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Abstract

Aims A set of indicators to assess the quality of care for patients hospitalized for heart failure was developed by an expert
working group of the Italian Health Ministry. Because a better performance profile measured using these indicators does not
necessarily translate to better outcomes, a study to validate these indicators through their relationship with measurable clin-
ical outcomes and healthcare costs supported by the Italian National Health System was carried out.

Methods and results Residents of four Italian regions (Lombardy, Marche, Lazio, and Sicily) who were newly hospitalized for
heart failure (irrespective of stage and New York Heart Association class) during 2014-2015 entered in the cohort and
followed up until 2019. Adherence to evidence-based recommendations [i.e. renin—angiotensin—aldosterone system (RAS) in-
hibitors, beta-blockers, mineralocorticoid receptor antagonists (MRAs), and echocardiograms (ECCs)] experienced during the
first year after index discharge was assessed. Composite clinical outcomes (cardiovascular hospital admissions and all-cause
mortality) and healthcare costs (hospitalizations, drugs, and outpatient services) were assessed during the follow-up. The re-
stricted mean survival time at 5 years (denoted as the number of months free from clinical outcomes), the hazard of clinical
outcomes (according to the Cox model), and average annual healthcare cost (expressed in euros per person-year) were com-
pared between adherent and non-adherent patients. A non-parametric bootstrap method based on 1000 resamples was used
to account for uncertainty in cost-effectiveness estimates. A total of 41 406 patients were included in this study (46.3% males,
mean age 76.9 + 9.4 years). Adherence to RAS inhibitors, beta-blockers, MRAs, and ECCs were 64%, 57%, 62%, and 20% among
the cohort members, respectively. Compared with non-adherent patients, those who adhered to ECCs, RAS inhibitors, beta-
blockers, and MRAs experienced (i) a delay in the composite outcome of 1.6, 1.9, 1.6, and 0.6 months and reduced risks of
9% (95% confidence interval, 2-14%), 11% (7-14%), 8% (5-11%), and 4% (—1-8%), respectively; and (ii) lower (€262, €92,
and €571 per year for RAS inhibitors, beta-blockers, and MRAs, respectively) and higher costs (€511 per year for ECC). Adher-
ence to RAS inhibitors, beta-blockers, and MRAs showed a delay in the composite outcome and a saving of costs in 98%, 84%,
and 93% of the 1000 bootstrap replications, respectively.

Conclusions  Strict monitoring of patients with heart failure through regular clinical examinations and drug therapies should
be considered the cornerstone of national guidelines and audits.
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recommendations
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Introduction

Heart failure (HF) is a common chronic condition character-
ized by a decline in the heart’s ability to function as a pump.*
An overall lifetime risk of developing HF of 33% in men and
28% in women has been reported.” The hospitalization rate
for HF, particularly in developed countries with aging popula-
tions, has steadily increased over the last decade,®* making
HF the leading cause of hospital admission among the
elderly.” In addition, HF imposes a huge economic burden, es-
timated at USD 108 billion annually in 2008, and this value is
projected to continue to rise with the rapid increase in aging
populations.® Taken together, these data explain why HF has
become a major public health concern and has been
described as one of the ‘emerging’ pandemics of the 21st
century.”®

In-hospital mortality from HF has substantially decreased
in most developed countries,® probably because of the wide-
spread adoption of good practices for acute management of
the disease."*®* This suggests that the healthcare of
patients with HF after hospital discharge presents a major
challenge for reducing rehospitalization, lengthening survival,
and enhancing quality of life.!* Accordingly, the current
guidelines include several evidence-based recommendations
for out-of-hospital healthcare.>*>** Among them, drug ther-
apy [mainly using renin—angiotensin—aldosterone system
(RAS) inhibitors, beta-blockers, and mineralocorticoid recep-
tor antagonists (MRAs)] has been shown to delay disease pro-
gression and improve survival,® including the sodium—glucose
transport protein 2 inhibitors, which are the most important
update in the last European guidelines.® In addition, monitor-
ing with echocardiogram (ECC) is recommended for identify-
ing cardiac dysfunction and for early initiation of suitable
treatment.*>*3 Unfortunately, adherence to guidelines for
patients with chronic HF in primary healthcare settings has
been systematically reported to be suboptimal.**™*” Several
factors are involved in this phenomenon, including patients’
(e.g. socio-demographic and clinical determinants®®), physi-
cians’ (e.g. years of experience and medical specialty*®), and
healthcare system’s characteristics (e.g. the presence of
chronic care models'®). However, some strategies that in-
volve patients in the transition from the hospital to the home
represent a promising opportunity to improve out-of-hospital
care for HF patients.?®

