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Initiation and continuation 
of pharmacological therapies 
in patients hospitalized for heart 
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Currently, the utilization patterns of medications for heart failure (HF) after worsening HF events 
remain unelucidated in Japan. Here, we conducted a retrospective cohort study evaluating the 
changes in HF drug utilization patterns in 6 months before and after hospitalizations for HF. The 
adherence to newly initiated HF medications was evaluated based on the proportion of days 
covered (PDC) and persistence as continuous treatment episodes among new users. The study 
included 9091 patients hospitalized for HF between January 2016 and September 2019, including 
2735 (30.1%) patients who were newly prescribed at least one HF medication after hospitalization. 
Despite increases in the use of foundational HF therapy (beta-blockers, angiotensin-converting-
enzyme inhibitors/angiotensin receptor blockers, or mineralocorticoid receptor antagonists), 35.6% 
and 7.6% of patients were treated with the HF foundational monotherapy or diuretics alone after 
hospitalization, respectively. The mean PDC of newly initiated HF medications ranged from 0.57 
for thiazide diuretics to 0.77 for sodium-glucose cotransporter-2 inhibitors. Continuous use of HF 
medications during the first year after initiation was observed in 30–60% of patients. The mean PDC 
and one-year continuous HF medication use were consistently lower in patients aged ≥ 75 years and 
in patients with a history of HF hospitalization for all HF medication classes except for tolvaptan 
and digoxin. Despite the guideline recommendations of HF pharmacotherapy, both treatment and 
adherence were suboptimal after HF hospitalization, especially in vulnerable populations such as older 
patients and those with prior HF hospitalizations.

Along with an increasing aging population, the prevalence of heart failure (HF) is rising globally, leading to a 
significant medical and socioeconomic burden1. It has been recognized as a global pandemic, with an estimated 
64.3 million people suffering from HF worldwide in 20172. In Japan, the number of patients with left ventricular 
dysfunction was estimated to 979,000 in 2005 (0.8% of the total population), which was projected to increase 
gradually, reaching 1.3 million by 20303.

Hospitalization for HF indicates a deteriorating prognosis for re-hospitalization and mortality4,5. Despite 
improved outcomes owing to significant advances in therapies, the risks of hospitalization for HF and mortality 
remain high6–8. A study from the Japanese registry of acute decompensated HF (JROADHF) reported incidence 
rates (per 100 person-years) for cardiovascular death, HF hospitalization, and all-cause death of 7.1, 21.1, and 
14.9, respectively9. The risks of all-cause death and HF readmission were even higher in patients with a history of 
repeated hospitalization for HF10. Guideline-directed medical therapy (GDMT) has proven its efficacy in reducing 
the risks of hospitalization for HF and cardiovascular mortality in patients with HF11–13. In the real-world clinical 
settings14,15 however, studies have reported the underuse of GDMT after worsening HF events such as hospitaliza-
tion for the decompensation of HF or the outpatient treatment with intravenous diuretics for fluid overload16–19.
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Despite its importance due to the high risk of HF readmission, comorbid burden, and the risk of HF decom-
pensation events, there is currently limited information on changes in HF medications and the persistence of the 
treatment initiated after worsening HF events in Japan. Retrospective analyses of large-scale registries of patients 
hospitalized for HF reported the changes in HF medication patterns from admission to discharge; however, the 
longitudinal data on treatment continuations were lacking9,20. In a multinational study, patterns of titration and 
discontinuation of newly initiated GDMT after worsening HF events were reported; however, the study lacked 
data on other HF medications, such as diuretics and digoxin21. Furthermore, considering the increasing propor-
tions of older HF patients22 and worsened prognosis of patients with repeated hospitalizations for HF10,23,24, it 
is necessary to elucidate HF drug utilization patterns specifically in these populations with high medical and 
socioeconomic burden associated with HF22,25.

Herein, we aimed to provide comprehensive insights on HF drug utilization patterns, including adherence to 
newly initiated medications and clinical outcomes following an HF decompensation event in real-world patients, 
using an extensive nationwide hospital database in Japan reflecting a range of clinical settings.

Methods
Study design, data source, and patient selection
We conducted a retrospective cohort study using a nationwide hospital database in Japan. The study utilized the 
data extracted from the Real-World Database (RWD) maintained by the Health, Clinic and Education Infor-
mation Evaluation Institute with technical support from Real World Data Co. Ltd. (Kyoto, Japan). The RWD 
contains electronic medical records and diagnosis procedure combination (DPC) data26 linked to medical claims 
collected from > 200 medical institutions in Japan, covering most of the geographic regions and all age groups in 
the country. This database contains procedure records (admission, discharge, outpatient, and DPC), laboratory 
results, prescriptions, and hospital-based diagnoses following the International Classification of Diseases 10th 
Revision (ICD-10) codes. As of October 2021, the RWD collected medical records from > 20 million patients. 
The study period was from January 1, 2016 until October 31, 2021.

Figure 1 shows the summary of study design. Patients were identified based on a record of hospitalization 
for HF, defined based on one primary or definite diagnosis of HF (ICD-10 I50.x or I11.0) during the hospitaliza-
tion with a duration of > 1 day, occurring between January 1, 2016, and September 30, 2019 (the identification 
period). We employed the record of hospitalization for HF to identify patients with worsening HF, and not 
based on the decongested symptoms and the use of intravenous diuretics, since the  record of hospitalization 
with a primary or discharge diagnosis of HF could be more regorous criteria than that based on symptoms. We 
selected patients aged ≥ 18 years and with at least one diagnosis of HF and one prescription of HF medication 
before the index hospitalization. The study did not include patients dying during the index hospitalization and 
those without continuous enrollment in the database for 12 months before the index hospitalization. Patients 
were followed up until death, end of activity in the dataset, or at the end of the study period (October 31, 2021), 
whichever came first.

