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Objectives: This analysis compared adherence,
cardiovascular (CV) events and all-cause mortality
incidence, and healthcare costs among hypertensive
patients treated with perindopril (PER)/indapamide (IND)/
amlodipine (AML) in single-pill combination (SPC) vs.
multiple-pill combination, in a real-world setting in Italy.

Methods: In this observational retrospective analysis of
Italian administrative databases, adult patients treated with
PER/IND/AML between 2010 and 2020 were divided into
two cohorts: single-pill vs. multiple-pill. Patient data were
available for at least one year before and after index date.
Propensity score matching (PSM) was applied to reduce
selection bias. Adherence was defined as proportion of
days covered: non-adherence, <40%; partial adherence,
40–79%, and adherence �80%. Mortality incidence and
CV events as single, or composite, endpoints were
evaluated after first year of follow-up. Healthcare cost
analyses were performed from the perspective of the
Italian National Health Service.

Results: Following PSM, the single-pill cohort included 12
150 patients, and the multiple-pill cohort, 6105. The SPC
cohort had a significantly higher percentage of adherent
patients vs. the multiple-pill cohort (59.9% vs. 26.9%,
P<0.001). Following the first year of follow-up, incidence
of all-cause mortality, and combined endpoint of all-cause
mortality and CV events were lower in the SPC cohort
compared with multiple-pill cohort. Average annual direct
healthcare costs were lower in the single-pill cohort
(s2970) vs. multiple-pill cohort (s3642); cost of all drugs
and all-cause hospitalizations were major contributors.

Conclusion: The SPC of PER/IND/AML, compared with
multiple-pill combination, is associated with higher
adherence to medication, lower incidence of CV events
and mortality, and reduced healthcare costs.

Keywords: adherence, cost-outcomes, hypertension, Italy,
perindopril/indapamide/amlodipine, real-world evidence,
single-pill combination

Abbreviations: ACE, angiotensin converting enzyme;
AML, amlodipine; ARB, angiotensin receptor blocker; ATC,
anatomical-therapeutic chemical; BP, blood pressure; CCB,
6 www.jhypertension.com
calcium channel blocker; CKD, chronic kidney disease; CV,
cardiovascular; DRG, diagnosis related group; GDPR,
General Data Protection Regulation; ICD-9-CM,
International Classification of Diseases, Ninth Revision,
Clinical Modification; IND, indapamide; INHS, Italian
National Health Service; LHU, local health units; PDC,
proportion of days covered; PER, perindopril; PSM,
propensity score matching; RAAS, renin–angiotensin-
aldosterone system; SD, standard deviation; SMD,
standardized mean difference; SPC, single-pill combination
INTRODUCTION
H
igh systolic blood pressure (BP), the leading risk
factor for death in both men and women in 2019,
accounted for 19.2% of deaths [1]; with the preva-

lence of hypertension in men and women globally at 652
million and 626 million, respectively [2]. The largest (N¼ 42
324) and most detailed meta-analysis of the stratified effects
of achieving lower BP [which included 12.3% of individuals
with �1 cardiovascular (CV) event] demonstrated that for
every 5mmHg reduction in systolic blood pressure (SBP),
the relative risk for CV events was lowered by approxi-
mately 10% [3]. The Systolic Blood Pressure Intervention
Trial (SPRINT) treatment algorithm for achieving SBP of
DOI:10.1097/HJH.0000000000003570
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<120mmHg recommended the use of triple drug therapy if
<120mmHg is not achieved with two-drug therapy [4].

