cohort.

Other reasons for not achieving the goals in CV risk factor control, as
mentioned in the EUROSPIRE registry, include that lipid-lowering
treatment is not used to its full potential, with statin dosages not maxi-
mized (moderate intensity), infrequent up-titration of doses following
treatment initiation, and scarce use of combination therapies.39 In our
study, only about half of the patients used high-intensity statins, which
agrees with the 50% reported in the EUROSPIRE V survey and the
42.8% reported in Spanish registries of patients with stable IHD.3** In
keeping with this, a simulation in patients with a recent M| estimated
that the <55 mg/dL goal could be reached in approximately 20% of
patients using high-intensity statin monotherapy and in another 30% by
adding ezetimibe, while half of the patients would still be eligible for
treatment with PCSK9 inhibitors if the target was not reached.*
Additionally, a recent study assessing the upfront combination therapy
of a statin and ezetimibe in patients with ACS showed that the risk of
all-cause mortality was significantly reduced compared with statin
monotherapy through a 3-year follow-up period.>® Although inappropri-
ate therapeutic management was apparent across all four treatment
cohorts, the CNIC-polypill strategy exhibited superiority in reducing
recurrent MACE. Consequently, we advocate for considering the polypill
as the baseline therapy while customizing additional interventions based
on specific patient requirements. For instance, to attain LDL-c goals, a
combinatory approach like polypill + ezetimibe + PCSK9 inhibitor, as
needed, could be contemplated.>'=* Similarly, for hypertension manage-
ment, a regimen involving polypill +a beta-blocker +a calcium channel
blocker +a diuretic tailored to individual needs may prove benefi-
cial.>"™3 Lastly, while our study primarily reflects the current guideline-
recommended use of aspirin in polypill strategies, it is noteworthy that
ongoing discussions, supported by a meta—analysis,54 suggest the
potential benefits of P2Y, inhibitors for long-term secondary preven-
tion in patients with coronary artery disease (CAD). The consideration

of future polypill formulations may need to account for evolving evidence
and specific patient populations, such as those with a history of gastro-
intestinal bleeding or predisposing factors.>®

The fact that primary care visits and productivity losses were the largest
components of resource use in all cohorts is in line with a real-world study
conducted in Spain on patients with recent MI.>® Moreover, the largest con-
tributors to overall costs were direct costs, with hospitalization and medi-
cation as the main drivers, which is in line with the 2017 analysis of the
European Heart Network® In our study, patients treated with the
CNIC-polypill incurred significantly less HCRU and lower adjusted health-
care and non-healthcare costs than those in the other cohorts. This is in
line with the primary NEPTUNO trial, which included other CVD (i.e. cere-
brovascular diseases and PDA), except that lost work productivity (sick
leave) costs were similar between treatment cohorts.”* The reason for
this difference could be related to the differential proportion of patients
with productivity losses due to morbidity between CVD categories, which
in Europe is higher among patients with stroke than IHD,*® and in Spain re-
presents 27 and 16% of all non-healthcare costs, respectively.” Finally, our
study found that the CNIC-polypill was a dominant strategy (i.e. a more ef-
fective and cost-saving approach than the other regimens) in patients with
IHD in secondary prevention. This result is in line with the results of the
MERCURY cost-effectiveness analysis, where the CNIC-polypill strategy
was cost-effective compared with monocomponents from the perspective
of the National Health System in Portugal in patients who have suffered a
CHD event or a stroke.”* This is also in line with the conclusions of a recent
systematic literature review where the CV polypill (consisting of ASA, a
lipid-lowering agent, and at least one antihypertensive drug) was cost-
effective compared with the standard treatment for secondary prevention
in patients with at least one non-fatal coronary heart event.>?

