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Abstract
Background: Increasing the knowledge about heart failure (HF) costs and their determinants is important
to ascertain how HF management can be optimized, leading to a significant decrease of HF costs. This
study evaluated the cumulative costs and healthcare utilisation in HF patients in Spain.
Methods: Observational, retrospective, population-based study using BIG-PAC database, which included
data from specialized and primary care of people ≥18 years, from seven autonomous communities in
Spain, who received care for HF between 2015 and 2019. The healthcare and medication costs were
summarized on a yearly basis starting from the index date (1st January 2015), and then cumulatively
until 2019.
Results: We identified 17,163 patients with HF (year 2015: mean age 77.3±11.8 years, 53.5% men, 51.7%
systolic HF, 43.6% on NYHA functional class II). During the 2015-2019 period, total HF associated costs
reached 15,373 Euros per person, being cardiovascular disease hospitalizations the most important
determinant (75.8%), particularly HF hospitalizations (51.0%). Total medication cost accounted for 7.0%
of the total cost. During this period, there was a progressive decrease of cardiovascular disease hospital
costs per year (from 2,834 Euros in 2015 to 2,146 Euros in 2019, P<0.001), as well as cardiovascular and
diabetic medication costs.
Conclusions: During the 2015-2019 period, costs of HF patients in Spain were substantial, being HF
hospitalizations the most important determinant. Medication costs represented only a small proportion of
total costs. Improving HF management, particularly through the use of drugs that reduce HF
hospitalization may be helpful to reduce HF burden.

Background
Heart Failure (HF) is a complex clinical syndrome caused by structural or functional cardiac alterations,
leading to a reduced cardiac output or elevated intracardiac pressures at rest or during stress, that cause
the typical symptoms such as breathlessness, or fatigue [1,2]. HF is a growing problem worldwide [3]. It
has been estimated that the prevalence of HF is around 2% of the adult population in developed
countries, raising to more than 10% in those individuals aged 70 years or older [4]. In Spain, it has been
reported a higher prevalence of HF, reaching 5% in some studies [5,6]. Of note, it is expected that the
prevalence of HF will increase in the following years, mainly due to the ageing of the population, the rise
in HF risk factors (i.e. hypertension, diabetes) and the better treatment of acute cardiovascular events [3].
Despite traditional HF therapies (i.e renin angiotensin system inhibitors, beta blockers and aldosterone
antagonists), mortality and hospitalization rates remain unacceptably high [7,8]. Thus, the MAGGIC metaanalysis that included individual data on 39,372 patients with HF, from 30 cohort studies showed that
40.2% of patients died after 2.5 years of follow-up [8]. However, in the last years, the PARADIGM-HF and
more recently, the DAPA-HF trials have shown that sacubitril/valsartan and dapagliflozin, respectively,
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have a positive impact on morbidity and mortality among patients with HF and reduced left ventricular
ejection fraction [9,10].
Remarkably, HF represents a major and growing economic problem [3,11,12]. Studies particularly focused
on HF economic burden are important as they contribute to a better understanding of the drivers and
problems which may lead to the increasing HF costs [3]. Increasing the knowledge about HF costs and
their determinants is important in order to ascertain how HF management can be optimized, leading to a
significant decrease of HF costs [3,7,11,12]. Unfortunately, data about costs of HF in Spain are very
scarce or limited to the use of specific drugs, but not focused on a comprehensive approach [13-18]. For
example, a study performed in Spain in 2014 among only 374 patients reported a high total cost
associated with HF [18]. As a result, new studies with a high number of patients that provide current data
are warranted.
The aim of this study was to evaluate the cumulative costs and healthcare utilisation in HF patients in
Spain over the last 5 years, along with the epidemiological characterization of the population at index
date (1st January 2015). This was also analyzed in a population who met the most relevant inclusion
criteria of the DAPA-HF trial [10] (DAPA-HF like population) with the aim of understanding the costs
associated with the management of HF with reduced ejection fraction from the DAPA-HF trial population.

