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Aims Despite guideline recommendations, guideline-directed medical therapy (GDMT) remains underused and underdosed
in patients with heart failure (HF) across the ejection fraction (EF) spectrum. The aim of this study was to evaluate
GDMT use, dosing, and implementation in a contemporary, nationwide HF cohort.
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Methods
and results

The OPTIPHARM-HF (NCT06192524) is a prospective, multicentre, observational study enrolling adult patients with
HF, across 32 Italian HF centres. Clinical characteristics, medical therapy prevalence and change after first visit have
been assessed in patients with reduced (HFrEF: EF ≤40%), mildly reduced (HFmrEF: EF 40–49%), and preserved EF
(HFpEF: EF ≥50%). From September 2022 to December 2024, 3054 patients (mean age 69± 12 years, 25% female)
were enrolled: 56% with HFrEF, 21% with HFmrEF, and 23% with HFpEF. Among HFrEF, prescription frequencies were:
90% for beta-blockers; 19% for angiotensin-converting enzyme inhibitors (ACEi)/angiotensin II receptor blockers
(ARB); 61% for angiotensin receptor–neprilysin inhibitors (ARNI); 72% for mineralocorticoid receptor antagonists
(MRA); and 69% for sodium–glucose co-transporter 2 inhibitors (SGLT2i). Less than 60% achieved ≥50% of target
doses. Quadruple therapy was received by 47% of the patients. After first visit, there was an increase in prescription
of all classes of drugs, and titration to quadruple therapy was attained in 64% (p< 0.001). Among HFmrEF, 88% were
on beta-blockers, 34% on ACEi/ARB, 49% on ARNI, 63% on MRA, and 59% on SGLT2i. In the HFpEF group, 76%
were on beta-blockers, 49% on ACEi/ARB, 18% on ARNI, 49% on MRA and 40% on SGLT2i. After the first visit,
SGLT2i prescription significantly increased both in HFmrEF (74%, p< 0.001) and HFpEF (54%, p< 0.001).
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Conclusions Use of GDMT remains suboptimal across the EF spectrum although the adoption of quadruple GDMT in HFrEF and
of SGLT2i in HFmrEF and HFpEF increased in recent years.
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Graphical Abstract

Medical therapy use across the left ventricular ejection fraction spectrum in the OPTIPHARM-HF registry. ACEi, angiotensin-converting enzyme
inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; GDMT, guideline-directed medical therapy; 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; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium–glucose co-transporter 2 inhibitor.
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Introduction
Despite recent advances in its management, heart failure (HF)
represents a major public health issue affecting more than
55 million people worldwide and is a leading cause of mor-
bidity and mortality.1 Multiple pharmacological options are
now available for HF patients across the left ventricular ejec-
tion fraction (LVEF) spectrum.2–5 Contemporary combination
and up-titration of beta-blockers, mineralocorticoid receptor
antagonists (MRA), angiotensin receptor–neprilysin inhibitor
(ARNI) sacubitril/valsartan, and sodium–glucose co-transporter
2 inhibitors (SGLT2i), is recommended by international guidelines ..
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.. for HF with reduced ejection fraction (HFrEF) patients and may
be considered for those with mildly reduced ejection fraction
(HFmrEF), to improve survival and cardiovascular outcomes.5,6

Recent advances have also been observed for patients with HF
and preserved ejection fraction (HFpEF) since SGLT2i have shown
to improve HF outcomes and quality of life and are recommended
as a first-line treatment.5–7 Despite proven benefits and strong
recommendations to improve guideline-directed medical therapy
(GDMT), medication use and dosing in routine clinical practice is
still lacking, and patients often remain undertreated for multiple
reasons.8 As previously observed in registries and real-world
healthcare databases, cost/access limitations, absolute or relative
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contraindications, real or perceived intolerance and, likely, most
of all, treatment inertia are key factors hampering GDMT imple-
mentation. These data largely characterized HFrEF populations
prior to the introduction of SGLT2i and their evidence of benefit
across the whole LVEF spectrum. Better understanding of updated
current practice management, gaps in medication administra-
tion and barriers to GDMT implementation in a contemporary
HF population across the LVEF spectrum, is critical to deliver
better patient care. The OPTIimal PHARMacological therapy for
patients with Heart Failure (OPTIPHARM-HF; NCT06192524)
registry offers the opportunity to study a contemporary national
‘real-world’ HF population and to assess the extent to which
current recommendations are adopted in clinical practice.9