Although a retrospective database study design might be generally consid-
ered a limitation, the fact that there is no influence on patients’ adherence to
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medication reflects real-world scenarios and current clinical practice in sec-
ondary prevention populations with patients from different geographical
regions and age groups. Most notably, the comparators included a range
of therapeutic options, from monocomponents to equipotent compo-
nents and other therapies, to minimize the risk of potentially attributing
a differential effect of the CNIC-polypill driven by less potent or subopti-
mal therapeutic regimens. However, this study has several limitations that
need to be acknowledged. Firstly, the retrospective design has inherent
drawbacks, such as coding errors or data omissions. Secondly, although
we conducted a PSM technique to correct baseline imbalances and ap-
proximate a completely randomized experiment, we cannot discard add-
itional potential confounders, such as statin dose or disease duration.®
Thirdly, a potential limitation is selection bias if patients were given a par-
ticular treatment approach based on patient and investigator preferences
or perceptions (e.g. age, severity, perceived poor prognosis, or comorbid-
ities). Fourthly, the investigation, conducted between 2015 and 2018, cor-
responds with a phase in which the ESC/EAS guidelines recommended an
LDL-c target of <70 mg/dL. However, these guidelines were subsequent-
ly updated in 2019, introducing a more stringent target of <55 mg/dL.
This shift in recommended LDL-c targets poses a limitation as our study
predominantly reflects the clinical practices and outcomes during the earl-
ier guideline period. Fifthly, since the time from the diagnosis of the first
CV event to the index date was longer in the CNIC-polypill and mono-
components cohorts, we cannot discard the possibility that this somehow
influenced the results regarding the time to subsequent MACE. However,
in all the cohorts, the median time was <1 year, when the main incidence
of recurrent events after acute Ml is described to occur.? Another limita-
tion of our study is the absence of detailed information on other adverse
events beyond major clinical outcomes. The BIG-PAC® database, from
which our data is derived, primarily emphasizes clinical outcomes, and
thus, the lack of comprehensive data on adverse events (AE) restricts
our capacity to offer an exhaustive safety profile for the various regimens
investigated in this study. Lastly, we only estimated production losses due
to morbidity, whereas production losses due to mortality and informal
care may represent up to 21 and 63% of all non-healthcare costs, respect-
ively, in patients with IHD.>’

Conclusions

Using the CNIC-polypill strategy as baseline therapy in patients in sec-
ondary prevention following IHD was advantageous compared with
other treatment options in terms of the incidence of recurrent
MACE, improvement of CV risk factors, and cost-effectiveness. The
CNIC-polypill (ASA, atorvastatin, and ramipril) exemplifies a cost-
effective simplification of the guideline-recommended treatment linked
to better health outcomes and higher persistence to therapy.

Lead author biography

Regina Dalmau is a MD at the University
Hospital la Paz in Madrid, Spain, and a
PhD candidate at the Autonomous
University of Madrid. She obtained a
Master’s Degree in Cardiology and in
Management of Clinical Units. Her areas
of expertise are cardiovascular prevention
and cardiac imaging. She has been the
Spanish National Coordinator of cardio-
vascular prevention at the ESC from
2014 to 2021 and has been actively in-
volved  in  registries  such  as
EUROASPIRE IV and V, SURF 2, and
ESC-EORP-HFA Heart Failure Long-Term Registry. She has collaborated
as investigator in many clinical trials related to ischaemic heart disease.

Data availability

The data underlying this article will be shared on reasonable request to the
corresponding author.

Supplementary material

Supplementary material is available at European Heart Journal Open
online.

Acknowledgements

The authors thank Martin Hopmans, from Ferrer Internacional, for his
critical review of the writing related to the economic analysis.

Funding

Grupo Ferrer Internacional, S.A. funded this study. The supporting source
was not involved in study design, analysis, interpretation, writing of the re-
sults, or the decision to submit for publication. Editorial and writing support
was provided by Monica Gratacos, with funding from Grupo Ferrer
Internacional, S.A.

Conflict of interest: RD. reports consulting fees from Ferrer
International, Amarin Sanofi, and Amgen; payment or honoraria for lectures
from Novo Nordisk, Novartis, Ferrer, Amarin, Sanofi, Daiichi Sankio, and
AMGEN; support for attending meetings and/or travel from Ferrer
International, Novartis, Sanofi, Amarin, and Daiichi Sankio; has participated
on Data Safety Monitoring Board or Advisory Board for Sanofi, and holds
leadership or fiduciary roles in the World Heart Federation. A.C. reports
honoraria consulting fees from AstraZeneca, Ferrer, Sanofi, AMGEN,
Novartis, Lilly, Novo Nordisk, and Amarin; payment or honoraria for lec-
tures from AstraZeneca, Ferrer, Sanofi, AMGEN, Novartis, Lilly, Novo
Nordisk, and Amarin; and support for attending meetings and/or travel
from Ferrer, Sanofi, AMGEN, Daiichi Sankio, Novartis, Novo Nordisk,
and Amarin. L.M. reports honoraria consulting fees and payment or honor-
aria for lectures from Amgen, Sanofi, Novartis, Ferrer International, Servier,
Daiichi Sankyo, Amarin, and Amryt. ER. is a current worker at Ferrer
International. A.S.-M. was working at Atrys Health at the time of the study.
JR.G.-. reports honoraria for consulting and lectures from Amgen,
AstraZeneca, Bayer, Boehringer Ingelheim, MSD, Daichi Sankyo, Ferrer
International, Novartis, Lilly, Sanofi, and Servier.

