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Abstract

Aims: To describe healthcare resource utilization (HCRU) of patients with heart failure with preserved (HFpEF), mildly
reduced (HFmrEF), and reduced ejection fraction (HFrEF) in Spain.

Methods: Adults with > 1 HF diagnosis and > 1 year of continuous enrolment before the corresponding index date
(1/January/2016) were identified through the BIG-PAC database. Rate per 100 person-years of all-cause and HF-related
HCRU during the year after the index date were estimated using bootstrapping with replacement.

Results: Twenty-one thousand two hundred ninety-seven patients were included, of whom 48.5% had HFrEF, 38.6%
HFpEF and 4.2% HFmrEF, with the rest being of unknown EF. Mean age was 78.8+ 11.8 years, 53.0% were men and
83.09% were in NYHA functional class II/lll. At index, 67.3% of patients were taking renin angiotensin system inhibitors,
61.2% beta blockers, 23.4% aldosterone antagonists and 5.2% SGLT2 inhibitors. Rates of HF-related outpatient visits
and hospitalization were 968.8 and 51.6 per 100 person-years, respectively. Overall, 31.23% of patients were hospital-
ized, mainly because of HF (87.88% of total hospitalizations); HF hospitalization length 21.06 £ 17.49 days (median 16;
25th, 75th percentile 9-27). HF hospitalizations were the main cost component: inpatient 73.64%, pharmacy 9.67%,
outpatient 9.43%, and indirect cost 7.25%. Rates of all-cause and HF-related HCRU and healthcare cost were substan-
tial across all HF subgroups, being higher among HFrEF compared to HFmrEF and HFpEF patients.

Conclusions: HCRU and cost associated with HF are high in Spain, HF hospitalizations being the main determinant.
Medication cost represented only a small proportion of total costs, suggesting that an optimization of HF therapy may
reduce HF burden.
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Introduction

Heart failure (HF) affects more than 60 million people
all around the world (approximately 15 million in Europe
and 6 million in United States) [1, 2]. The current preva-
lence of HF reaches 1-2% of the adult people in devel-
oped countries, and 8.52 per 1,000 inhabitants worldwide
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following years, mainly due to the ageing of the popula-
tion [1-6].

In spite of traditional HF treatments, mortality rates
remain unacceptably high [1, 2, 7]. In addition, HF is the
main cause of hospitalization in elderly people in West-
ern countries and it is responsible for 1-2% of all hos-
pitalizations [1, 2, 8]. In fact, one out of 6 patients with
HF with reduced ejection fraction (HFrEF) will develop
worsening HF within 18 months of initial diagnosis [9].
Consequently, it is expected that the number of HF hos-
pitalizations will markedly increase in the future [1, 10].
Recent clinical trials have demonstrated that some drugs
can positively modify the clinical course of HF, in both,
HFrEF (i.e. sacubitril-valsartan and some sodium-glu-
cose co-transporter-2 inhibitors [SGLT2i]) and HF with
preserved EF (HFpEF) (i.e. some SGLT2i), leading to a
reduction of HF burden [11-16].

HF is associated with huge direct and indirect costs,
largely due to HF hospitalization, representing 1-2%
of total healthcare costs in Europe and United States
[17-19]. In addition, HF accounts for 9.91 million years
lost due to disability (YLDs) and 346.17 billion US $
expenditure worldwide [3]. As a result, it is important to
ascertain the main determinants of HF costs, in order to
optimize the management of HF that may allow a reduc-
tion in HF costs [7, 18].

Although some studies have analyzed the clinical pro-
file and management of HF stratified by EF (HFrEF, HF
with mildly reduced EF [HFmrEF] and HFpEF) [20-25],
there are very few studies that have focused on identify-
ing cost drivers according to HF phenotype, particularly
in Spain [26-32].

This study aimed to describe healthcare resource uti-
lization (HCRU) and direct medical costs including HF-
related and all-cause outpatient visits, hospitalizations,
specialist visits, and poly-pharmacy, stratified by EF sub-
groups, through the analysis of a nationally representa-
tive Spanish database.

Methods
Retrospective cohort study that included a prevalent
cohort of adults with at least one inpatient or outpa-
tient HF diagnosis, and at least one year of continuous
enrolment before the corresponding index date (1 Janu-
ary 2016). Therefore, evaluation time for the analysis
included data from 1 January 2016 through 31 December
2016 (i.e. one year follow-up). Patients were excluded if
they had less than one year of continuous enrolment
before the index date,<18 years at index date, or had
chronic kidney disease stage V that required dialysis at
any time before the index date.

Data were collected from the BIG-PAC database
in Spain that includes secondary healthcare data of
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non-selected 1.8 million patients from primary care and
hospital centers, across seven Autonomous Communities
in Spain. Before export to BIG-PAC®, data were rigor-
ously anonymized and dissociated. Costs were calculated
using sources from the Spanish National Healthcare
System. This study was conducted in accordance with
the Declaration of Helsinki and approved by the Inves-
tigation Ethics Committee of HM Hospitales (Madrid,
Spain). No informed consent was required in this study,
as secondary data were used and all information was
completely anonymized and dissociated from patients’
identity. Several studies have demonstrated representa-
tiveness of this database of the Spanish population and its
ability to accurately determine the clinical profile, treat-
ments, healthcare resource utilization and costs in Spain
[4, 5, 18].

Clinical characteristics, including demographics, HF
diagnosis, cardiovascular risk factors, vascular disease,
chronic kidney disease by stage [33] and other comorbid-
ities, as well as treatments were determined at baseline.
Comorbidities were based on data any time up to the
index date, unless otherwise specified. The International
Classification of Diseases (ICD)-9 and ICD-10 codes
(https://eciemaps.mscbs.gob.es) were considered for
the diagnosis of HF and comorbidities (supplementary
Table 1). Treatments during one year before index date
were recorded from the registries for dispensing medi-
cines, according to the Anatomical Therapeutic Chemi-
cal Classification System [34]. Data were stratified by EF
subgroups, HFpEF: EF > 50%; HFrEF: EF <40%; HFmrEF:
EF >40- < 50%; HF with unspecified EF (HFuEF): patients
without an echocardiographic result at baseline.

During the year after the index date, HF-related hos-
pitalizations, outpatient visits, costs as well as all-cause
HCRU were estimated using cost data from the Spanish
National Health Service, and included: inpatient (number
of hospitalizations > 24 h, length of hospital stays, cost),
outpatient (number of visits to general practitioners, the
number of visits to the specialist, cost), emergency visits
(number of visits to the emergency department, cost),
pharmacy (total prescription cost for HF and non-HF
medications), and indirect cost relating to work morbid-
ity-induced productivity loss. Inpatient and outpatient
visits with a HF ICD-10 code (supplementary Table 1), as
the primary code were assumed to be HF-related HCRU.

