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Abstract

Background Atherosclerotic cardiovascular diseases remain the primary cause of mortality in Italy. Individuals with a his-
tory of acute coronary syndrome, peripheral arterial disease, and ischemic stroke/transient ischemic attack face an elevated
risk of recurrent major adverse cardiovascular events, including mortality. The population aging, coupled with increasing
risk factors such as diabetes mellitus and obesity, exacerbates the disease’s economic impact.

Objectives This study aims to comprehensively assess the economic burden of atherosclerotic cardiovascular diseases in
Italy, specifically focusing on direct healthcare costs.

Methods We analyzed real-world data from administrative databases in the Marche region and Local Health Unit Umbria
2. The economic burden of patients discharged with acute coronary syndrome, peripheral arterial disease, and ischemic
stroke/transient ischemic attack was evaluated, with a focus on direct costs associated with hospitalizations, drugs, and
outpatient visits. Results were stratified by age, sex, comorbidities at baseline, and adherence to lipid-lowering therapy and
antihypertensive agents.

Results Annually, nearly 350,000 patients were hospitalized for peripheral arterial disease, acute coronary syndrome, or
ischemic stroke/transient ischemic attack. Direct health costs averaged €7190 per patient over a 2-year follow-up, with hos-
pitalizations accounting for nearly 70% of the total. Male patients incurred significantly higher costs (€7467) than female
patients (€6625). Costs correlated positively with age and with the number of baseline comorbidities, with a range from €5259
(0—1 comorbidities) to €17,095 (4+ comorbidities). Costs were significantly lower in adherent subjects (€6813) compared
with non-adherent subjects (€7757).

Conclusions This study provides valuable insights into the economic implications of atherosclerotic cardiovascular diseases
in Italy, emphasizing the necessity of a comprehensive approach to preventive measures, optimal medication adherence, and
lifestyle modifications to mitigate its impact.

Key Points

Atherosclerotic cardiovascular diseases are the primary
cause of death in Italy, with a significant socioeconomic
burden.

Direct costs are higher in multimorbid patients, while
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1 Introduction

Atherosclerosis is a chronic arterial disease and a major
cause of vascular mortality. The disease has a latency
of many years, its major clinical manifestations include
ischemic stroke or transient ischemic attack (IS/TIA),
acute coronary syndrome (ACS), and peripheral arterial
disease (PAD) [1]. Atherosclerotic cardiovascular disease
(ASCVD) is the leading cause of mortality in Italy: even
in 2020, ACS and IS were the second and third leading
causes of death (after COVID-19), responsible for approxi-
mately 117,868 deaths annually (19% of total mortality)
[2]. Patients with a history of myocardial infarction, IS/
TIA, or peripheral artery disease (PAD) are at very high
risk of facing recurrent major adverse cardiovascular (CV)
events, including myocardial infarction, stroke, and death
[3]. These outcomes will affect 20% of patients within 1
year from the main event, 40% within 3 years [4, 5]. An
aging population further threatens to sustain these high
rates of myocardial infarction and CV diseases along with
their associated adverse events, especially when consid-
ering that the prevalence of diabetes mellitus and obesity
(both independent risk factors for CV, which affect one
out of five adults) [6], has been increasing over the last
4 decades. Low-density lipoprotein-cholesterol (LDL-C)
is considered a causal factor for ASCVD, and reductions
in LDL-C are associated with a proportional reduction in
the risk of CV events [7]. Lipid-lowering therapy plays a
key role in secondary prevention in patients affected by
ASCVD, with statin therapy being the first-line treatment
for lowering LDL-C [8, 9].

If the target LDL-C is not reached with statins, com-
bination therapy with ezetimibe and/or PCSK9 has been
recommended by the 2023 European Society of Cardiol-
ogy/European Atherosclerosis Society guidelines [10].
Previous studies showed ezetimibe to provide a further
reduction in LDL-C levels when added to statin therapy,
as well as a reduction in CV events [11-13]. When treating
patients with ASCVD, the use of antihypertensive drugs
has been proven to be efficient in controlling blood pres-
sure, thus further reducing the risk of adverse CV out-
comes [14, 15]. A fixed-dose combination therapy has
been suggested to improve adherence and, consequently,
attain blood pressure control in a reduced amount of time
[10, 16].