A panel of experts operating under the auspices of the
Italian Health Ministry, the so-called MAP (monitoring and
assessing diagnostic-therapeutic paths) working group, fo-
cuses on measuring and comparing integrated care pathways
for patients with specific clinical conditions, including hospi-
talized HF, through a system of performance indicators.
Because a better performance profile measured using these
indicators does not necessarily translate to better outcomes,
at least one study was designed to validate the set of indica-
tors by examining their association with measurable clinical

and economic outcomes for each considered condition. The
performance indicators developed for women operated for
breast cancer,?! pregnant women,?? and patients with severe
mental disorders®® were associated with better clinical out-
comes whereas the corresponding indicators for diabetes
also showed a reduction in healthcare costs.>*?° This study
aimed to assess the impact of adherence to evidence-based
recommendations for the out-of-hospital management of pa-
tients with HF on measurable clinical outcomes and health-
care costs supported by the Italian National Health System
(NHS).

Methods
Data source

All Italian citizens have equal access to healthcare services as
part of the NHS. An automated system of healthcare utiliza-
tion (HCU) databases allows each Italian region to manage
the NHS locally. HCU data collect a variety of information, in-
cluding (i) an archive of residents who receive NHS assistance
(NHS beneficiaries); (ii) a database on hospital discharge re-
cords, including information about diagnoses and procedures
for inpatients hospitalized in public or private hospitals
(coded according to ICD-CM-9 codes); (iii) an outpatient drug
prescription database (coded according to ATC codes); and
(iv) a database on outpatient services, including specialist
visits and diagnostic exams reimbursable by the NHS (e.g.
ECC). The cost of each service provided to an NHS beneficiary
and reimbursed to a healthcare provider is also recorded reg-
ularly. As a unique identification code is systematically used
across all HCU databases within each region, their record link-
age allows searching for the complete care pathway for NHS
beneficiaries. Additional details regarding HCU databases in
the context of cardiovascular diseases in general, and more
specifically for HF, are available in existing literature.®2%2”
In this study, we established links between the aforemen-
tioned four databases and each participating region in the
study. The analyses were conducted separately within each
participating region, and summarized estimates were derived.

Harmonization and data processing

This study is based on computerized HCU databases
from four regions located in the north (Lombardy), centre
(Marche and Lazio), and south (Sicily) of Italy. Approximately
22 million beneficiaries of the Italian NHS were recorded in
the corresponding databases, accounting for 37% of the
Italian population.

Although databases did not substantially differ across
regions in several aspects, some information were differently
recorded. For example, the patient’s sex was encoded as ‘M’
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or ‘F" in some regions, and as ‘1’ or ‘0’ in others. Thus, a
between-region data harmonization was performed, which
allowed data extraction processes to be targeted to the same
semantic concepts (e.g. information was uniformly encoded
using the same names, values, and formats). This allowed
to extract and process locally anonymized data using a com-
mon script, which reduces the chance of heterogeneity in
data analysis between regions (and therefore increases the
consistency of results across regions). The script was devel-
oped by one of the authors (F. R.) in accordance with the pro-
tocol previously approved by the MAP working group, and all
analyses were conducted using Statistical Analysis System
Software (version 9.4; SAS Institute, Cary, NC, USA).

The specific diagnostic and therapeutic codes used in this
study are provided in Supporting information, Table S1.

