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Aims Sodium–glucose cotransporter 2 inhibitors (SGLT2i) reduce mortality/morbidity in heart failure (HF). We explored
the implementation of SGLT2i over time, and patient characteristics associated with their use, in a large, nationwide
population with HF with reduced ejection fraction (HFrEF).
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Methods
and results

Patients with HFrEF (ejection fraction <40%), no type 1 diabetes, estimated glomerular filtration rate (eGFR)
<20 ml/min/1.73 m2 and/or on dialysis, registered in the Swedish HF Registry between 1 November 2020 and 5
August 2022 were included. Independent predictors of use were investigated by multivariable logistic regressions. Of
8192 patients, 37% received SGLT2i. Use increased overall from 20.5% to 59.0% over time, from 46.2% and 12.5%
to 69.8% and 55.4% in patients with and without type 2 diabetes, from 14.7% and 22.3% to 58.0% and 59.8% in eGFR
<60 versus ≥60 ml/min/1.73 m2, from 21.0% and 18.9% to 61.6% and 52.0% in males versus females, from 24.2%
and 18.0% to 60.8% and 57.7% in patients with versus without recent HF hospitalization, from 26.1% and 19.8% to
54.7% and 59.6% in inpatients versus outpatients, and from 20.2% and 21.2% to 59.2% and 58.7% in those with HF
duration <6 versus ≥6 months, respectively. Important characteristics associated with SGLT2i use were male sex,
recent HF hospitalization, specialized HF follow-up, lower ejection fraction, type 2 diabetes, higher education level,
use of other HF/cardiovascular interventions. Older age, higher blood pressure, atrial fibrillation and anaemia were
associated with less use. Discontinuation rate at 6 and 12 months was 13.1% and 20.0%, respectively.
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Conclusions Use of SGLT2i increased three-fold over 2 years. Although this indicates a more rapid translation of trial results
and guidelines into clinical practice compared to previous HF drugs, further efforts are advocated to complete the
implementation process while avoiding inequities across different patient subgroups and discontinuations.

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

*Corresponding author. Division of Cardiology, Department of Medicine, Karolinska Institutet, Norrbacka S3:00, 171 76 Stockholm, Sweden. Tel: +46 72 5968340,
Email: gianluigi.savarese@ki.se

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0001-7732-0887
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejhf.2971&domain=pdf&date_stamp=2023-07-24


Implementation of SGLT2i in HFrEF 1649

Graphical Abstract

In this real-world analysis from the SwedeHF registry including 8,192 patients with heart failure with reduced ejection fraction (HFrEF), 37% of
patients were treated with SGLT2i. The use of SGLT2i increased 3-fold, from 20.5% to 59%, over the 2 years of observation (2021–2022). In
patients without vs. with T2DM use was lowest at the start of the observation period but had a greater increase over time; in females vs males the
increase in use was lower over time. Several characteristics were associated with higher or lower likelihood of SGLT2i use in the study population,
which higlights targets for interventional strategies to promote better GDMT implementation. CV, cardiovascular; HF, heart failure; HFrEF, heart
failure with reduced ejection fraction; SGLT2i, sodium–glucose cotransporter 2 inhibitor.
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Introduction
Heart failure (HF) is a global pandemic and its prevalence is
steadily increasing.1,2 Despite the advances in pharmacological and
non-pharmacological treatments, the prognosis remains poor and
the rate of HF-related hospitalizations high.3,4 The impact of HF
on worldwide healthcare systems is dramatic, both in terms of
human and financial resources. In Europe the estimated costs for
HF amount to ∼€29 billion and are predominantly driven by the
frequent, prolonged and recurrent hospitalizations.5

Over the last few years the pharmacological treatment of HF
with reduced ejection fraction (HFrEF) has benefited from the
availability of novel drugs which have been shown to reduce
mortality and/or morbidity, and therefore have been incorporated
in the guidelines.4,6 Among these, sodium–glucose cotransporter
2 inhibitors (SGLT2i) significantly reduced the risk of all-cause
and cardiovascular death and/or of HF hospitalizations in chronic
HFrEF in two landmark randomized controlled trials (RCTs), while
showing also a safe profile and good tolerability leading to low
discontinuation rates.7,8