In 2015, costs related to CV disease in Europe were
equal to €210 billion, with healthcare costs accounting
for 53% of it [6]. Knowledge on the economic burden of
ASCVD in Europe and Italy is limited, with few studies
trying to quantify the impact of this pathology. The aim of
this study is to estimate the economic burden of ASCVD
in Italy with respect to direct healthcare costs.
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2 Material and Methods
2.1 Data Sources

This study was conducted using the Hospital Information
System (Scheda di Dimissione Ospedaliera, SDO) for Italy
as a whole (60 million inhabitants). Additional analyses
were run only for the Local Health Unit (LHU) Umbria 2
and Marche region (1.8 million inhabitants).

2.1.1 Italian SDO

The Italian SDO records all hospital discharges, both ordi-
nary and day hospital, from public and accredited hospitals.
Each record contains, together with a patient-specific anon-
ymous code, patient’s demographic (age, sex, residence),
and clinical information (primary and up to five secondary
diagnoses and procedures, Diagnosis-Related Group). Data
were available for the period 2010-14.

2.1.2 LHU Umbria 2 and Marche

The LHU Umbria 2 and Marche Health Information Sys-
tem routinely collects information on hospitalizations, drug
prescriptions, outpatient care, and laboratory tests for each
patient registered in the Regional Health Care Assistance
Registries (approximately 97% of residents). Each patient
was identified in the Health Information System by an anon-
ymous code that allowed deterministic linkage between the
databases. Data were available for the period 2010-16 for
LHU Umbria 2 and 2008-14 for the Marche region.

2.2 Methods
2.2.1 National Analysis

The study population was represented by all residents in
Italy of age 18—100 years with at least one hospitalization for
either ACS, IS/TTA, or PAD, discharged between 2010 and
2014. Hospital admissions (HAs) were identified through
a list of Diagnosis Related Groups reported in Table S1 of
the Electronic supplementary material (ESM). The number
of patients, hospitalizations, and the average cost by patient
were estimated by year. Results were stratified by diagnosis
(ACS, IS/TIA, PAD).

2.2.2 LHU Umbria 2 and Marche Region Analysis

This analysis included all patients matching the following
criteria:

— age 18-100 years;
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— at least one hospitalization for either ACS, IS/TIA, or
PAD, discharged between 2009 and 2012 (for the Marche
region) or between 2011 and 2014 (for LHU Umbria 2);

— at least one prescription of statins (ATC C10AA),
ezetimibe alone (ATC C10AX09) or combined (ATC
C10BA02, 05, 06), or Antihypertensives (ATC C02)
within 180 days from the first hospitalization for a CV
event (index event).

Patients were classified as either ACS, IS, or PAD based
on the diagnosis associated with the first event that occurred.

Descriptive analyses were undertaken: patients were
stratified by sex, age at index event, and number of comor-
bidities. Five macro-categories of comorbidities were
considered:

— malignant neoplasms;

— diabetes;

— diseases of the circulatory system;

— chronic obstructive pulmonary disorder;
— diseases of the kidney, liver, or pancreas.

Comorbidities were identified by searching for HAs and
drug prescriptions during the 12 months preceding the index
event (baseline). International Classification of Diseases,
Ninth Revision, Clinical Modification and ATC (Anatomi-
cal Therapeutic Chemical) codes used for this analysis are
reported in Table S2 of the ESM. The medication posses-
sion ratio (MPR) was used to estimate adherence to treat-
ment (statins, ezetimibe alone or combined, antihypertensive
drugs), and patients were classified as:

— adherent (MPR > 80%);

1,80,000

1,60,000

1,40,000

— partially adherent (40% < MPR< 80%);
— non-adherent (MPR < 40%).

A 2-year follow-up was defined for each patient. The
first year was used to estimate adherence, while direct costs
owing to hospitalizations, drugs, and outpatient visits were
estimated for both years. Only patients alive at the end of
the first year of follow-up were included in this analysis.
Finally, by applying these costs to the number of patients
estimated at the national level, total direct costs related to
ASCVD were obtained.

The presence of statistically significant differences in log-
costs between two groups was evaluated by the Z-score [17],
while analysis of variance was used to compare differences
between more than two populations [18]. All analyses were
performed using R software version 4.1.