Methods
Observational cohort study, comprising cross-sectional and longitudinal retrospective analyses using
secondary data captured in electronic health records from seven Spanish regions. Data sources were
provided by BIG-PAC®. BIG-PAC is an electronic database that integrate information from primary and
specialist care medical records. This database has been validated as an information source for studies of
epidemiology, therapeutic adaptation and health/non-healthcare resource use and associated costs. It is
representative of the Spanish population [19]
The HF population was defined as all patients ≥18 years of age and with at least one diagnosis of HF
prior to the index date (first January 2015). Type 2 diabetes (T2D) was defined as all patients ≥18 years
of age filling a prescription of any antidiabetic medication, T2D diagnosis or HbA1c > 7% prior to index
date. The DAPA-HF like population included those patients ≥18 years, with a HF history of more than
eight weeks, treatment with device therapy or standard HF treatment, NYHA class ≥II within one year prior
to index date and left ventricular ejection fraction ≤40%. Patients with HF hospitalization in the previous
four weeks prior to index date, myocardial infarction, unstable angina pectoris, stroke, transient ischemic
attack, coronary revascularization or implantation of therapeutic device <12 weeks prior to index date,
were excluded from the population.
Comorbidities were searched for in all available data prior to index date, excepting for severe
hypoglycemia that was considered only within 1 year before index date and cancer which was searched
for up to 5-year prior to index date. A minimum of 1 year of data before index date was required.
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Comorbidities included cardiovascular disease (myocardial infarction, percutaneous or surgical
revascularization, unstable angina, angina pectoris), HF, chronic kidney disease, atrial fibrillation, stroke
(hemorrhagic, ischemic, transitory ischemic attack), peripheral artery disease, major organ specific
bleeding, microvascular complications (diabetic mono-/polyneuropathy, diabetic eye complications,
diabetic kidney disease), severe hypoglycemia, cancer, chronic obstructive pulmonary disease, and lower
limb complications. ICD-9 and ICD-10 codes (https://eciemaps.mscbs.gob.es) were considered for the
diagnosis of comorbidities (supplementary table 1).
The information about treatment was recorded from the registries for dispensing medicines, according to
the Anatomical Therapeutic Chemical Classification System (supplementary table 1) [20]. HF treatments
(angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta blockers, aldosterone
antagonists, sacubitril/valsartan, loop diuretics, digoxin), warfarin, statins, aspirin, receptor P2Y12
antagonists, calcium channel blockers, thiazides, nitrates, antidiabetic medications (SGLT-2 inhibitors,
metformin, sulfonylurea, DPP-4 inhibitors, GLP-1 receptor agonists, metiglinides, glitazones, acarbose,
miglitol, insulin) were recorded. The prescription of a drug in a specific patient was based only on medical
criteria (clinical practice).
Prevalence, incidence and baseline characteristics (total HF population and by T2D status), including
demographics, comorbidities and medications were calculated at index date (first January 2015).
The healthcare resource use and costs and medication costs were summarized for the total HF
population on a yearly basis starting from index date (first January 2015), and then cumulatively until the
end of the last year of follow up (31st December 2019). All hospital visits (total and cardiovascular
events), the number of medical visits and emergency room visits and medication costs (total,
cardiovascular related, HF related and diabetes related) were included for the analysis of the annual
direct healthcare costs. Patients who died during follow-up had a cost of 0 allocated to the remaining
duration of the study, whereas a patient leaving the database prior to data cut off was not included in the
denominator for the time after leaving the database. Annual indirect non-health costs included the
number of days of productivity lost due to disability.
Rates were obtained from hospital accounting, except for the medication and indirect costs which were
calculated as follows, respectively: a) medical prescriptions: according to the retail price per package at
the time of dispensing [21]; b) costs for days of productivity lost: according to the mean interprofessional
wage [22]. Hospital admission costs for cardiovascular events during follow-up were obtained taking into
consideration daily hospital rate and number of hospital days per stay. Rates are summarized in
supplementary table 2.
Statistical analysis.
Categorical variables were described by their absolute (n) and relative frequencies (%). Continuous
variables were described using the mean and standard deviation. Categorical variables were compared
with the Chi-square test or the Fisher exact test when appropriate. When two means were compared, the tPage 5/16

student test was used. Analyses of health care cost were performed for the index date with 5 year of
follow-up. The cumulative mean healthcare cost was estimated and presented on a yearly basis from the
index date until last year of follow-up. Health care costs were presented per patient (mean cost). A level of
statistical significance of 0.05 was applied in all the statistical tests. The data were analyzed using the
statistical package SPSS v22.0 (SPSS Inc., Chicago, Illinois, USA).