One of the major unmet needs in HFrEF is the limited implemen-
tation of guideline-directed medical therapies (GDMT), i.e. under-
prescription, use of suboptimal doses, and frequent discontinuation
of drugs.9 Data on the current status of implementation of SGLT2i
in HFrEF clinical practice are scarce, partly because of their recent ..
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.. introduction in routine care, but also due to the limited availability

of updated real-world data sources where it is feasible to explore
their use after the most recent HF guidelines and the eventual bar-
riers to their implementation.4,6

Therefore, in the present study we sought to investigate the
evolving use of SGLT2i, and to assess the patient characteristics
associated with their use in a large, nationwide cohort of patients
with HFrEF.

Methods
Data sources
The study population was selected from the Swedish HF Registry
(SwedeHF). SwedeHF has been previously described.10 Briefly, it is
an ongoing voluntary health care quality registry founded in 2000
and implemented on a national basis in 2003. Written consent is not
required, but patients are informed of registration and allowed to
opt out. A majority of Swedish hospitals (69 out of 76 hospitals) and
to a minor extent also primary care centres enrol patients without
financial compensation, and collect approximately 80 variables, i.e.
data on demographics, comorbidities, clinical parameters, biomarkers,
treatments and organizational aspects, from adult inpatient wards
and outpatient clinics (www.swedehf.se). The inclusion criterion was
clinician-judged HF until April 2017, and after that a diagnosis of HF
according to the following International Statistical Classification of

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Diseases, 10th revision (ICD-10) codes: I50.0, I50.1, I50.9, I42.0, I42.6,
I42.7, I25.5, I11.0, I13.0 and I13.2. Coverage of SwedeHF in 2022
was 32% of the prevalent HF population in Sweden. Linkage between
SwedeHF and Statistics Sweden allowed to consider socioeconomic
data, whereas the National Patient Registry provided additional data
on comorbidities (online supplementary Table S1), the Cause of Death
Registry provided the date of death, and use of SGLT2i (empagliflozin
and dapagliflozin – the only SGLT2i to have guideline recommendation
for chronic HFrEF) was obtained through the National Prescribed Drug
Registry. Linkage between these registries was allowed by the personal
identification number, which all residents in Sweden have.

Index date was defined as the date of registration in SwedeHF,
i.e. the date of the outpatient visit for outpatients and the date of
discharge for inpatients. A patient was considered as receiving SGLT2i if
a dispensation was recorded in the National Prescribed Drug Registry
during the 5 months prior to or 14 days after the index date.

Establishment of the HF registry and this analysis including the
linkage across several registries was approved by the Swedish
Ethical Review Authority and complies with the Declaration of
Helsinki.

Study population
Heart failure patients with ejection fraction <40%, without type
1 diabetes, with estimated glomerular filtration rate (eGFR)
≥20 ml/min/1.73 m2 (as use of SGLT2i is contraindicated below
20 ml/min/1.73 m2), not on dialysis and with follow-up ≥14 days (to
avoid immortal time bias due to the 14-day post index definition
used to capture SGLT2i from the National Prescribed Drug Registry)
registered between 1 November 2020 and 5 August 2022, as this date
coincided with the approval of SGLT2i for the treatment of HFrEF in
Sweden, were considered. When a patient was registered more than
once during the study period, i.e. 2020–2022, the first registration
was selected. A flow chart summarizing the cohort selection process
is reported in online supplementary Figure S1.

Statistical analysis
Temporal trends in use of SGLT2i were calculated by considering at
each half calendar year the ratio between the number of patients with
at least one SGLT2i dispensation (numerator) and the total population
fulfilling the study inclusion/exclusion criteria (denominator). Patient
characteristics were reported as median (interquartile range [IQR])
and compared by Mann–Whitney test according to SGLT2i use if
continuous, and as counts (percentages) and compared by chi-square
test if categorical. In order to evaluate the difference in likelihood of
being prescribed SGLT2i at two randomly selected centres, the median
odds ratio was calculated for a model including the intercept and centre
as a random variable.