The recommended treatment for hypertension includes
lifestyle intervention as well as treatment with renin–an-
giotensin–aldosterone system (RAAS) blockers [angioten-
sin converting enzyme (ACE) inhibitors, angiotensin
receptor blockers (ARBs)], beta-blockers, calcium channel
blockers (CCBs) and, thiazide/thiazide-like diuretics [5].
Most monotherapy drugs have been shown to reduce
SBP and diastolic BP, by 10–15 and 5–10mm Hg, respec-
tively [6]. The recommended target for treatment in Europe
is a BP of<140/90mmHg, and, if tolerated,<130/80mmHg
[5]. European guidelines recommend initial treatment with a
two-drug single-pill combination (SPC) in most patients,
however if this does not control BP, a three-drug SPC can be
used [5]. Treatment for hypertension consists preferentially
of a RAAS blocker combined with a CCB and/or a thiazide/
thiazide-like diuretic [5]. Triple combination therapy should
control BP in >80% of patients whose BP is not controlled
by two-drug therapy [5]. For resistant hypertension, addi-
tional drugs may be added to the three-drug SPC, with
spironolactone [5], which can further reduce BP [7], being
the preferred choice (or other diuretic therapy in the case of
intolerance), followed by bisoprolol or doxazosin [5]. Com-
bination therapy can reduce possible adverse effects caused
by other therapies, such as hypokalemia caused by a
diuretic [5].

The number of medications prescribed is a risk factor for
non-adherence, with the odds of non-adherence increasing
with each additional medication [8]. Poor adherence to
treatment has been identified as a contributing factor to
poor BP control [5]. Similarly, a lower number of pills, rather
than the type of intervention, has been shown to increase
the prevalence of BP control [9]. SPCs could offer an
opportunity to improve adherence by simplifying treat-
ment, as demonstrated in elderly patients in Italy, who
were more adherent to single-pill therapy than a fixed
combination therapy of multiple drugs [10]. SPCs are
now recommended as the best clinical practice by the
World Health Organization [11], and by European guide-
lines, to efficiently and rapidly control BP [5].

Perindopril (PER)/indapamide (IND)/amlodipine
(AML) SPC consists of a fixed dose of an ACE inhibitor,
a thiazide-like diuretic, and a calcium channel blocker
[12], and was the first triple single-pill to contain this
particular combination [13]. This SPC is a substitution
therapy for the treatment of essential hypertension in
patients in Italy, who are currently receiving separate
treatment with a fixed dose combination of PER/IND
and AML at the same dose [12]. The efficacy and tolerabili-
ty of PER/IND/AML SPC has been demonstrated in clinical
trials and real-world studies [14–16], however, data relat-
ing to the effect of this triple SPC on adherence, clinical
outcomes, such as CV events, and healthcare costs in a
real-world setting are limited.

The aim of this study was to evaluate and compare
adherence to medication, incidence of CV events and all-
cause mortality, and healthcare costs among patients with
hypertension treated with PER/IND/AML as a single-pill
vs. multiple-pill combinations, in a real-world setting
in Italy.
Journal of Hypertension
METHODS

Data source
This observational retrospective analysis used the adminis-
trative databases of a sample of Local Health Units (LHU)
covering approximately seven million health-assisted indi-
viduals. These databases store all data concerning the health-
care resources reimbursed by the Italian National Health
Service (INHS): beneficiaries’ database contains patients’
demographic data; pharmaceutical database provides the
Anatomical-TherapeuticChemical (ATC) codeandmarketing
authorization code (AIC code) of drug dispensed, number of
packages, number of units per package, and prescription
date; hospitalizationdatabase includes all hospitalizationdata
with admission and discharge dates, discharge diagnosis
codes classified according to the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM),diagnosis-relatedgroup (DRG)andDRG-relatedcharge.

To guarantee privacy of patients, an anonymous univocal
numerical code was assigned to each participant included in
the study, in full compliancewith the EuropeanGeneralData
Protection Regulation (GDPR) (2016/679). This code
allowed the electronic linkage between all different data-
bases. No identifiers related to patients were provided to the
authors. All the results of the analyses were produced as
aggregated summaries, which are not possible to assign,
either directly or indirectly, to individual patients. Informed
consent was not required (pronouncement of the Data
Privacy Guarantor Authority, General Authorization for per-
sonal data treatment for scientific research purposes – no. 9/
2014), and the LHU ethics committees approved the study.
All data used for the current study are available from CliCon
S.r.l., which is the body entitled to data processing by LHUs.

