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Aims Use and dosing of guideline-directed medical therapy (GDMT) in patients with heart failure (HF) have been
shown to be suboptimal. Among new users of GDMT in HF, we followed the real-life patterns of dose titration
and discontinuation of angiotensin-converting enzyme inhibitors (ACEi), angiotensin receptor blockers (ARB),
beta-blockers, mineralocorticoid receptor antagonists (MRA) and angiotensin receptor–neprilysin inhibitors (ARNI).
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Methods
and results

New users were identified in health care databases in Sweden, UK and US between 2016–2019. Inclusion criterion
was a recent HF hospitalization (HHF) triggering the initiation of GDMT. Patients were grouped by GDMT, i.e. ACEi,
ARB, beta-blocker, MRA and ARNI, and stratified by initial dose. Follow-up was 12 months, until death or study end.
Outcomes were dose titration within each drug class, discontinuation and first HHF or death. Dose/discontinuation
follow-up was assessed daily based on the coverage length of a filled prescription and reported on day 365. New users
of ACEi (n = 8426), ARB (n = 2303), beta-blockers (n = 10 476), MRA (n = 17 421), and ARNI (n = 29 546) were
identified. Over 12 months, target dose achievement was 15%, 10%, 12%, 30%, and discontinuation was 55%, 33%,
24% and 27% for ACEi, ARB, beta-blockers and ARNI, respectively. MRA was rarely titrated and discontinuation rates
were high (40%). Event rates for HHF or death ranged from 40.0–86.9 per 100 patient-years across the treatment
groups.
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Conclusion Despite high risk of clinical events following HHF, new initiation of GDMT was followed by consistent patterns of
low up-titration and early GDMT discontinuation in three countries with different health care and economies. Our
data highlight the urgent need for moving away from long sequential approach when initiating HF treatment and for
improving just-in-time decision support for patients and health care providers.
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Graphical Abstract

New users were identified in health care databases in Sweden, UK and US between 2016–2019. Inclusion criterion was a recent HHF triggering
the initiation of GDMT. Patients were grouped by GDMT, i.e. ACEi, ARB, beta-blocker, MRA and ARNI, and stratified by initial dose. Follow-up
was 12 months, until death or end of the registry. Outcomes were dose titration within each drug class, discontinuation and first HHF or all-cause
death. Dose/discontinuation follow-up was assessed daily based on the coverage length of a filled prescription and reported on day 365. Due to the
different structure of the registries used for the current analysis, the time-windows adopted for identifying previous use of the drug differed across
the three countries. In particular, in UK and Sweden the filled prescriptions for the treatments were checked since 2013 and 2014, respectively, i.e.
wash-out of 3 and 2 years, respectively, whereas in the US it was limited to 6 months. The 1-year longer wash-out in UK vs. Sweden was due to the
fact that UK patients living in rural areas often receive prescriptions once/twice yearly covering the entire year rather than monthly, and therefore a
longer wash-out period was deemed necessary. Even shorter wash-out in the US was due to the frequent changes in healthcare insurance providers,
which would have led to a limited number of patients with data available 2 or 3 years prior to HHF. Furthermore, recent HHF was defined as 7 days
prior to the initiation of GDMT in Sweden and US, but prior to 30 days in UK where patients are typically provided with 1-month drug supply at
discharge.
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Keywords Heart failure with reduced ejection fraction • Guideline-directed medical therapy •
Angiotensin-converting enzyme inhibitor • Angiotensin receptor blocker • Beta-blocker •
Mineralocorticoid receptor antagonist • Angiotensin receptor–neprilysin inhibitor

Introduction
Guideline-directed medical therapy (GDMT) in heart failure with
reduced ejection fraction (HFrEF) consists of several pharmaco-
logical classes which need up-titration to target dose in order to
achieve the prognostic and clinical effects shown in large random-
ized clinical trials (RCTs).1–8 Accordingly, current international
heart failure (HF) guidelines recommend initiation at a low dose
(start dose) followed by up-titration to target (or the highest toler-
able dose) under close medical surveillance to monitor for kidney
function, potassium levels, hypotensive episodes, bradycardia, and ..
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.. other potential side effects.9,10 More specifically, the European
Society of Cardiology (ESC) guidelines recommend sequential
initiation of the different classes, starting with a renin–angiotensin
system inhibitor (RASi) and a beta-blocker, followed by a mineralo-
corticoid receptor antagonist (MRA), and then sacubitril/valsartan
in replacement of RASi. Sodium–glucose co-transporter 2
inhibitors (SGLT2i) have recently been approved by regulatory
agencies for the treatment of HFrEF. They carry beneficial effects
on mortality/morbidity and quality of life, with no need for titration
(single dose administration) and fewer safety concerns compared
with traditional HFrEF medications.11–14 The ESC guidelines on HF
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will be soon updated to include SGLT2i in their therapeutic algo-
rithm for HFrEF.15–17 An Expert Consensus Decision Pathway doc-
ument from the American College of Cardiology currently recom-
mends to initiate treatment with angiotensin receptor–neprilysin
inhibitor (ARNI) or RASi, with the former preferred, together
with a beta-blocker, and then to add MRA or SGLT2i.18