3 Results
3.1 National Analysis

During 2010-14, on average, every year almost 360,000
patients in Italy had at least one HA for PAD, ACS, or IS/
TIA. The annual number of subjects with an HA related
to PAD was 121,191, 142,494 patients experienced an
HA for ACS, and 109,353 for IS/TIA (Fig. 1). Overall, a
reduction in the number of patients was observed across
time, equal to — 3.9% for PAD, — 1.8% for ACS, and
— 20.6% for IS/TIA. The rate of re-hospitalization per
patient within the year was constant across time (1.2 for
PAD, 1.1 for both ACS and IS/TIA).

1,20,000

1,00,000

80,000

Subjects/hospitalizations

2010 2011

s PAD - Subjects

== == PAD - Hospitalizations

ACS - Subjects
ACS - Hospitalizations

2012 2013 2014
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Fig. 1 Trend of patients/hospital admissions in Italy. ACS acute coronary syndrome, IS/TIA ischemic stroke/transient ischemic attack, PAD

peripheral arterial disease
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Fig.2 Trend of costs in Italy. ACS acute coronary syndrome, IS/TIA ischemic stroke/transient ischemic attack, PAD peripheral arterial disease

The annual cost related to HAs was around €2.2 billion
(€51609 per hospitalization). The acute coronary syndrome
cohort accounted for 47.8% (€7310 per patient) of it, fol-
lowed by PAD (36.4%, €6546 per patient) and IS/TIA
(15.8%, €3147 per patient, Fig. 2).

3.2 LHU Umbria 2 and Marche Region Analysis

A cohort of 20,898 patients with a history of PAD (19.5%),
ACS (55.6%), or IS/TIA (24.9%) was included in the analysis.
Two out of three patients were men, one out of three was in
the 71-80 years of age group (Table 1). While in the PAD and
ACS cohorts, subjects of age 71+ years represented half of
the population, 70.8% of patients with IS/TTA belonged to this
age category. Half of the subjects experienced one comorbid-
ity, while only 1.6% of patients had four or more comorbidi-
ties, with values being consistent regardless of the diagnosis.
Adherence rates were quite heterogeneous across groups: the
highest proportion of adherent patients was found in the ACS
population (64.8%), followed by PAD (52.8%) and IS/TIA
(40.9%). The same was true for non-adherent patients, from
12.0% in the ACS group to 23.6% in the IS/TIA group.
From the regional analysis, direct health costs equal to
€7190 per patient were estimated during 2 years of follow-up
(index HA excluded). Expense was higher in patients with
PAD (€8532), followed by ACS (€7623) and IS/TIA (€5172,
Fig. 3). Hospitalizations accounted for almost 70% of the
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costs, the second most relevant voice being drugs (19%, with
statins and antihypertensives representing around 40% of it),
followed by outpatient visits. These percentages were quite
consistent regardless of the pathology group.

Costs stratified by sex, age category, and number of
comorbidities during baseline are reported in Fig. 4. A
significantly higher cost was associated with male patients
(€7467) with respect to female patients (€6625 Z-score =
6.574, p < 0.001). The difference was mainly explained
by costs related to HAs (75.6%, p = 0.001), followed by
outpatient visits (10.8%, p < 0.001). A positive correla-
tion was observed between costs and age up until the age
group 71-80 years, with a major reduction in expense in
patients aged over 80 years: the same trend was observed for
HAs, other drugs, and outpatient visits, while costs related
to statins and antihypertensives decreased steadily with
increasing age (€612 in age group 18-60 years, €380 in
age group 81+ years). Differences in costs by age category
were statistically significant (F-score 68.21, p < 0.001), the
result was confirmed when considering specific voices of
expense, with the exception of outpatient visits (F-score
= 1.22, p = 0.269). The main driver of this difference was
the expense related to HAs: costs literally doubled up from
patients with 0—1 comorbidities (€3363) to patients with
2-3 comorbidities (€6562) and those with 44+ comorbidi-
ties (€13,974). A similar trend was observed for outpatient
visits, while costs related to drugs were quite similar. When
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Table 1 Patient demographics

