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ABSTRACT

Introduction: The present real-world analysis
aims to compare the drug utilization, hospital-
izations and direct healthcare costs related to the
use of single-pill combination (SPC) or free-
equivalent combination (FEC) of perindopril and
bisoprolol (PER/BIS) in a large Italian population.
Methods: This observational retrospective anal-
ysis was based on administrative databases cov-
ering approximately 7 million subjects across
Italy. All adult subjects receiving PER/BIS as SPC
or FEC between January 2017-June 2020 were
included. Subjects were followed for 1 year after
the first prescription of PER/BIS as FEC (+1
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month) or SPC. Before comparing the SPC and
FEC cohorts, propensity score matching (PSM)
was applied to balance the baseline characteris-
tics. Drug utilization was investigated as adher-
ence (defined by the proportion of days covered,
PDC) and persistence (evaluated by Kaplan-Meier
curves). Hospitalizations and mean annual direct
healthcare costs (due to drug prescriptions, hos-
pitalizations and use of outpatient services) were
analyzed during follow-up.

Results: The original cohort included 11,440
and 6521 patients taking the SPC and FEC PER/
BIS combination, respectively. After PSM, two
balanced SPC and FEC cohorts of 4688 patients
were obtained (mean age 70 years, approxi-
mately 50% male, 24% in secondary preven-
tion). The proportion of adherent patients
(PDC > 80%) was higher for those on SPC
(45.5%) than those on FEC (38.6%), p < 0.001.
The PER/BIS combination was discontinued by
35.8% of patients in the SPC cohort and 41.7%
in the FEC cohort (p < 0.001). The SPC cohort
had fewer cardiovascular (CV) hospitalizations
(5.3%) than the free-combination cohort
(7.4%), p < 0.001. Mean annual total healthcare
costs were lower in the SPC (1999€) than in the
FEC (2359¢€) cohort (p < 0.001).

Conclusion: In a real-world setting, patients
treated with PER/BIS SPC showed higher
adherence, lower risk of drug discontinuation,
reduced risk of CV hospitalization, and lower
healthcare costs than those on FEC of the same
drugs.
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PLAIN LANGUAGE SUMMARY

Patients with cardiovascular conditions often
need to take many pills. This may result in
patients not taking their pills as prescribed (i.e.,
low adherence) and compromise the potential
benefits derived from prescription of cardio-
vascular protective drugs. Simplifying treatment
by combining drugs into a single pill can
improve adherence and, consequently, patient
outcomes. In this analysis using data from real
clinical practice, we explored whether using a
single pill of perindopril and bisoprolol is asso-
ciated with higher levels of adherence, lower
proportion of patients with hospitalizations and
lower economic costs than using the same drugs
prescribed as free-equivalent combination in a
large sample of the Italian population of
approximately 7 million people. We identified
two groups of patients taking single pill or free-
equivalent combination of perindopril and
bisoprolol (4688 patients in each cohort). Over
1-year follow-up, patients taking single pill were
more likely to be adherent and were less likely
to stop taking their treatment. They also had
fewer cardiovascular hospitalizations with
shorter hospital admission and had lower
healthcare direct costs. In conclusion, simpli-
fying treatment by combining perindopril and
bisoprolol in a single pill instead of two may
have a positive effect on adherence, outcomes
and healthcare costs already after 1 year.

Keywords: Single-pill
Perindopril;  Bisoprolol;

combination;
Economic  costs;

Adherence; Real-world data

Key Summary Points

Suboptimal adherence may impair the
benefit of anthypertensive treatments

Reducing pill burden by combining two
antihypertensive drugs in a single pill
could improve adherence to medication

This real-world analysis compared two
matched groups of patients prescribed
bisoprolol/perindopril as single-pill
combination (SPC) or free-equivalent
combination (FEC) in Italy in terms of
adherence and persistence, cardiovascular
hospitalizations and healthcare resource
consumption

The findings showed how patients with
SPC displayed a better drug utilization
profile in terms of higher level of adherent
and persistent patients as well as lower
proportion of hospitalizations and overall
healthcare resource costs over a 1-year
period

The study adds to the growing body of
knowledge on the positive impact of the
SPC approach on adherence, outcomes
and healthcare costs for National Health
Systems