Previous reports have shown undertreatment and underdosing
of GDMT in patients with HFrEF.19–23 However, to our knowledge,
limited data exist regarding the initiation of HF drugs and patterns
of longitudinal up-titration or discontinuation among patients with
newly diagnosed HFrEF in a real-world clinical setting.

Therefore, using health care data from three countries we
assessed doses at initiation, patterns of dose titration or discon-
tinuation for each of the most commonly prescribed HFrEF drug
within each pharmacological class when newly initiated after a
hospitalization for HF (HHF), as well as 1-year risk of HHF and
all-cause death.

Methods
In this observational cohort study, new users of established HFrEF
drugs were identified in large and representative electronic health
records in Sweden (nationwide registries), United Kingdom (CPRD
Aurum) and United States (IBM MarketScan®, Commercial and Medi-
care Supplemental databases), see online supplementary material for
detailed descriptions. HHF was defined according to the International
Statistical Classification of Diseases and Related Health Problems (ICD)
version 9 and 10 codes 428.0, 428.9, 402.9 and I50, I11.0, I13.0, I13.2,
respectively. HF diagnosis has been validated in all these three admin-
istrative registries with high validity, i.e. 95% in Sweden, 87% in the UK
and 84% in the US.24–26 Data on left ventricular ejection fraction (EF)
and laboratory measurements were not available in these data sources.

Study population
New users of the most frequently used drug within each investigated
pharmacological class, i.e. angiotensin-converting enzyme inhibitors
(ACEi), angiotensin receptor blockers (ARB), beta-blockers, MRA
and ARNI, in each country between 2016–2019 were included
(online supplementary Table S1). Therefore, in Sweden, UK and US,
respectively, enalapril, ramipril and lisinopril were considered as rep-
resentative of the ACEi class; candesartan, candesartan and losartan
as ARBs; metoprolol, bisoprolol and carvedilol as beta-blockers; and
spironolactone and sacubitril/valsartan as MRA and ARNI, respectively,
regardless of country.

A new initiation of GDMT was defined as the day of first ever filled
prescription for these drugs. To be considered for inclusion, the date of
initiation had to occur during 2016–2019, without any previous filled
prescription for any drug from the same pharmacological class (Graphi-
cal Abstract). Furthermore, to ensure that the prescribed indication for
the use of these treatments was HF and not e.g. hypertension, a recent
HHF prior to new use was required. Due to the different structure of
the registries used for the current analysis, the time-windows adopted
for identifying previous use of the drug differed across the three
countries. In particular, in UK and Sweden the filled prescriptions for
the treatments were checked since 2013 and 2014, respectively, i.e.
wash-out of 3 and 2 years, respectively, whereas in the US it was limited
to 6 months. The 1-year longer wash-out in UK vs. Sweden was due to
the fact that UK patients living in rural areas often receive prescriptions ..
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.. once/twice yearly covering the entire year rather than monthly, and
therefore a longer wash-out period was deemed necessary. Even
shorter wash-out in the US was due to the frequent changes in health-
care insurance providers, which would have led to a limited number
of patients with data available 2 or 3 years prior to HHF. Furthermore,
recent HHF was defined as 7 days prior to the initiation of GDMT
in Sweden and US, but prior to 30 days in UK where patients are
typically provided with 1-month drug supply at discharge. New users
of ARNI were not required to have a recent HHF since the indication
is restricted to HF and previous RASi use was allowed for the titration
analyses. The five GDMT drug classes were analysed independently,
and thus a patient might have been included in more than one cohort.

Baseline characteristics
Patient characteristics were described at the index date, and included
demographics, comorbidities and treatments. Comorbidities were
defined by an ICD code in any position at or prior to the index
date, whereas use of drugs was defined whether at least one
dispensation was identified during the year prior to the index
date. Detailed definitions of the variables are provided in online
supplementary Tables S2 and S3.

