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Abstract

Aims Although diabetes mellitus (DM) is a common co-morbidity in chronic heart failure (HF) patients, European data on
concurrent HF and DM treatment are lacking. Therefore, we have studied the HF treatment of patients with and without
DM. Additionally, with the recent breakthrough of sodium–glucose cotransporter 2 (SGLT2) inhibitors in the field of HF, we
studied the potential impact of this new drug in a large cohort of HF patients.
Methods and results A total of 7488 patients with chronic HF with a left ventricular ejection fraction <50% from 34 Dutch
outpatient HF clinics between 2013 and 2016 were analysed on diabetic status and background HF therapy. Average age of the
total population was 72.8 years (±11.7 years), and 64% of the patients were male. Diabetes was present in 29% of the patients
(N = 2174). Diabetics had a worse renal function (mean estimated glomerular filtration rate 56 vs. 61 mL/min/1.73 m2,
P < 0.001). Renin–angiotensin system inhibitors were less often prescribed in diabetics compared with non-diabetics (79%
vs. 82%, P = 0.001), while no significant differences regarding other guideline-recommended HF drugs were found. Target
doses of beta-blockers (23% vs. 16%, P < 0.001), renin–angiotensin system inhibitors (47% vs. 43%, P = 0.009), and mineral-
ocorticoid receptor antagonists (57% vs. 51%, P = 0.005) were more often prescribed in diabetics than non-diabetics. Based on
the latest trials on SGLT2 inhibitors, 31–64% of all HF patients would fulfil the eligibility or enrichment criteria (with vs. without
N-terminal prohormone BNP criterion).
Conclusions In this large real-world HF registry, a high prevalence of DM was observed and diabetics more often received
guideline-recommended target doses. Based on current evidence, the majority of patients would fulfil the enrichment criteria
of SGLT2 trials in HF and the impact of this new drug class will be large.
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Introduction

Diabetes mellitus (DM) is a common co-morbidity in patients
suffering from heart failure (HF) and is associated with in-
creased hospitalization and mortality rates in chronic HF.1,2

Despite DM being a well-established risk factor for worse out-
come in HF, guideline-directed medical therapy does not

specifically target the subgroup of patients who also suffer
from DM. This might be because the effects of DM therapy
on cardiovascular events are not fully clear yet.3 Recently,
the American CHAMP-HF investigators aimed to characterize
treatment patterns and outcomes of patients with HF with
reduced ejection fraction (HFrEF) and co-morbid DM in a
real-world outpatient setting. Besides slight differences in
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prescription rates and doses, higher HF hospitalization and
mortality rates among patients with DM were found.4 Unfor-
tunately, there is paucity of data when it comes to DM and
concurrent HF treatment for the Western European setting.
The Dutch CHECK-HF registry studied in detail prescription
rates and dosages of HF medication among subgroups of HF
patients in an outpatient setting.5,6

This CHECK-HF subanalysis aimed to study differences in
HF treatment between diabetics and non-diabetics in a
Western European country and compares these findings to
the recent analysis in the USA (CHAMP-HF). Furthermore,
the percentage of patients that would be eligible for treat-
ment with sodium–glucose cotransporter 2 (SGLT2) inhibitors
was investigated based on trial criteria from the recently
completed DAPA-HF and EMPEROR-Reduced clinical trials,
which could have major impact in upcoming years.2,7

Methods

The design and methods of the CHECK-HF registry have been
published in detail elsewhere.8 Briefly, a total of 10 910
chronic HF patients from 34 participating Dutch centres be-
tween 2013 and 2016 were included in this cross-sectional
observational cohort. All included patients were diagnosed
with HF and treated according to the 2012 European Society
of Cardiology (ESC) HF guidelines, and almost all were seen at
a dedicated outpatient HF clinic (96%).9 Detailed information
on patient characteristics, echocardiographic values, and
guideline-recommended HF drug prescription and dosages
was recorded. The study was conducted according to the
Declaration of Helsinki. Ethical approval was provided for
anonymously analysing existing patient data by the Ethical
Committee of the Maastricht University Medical Center, the
Netherlands.