Study design and study population
The objective of this analysis was to evaluate the change in
adherence to prescribed medication in hypertensive
patients who were treated with PERþINDþAML in multi-
ple-pill combination (two or three pills) (multiple-pill co-
hort) or PER/IND/AML single-pill formulation (single-pill
cohort), and compare the outcomes and healthcare costs
between the two groups. During the study period (2010–
2020), all adult patients (�18 years) treated with PER/IND/
AML as SPC were included and allocated to the single-pill
cohort, while those prescribed with multiple pills were
allocated to the multiple-pill cohort (Fig. 1; Table 1, Sup-
plemental Digital Content, http://links.lww.com/HJH/
C297). The index date corresponded to the date (�1month)
of the first prescription of the three active ingredients as a
multiple-pill combination in the multiple-pill cohort and to
the date of first prescription of PER/IND/AML as a SPC in the
single-pill cohort. All patients included had at least one
year’s data available before (characterization period) and
after (follow-up) the index date. Exclusion criteria com-
prised patients with only one prescription of SPC dispensed
during the study period, and those who died or moved to
another region during the first year of follow-up.

Baseline variables
Data on baseline clinical characteristics and patient
demographics were collected at index date. During the
www.jhypertension.com 137
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FIGURE 1 Identification of patients with PER/IND/AML multiple-pill vs. single-pill formulation. �Post-PSM. AML, amlodipine; IND, indapamide; PER, perindopril.
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characterization period, medical history was evaluated by
identifying: previous CV events (ischemic heart disease,
heart failure, cerebrovascular diseases, peripheral vascular
diseases), chronic kidney disease (CKD), and diabetes
mellitus hospitalizations. To better assess medical history,
the concomitant medicine dispensed during characteriza-
tion period (as least two prescriptions dispensed), lipid-
lowering agents, other antihypertensive treatments (ex-
cluding study drugs), and blood glucose lowering agents
(Table 2, Supplemental Digital Content, http://links.lww.
com/HJH/C297) were integrated in the analyses. Further-
more, presence of anti-inflammatory drugs, antidepres-
sants, antithrombotic agents, antiarrhythmics prior index
date was evaluated as well (Table 2, Supplemental Digital
Content, http://links.lww.com/HJH/C297).

Adherence to treatment
Adherence was evaluated as proportion of days covered
(PDC) by pills, by using the following cut-off: PDC <40%
(non-adherence); PDC¼ 40–79% (partial adherence); PDC
�80% (adherent). These cut-offs are widely used in the
literature to evaluate the levels of adherence [17–19]. Ad-
herence to PERþINDþAML multiple-pill combination was
calculated as the PDC by all three molecules (combined in
two or three pills), adherence to PER/IND/AML SPC was
calculated as the days covered by the single pill. Adherence
was evaluated during follow-up after propensity score
matching (PSM) (see statistical analysis section).

Clinical outcomes
Incidence of mortality and CV events (ischemic heart dis-
ease, heart failure, cerebrovascular diseases, peripheral
vascular diseases) (in major diagnosis) as single or com-
posite endpoints were evaluated after the first year of
follow-up (and up to the end of data period) and compared
between single-pill vs. multiple-pill combination cohorts
post-PSM.

Healthcare direct costs analysis
Annualized healthcare direct costs were analyzed during
available follow-up period in terms of all drug treatments,
all-cause hospitalizations (CV events-related hospitaliza-
tion) and all outpatient specialist services. Costs were
compared among multiple-pill vs. single-pill cohorts
138 www.jhypertension.com
post-PSM. The healthcare cost analysis was performed from
the perspective of the INHS, with costs reported in Euros
(s). Drug costs were evaluated using the INHS purchase
price. Hospitalization costs were determined using DRG
tariffs, which represent the reimbursement levels by the
INHS to healthcare providers. The costs of instrumental and
laboratory tests were defined according to tariffs applied by
each region.