Privacy-by-design issues

Privacy-by-design (or data protection-by-design) principles
were adopted in this study.?® In general, a safe environment
was ensured by the regional infrastructure, which prevented
the unauthorized import/export of individual records. Data
security was ensured by the pseudo-anonymization of identi-
fication codes and by the condition that outputs were
exported only when more than three individual records typi-
fied each category with which the beneficiaries were strati-
fied. Secure individuals were guaranteed that only a few of
the authors (F. R., M. I, A. L., and G. F.) were authorized
for data analysis. Finally, the safety of the project was en-
sured through the assessment of Regional Health Authorities
regarding potential public benefits. Because data of this
nature (i.e. HCU data collected primarily for reimbursing
healthcare providers) should be used for secondary purposes
admitted that data owners (i.e. the regions) recognize their
implications, the authorization granted by Regional Health
Authorities for this project reflects their acknowledgment
that the study serves a functional purpose in generating
knowledge aimed at improving the quality of care. A compre-
hensive overview of ‘privacy research environments by de-
sign’ can be found in existing literature.?®

Cohort selection and follow-up

Just over 10 million NHS beneficiaries aged >50 years who
were residents of one of the four participating Italian regions
formed the target population. Among these, those who were
hospitalized at least once for HF during 2014-2015 were
identified from the hospital discharge database, and the first
hospitalization that occurred during this period was denoted
as the index one (i.e. index hospital admission, index hospital
discharge, and index hospital stay, where applicable). To
ensure that the data were relevant to the aim of the study,

several categories of patients were excluded, including (i) pa-
tients who died during the index hospital stay (because the
aim was to investigate healthcare provided), (ii) those who
had been beneficiaries of the NHS for <3 years before the in-
dex admission (because we were interested in characterizing
each cohort member according to the NHS services previ-
ously received), (iii) those who had been hospitalized with a
primary or secondary diagnosis of HF within 3 years before
the index admission (because we aimed to include patients
with a common onset of the event that initiated the observa-
tion), and (iv) those who died, were hospitalized for cardio-
vascular events, moved to another region, or emigrated to
another country during the first year after the index dis-
charge (to allow cohort members to accumulate at least
1 year of exposure to recommendations). The remaining
patients were included as the final cohort.

Adherence to recommendations

During the first year after the index discharge (i.e. during the
period that we called ‘exposure time-span’), four indicators
for measuring the quality of HF care were assessed, inspired
by the recommendations for adherence to drug therapy and
ECC.' For adherence to drug therapy (i.e. RAS inhibitors,
beta-blockers, and MRAs), we proceeded as follows: follow-
ing the user-only paradigm, patients who did not dispense
the prescribed drug within 3 months after the index dis-
charge were excluded from the drug adherence evaluation
to minimize potential confounding by indication. For each pa-
tient, drugs dispensed during the year after the date of the
first drug prescription were identified. The period covered
by a prescription was calculated by dividing the total amount
of the drug prescribed by a defined daily dose. To consider
the lower maintenance dosage used among patients with
HF rather than that for their main indication (i.e.
hypertension),®* the coverage for beta-blockers and MRAs
was adjusted based on specific weights (Table S2). In case
of overlapping prescriptions, the patient was assumed to
have completed the former before starting the latter. Adher-
ence to therapy was determined by dividing the cumulative
number of days covered by the drug by 365 days, with the ra-
tio defined as the proportion of days covered by treatment or
proportion of days covered (PDC).>? Patients with a PDC of
>75% were defined as adherent to the drug therapy, while
those below this threshold were considered non-adherent.
The 75% threshold was selected because in previous studies
using the Lombardy database, this adherence level was asso-
ciated with a marked reduction in clinical outcomes for pa-
tients hospitalized due to cardiovascular events.>*

Regarding adherence to ECC, patients were considered
adherent if they underwent at least one control during the
exposure time-span; otherwise, they were classified as non-
adherent.
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Data on dispensed drugs and ECC were retrieved from out-
patient drug prescription and outpatient service databases,
respectively.