Study variables and outcomes
The baseline characteristics, evaluated over a 12-month period before the index hospitalization, included demo-
graphics, comorbidities, procedures, comedications, laboratory data, and prior hospitalization for HF. The labo-
ratory data and procedure information were also summarized during the index hospitalization for HF. If more 
than one laboratory data was available, the first recorded data after hospital admission was used. The records 

Figure 1.   Summary of study design. *Patients were followed up until the timing of death, emigration from 
dataset, or the end of study period (October 31, 2021), whichever came first. HF heart failure.
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of clinical events including all-cause mortality and hospitalization for HF were collected during the follow-
up period after discharge. The variables used to define eligibility, comorbidities and clinical events collected 
in the study can be found in Supplementary Table S1. The HF medications analyzed included beta-blockers, 
angiotensin-converting-enzyme inhibitors (ACEis), angiotensin-receptor blockers (ARBs), mineralocorticoid 
receptor antagonists (MRAs), sodium-glucose cotransporter-2 inhibitors (SGLT-2is), digoxin/ digitoxin, loop 
and thiazide diuretics, and tolvaptan. These medications were identified based on the anatomical therapeutic 
chemical classification system codes (Supplementary Table S2). As ivabradine (approved in September, 2019) 
and angiotensin receptor blocker neprilysin inhibitor (ARNI; approved in June, 2020) were unavailable in Japan 
during the identification period, these were not included.

Statistical analyses
Continuous variables were reported as mean, standard deviation (SD), median, and interquartile range (IQR). 
Frequency and percentages were used to document categorical measures. Missing data were not imputed. The 
incidence rates per 1,000 person-years for clinical events were reported with 95% confidence intervals (CIs). 
The Kaplan–Meier curves of clinical events were computed using all available follow-up data during the study 
period. The drug utilization patterns of HF medications were summarized for the 6-month period before the 
index hospitalization and the period from the index date of hospital admission to 6 months post-discharge, 
separately. To be considered as any HF medication, a minimum of 30 days duration was required for a valid 
treatment episode. The new users of HF medications were identified from the time of the index hospitalization 
until 6 months post-discharge after confirming that these patients were not prescribed the HF medications of 
interest during the 6 months before the index hospitalization. The proportion of days covered (PDC) was sum-
marized as a measure of adherence from the start of new HF medications until one year after the initiation. It 
was calculated by dividing the number of days covered by treatment episodes by the number of days the patient 
was retained in the analysis cohort27. The numbers and percentages of new users with a continuous treatment 
episode of one year after starting HF medications were reported as measures of persistence to the treatment. 
Treatment discontinuation was defined as not being prescribed the same treatment after 30 days following the 
end of the last treatment episode. For these analyses, patients were required to have observability for 365 days 
after starting HF medications. A sensitivity analysis was performed by applying a 60-day gap to determine treat-
ment discontinuation. The analyses were conducted in all patients and subgroups stratified based on age (< 75 
or ≥ 75 years), and based on history of hospitalization for HF within one year before the index hospitalization. 
Statistical analyses were performed using the Aetion Evidence Platform (Aetion® Substantiate). This study fol-
lowed the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement28, which 
is elaborated in Supplementary Table S3.

Ethics statement
The ethics committee approval was not required because this study only used already anonymized and deidenti-
fied secondary data. In Japan, ethical approval and informed consent do not apply to the use of de-identified 
secondary data in accordance with the Ethical Guidelines for Medical and Health Research Involving Human 
Subjects29. The use of deidentified data was in accordance with local regulations including the Personal Informa-
tion Protection Law. This study was conducted in compliant to the Declaration of Helsinki.

Results
Patient characteristics
Out of a total of 660,372 patients diagnosed with HF recorded in the dataset, 52,183 patients were identified 
with a record of hospitalization for HF during the identification period. After applying eligibility criteria, 9091 
(17.4%) patients were included in the analysis (Fig. 2). The median length of follow-up was 722 days. The median 
(IQR) duration of the index hospitalization was 18 (10–34) days and 25% of patients received cardiac rehabili-
tation (Supplementary Table S4). One-year incidence rates (95% CI) of deaths and re-hospitalizations for HF 
post-discharge were 151.1 (142.2–160.0) and 195.8 (185.2–206.3) per 1000 person-years, respectively (Supple-
mentary Fig. S1). After the index hospital admission, initiation of an additional HF drug class was observed in 
2735 (30.1%) patients. Of these, the vast majority (n = 2,147 [78.5%]) of patients initiated the medication during 
the index hospitalization. While the proportions of new users were similar between patients with age < 75 years 
and ≥ 75 years (30.6 vs. 29.9%), it was lower in patients with a history of HF hospitalization compared to those 
without prior HF hospitalization (21.1 vs. 31.7%).

Table 1 shows the patient characteristics in the overall study population, new users, and non-new users of 
HF medications. In the overall study population, the mean age was 77.6 years (70.0% of patients were ≥ 75 years 
old) and 55.1% were male. In the year before the index hospitalization, 40.3% did not have a record of visiting 
a cardiologist and 15.1% of patients had a history of HF hospitalization. Further, 60.1, 55.1, 40.9, and 28.4% of 
patients had hypertension, chronic kidney disease (CKD), ischemic heart disease, and atrial fibrillation, respec-
tively. At baseline, the mean ± SD brain natriuretic peptide (BNP) level was 336.6 ± 509.9 pg/mL. Table 2 sum-
marizes the characteristics of new users by each medication class. The patient characteristics of new users were 
similar to those of non-new users, except for BNP levels (374.9 vs. 319.7 pg/mL; being higher in new users vs. 
non-new users) and patients with a history of hospitalization for HF (10.6 vs. 17.0%; being lower in new users 
vs. non-new users). The new users with a history of hospitalization for HF were more comorbid and with higher 
baseline BNP levels compared to other subgroups. (Supplementary Table S5).
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Drug utilization patterns before and after the index hospitalization for HF
The drug utilization patterns before and after the index hospitalization for HF are shown in Fig. 3. Before the 
index hospitalization, loop diuretics (51.8%), beta-blockers (41.8%), ARB (38.7%), and MRA (19.4%) were the 
four most prescribed HF medications. After the index hospitalization, the proportions of patients prescribed 
with beta-blockers, MRAs, loop diuretics, and tolvaptan increased. Among the combinations of HF medications, 
the increasing use was most pronounced in the combination of an ACEi/ARB and a beta-blocker (from 12.9 to 
19.0%). The distributions of newly initiated HF medications are depicted in Fig. 4. MRAs (8.5%), loop diuretics 
(8.0%), tolvaptan (7.8%), and beta-blockers (7.6%) were the four most frequently added medication classes after 
HF hospitalization, which was followed by ACEi/ARB (7.3%). A third (35.1%) of patients were treated with HF 
monotherapy (beta-blockers, ACEi/ARB, or MRA) and 7.6% by diuretics alone after the index hospitalization. 
The proportion of new users of beta-blockers was higher in the subgroup aged < 75 years than in the subgroup 
aged ≥ 75 years. In patients with a history of prior HF hospitalization, proportions of new users of MRA and 
tolvaptan were higher than those of the other medication classes.