Methods
Study design
The rationale and design of the OPTIPHARM-HF registry has pre-
viously been described.9 Briefly, the OPTIPHARM-HF is an ongoing
prospective, observational, nationwide registry of adult patients with
HF. The study population included patients with HF, as defined by cur-
rent international guidelines, regardless of LVEF, aged 18 years or older,
able to give their written informed consent to participate in the reg-
istry. Both outpatients and inpatients hospitalized with chronic HF or
after an episode of decompensated HF were consecutively recruited.
Key exclusion criteria included planned participation or participation
in a clinical trial; life expectancy <1 year because of non-cardiac causes;
previous heart transplant or left ventricular assist device implantation;
cardiac dysfunction in the absence of symptoms, i.e. pre-HF, according
to the universal definition of HF.10 The research protocol was approved
by the ethics committee of the University Hospital of Brescia under
the number NP5441 and at all sites and complied with the Declaration
of Helsinki. All patients provided written informed consent.

Data collection
Patients were enrolled (online supplementary Figure S1) across 32
Italian HF centres. A full list of participating sites is provided in
online supplementary Figure S2. This primary report of the prospective
registry describes the use of GDMT, in terms of both drug prescription
and drug dosing, in patients with HFrEF, HFmrEF, and HFpEF.

Data collection is currently completed for the first visit (V1; vis-
its are considered as outpatient visits or at-discharge evaluation in
hospitalized patients), while it is under collection for the ongoing pre-
specified visits per study protocol and longer-term follow-up. At V1

demographic, vital signs, main echocardiographic cardiac parameters
and biochemistry data and medical history were collected. Detailed
medication information included dosage, main causes of underuse and
underdosing and therapeutic changes at the time of first visit and at the
end. Drug dosing was classified into <50%, 50% to <100% and ≥100%
target doses, according to European Society of Cardiology (ESC) guide-
line recommendations and previous studies. We applied similar cut-off
across the LVEF spectrum for HFmrEF and HFpEF patients.

Statistical analysis
Continuous variables were shown as means and standard devia-
tions, skewed variables as medians and interquartile ranges (IQR), ..
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.. dichotomous variables as counts and percentages. Between-group
comparisons for baseline characteristics were conducted using the
two-sample t-test or the Wilcoxon rank-sum test when appropri-
ate. Comparisons involving three or more groups were conducted
using ANOVA or the Kruskal–Wallis test when appropriate. The
Chi-squared test was used for between-group comparisons of cat-
egorical variables, with Fisher’s exact test applied when at least
one expected count was less than 5. McNemar’s test was used for
within-group comparisons of changes in medical therapy from baseline
to the end of V1. The dose of each drug class was expressed as the
mean percentage relative to the target dose. Data were calculated
based on non-missing values. The overall proportion of missing data
was low, with most variables having minimal or no missing values
except for N-terminal pro-B-type natriuretic peptide (NT-proBNP)
(around 30%). A two-tailed p-value <0.05 was considered statistically
significant. Statistical analyses were performed with SAS software (ver-
sion 9.4; SAS Institute, Cary, NC, USA) and R version 4.3.1 (R Core
Team 2024, R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline characteristics
Between September 2022 and December 2024, 3054 patients
were enrolled. Mean age was 69.2± 12.3 years, 24.8% were female
and 97.8% Caucasian. Mean LVEF was 40± 11.7%. Overall, 1720
(56.3%) patients were categorized as HFrEF, 625 (20.5%) as HFm-
rEF, and 709 (23.2%) as HFpEF. Patients in the higher ejection frac-
tion categories were older, more frequently female, and exhibited
a greater burden of comorbidities (e.g. hypertension, atrial fibrilla-
tion) alongside lower NT-proBNP levels (Table 1). Impaired kidney
function was less common in HFmrEF compared with HFrEF and
HFpEF, with the latter showing the highest prevalence of patients
with estimated glomerular filtration rate <60 ml/min/1.73 m2.
Patients with HFmrEF had similar demographic characteristics and
comorbidities as those with HFrEF, but with lower prevalence of
coronary artery disease and history of myocardial infarction and
lower values of NT-proBNP. Those with HFrEF were more fre-
quently hospitalized for heart failure in the last 12 months before
study enrolment as compared to HFmrEF and HFpEF.