Characteristics PAD ACS IS/TIA Total
Male, n (%) 3024 (74.2) 8098 (69.7) 2921 (56.2) 14,043 (67.2)
Age group, years, n (%)
18-60 737 (18.1) 2959 (25.5) 467 (9.0) 4163 (19.9)
61-70 1194 (29.3) 2996 (25.8) 1052 (20.2) 5242 (25.1)
71-80 1519 (37.3) 3636 (31.3) 2273 (43.7) 7428 (35.5)
81+ 624 (15.3) 2034 (17.5) 1407 (27.1) 4065 (19.5)
Number of comorbidities, pre-index,
n (%)
0-1 1929 (47.3) 6361 (54.7) 2698 (51.9) 10,988 (52.6)
2-3 2073 (50.9) 5095 (43.8) 2416 (46.5) 9584 (45.9)
4+ 72 (1.8) 169 (1.5) 85 (1.6) 326 (1.6)
MPR, n (%)
< 40% 705 (17.3) 1395 (12.0) 1227 (23.6) 3327 (15.9)
40-80% 1216 (29.8) 2695 (23.2) 1848 (35.5) 5759 (27.6)
> 80% 2153 (52.8) 7535 (64.8) 2124 (40.9) 11,812 (56.5)
Total, n (%) 4074 (100.0) 11,625 (100.0) 5199 (100.0) 20,898 (100.0)

ACS acute coronary syndrome, IS/TTA ischemic stroke/transient ischemic attack, MPR medication possession ratio, PAD peripheral arterial dis-

case

Fig.3 Average cost per patient
during the 2-year follow-up in
the Umbria 2 Local Health Unit
and Marche region. ACS acute
coronary syndrome, HAs hospi-
tal admissions, 1S/TIA ischemic
stroke/transient ischemic attack,
PAD peripheral arterial disease

PAD ACS

Total: € 8,532 Total: € 7,623

@
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IS/TIA Total
Total: € 5,172 Total: € 7,190

@
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Fig.4 Average cost per patient during the 2-year follow-up in the Umbria 2 Local Health Unit and Marche region by sex, age, number of comor-

bidities, and medication possession ratio (MPR). HAs hospital admissions

considering the number of comorbidities, all differences
were statistically significant. Presence of comorbidities at
baseline was associated with higher costs. Finally, lower
costs were estimated in subjects who were adherent to treat-
ment. The average expense along the 2-year follow-up was
equal to €7757 in non-adherent patients, €7635 in partially
adherent patients, and €6814 in fully adherent patients (p <
0.001). Costs stratified by two factors at a time are reported
in Tables S3-S8 of the ESM. The increase in costs with the
number of comorbidities was much steeper when consider-
ing young people, while almost no difference was observed
in patients aged over 80 years. Apart from that, results were
consistent with univariate distributions.

The index HA cost on average was €6176, with a high
heterogeneity between population subgroups: costs were
lower in female patients, in elderly patients, and in patients
with a higher number of comorbidities, while a positive rela-
tionship was observed with MPR levels (Table 2). During
the 2-year follow-up, the expense was equal to €7190, with
the first year accounting for 64% of the amount (this result
was consistent regardless of population strata). Furthermore,
the differences in costs previously described were constant
across the years of follow-up. Overall, when considering
both the index event and follow-up, mean costs per patient
reached €13,366.
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3.3 National Extrapolation

The estimate of direct costs obtained at the regional level
was multiplied by the mean annual number of incident
patients estimated across Italy. Total direct health costs
amounted to €4.9 billion, with the ACS cohort accounting
for 2.1 billion, followed by PAD (€1.9 billion) and IS/TTA
(€0.9 billion, Fig. 5). Costs associated with the index event
were €2.2 billion, while follow-up related costs represented
61.1% of the total. Hospital admissions (both index event
and during the follow-up) accounted for 83.6% of total costs,
followed by drugs (9.8%) and outpatient visits (6.6%).

4 Discussion

The present study aimed to estimate the economic burden of
ASCVD in Italy, specifically focusing on the direct health-
care costs associated with the disease. The findings of the
study revealed important insights into the economic burden
of ASCVD in Italy. The national analysis showed that, on
average, nearly 350,000 patients had at least one hospitali-
zation related to ACS, IS/TIA, or PAD each year. Although
there was a decrease in the number of patients over time,
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Table2 Average cost per patient in the Umbria 2 Local Health Unit
and Marche region by sex, age, number of comorbidities, MPR, and
year of follow-up

Characteristics Index HA  Follow-up
First year Second year Total
Sex
Female €5303 €4276 €2349 €6625
Male €6601 €4794 €2673 €7467
Age group, years
18-60 €7088 €3801 €1998 €5799
61-70 €6674 €4694 €2674 €7367
71-80 €5968 €5194 €2883 €8077
81+ €4977 €4334 €2434 €6768
Number of
comorbidities,
pre-index
0-1 €6329 €3385 €1874 €5259
2-3 €6018 €5812 €3256 €9068
4+ €5671 €11,444  €5651 €17,095
MPR
< 40% €5185 €5035 €2722 €7757
40-80% €5640 €5066 €2569 €7635
> 80% €6716 €4293 €2522 €6814
Total €6176 €4624 €2567 €7190