Adherence and persistence to the newly initiated HF medications
Table 3 shows the PDC of newly initiated HF medications summarized based on different medication classes. 
The mean ± SD value of PDC of newly started HF medications ranged from 0.57 ± 0.37 in new users of thiazide 
diuretics to the highest 0.77 ± 0.32 in new users of SGLT-2i. Patients with age ≥ 75 years exhibited consistently 
lower PDC values than those aged < 75 years for all medication classes except for tolvaptan. Likewise, PDC values 
in patients with a history of hospitalization for HF were consistently lower than in patients without a prior history 
of such hospitalization for all medication classes except for digoxin/ digitoxin. The proportion of patients with 
continuous use of HF medications during the first year after initiation summarized by different classes are shown 
in Fig. 5. The proportions of patients with one-year continuous treatment episodes were highest in new users of 
SGLT-2i (59.8%), followed by those of tolvaptan (56.5%), ACEi (50.8%), and beta-blockers (50.5%). The lowest 
proportions of one-year continuous treatment episodes were observed in new users of thiazide diuretics (36.4%), 
followed by those of digoxin/ digitoxin (40.6%) and MRA (40.7%). The proportions of patients with one-year 
continuous HF medication use were lower in patients with age ≥ 75 years or with a history of hospitalization for 
HF than in patients aged < 75 years or without a prior history of hospitalization for HF, respectively. However, 
there were exceptions in higher continuation rates of tolvaptan in patients aged ≥ 75 years than in patients 
aged < 75 years and digoxin/ digitoxin in patients with a history of hospitalization for HF than in patients without 
a prior history of hospitalization for HF. These findings were consistent for PDC analysis and the assessment 
of one-year continuous treatment episodes using the 60-day prescription gap to determine the discontinuation 
episodes (Supplementary Table S6; Supplementary Fig. S2).

Discussion
In this real-world study, we present drug utilization patterns before and after worsening HF events, including 
the initiation of HF medications and persistence was measured as continuous treatment episodes across the year 
following HF treatment initiation.

In the study population, 70% of patients were with age ≥ 75 years, characterizing the large proportion of 
elderly population of HF patients in real-world settings as recently reported22. Patients were frequently comor-
bid with hypertension, CKD, ischemic heart disease, and atrial fibrillation. These findings were in line with 
the recent reports from large-scale registries in Japan9,20. We found that one-third of patients initiated new HF 
medications, of which roughly three in four patients started these medications during hospitalization for HF. 
After the hospitalization, > 40% of patients were treated with monotherapy of the foundational HF therapy (The 

Figure 2.   Flow diagram of patient inclusion in the study. HF heart failure, EMR electronic medical records.
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term "foundational HF therapy" is used instead of "GDMT" since SGLT2i and ARNI are not included here) or 
diuretics alone. The drug utilization patterns before the index hospitalizations were similar to those reported by 
JROADHF9, with diuretics (55.9% in this study and 54.9% in JROADHF), ACEi/ARB (51.8% vs. 46.2%), and 
beta-blockers (41.8% vs. 36.3%) as the three most prescribed medication classes. However, the drug utilization 
rates after the index hospitalizations were lower than those reported by JROADHF for several foundational 
medications, such as beta-blockers (47.3% in this study and 63.7% in JROADHF), ACEis (15.6% vs. 30.1%), 
and MRAs (25.2% vs. 50.9%). As the institutions participating in JROADHF were mainly Japanese Circulation 

Table 1.   Baseline characteristics in all patients, including new and non-new users of heart failure treatment. 
SD standard deviation, BNP brain natriuretic peptide, NT-proBNP N-terminal pro-brain natriuretic peptide, 
ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin-receptor blocker, MRA mineralocorticoid 
receptor antagonist, SGLT-2i sodium-glucose cotransporter-2 inhibitor, HF heart failure. *Occurred within one 
year before the index HF hospitalization. **Used during the period of 183 days before the index date.

Overall
(N = 9091)

New users
(N = 2735)

Non-new users
(N = 6356)

Age (years)

 Mean ± SD 77.6 ± 10.0 77.5 ± 10.3 77.6 ± 9.9

Age group, n (%)

 < 40 56 (0.6) 19 (0.7) 37 (0.6)

 40–64 841 (9.3) 253 (9.3) 588 (9.3)

 65–74 1827 (20.1) 559 (20.4) 1266 (19.9)

 ≥ 75 6367 (70.0) 1904 (69.6) 4465 (70.2)

Gender, male, n (%) 5007 (55.1) 1477 (54.0) 3530 (55.5)

BNP (pg/mL)

 Patients with recorded BNP values, n (%) 6534 (71.9) 2008 (73.4) 4526 (71.2)

 Mean ± SD 336.6 ± 509.9 374.9 ± 499.3 319.7 ± 513.7

BNP/NT-proBNP category, n (%)

 BNP ≤ 100 or NT-proBNP ≤ 400 pg/mL 2302 (25.3) 541 (19.8) 1761 (27.7)

 100 < BNP ≤ 200 or 400 < NT-proBNP ≤ 900 pg/mL 1366 (15.0) 413 (15.1) 953 (15.0)

 200 < BNP ≤ 300 or 900 < NT-proBNP ≤ 2000 pg/mL 991 (10.9) 340 (12.4) 651 (10.2)