Statistical analysis

Baseline characteristics and treatments were summa-
rized using descriptive statistics and stratified by EF
subgroups. Qualitative variables were described by their
absolute and relative frequency distributions. Measures
of central tendency (mean, median), dispersion (stand-
ard deviation [SD], 25th, 75th percentile), and categories,
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where appropriate, were used to describe the quantita-
tive variables. The rates of HCRU, overall and HF-related
were estimated within the year after the index date,
stratified by EF subgroups. The results were reported
per 100 person-years. The confidence interval (CI) for
HCRU was estimated using nonparametric bootstrap-
ping method, with the number of resampling set at 1,000.
Length of inpatient stays was estimated as mean (SD) and
median (25th, 75th percentile). The number of prescrip-
tions per patient was estimated as mean (SD) and median
(25th, 75th percentile), and the proportion of patients
with 0, 1, 2, 3, 4 or > 5 prescriptions (polypharmacy) was
also determined. HCRU costs, overall and HF-related
were estimated as mean (SD) per patient. Results in the
HFmrEF and HFpEF subgroups were compared with the
HErEF subgroup. To explore an association between con-
tinuous variables amongst EF subtypes, the two-sample
t-test was used for variables normally distributed and the
Mann-Whitney U test for those non-normally distrib-
uted. The chi-square test was used for categorical vari-
ables. A level of statistical significance of 0.05 was applied
in all statistical tests. The CI for HCRU was estimated
using nonparametric bootstrapping method (SciPy pack-
age). The data were analyzed using the statistical package
SPSS v25.0 (SPSS Inc., Chicago, Illinois, USA).

Results

A total of 21,297 patients with HF were included, of
whom 48.5% had HFrEF, 38.6% HFpEF and 4.2% HFm-
rEF, with the rest being of unknown EF (Table 1). Over-
all, mean age was 78.8 = 11.8 years, 53.0% were men and
83.0% were in New York Heart Association (NYHA)
functional class II or III. Comorbidities were com-
mon at index (67.5% had hypertension, 38.2% coronary
artery disease, 31.8% type 2 diabetes and 30.3% chronic
kidney disease). Regarding HF drugs, 67.3% of patients
were taking renin angiotensin system inhibitors, 61.2%
beta blockers, 23.4% aldosterone antagonists and 5.2%
SGLT2i. Compared with patients with HFrEF, patients
with HFmrEF were older, more commonly women, pre-
sented more frequently with hypertension, dyslipidemia
and atrial fibrillation, but less frequently with diabetes,
coronary artery disease, peripheral artery disease and
chronic obstructive pulmonary disease. Compared to
those patients with HFrEF, patients with HFpEF were
older, more commonly women, more patients were
on NYHA functional class II, and presented more fre-
quently with dyslipidemia and atrial fibrillation, but less
frequently with coronary artery disease, chronic kid-
ney disease, stroke, peripheral artery disease, chronic
obstructive pulmonary disease and dementia. Regard-
ing HF treatments, relative fewer patients with HFm-
rEF were taking diuretics, renin angiotensin system
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inhibitors, SGLT2i, digoxin and ivabradine than those
patients with HFrEE. All HF drugs were more com-
monly taken by patients with HFrEF than by those with
HFpEF. Among patients with HFpEF, the clinical pro-
file and treatments did not differ according to EF (50
to <60% vs > 60%).

All-cause and HF-related HCRU are presented in
Table 2. Overall, rates of HF-related outpatient visits and
hospitalization in the study year were 968.8 (95% confi-
dence interval [CI] 962.1-975.7) and 51.6 (95% CI 50.3—
52.9) 95% confidence interval [CI] 961.5-975.1) and 51.6
(95% CI 51.5-54.3) per 100 person-years, respectively.
Visits to the general practitioner were 26.3 times more
frequent than to the specialist. Rates of all-cause and HF-
related HCRU were higher among patients with HFrEF
compared to those with HFmrEF and HFpEF. HFmrEF
rates were intermediate between HFrEF and HFpEF.

Overall, 31.23% of patients were hospitalized, mainly
because of HF (87.88% of total hospitalizations). Mean
duration of HF hospitalization was 21.06+17.49 days
(median 16; 25th, 75th percentile 9-27) and despite the
elderly nature of these patients, 7.72% had recorded sick
leave due to HF (mean 23.38+7.85 days). Mean num-
ber of HF-related prescriptions in the follow-up year
was 16.09£7.77 and the majority of patients were poly-
medicated. A higher proportion of hospitalizations in
patients with HFrEF were related to HF in compared with
patients with HFmrEF and HFpEF (34.93% vs 29.90% and
27.26%, respectively; both P<0.001). A higher proportion
of hospitalizations in patients with HFrEF were related
to HF compared with patients with HFmrEF and HFpEF
(90.02% vs 85.19% and 85.50%, respectively). In addi-
tion, duration of HF hospitalization was higher among
patients with HFrEF compared to those with HFmrEF
and HFpEF (median 20; 25th, 75th percentile 13—36 days
vs 14: 25th, 75th percentile 9-21.5 and 12; 25th, 75th
percentile 6-21, respectively; both P<0.001). The num-
ber and length of medical-absenteeism spells were higher
in patients with HFrEF than in those with HFmrEF and
HFpEF. Among patients with HFpEF, HCRU did not dif-
fer according to EF (50 to <60% vs > 60%) (Table 3).