Multivariable logistic regression models were fitted to investigate
patient characteristics independently associated with use/non-use of
treatments (variables included in the logistic regression models are
marked with a in Table 1). Subgroup analyses according to renal func-
tion (i.e. eGFR ≥60 vs. <60 ml/min/1.73 m2), type 2 diabetes melli-
tus (T2DM), history of a recent HF hospitalization (i.e. <12 months),
sex, inpatient versus outpatient setting and HF duration <6 versus
≥6 months were performed by including an interaction term between
these variables and SGLT2i use in the logistic regression models.
Results were reported as odds ratio with 95% confidence intervals.
Discontinuation was considered to occur if there was >5 months gap ..
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.. between pill dispensations and set at 3 months after last dispensation.
Rate of discontinuation was calculated at 6 and 12 months with the
Kaplan–Meier method. Outliers were investigated by assessing Cook’s
distance and multicollinearity by analysing the variance inflation fac-
tor; no action was deemed necessary. No adjustment for multiple
comparisons was performed. Multiple imputation models (10 imputed
datasets generated) were used to handle missing values for the vari-
ables included in the multivariable models (marked by a in Table 1,
missing rates are reported in online supplementary Table S2); SGLT2i
use was not included in these models.

All the statistical analyses were performed using R version 4.2.1 (R
Core Team 2019). The code for the data management and statisti-
cal analyses performed is found at https://github.com/KIHeartFailure/
sglt2ihf. The level of significance was set to 5%, two-sided.

Results
A cohort of 8192 patients with HFrEF was analysed. Median age
was 73 (IQR 64–79) years, 27.2% were female.

Temporal trends in use
of sodium–glucose cotransporter 2
inhibitors and discontinuation
In the overall population use of SGLT2i was 37% (3012 patients),
but progressively increased during the observation time period
from 20.5% to 59.0% (from 13.4% to 44.4% for dapagliflozin, from
7.2% to 14.7% for empagliflozin; Figure 1).

Regarding trends for the pre-specified subgroups, SGLT2i
increased from 46.2% and 12.5% to 69.8% and 55.4% in patients
with and without T2DM, from 14.7% and 22.3% to 58.0% and
59.8% in eGFR <60 versus ≥60 ml/min/1.73 m2, from 21.0% and
18.9% to 61.6% and 52.0% in males versus females, from 24.2%
and 18.0% to 60.8% and 57.7% in patients with versus without
recent HF hospitalization, from 26.1% and 19.8% to 54.7% and
59.6% in inpatients versus outpatients, and from 20.2% and 21.2%
to 59.2% and 58.7% in patients with HF duration <6 versus
≥6 months, respectively. Therefore, temporal trends in SGLT2i
use across these subgroups were overall similar to the overall
study population, and in inpatients versus outpatients but with
slightly less use at the beginning and slightly higher use at the end
of the observation period in outpatients (Figure 2). The differences
in the regional distribution of SGLT2i use across Sweden (median
odds ratio 1.88) are reported online in supplementary Table S3.
Discontinuation rate at 6 and 12 months was 13.1% and 20.0%,
respectively.

Patient characteristics according
to sodium–glucose cotransporter 2
inhibitor use (Table 1)
Compared to non-users, SGLT2i users were younger, more likely
male, referred to specialty care and nurse-led HF clinics. They
presented characteristics of more severe HF, as shown by their
higher likelihood of reporting a hospitalization for HF within the
last 12 months, more symptoms (i.e. more likely New York Heart

© 2023 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 1 Baseline characteristics of the overall study population and divided according to treatments use versus
non-use

Variable SGLT2i non-use SGLT2i use p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n (%) 5180 (63) 3012 (37%)
Dapagliflozin 0 2180 (72.4) <0.001

Empagliflozin 0 853 (28.3) <0.001

Demographic/organizational characteristics
Male sexa 3664 (70.7) 2305 (76.5) <0.001