 BNP > 300 or NT-proBNP ≥ 2000 pg/mL 2548 (28.0) 913 (33.4) 1635 (25.7)

 Missing 1884 (20.7) 528 (19.3) 1356 (21.3)

Comorbidity, n (%)

 Hypertension 5464 (60.1) 1540 (56.3) 3924 (61.7)

 Chronic kidney disease 5005 (55.1) 1489 (54.4) 3516 (55.3)

 Ischemic heart disease 3721 (40.9) 1044 (38.2) 2677 (42.1)

 Atrial fibrillation 2584 (28.4) 779 (28.5) 1805 (28.4)

 Diabetes mellitus 2352 (25.9) 656 (24.0) 1696 (26.7)

 Stroke 1323 (14.6) 387 (14.1) 936 (14.7)

 Myocardial infarction 1301 (14.3) 319 (11.7) 982 (15.4)

 Chronic obstructive pulmonary disease 1096 (12.1) 297 (10.9) 799 (12.6)

 Anemia 2145 (23.6) 576 (21.1) 1569 (24.7)

 Hyperkalemia 692 (7.6) 199 (7.3) 493 (7.8)

 Hypotension 244 (2.7) 38 (1.4) 206 (3.2)

Cardiovascular procedure, n (%)

 Cardiac resynchronization therapy 215 (2.4) 65 (2.4) 150 (2.4)

 Implantable cardioverter defibrillator 41 (0.5) 16 (0.6) 25 (0.4)

Having a history of prior hospitalization for HF*, n (%) 1372 (15.1) 290 (10.6) 1082 (17.0)

HF treatments before the index date**, n (%)

 ACEi 1291 (14.2) 376 (13.7) 915 (14.4)

 ARB 3519 (38.7) 1075 (39.3) 2444 (38.5)

 MRA 1765 (19.4) 461 (16.9) 1304 (20.5)

 Beta-blockers 3801 (41.8) 1058 (38.7) 2743 (43.2)

 SGLT-2i 198 (2.2) 59 (2.2) 139 (2.2)

 Digoxin/digitoxin 424 (4.7) 141 (5.2) 283 (4.5)

 Loop diuretics 4706 (51.8) 1455 (53.2) 3251 (51.1)

 Thiazide diuretics 668 (7.3) 223 (8.2) 445 (7.0)

 Tolvaptan 718 (7.9) 146 (5.3) 572 (9.0)
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Society-certified teaching hospitals, requiring board-certified cardiologists and cardiovascular beds9, these dif-
ferences can partially be attributed to the differences in the facilities covered in the present study. Despite the 
evidence of HF diagnosis and treatment before the index hospitalization, 40% of patients did not explicitly have a 

Table 2.   Characteristics of new users based on different heart failure medication classes. SD standard 
deviation, BNP brain natriuretic peptide, NT-proBNP N-terminal pro-brain natriuretic peptide, ACEi 
angiotensin-converting enzyme inhibitor, ARB angiotensin-receptor blocker, MRA mineralocorticoid receptor 
antagonist, SGLT-2i sodium-glucose cotransporter-2 inhibitor, HF heart failure. *Used during the period of 
183 days before the index date.

ACEi
(N = 357)

ARB
(N = 304)

MRA
(N = 773)

Beta-blockers
(N = 695)

SGLT-2i
(N = 109)

Digoxin/digitoxin
(N = 91)

Loop diuretics
(N = 725)

Thiazide diuretics
(N = 198)

Tolvaptan
(N = 709)

Age (years)

 Mean ± SD 76.5 ± 10.6 76.0 ± 11.1 78.0 ± 9.9 75.7 ± 11.4 71.3 ± 11.6 77.2 ± 9.4 78.1 ± 9.4 78.5 ± 9.0 78.7 ± 9.3

Gender, male, n (%) 212 (59.4) 151 (49.7) 427 (55.2) 370 (53.2) 71 (65.1) 43 (47.3) 368 (50.8) 102 (51.5) 401 (56.6)

BNP (pg/mL)

 Patients with 
recorded BNP 
values, n (%)

263 (73.7) 222 (73.0) 561 (72.6) 512 (73.7) 86 (78.9) 76 (83.5) 470 (64.8) 152 (76.8) 539 (76.0)

 Mean ± SD 468.0 ± 693.6 413.0 ± 551.6 410.1 ± 512.1 396.3 ± 611.1 386.7 ± 432.0 368.0 ± 342.5 253.2 ± 275.0 371.8 ± 407.9 422.3 ± 492.4

BNP/NT-proBNP category, n (%)

 BNP ≤ 100 or 
NT-proBNP ≤ 400 
pg/mL

48 (13.4) 60 (19.7) 124 (16.0) 157 (22.6) 24 (22.0) 13 (14.3) 181 (25.0) 39 (19.7) 108 (15.2)

 100 < BNP ≤ 200 
or 400 < NT-
proBNP ≤ 900 
pg/mL

60 (16.8) 47 (15.5) 120 (15.5) 100 (14.4) 18 (16.5) 16 (17.6) 111 (15.3) 25 (12.6) 95 (13.4)

 200 < BNP ≤ 300 
or 900 < NT-
proBNP ≤ 2000 
pg/mL

36 (10.1) 33 (10.9) 101 (13.1) 80 (11.5) 15 (13.8) 14 (15.4) 67 (9.2) 30 (15.2) 106 (15.0)

 BNP > 300 or 
NT-proBNP ≥ 2000 
pg/mL

146 (40.9) 102 (33.6) 276 (35.7) 220 (31.7) 35 (32.1) 38 (41.8) 160 (22.1) 78 (39.4) 284 (40.1)

 Missing 67 (18.8) 62 (20.4) 152 (19.7) 138 (19.9) 17 (15.6) 10 (11.0) 206 (28.4) 26 (13.1) 116 (16.4)

Comorbidity, n (%)

 Hypertension 199 (55.7) 180 (59.2) 422 (54.6) 363 (52.2) 56 (51.4) 56 (61.5) 395 (54.5) 119 (60.1) 399 (56.3)