Follow-up and outcomes
New users were followed up up to 12 months, with censoring at death,
loss to follow-up or at the end of registry follow-up. Drug dosing was
categorized as follows: start dose (recommended initiation dose), low
dose (receiving <50% of target dose), intermediate dose (50–99% of
target dose), target dose (≥100% of target dose), and discontinued.
Discontinuation was defined by the lack of a new filled prescription
following a previous one. Drugs were assumed to be taken according
to the guideline recommendations, i.e. enalapril and ramipril twice
daily (BID) and the other treatments once daily (OD). The duration
of each filled prescription was calculated based on the number of days
covered by the number of pills contained in the box and the prescribed
dose.27,28 If a new dispensation was registered before the previous
one had ended, the new treatment period started immediately if there
was a change in dose (thus considered as a switch in dose), otherwise
it started at the end of the previous one. When the pills collected
through a dispensation were over, a patient was considered as off
treatment until a new package was collected. The percentages of
target dose and discontinuations were calculated each day as number
of observations within each dose or number of discontinuations,
respectively, divided by the total number of patients in the analyses on
that day. Patients who died or were lost to follow-up prior to day 365
were then removed from the denominator used for the calculations.
In the case of a switch, e.g. from RASi to sacubitril/valsartan, the
treatment was considered discontinued after that the time frame
covered by the filled prescription was over.

Outcomes were time to first HHF, defined as a hospital admission
with HF as primary diagnosis, or all-cause death (i.e. composite
outcome), as well as HHF and all-cause death separately. Mortality data
were not available in the US cohort. Patients who did not experience
the outcome were censored whether lost to follow-up or at day 365
(online supplementary Table S4).

Statistical analysis
Statistical analyses were performed within each country/registry
and then aggregated data were pooled for overall descriptions. All
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analyses were primarily descriptive, with no formal comparison across
countries. Baseline characteristics are summarized as means (standard
deviations) for continuous variables and frequencies (percentages)
for categorical variables. Starting and low/intermediate/target doses
were defined according to current guidelines, as reported in online
supplementary Table S5.

Drug titration patterns are derived for each day over the 1-year
follow-up/until end of follow-up and presented as percentages. Event
rates for outcomes were calculated as number of events per 100
patient-years. For event-rate estimations, in the ARNI group an imme-
diate HHF discharge prior to new initiation was required similarly to
the other treatment groups.

Analyses on drug titration over time were repeated based on age
strata (<70 vs. ≥70 years), gender, and presence of chronic kidney ..
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. disease (CKD). Drug titration and discontinuation analyses were
repeated with the assumption of OD use for ACEi whereas BID dose
is recommended, i.e. for enalapril in Sweden and for ramipril in UK.

Results
Baseline characteristics
Overall, 68 172 new users of HF drugs were identified, with 8426
receiving an ACEi, 2303 an ARB, 10 476 a beta-blocker, 17 421 an
MRA and 29 546 ARNI (Table 1). Across all countries, patients who
initiated ACEi, ARB and beta-blockers had lower rates of ischaemic
heart disease and diabetes compared with the new users of MRA
and ARNI. New users of ARNI were generally younger, less likely

Table 1 Baseline characteristics of heart failure patients initiated on heart failure medical therapies in Sweden, UK
and US (pooled data)

ACEi ARB Beta-blocker MRA ARNI HHF ARNIa

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Patients, n 8426 2303 10 476 17 421 29 546 1868
Index year, n (%)

2016 3053 (36) 667 (29) 3440 (33) 5327 (31) 4319 (15) 181 (10)
2017 2662 (32) 620 (27) 3236 (31) 4953 (28) 7019 (24) 500 (27)
2018 2010 (24) 681 (30) 2694 (26) 4448 (26) 8350 (28) 655 (35)
2019 701 (8) 335 (15) 1106 (10) 2693 (15) 9858 (33) 532 (28)

Age, years, mean (SD) 70 (15) 71 (15) 70 (15) 75 (13) 65 (13) 67 (13)
Female sex, n (%) 3688 (44) 1071 (47) 4302 (41) 7908 (45) 8075 (27) 474 (25)
Duration of last HHF, days, mean (SD) 8 (8) 7 (7) 9 (10) 9 (8) 6 (8) 7 (6)
Ischaemic heart disease, n (%) 3863 (46) 1073 (47) 4699 (45) 9367 (54) 20 756 (70) 1277 (68)