Patients were divided based on left ventricular (LV) ejec-
tion fraction (LVEF) or visual assessment of the left ventricle
into HF with an LVEF <50% (N = 8360) or HF with an
LVEF ≥50% (N = 2267) and treated according to the 2012
ESC HF guidelines. In 283 patients, recording of the LV func-
tion in the database was insufficient to classify patients into
HF type or standard baseline demographic data were missing,
and they were excluded from this analysis as well as patients
with an LVEF ≥50%. Additionally, patients with missing
information on diabetes (N = 872) were excluded from this
analysis, and a total of 7488 patients were included in this
analysis. All patients were divided into those with and with-
out diabetes, based on patient records and medical history.
Distinction between type 1 and 2 diabetes was made, but
the CRF contained no information on antidiabetic therapy.

In a subanalysis, we investigated the treatment differences
according to renal function. Additionally, we compared the

treatment differences between the Western European and
the American CHAMP-HF population.4

In order to provide a detailed insight in the reduced LVEF
population according to the 2016 ESC HF guidelines, an addi-
tional subanalysis was performed.3 Patients with a reduced
LVEF (LVEF <50%) and known diabetic status were catego-
rized into HF with mid-range ejection fraction (HFmrEF) {LVEF
40–49% [n = 1417 (18.9%)]} and HFrEF {LVEF<40% [n = 5073
(67.7%)]}, only in those patients with an exactly specified
LVEF. Patients without exact ejection fraction, though
visually reduced LV function, were presented separately as
semi-quantitative patient group [n = 998 (13.3%)].

Indication for sodium–glucose cotransporter-2
inhibitors

Based on the inclusion and exclusion criteria of the DAPA-HF
and EMPEROR-Reduced trials, we investigated what percent-
age of patients would be eligible for an SGLT2 inhibitor. An
overview of the used criteria is shown in Supporting Informa-
tion, Table S1.2,10

Statistical analysis

Continuous data are expressed as mean value ± standard de-
viation or median and inter-quartile range, depending on the
distribution of the data, and compared by the one-way anal-
ysis of variance or Mann–Whitney U test. Categorical data are
expressed as counts and percentages, and compared by the
Pearson χ2 test.

In order to investigate whether the observed differences
between patients with and without diabetes were indepen-
dent of potential clinical predictors, univariable and multivar-
iable logistic regression analyses were used. The results of
these regression analyses are expressed as odds ratios
(ORs) with 95% confidence intervals (CIs). In Model 1, we ad-
justed for age and sex only. In Model 2, we further adjusted
for New York Heart Association (NYHA) classification and
LVEF. At last, in Model 3, we further adjusted for age, gender,
NYHA classification, LVEF, hypertension, chronic obstructive
pulmonary disease, obstructive sleep apnoea syndrome,
thyroid disease, renal insufficiency [defined as estimated
glomerular filtration rate (eGFR) <60 mL/min or a history of
renal insufficiency], and atrial fibrillation. Missing data oc-
curred in the variables included in the multivariable analysis,
which were imputed using multiple imputation as has been
described previously.11 All analyses were performed with
SPSS Statistical Package Version 25.0 (SPSS Inc., Chicago, IL).
A two-sided P-value of <0.05 was considered statistically
significant.
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Results

In total, 2174 (29%) diabetic and 5314 (71%) non-diabetic
patients were included in this analysis, and their baseline
characteristics are shown in Table 1. In brief, diabetics were
significantly more often severely symptomatic in NYHA
Class III–IV, more often had an ischaemic aetiology, and suf-
fered from higher rates of co-morbidities such as hyperten-
sion, obstructive sleep apnoea syndrome, and renal
insufficiency.