References
1. Bhatt DL, Eagle KA, Ohman EM, Hirsch AT, Goto S, Mahoney EM, Wilson PW, Alberts

M), D’Agostino R, Liau CS, Mas JL, Réther J, Smith SCJr, Salette G, Contant CF, Massaro

JM, Steg PG; REACH Registry Investigators. Comparative determinants of 4-year car-

diovascular event rates in stable outpatients at risk of or with atherothrombosis.

JAMA 2010;304:1350-1357.

Steg PG, Bhatt DL, Wilson PW, D’Agostino R Sr, Ohman EM, Réther J, Liau CS, Hirsch

AT, Mas JL, lkeda Y, Pencina M), Goto S; REACH Registry Investigators. One-year car-

diovascular event rates in outpatients with atherothrombosis. JAMA 2007;297:

1197-1206.

. Hess CN, Clare RM, Neely ML, Tricoci P, Mahaffey KW, James SK, Alexander JH, Held
C, Lopes RD, Fox KAA, White HD, Wallentin L, Armstrong PW, Harrington RA,
Ohman EM, Roe MT. Differential occurrence, profile, and impact of first recurrent car-
diovascular events after an acute coronary syndrome. Am Heart | 2017;187:194-203.

. Toppila I, Ukkola-Vuoti L, Perttild J, Térnwall O, Sinisalo ], Hartikainen J, Lehto S.
Cardiovascular event rate and death in high-risk secondary prevention patient cohort
in Finland: a registry study. Clin Cardiol 2022;45:342—-351.

. Escofet Peris M, Alzamora MT, Valverde M, Fores R, Pera G, Baena-Diez JM, Toran P.
Long-term morbidity and mortality after first and recurrent cardiovascular events in the
ARTPER cohort. | Clin Med 2020;9:4064.

. Gentil A, Béjot Y, Lorgis L, Durier |, Zeller M, Osseby G-V, Dentan G, Beer |-C, Moreau

T, Giroud M, Cottin Y. Comparative epidemiology of stroke and acute myocardial in-

farction: the Dijon Vascular project (Diva). | Neurol Neurosurg Psychiatry 2009;80:

1006-1011.

Lin}J, Chen, Jiang N, Li Z, Xu S. Burden of peripheral artery disease and its attributable

risk factors in 204 countries and territories from 1990 to 2019. Front Cardiovasc Med

2022;9:868370.

N

w

N

wv

o

~


http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae027#supplementary-data

12

R. Dalmau et al.

8.

o

-
-

20.

2

=

22.

Kotseva K, Gerlier L, Sidelnikov E, Kutikova L, Lamotte M, Amarenco P, Annemans L.
Patient and caregiver productivity loss and indirect costs associated with cardiovascular
events in Europe. Eur | Prev Cardiol 2019;26:1150-1157.

Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M, Benetos A, Biffi A,
Boavida JM, Capodanno D, Cosyns B, Crawford C, Davos CH, Desormais I, Di
Angelantonio E, Franco OH, Halvorsen S, Hobbs FDR, Hollander M, Jankowska EA,
Michal M, Sacco S, Sattar N, Tokgozoglu L, Tonstad S, Tsioufis KP, van Dis I, van
Gelder IC, Wanner C, Williams B; ESC National Cardiac Societies; ESC Scientific
Document Group. 2021 ESC guidelines on cardiovascular disease prevention in clinical
practice. Eur Heart | 2021;42:3227-3337.