Myocardial infarction 1831 (22) 534 (23) 2203 (21) 5298 (30) 12 951 (44) 839 (45)
Unstable angina 554 (7) 227 (10) 724 (7) 2727 (16) 5411 (18) 516 (28)
Coronary revascularization 1129 (13) 204 (9) 1569 (15) 2915 (17) 5891 (20) 384 (21)
Angina pectoris 2954 (35) 855 (37) 3435 (33) 7107 (41) 18 182 (62) 1054 (56)

Stroke, n (%) 1215 (14) 416 (18) 1484 (14) 3189 (18) 2442 (8) 323 (17)
Atrial fibrillation/flutter, n (%) 3627 (43) 997 (43) 3990 (38) 10 102 (58) 13 064 (44) 947 (51)
Peripheral artery disease, n (%) 1033 (12) 349 (15) 1282 (12) 2362 (14) 4811 (16) 299 (16)
CKD, n (%) 2438 (29) 743 (32) 3879 (37) 5609 (32) 9511 (32) 703 (38)
Diabetes, n (%) 2262 (27) 741 (32) 3480 (33) 5917 (34) 12 379 (42) 790 (42)
Cancer, n (%) 2043 (24) 583 (25) 2392 (23) 4980 (29) 6522 (22) 421 (23)
HF drug treatment, n (%) 3282 (39) 1129 (49) 4106 (39) 13 736 (79) 28 056 (95) 1691 (91)

RASi 0 (0) 0 (0) 3861 (37) 10 928 (63) 23 047 (78) 1405 (75)
ACEi 0 (0) 0 (0) 2449 (23) 6872 (39) 14 828 (50) 869 (47)
ARB 0 (0) 0 (0) 1531 (15) 4655 (27) 9613 (33) 632 (34)

Beta-blocker 3125 (37) 1082 (47) 0 (0) 11 318 (65) 26 535 (90) 1552 (83)
MRA 468 (6) 182 (8) 575 (5) 0 (0) 15 320 (52) 972 (52)
Sacubitril/valsartan 362 (4) 9 (0) 133 (1) 14 (0) 0 (0) 0 (0)
SGLT2i 53 (1) 79 (3) 92 (1) 161 (1) 1003 (3) 64 (3)

Other HF treatments, n (%) 3167 (38) 935 (41) 3626 (35) 11 043 (63) 21 000 (71) 1489 (80)
Loop diuretics 2012 (24) 519 (23) 2472 (24) 8580 (49) 8871 (30) 1005 (54)
Digoxin 382 (5) 125 (5) 326 (3) 1583 (9) 3596 (12) 243 (13)
Device therapya 416 (9) 102 (9) 601 (10) 1830 (14) 4308 (39) 452 (39)

Nitrates, n (%) 700 (8) 253 (11) 666 (6) 3043 (17) 5759 (19) 454 (24)
Warfarin, n (%) 858 (10) 219 (10) 711 (7) 3507 (20) 4895 (17) 387 (21)
P2Y12 receptor antagonists, n (%) 490 (6) 174 (8) 615 (6) 1815 (10) 5580 (19) 308 (16)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor (sacubitril/valsartan); CKD, chronic kidney
disease; HF, heart failure; HHF, hospitalization for heart failure; MRA, mineralocorticoid receptor antagonist (spironolactone); RASi, renin–angiotensin system inhibitor; SD,
standard deviation; SGLT2i, sodium–glucose co-transporter 2 inhibitor.
aImmediate HHF prior to ARNI initiation.
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women, more likely to receive other HFrEF medical and device
therapies compared with new users of the other investigated HF
drugs. Only a small proportion of patients (n = 1868, 6.3%), were
initiated on ARNI immediately after an HHF discharge but these
patients showed similar characteristics to the overall group of new
users of ARNI, except for more concomitant use of beta-blockers
and loop diuretics.

Table 2 shows the baseline characteristics of the 23 407, 12 431

and 32 334 new users of HF medications identified in Sweden, UK
and US, respectively. Overall, patients from the Swedish cohort
were the oldest and least likely to have ischaemic heart disease,
diabetes and CKD, whereas those from US were the youngest, had
the highest burden of ischaemic heart disease, peripheral arterial
disease and diabetes.

Initiation, titration and discontinuation
Angiotensin-converting enzyme inhibitors, ARBs and beta-blockers
were generally initiated at starting or low doses (Figure 1). MRA
was usually initiated at target dose, i.e. 25 mg, with 50 mg only
rarely used. ARNI was initiated generally at higher doses compared
with ACEi and beta-blockers.

Low degrees of dose titration and high discontinuation rates
over 12 months were common regardless of pharmacological class
and country (Figure 1).