INTRODUCTION

Cardiovascular disease (CVD) remains the lead-
ing cause of mortality worldwide, therefore
representing a public health priority [1]. Initia-
tion and evolution of CVD depend on contin-
uous exposure to cardiovascular risk factors,
leading to the activation of damaging pathways
that promote the accumulation of organ dam-
age, ultimately leading to its clinical manifes-
tations [2, 3]. The sympathetic nervous system
(SNS) and renin-angiotensin-aldosterone sys-
tem (RAAS) have been regarded as central
pathways involved in the progression of CVD
and its complications [4]. Their upregulation is
involved in all steps of the CVD continuum,
influencing the control of cardiovascular risk
factors, evolution of the subclinical organ
damage and early and long-term adaptations
which follow acute cardiovascular (CV) events
(i.e., myocardial infarction) [2, 3]. Beyond their
intrinsic feedback regulation, these two systems
also interact with each other as sympathetic
activation results in increased renin secretion
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and upregulation of the RAAS activity, whereas
RAAS activation leads to sympathetic overac-
tivity acting at the level of the central nervous
system [5]. This creates the pharmacologic
rationale for prescribing drugs that target both
neurohormonal pathways, slowing down the
CVD continuum’s evolution.
Angiotensin-converting enzyme inhibitors
(ACE-Is) and B-blockers (BB) have been shown
to reduce the overactivity of the RAAS and SNS,
leading to improved blood pressure control and
lower risk of cardiovascular events in patients
with and without established CVD [6, 7]. Fur-
thermore, while BBs were previously recom-
mended in hypertensive patients in the
presence of a few specific indications/comor-
bidities, in the most updated European Society
of Hypertension (ESH) guidelines [8], use of BBs
was extended in the presence of many addi-
tional conditions including various cardiac dis-
eases less or not related to hypertension, other
vascular conditions and other non-CV diseases
[8]. In many of these conditions, BB has been
shown to modify the patient’s outcome,
reducing the risk of cardiovascular complica-
tions. However, the benefits for the general
population obtained from CV protective drugs
are commonly less evident than what could be
expected based on the results of randomized
controlled trials [1]. Treatment adherence rep-
resents one of the most important factors
influencing these differences, given that in the
highly controlled environment of a clinical
trial, high adherence to the treatment is
expected [9], at striking variance from real life
in which adherence is lower and is an important
determinant of subsequent mortality [10].
Limited adherence to treatment represents a
substantial issue in patients receiving BB, as
previous meta-analyses and real-life studies
suggested that adherence to this class of drugs is
limited compared to other cardioprotective
medications[11, 12]. Given that an elevated pill
burden is the most relevant factor influencing
medication adherence, recent hypertension
guidelines recommend using a single-pill com-
bination (SPC) as the ideal strategy to start and
titrate the antihypertensive treatment [13, 14].
SPC has been shown to improve adherence and
persistence to the treatment, resulting in

enhanced CVD risk factor control and better
patient outcomes [14-17]. Nevertheless, public
health systems often consider the use of SPC as
an unnecessary increase in healthcare costs,
intensely monitoring their prescription. To
date, little evidence is available on the drug
utilization of patients prescribed ACE-Is and BB
in different formulations. In this regard, the
only SPC containing both drug classes and
currently available in Italy is the one including
perindopril and bisoprolol.

In this study, we used a large Italian dataset
of administrative data to assess the drug uti-
lization and economic burden of treatment
with ACE-Is and BB as SPC or free equivalent
combination (FEC). To do so, we adopted a
propensity score matching (PSM) approach to
evaluate the differences in the level of adher-
ence and economic costs associated with the
prescription of the bisoprolol/perindopril com-
bination as SPC or FEC.

METHODS

Source of Data

Administrative databases including health data
from around 7 million Italian subjects (of which
5.9 million are adult subjects), i.e., approxi-
mately 11% of the entire Italian population
(12% of the adult Italian population) were used
for the analyses. Such databases include all the
healthcare resources dispensed and reimbursed
by the Italian National Health System, which
provide universal coverage to all residents. Pri-
marily intended for administrative purposes,
the use of administrative data for healthcare
research has increased over the years. Further-
more, administrative databases have been pre-
viously used and validated for analyses assessing
the clinical characteristics and changes in
adherence patterns of patients using SPC or FEC
[18, 19]. A flow chart of the construction of the
dataset is provided in Supplementary Fig. 1.
Briefly, the pharmaceutical databases were
queried to collect data on the Anatomical-
Therapeutic-Chemical (ATC) code of the drug
delivered, number of packs, number of units per
pack, dosage, wunit cost per pack and
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prescription date. Using an anonymous univo-
cal numeric code to guarantee patient privacy as
a unique identifier, this database was linked
with the: (1) Beneficiaries’ Database, listing
some patients’ demographic characteristics
such as year of birth, sex, start and end of reg-
istration dates; (2) Hospital Discharge Database,
which includes all hospitalization data with the
admission and discharge dates, patient status at
discharge (death, discharged home, transferred
to other departments), primary and secondary
discharge diagnosis codes classified according to
the Ninth Revision of the International Classi-
fication of Diseases (ICD-9-CM), Diagnosis
Related Group (DRG) and DRG-related charge
(provided by Health System); (3) Test and Visit
Database, including information on the pre-
scription of laboratory tests or specialist visits
and their codes to identify the type of requests
and their costs.