Overall and HF-related healthcare resource costs per
patient during the index year are presented in Tables 4
and 5. Overall and HF-related cost were 3193.2 +4457.7€
and 2518.81+4323.8€ (78.88% of the total cost) per
patient, respectively. Hospitalizations were the main
component of healthcare resource costs: overall: inpa-
tient 61.48%, pharmacy 18.42%, outpatient 11.67%, indi-
rect cost 8.43%; HF-related: inpatient 73.64%, pharmacy
9.67%, outpatient 9.43%, indirect cost associated with
medical absenteeism 7.25%. Overall and HF-related
healthcare resource costs per patient were higher among
HFrEF than HFmrEF and HFpEF patients. Among
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Table 3 Healthcare resource utilization during the index year
AllHF HFrEF HFmrEF Pvs HFrEF  HFpEF Pvs HFrEF  HFpEF (50 HFpEF HFuEF
patients (n=10,323) (n=903) (n=8225) t0 <60%) (>60%) (n=1846)
(n=21,297) (n=2995) (n=5230)
Length of hospital stays (all-cause)
Number of 6652 (31.23) 3606 (34.93) 270 (29.90) <0.001 2242 (27.26) <0.001 814 (27.18) 1428 (27.30) 534 (28.93)
patients hospi-
talized, n (%)
Mean (SD) 19.59 (17.73) 24.93 (20.3) 16.18 (13.52) 13.51(11.31) 1343 (11.27) 13.56 (11.33) 10.73 (841)
Median 14 (7-25) 19 (10-35) 12 (7-19) 10 (5-18) 10 (5-18) 10 (5-19) 8 (5-15)
(25th, 75th
percentile)
Length of hospital stays (HF-related)
Number of 5846 (27.45) 3246 (31.44) 230 (25.47) <0.001 1917 (23.31) <0.001 695 (23.21) 1222 (23.37) 453 (24.54)
patients hospi-
talized, n (%)
Mean (SD) 21.06 (17.49) 2649 (19.61) 1757 (13.38) 14.54 (11.34) 1438 (11.23) 14.63 (11.4) 11.46 (8.33)
Median 16 (9-27) 20 (13-36) 14 (9-21.5) 12(6-21) 12 (6-21) 12 (6-21) 9(5-16)
(25th, 75th
percentile)
Number of prescriptions (all-cause)
Number of 21,297 (100) 10,323 (100) 903 (100) <0.001 8225 (100) <0.001 2995 (100) 5230 (100) 1846 (100)
patients, n (%)
Mean (SD) 38.86(13.29) 4139(13.12) 343(12.17) 36.23(12.97) 36.24 (13) 36.22 (12.95) 3867 (1332)
Median 38 (29-47) 41 (32-50) 33 (26-42) 35 (27-45) 35 (27-44) 35 (27-45) 38 (29-48)
(25th, 75th
percentile)
Number of prescriptions (HF-related)
Number of 21,297 (100) 10,323 (100) 903 (100) <0.001 8225 (100) <0.001 2995 (100) 5230 (100) 1846 (100)
patients, n (%)
Mean (SD) 16.09 (7.77) 16.74 (7.85) 13.96 (6.84) 15.47 (7.64) 1543 (7.57) 15.5 (7.68) 16.16 (7.89)
Median 15 (10-21) 16 (11-22) 13(9-18) 15 (10-20) 15 (10-20) 15 (10-20) 15 (10-21)
(25th, 75th
percentile)
Work absences (number of days) (all-cause)
Numberof ~ 3178(14.92) 2011 (19.48) 93 (10.30) <0.001 871 (10.59) <0.001 321(10.72) 550(10.52) 203 (10.99)
patients, n (%)
Mean (SD) 17.81(9.89) 21.74(10.2) 11.58 (3.41) 10.79 (3.68) 10.86 (3.56) 10.75 (3.75) 11.92 (4.25)
Median 15 (10-26) 23 (13-30) 12 (9-14) 11(8-14) 11(8-13) 11 (8-14) 13 (9-15)
(25th, 75th
percentile)
Work absences (number of days) (HF-related)
Number of 1644 (7.72) 1283 (1242) 43 (4.76) <0.001 255(3.10) <0.001 93(3.11) 162 (3.10) 63 (341)
patients, n (%)
Mean (SD) 23.38(7.85) 26.82 (4.86) 1219 (2.54) 1051 (1.99) 10.69 (2.01) 1041 (1.98) 13.16 (2.29)
Median 24 (19-30) 27 (23-31) 13(10-14) 11(9-12) 11(9-12) 10(9-12) 13(11-15)
(25th, 75th
percentile)
Polypharmacy (not only HF treatments), n (%)
1 20 (0.09) 5(0.05) 0 <0.001 14 (0.17) <0.001 4(0.13) 10(0.19) 1(0.05)
2 91 (0.43) 50(0.48) 2(0.22) 35(043) 12 (0.4) 23 (0.44) 4(0.22)
3 369 (1.73) 128 (1.24) 19 (2.1) 193 (2.35) 71(.37) 122 (2.33) 29 (1.57)
4 1512(7.1) 486 (4.71) 99 (10.96) 786 (9.56) 310(10.35) 476 (9.1) 141 (7.64)
>5 19.305 (90.65) 9654 (93.52) 783 (86.71) 7197 (87.49) 2598 (86.75) 4599 (87.93) 1671 (90.52)

HF Heart failure, HFmrEF Heart failure with mildly reduced ejection fraction, HFpEF Heart Failure with preserved ejection fraction, HFrEF Heart failure with reduced
ejection fraction, HFUEF Heart Failure with unspecified ejection, HRCU Healthcare resource utilization, SD Standard deviation



Page 9 of 16

1241

(2022) 22

Escobar et al. BMC Health Services Research

(82€L0) (Tlege) (87Ts9) (LLSvh) 150>
1000> 1’9807 /145851 /L 1000> 8757 8'599917°C ['8SEY 6'€C0'S66TY TE6LE €'855°500°89 |Ie49AQ |e10L
pHom
(9CLe)  (TLS9) (esve)  (L'eLe) (8zeol)  (S€86) (Go00l)  (£6¥L) Wwoij adussge
1000> 601 9GLL  8S'LZL'LS6  §TT8 L000> [NAN) £0CL  L1'€0060L €06 ¥00CC [8Cy T9'E0L'STr Y €2e0L L'€08l 1'69C ¥'SOL'0EL'S  £6T'LC J0 150D
150D 1d3alIpu|
(cron  (¢loo) (€981)  (€981) (8%00)  (8%00) (€900) (€900
1000> L'evs L'61S SE'SPEILSY  GCT8 L000> 80¢S 80¢S  00'€9C0Ly €06 1418% ¥'GC9 £1'95%'95%'9 €e0lL €885 €885 £'06'8CSTL  L6T'1T ~suondudsaid
A>ewueyq
(6'829¢)  (€'S0L0) (r'8eey)  (895€€) (L7159)  (€61%5) (€8899) (O'LleR) o(sU 7 <) suon
1000> VA% 354 L'zgLLole6ces6 §¢e8 1000> ¥16Ls €755107'169'101 L €06 €666/ €¥6/C01'08€°5¥8'8C €ceoL G8¢9 1’6961 9'SEL'808' Ly /6T'LT  -ezieNdsoH
juanedu)|
(£79) (#G9) (1'69) (CvL) (849) (L€0) eSHSIA
1000> zecl (1'89) ¢k 0S'708'SyeE  SZ8 L000> zecl (69 vey  00051°6€ €06 0ocl 818 0006178 €C€0L 8¢l 1'l9 §'C6/00¢°L 167'1T Isierdads
(£°98) (1'¥8) (C's8) wosl)  (0LL) (tvel)  (1UsLL)
1000> (S8) 861 161 €8'70€°TCo'L G¢e8 1000> 98l¢ LL1T ¥¥'855961 €06 98¢y G'8TY /6'C6L T Y €2e0L cele LLLE 1'P09/€99  /6T'1T eSHSINSdD
(6201)  (1'801) (g201) (180l (21) (L) (961) ©6l)
1000> §6EC €6£C €€'501'896'L §Ce8 1000> €'19¢ l9C  ¥¥'804£'GEC €06 €019 €015 £6'€80'89C'S €2e0L 6'CLE [TLE 9'96€8E6'L  L6T'1T juanedinp
4344H (3) 4344H (3) (3)
SAd [£] 13 31sod|ejol u SAd (£ L3 1sod|ejol u [+ 13 (3)1s0d g0l u a3 13 1sod|ejol u