Additional information

Baseline characteristics of the cohort members were col-
lected, which included sex, age, non-pharmacological
treatments received during the index hospitalization, drug
therapies, and comorbidities. Drug therapies included blood
pressure-lowering and lipid-lowering agents, digitalis glyco-
sides, organic nitrates, antiarrhythmics, antithrombotics, anti-
diabetics, non-steroidal anti-inflammatory and anti-gout
agents, drugs for pulmonary diseases, and antidepressants.
Comorbidities included ischemic heart disease, cerebrovascu-
lar disease, diabetes, kidney disease, respiratory disease, and
cancer. Comorbidities were identified from in-hospital diagno-
ses and drug treatments recorded in the outpatient prescrip-
tion database during the previous 3 years. The Multisource
Comorbidity Score (MCS), a simple score developed and vali-
dated in Italy,>* was used to assess the clinical profile of each
cohort member. Three categories of clinical profiles were
considered: good (MCS = 0), intermediate (1 < MCS < 2),
and poor (3 < MCS < 4). Finally, the number of contacts that
each cohort member had with the NHS during the 3-year pe-
riod before the index hospital admission was recorded. This
measure was considered a proxy for the patient’s behaviour
in searching for health services.

Propensity score matching

To enhance the comparability of patients classified as
adherent or non-adherent to each indicator, a propensity
score (PS) matching design was used.>> With this aim, logistic
regression was employed to model the probability of being
classified as adherent, taking into account the previously men-
tioned covariates (i.e. sex, age, non-pharmacological treat-
ments received during the index hospitalization, drug thera-
pies, and comorbidities). For each cohort member classified
as adherent to a given healthcare recommendation, one
non-adherent patient was randomly selected to establish a
1:1 match for the PS using the nearest neighbour-matching
algorithm.?® To assess between-group differences in baseline
characteristics, the standardized difference was calculated
for each measured covariate both before and after PS
matching.?’

Health-related outcomes

The composite outcomes of all-cause mortality and hospital
admission for cardiovascular disease (primary endpoint) and
all-cause mortality (secondary endpoint) were considered.

Follow-up started from the date corresponding to 1 year after
the index hospital discharge when analysing adherence to
ECC or 1 year after the date of the first drug prescription until
the first occurring outcome or censoring (emigration, 5 years
after cohort entry, or endpoint of follow-up, i.e. 31 December
2019). A proportional hazard Cox model was fitted to
estimate the hazard ratio (HR) and 95% confidence interval
(C1) for the association between adherence to the considered
out-of-hospital healthcare and the occurrence of health-re-
lated outcomes. In addition, the average time free from
health-related outcomes experienced by each cohort member
during follow-up was considered. The restricted mean survival
times,® calculated using the area under the Kaplan—Meier
curves, were denoted as the number of months free from
health-related outcomes at 5 years experienced by each co-
hort member.*®

Healthcare costs

Costs from the NHS perspective were assessed as the amount
reimbursed by the Regional Health Authority to healthcare
providers, and were available in our databases. These costs
included costs related to hospital admissions, drugs, and out-
patient services (e.g. specialist visits, laboratory examina-
tions, and imaging). Healthcare costs accumulated by each
cohort member started from the date of the index hospital
discharge until death, migration, 5 years after cohort entry,
or the end of follow-up (i.e. 31 December 2019). Healthcare
costs accumulated by a given matched cohort were divided
by the number of person-years accumulated in that cohort
and expressed as a rate. The corresponding measure was
denoted as the average annual healthcare cost and expressed
in euros per person-year.

Because retrospective data were analysed without
forecasting outcomes in the future, no adjustment were
performed on cost data.

Cost-effectiveness profiles

The cost-effectiveness profile of adherence to each of the
aforementioned recommendations at 5 years was investi-
gated using the incremental cost-effectiveness ratio (ICER),
which represents the additional cost required to gain a
month free from health-related outcomes due to enhanced
adherence to recommendations.*® This measure was calcu-
lated by dividing the difference in healthcare costs and re-
stricted mean survival times between groups (adherent and
non-adherent patients). A non-parametric bootstrap method
based on 1000 resamples was used to account for uncer-
tainty in cost-effectiveness estimates.**
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Sensitivity analysis Table 1 Baseline characteristics of cohort members
Characteristics N (%)