All results of analyses were produced as
aggregated summaries, which are not possible
to assign, either directly or indirectly, to indi-
vidual patients. Informed consent was not
required (pronouncement of the Data Privacy
Guarantor Authority, General Authorization for
personal data treatment for scientific research
purposes—n.9/2014). This observational study
was performed in accordance with the princi-
ples of the Declaration of Helsinki. The project
from which the analyses were drawn has been
notified and approved by the local Ethics
Committee of the LHUs involved in the study
(the list of Ethics Committees is reported in
supplementary material).

Study Design and Cohort Definition

The inclusion period was from January 2017 to
June 2020. Based on the prescription data, this
study included all adults (age > 18 years old)
treated with perindopril and bisoprolol as SPC
(group 1) or FEC (group 2). The index date was
considered the date of both drugs’ prescription
as SPC or FEC (with a maximum delay of £+ 1
month from the first to the second component
of the combination in the case of the FEC)
during the inclusion period. All patients were
followed up for 12 months after the index date.

Subjects who had only one prescription during
the study period or who moved to another
region during follow-up were excluded from the
analysis. Characteristics of patients were evalu-
ated prior to the index date in terms of previous
hospitalization (searched in all available period
prior to the index date and listed with corre-
sponding ICD-9-CM codes in Supplementary
Table 1) or previous treatments (searched in the
year before the index date and listed with cor-
responding ATC codes in Supplementary
Table 2). Patients were also identified as in pri-
mary or secondary prevention based on the
presence/absence of previous hospitalization for
ischemic heart diseases, heart failure, cere-
brovascular and peripheral vascular diseases.

Definition of Drug Adherence
and Persistence

Adherence to the combination of perindopril
and bisoprolol was evaluated during follow-up
as the proportion of days covered (PDC) by
these medications, considering the number of
pills dispensed during 1 year of follow-up.
Adherence to FEC was calculated as the number
of days covered by both medications (perindo-
pril and bisoprolol) during the 12-month fol-
low-up from the index date. Similarly,
adherence to the SPC containing perindopril
and bisoprolol was calculated as the days cov-
ered by SPC during the 12-month follow-up,
starting from the initial prescription of the SPC.
Given that the bisoprolol/perindopril SPC can
be taken as half a tablet a day, the PDC was
calculated assuming the prescription of both
one tablet/day or half tablet/day. Following the
approach used in previous studies [18], the
cutoffs of PDC used to stratify the population
based on the level of adherence were: PDC <
40% = low adherence; PDC > 40
but < 80% = moderate adherence; PDC > 80%
= high adherence to the treatment. Persistence
to treatment was measured by evaluating the
time to discontinuation (TTD) during the 1 year
of follow-up.
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Definition of the Economic Costs

Direct healthcare costs in euros (€) were esti-
mated as mean annual cost for all drug treat-
ments, hospitalizations (for both all-cause and
more specifically CV-related hospitalization)
and all outpatient specialist service usage during
the 1 year of follow-up. The healthcare cost
analysis was performed from the perspective of
the Italian National Health Service (INHS), with
costs reported in euros (€). 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 outpatient specialist services were
defined according to tariffs applied by each
region.

Statistical Analyses

Continuous variables are reported as the
mean =+ standard deviation (SD) and median
with quartile Q1-Q3, categorical variables as
frequencies and percentages. As parametric test,
t-test was used to compare the means of two
groups; chi-square test was used to compare the
percentages of patients between the different
groups. In case of non-normal distribution,
Mann-Whitney test was used as non-parametric
test to compare means. A p value < 0.05 was
considered for statistical significance. A PSM
analysis was used to minimize the selection bias
and to reduce potential unbalances in both
baseline characteristics and number of patients
between the two cohorts of FEC and SPC and to
compare level of adherence, health outcomes
and economic costs between the two groups.
Patients were matched 1:1 on quintiles of
propensity score calculated using a logistic
regression model which includes age, sex,
comorbidities listed in Supplementary Table 1
and previous treatments listed in Supplemen-
tary Table 2. Standardized mean difference
(SMD) values < 0.1 indicated the two cohorts
were balanced for their characteristics [20]. TTD
was evaluated by Kaplan-Meier curves during
1-year follow-up from therapy start to perma-
nent discontinuation (plus last prescription