(STT8=N) 43d4H 11V

(€06 =N) 431W4H [IV

(ETE'OL=N) 4344H IV

(£62'LZ=N) syuaned 4H |1V

Jea/ xapul sy bulnp juaied 1ad pue S350 92IN0SaI 21edYY|eay |[B49AD ¥ djgeL



Page 10 of 16

1241

(2022) 22

Escobar et al. BMC Health Services Research

uoleIASp piepuelS s ‘syudned
4O J3qWINU U ‘UOIIeZI|1IN 924N0S3I DJEDYY[BIH NDYH ‘Uo1d(3 paydadsun Yyum ainjie4 1esH {3N4H ‘Uolidei) Uo1DS(3 PRdNPaI YHM din|ie) 1eaH 43/4H ‘UoiIdely uol1dafd paniasald Yyum ain|ieq 1eaH J3d4H ‘uondely uondafs
pasnpal A|p|iw YUm ain|ie) 1esH J34W4H ‘in|ie) 11eaH JH ‘1auoniideld [e1ausn 4o ‘ash 32inosal | < yum syualied Joy bunnunodde (gs) Juanied 1ad 1505 ueaw g3 ‘syuaiied [je oy bununodde (gs) 1usned Jad 150> uesw [ 3

S0INS Ul PAIUBSAID 319M 150D ||V

uosiad Bupiiom e jo Aiejes A|lep ueaw a3 Aq SS3UXDIS 0} NP YI0M WO} 3IUISAE JO sAep Jo Jaquinu ay3 BulA|dinw g paie|ndjed Sem YIOM WOI) 3JUISAR 4O 350D |,
1onpoid 40 3d1d ||y UO PIseq Sem 3soD

sAels 3y} JO JUSWISINQUIIRI P3seg-DHA Y3 U0 paseq paje[ndjed sem sAeis Juanedul J0 150D 4

SUSIA 1sjedads /¢D 104 150D piepuels U0 Paseq Paje|ndjed sem 1s0)) ,

(8'€070) €696 1 €'/676€9°€ (6'L¥7£2) §'160C 7'885°8€6°01 (L'L€£2) 8'9/0C 0'€86'617°9 150D |[e4SAQ |BI0L
(L'ogv) 90z L (Feor) 9l 66'9C817C  9r8l (86£€) 1'8801 (8GSE) ¥l L €/'v5¥'865  0€CS (#'09¢) 88601 (865€) /L1 G89L/L7CSE  S66C p[40M LOI} 95USSGE JO 1507
1502 123.1pU|

(¥'902) 7885 (¥'907) 7885 TT'9S8'G80°L 98l (1'107) 5675 (1'l00) S6¥S  66'€LL°€/8T 0€CS (¥'100) ¥'87S (VL0 ¥8rs  9€'1LSTYIL  S66C ,suondussald
A>ewneyq
(I'6690) Tevve  (CLELD) £G66  0TSLLBERL 9¥8lL  (€/€9€)8¢Sey  (L'GLLD)S88LL  00'€EE8'SLT9 0€CS  ('919¢) S'80EY (€8897) LLLL  0OL9LLL0SE  S66C 484 ¥ <) suoiyezije)dsoH
juanedu|
(7's9) vl (€59) 8'8€ 00055 1L 9¥8l (9%9) L'gcL (1'89) 9y 00'688'CCC  0€CS (8¥9) TLEL (1'89) L~ 0s'Z16TCL  S66¢ SSHSIA IsIe129dS
(@6l Lyl (€64 6€LT 68'8v6 76 981 (s8) €261 (898) 5961 99'1¥9LT0'L  0€CS (678) €661 (958) 9861 L1'199176S 566 eSHSIN SO
(s€0l) L'Tse (S€ol) LTse 68'86%'99% 9v8lL (801) T6ET (1'801) L'6€T  99'97S0STL  0€TS (8'£01) 8'6€C (801) 96€C L9'8/SLLL  S66T juaneding
(£} 13 (3)3s03 |eyoL u (4] 13 (3)3s0d @101 u (4] 13 (3)3s0d @01 u
(981 =N) 43N4H IV (0€£2S=N) (%09 <) 43d4H IIY (S662=N) (%09 > 01 0S) 43ddH IIY

(PanuNUOd) ¥ 3jqey



Page 11 of 16

1241

(2022) 22

Escobar et al. BMC Health Services Research

(90592) (¥ 19¢%) (9°6££5) (8'€TEh) 350D paje|al
1000> 8'L6vl ¥'7/€0/TTL 1000> 6581 0'20£'8/9'1 7S09¢ T'eor9lTLe 88lST L'TrSTr9€Es -4H |ejoL
phom
(8'100)  (8/81) (6950)  (6089) (eey)  (L'ClLe) (v6s)  (1'699) wolj soussqe
1000> £'€901 €€ 08'ThClLT  STT8 L000> €eeCt /85 ¥OVEDES €06 L'vlLe €/€€ SO0ELT8YE €CE0L  ¥99¢T /781 86'60€°068°€ 167'1LT JO 150D
150D 1d3alIpu|
WD WLy ©OroL)  (L6Ll) (9ocl)  (9ocl) (coLl) (T6lLl)
1000> 9yeC 91¢C /9%88°676'L §¢e8 000> l'ele 1’71z S9'995°'l6l €06 L1'€S¢ L'€GC T€'205°T19T €zeolL 9ere €V 78'699°/81S [67'1T  ssuondudsalg
A>ewueyq
(£'8€9¢)  (¥'1¥90) (ov6ey) (€8CY) (6'€679)  (5679) (¥199) (reiey) o(SY 7T <) suon
1000> 7999%  §/801 05'/80°S¥6'8 §Ce8 1000> 1'8€99 'Oy L 06'95£96C" L €06 61058 ¥'€/9C 01'6/0165LC €2€0lL S/S/9  67S8L 0Sect0S6E  L6C'LT -ez||eydso
juanedu)
(L) (8'1%) (|1¢) (5'8¥) (e (€'1%) eSHSIA
1000> 0) 529 ST 00'8€°0C SCe8 L000> (0) 529 [T 000ev'T €06 'S8 19%14 00'0£18/y  €C€0L L8 yAY4 05795105 /67'LT Islje1dads
(6'59) (€89) (S¥S)  (Toell) ey (G (69L1) 8LL)
1000> 99¢lL TYEL eV YL €011 §Ce8 1000> £0S1 verl  relevEL €06 asec 1'S6C 89'9159¥0°€ €2e0L 9GlC 6°€LT €6'G09°SSS Y 167'1LT eSHSINSdD
(6'59) (#99) (8€9) (€€l (6201)  (6201) @1el)  ©'LEL
1000> e€/lel L9l ¥'6SLYCLL GCe8 1000> 8¢Sl [yasys veve/el €06 ¥ lve vlve £'989%CS€ €2e0l L'8EC 9/EC ¥'891°090°S 16T'1T juanedinp
4344H (3) 4344H (3)
SAd [+ 13 30> |ejol u SAd [+ 13 150> |ejol u [« 13 (3)3s0d [ejoL u [£] 13 (3)3s0d |ejoL u