Statistical analysis
Continuous variables are reported as the mean� standard
deviation (SD), whereas categorical variables are expressed
as frequencies and percentages. For comparative analyses,
a P value <0.05 was considered for statistical significance.
PSM was applied to minimize the selection bias and to
reduce potential unbalances both in baseline characteristics
and in number of patients among the two cohorts. Patients
were matched (matching ratio 2:1, single-pill: multiple-pill)
on quintiles of propensity score calculated using a logistic
regression model which includes age, sex, comorbidities,
concomitant medicines, and medical history (previous CV
events, CKD disease, and diabetes mellitus hospitalizations)
as previously listed. Standardized mean difference (SMD)
values >0.1 is a threshold recommended for declaring
imbalance; SMD values above 0.2 are considered small,
SMD values >0.5 are considered medium-sized, and SMD
values >0.8 are considered large [20]. All analyses were
performed using Stata SE version 17.0 (StataCorp, College
Station, Texas, USA).

RESULTS

Overall, 37 365 patients (mean age 66.0 years, 54.3% [20
274] male) were identified in the single-pill data pool, and
6105 (mean age 68.2 years, 50.8% [3104] male) in the
multiple-pill data pool (of which 97.6%, n¼ 5961 received
the two-pill combination plus one). Before PSM, patients in
the single-pill data pool were younger, mostly male, and
showed a less comorbid profile compared with those with
multiple-pill combination, with lower percentages of
patients with previous CV events (12.2% single-pill vs.
13.5% multiple-pill, P< 0.01), and diabetes mellitus hospi-
talizations (7.0% single-pill vs. 9.0%multiple-pill, P< 0.001)
as reported in Table 1. After PSM, the multiple-pill and
single-pill cohorts were created and balanced for their
Volume 42 � Number 1 � January 2024
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TABLE 1. Baseline characteristics of included patients on multiple-pill vs. single-pill, before and after PSM

Before PSM After PSM

Data pool
multiple-pill
(N¼6105)

Data pool
single-pill
(N¼37 365) P-value

Cohort
multiple-pill
(N¼6105)

Cohort
single-pill
(N¼12 150)

Standardized
mean

difference

Age, mean (SD) 68.2 (11.9) 66.0 (12.3) <0.001 68.2 (11.9) 67.8 (11.9) 0.033

Male, n (%) 3104 (50.8) 20 274 (54.3) <0.002 3104 (50.8) 6 272 (51.6) 0.016

Comorbidity profile

Without previous CV events, n (%) 5280 (86.5) 32 798 (86.1) <0.01 5280 (86.5) 10 487 (86.3) 0.005

With previous CV events, n (%) 825 (13.5) 4567 (12.2) 825 (13.5) 1663 (13.7)

CKD disease, n (%) 50 (0.8) 254 (0.7) 0.226 50 (0.8) 102 (0.8) 0.002

Diabetes mellitus hospitalizations, n (%) 548 (9.0) 2629 (7.0) <0.001 548 (9.0) 1061 (8.7) 0.009

CKD, chronic kidney disease; CV, cardiovascular; PSM, propensity score matching; SD, standard deviation.
Standardized mean difference (SMD) values: >0.1 is a threshold recommended for declaring imbalance.
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characteristics and comprised 6105 patients on multiple-pill
combination (multiple-pill cohort) vs. 12 150 on SPCs
(Table 1) and formed the basis for the study analysis.

Adherence to treatment
There was a significantly higher percentage of adherent
patients (PDC � 80%) in the single-pill cohort compared
with the multiple-pill combination cohort (59.9% single-pill
vs. 26.9%multiple-pill, P< 0.001; Fig. 2). Accordingly, there
were more non-adherent patients in themultiple-pill cohort
than in the single-pill cohort (54.0 vs. 20.8%, respectively;
P< 0.001), while similar values were observed for partial
adherence (19% for both cohorts).