. Aboyans V, Ricco |B, Bartelink MEL, Bjérck M, Brodmann M, Cohnert T, Collet JP,

Czerny M, De Carlo M, Debus S, Espinola-Klein C, Kahan T, Kownator S, Mazzolai L,
Naylor AR, Roffi M, Réther ], Sprynger M, Tendera M, Tepe G, Venermo M,
Vlachopoulos C, Desormais I; ESC Scientific Document Group. 2017 ESC guidelines
on the diagnosis and treatment of peripheral arterial diseases, in collaboration with
the European Society for Vascular Surgery (ESVS): document covering atherosclerotic
disease of extracranial carotid and vertebral, mesenteric, renal, upper and lower ex-
tremity arteries. Endorsed by: the European Stroke Organization (ESO) the task force
for the diagnosis and treatment of peripheral arterial diseases of the European Society
of Cardiology (ESC) and of the European Society for Vascular Surgery (ESVS). Eur Heart
]2018;39:763-816.

. European Stroke Organisation (ESO) Executive Committee; ESO Writing Committee.

Guidelines for management of ischaemic stroke and transient ischaemic attack 2008.
Cerebrovasc Dis 2008;25:457-507.

. Wald NJ, Law MR. A strategy to reduce cardiovascular disease by more than 80%. BMJ

2003;326:1419.

. Ferrer Internacional. Trinomia® 100 mg/20 mg/5 mg SmPC. Available at: https:/cima.

aemps.es/cima/pdfs/es/ft/78575/78575_ft.pdf (December 2022).

. Ferrer Internacional. Trinomia® 100 mg/40 mg/5 mg SmPC. Available at: https:/cima.

aemps.es/cima/pdfs/ft/81774/FT_81774.pdf (December 2022).

. Castellano JM, Verdejo |, Ocampo S, Rios MM, Gémez-Alvarez E, Borrayo G, Ruiz E,

Ibafiez B, Fuster V; SORS Investigators. Clinical effectiveness of the cardiovascular poly-
pillin a real-life setting in patients with cardiovascular risk: the SORS study. Arch Med Res
2019;50:31-40.

. Gomez-Alvarez E, Verdejo ], Ocampo S, Ponte-Negretti Cl, Ruiz E, Rios MM; SORS

Investigators. The CNIC-polypill improves atherogenic dyslipidemia markers in patients
at high risk or with cardiovascular disease: results from a real-world setting in Mexico. Int
J Cardiol Heart Vasc 2020;29:100545.

. Gomez-Alvarez E, Verdejo }, Ocampo S, Ruiz Eo, Martinez-Rios MA. Reaching blood

pressure guideline targets with the CNIC polypill in patients with a previous cardiovas-
cular event in Mexico: a post hoc analysis of the SORS study. Future Cardiol 2020;16:
53-60.

. Castellano JM, Pocock SJ, Bhatt DL, Quesada A, Owen R, Fernandez-Ortiz A, Sanchez

PL, Marin Ortufio F, Vazquez Rodriguez JM, Domingo-Fernandez A, Lozano |,
Roncaglioni MC, Baviera M, Foresta A, Ojeda-Fernandez L, Colivicchi F, Di Fusco SA,
Doehner W, Meyer A, Schiele F, Ecarnot F, Linhart A, Lubanda JC, Barczi G, Merkely
B, Ponikowski P, Kasprzak M, Fernandez Alvira JM, Andres V, Bueno H, Collier T,
Van de Werf F, Perel P, Rodriguez-Manero M, Alonso Garcia A, Proietti M, Schoos
MM, Simon T, Fernandez Ferro J, Lopez N, Beghi E, Bejot Y, Vivas D, Cordero A,
Ibafiez B, Fuster V; SECURE Investigators. Polypill strategy in secondary cardiovascular
prevention. N Engl | Med 2022;387:967-977.

. Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, Claeys MJ, Dan GA,

Dweck MR, Galbraith M, Gilard M, Hinterbuchner L, Jankowska EA, Juni P, Kimura T,
Kunadian V, Leosdottir M, Lorusso R, Pedretti RFE, Rigopoulos AG, Rubini Gimenez
M, Thiele H, Vranckx P, Wassmann S, Wenger NK, Ibanez B; ESC Scientific
Document Group. 2023 ESC guidelines for the management of acute coronary syn-
dromes. Eur Heart | 2023;44:3720-3826.