Age ≥75 yearsa 2467 (47.6) 1148 (38.1) <0.001

Inpatient 691 (13.3) 372 (12.4) 0.211

Follow-up referral HF nurse clinica 4627 (92.8) 2815 (96.0) <0.001

Follow-up referral specialty carea 4390 (86.9) 2786 (94.0) <0.001

Period of registrationb
<0.001

2020 4th trimester 713 (13.8) 102 (3.4)
2021 1st trimester 1036 (20.0) 212 (7.0)
2021 2nd trimester 1016 (19.6) 227 (7.5)
2021 3rd trimester 793 (15.3) 306 (10.2)
2021 4th trimester 704 (13.6) 603 (20.0)
2022 1st trimester 549 (10.6) 680 (22.6)
2022 2nd trimester 322 (6.2) 719 (23.9)
2022 3rd trimester 47 (0.9) 163 (5.4)

HF hospitalization <12 monthsa 2081 (40.2) 1409 (46.8) <0.001

HF duration≥6 monthsa 2456 (48.1) 1384 (46.6) 0.210
EF <30%a 2041 (39.4) 1422 (47.2) <0.001

NYHA class III–IVa 1629 (37.0) 1035 (39.9) 0.020
MAP >90 mmHga 2381 (48.1) 1155 (40.0) <0.001

HR >70 bpma 2616 (53.3) 1458 (51.1) 0.068

Laboratory
eGFR <60 ml/min/1.73 m2a 1604 (32.1) 924 (31.4) 0.548
NT-proBNP≥mediana 2255 (51.5) 1240 (46.1) <0.001

Potassiuma 0.881

Hyperkalaemia (>5 mEq/L) 178 (3.6) 111 (3.8)
Normokalaemia (3.5–5.0 mEq/L) 4682 (94.1) 2749 (93.9)
Hypokalaemia (<3.5 mEq/L) 115 (2.3) 69 (2.4)

Comorbidities
BMI ≥30 kg/m2 a 1023 (24.7) 683 (28.8) <0.001

Smokinga 439 (10.6) 267 (11.2) 0.502
T2DMa 984 (19.0) 1190 (39.5) <0.001

AFa 2800 (54.1) 1507 (50.0) <0.001

Ischaemic heart diseasea 2434 (47.0) 1580 (52.5) <0.001

Anaemiaa,c 1271 (28.1) 578 (21.7) <0.001

Hypertensiona 3325 (64.2) 2045 (67.9) 0.001

Peripheral artery diseasea 423 (8.2) 249 (8.3) 0.905
Stroke/TIAa 617 (11.9) 364 (12.1) 0.843
Valve diseasea 952 (18.4) 492 (16.3) 0.021

Malignant cancer <3 yearsa 669 (12.9) 317 (10.5) 0.002
COPDa 560 (10.8) 288 (9.6) 0.080
Liver diseasea 123 (2.4) 80 (2.7) 0.474
Dialysis 60 (1.1) 16 (0.5) 0.008
Charlson comorbidity index, median (IQR) 2.0 [1.0–4.0] 2.0 [1.0–4.0] 0.250
Charlson comorbidity index 0.710

0–1 1630 (31.5) 934 (31.0)
2–3 1951 (37.7) 1111 (36.9)
4–7 1275 (24.6) 769 (25.5)
≥8 324 (6.3) 198 (6.6)

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

 18790844, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.2971 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [07/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



1652 D. Stolfo et al.

Table 1 (Continued)

Variable SGLT2i non-use SGLT2i use p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treatments
ACEi/ARB/ARNia 4874 (94.2) 2931 (97.4) <0.001

Beta-blockersa 4779 (92.3) 2877 (95.5) <0.001

MRAa 2769 (53.5) 2169 (72.1) <0.001

Diureticsa 3476 (67.1) 2023 (67.2) 0.954

Digoxina 418 (8.1) 233 (7.7) 0.622

Antiplatelet therapya 1497 (28.9) 1000 (33.2) <0.001

Anticoagulant therapya 2837 (54.8) 1614 (53.7) 0.319

Statinsa 2644 (51.1) 1872 (62.2) <0.001

Nitratesa 289 (5.6) 172 (5.7) 0.838

ICD/CRTa 752 (14.5) 599 (19.9) <0.001

Family type living alonea 2335 (45.1) 1338 (44.5) 0.566

Childrena 4321 (83.4) 2471 (82.0) 0.117

Educationa 0.001

Compulsory school 1687 (32.9) 866 (29.2)