Patient outcomes
After the first year of follow-up, mortality rate was lower in
the single-pill cohort (29.9 per 1000-person/year, mean
follow-up 1.6� 0.9 years) vs. multiple-pill cohort (33.7
per 1000-person/year, mean follow-up 3.3� 2.3 years)
(P< 0.05; Fig. 3a). Similarly, a lower incidence of death
and CV events as a composite endpoint was seen in patients
who were prescribed single pills, 105.8 per 1000-person/
year (mean follow-up 1.6� 0.9 years) compared with 139.0
per 1000-person/year (mean follow-up 3.0� 2.2 years)
(P< 0.001) for patients on multiple pills (Fig. 3b).
FIGURE 2 Adherence to treatment in patients under multiple-pill vs. SPC, post-PDM. PDC

Journal of Hypertension
Healthcare costs
Average annual direct healthcare costs evaluated during the
available follow-up period were lower in the single-pill
(s2970) cohort than in the multiple-pill cohort (s3642)
(P< 0.05; Fig. 4). The major contributors to costs were
expenditures related to the cost of all drugs (s1808 in
multiple-pill vs. s1525 in single-pill cohort, P¼ 0.118)
and all-cause hospitalizations (s1262 in multiple-pill vs.
s953 in single-pill cohort, P< 0.05; Fig. 4).

DISCUSSION

In this Italian real-world study involving patients with
hypertension, the beneficial effects of single-pill combina-
tion therapy were demonstrated by improved patient
adherence and better clinical outcomes, compared with
patients who were prescribed multiple pills. Administration
of SPC was associated with fewer CV events, and lower
mortality rates and treatment costs. Dual single-pill combi-
nations as initial treatment for hypertension is now recom-
mended by the most recent international guidelines, and,
for patients who remain uncontrolled, triple single-pill
combinations (triple SPC), including RAAS inhibitor, CCB
and diuretic as the second step is recommended [5]. SPC-
based strategy is associated with more efficient and rapid
BP control, but also with improved adherence [21], clinical
, proportion of days covered; PSM, propensity score matching.

www.jhypertension.com 139



FIGURE 3 Incidence rate of death (a) and death/CV events (composite endpoint) (b) in patients under multiple-pill vs. SPC, post-PSM, during 1-year follow-up. CV events:
ischemic heart, heart failure, cerebrovascular disease, peripheral vascular disease. CV, cardiovascular; PSM, propensity score matching.
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outcomes and reduced deaths, providing long-term benefit
for patients [22]. The benefits of triple single-pill combina-
tion over dual single-pill combination treatments in relation
to efficacy, and achievement of BP control have been
demonstrated in clinical practice [23]. Effective control of
BP in patients with uncontrolled hypertension treated with
triple PER/IND/AML SPC has also been reported in several
observational studies, conducted using real-world data
gathered from routine clinical practice [14,15,24–26].

One recent study [27] demonstrated that major CV events
over a 12-year follow-up period were lower in a triple
combination PER/IND/AML cohort than in patients treated
with ACE-inhibitors þ CCBs þ thiazides or ARBs þ CCBs þ
thiazides, with 4.6 vs. 8.8 and 8.6%, respectively (P< 0.05).
The same was true for incidences of left ventricular hyper-
trophy throughout the study period (2012–2020), at 4.2 vs.
8.4 and 6.9%, respectively (P< 0.05) [27].

The results presented here show that patients are more
adherent to antihypertensive treatment when prescribed a
SPC compared with having to take multiple (two or three)
pills per day (P< 0.001). These results are supported by
FIGURE 4 Average annual direct healthcare costs in patients under multiple-pill vs. sin
included the sum of all drugs, all-cause hospitalizations and all outpatient services. CV, c

140 www.jhypertension.com
similar real-world evidence studies in Italy, for SPC of PER/
AML (the AMPERES study) [28], Greece, for SPC of PER/
IND/AML [25], and Korea, for SPCs of ARB/CCB therapy
[29], which found an improvement in adherence when
patients were treated with a SPC [25,28,29]. A real-world
study in Italy showed that blood pressure control was better
when fewer pills were used for triple combination therapy
[9]. Only two randomized controlled trials have demonstrat-
ed that treatment with a triple SPC, when compared to a
multiple-pill treatment option, resulted in better adherence
with reduced pill burden [30,31].