duration); TTD was censored at the end of fol-
low-up. Mean and median length of hospital
stay was calculated per single stay (considering
both overall patients and hospitalized only) and
as sum of total stays over 1 year (in hospitalized
patients). Duration of hospital stays was calcu-
lated considering day hospital and ordinary
hospitalization together as well as ordinary
hospitalization only. Incidence of CV specialist
visits was evaluated after the 1 year of follow-up
and considered all available periods up to end of
data availability, p-value derived from the
coefficient of Poisson regression. All analyses
were performed using Stata SE version 17.0
(StataCorp, College Station, TX, USA).

RESULTS

According to the inclusion and exclusion crite-
ria, in the entire administrative database we
identified 6521 patients taking the FEC and
11,440 subjects taking the SPC bisoprolol/
perindopril (Fig. 1). The clinical characteristics
and drug prescriptions of the two groups before
PSM are reported in Supplementary Tables 3
and 4, respectively. Patients in the SPC group
were younger and showed a lower disease bur-
den than those in the FEC group (Supplemen-
tary Fig.2). While the distribution of pill
burden was similar between the two groups, the
number of tablets was higher in the FEC group
(Supplementary Fig. 3). As reported in Table 1,
the propensity score matching resulted in a
balanced distribution of the clinical character-
istics between the two groups (4688 patients in
each group), including the pill and disease
burden (mean number + SD of pills: FEC
1.5 +£ 1.4 vs SPC 1.6 + 1.4; mean number + SD
of disease: FEC 0.9 &+ 1.1 vs SPC 0.9 + 1.1). All
the following analyses were performed on the
two post-PSM cohorts.

Analysis of Treatment Adherence
and Persistence

When adherence was evaluated assuming one
SPC per day, < 50% of patients in both groups
had a PDC > 80% (Fig. 2). However, the pre-
scription of SPC was associated with better
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medication adherence, as reflected by a signifi-
cantly higher percentage of highly adherent
patients (PDC > 80%) in the SPC group than in
the FEC group (45.5% SPC vs 38.6% FEC, p-
value < 0.001) (Fig. 2A). When the PDC was
computed considering the consumption of -
pill a day, most patients in the SPC group were
highly adherent to the medication (PDC >
80%) (76.3% in the SPC group vs 61.2% in the
FEC group, p-value < 0.001), further increasing
the difference in medication adherence when
comparing the 2 SPC/day to the adherence to
the FEC taken as one pill/day (76.3% in the SPC
group vs 38.6% in the FEC group, p-value <

0.001) or as % pill of both drugs/day (76.3% in
the SPC group vs 61.2% in the FEC group, p-
value < 0.001) (Fig. 2B).

Persistence of the treatment was also differ-
ent between SPC and FEC. Indeed, the biso-
prolol/perindopril combination was
discontinued by 35.8% of patients in the SPC
cohort and 41.7% of patients in the FEC cohort
by the end of the follow-up (p < 0.001). In both
cohorts, median time to discontinuation was
not reached (Fig. 3).

Inclusion: FEC or SPC

prescription

Patients with BB and ACE-Is
combination N=566,681

...........................................................

Patients with BIS + PER as FEC
combination N=6,521

Arsresrererrersrrsrerreres s naa PR

E Patients with BIS/PER as SPC
= N=11,440

SPC GROUP

PROPENSITY SCORE
MATCHING

Patients with BIS + PER as FEC

combination N=4,688

E_ Patients with BIS/PER as SPC

N=4,688

SPC GROUP

Fig. 1 Flow chart of the study. ACE-Is angiotensin-converting enzyme inhibitors, BB B-blockers. BIS/PER bisoprolol/
perindopril, SPC single-pill combination, FEC free-equivalent combination
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Table 1 Clinical characteristics of the population included in the study 1, after propensity score matching

FEC group
(IV = 4688)

Standardized mean
difference

SPC group
(N = 4688)

Age, mean (SD) [median, Q1-Q3]

Male, 7 (%) 2329 (49.7)
COPD, N (%) 1459 (31.1)
Diabetes, N (%) 1097 (23.4)
Primary prevention, N (%) 3541 (75.5)
Secondary prevention, N (%) 1147 (24.5)
CKD disease, N (%) 64 (1.4)
Psychiatric disease, N (%) 154 (3.3)
Lipid-lowering treatment, N (%) 2483 (53.0)
Previous treatments™