Baseline medical therapy
In the HFrEF group, 1555 (90.4%) patients, 322 (18.7%),
1055 (61.3%), 1242 (72.2%) and 1191 (69.2%) were treated
with beta-blockers, angiotensin-converting enzyme inhibitors
(ACEi)/angiotensin II receptor blockers (ARB), ARNI, MRA and
SGLT2i, respectively (Graphical Abstract, Figure 1, Table 2). Overall,
1377 (80%) patients were treated with ACEi/ARB/ARNI. The per-
centage of patients with a contraindication was low for all classes of
drugs: 2.6% for beta-blockers, 9.8% for ACEi/ARB, 15.7% for ARNI,
9.4% for MRA, and 6.2% for SGLT2i (Graphical Abstract, Table 3
and online supplementary Figure S3). Among patients receiving
medications, 55.9%, 33.0%, 49.5%, 100% and 100%, respectively,
achieved ≥50% of the target dose of beta-blockers, ACEi/ARB,
ARNI, MRA and SGLT2i (Figure 2). Among patients receiving
beta-blockers, those receiving higher doses tended to be younger,
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Table 1 Patients’ baseline characteristics according to LVEF categories

Overall (n= 3054) HFrEF (n= 1720) HFmrEF (n= 625) HFpEF (n= 709) p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 69.2±12.3 68.1±11.9 68.0±12.6 73.2±12.2 <0.001

Female sex 756 (24.8) 323 (18.8) 144 (23.0) 289 (40.8) <0.001

Caucasian 2925 (97.8) 1652 (97.6) 597 (98.2) 676 (97.8) 0.675
Italian region 0.228

North 1803 (59.0) 1006 (58.5) 355 (56.8) 442 (62.3)
Centre 904 (29.6) 523 (30.4) 190 (30.4) 191 (26.9)
South 347 (11.4) 191 (11.1) 80 (12.8) 76 (10.7)

NYHA class 0.002
I/II 2486 (81.5) 1371 (79.8) 543 (86.9) 572 (80.7)
III 546 (17.9) 333 (19.4) 80 (12.8) 133 (18.8)
IV 20 (0.7) 14 (0.8) 2 (0.3) 4 (0.6)

Outpatients 2514 (82.3) 1383 (80.4) 542 (86.7) 589 (83.1) 0.002
Baseline LVEF, % 40.0±11.7 31.6± 6.5 44.8± 2.1 56.2± 5.1 <0.001

Current smoking 357 (11.8) 206 (12.0) 81 (13.0) 70 (10.0) 0.193
Clinical history

De novo HF 471 (15.5) 250 (14.6) 82 (13.1) 139 (19.7) 0.001

Type 2 diabetes mellitus 924 (30.3) 559 (32.5) 163 (26.1) 202 (28.5) 0.006
Ischaemic CMP 1419 (46.7) 971 (56.7) 243 (39.2) 205 (29.0) <0.001

Hypertension 1973 (64.8) 1047 (61.1) 399 (63.9) 527 (74.3) <0.001

Atrial fibrillation 1281 (42.1) 686 (40.0) 238 (38.2) 357 (50.4) <0.001

Chronic kidney disease 1130 (37.3) 672 (39.4) 185 (29.9) 273 (38.7) <0.001

Dyslipidaemia 1983 (65.2) 1140 (66.7) 397 (63.6) 446 (63.0) 0.135
Dementia 34 (1.1) 15 (0.9) 7 (1.1) 12 (1.7) 0.216
History of ventricular arrhythmias or ICD shock 496 (16.3) 387 (22.6) 77 (12.4) 32 (4.5) <0.001

ICD or CRT-D 1345 (44.2) 1049 (61.1) 188 (30.1) 108 (15.4) <0.001

Prior hospitalization in the last 12 months 645 (21.2) 413 (24.1) 89 (14.3) 143 (20.3) <0.001

Vital signs and laboratory findings
Heart rate, bpm 68.5±12.9 68.6±12.6 67.0±11.9 69.4±14.2 0.002
Systolic blood pressure, mmHg 120.8±18.4 117.1±17.3 122.9±18.3 127.9±18.7 <0.001

BMI, kg/m2 26.6± 5.1 26.5± 5.1 26.7± 4.9 26.7± 5.4 0.657
Overweight/obese 1540 (57.8) 877 (57.6) 323 (59.0) 340 (57.2) 0.796
Haemoglobin, g/dl 13.8 (12.4–15.1) 14.0 (12.6–15.3) 13.9 (12.4–15.1) 13.2 (12.0–14.6) <0.001

eGFR, ml/min/1.73 m2

<30 239 (7.8) 137 (8.0) 38 (6.1) 64 (9.0) <0.001

30–60 1055 (34.6) 597 (34.7) 180 (28.8) 278 (39.2) <0.001

>60 1759 (57.6) 986 (57.3) 406 (65.1) 367 (51.8) <0.001

NT-proBNP, pg/ml 922.0 (341.5–2494.5) 1207.0 (469.0–3067.0) 527.0 (207.8–1465.5) 784.0 (270.0–2228.5) <0.001