As an intention-to-treat approach was adopted in the main Male sex 19 185 (46.3%)
analysis (i.e. exposure experienced in the first year after dis- Age (years): mean [SD] 76.9 [9.4]
charge was linked to subsequent outcomes), an as-treated Region

Lombardy 17 306 (41.8%)
approach was used to assess the robustness of the Marche 3354 (8.1%)
health-related findings. To account for the dynamic nature Lazio 10 105 (24.4%)
of adherence over time, dummy factors for adherence Sicily 10 641 (25.7%)

categories were introduced into the Cox models as
time-dependent covariates. Adherence to recommendations
was assessed across all years preceding the onset of out-
comes using the following definition: regarding adherence
to drug therapy, patients were defined as ‘full adherents’ if
they spent at least 75% of the time span of each year (previ-
ous to the outcome onset) with the drug available, ‘partial ad-
herents’ if their PDC was >75% for at least half of the years of
follow-up, and ‘non-adherents’ otherwise; regarding adher-
ence to ECC, patients were considered ‘fully adherents’ if
they underwent at least a control during each year (previous
to the outcome onset), ‘partial adherents’ if they underwent
control in at least half of the years of follow-up, and ‘non-ad-
herents’ otherwise.

Summarizing between-region estimates

Given the constraint that the data could not leave the re-
gional platform, the described procedure was independently
applied within each of the four participating regions. Subse-
quently, estimates were summarized using meta-analytic
procedures, specifically employing a weighted average of
the estimates by using the reciprocal of the variance (HRs
and restricted mean survival times) or by the number of pa-
tients (costs and ICERs).*?

Results
Patients

Among the 120 023 eligible NHS beneficiaries hospitalized for
HF, 41 406 met the inclusion criteria and were included in this
study (Figure S1). The characteristics of the cohort members
are presented in Table 1. The mean patient age was 77 years,
and less than half of the patients were men. Approximately
one in ten patients had ischemic heart disease, cerebrovascu-
lar disease, and diabetes. Four in five patients were
co-treated with antihypertensive drugs; four in ten with
lipid-lowering drugs; and three in ten with antidiabetic drugs.
Almost one in six patients had a poor clinical profile.

Procedures during the index hospitalization

CRT implantation
ICD

PTCA

CABG

Comorbidities®

Ischemic heart disease
Cerebrovascular disease
Diabetes

Kidney disease
Respiratory disease
Cancer

Medications®

RAS inhibitors /beta-blockers/MRAs
Other antihypertensive drugs
Digitalis glycosides

Organic nitrates
Antiarrhythmics
Lipid-lowering agents
Antithrombotic agents
Antidiabetic drugs

NSAIDs

Anti-gout drugs

Drugs for pulmonary diseases

598 (1.4%)
708 (1.7%)
725 (1.8%)
642 (1.6%)

5718 (13.8%)
3683 (8.9%)
4565 (11.0%)
2730 (6.6%)
5803 (14.0%)
3133 (7.6%)

34 383 (83.0%)
28 449 (68.7%)
4088 (9.9%)

6932 (16.7%)
5630 (13.6%)
18 136 (43.8%)
30 455 (73.6%)
12 131 (29.3%)
18 519 (44.7%)
7960 (19.2%)
12 978 (31.3%)

Antidepressants 6896 (16.7%)

Clinical profileID

Good 10 787 (26.1%)
Intermediate 24 170 (58.4%)
Poor 6449 (15.6%)

12 201 (29.5%)
288.1 [200.4]

Echocardiogram®
Number of services received by the NHS?: mean
[SD]

CABG, coronary artery bypass graft; CRT, cardiac resynchronization
therapy; ICD, implantable cardioverter-defibrillator; MRAs, mineral-
ocorticoid receptor antagonists; NSAIDs, non-steroidal anti-inflam-
matory drugs; PTCA, percutaneous transluminal coronary
angioplasty; RAS, renin-angiotensin system; SD, standard
deviation.

@Within 3 years from index hospitalization.