Pharmacological treatment

The pharmacological HF treatment of patients according to
diabetic status is shown in Figure 1. As shown, diabetic
HF patients less often received renin–angiotensin system
(RAS) inhibitors, but more often received the guideline-rec-
ommended target dose of beta-blockers, RAS inhibitors, and
mineralocorticoid receptor antagonists (MRAs) and had
triple therapy more often prescribed at ≥50% of the
guideline-recommended target dose, while no significant
difference was observed in the prescription rate of triple
therapy. Of all diabetic patients who had a RAS inhibitor pre-
scribed, 64.2% and 35.8% received an angiotensin-converting

enzyme inhibitor and angiotensin receptor blocker, respec-
tively, compared with 68.9% and 31.1% for the non-diabetic
patients, respectively.

After multivariable adjustments, diabetic HF patients had a
lower likelihood to receive a RAS inhibitor (OR 0.853, 95% CI
[0.747–0.975]), but a higher likelihood to receive diuretics
compared with non-diabetic patients (OR 1.284, 95% CI
[1.103–1.495]), as shown in Table 2.

Diabetes and renal function

As shown in Table 3, diabetic HF patients had a worse renal
function compared with non-diabetic patients (mean eGFR
55.8 ± 22.6 vs. 60.8 ± 23.8 mL/min/1.73 m2, P<0.001). A de-
tailed overview of HF therapy stratified by renal function in
diabetic HF patients is shown in Supporting Information,
Figure S1. Most importantly, among all diabetics, patients
with an eGFR <30 mL/min less often received RAS inhibitors
and, when prescribed, less often received the recommended
target dose. Furthermore, those patients with an
eGFR <30 mL/min less often received triple therapy. The pa-
tients on triple therapy with an eGFR <30 mL/min less often
received the recommended target dose.

Table 1 Baseline characteristics of HF patients with an LVEF < 50%

Total population (N = 7488) Diabetes (N = 2174) No diabetes (N = 5314) P-value

Age (years) (N = 7480) 72.8 ± 11.7 72.9 ± 10.3 72.2 ± 12.2 0.022
Men (N = 7459) 4756 (63.8) 1380 (63.6) 3376 (63.8) 0.874
BMI, kg/m2 (N = 6980) 27.3 ± 5.2 29.0 ± 5.6 26.5 ± 4.8 <0.001
NYHA (N = 7416)

I 1200 (16.2) 255 (11.9) 945 (17.9) <0.001
II 4181 (56.4) 1154 (53.7) 3027 (57.5)
III 1893 (25.5) 681 (31.7) 1212 (23.0)
IV 142 (1.9) 60 (2.8) 82 (1.6)

LVEF, % (N = 5468) 32.7 ± 10.4 33.3 ± 10.6 32.4 ± 10.4 0.004
Cause of HF (N = 7360)

Ischaemic 3842 (52.2) 1264 (59.1) 2578 (49.4) <0.001
Non-ischaemic 3518 (47.8) 874 (40.9) 2644 (50.6)

Systolic BP, mmHg (N = 7413) 126.0 ± 20.8 126.4 ± 20.5 125.9 ± 21.0 0.363
Diastolic BP, mmHg (N = 7419) 71.3 ± 11.4 70.5 ± 11.4 71.6 ± 11.4 <0.001
Heart rate, b.p.m. (N = 7392) 72.0 ± 13.9 73.0 ± 13.6 71.6 ± 14.0 <0.001
Atrial fibrillation (N = 7399) 1902 (25.7) 589 (27.4) 1313 (25.0) 0.031
LBBB (N = 7488) 1283 (17.1) 350 (16.1) 933 (17.6) 0.129
QRS ≥ 130 ms (N = 6337) 2534 (40.0) 738 (40.8) 1796 (39.7) 0.419
NT-proBNP, pg/mL (N = 2873) 978.0 [311.0–2850.0] 954.0 [323.0–2622.0] 990.7 [304.1–2901.1] 0.943
Co-morbidities (N = 7488)