Secondary school 2273 (44.3) 1426 (48.0)

University 1169 (22.8) 678 (22.8)

Income≥mediana 2547 (49.2) 1577 (52.4) 0.006

Values are given as n (%), unless otherwise indicated.
ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor–neprilyisin inhibitor; BMI, body mass
index; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; EF, ejection fraction; eGFR, estimated glomerular filtration rate (calculated by
the Chronic Kidney Disease Epidemiology Collaboration formula); HF, heart failure; HR, heart rate; ICD, implantable cardioverter defibrillator; IQR, interquartile range; MAP,
mean arterial pressure; MRA, mineralocorticoid receptor antagonist; NT-proBNP; N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; SGLT2i,
sodium–glucose cotransporter 2 inhibitor; T2DM, type 2 diabetes mellitus; TIA, transient ischaemic attack.
aIncluded in multiple imputation model and adjusted for in logistic regression models.
bIncluded in imputation and logistic regression models as a continuous single month/year variable and not as categorical variable by trimesters.
cDefined as haemoglobin <130 g/dl in men and 120 g/dl in women.

Figure 1 Temporal trends in use of sodium–glucose cotrans-
porter 2 inhibitors (SGLT2i) in the overall population. Note that
the percentages for dapagliflozin and empagliflozin can add up to
more than the total percentage for SGLT2i due to cross-over.
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.. Association [NYHA] class III–IV), lower ejection fraction (<30%

vs. 30–39%), and lower blood pressure, although they had slightly
lower N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels. eGFR and the proportion of patients with eGFR
<60 ml/min/1.73 m2 were similar across the two groups. Among
comorbidities, SGLT2i users were more likely obese (i.e. body
mass index >30 kg/m2), with T2DM, ischaemic heart disease and
hypertension, but were less likely having atrial fibrillation, anaemia
and history of cancer within the previous 3 years. Level of educa-
tion and income were higher in SGLT2i users. Patients treated with
SGLT2i were more likely treated with renin–angiotensin system
inhibitors/angiotensin receptor–neprilysin inhibitor (RASi/ARNi),
beta-blockers, mineralocorticoid receptor antagonists (MRA),
antiplatelet agents, statins and HF devices, while use of diuretics
was similar to SGLT2i non-users.

Independent predictors
of sodium–glucose cotransporter 2
inhibitor use
As shown in Figure 3, after adjustments, patient characteris-
tics associated with higher likelihood of SGLT2i use in the
overall cohort were male sex, recent HF hospitalization (i.e.
<12 months), follow-up referral to specialty care and nurse-led

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Implementation of SGLT2i in HFrEF 1653

Figure 2 Temporal trends in use of sodium–glucose cotransporter 2 inhibitors across subgroups. (A) Renal function; (B): type 2 diabetes; (C)
sex; (D) recent heart failure (i.e. <12 months) hospitalization (HFH); (E) location (i.e. inpatients vs. outpatients); (F) duration of heart failure
(HF) (<6 vs. ≥6 months). eGFR, estimated glomerular filtration rate.

HF clinics, ejection fraction <30%, history of T2DM, higher edu-
cation level, a more recent registration in SwedeHF, treatment
with RASi/ARNi, beta-blockers, MRA, anticoagulants, statins and
HF devices. Older age, mean arterial pressure>90 mmHg, atrial
fibrillation and anaemia were instead less likely associated with use
of SGLT2i, and no association was observed with renal function.

Some differences in the association between specific patient
characteristics and SGLT2i use were observed across the
pre-specified subgroups (online supplementary Figures S2–S6).
Recent HF hospitalization, ejection fraction <30% and history of
atrial fibrillation were associated with SGLT2i use only in patients
with an eGFR ≥60 ml/min/1.73 m2, whereas heart rate≤70 bpm
and use of diuretics with less likely SGLT2i use only in those
with eGFR <60 ml/min/1.73 m2. Liver disease and use of oral
anticoagulants were associated with more likely use of SGLT2i
only in patients with eGFR <60 ml/min/1.73 m2. T2DM and use
of MRA were associated with more likely SGLT2i use across the
eGFR range, but more strongly in eGFR ≥60 ml/min/1.73 m2.