BThe clinical profile was assessed by the Multisource Comorbidity
Score (MCS) according to the hospital admission and the drugs
prescribed in the 3-year period before the index date. Three cate-
gories of clinical profile were considered: good (MCS = 0), inter-
mediate (1 < MCS < 2), and poor (3 < MCS < 4).

Adherence to recommendations

Table 2 shows that almost 20% of patients adhered to the
ECC (18.9%), approximately 60% received prescriptions for
RAS inhibitors (64.1%) and beta-blockers (60.5%), and just
over a third received prescriptions for MRAs (35.3%). Among
drug users, adherence to therapy was achieved by 64.0%,
57.3%, and 61.6% of RAS inhibitor, beta-blocker, and MRA
users, respectively.
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Table 2 Adherence to recommendations in the first year after
discharge from the index hospital admission for heart failure

Recommendations N (%)
7846 (18.9%)

Echocardiogram®
RAS inhibitors
Users® 26 558 (64.1%)

Adherents® 16 996 (64.0%)
Beta-blockers

Users® 25 056 (60.5%)

Adherents® 14 350 (57.3%)
MRAs

Users® 14 599 (35.3%)

Adherents® 8991 (61.6%)

MRAs, mineralocorticoid receptor antagonists; RAS, renin—angio-
tensin system.
At least a control.

At least a prescription within 3 months after the index discharge.
“Proportion of days covered by drug prescription >75%. Adherence
was assessed among drug users.

Baseline characteristics of cohort members according to
adherence to recommendations are shown in Table S3-S6.
With a few exceptions, there were no substantial
differences in covariate distributions between adherent and
non-adherent patients. Conversely, compared with patients
who did not undergo ECC, those who experienced ECC were
younger men who received more extensive non-pharmaco-
logical therapy during the index admission and fewer
previous medications and had a good clinical profile. After
the PS matching procedure, there was no evidence of
between-group differences in covariate distributions.

Adherence - health-related outcomes

The event rates of health-related outcomes are reported in
Table S7. As shown in Table 3, compared with non-adherent
patients, those who adhered to ECC, RAS inhibitors, beta-
blockers, and MRAs experienced a delay in the composite
outcome of 1.6, 1.9, 1.6, and 0.6 months, respectively. Addi-
tionally, they exhibited reduced risks of 9% (95% Cl, 2-14%),
11% (95% Cl, 7-14%), 8% (95% Cl, 5-11%), and 4% (95% Cl,
—1% to 8%). Similar benefits associated with adherence to
recommendations were observed for all-cause mortality
when the outcomes were considered separately.

Adherence - healthcare costs

Table 4 presents the average annual healthcare costs for each
patient. Patients who adhered to ECC incurred higher health-
care costs during follow-up than non-adherent patients
(€5936 vs. €5425 per year). Conversely, adherence to drug
therapy was associated with lower costs (€4610 vs. €4872
for RAS inhibitors, €4883 vs. €4975 for beta-blockers, and
€4859 vs. €5430 for MRAs).

Table 3 Health-related outcome estimates among matched cohort members

RAS inhibitors Beta-blockers MRAs

Echocardiogram

RMST
(months)

RMST RMST
(months)

(months)

RMST
(months)

(95% Cl)

HR
1.00 (Ref.)

HR (95% ClI)

1.00 (Ref.)

(95% Cl)

HR
1.00 (Ref.)

HR (95% CI)

1.00 (Ref.)

Adherence

Outcome

35.2 34.8

35.7
37.6

36.9

No adherent
Adherent

Composite outcome®

0.96 (0.92-1.01)
1.00 (Ref.)

35.4

0.92 (0.89-0.95)
1.00 (Ref.)

36.8

0.89 (0.86-0.93)
1.00 (Ref.)

0.91 (0.86-0.98)
1.00 (Ref.)

38.5

42.9 42.3 42.3

44.9

No adherent

Adherent
Cl, confidence interval; HR, hazard ratio; MRAs: mineralocorticoid receptor antagonists; RAS, renin—angiotensin system; RMST, restricted mean survival time.

Cardiovascular hospitalization or all-cause death.