K+ , mmol/L 4.4 (4.1–4.8) 4.4 (4.1–4.8) 4.5 (4.2–4.9) 4.4 (4.1–4.7) 0.379

Data are expressed as n (%), mean± standard deviation, or median (interquartile range).
BMI, body mass index; CMP, cardiomyopathy; CRT-D, cardiac resynchronization therapy-defibrillator; eGFR, estimated glomerular filtration rate; 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; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.

obese, less likely to being hospitalized in the last 12 months, with a
more frequent history of ventricular arrhythmias and lower values
of NT-proBNP (online supplementary Table S1). Among patients
receiving MRA, those receiving higher doses tended to be younger,
with lower LVEF and had been more frequently hospitalized in the
last 12 months (online supplementary Table S2). Among patients
receiving ARNI, those receiving higher doses were younger, more
likely to be male, in the outpatient setting and with more preserved
kidney function and lower values of NT-proBNP (online supple-
mentary Table S3). Overall, 46.6% of patients received quadruple
therapy, 29.9% triple therapy, 15.2% double therapy, 5.6% single
therapy and 2.7% of patients were without any therapy (Table 4
and Figure 3). Patients receiving quadruple medical therapy were
younger, more likely to be enrolled in Northern regions, with a
lower burden of comorbidities and lower values of NT-proBNP
(online supplementary Table S4). Only 2.7% of patients were
simultaneously treated with target dose of beta-blockers, ARNI,
MRA and SGLT2i. There were substantial differences between ..
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.. sites regarding medical therapy prescription. This was notable for

all classes of drugs and for quadruple GDMT prescription, which
varied from 25% to 75% across different sites (Figure 4).

Among the HFmrEF group, 552 (88.3%) patients were on
beta-blockers, 215 (34.4%) patients were on ACEi/ARB, 306
(49.0%) patients were on ARNI (a total of 521 [83%] on
ACEi/ARB/ARNI), 392 (62.7%) were on MRA, and 371 (59.4%)
were on SGLT2i (Graphical Abstract, Figure 1). Of these, 50.6%,
38.7%, 55.5%, 100% and 100% received ≥50% of the target
dose, respectively (Figure 2). The percentage of contraindication
for SGLT2i was 9.7% (Graphical Abstract). Of note 36.3% were
prescribed quadruple therapy (Table 4 and Figure 3).

In the HFpEF group, the prescription rate for SGLT2i was
39% and 10.9% had contraindication for treatment (Graphical
Abstract, Figure 1). Overall, 76.2% were on beta-blockers, 48.9% on
ACEi/ARB, 17.9% on ARNI (a total of 66.8% on ACEi/ARB/ARNI),
48.9% on MRA.
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Figure 1 Baseline medical therapy and changes after V1 across the heart failure groups. ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; HFmrEF, heart failure with mildly reduced ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid receptor
antagonist; SGLT2i, sodium–glucose co-transporter 2 inhibitor.

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



Medical therapy in heart failure: The OPTIPHARM-HF registry 2697

Table 2 Baseline medical therapy according to left ventricular ejection fraction categories

Overall (n= 3054) HFrEF (n=1720) HFmrEF (n= 625) HFpEF (n= 709) p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Guideline-directed medical therapy
Beta-blocker 2647 (86.7) 1555 (90.4) 552 (88.3) 540 (76.2) <0.001

≥100% target dose 578 (22.0) 382 (24.7) 102 (18.7) 94 (17.7) <0.001

ACEi/ARB 884 (28.9) 322 (18.7) 215 (34.4) 347 (48.9) <0.001

≥100% target dose 99 (11.8) 30 (9.7) 18 (8.7) 51 (15.6) 0.020
ARNI 1488 (48.7) 1055 (61.3) 306 (49.0) 127 (17.9) <0.001

≥100% target dose 317 (21.3) 233 (22.1) 61 (19.9) 23 (18.1) 0.473
ACEi/ARB/ARNI 2372 (77.7) 1377 (80.0) 521 (83.4) 474 (66.9) <0.001

≥100% target dose 416 (17.5) 263 (19.1) 79 (15.2) 74 (15.6) 0.068
MRA 1981 (64.9) 1242 (72.2) 392 (62.7) 347 (48.9) <0.001

≥100% target dose 847 (42.8) 556 (44.8) 138 (35.3) 153 (44.1) 0.004
SGLT2i 1842 (60.3) 1191 (69.2) 371 (59.4) 280 (39.5) <0.001