Results
Out of 1,7 millions of persons included in the BIG-PAC® database in 2015, 1,3 million people were
attended during the 2012-2014 period, of whom 964,862 were 18 years or older. At index date, 17,598
patients had HF. As 435 patients were excluded due to inconsistent data, 17,163 patients (1.78%)
comprised the HF study population (figure 1). Incidence at index date was 2.84 x 1000 patient-years.
The baseline clinical characteristics of the HF population according to the presence of T2D were
presented in table 1. Overall, mean age was 77.3±11.8 years, 53.5% of patients were men, 51.7% of
patients had reduced left ventricular ejection fraction HF, and the majority of patients were on NYHA
functional class II (43.6%) or III (36.1%). A total of 5,815 (33.9%) patients had T2D. The presence of other
comorbidities was common: 30.0% of patients had atrial fibrillation, 29.5% chronic kidney disease, 23.3%
ischemic heart disease, 17.2% chronic obstructive pulmonary disease, 12.8% cancer and 9.5% previous
stroke. Two thirds of patients were taking renin angiotensin system inhibitors, 68.3% beta blockers, 30.0%
aldosterone antagonists, and 8.5% sacubitril/valsartan. The baseline clinical profile of patients according
to the presence of T2D was also compared. The percentage of patients with left ventricular ejection
fraction ≤40% was higher in patients with type 2 diabetes (53.1% vs 51.0%; P=0.015). Those patients
with T2Dd had more ischemic heart disease, stroke, atrial fibrillation, peripheral artery disease, and
chronic kidney disease, and a higher body mass index (P<0.05 or less for all comorbidities).
Patient hospital mean cost for year was presented in table 2. In general, from 2015 to 2019, there was a
progressive decrease of cardiovascular disease hospital cost per patient year (from 2,834 to 2,146 Euros,
P<0.001). Overall, patient cumulative cardiovascular disease hospital mean cost reached 11,649 Euros in
2019 (supplementary table 3 and figure 2). The great burden for this cost was due to cardiorenal (HF
and/or chronic kidney disease) hospitalizations (88.8% of the total cost), particularly HF (67.3% of the
total cost). With regard to medication, from 2015 to 2019, diabetes medication mean cost varied from
101 to 85 Euros (P<0.001) per patient and year and HF medication mean cost from 86 to 90 Euros
(P<0.001), respectively (table 2). The cumulative mean cost of diabetes medication and HF medication
reached 486 and 417 Euros, respectively, in 2019 (supplementary table 3 and figure 3).
The health resources use for each year, including primary care visits, specialized visits, emergency
rooms visits, hospitalization and diagnostic tests, was shown in table 3. The proportion of hospitalized
patients decreased from 31.5% in 2015 to 22.9% in 2019 (P<0.001), the days for hospitalized patients due
to HF from 8.3 to 7.2 days (P<0.001), and the proportion of patients that died from 9.4% to 4.9%
(P<0.001), respectively. Total sanitary cost decreased from 3,700 Euros in 2015 to 2,770 Euros in 2019
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(P<0.001). Including indirect costs, total cumulative patient mean costs reached 15,373 Euros in 2019,
263,852,978 Euros per total HF population (table 4).
A specific analysis was performed in the DAPA-HF like population (n=3,178). In this subpopulation, mean
age was 76.9±11.7 years, 51.4% were men, and all patients had reduced left ventricular ejection fraction
HF (mean left ventricular ejection fraction 34.5±7.9%). The majority of patients were on NYHA functional
class II (52.1%) or III (43.0%). A total of 1,314 (41.3%) patients had T2D. With regard HF medication,
77.0% of patients were taking renin angiotensin system inhibitors, 100% beta blockers, 21.0% aldosterone
antagonists, and 8.8% sacubitril/valsartan. Compared with patients without diabetes, those patients with
T2D were taking more renin angiotensin system inhibitors, aldosterone antagonists and
sacubitril/valsartan (supplementary table 4).