Hypertension 2978 (39.8) 1067 (49.1) 1911 (36.0) <0.001
COPD 1381 (18.4) 401 (18.4) 980 (18.4) 0.997
OSAS 495 (6.6) 198 (9.1) 297 (5.6) <0.001
Thyroid disease 557 (7.4) 180 (8.3) 377 (7.1) 0.076
Kidney insufficiencya 3583 (57.2) 1247 (64.9) 2336 (53.8) <0.001

BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary disease; HF, heart failure; LBBB, left bundle branch block;
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal prohormone BNP; NYHA, New York Heart Association; OSAS, obstructive
sleeping apnoea syndrome.
aDefined as an estimated glomerular filtration rate <60 or a documented history of kidney insufficiency.
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Figure 1 Guideline-recommended heart failure therapy use according to diabetes in heart failure patients with a left ventricular ejection fraction
<50%, shown as (A) prescription rates, (B) percentage of the recommended target dose prescribed, (C) prescription of triple therapy, and (D) prescrip-
tion of triple therapy at ≥50% of guideline-recommended target dose. MRAs, mineralocorticoid receptor antagonists; RAS, renin–angiotensin system.
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CHAMP-HF (American) vs. CHECK-HF (Western
European)

Heart failure therapy in the American CHAMP-HF registry and
the CHECK-HF registry according to diabetic status is shown in
Figure 2. In general, both diabetic and non-diabetic patients
in the CHECK-HF registry more often received RAS inhibitors
and MRAs, and more often received RAS inhibitors at the
recommended target dose.

Medical therapy in heart failure with reduced
ejection fraction and heart failure with
mid-range ejection fraction patients according
to the 2016 European Society of Cardiology
guidelines

The baseline characteristics of HFrEF, HFmrEF, and the sub-
group of semi-quantitative LV function patients are shown
in Supporting Information, Table S2. The prescription rates
of HF medication in these subgroups are shown in Supporting
Information, Figure S2. As shown, diabetic HFrEF patients less
often received RAS inhibitors, and diabetic patients with
HFrEF, HFmrEF, and semi-quantitative LV function more often
received diuretics.

Potential impact of sodium–glucose
cotransporter-2 inhibitors in a real-world heart
failure population

The patients with complete data on age, NYHA class, LVEF,
serum N-terminal prohormone BNP (NT-proBNP) levels, sys-
tolic blood pressure, and eGFR (31.7% of the total population)
were analysed based on inclusion and exclusion criteria of
several large trials (Supporting Information,Table S1) to assess
the percentage of patients potentially eligible for treatment
with SGLT2 inhibitors. As shown in Table 4, up to 31% of the
patients with an LVEF ≤40% would fulfil trial criteria for treat-
ment with an SGLT2 inhibitor. The proportion of eligible pa-
tients was similar for diabetics and non-diabetics. Detailed
reasons for being ineligible are shown in Supporting Informa-
tion, Figure S3, and as seen, ineligibility was largely caused
by violation of the NT-proBNP criterion. Analyses were there-
fore repeated without applying NT-proBNP serum levels as
enrichment criteria, and as such, up to 64% of the CHECK-HF
population with complete available data would fulfil trial
criteria (Supporting Information, Figure S3).

Discussion

In this large cross-sectional Dutch registry of chronic HF pa-
tients, diabetes was prevalent in ~30% of patients. Renal

Table 3 Renal function of HF patients with an LVEF < 50%

Total population
(N = 7488)

Diabetes
(N = 2174)

No diabetes
(N = 5314) P-value

eGFR, mL/min/1.73 m2 (N = 5169) 59.3 ± 24.8 55.8 ± 26.6 60.8 ± 23.8 <0.001
eGFR (N = 5169)

<30 mL/min/1.73 m2 613 (11.9) 286 (17.6) 327 (9.2) <0.001
30–44 mL/min/1.73 m2 1065 (20.6) 381 (23.4) 684 (19.3)
45–59 mL/min/1.73 m2 1087 (21.0) 302 (18.6) 785 (22.2)
≥60 mL/min/1.73 m2 2404 (46.5) 658 (40.4) 1746 (49.3)

eGFR, estimated glomerular filtration rate; HF, heart failure; LVEF, left ventricular ejection fraction.