Adherence to antihypertensive treatment is associated
with long-term benefits by reducing risk of major adverse
CV events [32]. The current study reports that the rate for
both mortality and the composite endpoint of death and CV
events, was significantly lower for those receiving a single-
pill formulation compared to a multiple-pill combination
(P< 0.05 and P< 0.001, respectively). A meta-analysis
assessing SPC treatment compared to equivalent multi-
ple-pill combination therapy, also concluded that patient
outcomes improved in those with hypertension and/or
gle-pill formulation, post-PSM. Total costs (average annual direct healthcare costs)
ardiovascular; PSM, propensity score matching.

Volume 42 � Number 1 � January 2024
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dyslipidemia receiving SPC [33]. The impact on disease
outcomes was also observed in a real-world Australian
study which found that the risk of mortality of patients
was reduced when patients were treated with a SPC of AML
þ PER compared to treatment with multiple pills [34].
Findings from the real-world Italian AMPERES study dem-
onstrated that those patients at baseline receiving SPC
therapy suffered significantly fewer CV events, compared
to those treated with multiple pills (P< 0.001).[28] Further-
more, interventional studies comparing a triple SPC to
multiple pill combinations have demonstrated a reduction
in the likelihood of disease progression in patients with
hypertension, and in those with hypertension associated
with obesity and diabetes [35,36].

Another important issue is cost of life-long therapy in
hypertension, however real-world healthcare cost data
comparing multiple-pill and single-pill combinations are
also limited. In our study, as observed in other studies, the
cost related to outcomes was addressed by the event rate.
The direct healthcare costs for the multiple-pill cohort were
higher than in single-pill cohort, and a major contributor
was hospital costs due to a higher event rate. Similar results
were found in another real-world study in Italy, where free
combination treatment had higher median costs per patient
than single-pill combination treatment [37].

Although the focus of this study was to evaluate the
outcomes and healthcare costs of SPC compared to multi-
ple-pill combination in the treatment of hypertension, the
importance of detecting the cause of hypertension, second-
ary or not, and taking this, and any comorbidities, into
consideration when choosing a treatment strategy [5]
should be noted.

The value of real-world data in hypertension, in particu-
lar the use of databases, complementary to evidence from
randomized clinical trials (RCTs), has been highlighted
recently [38]. Databases allow for information to be collect-
ed over longer time periods, and provide a large amount of
data, which can be quickly available [38,39]. In addition,
real-world data may offer an optimal setting in which to
evaluate real-world phenomena – such as therapeutic
inertia and poor treatment adherence, which cannot be
assessed in the RCT setting [38].

It is important to note that this study has some limita-
tions. As an administrative database was used, data on
potential confounders such BP values, BMI and other
clinical parameters are not available. The time of the
introduction of the PER/IND/AML SPC to the market may
have resulted in a shorter follow-up duration and in youn-
ger patients with a less comorbid profile being initiated on
the SPC treatment, although age and comorbidities were
taken into account in the PSM. In addition, diabetes is
known to influence cardiovascular risk in patients with
hypertension [5] and was present in patients from both
cohorts. Following PSM, diabetes was evenly distributed in
the cohorts included in the analysis. Further limitations of
the study design include the fact that data on concomitant
treatment prescribed to the patients were gathered only at
baseline and not during follow-up, and these data were
obtained only in one country (Italy), and therefore the
generalization of these results to the entirety of the Euro-
pean or global population may be restricted.
Journal of Hypertension
In conclusion, this Italian real-world study of patientswith
hypertension demonstrates the multiple benefits of triple
SPC for patients and funders by reducing pill burden, mor-
tality, and costs. These findings resonatewith that of others in
the same setting demonstrating the pharmacological advan-
tages of PER/IND/AML combination [27] as a single pill.
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