Within 1 year after initiation of therapy, pooled target doses
were registered in 15%, 10%, 12% and 30%, whereas pooled
discontinuation rates, i.e. the proportion of patients off treat-
ment on day 365, were 55%, 33%, 24% and 27% for ACEi,
ARB, beta-blockers and ARNI, respectively (Figure 2). Only a
minority of patients initiated on ACEi and ARB subsequentially
started ARNI, i.e. 5.7% and 6.6% respectively, similar across all
countries.

The majority of patients initiated with a start or low dose
of ACEi, ARB and beta-blocker, remained on the same dose or
discontinued within 12 months, i.e. 68%, 80% and 71%, respec-
tively. MRA dose was titrated to 50 mg only in <5% of patients
and discontinuation was frequent (i.e. 40%). When consider-
ing patients who received ARNI after a recent HHF (the HHF
ARNI group, Table 1), similar titration and discontinuation pat-
terns were seen compared with the analyses where all new users
were included, regardless of a recent HHF (online supplementary
Figure S1).

One-year prognosis
In total, 8549 events were observed for the combined out-
come of HHF or all-cause death (Table 3). Event rates for HHF
or all-cause death were lower in patients receiving ACEi or
ARB vs. beta-blockers vs. MRA vs. ARNI (i.e. 40.0, 43.3, 45.9,
53.6 and 86.9 per 100 patient-years, respectively). Similar pat-
terns were observed for HHF (n = 6985 events) but not for
all-cause death, where event rates were lower in the ARNI
group compared with the other groups (165 vs. events 919–3077
events). Detailed event rates per country are described in online
supplementary Table S6. ..
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.. Subgroup and sensitivity analyses
Titration was poorer in patients aged ≥70 years for ACEi,
ARB and beta-blockers, whereas no relevant age-based differ-
ence was observed for ARNI (online supplementary Figure S2).
Discontinuation rates were slightly lower for ACEi (54% vs. 56%),
and higher for ARB (36% vs. 31%) and beta-blockers (26% vs. 22%)
in the younger group compared with the older group. Compared
with men, women showed slightly less favourable discontin-
uation/target dose patterns for ACEi (56%/11% vs. 54%/17%),
beta-blockers (24%/9% vs. 24%/13%), MRA (41%/59% vs. 40%/60%)
and ARNI (29%/25% vs. 26%/31%) (online supplementary Figure
S3). Patients with CKD showed higher discontinuation rates for
all the investigated treatments compared with those without CKD
(63% vs. 52% for ACEi, 50% vs. 27% for ARB, 31% vs. 21% for
beta-blockers, 51% vs. 36% for MRA, and 32% vs. 24% for ARNI)
(online supplementary Figure S4). Target dose achievement was
similar for ARB and beta-blockers, and lower for ACEi (12% vs.
19%) and ARNI (22% vs. 33%) in patients with vs. without CKD.
Lower discontinuation and target dose achievement were observed
when analyses were performed with an OD assumption compared
with the guideline-recommended BID assumption for enalapril
(Sweden) and ramipril (UK) (online supplementary Figure S5).

Discussion
In this observational study of 68 172 new users of HF GDMT drugs
across three countries in North America and Europe, we showed
that dose at the initiation of therapy is aligned with guideline
recommendations but that target dose achievement is limited
(10–30%), and that drug discontinuation is common (24–55%)
over 1 year from initiation of therapy. Suboptimal GDMT dosing
was more likely in older patients and those with CKD. Importantly,
patients were at high risk of HHF and death while optimization of
HF medical therapy was ongoing.

Limited titration to target dose
of guideline-directed medical therapies
The prognostic benefit linked with optimization of HF medications
has been highlighted previously in clinical trials and observational
studies.22,29–33 In an analysis of the BIOSTAT-CHF (The Biology
Study to Tailored Treatment in Chronic Heart Failure) popula-
tion, patients who did not reach >50% of target dose with RASi
or beta-blockers reported an increased risk of HHF or death
compared with those who reached the target dose.22 However,
despite this prognostic advantage, there are data highlighting
underuse and underdosing of GDMT in daily clinical practice. In
CHAMP-HF (Change the Management of Patients with Heart
Failure) enrolling 2588 US patients with chronic HFrEF and no
contraindications to medical therapy, over a period of 12 months
RASi was started/up-titrated in 7%, beta-blockers in 10% and
ARNI in 10% of the population.21 Target doses of HF medications
were achieved only in a minority of patients (8.5%, 18.4% and
1.5%, respectively). Also, underuse was common with a large
proportion of patients with an indication not receiving treatments