 Chronic kidney 
disease 168 (47.1) 163 (53.6) 360 (46.6) 359 (55.5) 69 (63.3) 54 (59.3) 308 (42.5) 119 (60.1) 467 (65.9)

 Ischemic heart 
disease 144 (40.3) 113 (37.2) 295 (38.2) 264 (38.0) 47 (43.1) 33 (36.3) 250 (34.5) 77 (38.9) 243 (34.3)

 Atrial fibrillation 115 (32.2) 82 (27.0) 238 (30.8) 157 (22.6) 23 (21.1) 54 (59.3) 166 (22.9) 45 (22.7) 227 (32.0)

 Diabetes mellitus 73 (20.4) 63 (20.7) 172 (22.3) 171 (24.6) 50 (45.9) 22 (24.2) 175 (24.1) 54 (27.3) 166 (23.4)

 Stroke 57 (16.0) 42 (13.8) 101 (13.1) 93 (13.4) 10 (9.2) 13 (14.3) 119 (16.4) 21 (10.6) 89 (12.6)

 Myocardial infarc-
tion 54 (15.1) 33 (10.9) 98 (12.7) 66 (9.5) 14 (12.8) 12 (13.2) 78 (10.8) 18 (9.1) 79 (11.1)

 Chronic obstruc-
tive pulmonary 
disease

43 (12.0) 28 (9.2) 86 (11.1) 63 (9.1) 5 (4.6) 9 (9.9) 66 (9.1) 20 (10.1) 83 (11.7)

 Anemia 76 (21.3) 68 (22.4) 152 (19.7) 117 (16.8) 8 (7.3) 16 (17.6) 121 (16.7) 40 (20.2) 182 (25.7)

 Hyperkalemia 24 (6.7) 22 (7.2) 31 (4.0) 50 (7.2) 4 (3.7) 4 (4.4) 36 (5.0) 25 (12.6) 70 (9.9)

 Hypotension 5 (1.4) 4 (1.3) 10 (1.3) 12 (1.7) 0 (0) 1 (1.1) 6 (0.8) 2 (1.0) 13 (1.8)

HF treatments before the index date*, n (%)

 ACEi 0 (0) 66 (21.7) 104 (13.5) 73 (10.5) 13 (11.9) 17 (18.7) 91 (12.6) 23 (11.6) 112 (15.8)

 ARB 122 (34.2) 0 (0) 298 (38.6) 308 (44.3) 57 (52.3) 30 (33.0) 352 (48.6) 101 (51.0) 294 (41.5)

 MRA 72 (20.2) 48 (15.8) 0 (0) 110 (15.8) 23 (21.1) 31 (34.1) 61 (8.4) 40 (20.2) 196 (27.6)

 Beta-blockers 152 (42.6) 114 (37.5) 325 (42.0) 0 (0) 54 (49.5) 47 (51.6) 313 (43.2) 79 (39.9) 346 (48.8)

 SGLT-2i 10 (2.8) 6 (2.0) 16 (2.1) 19 (2.7) 0 (0) 4 (4.4) 15 (2.1) 6 (3.0) 11 (1.6)

 Digoxin/digitoxin 16 (4.5) 9 (3.0) 45 (5.8) 32 (4.6) 4 (3.7) 0 (0) 33 (4.6) 7 (3.5) 41 (5.8)

 Loop diuretics 198 (55.5) 178 (58.6) 439 (56.8) 352 (50.6) 69 (63.3) 61 (67.0) 0 (0) 135 (68.2) 532 (75.0)

 Thiazide diuretics 25 (7.0) 18 (5.9) 55 (7.1) 57 (8.2) 9 (8.3) 9 (9.9) 72 (9.9) 0 (0) 77 (10.9)

 Tolvaptan 26 (7.3) 17 (5.6) 45 (5.8) 28 (4.0) 16 (14.7) 9 (9.9) 16 (2.2) 24 (12.1) 0 (0)
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Figure 3.   Drug utilization patterns before and after the index hospitalization for heart failure. Panel (A) shows 
the drug utilization patterns for each HF medication class, and panel (B) shows the combination patterns of HF 
medications. The denominator is all patients included in the study (n = 9091). ACEi angiotensin-converting-
enzyme inhibitor, ARB angiotensin receptor blocker, BB beta-blockers, MRA mineralocorticoid receptor 
antagonist, SGLT-2i sodium-glucose co-transporter-2 inhibitor.
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record of a cardiologist visit. Given the non-selective inclusion of care providers, our study population and inher-
ent findings should benefit from higher generalizability than prior evidence. The study results show variability 
across implementing guideline recommended therapies30 by different facilities as reported in the previous study31.

The initiated HF medication classes were divided mainly into foundational medications (beta-blockers, ACEi/
ARB, or MRAs) and treatment to alleviate congestion (loop diuretics or tolvaptan). A few differences in the treat-
ment initiation patterns were observed in patients aged ≥ 75 years, including low initiation rates of beta-blockers, 
suggesting concerns regarding tolerability in older patients32. Reasons for not using GDMT may be multifold; 
however, the findings from this study overall reflect the challenges related to the substantial underuse of GDMT. 
A recent review reported that renal dysfunction, hypotension, and hyperkalemia were the common reasons 
for not prescribing ACEi/ARB and MRA, whereas those for not prescribing beta-blockers were bradycardia, 
hypotension, and asthma/ chronic obstructive pulmonary disease33. These conditions were prevalent in older 
patients (i.e. aged ≥ 75 years) and patients with a history of hospitalization for HF, suggesting the importance 
of early initiation of GDMT before reaching the deteriorating conditions with repeated HF hospitalizations. 

Figure 4.   Distribution of newly initiated HF medication classes in all patients and subgroups of patients 
stratified based on age and a history of prior hospitalization for HF. Panel (A) shows the results for the group 
with all patients (n = 9091), panel (B) shows the results for the subgroups of patients with age < 75 years 
(n = 2724) or ≥ 75 years (n = 6367), and panel (C) shows the results for the subgroups of patients with (n = 1372) 
or without a history of hospitalization for HF before the index hospitalization (n = 7719). ACEi angiotensin-
converting-enzyme inhibitor, ARB angiotensin receptor blocker, MRA mineralocorticoid receptor antagonist, 
SGLT-2i sodium-glucose co-transporter-2 inhibitor, HF heart failure.