(STT8=N) 43d4H IV

(€06 =N) 431W4H [IV

(EZEOL=N) 43M4H lIV

(£627°LT=N) syuaned 4H ||¥

1224 xapul ay1 bunp 1uaiied Jad s3s0d 22I1N0Sai 21Dyl |eay paieRl-4H § djqeL



Page 12 of 16

1241

(2022) 22

Escobar et al. BMC Health Services Research

uolRIASP plepuelS (S ‘s1uaiied JO Jaquinu U ‘UOIIeZI|IIN 92INO0SAI dIedY}ESH NDYH ‘UOoNda(e paydadsun yum ainjieq 1eaH 43n4H ‘Uol1del) uolidald padnpal Ylm ain|ie) LesH J3/4H ‘Uuoiidely uoindafa paniasaid Yaim ainjie4
1e3H 43d4H ‘uol1dely uondafd padnpal A|p|Iw Yum ainjie) 1esH J3W4H ‘2in|ie} 1esH {4 ‘4auonideld [e1ausn ¢o ‘asn 3dinosal | < Yum syualied Joy buinunodde (gs) juaied Jad 150 uealy z2 “(as) uaned 1ad 150 ueay |3

S0IN3 U PajUIsaId 319M 30D ||

uossad Buppiom e Jo Aiefes Ajiep ueaw sy Aq ssauxdIs 01 anNp 3JoMm wioy audsge Jo shep Jo Jaquinu dy3 buiA[dinw Aq pa1e|ndjed sem YI0Mm Woly 3dUSSHE JO 350D
1onpoid Jo dud ||y uo paseq sem 150D ,

sAe1s B3 JO JUBWISSINQUIIRI PISE]-DYQ dY3 UO paseq paje|ndjed sem sheis Juanedul 40 350D 4

SUSIA 1sljedads /¢D 104 150D piepuels U0 Paseq Paje|ndjed Sem 1s0)) ,

(1'€800) 6'LPEL 7'8S0°LLY'T (89990) €105 €'6L/1582L (97290) €511 1'SS98LY Y 1502 paieal-4H [eloL

(Sleg gLeel (CES7aR194 60'c06€8  9¥8lL (£°000) €501 (6'981) 9°Ce 90'0¥90/L  0€7S  (S€00) £1801 (l6l)9ce ¥/'70900L  S66C  HOM WOl 95Uasge JO 150D
1502 12211pu|

(L'Lel) gsie (L'Lel) gske 8LLLLESY 9v8L (€8L1) €6€C (€8L1) €6€C 01'999°0€C'L  0€CS (8SLl) Seee (8GL1l)§eee 1G'8LT669  S66C Lsuondussald
Koewieyd

(L1'€£97) §°9/9¢ (8'2900) T'C06 00'L/#'G99'L 98l  (8'659€) €669%  (1'0997) L'Z601L 00769/€4'G  0€CS  (C€09€) SLov  (6'8097) 6°0/01L 05'S6€7/0C€  S66¢C 4(SY t7¢ <) suoneziendsoH
1uaedu|

0529 €LyelL 0§'2/5€  9¥8lL 0529 (€el) Le 0S'2/€¥L  0€CS (0)529 (SLe 06’2009  S66C SUSIAISIeD2dS

(1'19) 8LpL (878) S9orL 0¥'S6€0/4C  9v8L (1'9G) L'9EL (58G) seel 99'¢vE'869  0£CS (§99) €€l (S/8) ¥SeelL 11'0€V'S0Y  S66C eSUSIA SO
(19) 687l (9'19) ¥'8irL 6'C/6'€LC 98l (C99) 6'9¢L (896) €9¢L cleseis 0ges (€99) 6'L€EL (89%) v'/EL €8er LY S66C 1usneding

3 13 (3)3s0d> |30 u [4 13 (3)1s0d|er0) u 3 13 (3)1s0d|e10) u

(9¥8L =N) 43N4H IV (0£2S=N) (%09 <) 43d4H 1Y (5662 =N) (%09 > 01 0S) 43d4H IIVY

(Panunuod) g ajqel



Escobar et al. BMC Health Services Research (2022) 22:1241

patients with HFpEF, overall and HF-related healthcare
resource costs per patient did not differ according to EF
(50 to <60% vs > 60%).

Discussion

Our study showed in a wide sample of subjects with HF
that HCRU and costs are substantial in Spain, HF hos-
pitalizations being the main driver of healthcare cost.
By contrast, medication cost represents only a small
proportion of total costs, suggesting that the best way
to decrease HF-related costs is to reduce the risk of HF
hospitalization through the optimization of HF therapy.
HEFrEF is associated with higher HCRU and direct and
indirect costs and a higher proportion of the total costs
are attributable to HF compared with HFmrEF and
HFpEF. Compared with previous studies, our data pro-
vided a very comprehensive view about the cost drivers
of HF according to HF phenotype in Spain.

In our study, around half of patients had HFrEF, 40%
HFpEF and 5% HFmrEF. Although some disparities in
the numbers can be found across studies, as HFpEF is
markedly associated with older age, our figures were in
line with previous studies [21, 23, 24]. In fact, previous
studies have shown that data obtained from the BIG-PAC
database are completely up-to-date [4, 5, 18]. Notably,
our study showed that there were relevant differences in
the clinical profile of patients with HFrEF compared to
those with HFmrEF or HFpEF, particularly related with
age and the prevalence of comorbidities. Compared with
HFrEF, patients with HFmrEF or HFpEF were older, more
commonly women, with more atrial fibrillation, but less
ischemic heart disease. These differences in the clinical
profile between HF subgroups have also been observed
by others [20, 21, 23-25]. As these differences may have
an impact on the clinical course of patients with HF, it
is important to ascertain whether HCRU and healthcare
costs may vary according to the type of HF, as well. In this
context, the information provided by our study may be of
great significance.

With regard to HCRU, HF-related outpatient visits
were very common (969 per 100 person-years). Despite
that, many patients were not taking the appropriate dis-
ease-modifying treatment, as guidelines recommend [1].
More than 30% of patients did not have prescriptions
for renin angiotensin system inhibitors or beta-blockers.
These data suggest that although HF patients require a
close follow-up, treatment is not adequately optimized.
Of note, visits to the general practitioner were 26.3 times
more frequent than to the specialist. In fact, it has been
observed a marked increase of HF burden in primary
care [35]. As a result, a better coordination between
healthcare levels is necessary to improve the manage-
ment of this population [36]. In this context, a higher use
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of telemonitoring technology and cardiology electronic
consultations would be desirable, as this may improve
coordination between primary care and specialists, by
facilitating the dialogue and interaction between heath
care levels [37, 38]. In addition, this may also facilitate
appropriate care transitions between hospital and home,
leading to a reduction of hospital readmission rates [39,
40]. Furthermore, this interaction should not be limited
to physicians, but also to other healthcare profession-
als (i.e. pharmacists, nurses, social workers), achieving a
greater comprehensive involvement of the interprofes-
sional team, reducing the risk of adverse events [41, 42].
This is even more important during the vulnerable period
after the acute event, either hospitalization, visit to the
emergency department or the outpatient clinic/day hos-
pital [43]. This period represents a real window of oppor-
tunity to improve the management of HF patients.