Other medications
Furosemide 1834 (60.1) 1120 (65.1) 317 (50.7) 397 (56.0) <0.001

Daily dose, mg 25 (25–75) 50 (25–75) 25 (25–50) 40 (25–75) 0.001

Other diuretics 167 (5.5) 81 (4.7) 27 (4.3) 59 (8.3) 0.001

Vericiguat 86 (2.8) 74 (4.3) 10 (1.6) 2 (0.3) <0.001

≥100% target dose 37 (43.0) 34 (46.0) 1 (10.0) 2 (100) 0.017
Ivabradine 146 (4.8) 96 (5.6) 30 (4.8) 20 (2.8) 0.015
Calcium channel blockers 304 (10.0) 113 (6.6) 50 (8.0) 141 (19.9) <0.001

Digoxin/digitalis glycoside 133 (4.4) 75 (4.4) 28 (4.5) 30 (4.2) 0.975
Nitrates 131 (4.3) 83 (4.8) 22 (3.5) 26 (3.7) 0.261

Amiodarone 576 (18.9) 392 (22.8) 100 (16.0) 84 (11.9) <0.001

Aspirin 1058 (34.7) 664 (38.7) 204 (32.6) 190 (27.0) <0.001

Anticoagulation 1426 (46.7) 819 (47.6) 249 (39.9) 358 (50.6) <0.001

Statin 2065 (67.7) 1212 (70.5) 423 (67.9) 430 (60.9) <0.001

Data are expressed as n (%), median (interquartile range).
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF,
heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium–glucose co-transporter 2 Inhibitor.

Table 3 Reasons for not receiving medical therapy

HFrEF (n= 1720) HFmrEF (n= 625) HFpEF (n= 709)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Beta-blockers ACEi/ARB ARNI MRA SGLT2i SGLT2i SGLT2i
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Not treated, contraindications,
side effects, intolerance, n (%)

45 (2.6) 168 (9.8) 270 (15.7) 161 (9.4) 106 (6.2) 61 (9.7) 77 (10.9)

Allergic reaction 2 (4.4) 4 (2.4) 4 (1.5) 2 (1.2) 5 (4.7) 2 (3.3) 1 (1.3)
Bradycardia/AV block 31 (68.9) – – – – – –
Hypotension 11 (24.4) 101 (60.1) 167 (61.9) 29 (18.0) 10 (9.4) 16 (26.2) 20 (26.0)
Gynecomastia – – – 5 (3.1) – – –
Urinary tract

infection/symptoms
– – – – 45 (42.5) 22 (36.1) 29 (37.7)

Pulmonary disease 1 (2.2) – – – – – –
Chronic kidney disease – 50 (29.8) 76 (28.1) 56 (34.8) 37 (34.9) 12 (19.7) 14 (18.2)
Hyperkalaemia – 3 (1.8) 5 (1.9) 64 (39.8) – 3 (4.9) 4 (5.2)
Previous creatinine increase – 10 (6.0) 18 (6.7) 5 (3.1) 9 (8.5) 6 (9.8) 9 (11.7)

Not treated, other reasons, n (%) 120 (7.0) 1230 (71.5)a 395 (23.0)b 317 (18.4) 423 (24.6) 193 (30.9) 352 (49.6)
Patient preference 2 (1.7) 5 (0.4) 12 (3.0) 9 (2.8) 19 (4.5) 2 (1.0) 7 (2.0)
Other reasons 81 (67.5) 1121 (91.1) 147 (37.2) 108 (34.1) 142 (33.6) 69 (35.8) 154 (43.8)
Not known 37 (30.8) 104 (8.5) 236 (59.7) 200 (63.1) 262 (61.9) 122 (63.2) 191 (54.3)

AV, atrio-ventricular; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitors; HFmrEF, heart failure with mildly reduced
ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium–glucose
co-transporter-2 inhibitor.
aOf these, 85.7% were taking ARNI.
bOf these, 56% were taking ACEi/ARB.
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Figure 2 Proportion of patients with available dosage data treated with <50% target dose, 50% to <100% target dose, or ≥100% target
dose. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor;
HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with
reduced ejection fraction; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium–glucose co-transporter 2 inhibitor.