Table 3.   Proportion of days covered in all patients and subgroups, stratified based on age and with a history of 
prior hospitalization for heart failure. SD standard deviation, ACEi angiotensin-converting enzyme inhibitor, 
ARB angiotensin-receptor blocker, MRA mineralocorticoid receptor antagonist, SGLT-2i sodium-glucose 
cotransporter-2 inhibitor, HF heart failure. *Hospitalization for HF occurred within 12 months before the 
index hospitalization. **The analyses were performed in patients who could be followed up for 365 days after 
the initiation of HF treatment in each new-user cohort. The treatment discontinuation was assessed based on 
the absence of a continuous prescription record of the HF treatment of interest for 30 days.

Overall  < 75 years  ≥ 75 years With prior HF hospitalization* No prior HF hospitalization*

Proportion of days covered**, mean ± SD

 ACEi 0.72 ± 0.36 0.77 ± 0.33 0.68 ± 0.37 0.66 ± 0.35 0.73 ± 0.36

 ARB 0.66 ± 0.37 0.79 ± 0.33 0.58 ± 0.38 0.66 ± 0.36 0.66 ± 0.37

 MRA 0.64 ± 0.37 0.69 ± 0.37 0.61 ± 0.37 0.58 ± 0.38 0.64 ± 0.37

 Beta-blockers 0.70 ± 0.37 0.77 ± 0.34 0.64 ± 0.38 0.67 ± 0.37 0.70 ± 0.36

 SGLT-2i 0.77 ± 0.32 0.79 ± 0.32 0.74 ± 0.32 0.76 ± 0.36 0.77 ± 0.32

 Digoxin/ digitoxin 0.61 ± 0.37 0.65 ± 0.36 0.60 ± 0.37 0.71 ± 0.35 0.60 ± 0.37

 Loop diuretics 0.69 ± 0.36 0.70 ± 0.35 0.69 ± 0.36 0.65 ± 0.37 0.69 ± 0.36

 Thiazide diuretics 0.57 ± 0.37 0.63 ± 0.37 0.55 ± 0.37 0.51 ± 0.38 0.58 ± 0.37

 Tolvaptan 0.74 ± 0.35 0.71 ± 0.35 0.76 ± 0.35 0.65 ± 0.39 0.75 ± 0.35
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Clinical inertia, i.e., continuing the existing treatment rather than optimizing, is also discussed as a reason for 
not achieving the target treatment regimen34.

This study also highlighted the low adherence to the HF medications added after the worsening HF event. The 
mean PDC of all HF medication classes was < 0.80, i.e. below the commonly used threshold for adherence35. High 
discontinuation rates of newly initiated HF medications were also found in recent multinational observational 
studies in the United States, the United Kingdom, Sweden, and Japan21,36,37. The low adherence to HF medica-
tions was relatively more pronounced in older patients and in patients with a history of hospitalization for HF, 
which is an important clinical issue, as these patient populations account for a large portion of post-discharge 
mortality and re-hospitalization for HF38–40. A recent meta-analysis suggested that the combination of ARNI, 
beta-blockers, MRAs, and SGLT-2i effectively reduced HF-associated mortality, with 5 life-years gained for a 
70-year-old patient41. In a multinational STRONG-HF trial, an intensive treatment strategy of the up-titration 
of GDMT and close follow-up after an acute HF admission was shown to be tolerable with reduced risks of 
all-cause death or HF readmission and improved quality of life42. However, these studies focused on relatively 
younger populations compared with patients in real-world clinical settings; therefore, data on the tolerability 
and up-titration of GDMT in specific population groups, e.g., older HF patients, is required. A relatively more 
individualized approach using digital therapeutics to support treatment continuations has also been tested in 
a pilot study43. This type of intervention has already been proven effective in improving the quality of life and 
prolonging survival in other diseases through the early detection of adverse events associated with the treatment 
and disease progression44. An integrated approach in HF care results in a relatively more individualized and 
optimized treatment for HF45, which should also provide beneficial effects by supporting continuous use of HF 
medications for those vulnerable patients for treatment discontinuation.

This study has several limitations. First, the dataset did not cover the period after the authorization of ivabra-
dine and ARNI in Japan. Furthermore, SGLT-2i was indicated for type 2 diabetes but not for HF (approved in 
November 2020) during the period when drug utilization patterns were assessed. Therefore, information regard-
ing these relatively new HF drugs was limited. Second, echocardiography data was unavailable in the dataset, 
precluding left ventricular ejection fraction analyses. Therefore, we could not categorize patients based on the 
ejection fraction, i.e., HF with reduced, mildly reduced, or preserved ejection fraction, in the analysis. Third, 
RWD collected only structured information. Therefore, qualitative information could not be assessed, such as 
reasons for treatment initiation/ discontinuation. Notably, patients could not be followed up across different 
hospitals in RWD, which could have resulted in limited follow-up observability for those patients.

In this study, we present comprehensive information on HF drug utilization patterns in a representative 
sample of real-world HF patients. Despite the proven efficacy of pharmacological therapies for HF, only one-
third of patients had received the newly initiated HF medications and less than half of patients were treated with 
foundational monotherapy or diuretics alone after worsening HF events, suggesting the suboptimal use of these 
medications. The consistently low adherence of newly started HF medications post-hospitalization for HF, despite 
the high incidence of all-cause death and HF readmission, underscores the importance of continuous efforts for 

Figure 5.   Proportion of patients with continuous use of HF medications during the first year after initiation. 
The analysis was performed in patients who could be followed up for 365 days after HF treatment initiation in 
each new-user cohort. ACEi angiotensin-converting-enzyme inhibitor, ARB angiotensin receptor blocker, HF 
heart failure, MRA mineralocorticoid receptor antagonist, SGLT-2i sodium-glucose co-transporter-2 inhibitor.
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treatment maintenance while highlighting older patients and patients with a history of hospitalization for HF 
as relatively more vulnerable groups for treatment discontinuations. These findings should provide important 
insights in real-world treatment patterns after worsening HF events as critical aspects to optimize the beneficial 
effects of pharmacological therapies for HF. They suggest the need of additional options to optimize treatment 
in order to lower residual risks in HF patients. It remains to be studied how newly available treatment options 
(e.g., ARNI and SGLT-2is) as well as drugs which have specifically been investigated in patients with worsening 
HF (vericiguat) lead to improved outcomes in real world settings.