Table 2 Univariable and multivariable analysis: the likelihood (displayed as odds ratio [95% confidence interval]) of receiving
guideline-recommended therapy for diabetics compared with non-diabetics

Univariable

Multivariable

Model 1 Model 2 Model 3

Beta-blocker 1.060 [0.932–1.205] 1.065 [0.998–1.138] 1.082 [0.950–1.231] 1.042 [0.914–1.188]
RAS inhibitor 0.804 [0.708–0.912] 0.803 [0.752–0.857] 0.848 [0.744–0.966] 0.853 [0.747–0.975]
MRA 1.007 [0.910–1.114] 1.011 [0.960–1.065] 0.965 [0.871–1.070] 0.952 [0.857–1.058]
Diuretics 1.564 [1.355–1.806] 1.526 [1.417–1.643] 1.393 [1.202–1.616] 1.284 [1.103–1.495]

COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction;
MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; OSAS, obstructive sleep apnoea syndrome; RAS,
renin–angiotensin system.
Model 1 included age and gender. Model 2 included age, gender, NYHA classification, and LVEF. Model 3 included age, gender, NYHA
classification, LVEF, hypertension, COPD, OSAS, thyroid disease, renal insufficiency (defined as eGFR < 60 mL/min or a history of renal
insufficiency), and atrial fibrillation.
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function is very relevant in this patient category. The number
of patients with eGFR <45 mL/min/1.73 m2 was 41% in dia-
betic and 29% in non-diabetic HF patients. Regarding HF
treatment, only slight differences in prescription rates and
doses were found between diabetics and non-diabetics. Espe-
cially diuretics were more often prescribed in diabetics com-
pared with non-diabetics. This could be relevant for the
mechanisms of action of SGLT2 inhibitors (natriuresis).
Diabetic HF patients more often received the guideline-
recommended target dose of beta-blockers, RAS inhibitors,
and MRAs as compared with non-diabetic patients.

Based on current evidence, up to 64% of all HF patients
with an LVEF ≤40% would fulfil the eligibility or enrichment
criteria of the recent SGLT2 inhibitor trials.

Heart failure treatment in diabetic patients

The effectivity of HF drugs in diabetics and non-diabetics has
been investigated in several studies. The relative risk reduc-
tion for mortality by beta-blockers, RAS inhibitors, and MRAs
was comparable between diabetic and non-diabetic HF
patients.12–16 Diabetic HF patients have a higher mortality
risk, and therefore, HF drugs have a greater absolute risk re-
duction in this patient group.12,13 Additionally, HF drugs
might have favourable effects on the glycaemic control as
well. It has been shown that beta-blockers with alpha-
blockade properties (such as carvedilol) might improve
insulin sensitivity and glycaemic control.17–19 RAS inhibitors
might reduce the incidence of DM in HF patients, although
data on the effect of RAS inhibitors on glycaemic control in
HF patients with pre-existent DM are lacking.20,21 MRAs do
not increase the risk of developing DM.22 It has been
suggested that spironolactone increases haemoglobin A1(c)
serum levels in DM patients, while eplerenone does not.23

The overall positive effects of HF drugs on diabetic treatment
and the lack of negative effects of DM on the effectivity of HF
drugs might have contributed to the higher prescription rates
observed in our registry. Chronic HF and DM are indepen-
dently associated with a worse renal function, and the pres-
ence of both conditions further increases the risk of worse

Figure 2 Guideline-recommended heart failure therapy use: (A)
beta-blockers, (B) renin–angiotensin system inhibitors, and (C) mineralo-
corticoid receptor antagonists, in the CHAMP-HF and CHECK-HF registries
according to diabetes in patients with a reduced left ventricular
ejection fraction. Data from the CHAMP-HF registry were used with
permission.