Older age (≥75 years) was more strongly associated with less
likely use, but use of RASi/ARNi with more likely SGLT2i use
in patients with versus without T2DM, whereas specialty care
follow-up and later year of registration were more strongly associ-
ated with use in those without T2DM. Ejection fraction <30% and
anticoagulant use were associated with more likely use, and eGFR
<60 ml/min/1.73 m2 with less likely use in patients without but not
in those with T2DM. Ischaemic heart disease, use of antiplatelet ..
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.. agents and statins, higher level of education were associated with

more likely use of SGLT2i only in patients with T2DM. Higher
NT-proBNP levels, peripheral artery disease and use of diuretics
were instead associated with less likely SGLT2i use only in patients
with T2DM.

NYHA class III–IV and eGFR <60 ml/min/1.73 m2 were asso-
ciated with more likely use in patients without but not in those
with a recent HF hospitalization (i.e. <12 months), whereas higher
NT-proBNP levels were associated with less likely use only in
patients with a recent HF hospitalization. Older age (≥75 years)
was more strongly associated with less likely use in those with a
recent HF hospitalization.

HF devices were associated with more likely SGLT2i use in both
sexes, but more strongly in females, whereas ischemic heart disease
was associated with more likely use only in males.

Older age (≥75 years) was more strongly associated with less
likely use of SGLT2i in inpatients versus outpatients; more recent
registration was more strongly associated with less likely use in
outpatients; history of atrial fibrillation was associated with less
likely use, and liver disease and higher level of education with more
likely use of SGLT2i in inpatients but not in outpatients.

Finally, NYHA class III–IV was associated with more likely use in
patients with HF duration ≥6 months, history of atrial fibrillation
and chronic obstructive pulmonary disease with less likely use in
those with HF duration <6 months. Use of MRA and more recent
period of registration were associated with more likely use of

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1654 D. Stolfo et al.

Figure 3 Predictors of treatment with sodium–glucose cotransporter 2 inhibitors in the overall cohort. ACEi, angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor–neprilyisin inhibitor; BMI, body mass index; CI, confidence interval;
COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; EF, ejection
fraction; HF, heart failure; HFH, heart failure hospitalization; ICD, implantable cardioverter defibrillator; MAP, mean arterial pressure; MRA,
mineralocorticoid receptor antagonist; NYHA, New York Heart Association; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OR,
odds ratio.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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SGLT2i across the HF duration, but more strongly in patients with
HF duration <6 months.

Discussion
The efficacy of SGLT2i in terms of mortality/morbidity demon-
strated on top of other evidence-based treatments in RCTs advo-
cates their extensive implementation in patients with HFrEF, as
recommended by the most recent European and American guide-
lines.4,6 However, in clinical practice there are multiple barriers that
have traditionally limited the use of previous GDMT, and that could
similarly curb the implementation of more novel drugs. In this study
we provided a comprehensive and one of the first overviews on
the contemporary use of SGLT2i in a large nationwide cohort of
patients with HFrEF, demonstrating a progressive increase in their
use from 2020 to 2022, reaching 59% in the second semester of
2022. Moreover, we identified several patient characteristics inde-
pendently associated with a less likely SGLT2i use, which might help
defining strategies to counteract the underuse of recommended
treatments (Graphical Abstract).