With regard to patients hospital mean cost for year for this subpopulation, there was a progressive
decrease of cardiovascular disease hospital cost per year (from 3,269.6 Euros in 2015 to 2,539.5 Euros in
2019, P<0.001). Overall, patient cumulative cardiovascular disease hospital mean cost reached 13,775
Euros in 2019. The great burden for this cost was due to cardiorenal hospitalizations (87.7% of the total
hospital cost), particularly HF (65.9% of the total hospital cost). With regard to medication, from 2015 to
2019, diabetes medication mean cost decreased from 128.5 to 74.6 Euros (P<0.001) and HF medication
mean cost from 112.9 to 74.7 Euros (P<0.001), respectively. The cumulative mean cost of diabetes
medication and HF medication reached 540 and 514 Euros, respectively, in 2019 (supplementary table 5).

Discussion
Our study showed that in Spain, during the 2015-2019 period HF associated costs were high (patient total
cost of 15,373 Euros), being cardiovascular hospitalizations the most important determinant (75.8%),
particularly HF hospitalizations (51.0%). Total medication cost accounted for 7% of the total HF cost. In
addition, the annual cardiovascular hospitalization mean cost progressive decreased over time.
In our study, the prevalence of HF was about 1.8%. With regards to the HF population, mean age was 77
years, around half of patients had systolic HF, the majority of patients were on NYHA functional class II or
III, one third had diabetes and comorbidities were common. In Spain, the studies performed in different
clinical settings (hospital and outpatients) show a higher prevalence of HF [23]. However, the populationbased studies reported similar numbers to our study [24]. The proportion of patients with systolic HF, as
well as the presence of numerous comorbidities are in line with previous studies [5,24]. As a result, our
study can be considered fairly representative of the Spanish population.
With regards to HF therapies, approximately two thirds of patients were taking renin angiotensin system
inhibitors and beta blockers, nearly one third aldosterone antagonists, and only 8.5% sacubitril/valsartan.
The optimization of treatment of patients with HF is necessary not only to improve functional class and
quality of life, but also to reduce morbidity and mortality [1,2]. These numbers are lower than those
reported in HF units, but in line with those from other clinical settings [25,26]. This is very relevant, as the
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underuse of evidence-based HF medication is associated with a higher use of healthcare resources,
particularly first and recurrent hospitalizations [27].
During the period 2015-2019, patient cumulative cardiovascular disease hospital mean cost reached
11,649 Euros. Importantly, cardiorenal hospitalizations were the most important contributor for the total
cost, particularly HF hospitalizations. Overall, HF hospitalizations represent 1-2% of total admissions
[7,28] and HF is the most common diagnosis in elderly hospitalized patients [29]. During the first year
after diagnosis of HF, approximately half of the patients may be expected to be hospitalized at least
once. In addition, readmission rates are high [7,30-32]. Importantly, it has been reported that in Spain,
rates of first hospitalization due to HF continue to increase, with high mortality [32]. A recent systematic
review analyzed 16 cost-of-illness studies related to HF. Although there were large variations concerning
cost components, the majority of them showed that hospital admission costs were the most expensive
cost element. Annual costs for HF patients ranged from 868 Dollars (≈774 Euros) for South Korea to
25,532 Dollars (≈22,760 Euros) for Germany [3]. Other systematic review focused on economic HF
burden also showed that hospitalization cost was found to be the main cost driver to the total health care
cost and that the HF annual cost ranged from 908 Dollars (≈809 Euros) to 40,971 Dollars (≈36,522
Euros) per patient [12]. In our study, during the 2015-2019 period, HF associated costs per patient reached
15,373 Euros, in line with these studies. However, among other factors, methodological heterogeneity and
specific cost items (including treatments) accounted for in the estimations indicate that cost
comparisons across publications should be made with caution [33]. Certainly, all these data confirm the
high cost burden of HF. Some factors such as age, renal function, blood pressure, NYHA functional class,
diabetes, body mass index, or medication/diet nonadherence have been associated with a higher
morbidity and mortality. Therefore, since HF hospitalization is the main driver for HF costs, the early
identification of these patients is mandatory, as these patients require a more careful follow-up and a
greater intensification of treatment, in order to reduce HF burden [34,35].