HAs hospital admissions, MPR medication possession ratio

the annual costs associated with hospitalizations remained
substantial, amounting to approximately €2.1 billion per
year. Acute coronary syndrome accounted for the highest
proportion of costs (47.6%), followed by PAD (37.3%) and
IS/TIA (15.1%). These results highlight the significant finan-
cial impact of ASCVD on the healthcare system in Italy.
The negative trend in the number of HAs is consistent with
results from other studies on CV diseases [19].

In addition to the national analysis, a regional analysis
was conducted to provide a more detailed understanding of
the economic burden within specific areas. Direct healthcare
costs per patient during a 2-year follow-up period were esti-
mated to be around €7190. Peripheral arterial disease was
associated with the highest costs per patient (€8532), fol-
lowed by ACS (€7623) and IS/TIA (€5172). Hospitalizations
accounted for the majority of costs (approximately 70%),
followed by drug expenses and outpatient visits. A similar
study conducted in Europe in 2012 estimated average annual
direct costs of €2772 over a 5-year follow-up period [20].
Consistently with our results, hospitalizations accounted for
74.2% of the costs, followed by drugs (15.2%) and outpatient
visits (10.7%).

The study also examined the influence of demographic
and clinical factors on costs. Male patients were found
to have significantly higher costs compared with female

patients, primarily driven by expenses related to hospitali-
zations and outpatient visits. Age was positively correlated
with costs up until the 71-80 years of age group, after which
there was a reduction in expenses. Comorbidities were asso-
ciated with higher costs, primarily driven by hospitalization
expenses. The presence of multiple comorbidities signifi-
cantly increased the costs of managing ASCVD. Addition-
ally, adherence to treatment was associated with lower costs,
highlighting the importance of medication adherence in
reducing healthcare expenditures. An average cost of €7635
was estimated in non-adherent patients, +10.7% with respect
to adherent patients. Other studies proved that adherence
to antihypertensive treatment was associated with a lower
healthcare utilization [21, 22]. The same pattern has been
observed with statins: a study based on a large cohort of US
citizens reported a reduction in total costs per patient during
a 1-year period equal to almost $2000 [23].

The extrapolation of regional-level cost estimates to the
national level revealed a staggering economic burden of
ASCVD in Italy, with total direct healthcare costs amount-
ing to approximately €4.8 billion. Acute coronary syndrome
accounted for the highest proportion of costs (€2.1 billion),
followed by PAD (€1.9 billion) and IS/TIA (€0.8 billion).
Hospitalizations, including both index events and follow-up
hospitalizations, represented the largest component of total
costs (83.6%), underscoring the significant financial impact
of ASCVD-related hospital admissions.

It is important to acknowledge certain limitations of this
study. The analysis focused solely on direct healthcare costs
and did not consider indirect costs, such as productivity
losses or the impact on the broader economy. Furthermore,
the study relied on administrative healthcare databases,
which may have limitations in terms of data accuracy and
completeness. Administrative data sources are designed for
accounting and billing purposes. Therefore, this dataset only
includes data considered relevant for accounting purposes,
while information relevant to our scope could be missing.
However, to date, there are no specific epidemiological reg-
istries for measuring clinical outcomes and costs of patients
with CV disease in Italy; thus, administrative sources remain
the best possible alternative for tracking patients’ health care
resource utilization within the Italian setting. Second, the
Marche and Umbria 2 regions account for 3.1% of the total
population of Italy and so the results described here may not
be representative of event rates for the entire country. Yet,
representativeness of this dataset has already been proven
elsewhere [24].
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5 Conclusions

The findings of this study provide valuable insights into the
economic burden of ASCVD in Italy and underscore the
need for effective management and prevention strategies
to mitigate the financial impact of the disease. Given the
high costs associated with hospitalizations, efforts should
be directed towards implementing preventive measures, opti-
mizing medication adherence, and promoting lifestyle modi-
fications to reduce the occurrence of ASCVD-related events.
Additionally, targeted interventions to address comorbidities
and promote better disease management may help alleviate
the economic burden associated with ASCVD.
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