Changes in medical therapy after
the first visit
Among HFrEF patients, 5.2% initiated beta-blockers, 3.6% initiated
ACEi/ARB, 12.9% initiated ARNI, 11.2% initiated MRA, and 17.2%
initiated SGLT2i after V1 (Figure 1). Among those who already
received medications but not on target dose, 7.3% increased
the dose of beta-blocker, 3.4% of ACEi/ARB, 15.3% of ARNI,
10.0% of MRA. The rate of discontinuation was 0.8%, 7.6%,
1.3%, 1.7%, 0.5% for beta-blockers, ACEi/ARB, ARNI, MRA and
SGLT2i, respectively, and 37.3% switched from ACEi/ARB to ARNI. ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
. Overall, 18.5% initiated quadruple medical therapy at the end of V1

(Figure 3) and 6.6% were simultaneously treated with target doses
of beta-blockers, ARNI, MRA and SGLT2i.

Among HFmrEF patients, 3.7%, 4.0%, 5.6%, 9.8%, 15.4%, initiated
beta-blockers, ACEi/ARB, ARNI, MRA and SGLT2i, respectively
(Figure 1). Discontinuation rate was 0.8%, 5.3%, 0.6%, 1.4%, 0.8%,
for beta-blockers, ACEi/ARB, ARNI, MRA and SGLT2i, respectively.

In the HFpEF group, 15.1% initiated SGLT2i at the end of
V1 and 1.0% discontinued this treatment. Of note, initiation of
beta-blockers, ACEi/ARB, ARNI, and MRA was 3.4%, 3.5%, 0.7%
and 7.8%, respectively (Figure 1).
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Table 4 Baseline medical therapy according to the number of medications across the left ventricular ejection fraction
spectrum

Overall (n= 3054) HFrEF (n=1720) HFmrEF (n= 625) HFpEF (n= 709)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

No therapy 87 (2.9) 47 (2.7) 11 (1.8) 29 (4.1)
Single therapy 289 (9.5) 97 (5.6) 51 (8.2) 141 (19.9)

Beta-blocker 144 (49.8) 54 (55.7) 24 (47.1) 66 (46.8)
MRA 33 (11.4) 6 (6.2) 8 (15.7) 19 (13.5)
ACEi/ARB/ARNI 88 (30.5) 27 (27.8) 17 (33.3) 44 (31.2)
SGLT2i 24 (8.3) 10 (10.3) 2 (3.9) 12 (8.5)

Dual therapy 621 (20.3) 261 (15.2) 131 (21.0) 229 (32.3)
Beta-blocker+MRA 132 (21.3) 67 (25.7) 20 (15.3) 45 (19.7)
Beta-blocker+ACEi/ARB/ARNI 308 (49.6) 123 (47.1) 72 (55.0) 113 (49.3)
Beta-blocker+ SGLT2i 64 (10.3) 29 (11.1) 13 (9.9) 22 (9.6)
MRA+ACEi/ARB/ARNI 43 (6.9) 14 (5.4) 10 (7.6) 19 (8.3)
MRA+ SGLT2i 32 (5.2) 15 (5.8) 4 (3.1) 13 (5.7)
ACEi/ARB/ARNI+ SGLT2i 42 (6.8) 13 (5.0) 12 (9.2) 17 (7.4)

Triple therapy 917 (30.0) 514 (29.9) 205 (32.8) 198 (27.9)
Beta-blocker+MRA+ACEi/ARB/ARNI 377 (41.1) 191 (37.2) 92 (44.9) 94 (47.5)
Beta-blocker+MRA+ SGLT2i 166 (18.1) 115 (22.4) 22 (10.7) 29 (14.7)
Beta-blocker+ACEi/ARB/ARNI+ SGLT2i 316 (34.5) 175 (34.1) 82 (40.0) 59 (29.8)
MRA+ACEi/ARB/ARNI+ SGLT2i 58 (6.3) 33 (6.4) 9 (4.4) 16 (8.1)

Quadruple therapy 1140 (37.3) 801 (46.6) 227 (36.3) 112 (15.8)

Data are presented as n (%).
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitors; HFmrEF, heart failure with mildly
reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid receptor antagonist;
SGLT2i, sodium–glucose co-transporter-2 inhibitor.

Discussion
In this large contemporary national HF population enrolled
in the OPTIPHARM-HF registry, we found a significant gap
in guideline-recommended use and dosing of evidence-based
treatment across the spectrum of ejection fraction. Among HFrEF
patients, despite the low prevalence of evident contraindication
for each medication, use of recommended treatment was below
75% with the exception of beta-blockers. Among patients receiv-
ing medications, beta-blockers, ACEi/ARB/ARNI and MRA were
mostly prescribed at sub-target doses. Less than 50% of patients
simultaneously received any dose of all four recommended med-
ications. At the end of V1, most eligible patients did not receive
target doses of medical therapy, and few patients had increased
doses. We, however, observed a significant increase in prescription
rates of beta-blockers, MRA and ARNI, and 85% of patients were
prescribed SGLT2i. Less than 60% of the population received
quadruple therapy after the first visit. For patients with mildly
reduced or preserved ejection fraction, baseline treatment with
SGLT2i was less than 60% despite the low prevalence of con-
traindications and the indication in the ESC HF guideline update
and less than 75% were prescribed SGLT2i at the end of first
visit.