Mancia G, Kreutz R, Brunstrém M, Burnier M, Grassi G, Januszewicz A, Muiesan ML,
Tsioufis K, Agabiti-Rosei E, Algharably EAE, Azizi M, Benetos A, Borghi C, Hitij JB,
Cifkova R, Coca A, Cornelissen V, Cruickshank JK, Cunha PG, Danser AHJ, Pinho
RM, Delles C, Dominiczak AF, Dorobantu M, Doumas M, Fernandez-Alfonso MS,
Halimi M, Jarai Z, Jelakovi¢ B, Jordan J, Kuznetsova T, Laurent S, Lovic D, Lurbe E,
Mahfoud F, Manolis A, Miglinas M, Narkiewicz K, Niiranen T, Palatini P, Parati G,
Pathak A, Persu A, Polonia ], Redon ], Sarafidis P, Schmieder R, Spronck B, Stabouli S,
Stergiou G, Taddei S, Thomopoulos C, Tomaszewski M, Van de Borne P, Wanner C,
Weber T, Williams B, Zhang ZY, Kjeldsen SE. 2023 ESH guidelines for the management
of arterial hypertension the task force for the management of arterial hypertension of
the European Society of Hypertension endorsed by the International Society of
Hypertension (ISH) and the European Renal Association (ERA). | Hypertens 2023;41:
1874-2071.

. World Health Organization (WHO). The Selection and Use of Essential Medicines 2023:

Executive Summary of the Report of the 24th WHO Expert Committee on the Selection and
Use of Essential Medicines. Geneva: World Health Organization; 2023.

Gonzalez-Juanatey JR, Cordero A, Castellano JM, Masana L, Dalmau R, Ruiz E,
Sicras-Mainar A, Fuster V. The CNIC-polypill reduces recurrent major cardiovascular

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

events in real-life secondary prevention patients in Spain: the NEPTUNO study. Int |
Cardiol 2022;361:116—123.

Aguiar C, Araujo F, Rubio-Mercade G, Carcedo D, Paz S, Castellano JM, Fuster V.
Cost-effectiveness of the CNIC-polypill strategy compared with separate monocompo-
nents in secondary prevention of cardiovascular and cerebrovascular disease in
Portugal: the MERCURY study. | Health Econ Outcomes Res 2022;9:134-146.
Cordero A, Dalmau Gonzélez-Gallarza R, Masana L, Fuster V, Castellano JM, Ruiz Olivar
JE, Zsolt |, Sicras-Mainar A, Gonzalez Juanatey |R. Economic burden associated with the
treatment with a cardiovascular polypill in secondary prevention in Spain: cost-
effectiveness results of the NEPTUNO study. Clinicoecon Outcomes Res 2023;15:
559-571.

Gonzalez-Dominguez A, Duran A, Hidalgo-Vega A, Barrios V. Cost-effectiveness of the
CNIC-polypill versus separate monocomponents in cardiovascular secondary preven-
tion in Spain. Rev Clin Esp (Barc) 2023;223:414-422.

Franczyk B, Gluba-Brzézka A, Jurkiewicz t, Penson P, Banach M, Rysz J. Embracing the
polypill as a cardiovascular therapeutic: is this the best strategy? Expert Opin
Pharmacother 2018;19:1857-1865.

Coca A, Castellano JM, Camafort M, Fuster V. Polypill in cardiovascular disease preven-
tion: recent advances. Pol Arch Intern Med 2023;133:16460.

Birla S, Angural A, Madathumchalil A, Shende RV, Shastry SV, Mahadevappa M, Shambhu
SK, Vishwanath P, Prashant A. Redefining the polypill: pros and cons in cardiovascular
precision medicine. Front Pharmacol 2023;14:1268119.

Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, Barengo
NC, Beaton AZ, Benjamin E|, Benziger CP, Bonny A, Brauer M, Brodmann M, Cahill T},
Carapetis J, Catapano AL, Chugh SS, Cooper LT, Coresh |, Criqui M, DeCleene N, Eagle
KA, Emmons-Bell S, Feigin VL, Ferndndez-Sola J, Fowkes G, Gakidou E, Grundy SM, He
FJ, Howard G, Hu F, Inker L, Karthikeyan G, Kassebaum N, Koroshetz W, Lavie C,
Lloyd-Jones D, Lu HS, Mirijello A, Temesgen AM, Mokdad A, Moran AE, Muntner P,
Narula J, Neal B, Ntsekhe M, Moraes de Oliveira G, Otto C, Owolabi M, Pratt M,
Rajagopalan S, Reitsma M, Ribeiro ALP, Rigotti N, Rodgers A, Sable C, Shakil S,
Sliwa-Hahnle K, Stark B, Sundstrém ], Timpel P, Tleyjeh IM, Valgimigli M, Vos T,
Whelton PK, Yacoub M, Zuhlke L, Murray C, Fuster V; GBD-NHLBI-JACC Global
Burden of Cardiovascular Diseases Writing Group. Global burden of cardiovascular dis-
eases and risk factors, 1990-2019: update from the GBD 2019 study. | Am Coll Cardiol
2020;76:2982-3021.