Temporal trends in sodium–glucose
cotransporter 2 inhibitor use
and discontinuation
With the publication of several RCTs showing the efficacy of novel
GDMT (i.e. ARNi and SGLT2i), the paradigm of the treatment
for chronic HFrEF shifted from a sequential to a default strategy
of early initiation of foundational quadruple therapy,11 followed
by the up-titration to maximal tolerated doses.12 SGLT2i are the
most recent pharmacological class to demonstrate a reduction
in mortality and morbidity in HFrEF, and entered the latest HF
guidelines with a class I recommendation.4,6 They were previously
in use for the treatment of T2DM and their gradual implementation
in patients with HF and T2DM has been reported in SwedeHF since
2013.13 Their safety profile, the limited effect on blood pressure,
their beneficial effect on renal function and on the risk of hyper-
kalaemia,14 and the single dose not requiring up-titration make
SGLT2i the ideal candidate for rapid implementation in daily clinical
practice.15,16 The eligibility for this treatment in daily practice
according to the regulatory labels ranged between≈50% and≈80%
across different studies,17–19 and a low rate of discontinuation
has been observed in RCTs.20 However, in the real-world setting,
as in our study, the rate of treatment discontinuation within the
first 2 months was high, although less compared with other HFrEF
foundational therapies.9,21 Increasing patients’ awareness of GDMT
efficacy and of the outcome associated with untreated or partially
treated HF, as well as increasing the self-competence of handling
adverse/tolerability events are necessary steps for minimizing the
discontinuation of GDMT and its negative impact on outcome.22

Secondary analyses of the landmark RCTs on SGLT2i in HF
highlight an early effect in terms of mortality/morbidity reduction
with dapagliflozin and empagliflozin, and two positive RCTs on
patients with acute decompensated HF contribute to strongly
support an early introduction of these drugs on top of other ..
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.. medications, even in the hospital setting.23–25 However, in a large
multicentre observational study, novel drugs, including SGLT2i,
were initiated later after HF hospitalization compared with older
GDMT in patients with HFrEF, regardless of the country of origin.9

In the current study we observed a progressive implementa-
tion in use of SGLT2i over time in Sweden, with the steeper
increase after the release of the 2021 European guidelines on
HF which introduced for the first time SGLT2i as class I recom-
mended treatment for HFrEF.4 In the second half of 2022, 59% of
the HFrEF population enrolled in SwedeHF was on treatment with
empagliflozin or dapagliflozin, resulting in an implementation pro-
cess for SGLT2i much faster as compared with other GDMT, and
attesting, thus, that the rapid introduction of GDMT is feasible in
the real world.

Patient characteristics associated
with sodium–glucose cotransporter 2
inhibitor use/non-use
Initiation of novel drugs in daily care can be hampered by several
barriers.26,27 Despite the rapid implementation, in our study >40%
of patients eligible for SGLT2i were still in need of initiation.28

Underuse of GDMT in women with HFrEF has been formerly
reported in real-world studies.29,30 However, extensive adjustment
for multiple covariates in SwedeHF, probably mitigating the effect
of confounders, did not confirm any sex-related disparity in the
use of conventional GDMT in Sweden,31 that has been instead
observed for SGLT2i in the present study. Post-hoc analyses of the
two landmark RCTs on SGLT2i in HFrEF suggested a comparable
effect across sexes, advocating dedicated strategies to promote
implementation with novel treatments regardless of sex.7,32 Our
observation that the trend of SGLT2i increased more in men
compared with women advocates for prompt intervention.

Follow-up in HF specialty care and better socio-economic status
are known to be associated with better optimization of treatments
in HFrEF even in universal healthcare systems,33,34 and our results
are consistent with previous evidence. The high proportion of
patients included in SwedeHF who were managed in specialty
care or with the support of nurse-led HF clinics (>90% in this
study) might explain the observed high SGLT2i implementation.
Consistently, in the STRONG-HF trial, a more intensive care
resulted into a better implementation of HF treatments in terms
of use and achievement of target doses.12 Partially in contrast with
the results of the STRONG-HF trial,12 we observed a more intense
implementation of SGLT2i over time in outpatients compared with
inpatients, highlighting how in the real world the optimization of
GDMT in hospital remains an unmet need.35