Table 4 Indication for SGLT2 inhibitors according to the eligibility
criteria of the two major HF SGLT2 inhibitor trials

Total CHECK-HF
population Diabetics Non-diabetics

DAPA-HF triala

Eligible 742 (31.3) 184 (25.4) 558 (33.8)
Not eligible 1632 (68.7) 539 (74.6) 1093 (66.2)

EMPEROR-Reduced
triala

Eligible 571 (24.1) 175 (24.2) 396 (24.0)
Not eligible 1801 (75.9) 547 (75.8) 1254 (76.0)

HF, heart failure; SGLT2, sodium–glucose cotransporter 2.
aEligibility criteria are shown in Supporting Information, Table S2.
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renal function, as also shown by our results.24,25 Both antidi-
abetic and HF drugs are associated with a decline in renal
function.26 This could prevent prescription and limit
up-titration of the recommended drugs. Additionally, im-
paired renal function increases the risk of hyperkalaemia,
especially if RAS inhibitors are combined with an MRA.27 This
could lead to lower prescription rates of the combination of
RAS inhibitors and MRAs in diabetic HF patients.

Diabetes and heart failure treatment in CHECK-HF
compared with CHAMP-HF

The American CHAMP-HF study recently explored differences
in treatment patterns and clinical outcomes between diabetic
and non-diabetic HFrEF patients in a real-world US outpatient
setting.4 Remarkably, diabetes was more often present in the
US HF population (42%) compared with Dutch HF patients
(29%). This observation might be explained by the overall
higher body mass index in the CHAMP-HF compared with
the CHECK-HF registry (29.3 vs. 27.3 kg/m2, respectively). A
clear association between an elevated body mass index and
incidence of DM in chronic HF has been described.28 Small
differences in HF treatment between diabetics and
non-diabetics were observed in both HF registries with only
a minority of HF patients receiving the guideline-
recommended target doses. However, slight differences
between the CHECK-HF and CHAMP-HF registries were
observed. Dutch HF patients more often received RAS inhibi-
tors and MRAs. Furthermore, RAS inhibitors were more often
prescribed at the recommended target dose compared with
the US HF patients. When comparing baseline patient charac-
teristics of both registries, several differences become appar-
ent. Firstly, average renal function was worse in the
CHECK-HF registry with a higher proportion of patients having
an eGFR <45. This might indicate that Dutch physicians are
more likely to accept the decline in renal function introduced
by RAS inhibitors and MRAs in order to optimize HF
treatment.26 Furthermore, average age was slightly higher
in the CHECK-HF population (mean age of 72.8 vs. 68 years
in the CHAMP-HF registry). Other important baseline charac-
teristics reflecting disease severity such as distribution of
NYHA class and LVEF were comparable between both
registries.

Potential range of sodium–glucose cotransporter-
2 inhibitors in heart failure

Although SGLT2 inhibitors were initially developed as antidia-
betic drugs, the secondary cardiovascular effects became
especially clear as patients without DM surprisingly benefited
from SGLT2 inhibitors as well.29 The efficacy of SGLT2 inhibi-
tors on top of the guideline-recommended HF drugs in pa-

tients with an LVEF <40% has been evaluated by the
DAPA-HF and EMPEROR-Reduced trials.2,7 However, the per-
centage of HF patients eligible for SGLT2 inhibitor therapy is
still unknown. When applying the inclusion and exclusion
criteria of the DAPA-HF and EMPEROR-Reduced trials, we
calculated that up to 31% of the Dutch HF patients with an
LVEF ≤40% could be eligible for treatment with an SGLT2
inhibitor. Ineligibility was largely caused by violation of the
NT-proBNP criterion (Supporting Information, Figure S3).
However, serum NT-proBNP levels are unlikely to affect
implementation in routine HF care, and low NT-proBNP levels
may actually reflect adequate HF therapy rather than a factor
advocating against use of SGLT2 inhibitors. After performing
the analyses without strict NT-proBNP criteria, the proportion
of eligible patients increased up to 64% (Supporting Informa-
tion, Figure S3). Similar analyses were performed after the
early angiotensin receptor-neprilysin inhibitor studies in
which (NT-pro)BNP criteria were used as well, while in clinical
practice, angiotensin receptor neprilysin inhibitor therapy is
nowadays initiated without fulfilling these criteria.30–32