Our study showed that overall and HF-related cost
were high (3193€ and 2519€, respectively), hospi-
talizations, particularly HF hospitalization being the
main driver (approximately 75% of HF-related costs).
Although with some differences in the numbers, previ-
ous studies have also shown that HF hospitalizations are
the largest contributor to HF burden [18, 44, 45]. This
is very important, as in recent years there has been an
increase in HF hospitalizations [46, 47]. As a result, a
greater use of disease-modifying therapies is warranted
to reduce HCRU and HF-related costs [18]. Unfortu-
nately, our study showed that these drugs are still under-
used in clinical practice and that there is still much room
for improvement. However, considering the date our
data were taking (2016), it is likely that current numbers
will be higher [18].

Although HF-related costs were high in the whole HF
cohort, our study showed that costs were higher among
patients with HFrEF when compared to those with
HFmrEF and HFpEF. Previous studies have also shown
that costs are higher in HFrEF than in HFpEF [48, 49].
Although some authors have suggested that this could
be related with a higher risk of rehospitalizations, and a
greater use of more invasive diagnostic procedures, more
devices, such as implantable cardioverter defibrillator
or resynchronization therapy, or even advanced support
devices in patients with HFrEF compared to those with
HFpEF [50, 51], others have observed that during the
long-term follow-up these differences may reduce, par-
ticularly in those patients with HFpEF, presenting with
more comorbidities [27]. In any case, the costs of HF hos-
pitalization are substantial in patients with HFpEF [52].
Interestingly, the clinical profile, therapeutic approach,
HCRU and costs were similar in the whole HFpEF spec-
trum, regardless of EF, suggesting that this is a homo-
geneous population. These data strongly suggest that
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to optimize the management of patients with HF, the
approach may be quite different according to the type
of HE. Thus, among patients with HFrEF, the introduc-
tion of disease-modifying therapies should started even
during hospitalization after stabilization, and in those
patients with HFpEF, not only the early introduction of
SGLT2i should be encouraged, but also the appropriate
treatment of comorbidities.

Polymedication was common in HF patients. This may
lead to a lower medication adherence and a higher risk
of drug-drug interactions [53]. As a result, those drugs
that have demonstrated to modify the clinical course
of HF should be considered. Unless contraindicated,
guidelines recommend for patients with HFrEF the use
of renin angiotensin system inhibitors (preferably sacu-
bitril-valsartan), beta blockers, aldosterone antagonists
and SGLT?2i is mandatory [1]. In addition, different stud-
ies have shown that these drugs are also beneficial from
a cost-effective point of view [54—56]. With regard to
HFpEE, two recent clinical trials, the EMPEROR-Pre-
served and the DELIVER trials have shown that empa-
gliflozin and dapagliflozin reduce the risk of the primary
outcome among this population, respectively, particu-
larly through a reduction of HF-related hospitalizations
[15, 16] and this may lead to a marked reduction of HF
burden, including HCRU and HF-related costs.

Our study also showed that HCRU and HF-related
costs in HFmrEF patients were high, but in-between
HFrEF and HFpEF. It has been reported that patients
with HFmrEF have intermediate characteristics between
HFrEF and HFpEF patients [22, 23, 25]. However, it is
uncertain the best approach in these patients, and more
information is warranted. In this setting, clinical tri-
als, such as the DELIVER, that has included adults with
symptomatic HF and EF>40% and elevated natriuretic
peptides, has provided important information about the
best management in this population [16, 57].

Finally, indirect costs, mainly related with medi-
cal absenteeism, accounted for around 7% of total HF-
related costs. Although due to the age of this patients,
many of them would already be retired, as HF repre-
sents a substantial burden on the economy, productivity
losses (indirect costs) should also be considered in the
comprehensive management of patients with HF [58].
Remarkably, although this was not determined in our
study, costs also should be analyzed from a social point
of view, including the hours of dedication of the main
caregiver or the professional who replaces him/her [58].
As a result, reducing the risk of HF (re-)hospitalizations,
improving quality of life, as well as promoting an active
working life should be considered as targets in the thera-
peutic approach of this population [1, 59].

Page 14 of 16

Our study has some limitations. As this was an obser-
vational cohort study, using secondary data from elec-
tronic health records, only the information already
collected in the electronic clinical history of patients
could be recorded and, consequently some conditions
may be underdiagnosed. In addition, to our knowledge,
this is one of the first studies with a high number of
patients assessing the HCRU and HF-related costs, with
particular focus on EF subgroups in a nationally repre-
sentative HF population.

In conclusion, HF is associated with high HCRU and
direct and indirect healthcare costs across the whole
EF spectrum. HF hospitalizations are responsible
for nearly three quarters of HF-related costs, and HF
medication represent less than 10% of total HF costs.
Therefore, an optimization of HF therapy through a
higher use of disease-modifying drugs could reduce
disease and economic HF burdens. Although HF-
related costs were higher among HFrEF, patients with
HFmrEF and HFpEF patients represent a substantial
burden, indicating that the optimization of treatment
should be performed in the entire spectrum of HF,
regardless of EF.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512913-022-08614-x.

Additional file 1: Supplementary Table 1. Definition of the variables
(codes).

Acknowledgements
None.

Authors’ contributions

CE, BR, LV, MG, MD, HC, NJ, JC, IH, PH and JFD have contributed to the study
design, result review and manuscript preparation and have approved the
submitted version. The author(s) read and approved the final manuscript.

Funding

This study was fully funded by AstraZeneca. The funding body played no role
in the design of the study and collection, analysis, and interpretation of data
and in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and
regulations. This study was approved by the Investigation Ethics Committee
of HM Hospitales from Madrid on 17th December 2020. This was a secondary
data study and data were fully anonymized and dissociated from patients.
Therefore, there was no need for providing informed consent in Spain.

Consent to publication
Not applicable.


https://doi.org/10.1186/s12913-022-08614-x
https://doi.org/10.1186/s12913-022-08614-x

Escobar et al. BMC Health Services Research

(2022) 22:1241

Competing interests
None.

Author details

! Cardiology Department, University Hospital La Paz, Madrid, Spain. 2AstraZeneca
Farmaceutica, Madrid, Spain. 3Evidera, London, UK. *AstraZeneca, Gaithersburg,
MD, USA. ®Evidera, Stockholm, Sweden; Karolinska Institute, Department of
Neurobiology, Care Sciences, and Society, Stockholm, Sweden. SEvidera, Barcelona,
Spain. ’ Atrys Health, Barcelona, Spain. 8Cardiology Department, University Hospital
12 de Octubre, CIBERCV, Madrid, Spain.

Received: 27 July 2022 Accepted: 16 September 2022
Published online: 08 October 2022

References

1.

McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure. Eur Heart J.
2021,42(36):3599-726.

Tsao CW, Aday AW, Almarzooq Z|, et al. Heart Disease and Stroke
Statistics-2022 Update: A Report From the American Heart Association.
Circulation. 2022;145(8):e153-639.

Lippi G, Sanchis-Gomar F. Global epidemiology and future trends of
heart failure. AME Med J. 2020;5(15):1-6. https://doi.org/10.21037/am].
2020.03.03.