Data availability
All necessary data required to interpret and conclude the findings of this study were included in the main text 
and supplementary materials.

Received: 26 December 2023; Accepted: 17 April 2024

References
	 1.	 Farmakis, D., Stafylas, P., Giamouzis, G., Maniadakis, N. & Parissis, J. The medical and socioeconomic burden of heart failure: A 

comparative delineation with cancer. Int. J. Cardiol. 15(203), 279–281 (2016).
	 2.	 Savarese, G. et al. Global burden of heart failure: A comprehensive and updated review of epidemiology. Cardiovasc. Res. 118(17), 

3272–3287 (2023).
	 3.	 Okura, Y. et al. Impending epidemic: Future projection of heart failure in Japan to the year 2055. Circ. J. 72(3), 489–491 (2008).
	 4.	 Rugiómez, A., Michel, A., Martín-Pérez, M. & Rodríguez, L. A. G. Heart failure hospitalization: An important prognostic factor 

for heart failure re-admission and mortality. Int. J. Cardiol. 220, 855–861 (2016).
	 5.	 Bello, N. A. et al. Influence of previous heart failure hospitalization on cardiovascular events in patients with reduced and preserved 

ejection fraction. Circ. Heart Fail. 7(4), 590–595 (2014).
	 6.	 Jackson, S. L. et al. National burden of heart failure events in the United States, 2006 to 2014. Circ. Heart Fail. 11(12), e004873 

(2018).
	 7.	 Störk, S. et al. Epidemiology of heart failure in Germany: A retrospective database study. Clin. Res. Cardiol. 106(11), 913–922 

(2017).
	 8.	 Parizo, J. T., Kohsaka, S., Sandhu, A. T., Patel, J. & Heidenreich, P. A. Trends in readmission and mortality rates following heart 

failure hospitalization in the Veteran Affairs Health Care System from 2007 to 2017. JAMA Cardiol. 5(9), 1042–1047 (2020).
	 9.	 Ide, T. et al. Clinical characteristics and outcomes of hospitalized patients with heart failure from the large-scale Japanese registry 

of acute decompensated heart failure (JROADHF). Circ. J. 85(9), 1438–1450 (2021).
	10.	 Akita, K. et al. Prognostic impact of previous hospitalization in acute heart failure patients. Circ. J. 83(6), 1261–1268 (2019).
	11.	 Heidenreich, P. A. et al. 2022 AHA/ACC/HFSA guideline for the management of heart failure: a report of the American Colledge of 

Cardiology/American heart Association joint committee on clinical practice guidelines. Circulation. 145(18), e895–e1032 (2022).
	12.	 McDonagh, T. A. et al. 2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 42(36), 

3599–3726 (2021).
	13.	 Tsutsui, H. et al. JCS/JHFS 2021 guideline focused update on diagnosis and treatment of acute and chronic heart failure. J. Cardiac. 

Fail. 27(12), 1404–1444 (2021).
	14.	 Greene, S. J. et al. Clinical effectiveness of sacubitril/varsartan among patients hospitalized for heart failure with reduce ejection 

fraction. J. Am. Heart Assoc. 10(16), e021459 (2021).
	15.	 Wirtz, H. S. et al. Real-world analysis of guideline-based therapy after hospitalization for heart failure. J. Am. Heart Assoc. 9(16), 

e015042 (2020).
	16.	 Greene, S. J. et al. Medical therapy during hospitalization for heart failure with reduced ejection fraction. J. Cardiac. Fail. 28(7), 

1063–1077 (2022).
	17.	 D’Amario, D. et al. Assoctiation between dosing and combination use of medications and outcomes in heart failure with reduced 

ejection fraction: data from the Swedish heart failure registry. Eur. J. Heart Fail. 24(5), 871–884 (2022).
	18.	 Greene, S. J. et al. Medical therapy for heart failure with reduced ejection fraction: The CHAMP-HF registry. J. Am. Coll. Cardiol. 

72(4), 351–366 (2018).
	19.	 Peri-Okonny, P. A. et al. Target doses of heart failure medical therapy and blood presure: Insights from the CHAMP-HF registry. 

JACC Heart Fail. 7(4), 350–358 (2019).
	20.	 Ito, M. et al. Association between class of foundational medication for heart failure and prognosis in heart failure with reduced/

mildly reduced ejection fraction. Sci. Rep. 12(1), 16611 (2022).
	21.	 Savarese, G. et al. Heart failuredrug treatment - inertia, titration, and discontinuation: A multinational observational study (EVO-

LUTION HF). JACC Heart Fail. 11(1), 1–14 (2023).
	22.	 Kaneko, H. et al. Characteristics and outcomes of super-elderly patients (aged ≥ 90 yeas) hospitalized for heart failure analysis of 

a nationwide inpatient database. Circ. Rep. 2(8), 393–399 (2020).
	23.	 Setoguchi, S., Stevenson, L. W. & Schneeweiss, S. Repeated hospitalizations predict mortality in the community population with 

heart failure. Am. Heart J. 154(2), 260–266 (2007).
	24.	 Zomer, A. C. et al. Heart failure admissions in adults with congenital heart disease; risk factors and prognosis. Int. J. Cardiol. 