Sicras-Mainar A, Capel M, Navarro-Artieda R, Nuevo J, Orellana M, Resler G. Real-life
retrospective observational study to determine the prevalence and economic burden of
severe asthma in Spain. | Med Econ 2020;23:492-500.

Consejo General de Colegios Oficiales de Farmacéuticos. BOT Plus 2. Base de Datos de
Medicamentos. Available at https://www.farmaceuticos.com/botplus/ (5 April 2024).
Instituto Nacional de Estadistica. Ganancia media laboral por edad y sexo. Available at
https:/www.ine.es/dyngs/INEbase/es/categoria.htm?c=Estadistica_P&cid=1254735976596
(24 October 2023).

Chowdhury R, Khan H, Heydon E, Shroufi A, Fahimi S, Moore C, Stricker B, Mendis S,
Hofman A, Mant J, Franco OH. Adherence to cardiovascular therapy: a meta-analysis of
prevalence and clinical consequences. Eur Heart | 2013;34:2940-2948.

Bansilal S, Castellano JM, Garrido E, Wei HG, Freeman A, Spettell C, Garcia-Alonso F,
Lizano |, Arnold RJG, Rajda J, Steinberg G, Fuster V. Assessing the impact of medication
adherence on long-term cardiovascular outcomes. | Am Coll Cardiol 2016;68:789-801.
Athyros VG, Mikhailidis DP, Papageorgiou AA, Bouloukos VI, Pehlivanidis AN,
Symeonidis AN, Elisaf M. Effect of statins and ACE inhibitors alone and in combination
on clinical outcome in patients with coronary heart disease. | Hum Hypertens 2004;18:
781-788.

Gonzalez-Juanatey JR, Tamargo ], Torres F, Weisser B, Oudovenko N.
Pharmacodynamic study of the cardiovascular polypill. Is there any interaction among
the monocomponents? Rev Esp Cardiol (Engl Ed) 2021;74:51-58.

Catapano AL, Graham |, De Backer G, Wiklund O, Chapman M), Drexel H, Hoes AW,
Jennings CS, Landmesser U, Pedersen TR, Reiner 7, Riccardi G, Taskinen MR,
Tokgozoglu L, Verschuren WMM, Vlachopoulos C, Wood DA, Zamorano JL,
Cooney MT; ESC Scientific Document Group. 2016 ESC/EAS guidelines for the man-
agement of dyslipidaemias. Eur Heart | 2016;37:2999-3058.

Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman M}, De
Backer GG, Delgado V, Ference BA, Graham IM, Halliday A, Landmesser U, Mihaylova B,
Pedersen TR, Riccardi G, Richter D), Sabatine MS, Taskinen MR, Tokgozoglu L, Wiklund
O; ESC Scientific Document Group. 2019 ESC/EAS guidelines for the management of
dyslipidaemias: lipid modification to reduce cardiovascular risk. Eur Heart | 2020;41:
111-188.

Kotseva K, De Backer G, De Bacquer D, Rydén L, Hoes A, Grobbee D, Maggioni A,
Marques-Vidal P, Jennings C, Abreu A, Aguiar C, Badariene ], Bruthans ], Castro
Conde A, Cifkova R, Crowley J, Davletov K, Deckers ], De Smedt D, De Sutter J,
Dilic M, Dolzhenko M, Dzerve V, Erglis A, Fras Z, Gaita D, Gotcheva N, Heuschmann
P, Hasan-Ali H, Jankowski P, Lalic N, Lehto S, Lovic D, Mancas S, Mellbin L, Milicic D,
Mirrakhimov E, Oganov R, Pogosova N, Reiner Z, Stéerk S, Tokgézoglu L, Tsioufis C,
Vulic D, Wood D; EUROASPIRE Investigators. Lifestyle and impact on cardiovascular
risk factor control in coronary patients across 27 countries: results from the


https://cima.aemps.es/cima/pdfs/es/ft/78575/78575_ft.pdf
https://cima.aemps.es/cima/pdfs/es/ft/78575/78575_ft.pdf
https://cima.aemps.es/cima/pdfs/ft/81774/FT_81774.pdf
https://cima.aemps.es/cima/pdfs/ft/81774/FT_81774.pdf
https://www.farmaceuticos.com/botplus/
https://www.ine.es/dyngs/INEbase/es/categoria.htm?c=Estadistica_P&cid=1254735976596

CNIC-polypill (acetylsalicylic acid, atorvastatin, and ramipril) in IHD

13

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

European Society of Cardiology ESC-EORP EUROASPIRE V registry. Eur | Prev Cardiol
2019;26:824-835.