As the most important contributor for HF cost is HF hospitalizations, the use of those drugs that have
demonstrated to be beneficial in this clinical context may be very helpful in reducing total HF cost. Thus,
in 2014 the PARADIGM-HF trial showed that compared with enalapril, sacubitril/valsartan significantly
reduced the risk of HF hospitalization by 21% and this might have had a positive impact [9]. In our study,
from 2015 to 2019, in general there was a progressive reduction of cardiovascular disease hospital cost
per year, as the proportion of hospitalized patients decreased. Interestingly, there was only a slight
increase in HF medication cost per year which is a small contributor for total HF cost. This is in line with
previous studies that have shown a decline in standardized HF hospitalization rates in Europe and United
States [36,37]. However, absolute numbers of HF hospital admissions are expected to increase by about
50% in the following years due to the ageing of the population [7]. As a result, new drugs are needed to
improve these numbers. In 2019, the DAPA-HF trial showed that in addition to recommended therapy,
dapagliflozin significantly reduced the risk of a first worsening HF event by 30% [10]. Therefore, it can be
hypothesized the addition of dapagliflozin to standard HF therapy may contribute to reduce HF costs.
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Other contributors to total HF cost included primary care visits, specialized visits, and diagnostic tests. It
has been reported that a better integrated hospital primary care HF program is associated with a
significant reduction of readmission for HF and mortality [38]. In addition, moving to case management
at home rather than outpatient cardiology clinic follow-up may also reduce healthcare costs [39].
Therefore, transition to an integrated management of HF patients is necessary to reduce HF burden.
A recent meta-analysis estimated the one, two, five and 10-year survival to be 87%, 73%, 57% and 35%,
respectively, among HF patients [40]. HF hospitalization is an independent predictor for increased HF
mortality [7,30,31]. In our study the proportion of patients who died decreased from 9.4% in 2015 to 4.9%
in 2019, in line with the decrease in hospitalization rates. Although there is much room for progress, it is
likely that the improvement in HF management during these years may have had a positive impact.
A specific analysis was performed in the DAPA-HF like population. In the DAPA-HF trial, the addition of
dapagliflozin resulted in a significant reduction of HF hospitalizations, death from cardiovascular causes,
and death from any cause, regardless the presence of diabetes [10]. In our study, in the DAPA-HF like
population, all patients had reduced left ventricular ejection fraction HF and the majority of patients were
on NYHA functional class II or III. Compared with the overall HF population, patients were taking more
renin angiotensin system inhibitors and beta blockers. Although in these patients there was a decrease of
patients hospital mean cost for year, these were higher than in the overall HF population. Thus,
cumulative cardiovascular disease hospital cost reached 13,775 Euros (vs 11,649 Euros in the overall HF
population). The great burden for this cost was due to cardiorenal hospitalizations (87.7% of the total
hospital cost), particularly HF (65.9% of the total hospital cost). Therefore, to reduce HF cost burden in
the DAPA-HF like population is of utmost importance to improve the HF management. As the great
majority of these patients were taking renin angiotensin system inhibitors and beta blockers, the
prescription of newer HF drugs, such as dapagliflozin, could be of particular benefit in the reduction of HF
costs [10]. In fact, a recent study has shown that dapagliflozin may be a cost-effective treatment for HF
patients in not only in United Kingdom and Germany, but also Spain [41].
This study has some limitations that should be commented. This was an observational cohort study that
used secondary data from electronic health records. In addition, there were certain factors, such as some
clinical characteristics that could not be controlled. As a result, variations in healthcare costs can not
only be related with modifications in the prescription of HF drugs. Therefore, only indirect causality can
be provided. However, the high number of patients included, as well as the robustness of the data may
allow to determine the value of the study. On the other hand, although data came from seven Spanish
regions, previous studies have shown that these data are representative of the Spanish population [19].

Conclusion
During the 2015-2019 period, costs of patients with HF in Spain were high, being cardiovascular
hospitalizations the most important determinant, particularly HF hospitalizations. Medication costs were
responsible for only a small proportion of total HF costs. Costs and healthcare resources use were even
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higher in the DAPA-HF like population. Improving HF management, particularly through the use of those
drugs that reduce HF hospitalization may be helpful to reduce HF burden.
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Figure 1
Flowchart cost population (2015).
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Figure 2
Patient cumulative hospital mean cost*. *In Euros. CVD: cardiovascular disease; HF: heart failure; CKD:
chronic kidney disease; cardiorenal: HF and/or CKD; MI: myocardial infarction; PAD: peripheral artery
disease.
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Figure 3
Patient cumulative medication mean cost*. *In Euros. CVD: cardiovascular disease; HF: heart failure.
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