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Titration to target dose (TD) and discontinuation of the most frequently used guideline-directed medical therapies for heart
failure within each pharmacological class. In Sweden, UK and US, respectively, enalapril, ramipril, lisinopril, were representative of
angiotensin-converting enzyme inhibitors (ACEi); candesartan, candesartan and losartan of angiotensin receptor blockers (ARB); metoprolol
succinate, bisoprolol and carvedilol of beta-blockers. For mineralocorticoid receptor antagonists (MRA) and angiotensin receptor–neprilysin
inhibitor (ARNI), spironolactone and sacubitril/valsartan, respectively, were the most used in all countries. Percentages describe dose distribu-
tion within 12 months of the index date, i.e. first dispensation.

at baseline (34%, 20%, 66% and 86% for RASi, beta-blockers, MRA
and ARNI, respectively). In the population with chronic HFrEF
enrolled in the ESC HF Long-Term (ESC-HF-LT) Registry, 93% of
patients were treated with a RASi, 93% with a beta-blocker, and
67% with an MRA. Notably, target dose was achieved in less than ..

..
..

..
..

..
..

. 30% of patients, and almost two-thirds of them reported a reason
for not achieving the target dose.34 However, both CHAMP-HF
and ESC-HF-LT registries analysed prevalent use and dose of
treatments, whereas we investigated the titration process and
discontinuations.
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Figure 2 Pooled titration to target dose (TD) and discontinuation of the most frequently used guideline-directed medical therapies for
heart failure within each pharmacological class. In Sweden, UK and US, respectively, enalapril, ramipril, lisinopril, were representative of
angiotensin-converting enzyme inhibitors (ACEi); candesartan, candesartan and losartan of angiotensin receptor blockers (ARB); metoprolol
succinate, bisoprolol and carvedilol of beta-blockers. For mineralocorticoid receptor antagonists (MRA) and angiotensin receptor–neprilysin
inhibitor (ARNI), spironolactone and sacubitril/valsartan, respectively, were the most used in all countries.

In almost 70 000 new users of HFrEF medications across three

countries, we observed that target doses were reached only in

10–18% of patients for RASi, 12% for beta-blockers, and 30% for

ARNI. New ARNI users achieved the highest proportion of target ..
..

..
..

..
.. dose compared with the other GDMTs. The main reason for this

finding might be that most patients were on RASi prior to ARNI

initiation (78%), leading to consider eligible for sacubitril/valsartan

patients with less tolerability issues for starting treatment and

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 3 Event rates for outcomes during 12-month
follow-up in new users of heart failure drugs
immediately after a hospitalization for heart failure
discharge in Sweden, UK and US

HHF or ACDa HHF ACDa

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ACEi, n (ER per 100
patient-years)

1315 (40.0) 1154 (18.9) 919 (24.0)

ARB, n (ER per 100
patient-years)

334 (43.3) 386 (24.4) 188 (21.1)

Beta-blocker, n (ER per
100 patient-years)

1933 (45.9) 1628 (22.4) 1450 (28.8)

MRA, n (ER per 100
patient-years)

4484 (53.6) 3304 (27.9) 3077 (31.0)

ARNI, n (ER per 100
patient-years)

483 (86.9) 513 (46.8) 165 (21.3)

ACD, all-cause death; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin recep-
tor blocker; ARNI, angiotensin receptor–neprilysin inhibitor (sacubitril/valsartan); ER, event
rate; HHF, hospitalization for heart failure; MRA, mineralocorticoid receptor antagonist
(spironolactone).
aACD was available in Sweden and UK.

undergoing up-titration. Consistently, patients were younger when
initiated ARNI vs. other treatments, and therefore likely to have
higher tolerability and better compliance to treatment and regular
follow-up.35 In our Swedish data, there were signs indicating stricter
follow-up in patients receiving ARNI. Indeed, although we observed
3-month step patterns (following the normal 3-month prescription
iteration) in discontinuation/up-titration of RASi, beta-blockers and
MRA, for ARNI this pattern was rather monthly, indicating a closer
follow-up.