ACE inhibitors, N (%) 2009 (42.9)
Angiotensin 11 receptor blockers, N (%) 1149 (24.5)
Beta blocking agents, N (%) 1145 (24.4)
Calcium channel blockers, N (%) 1340 (28.6)
Antithrombotic agents, N (%) 420 (9.0)
Antiarthythmics, N (%) 392 (8.4)
Diuretics™, N (%) 1285 (27.4)
Digoxin, N (%) 168 (3.6)
Ivrabadina, N (%) 101 (22)
Antiinflammatory treatment, N (%) 2744 (58.5)
Antidepressants, N (%) 843 (18.0)

70.1 (11.9) [71, 63-79]

69.7 (11.7) [71, 62=79]  0.035

2327 (49.6) 0.001
1485 (31.7) 0.012
1087 (23.2) 0.005
3577 (76.3) 0.018
1111 (23.7)

64 (1.4) 0.000
147 (3.1) 0.008
2437 (52.0) 0.020
2127 (45.4) 0.051
1214 (25.9) 0.032
1214 (25.9) 0.034
1354 (28.9) 0.007
393 (8.4) 0.020
379 (8.1) 0.010
1233 (26.3) 0.025
154 (3.3) 0.016
106 (2.3) 0.007
2814 (60.0) 0.030
855 (18.2) 0.007

Prescribed in the year prior to the inclusion of patients (characterization period)

*Diuretics analyzed comprised: thiazides, high-ceiling diuretics, spironolactone. A standardized mean difference value < 0.1
indicated the two cohorts were balanced for their characteristics

Healthcare Usage and Economic Costs
Associated with Use of SPC or FEC

After PSM, compared to patients in the FEC
group, patients using the SPC had a signifi-
cantly lower incidence of hospitalization (22%
FEC vs 16.1% SPC), mean =+ SD total number of
days spent in the hospital (23.8 £+ 49.7 FEC vs
20.7 £ 45.2 SPC) (among hospitalized patients),

and this difference remained highly significant
also when considering only cardiovascular
hospitalizations (Table 2 and Fig. 4), while no
significant differences were observed in the
mean length of hospitalization stay among
hospitalized patients. Furthermore, the use of
SPC was associated with a significantly lower
incidence of cardiovascular specialist visits
compared to the use of FEC (68.6 vs 111.5 visits
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3 60% <0.001 p value
© e <0.001 45.5%
Q_ [—1 . (]
N . 38.8% 38.6%

40% 30.9%

23.7% 22.6%
- . .
0%
PDC <40% PDC 40-79% PDC 280%
B)
p value
100% <0.001

80% 76.3%
(%]
= 61.2%
2 60% p value
8 <0.001
) 1 p value

40% 0.109

27.6% {—\'
o B .
PDC <40% PDC 40-79% PDC 280%

Fig. 2 Treatment adherence in the SPC and FEC groups
after propensity score matching and assuming the con-
sumption of 1 SPC/day (A) or %% pill/day for SPC and
FEC (B). PDC proportion of days covered, SPC single-pill

per 1000-person/year, p val-
ues < 0.001) (Fig. S).

Consequently, the total healthcare costs
related to the use of SPC (1999 € per subject/
year) were significantly lower compared to
those of the FEC group (2359€ per subject/year)
(p-value < 0.001) (Fig. 6). The cost difference
between the two cohorts is evident for the
expenditure related to all-cause hospitalization.
Among the latter, the mean annual cost related
to cardiovascular hospitalizations was also

respectively;

combination, FEC free-equivalent combination. Chi-
square test was used to address significance

higher in the FEC group (323€) compared to the
SPC group (225€) (p-value < 0.001).

DISCUSSION

This study uses a large administrative dataset,
including around 11% of the [talian population,
to explore the treatment adherence of patients
taking a combination of two commonly pre-
scribed drugs in primary and secondary CVD
prevention (perindopril and bisoprolol) in the
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Number at risk

SPC 4688 4408 4116 3901 3756 3630 3535 3420 3327 3262 3194 3101 3007
FEC 4688 4047 3583 3419 3295 3208 3114 3033 2977 2916 2853 2789 2731