Escobar C, Varela L, Palacios B, et al. Clinical characteristics, manage-
ment, and one-year risk of complications among patients with heart
failure with and without type 2 diabetes in Spain. Rev Clin Esp (Barc).
2022,222(4):195-204.

Sicras-Mainar A, Sicras-Navarro A, Palacios B, Varela L, Delgado JF. Epide-
miology and treatment of heart failure in Spain: the HF-PATHWAYS study.
Rev Esp Cardiol (Engl Ed). 2022;75(1):31-8.

van Riet EE, Hoes AW, Wagenaar KP, Limburg A, Landman MA, Rutten
FH. Epidemiology of heart failure: the prevalence of heart failure and
ventricular dysfunction in older adults over time. A systematic review. Eur
J Heart Fail. 2016;18(3):242-52.

Gerber Y, Weston SA, Redfield MM, et al. A contemporary appraisal of
the heart failure epidemic in Olmsted County, Minnesota, 2000 to 2010.
JAMA Intern Med. 2015;175(6):996-1004.

Shafie AA, Tan YP, Ng CH. Systematic review of economic burden of heart
failure. Heart Fail Rev. 2018;23(1):131-45.

Butler J,Yang M, Manzi MA, et al. Clinical course of patients with wors-
ening heart failure with reduced ejection fraction. J Am Coll Cardiol.
2019;73(8):935-44.

Savarese G, Lund LH. Global public health burden of heart failure. Card
Fail Rev. 2017;3(1):7-11.

McMurray JJ, Packer M, Desai AS, et al. Angiotensin-neprilysin inhibition
versus enalapril in heart failure. N Engl J Med. 2014;371(11):993-1004.
McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in Patients
with Heart Failure and Reduced Ejection Fraction. N Engl J Med.
2019;381(21):1995-2008.

Packer M, Anker SD, Butler J, et al. Cardiovascular and Renal Outcomes
with Empagliflozin in Heart Failure. N Engl J Med. 2020,383(15):1413-24.

. Bhatt DL, Szarek M, Steg PG, et al. Sotagliflozin in Patients with

Diabetes and Recent Worsening Heart Failure. N Engl J Med.
2021;384(2):117-28.

Anker SD, Butler J, Filippatos G, et al. Empagliflozin in Heart Failure with a
Preserved Ejection Fraction. N Engl J Med. 2021,385(16):1451-61.
Solomon SD, McMurray JJV, Claggett B, et al. Dapagliflozin in Heart
Failure with Mildly Reduced or Preserved Ejection Fraction. N Engl J Med.
2022,387(12):1089-98. https://doi.org/10.1056/NEJM0a2206286 Epub
ahead of print.

Bundgaard JS, Mogensen UM, Christensen S, et al. Healthcare cost vari-
ation in patients with heart failure: a nationwide study. Public Health.
2022;207:88-93.

Escobar C, Varela L, Palacios B, et al. Costs and healthcare utilisation of
patients with heart failure in Spain. BMC Health Serv Res. 2020;20(1):964.
Cowie MR, Anker SD, Cleland JG, et al. Improving care for patients with
acute heart failure: before, during and after hospitalization. ESC Heart
Failure. 2014;1(2):110-45.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

38.

39.

40.

Page 150f 16

Hamada T, Kubo T, Kawai K, et al. Clinical characteristics and frailty status

in heart failure with preserved vs. reduced ejection fraction. ESC Heart Fail.
2022;9(3):1853-63.

Rywik TM, Doryriska A, Wisniewska A, et al. Epidemiology and clini-

cal characteristics of hospitalized heart failure patients with a reduced,
mildly reduced and preserved ejection fraction. Pol Arch Intern Med.
2022;132(5):16227.

de Boer AR, Vaartjes |, Gohar A, et al. Heart failure with preserved, mid-range,
and reduced ejection fraction across health care settings: an observational
study. ESC Heart Fail. 2022,9(1):363-72.

Farré N, Lupon J, Roig E, et al. Clinical characteristics, one-year change in
ejection fraction and long-term outcomes in patients with heart failure with
mid-range ejection fraction: a multicentre prospective observational study
in Catalonia (Spain). BMJ Open. 2017;7(12):.e018719.

Tan C, Dinh D, Brennan A, et al. Characteristics and Clinical Outcomes in
Patients With Heart Failure With Preserved Ejection Fraction Compared to
Heart Failure With Reduced Ejection Fraction: Insights From the VCOR Heart
Failure Snapshot. Heart Lung Circ. 2022;31(5):623-8.

Savarese G, Stolfo D, Sinagra G, Lund LH. Heart failure with mid-range or
mildly reduced ejection fraction. Nat Rev Cardiol. 2022;19(2):100-16.
Olchanski N, Vest AR, Cohen JT, Neumann PJ, DeNofrio D. Cost comparison
across heart failure patients with reduced and preserved ejection fractions:
Analyses of inpatient decompensated heart failure admissions. Int J Cardiol.
2018,261:103-8.

Murphy TM, Waterhouse DF, James S, et al. A comparison of HFrEF vs
HFpEF's clinical workload and cost in the first year following hospitaliza-
tion and enrollment in a disease management program. Int J Cardiol.
2017,232:330-5.

Nichols GA, Reynolds K, Kimes TM, Rosales AG, Chan WW. Comparison of
Risk of Re-hospitalization, All-Cause Mortality, and Medical Care Resource
Utilization in Patients With Heart Failure and Preserved Versus Reduced Ejec-
tion Fraction. Am J Cardiol. 2015;116(7):1088-92.

Kaichi R, Marume K, Nakai M, et al. Relationship Between Heart Failure
Hospitalization Costs and Left Veentricular Ejection Fraction in an Advanced
Aging Society. Circ Rep. 2021;4(1):48-58.

Cavusoglu Y, Altay H, Aras D, et al. Cost-of-disease of Heart Failure in Turkey:
A Delphi Panel-based Analysis of Direct and Indirect Costs. Balkan Med J.
2022;39(4):282-9.

Bueno H, Goni C, Salguero-Bodes R, et al. Primary vs. Secondary Heart Failure
Diagnosis: Differences in Clinical Outcomes, Healthcare Resource Utilization
and Cost. Front Cardiovasc Med. 2022,9:818525.

Bueno H, Bernal JL, Jiménez-Jiménez V, et al. The Clinical outcomes, health-
care resource utilization, and related costs (COHERENT) model. Application
in heart failure patients. Rev Esp Cardiol (Engl Ed). 2022;75(7):585-94.
KDIGO. Chapter 1: Definition and classification of CKD. Kidney Int Suppl
(2011).2013,3(1):19-62.

The Anatomical Therapeutic Chemical Classification System with Defined
Daily Doses (ATC/DDD): World Health Organization. Available at: https://
www.who.nt/classifications-/atcddd/en/. Last Accessed: July 2022.
Gonzalez-Loyola FE, Mufioz MA, Navas E, Real J, Vinyoles E, Verdu-
Rotellar JM. Burden of heart failure in primary healthcare. Aten Primaria.
2022;54(8):102413.