We also reported the regional differences in SGLT2i imple-
mentation across Sweden, which emphasize the importance of
large-scale educational strategies in order to achieve homogeneous
implementation of treatments, and to avoid low performances in
less central and/or secondary centres. We cannot exclude that,
in other Swedish hospitals not enrolling patients in SwedeHF, and
thus where access to dedicated HF care might be more limited,
SGLT2i implementation might be lower than what observed in the
current analysis.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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The association between SGLT2i use and being on treat-
ment with other HF and cardiovascular medications, includ-
ing HF devices, might imply that (i) patients receiving SGLT2i
received overall better care, and/or that (ii) SGLT2i were initiated
primarily in patients who were already on treatment with other HF
medications reflecting a sequential rather than a parallel approach
to HFrEF treatment, which is consistent with the evidence of later
initiation of novel versus conventional GDMT,9 and/or that (iii)
patients who were still symptomatic and with very low ejection
fraction despite the use of three medications were more promptly
initiated with an SGLT2i, which might be consistent with the associ-
ation between SGLT2i use, lower ejection fraction and lower blood
pressure observed in our analysis.

The higher likelihood of treatment with a SGLT2i associated with
T2DM was expected given the prior recommendation for SGLT2i
in this setting, reflecting the fact that patients with HF and T2DM
have a double indication for this treatment, which might have
promoted a more rapid implementation.13 However, it is worth
noting that the rate of SGLT2i use in patients with and without
T2DM progressively converged and became similar in the second
semester of 2022, suggesting a more careful adherence to novel
evidence by the managing clinicians.

Counterintuitively, use of SGLT2i was not associated with renal
function, although they have been shown to improve renal and
cardiovascular outcomes in patients with HF or chronic kidney
disease, and the implementation of other GDMTs has been demon-
strated to be more limited even with only slight reductions in renal
function in daily clinical practice,36 which candidates SGLT2i as one
of the simplest treatments to be used in the setting of chronic
kidney disease.37

Older age has been extensively reported in real-world settings
as one of the more impactful variables associated with underuse
and underdosing of GDMT, even though guidelines recommend HF
treatments irrespective of age.4,28,38 Atrial fibrillation and anaemia
are associated with multiple comorbidities affecting patients with
HF that typically reduce the adherence to evidence-based recom-
mendations.39 It is also likely that in patients with atrial fibrillation
the priority given to the initiation of a beta-blocker and its dose
titration for rate control might delay the introduction of other
medications. Finally, reversal causality might alternatively explain,
at least partially, the association between anaemia and lower drug
use since SGLT2i have been reported to increase haemoglobin and
improve iron use.40,41

Among subgroups identified as having a higher probability of
SGLT2i underuse, diuretics were associated with less likely SGLT2i
use in patients with eGFR <60 versus ≥60 ml/min/1.73 m2, perhaps
for the perceived risk of potential kidney injury due to excessive
diuresis. In patients with T2DM, additional comorbidities such
as ischaemic heart disease and peripheral artery disease were
associated with less likely use, whereas ejection fraction <30%,
which can be considered a marker of severity of HF, had no
influence on drug use in contrast with patients without T2DM
where it was associated with higher probability of receiving a
SGLT2i. It is conceivable that the timing of SGLT2i initiation in
HFrEF patients with T2DM is not influenced by HF severity as
already prioritized given the diabetic status. ..
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.. Limitations
Despite the extensive adjustments, the effect of residual unmea-
sured confounders cannot be ruled out. Use of treatments was
defined at the index date and a later introduction cannot be
excluded. The limited sample size due to the more limited time
frame for patient inclusion could have prevented to observe statis-
tically significant associations between specific covariates and use
of SGLT2i in multivariable analyses. No data on tolerability and
adverse events were available. However, discontinuation rates after
treatment initiation have been reported. Finally, generalizability of
our results is partially limited by the coverage, with the potential
risk of overestimating the use of SGLT2i in the current analysis,
since patients enrolled in SwedeHF have different characteristics
and are better treated compared with the overall HF population in
Sweden.42

Conclusions
In this nationwide cohort of patients with HFrEF, we showed
that use of SGLT2i increased three-fold over 2-year time. This
represents a more rapid translation of trial results, guidelines,
regulatory labelling and reimbursement into the clinical setting
compared to former GDMT. However, there is still room for
implementation of novel HF treatments, and we highlighted some
important patient characteristics strongly associated with underuse
of SGLT2i. Efforts are warranted to continue the process of
implementation, reduce discontinuations, and to counteract the
inequities in introduction of both existing and future effective
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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