Fig. 3 Kaplan-Meier curve evaluating the probability of
remaining on treatment in patients during the first year of
follow-up. The 1-month plateau is due to the overlapping
prescription at index date (first prescription of PER/BIS)

format of FEC or SPC. It also reports the eco-
nomic burden in terms of hospitalizations, CV
visits and overall direct costs related to these
two different treatment strategies. The first
important finding emerging from the current
analysis is that adherence and persistence to
cardiovascular drugs remain suboptimal, with a
PDC > 80% detectable in < 50% of patients
taking the two-drug combination and > 40% of
patients in the FEC group discontinuing the
drugs during the first year of treatment. The SPC
is associated with a significant improvement in
medication adherence and persistence com-
pared to the use of FEC. This is likely the main
reason explaining the lower risk of hospitaliza-
tion and lower number of cardiovascular spe-
cialist visits observed in patients treated with
the SPC than FEC during follow-up. The lower
utilization of healthcare resources might
explain the lower healthcare costs related to the
use of SPC compared to those associated with

FEC
in the FEC group. SPC single-pill combination, FEC free-

equivalent combination

the prescription of the FEC. In summary, our
data suggest that the wuse of bisoprolol/
perindopril SPC might lead to substantial health
benefits and considerable reduction of health-
care costs compared to the prescription of both
drugs as FEC.

Cardiovascular disease evolves through sev-
eral subclinical stages, leading to the progressive
accumulation of cardiovascular damage, ulti-
mately resulting in the emergence of its clinical
manifestations. The RAAS and SNS are the two
major systems involved in all stages of CVD
evolution, stimulating the heart and vessels
remodeling, inducing a faster progression of the
subclinical cardiovascular damage and promot-
ing the processes that lead to CVD complica-
tions [2, 3]. For these reasons, several guidelines
now consider the combination of ACE-Is and BB
among the pillars of the treatments for patients
at different stages of the CVD continuum,
including subjects with hypertension, ischemic
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Table 2 Mean number of hospitalization, patients with hospitalizations and mean length of stay
Hospitalization parameters FEC SPC p-value
group group
All-cause Entire population N = 4688 N = 4688
hospitalizations Hospital days per hospitalization (day hospital 4 ordinary 35(197) 23 (165) < 0.001
hospitalization), mean (SD) [median, Q1-Q3] [0, 0-0] [0, 0-0]
Total number of hospital days (day hospital + ordinary 23.8 (49.7) 207 (452) < 0.001
hospitalization) during follow-up, mean (SD) [median, Q1-Q3] (9, 4-21] (8, 3-19]
Total number of hospital days limited to ordinary hospitalization 134 (17.9) 13.0 (16.5) 0.724
(excluding day hospitalizations), mean (SD) [median, Q1-Q3] (8, 4-15] (8, 4-16]
Hospitalized patients only (n, % of the entire population) 1030 (22.0) 757 (16.1) < 0.001
Hospital days per hospitalization (day hospital 4 ordinary 16.0 (39.5) 14.5 (38.8) 0.405
hospitalization), mean (SD) [median, Q1-Q3] (7, 3-13] (7, 3-11]
Hospital days per hospitalization limited to ordinary admissions 8.5 (95) 8.1 (7.5) 0.312
(excluding day hospitalizations), mean (SD) [median, Q1-Q3] 6, 3-11] (6, 3-11]
Cardiovascular Entire population N = 4688 N = 4688
hospitalizations Hospital days per hospitalization (day hospital 4 ordinary 0.6 (2.9) 0.4 (2.3) < 0.010
hospitalization), mean (SD) [median, Q1-Q3] [0, 0-0] [0, 0-0]

Total number of hospital days (day hospital + ordinary
hospitalization) during follow-up, mean (SD) [median, Q1-Q3]

Total number of hospital days limited to ordinary hospitalization
(excluding day hospitalizations), mean (SD) [median, Q1-Q3]

Hospitalized patients only (n, % of the entire population)

Hospital days per hospitalization (day hospital + ordinary
hospitalization), mean (SD) [median, Q1-Q3]

Hospital days per hospitalization limited to ordinary admissions

(excluding day hospitalizations), mean (SD) [median, Q1-Q3]

10.8 (14.5) 10.4 (10.9) < 0.001
[7,4-12]  [7,4-12]

104 (13.9) 10.0 (10.4) 0.747

(7,4-11]  [7, 4-12]

348 (74) 248 (53) < 0.001
80 (76) 77 (69) 0.595
(6,3-10]  [6, 3-9]

7.8 (7.7) 75 (6.7) 0.552
(6,3-10]  [6, 3-9]