Comin-Colet J, Enjuanes C, Lupén J, Cainzos-Achirica M, Badosa N, Verdu
JM. Transitions of Care Between Acute and Chronic Heart Failure: Critical
Steps in the Design of a Multidisciplinary Care Model for the Prevention of
Rehospitalization. Rev Esp Cardiol (Engl Ed). 2016;69(10):951-61.

Bauer BS, Nguyen-Phan AL, Ong MK, Ziaeian B, Nguyen KL. Cardiology
electronic consultations: Efficient and safe, but consultant satisfaction is
equivocal. J Telemed Telecare. 2020,26(6):341-8.

Jiménez-Marrero S, Yun S, Cainzos-Achirica M, et al. Impact of telemedicine
on the clinical outcomes and healthcare costs of patients with chronic
heart failure and mid-range or preserved ejection fraction managed in a
multidisciplinary chronic heart failure programme: A sub-analysis of the
iCOR randomized trial. ) Telemed Telecare. 2020;26(1-2):64—72.

Shah N, Annam A, Cireddu N, Cireddu JV. VPExam Virtual Care for Heart
Failure Optimizing Transitions of Care Quality Improvement Project (VPExam
Ql). Cardiovasc Digit Health J. 2022;3(3):146-55.

Masterson Creber RM, Daniels B, Munjal K, Reading Turchioe M, Shafran
Topaz L, Goytia C, Diaz |, Goyal P, Weiner M, Yu J, Khullar D, Slotwiner D,
Ramasubbu K, Kaushal R. Using Mobile Integrated Health and tel-

ehealth to support transitions of care among patients with heart failure


https://doi.org/10.21037/amj.2020.03.03
https://doi.org/10.21037/amj.2020.03.03
https://doi.org/10.1056/NEJMoa2206286
http://www.who.int/classifications-/atcddd/en/
http://www.who.int/classifications-/atcddd/en/

Escobar et al. BMC Health Services Research

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

(2022) 22:1241

(MIGHTy-Heart): protocol for a pragmatic randomised controlled trial. BMJ
Open. 2022;12(3):e054956.

Van Spall HGC, Rahman T, Mytton O, et al. Comparative effectiveness of
transitional care services in patients discharged from the hospital with heart
failure: a systematic review and network meta-analysis. Eur J Heart Fail.
2017;19(11):1427-43.

Baecker A, Meyers M, Koyama S, et al. Evaluation of a Transitional Care
Program After Hospitalization for Heart Failure in an Integrated Health Care
System. JAMA Netw Open. 2020;3(12):e2027410.

Rosano GMC, Vitale C, Adamo M, Metra M. Roadmap for the management
of heart failure patients during the vulnerable phase after heart failure hos-
pitalizations: how to implement excellence in clinical practice. J Cardiovasc
Med (Hagerstown). 2022;23(3):149-56.

Osenenko KM, Kuti E, Deighton AM, Pimple P, Szabo SM. Burden of hospitali-
zation for heart failure in the United States: a systematic literature review. J
Manag Care Spec Pharm. 2022;28(2):157-67.

Urbich M, Globe G, Pantiri K, et al. A Systematic Review of Medical Costs
Associated with Heart Failure in the USA (2014-2020). Pharmacoeconomics.
2020;38(11):1219-36.

Minhas AMK, ljaz SH, Jamal S, et al. Trends in Characteristics and Outcomes
in Primary Heart Failure Hospitalizations Among Older Population in the
United States, 2004 to 2018. Circ Heart Fail. 2022;15(5):2008943.

JainV, Minhas AMK, Khan SU, et al. Trends in HF Hospitalizations Among
Young Adults in the United States From 2004 to 2018. JACC Heart Fail.
2022;10(5):350-62.

Olchanski N, Vest AR, Cohen JT, DeNofrio D. Comparing inpatient costs of
heart failure admissions for patients with reduced and preserved ejection
fraction with or without type 2 diabetes. Cardiovasc Endocrinol Metab.
2020,9(1):17-23.

Olchanski N, Vest AR, Cohen JT, DeNofrio D. Two-year outcomes and cost for
heart failure patients following discharge from the hospital after an acute
heart failure admission. Int J Cardiol. 2020,307:109-13.

Afzal A, van Zyl J, Nisar T, et al. Trends in Hospital Admissions for Systolic and
Diastolic Heart Failure in the United States Between 2004 and 2017. Am J
Cardiol. 2022;171:99-104.

Alvarez-Garcfa J, Salamanca-Bautista P, Ferrero-Gregori A, et al. Prognostic
Impact of Physician Specialty on the Prognosis of Outpatients With Heart
Failure: Propensity Matched Analysis of the REDINSCOR and RICA Regjistries.
Rev Esp Cardiol (Engl Ed). 2017;70(5):347-54.

Clark H, Rana R, Gow J, Pearson M, van der Touw T, Smart N. Hospitalisation
costs associated with heart failure with preserved ejection fraction (HFpEF):
a systematic review. Heart Fail Rev. 2022,27(2):559-72.

Sukumar S, Orkaby AR, Schwartz JB, et al. Polypharmacy in Older Heart
Failure Patients: a Multidisciplinary Approach. Curr Heart Fail Rep.
2022;19(5):290-302.

Proudfoot C, Gautam R, Cristino J, Agrawal R, Thakur L, Tolley K. Model
parameters influencing the cost-effectiveness of sacubitril/valsartan in heart
failure: evidence from a systematic literature review. Eur J Health Econ 2022
https://doi.org/10.1007/510198-022-01485-3. Epub ahead of print.

Lin X, Lin M, Liu M, Huang W, Nie X, Chen Z, Zheng B. Cost-effectiveness

of empagliflozin as a treatment for heart failure with reduced ejection
fraction: an analysis from the Chinese healthcare perspective. J Thorac Dis.
2022;14(5):1588-97.

Wu M, Qin S, Wang L, et al. Economic Evaluation of Dapagliflozin in the
Treatment of Patients With Heart Failure: A Systematic Review. Front Phar-
macol. 2022;13:860109.

Solomon SD, Vaduganathan M, Claggett BL, et al. Baseline Characteristics
of Patients With HF With Mildly Reduced and Preserved Ejection Fraction:
DELIVER Trial. JACC Heart Fail. 2022;10(3):184-97.

Delgado JF, Oliva J, Llano M, et al. Health care and nonhealth care costs in
the treatment of patients with symptomatic chronic heart failure in Spain.
Rev Esp Cardiol (Engl Ed). 2014;67(8):643-50.

tyszczarz B. Indirect costs and public finance consequences of heart failure
in Poland, 2012-2015. BMC Public Health. 2018;18(1):1130.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s10198-022-01485-3

	Healthcare resource utilization and costs among patients with heart failure with preserved, mildly reduced, and reduced ejection fraction in Spain
	Abstract 
	Aims: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Statistical analysis
	Results
	Discussion
	Acknowledgements
	References