Recently, the 2021 ESC guidelines on HF have been
published, and the SGLT2 inhibitors dapagliflozin and empa-
gliflozin have received a Class IA indication for the treatment
of patients with HF and an LVEF ≤40% to reduce the risk of HF
hospitalization and death, regardless of the presence of con-
comitant DM.33 This current large HF registry contributes to
recent developments in pharmacological HF therapy and
may help to learn about the initiation of SGLT2 inhibitors in
Western European countries. In light of the positive
DAPA-HF and EMPEROR-Reduced trials, we have shown the
potentially wide scope of SGLT2 inhibitors in our chronic HF
population.2,7 According to the latest ESC guidelines on HF,
type 1 diabetes is not an absolute contraindication for the ini-
tiation of SGLT2 inhibitors, which may imply that a larger
proportion of our HF population would be eligible according
to the enrolment criteria of the DAPA-HF trial (Supporting
Information, Figure S3). Unfortunately, information on
concomitant use of other antidiabetic drugs was unavailable
in our study. When interpreting our data, it is therefore
essential to keep in mind the potential hazard of concurrent
diabetic treatment before starting an SGLT2 inhibitor.
Although diabetic ketoacidosis was rare in clinical trial setting
with just three cases in the DAPA-HF trial and zero cases in
the EMPEROR-Reduced trial, it is among the most serious
complications, especially with concomitant use of insulin.2,7

The risk of developing ketoacidosis has to be taken into
account, and it is recommended to eliminate factors
that increase the risk of ketoacidosis. In the case of
hypoglycaemia, modification of other diabetic drugs is
indicated with consultation of nurses and doctors specialized
in diabetes care.33

Sodium–glucose cotransporter-2 inhibitors are also likely
to play an important role in the treatment of HF patients with
an LVEF >40% after the positive results of the recently
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published EMPEROR-Preserved trial in which empagliflozin
has been shown to significantly reduce the risk of cardiovas-
cular death or HF hospitalization as compared with placebo,
again regardless of diabetic status.34 Additional analyses of
the trial showed that SGLT2 inhibition by empagliflozin also
reduced the risk of severe hospitalizations (such as admis-
sions requiring intravenous positive inotropic or vasopressor
drugs and/or intensive care) and outpatient worsening HF
events (including emergency or urgent care visits and intensi-
fication of diuretic therapy).35 Currently, SGLT2 inhibitors are
not yet incorporated in the ESC guidelines for the treatment
of HF with preserved ejection fraction, but recommendations
will most likely be updated as new evidence is emerging.34,35

Strengths and limitations

The CHECK-HF registry encompasses a large number of HF
patients in a real-world Western European outpatient setting
and thus provides valuable insights into the characteristics
and treatment patterns in this population. However, this reg-
istry has some limitations. First of all, because of the
cross-sectional design, data on clinical outcomes and progno-
sis are unavailable. Furthermore, no data on insulin use or
oral antidiabetic use were available as this subanalysis was
not planned when designing the study.

Conclusions

In this large registry of HF patients with an LVEF <50% and
concurrent DM, patients with diabetes were generally well
treated and more often received the guideline-recommended
target doses as compared with patients without diabetes.
Based on current evidence, we have shown that a consider-
able proportion, up to 64%, of our HF population fulfils clini-
cal trial criteria for treatment with an SGLT2 inhibitor, and
adding this new drug class will have a major impact on con-
temporary HF treatment.
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