All-cause death

0.88 (0.83-0.93) 45.3 0.84 (0.80-0.88) 443 0.89 (0.85-0.93) 421 1.01 (0.96-1.07)

46.5
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Table 4 Average annual healthcare cost (Euro) per patient according to adherence with recommendations

Echocardiogram

RAS inhibitors Beta-blockers MRAs

Non-adherent Adherent Non-adherent Adherent Non-adherent Adherent Non-adherent Adherent

Hospitalizations

Heart failure 332 417 300 304 306 309 334 316

Other cardiovascular 462 549 376 362 358 358 356 336
diseases

All other causes 1852 1849 1911 1611 1811 1704 2012 1698
Medications

RAS inhibitors or 136 165 123 167 126 173 142 166
beta-blockers
or MRAs

All other drugs 1548 1773 1440 1505 1528 1591 1883 1815
Outpatient services

Echocardiogram 10 43 14 14 13 15 14 15

Other outpatient 1085 1140 708 646 834 732 689 514
services
Total 5425 5936 4872 4610 4975 4883 5430 4859

MRAs, mineralocorticoid receptor antagonists; RAS, renin-angiotensin system.

Figure 1 Incremental cost-effectiveness ratio scatterplots representing cost-effectiveness profiles obtained by comparing matched cohorts differenti-
ated according to whether they adhered or did not adhere to recommendations. MRAs, mineralocorticoid receptor antagonists; RAS, renin—angioten-

sin system.
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Cost-effectiveness profiles

creased costs (positive healthcare costs differential), resulting
in an ICER of 225.6 (95% Cl, 153.4-300.7). In addition,

As shown in Figure 1, patients who adhered to ECC patients who adhered to RAS inhibitors, beta-blockers, and
experienced a gain in time free from health-related outcomes  MRAs exhibited positive differential effectiveness compared
(positive differential effectiveness) at the expense of in- with non-adherent patients; however, in this case, a cost
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saving (negative healthcare costs differential) was observed
in 98%, 84%, and 93% of the 1000 bootstrap replications,
respectively.

Sensitivity analysis

The association between adherence to recommendations
and health-related outcomes did not change substantially
when using an as-treated (time-dependent) approach
(Table S8). Compared with non-adherent patients, full adher-
ents had a risk reduction for the composite outcome, ranging
from 8% (MRAs) to 17% (RAS inhibitors).

Discussion

This study provides real-world evidence of the clinical out-
comes and healthcare costs associated with adherence to
out-of-hospital healthcare recommendations for patients
with HF. Our findings showed that health-related outcomes
(i.e. cardiovascular hospitalizations and all-cause deaths) oc-
curred at reduced rates, ranging from 8% to 17% for patients
fully adherent to MRAs and RAS inhibitors, respectively. Ad-
herence to ECC was associated with higher healthcare costs
(on average, €511 per year per patient) while adherence to
drug therapies resulted in cost savings (ranging from €92
for beta-blockers to €571 for MRAs). Therefore, although ef-
forts to increase adherence to drug therapies should be pur-
sued because of the expected benefits for patients and the
healthcare system, decision makers should carefully consider
the balance between improved prognosis and higher
ECC-related costs. These data could hence be the starting
point for planning resource allocation and other healthcare
policies.

In our cohort, approximately 60% of patients received
prescriptions for RAS inhibitors and beta-blockers, and
35% received prescriptions for MRAs within 3 months of
hospital discharge. In addition, 36%, 43%, and 38% of RAS
inhibitor, beta-blocker, and MRA users, respectively, exhib-
ited suboptimal adherence to treatment during the first
year of follow-up. The lower use of MRAs than that of
RAS inhibitors and beta-blockers was likely due to the re-
stricted indication of this drug class by the guidelines at
the time of recruitment (2014-2015), that is MRAs were
not indicated for patients with any one of the following
criteria: New York Heart Association (NYHA) class 1, left
ventricular ejection fraction >35%, and not being treated
with RAS inhibitors and beta-blockers.** Our study confirms
previous observations that adherence to drug therapies is
low in real-life settings and is associated with better
outcomes. ¥ %44 However, the novelty of our findings lies in
our assessment of the cost-effectiveness profile, which

showed that not only patients but also the healthcare system
could benefit from improving adherence to drug therapies.