The new use of an HF medication following a HHF might suggest
high probability of hospitalization due to de novo HF, with de novo HF
having being previously shown to represent the cause of almost half
of all HFrEF hospitalizations.36 Our analysis of incident rather than
prevalent use of medication might have better allowed to capture
the efforts for dose optimization which might be more intense
after initiation of new therapies, but also might have fostered the
identification of discontinuations which might be more frequent in
new users of drugs. Additionally, evidence exists supporting better
implementation of HF treatment use in registries, e.g. CHAMP-HF
and ESC-HF-LT, vs. administrative health databases, i.e. our data
sources, and therefore our analysis might be more representative
of real-world care.37

Target dose achievement can be affected by a number of fac-
tors, such as tolerability and the risk of side effects,34 which might
justify underdosing and underuse to some extent, but unlikely to
the degree shown in our and previous analyses.21 Titration to the
highest tolerable dose is often the most feasible approach in a
real-world clinical setting where patients are older and frailer in
comparison with RCTs where treatment effect is investigated and
demonstrated using recommended target doses.1–8 The percep-
tion of clinical stability, together with the organizational efforts
and coordination required for rapid but safe titration process (e.g.
follow-up in nurse-led HF clinics, or a stricter follow-up) might
also be often obstacles to the optimization of medical therapy in
patients with HFrEF.38 ..
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.. Previous studies have shown older age and the presence of CKD
as major factors for HFrEF medication underuse,39 which has also
been explained by the under-representation of these patients in
RCTs.40 However, in observational analyses from the Swedish HF
Registry, although octogenarians with HFrEF were less likely to
receive RASi and beta-blockers, these treatments were associated
with better prognosis in this age strata compared with the younger
HFrEF population.41,42 Similarly, although RASi were less used in
patients with vs. without severe CKD [estimated glomerular filtra-
tion rate (eGFR) <30 vs. ≥30 mL/min/1.73 m2: 34% vs. 84%], this
treatment was associated with longer survival regardless of renal
function.43 Impaired renal function has been identified as a major
reason for non-use of MRA in the same registry43; however, even
if this was justified for severe CKD where MRA are contraindi-
cated, it was not in patients with eGFR 30–60 mL/min/1.73 m2

who have been shown to benefit from this treatment in RCTs.44–46

Underdosing and underuse of HFrEF GDMT might share the same
determinants. Indeed, in our analysis marked underdosing was
observed in older patients and those with CKD, as also supported
by other studies.40 A perception of less benefit, competing risk
due to concomitant non-HF diseases, and increased risk of adverse
events with HFrEF GMDT in these categories of patients which are
frequently encountered in daily clinical practice, might therefore
explain underuse as well as underdosing. While costs and under-
insurance remain important barriers to access and treatment per-
sistence, the remarkable consistency of our findings across three
different health economies and the extension of these treatment
patterns even to established, generic therapies, suggest broader
issues lending to limited treatment optimization.

Need for simplified guidelines
Underdosing or slow up-titration of GDMT might have several
implications. Whether optimal doses of RASi and beta-blockers
might be needed to consider treatment with ARNI and SGLT2i,
this might lead to a strong delay or even prevent the use of
these life-saving medications. The increased risk of HHF and
all-cause death in the post-HHF phase shown in our and previ-
ous analyses,47 together with our results highlighting higher event
rates in patients receiving ACEi vs. beta-blockers vs. MRA vs. ARNI
reflecting sequential GDMT initiation based on HF disease pro-
gression, highlight the need for improved and more time-sensitive
treatment optimization.48,49 These findings have important implica-
tions for clinical practice, particularly in primary care, where many
patients might not receive life-saving treatments due to the lim-
ited resources and time needed for the currently used sequential
approach. Our data highlights the urgent need for simplified guide-
lines and more rapid GDMT sequencing, but also the need for HF
drugs that are well-tolerated, safe and without need for titration in
order to ensure compliance to prescribed therapy.48,49

Frequent discontinuation
of guideline-directed medical therapies
We observed a high discontinuation rate for GDMT, up to 48%
for RASi. As for limited dose titration, discontinuation might be
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linked with adverse events and low tolerability. Hyperkalaemia
is not uncommon and often followed by RASi/ARNI and MRA
interruption in patients with HFrEF.50,51 In a previous study
enrolling patients who experienced a mild hyperkalaemic event
(K+ 5.0–5.5 mmol/L), MRA was discontinued in 43% and RASi in
22%,51 although discontinuation/dose reduction is recommended
for K+

> 5.5 mmol/L.9,52 When discontinued, most patients (76%)
were not reintroduced to MRA during the year following the hyper-
kalaemic event.51 CKD is also often claimed as a reason for GDMT
discontinuation although stopping RASi in patients with advanced
CKD, for example, has been associated with overall higher mortal-
ity, higher risk of cardiovascular events and further worsening of
renal function.53