Mann-Whitney test was used for the comparison of mean length of stay between groups. Chi-square test was used to compare the

percentages of patients between the different groups

heart disease and heart failure [14, 21, 22]. Par-
ticularly, the recently published guidelines on
the management of arterial hypertension (the
most important mortality risk factor worldwide)
emphasized that ACE-Is and BB should be con-
sidered among first-line agents for the treat-
ment of the disease, based on results from RCTs
and their meta-analyses [8] showing they
effectively reduce SBP and DBP and,

consequently, result in a similar or only slightly
different reduction in the risk of major CV
outcomes and mortality when given as the ini-
tial treatment step (while recognizing a lesser
stroke prevention for these drugs). In the same
guidelines, the indications for the use of BB as
preferred treatment strategy in patients with
hypertension were largely expanded compared
to previous guidelines, including 26 clinical
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conditions [8]. Furthermore, the guidelines
emphasized the importance of using specific
molecules, including BB with high B1 selectivity
such as bisoprolol, given they might have a
more favorable side effect profile than other BBs
[8]. This has been recently confirmed also by a
non-interventional study based on routinely
collected data from the UK Clinical Practice
Research Datalink (CPRD). In a population
of > 267,000 patients, Fotch et al. showed that
the prescription of bisoprolol in this dataset was
associated with a risk for type 2 diabetes melli-
tus, obesity and erectile dysfunction similar to
other antihypertensive durgs, with increased
risk for dyslipidemia only when compared to
diuretics [23]. Another analysis conducted on
the same dataset demonstrated that the pre-
scription of bisoprolol was associated with a
lower long-term risk of mortality and cardio-
vascular events in patients with angina com-
pared to the use of other BBs [24]. Despite these
clear recommendations from guidelines sup-
ported by real-world data, the benefits obtained
from prescribing these classes of drugs remain
limited at a population level [25, 26], and
hypertension has remained the leading risk
factor for morbidity and mortality worldwide in
the last 3 decades [27]. Similar issues can be
described for ischemic heart diseases and heart
failure, which remain leading causes of mortal-
ity and disability in subjects > 50 years old [28].
A significant factor that accounts for these
alarming statistics is the limited adherence of
patients to medical treatment, which is associ-
ated with a persistent increase in the mortality
risk [29]. This is particularly relevant in subjects
with advanced diseases, such as those with
established CVD or heart failure, given they are
at extremely elevated mortality risk. In these
conditions, the combination of BB and ACE-I
represents the foundation of the medical treat-
ment. Still, adherence to these medications
remains poor, with important mortality and
economic costs [30, 31]. To improve patient
adherence, current guidelines strongly recom-
mend using SPC wherever possible to reduce the
pill burden and simplify the treatment regimen
[8]. Our results support this recommendation,
showing that adherence and persistence to
combination treatment with ACE-I and BB
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o [ |
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>
©
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Fig. 4 Cardiovascular hospitalization rate over first year of
follow-up in the SPC and FEC groups after propensity
score matching. CV cardiovascular, SPC single-pill combi-
nation, FEC free-equivalent combination
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[
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Fig. 5 Incidence rate of cardiovascular specialist visits per
1000-person/year in the SPC compared to the FEC groups
after propensity score matching. CV" cardiovascular, SPC
single-pill combination, FEC free-equivalent combination.
P-value derived from the coefficient of Poisson regression

remain suboptimal in > 50% of the population
and might be substantially improved by SPC.
This might translate into potential clinical
benefits, as documented by the reduced number
and duration of hospitalizations observed in the
SPC compared to the FEC group. Particularly,
we reported a significant reduction in the
number and duration of hospitalizations related
to CVD. This might depend on several factors,
including greater adherence to the SPC treat-
ment leading to better prevention of the most
severe forms of CVD, better control of risk fac-
tors and greater protection from complications
during acute decompensations. All these factors
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Fig. 6 Mean annual healthcare costs in the SPC and FEC
groups after propensity score matching, SPC single-pill
combination, FEC free-equivalent combination. Mann-

could substantially reduce the risk of hospital-
ization and time necessary to restore a physio-
logic cardiovascular homeostasis during
hospital admissions. Previous studies have doc-
umented that SPC might reduce hospital
admissions, although the comparison was done
with monotherapy rather than the FEC of the
same drugs [32]. Therefore our results extend
previous findings, and this is important as one
of the most common reasons taken forward by
the NHSs to monitor the prescription of SPC
scrupulously is related to their higher costs than
the use of the FEC of the same drugs. Such
immediate increase in the economic costs is
often regarded as an unnecessary expansion of
the NHS budget, while the potential advantages
derived by a better adherence and persistence in
the treatment could be seen only in the very
long term. We now show that the use of SPC is
associated with a significant reduction of the
NHS costs for managing CVD and that such
economic impact emerges already within 1 year

p value
<0.001 p value
T 1 <0.001
1,051 ‘
925 941
p value p value
700 <0.001 0.624
323 367 374
225 .
All drugs All-cause Cardiovascular  All outpatient
hospitalizations  hospitalization services
537.11 249.83-1185.16
705.08 379.59-1314.11
0.00 0.00-0.00
0.00 0.00-0.00
0.00 0.00-0.00
0.00 0.00-0.00