The current primary analysis of the OPTIPHARM-HF reg-
istry provides a unique and timely contribution to the field
by offering one of the most comprehensive contemporary
assessments of GDMT implementation across the full spec-
trum of LVEF in a large, national HF population (Graphical ..
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. Abstract). Unlike prior registries that have primarily focused on
HFrEF or relied on administrative data with limited granular-
ity, OPTIPHARM-HF includes detailed, prospectively collected
information on clinical characteristics, comorbidities, drug dos-
ing, and titration strategies across HFrEF, HFmrEF, and HFpEF.
In particular, this is one of the first studies to systematically
evaluate the real-world adoption of SGLT2i across ejection
fraction phenotypes, including detailed data on initial prescrip-
tion rates, contraindications, and changes following specialist
assessment with data collection timelines including the time
of approval of SGLT2i for the treatment of patients with
HFpEF.5,6

In previous reports, GDMT implementation in HFrEF varied
from 70% to 90% for beta-blockers, from 10% to 57% for ARNI,
and from 30% to 75% for MRA. In OPTIPHARM-HF, we observed
a higher baseline medical therapy in comparison to previous
large-scale HF registries, such as CHECK-HF, CHAMP-HF, and
ASIAN-HF,11–13 which were conducted before the widespread
adoption of newer therapies like SGLT2i and prior to recent
guideline updates. In contrast, the most recent TITRATE-HF and
SwedeHF registries and the VICTOR trial,14–16 present a similar
rate of baseline medical therapy to our population. However,
prescribed doses were still significantly below target doses. Data
on the implementation of SGLT2i are still scarce due to their
recent introduction. In the SwedeHF registry, ∼50% of HFrEF
patients received a SGLT2i while in TITRATE-HF 65% were
prescribed a SGLT2i, and 59% in the VICTOR trial. We found a
slightly higher treatment rate with SGLT2i with a significant change
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Figure 3 Baseline number of medications across the left ventricular ejection fraction spectrum and changes after V1. HFmrEF, heart failure
with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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Figure 4 Differences in baseline medical therapy per participating sites. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II
receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid receptor antagonist;
SGLT2i, sodium–glucose co-transporter 2 inhibitor.

in the prescription rate after V1 reaching 85% of the patients.
The higher rate of SGLT2i implementation in TITRATE-HF and
OPTIPHARM-HF likely reflects the timing of enrolment, cap-
turing a more contemporary period after broader regulatory
approvals and integration of SGLT2i into clinical algorithms and ..

..
..

..
..

..
.. guideline updates as compared to the SwedeHF. As observed in

the TITRATE-HF where 44% were prescribed quadruple ther-
apy, we found comparable data as less than 50% received all
GDMT at the time of enrolment. This is in line with findings
from the multinational EVOLUTION-HF, which also demonstrated
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delayed initiation of novel drug classes.17 More recently, the
IMPLEMENT-HF showed a significant increase in the use of
quadruple medical therapy reaching 44.8% among HFrEF patients
discharged after a recent hospitalization for HF.18

OPTIPHARM-HF represents one of the first registries assessing
the prescription of medical therapy and particularly SGLT2i for
HF patients with LVEF >40%. Recent data from the Get With
The Guidelines-Heart Failure registry showed an increase in
prescription rate of SGLT2i at hospital discharge from 4.2% to
23.5% in the period 2021–2023.19 These data, largely derived from
hospitalized U.S. populations, contrast with the broader outpatient
and inpatient enrolment in OPTIPHARM-HF and the structured
HF-focused evaluation conducted during study visits, likely con-
tributing to the higher prescription rates observed in our cohort.
In FINEARTS-HF, only 13.6% of enrolled patients were treated
with SGLT2i.20 Although in OPTIPHARM-HF approximately 40%
of HFmrEF and HFpEF patients were not prescribed a SGLT2i, a
promising increase in prescription after V1 was observed. Ongoing
follow-up visits will better define the prescription rate of SGLT2i
over time in this population.