In line with previous observations,*® only a few patients
(<20%) underwent ECC within the first year after hospital
discharge in this study. The effectiveness of ECC during hospi-
tal stay has already been demonstrated previously.*® One of
the most novel results of this study is that we extended this
finding by assessing the impact of outpatient management
of HF through cardiac imaging on long-term outcomes. Our
study showed that although adherence to ECC was associated
with a delay in the onset of outcomes, it involved additional
costs. As the unit cost of reimbursing an ECC was low (ap-
proximately €60), our results suggest that this examination
serves as a surrogate for the overall quality of care, that is
patients adhering to this recommendation may also be more
likely to follow healthy lifestyle advice and treatment
indications regularly. Finally, the additional healthcare cost
associated with ECC required to gain a year free from
health-related outcomes was €2707, which was much lower
than the frequently adopted willingness-to-pay threshold of
€50 000—€100 000 in western countries for HF-related
interventions.*’

Our study has several strengths. First, the study was based
on a very large and unselected population, which was made
possible because in Italy, the healthcare system is free or al-
most free for virtually all citizens. Second, the data included
in the HCU database are accurate because all services
claimed by health providers to obtain reimbursement from
the Regional Health Authority are checked, with potential le-
gal consequences for incorrect reports.® Third, the user-only
design adopted for assessing the effectiveness of drug thera-
pies reduces the potential for confounding effects.>° Finally,
the robustness of our main findings was confirmed using a
sensitivity analysis.

While our study provides valuable insights, it has certain
limitations. First, the strict inclusion criteria may compromise
the external validity of the study. As we excluded patients
aged <50 years and who were hospitalized for cardiovascular
events or those who died within the first year after hospital
discharge, the generalizability of our findings to younger
and high-risk patients requires extreme caution. Second, ow-
ing to privacy rules, hospital records were unavailable for
scrutiny, with a consequent lack of validation studies per-
formed in the Italian healthcare system.*®° Third, misclassi-
fication of exposure may have affected our findings in several
ways. For example, adherence to recommendations observed
in the first year after hospital discharge was implicitly consid-
ered a proxy for adherence during follow-up, which may not
invariably be the case. However, the as-treated approach
analysis confirmed our main findings. In addition, adherence
to drug therapies relies on drug dispensing and we have no
data on actual drug assumption.?® Moreover, out-of-pocket
payments for healthcare services (e.g. over-the-counter drugs
and ECC in private facilities) are not recorded in HCU
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databases.?® Fourth, clinical characterization was probably
imperfect because diseases not requiring hospitalization
may have been underestimated in our study. Fifth, because
the prescriptions for ECC were not recorded in our databases,
we could not assess whether the lack of ECC was related to
the patient or to the physician. Sixth, we have no data on
the quality of the ECC assessments. Finally, our results may
be affected by confounding factors, that is because patients
who adhered to recommendations may have different clinical
features from those who did not adhere to them, the ob-
served reduction in clinical and economic outcomes might
have been generated by factors other than adherence to
recommendations. To minimize the potential for residual
confounding, we adopted a PS matching design. Although
PS is a widely used method in observational studies, it does
not entirely avoid confounding, especially when important
clinical data are lacking, as in our HCU databases (e.g. left
ventricular ejection fraction, NYHA class, blood pressure,
and drug doses prescribed). Therefore, our findings could
not entirely exclude confounding factors.

In summary, adherence to HF recommendations improves
patient prognosis, and adherence to evidence-based drug
therapies reduces healthcare costs in patients with HF after
hospital discharge. Therefore, strict monitoring of patients
with HF through regular clinical examinations and drug ther-
apies should be considered the cornerstone of national
guidelines and audits. Our results support the application of
performance indicators based on adherence to evidence-
based recommendations for the out-of-hospital management
of patients with HF in a national monitoring and evaluation
system for healthcare provision, similar to the one activated
by the Italian Ministry of Health.
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