Sverre E, Peersen K, Husebye E, Gullestad L, Moum T, Otterstad JE, Dammen T,
Munkhaugen J. Unfavourable risk factor control after coronary events in routine clinical
practice. BMC Cardiovasc Disord 2017;17:40.

Silva V, Matos Vilela E, Campos L, Miranda F, Torres S, Jodo A, Teixeira M, Braga P,
Fontes-Carvalho R. Suboptimal control of cardiovascular risk factors in myocardial in-
farction survivors in a cardiac rehabilitation program. Rev Port Cardiol (Engl Ed) 2021;
40:911-920.

Ray KK, Haq |, Bilitou A, Manu MC, Burden A, Aguiar C, Arca M, Connolly DL, Eriksson
M, Ferriéres ], Laufs U, Mostaza JM, Nanchen D, Rietzschel E, Strandberg T, Toplak H,
Visseren FLJ, Catapano AL; SANTORINI Study Investigators. Treatment gaps in the im-
plementation of LDL cholesterol control among high- and very high-risk patients in
Europe between 2020 and 2021: the multinational observational SANTORINI study.
Lancet Reg Health Eur 2023;29:100624.

Allahyari A, Jernberg T, Hagstrém E, Leosdottir M, Lundman P, Ueda P. Application of
the 2019 ESC/EAS dyslipidaemia guidelines to nationwide data of patients with a recent
myocardial infarction: a simulation study. Eur Heart | 2020;,41:3900-3909.

Mehta RH, Bhatt DL, Steg PG, Goto S, Hirsch AT, Liau C-S, Rother J, Wilson PWF,
Richard A-J, Eagle KA, Ohman EM. Modifiable risk factors control and its relationship
with 1 year outcomes after coronary artery bypass surgery: insights from the
REACH registry. Eur Heart | 2008;29:3052-3060.

Chamberlain AM, Cohen SS, Weston SA, Fox KM, Xiang P, Killian JM, Qian Y. Relation
of cardiovascular events and deaths to low-density lipoprotein cholesterol level among
statin-treated patients with atherosclerotic cardiovascular disease. Am | Cardiol 2019;
123:1739-1744.

Lassenius M, Toppila |, Bergius S, Perttild ], Airaksinen KEJ, Pietild M. Cardiovascular
event rates increase after each recurrence and associate with poor statin adherence.
Eur | Prev Cardiol 2021;28:884-892.

Gitt AK, Drexel H, Feely , Ferrieres ], Gonzalez-Juanatey JR, Thomsen KK, Leiter LA,
Lundman P, da Silva PM, Pedersen T, Wood D, Jinger C, Dellea PS, Sazonov V,
Chazelle F, Kastelein JJ; DYSIS Investigators. Persistent lipid abnormalities in statin-
treated patients and predictors of LDL-cholesterol goal achievement in clinical practice
in Europe and Canada. Eur J Prev Cardiol 2012;19:221-230.

Krousel-Wood M, Joyce C, Holt E, Muntner P, Webber LS, Morisky DE, Frohlich E. Re
Richard N. Predictors of decline in medication adherence: results from the cohort study
of medication adherence among older adults. Hypertension 2011;58:804-810.
Cordero A, Galve E, Bertomeu-Martinez V, Bueno H, Facila L, Alegria E, Cequier A, Ruiz
E, Gonzalez-Juanatey JR. Trends in risk factors and treatments in patients with stable
ischemic heart disease seen at cardiology clinics between 2006 and 2014. Rev Esp
Cardiol (Engl Ed) 2016,69:401-407.

5

5

5

5

5

5

5

5

5

5

6

0.

iy

2.

3.

4.

5.

6.

~

8.