Interestingly, we observed relatively high background treat-
ment with beta-blockers both in the HFmrEF and HFpEF groups.
These data contrast with the lack of benefits of beta-blockers in
patients with HFpEF but are, however, in line with the results in
FINEARTS-HF (85%) and EMPEROR-Preserved (86%).20,21 Regard-
ing ARNI and MRA, we observed a progressive decrease in their
use from HFmrEF to HFpEF; however, the overall prevalence of
these therapies remained higher compared to recent clinical trials
enrolling patients with HFmrEF and HFpEF. Of note, data on med-
ical therapy use and target dose in HFmrEF and HFpEF should be
interpreted with caution, as this represents an analytic framework
rather than evidence-based guidance. Current guidelines do not
provide specific drug- or dose-related recommendations for these
phenotypes beyond SGLT2i.

Taken together the results of OPTIPHARM-HF emphasize the
persistent unmet need for generalizable strategies to improve
widespread use and dosing of GDMT,7,22,23 similarly to what
is reported to device implantation recommended in HFrEF.24

Although all patients received care at specialized cardiology cen-
tres, a substantial gap in GDMT use persists across all HF phe-
notypes, highlighting the need for further efforts to enhance care
quality. These gaps are not solely attributable to clinical con-
traindications, as most patients did not exhibit limiting reasons for
not receiving medical therapy. Instead, they likely reflect a com-
bination of therapeutic inertia, limited awareness or confidence
in newer guideline updates, competing clinical priorities during
time-limited visits, and a lack of systematic care pathways. This
issue is particularly relevant for patients with an LVEF >40%, for
whom current adherence to recommended therapies remains low.
In line with prior evidence, the underrepresentation of women
in OPTIPHARM-HF mirrors a broader pattern observed in both
registries and clinical trials, with multiple barriers contributing to
this imbalance. Structural and social factors, including delayed refer-
ral to specialty care, lower screening and enrolment in trials, and
competing caregiving responsibilities, further exacerbate dispari-
ties. Women often present at an older age, with lower body weight, ..
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.. and more frequent adverse events such as hypotension or brady-
cardia, which may limit achievement of target GDMT doses.

The observed increase in prescription rates of key GDMT
classes after V1 highlights the potential impact of even a
single structured clinical visit in optimizing HF care. This
suggests that a more structured and proactive model of HF
management—including dedicated visits for medication review
and titration—could be instrumental in addressing the persistent
therapeutic gap. Although the study reflects real-world clinical
practice in Italy, the enrolment visit itself worked as an optimization
encounter, revealing how much can be achieved with systematic
and intentional care planning.25 To this regard, the long-term
design of the OPTIPHARM-HF will help to assess sequencing,
order and target dose of GDMT over time and the impact on
clinical outcomes. This will allow for a better understanding of
contemporary implementation barriers.

The OPTIPHARM-HF registry has several limitations that merit
consideration when interpreting the findings. Firstly, the national
design of this registry potentially limits the external generalizability
of our results as healthcare delivery, medical practice patterns, and
patient populations may vary substantially in different geographic
or international contexts. Furthermore, a significant proportion
of patients were recruited from specialized centres, where adher-
ence to GDMT tends to be higher compared to general clinical
practice. This recruitment strategy may result in an overestimation
of GDMT use, representing a potential selection bias. However,
undertreatment and underdosing are likely to be even higher in
non-specialized centres. Additionally, the enrolled cohort was
predominantly male and white, reflecting a demographic imbalance
frequently observed in clinical registries and trials (online sup-
plementary Table S5), thus limiting the applicability of our results
to women and other racial or ethnic groups. This demographic
limitation might mask clinically significant differences in therapeu-
tic approaches, outcomes, or responses to therapy across more
diverse populations. Another important consideration is that the
case report forms utilized in the registry may not fully capture all
clinical variables that could influence treatment implementation,
such as socioeconomic status, educational background, healthcare
accessibility, and lifestyle factors. Consequently, residual unmea-
sured variables might still influence the observed results. Finally, as
the OPTIPHARM-HF registry is still ongoing, the present analysis
does not include clinical outcome data, which will be addressed in
prespecified follow-up analyses.9

The OPTIPHARM-HF registry offers comprehensive data on
medical therapy across the full spectrum of LVEF in a contem-
porary HF population by capturing detailed real-world patterns
of GDMT use—including drug class initiation, titration, and
dosing—with a particular focus on the uptake of SGLT2i across
ejection fraction phenotypes. Although the observed prescription
rates for recommended treatment were higher compared to those
observed in previous reports, persistent gaps remain in both the
initiation and implementation of foundational therapies across
the LVEF spectrum. These identified gaps in care underscore a
critical unmet need in clinical practice with an urgent call for
evidence-based interventions and systematic strategies aimed at
enhancing the care of HF patients.
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