168(3), 2487–2493 (2013).
	25.	 Eguchi, S. et al. Burden of repeated hospitalizations on patients with heart failure: An analysis of administrative and claims data 

in Japan. Drugs Real World Outcomes. 9(3), 377–389 (2022).
	26.	 Hayashida, K., Murakami, G., Matsuda, S. & Fushimi, K. History and profile of diagnosis procedure combination (DPC): Develop-

ment of a real data collection system for acute inpatient care in Japan. J. Epidemiol. 31(1), 1–11 (2021).
	27.	 Louks, J. et al. Proportions of days covered as a measure of medication adherence. Am. J. Heath-Syst. Pharm. 79(6), 492–496 (2022).
	28.	 von Elm, E. et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for 

reporting observational studies. Ann. Int. Med. 147(8), 573–577 (2007).
	29.	 Ministry of Labour, Health and Welfare of Japan. Ethical Guidelines for Medical and Health Research Involving Human Subjects. 

https://​www.​mhlw.​go.​jp/​file/​06-​Seisa​kujou​hou-​10600​000-​Daiji​nkanb​oukou​seika​gakuka/​00000​80278.​pdf. Accessed on 27 Dec 
2023.

	30.	 Tsutsui, H. et al. JCS 2017/JHFS 2017 guideline of diagnosis and treatment of acute and chronic heart failure. Circ. J. 83(10), 
2084–2184 (2019).

	31.	 Yasuda, S. et al. The current status of cardiovascular medicine in Japan: Analysis of a large number of health records from a 
nationwide claim-based database. Circ. J. 80(11), 2327–2335 (2016).

	32.	 Baxter, A. J. et al. β blockers in older persons with heart failure: Torelability and impact of quality of life. Heart. 88(6), 611–614 
(2002).

https://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000080278.pdf


11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:9095  | https://doi.org/10.1038/s41598-024-60011-y

www.nature.com/scientificreports/

	33.	 Verhestraeten, C., Heggermont, W. A. & Michael, M. Clinical inertia in the treatment of heart failure: A major issue to tackle. 
Heart Fail. Rev. 26(6), 1359–1370 (2021).

	34.	 Packer, M. & Metra, M. Guideline-directed medical therapy for heart failure does not exist: A non-judgmental framework for 
describing the level of adherence to evidence-based drug treatments for patients with a reduced ejection fraction. Eur. J. Heart 
Fail. 22(10), 1759–1767 (2020).

	35.	 Tang, K. L., Quan, H. & Rabi, D. M. Measuring medication adherence in patients with incident hypertension: A retrospctive cohort 
study. BMC Health Serv. Res. 17(1), 135 (2017).

	36.	 Savarese, G. et al. Heart failure drug titration, discontinuation, mortality and heart failure hospitalization risk: A multinational 
observational study (US, UK, and Sweden). Eur. J. Heart Fail. 23(9), 1499–1511 (2021).

	37.	 Chang, L. L. et al. Timing of post discharge follow-up and medication adherence among patients with heart failure. J. Am. Heart 
Assoc. 7(7), e007998 (2018).

	38.	 Nakai, M. et al. Age-dependent association of discharge heart-failure medications with clinical outcomes in a super-aged society. 
Biomed. Pharmacother. 155, 113761 (2022).

	39.	 Bakal, J. A., McAlister, F. A., Liu, W. & Ezekowitz, J. A. Heart failure re-admission: Measuring the ever shortening gap between 
repeat heart failure hospitalizations. PLoS ONE. 9(9), e106494 (2014).

	40.	 Butler, J. et al. Clinical course of patients with worsening heart failure with reduced ejection fraction. J. Am. Coll. Cardiol. 73(8), 
935–944 (2019).

	41.	 Tromp, J. et al. A systematic review and network meta-analysis of pharmacological treatment of heart failure with reduce ejection 
fraction. JACC Heart Fail. 10(2), 73–84 (2022).

	42.	 Mebazaa, A. et al. Safety, torelability, and efficacy of up-titration of guideline directed medical therapies for acute heart failure 
(STRONG-HF): A multinational, open-label, randomised, trial. Lancet. 400(10367), 1938–1952 (2022).

	43.	 Reif, S. et al. Supporting patients with heart failure with digital therapeutics: A pilot study in Germany. Digit. Health. 8, 
20552076221143900 (2022).

	44.	 Denis, F. et al. Two-year survival comparing web-based symptom monitoring vs routine surveillance following treatment for lung 
cancer. JAMA. 321(3), 306–307 (2019).

	45.	 Maclnnes, J. & Williams, L. A review of integrated heart failure care. Prim. Health Care Res. Dev. 20, e57 (2019).

Acknowledgements
The authors would like to thank Priya S from Media Research Inc. for proofreading the article. The authors thank 
to Health, Clinic, and Education Information Evaluation Institute, for the database development for the study.

Author contributions
A.M., C.O., T.E., and C.L.: Conceptualization, Data curation, Formal Analysis, Writing—review & editing. S.O.: 
Conceptualization, Data curation, Formal Analysis, Writing—original draft, Writing—review & editing. H.R., 
M.A., Z.M.: Data curation, Formal Analysis, Writing—review & editing. M.T. and T.T., Writing—review & edit-
ing. All authors: Providing intellectual content of critical importance to the work described and final responsibil-
ity in deciding to submit this manuscript for publication.

Funding
This study was sponsored by Bayer, AG. All authors from Bayer participated in the organization of the study 
design, interpretation of the results, contribution to the manuscript drafts and revisions, and the decision to 
approve the publication of the final manuscript.

Competing interests 
S.O., M.T., T.T., C.O., T.E., and A.M. are employed by Bayer. C.L., H.R., M.A., and Z.M. are employees of Aetion, 
Inc. and hold stock options of Aetion, Inc. In this study, Aetion Inc. performed the statistical analysis following 
the statistical analysis plan.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​024-​60011-y.

Correspondence and requests for materials should be addressed to S.O.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-024-60011-y
https://doi.org/10.1038/s41598-024-60011-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Initiation and continuation of pharmacological therapies in patients hospitalized for heart failure in Japan
	Methods
	Study design, data source, and patient selection
	Study variables and outcomes
	Statistical analyses
	Ethics statement

	Results
	Patient characteristics
	Drug utilization patterns before and after the index hospitalization for HF
	Adherence and persistence to the newly initiated HF medications

	Discussion
	References
	Acknowledgements