9.

o

Lewek J, Niedziela |, Desperak P, Dyrbus K, Osadnik T, Jankowski P, Witkowski A,
Bielecka-Dabrowa A, Dudek D, Gierlotka M, Gasior M, Banach M. Intensive statin ther-
apy versus upfront combination therapy of statin and ezetimibe in patients with acute
coronary syndrome: a propensity score matching analysis based on the PL-ACS data.
J Am Heart Assoc 2023;12:e030414.

. Grigorian-Shamagian L, Coca A, Morais ], Perez-Martinez P. The use of the

CNIC-polypill in real-life clinical practice: opportunities and challenges in patients at
very high risk of atherosclerotic cardiovascular disease—expert panel meeting report.
BMC Proc 2023;17:20.

Grigorian-Shamagian L, Edel K, Esteve-Pastor MA, Acefia A, Silva C, Delgado-Silva J,
Ntaios G, Demerouti E, Brotons C. Practical decision algorithms for the use of the car-
diovascular polypill in secondary prevention in Europe. Front Cardiovasc Med 2021;8:
663361.

Coca A, Kreutz R, Manolis AJ, Mancia G. A practical approach to switch from a multiple
pill therapeutic strategy to a polypill-based strategy for cardiovascular prevention in pa-
tients with hypertension. | Hypertens 2020;38:1890-1898.

Gragnano F, Cao D, Pirondini L, Franzone A, Kim HS, von Scheidt M, Pettersen AR,
Zhao Q, Woodward M, Chiarito M, McFadden EP, Park KWV, Kastrati A, Seljeflot |,
Zhu Y, Windecker S, Kang J, Schunkert H, Arnesen H, Bhatt DL, Steg PG, Calabro P,
Pocock S, Mehran R, Valgimigli M; PANTHER Collaboration. P2y(12) inhibitor or aspirin
monotherapy for secondary prevention of coronary events. | Am Coll Cardiol 2023;82:
89-105.

Cohen DJ. P2Y12 inhibition vs. aspirin for secondary coronary prevention. NEJM
Journal Watch. 2023. Available at https://www.jwatch.org/na56318/2023/07/14/
p2y12-inhibition-vs-aspirin-secondary-coronary-prevention (5 April 2024).
Escobar-Cervantes C, Villa G, Campos-Tapias |, Sorio-Vilela F, Lozano J, Kahangire DA,
Fernandez-Delgado M, Sicras-Navarro A, Sicras-Mainar A. Achieving lower LDL-C le-
vels after a recent myocardial infarction might be associated with lower healthcare re-
source use and costs in Spain. Adv Ther 2022;39:3578-3588.

. Wilkins E, Wilson L, Wickramasinghe K, Bhatnagar P, Leal ], Luengo-Fernandez R, Burns

R, Rayner M, Townsend N. European Cardiovascular Disease Statistics 2017. Brussels:
European Heart Network; 2017.

Rayner M, Allender S. Scarborough P, for the British Heart Foundation Health
Promotion Research Group. Cardiovascular disease in Europe. Eur | Cardiovasc Prev
Rehabil 2009;16:543-547.

Jahangiri R, Rezapour A, Malekzadeh R, Olyaeemanesh A, Roshandel G, Motevalian SA.
Cost-effectiveness of fixed-dose combination pill (polypill) in primary and secondary
prevention of cardiovascular disease: a systematic literature review. PLoS One 2022;
17:¢0271908.

. Reiffel JA. Propensity-Score matching: optimal, adequate, or incomplete? | Atr Fibrillation

2018;11:2130.


https://www.jwatch.org/na56318/2023/07/14/p2y12-inhibition-vs-aspirin-secondary-coronary-prevention
https://www.jwatch.org/na56318/2023/07/14/p2y12-inhibition-vs-aspirin-secondary-coronary-prevention

	The CNIC-polypill (acetylsalicylic acid, atorvastatin, and ramipril), an effective and cost-saving secondary prevention strategy compared with other therapeutic options in patients with ischaemic heart disease
	Introduction
	Methods
	Study design and patients
	Study cohorts
	Study variables and outcomes
	Statistical analysis

	Results
	Cumulative incidence and risk of recurrent major adverse cardiovascular event
	Cardiovascular risk factors evolution and control
	Treatment persistence and concomitant treatments
	Healthcare resource utilization and costs
	Cost-effectiveness

	Discussion
	Conclusions
	Lead author biography
	Data availability
	Supplementary material
	Acknowledgements
	Funding
	References