157.01 32.54-434.58
152.62
949.78

1,181.68

34.21-411.52
408.44-2193.19
579.77-2620.02

Whitney test was used for the comparison of mean costs
between groups

from the original prescription. This is combined
with evident benefits for the patients, with a
lower risk of hospitalizations. Another impor-
tant result emerging from our analysis is the
evidence that the use of SPC is associated with
an improved treatment persistence than the use
of FEC. Beyond the simplification of the treat-
ment achieved with the SPC that might explain
this result, it also suggests that the prescription
of bisoprolol/perindopril as SPC is well toler-
ated, leading to a low discontinuation rate.
This study has several important strengths.
First, rigorous pharmacoepidemiologic methods
that have been previously validated were used
to minimize confounding. We also performed
extensive adjustments for covariates using
propensity score matching. Second, this study
provides high generalizability based on the
nationally representative database used for the
analyses, which includes approximately 10% of
the Italian population. Finally, we utilized pre-
viously validated claims-based algorithms to
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define CV outcomes to minimize misclassifica-
tion bias. Some limitations should also be rec-
ognized. Although the new European Society of
Hypertension guidelines extended the use of BB
to several conditions, the combination of ACE-
IS and BB did not represent the standard of care
for hypertension during the study period,
therefore the patients analyzed may not be
representative of all the hypertensive patients
[8]. When looking at characteristics pre-PSM,
SPCs tend to be prescribed to younger patients
and with fewer comorbidities. PSM minimized
the risk of selection bias, obtaining an appro-
priate balance for age, gender, drug history and
comorbidities. However, its inability to balance
unmeasured confounding variables or to adjust
for disease severity when working with coded
variables might have influenced the results of
our analyses. Despite these limitations, infor-
mation about unmeasured confounders may
have been captured indirectly through proxies,
such as using older age as a proxy for frailty or
examining pharmacologic treatment as a proxy
for the presence of specific diseases. Previous
studies have also documented that propensity
score sometimes achieves better balance than in
groups randomly assigned to treatment [33]. For
these reasons, PSM is increasingly used in real-
world analyses [34], and large initiatives of trial
emulation have placed this approach at the
center of their conceptual framework ([35].
While associated with better adherence and
persistence, the short follow-up and limited
number of hard outcomes did not provide us
with the opportunity to test the benefits in
terms of cardiovascular risk reduction poten-
tially obtained with the use of bisoprolol/
perindopril as FEC or SPC. For the same reasons,
we could not test the efficacy of the SPC vs FEC
in reducing the cardiovascular risk in different
clinical settings where perindopril and biso-
prolol are commonly used, including patients
with hypertension, ischemic heart disease and
heart failure. However, the positive impact of
the SPC on the risk of hospitalization provides
clear evidence of the potential advantages for
the patients of using this treatment approach.
Furthermore, when the analysis on the average
days per hospitalization was limited to hospi-
talized patients only, the significant difference

in this parameter between SPC and FEC groups
was substantially attenuated, likely because the
sample decreased significantly. Another limita-
tion related to the use of an administrative
database for our analyses is the lack of infor-
mation on the absolute value of cardiovascular
risk factors, making it impossible to test whe-
ther the impact of the SPC or FEC on hospital-
izations and healthcare costs is effectively
mediated by improved control of the patient’s
cardiovascular risk. In addition, information on
the reasons for non-adherence were not
retrievable from the databases, nor were those
related to the type of therapeutic strategies at
index date and reasons behind the discontinu-
ation of therapies. Moreover, pharmacologic
databases do not provide information on drugs
prescribed during hospitalizations. A further
limitation is the lack of information on clinical
or other potential confounders that could have
influenced our results, especially not-measur-
able wvariables, including patient attitude
towards medication or social status, which
could have affected the level of adherence in
both cohorts. Finally, the study was conducted
only on an Italian population; therefore, its
results should be confirmed in other
populations.

CONCLUSIONS

The current results support the use of SPC as
opposed to FEC in patients requiring treatment
with ACE-I combined with a BB as this is asso-
ciated with better adherence and persistence,
lower risk of hospitalization and reduced
healthcare costs. The benefits related to the
prescription of SPC are already evident 1 year
after the original prescription, making its uti-
lization highly cost-effective for patients and
National Health Systems.
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