Dedicated follow-up in specialty care or multidisciplinary HF
clinics might facilitate use, titration, treatment persistence and
up-titration of HFrEF medications but also discourage discontin-
uation due to the fear of potential late detection of adverse events
(e.g. hyperkalaemia) in a setting where (i) specific characteristics
(e.g. older age, CKD, multicomorbidity, low blood pressure) are
less seen as an obstacle to a safe implementation of HF thera-
pies; (ii) a stricter clinical and laboratory testing follow-up might
be more easily achievable; and (iii) knowledge and experience on
strategies to prevent and treat potential adverse effects are avail-
able (e.g. use of potassium binders for preventing hyperkalaemia
leading to discontinuation of GDMT).54–57

Strengths and limitations
A strength of our study is represented by the consistency of results
across three countries with different health care infrastructure
and economics, i.e. public- (Sweden and UK) and insurance-based
health care (US). Unlike other studies, the unique new use
design allowed us to better follow up-titration and eventual
discontinuation over time while describing the parallel risk of
morbidity/mortality. We used a traditional adherence/persistence
approach, but with the added complexity of working with treat-
ments requiring titration to target dose. Consistent variable def-
initions and methods were used in all our three well-established
data sources.

One main limitation of our study was the unavailability of
ejection fraction assessments, and therefore we could not define
whether we enrolled patients with HFrEF rather than with
mid-range or preserved ejection fraction. However, the enrol-
ment of new users of HFrEF GDMT following a HHF has been
used to minimize the proportion of patients without indication.
It was not possible to assess if patients were newly prescribed
with HF drugs at hospital discharge or early post-discharge, e.g.
outpatient follow-up visit. This might have an impact on adher-
ence/persistence, since continuity of care and decision-making may
be more concordant if outpatient clinician ordered. Our study
design did not allow to determine multiple medication changes
since each drug was considered in isolation. Therefore, patients
with long-standing sub-optimally treated HF, e.g. with a MRA and a
beta-blocker but without an ACEi, who are initiated only later on
ACEi following an HF hospitalization, might be wrongly considered
as with de novo HF in the ACEi analyses. Doses during follow-up ..
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.. might have been overestimated if a dose change was performed by
dividing the pill. On the other hand, if the dosing was changed from
OD to BID with the same dose as previous filled prescription the
dose is underestimated. New use of a GDMT in the present anal-
ysis does not strictly reflect in which sequential order the drugs
were initiated, since long-standing HF with sub-optimal treatment,
e.g. MRA and beta-blocker treatment prior to RASi initiation, could
be present. Patients who were switched from ACEi and ARBs to
ARNI, around 6% of patients for each class, were considered as dis-
continuing RASi, which led to overestimate discontinuation rates
for these treatments. The different registries used in this analysis
have different design and characteristics. Consecutively, different
definitions of recent HHF and wash-out period were adopted
based on the specific registry. However, despite these differences,
results were consistent across the countries. No data on vital signs
and laboratory measurements (e.g. renal function, potassium levels,
blood pressure) to assess reasons for initiation, discontinuation or
dose changes, were available, and therefore we cannot discriminate
whether these were explained by tolerability issues or poor patient
compliance rather than physician’s decision. However, we per-
formed subgroup analyses to separately investigate older patients
and those with CKD, who are more likely to have contraindi-
cations, report adverse events and have multiple comorbidities.
No mortality data were available in the US cohort. For enalapril
and ramipril, BID dosing (guideline-recommended) was assumed
since the actual dosing was not available. When applying the BID
assumption for enalapril and ramipril, we observed titration and
discontinuation spikes followed by rapid recovery (online supple-
mentary Figure S5). This might highlight that our BID assumption
may not be fully representative in a clinical setting and that OD use
was probably used to a significant extent. Hence, this might indi-
cate drug mismanagement and that the results from our primary
analysis might have overestimated discontinuation and underesti-
mated target dose achievements to some extent for these drugs.
MRA doses <25 mg were not available and hence were counted
as 25 mg.

Conclusions
In Sweden, UK and US, despite the high risk of HHF and
death, underdosing/slow up-titration and early discontinuation
of GDMT were frequent in patients hospitalized for HF who
were naïve to HF therapies. Our data highlight the urgent need
for simplified guidelines and tools facilitating decision-making
to support a rapid sequencing and prevent inappropriate dis-
continuation of, and increase compliance to, GDMT in HF
patients. The removal of organizational barriers and the estab-
lishment of financial incentives might contribute to optimize
HF management and facilitate an on-time access to appropriate
treatments.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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