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Randomized, placebo-controlled trials (RCTs) are the gold standard to 
assess efficacy and safety of a given treatment in cardiovascular medi
cine and the cornerstone of evidence-based guideline recommenda
tions. In addition, RCTs have a low potential for bias and are usually 
required for regulatory approval. Still, these trials have limitations in
cluding selected patient populations, a defined and controlled treat
ment environment, specified duration of follow-up, as well as 
monitored and ‘supported’ adherence to medication.1 Therefore, 
RCTs may have a limited generalizability to wider populations. 
Meta-analyses of RCTs may overcome some of these limitations by in
tegrating results from multiple individual studies with similar but differ
ent patient populations, thus ideally increasing the precision in 
estimating treatment effects and providing detailed analyses for sub
groups and secondary endpoints.2 However, publication and search 
bias as well as the heterogeneity of results between individual studies 
may influence the treatment benefit seen. Still, one must go from treat
ment efficacy in a controlled study to analyses of effectiveness of treat
ment in routine clinical practice. Therefore, real-world data may 
complement and support the evidence from RCTs and allow the ana
lysis of treatment effects in populations not represented in RCTs or in 
an uncontrolled clinical environment. In this respect, real-world evi
dence studies are confronted with potential confounders and often em
ploy complex analysis methods such as propensity score matching to 
minimize bias. In addition, other limitations include immortal time 
bias as well as less restrictive inclusion criteria which may dilute the 
treatment effects seen in RCTs.3 Overall, each type of study has 
strengths and limitations, but the combination of RCTs, meta-analyses, 
and real-world data can provide the most comprehensive understand
ing of the clinical value of a given treatment in a broad group of patients. 
The available evidence for the treatment of patients with heart failure 
(HF) and type 2 diabetes must be seen in this light.

First data from a RCT with a sodium-dependent glucose co-transporter 
2 (SGLT2) inhibitor on HF-related endpoint in patients with type 2 diabetes 
were published in 2015 when in the EMAP-REG Outcome trial empagliflo
zin showed significant reduction in the combined primary endpoint 
(3-MACE), and—somewhat unexpected—a highly significant early reduc
tion of HF hospitalization (HHF) compared with placebo.4 This finding has 
been principally confirmed with other SGLT2 inhibitors in the diabetes car
diovascular outcome trials (CVOTs) DECLARE,5 CANVAS,6 and 
VERTIS-CV,7 and analysed in a meta-analysis.8 Based on these early data, 
dedicated trials in patients with HF with reduced ejection fraction 
(HFrEF) or preserved ejection fraction (HFpEF) with and without diabetes 
have been performed (EMPEROR-REDUCED, DAPA-HF, 
EMPEROR-PRESERVED, DELIVER, and SOLOIST-HF). The data from 
these trials have led to a paradigm shift, making SGLT2 inhibitors nowadays 
an integral part of the foundational therapy in HF patients independent of 
left ventricular ejection fraction. A recent meta-analysis of all five rando
mized, placebo-controlled HF trials with SGLT2 inhibitors showed a very 
robust 23% relative risk reduction of the combined endpoint of cardiovas
cular death and HHF in patients with diabetes, thus underscoring the effect
iveness of these drugs on HF-related endpoints in patients with diabetes.9

How does this clinical trial evidence 
translate into effectiveness in 
routine clinical care?
In this issue of the European Heart Journal, Fu et al. report a study in 
which they evaluated the effect of SGLT2 inhibitors in patients with 

HF and type 2 diabetes in routine clinical practice using claims data.10

They enrolled 59 605 patients with HF and type 2 diabetes from 
Medicare claim data from April 2013 to December 2019. The study 
compared the effectiveness of SGLT2 inhibitors vs. the dipeptidyl 
peptidase-4 (DPP4) inhibitor sitagliptin (which has been shown to be 
non-inferior to placebo in the previously published TECOS trial11) 
and investigated differences between agents within the SGLT2 inhibitor 
class and for HFrEF or HFpEF. The analysis included 16 253 SGLT2 in
hibitor initiators vs. 43 352 initiators of sitagliptin (adjusted for 100 con
founders with propensity score rating), and the primary endpoint was a 
composite of all-cause mortality and worsening HF over a 365-day 
intention-to-treat follow-up. In this study, initiation of SGLT 2 inhibitors 
vs. sitagliptin was associated with a lower risk for the primary compos
ite endpoint [hazard ratio (HR) 0.72; 95% confidence interval (CI) 0.67– 
0.77]. The adjusted relative risk reduction for all-cause mortality was 
30% (HR 0.70; 95% CI 0.63–0.71), 36% for HF hospitalization (HR 
0.64 95% CI 0.58–0.7), and 23% (HR 0.77 95% CI 0.69–0.86) for urgent 
visit requiring i.v. diuretics. No difference was seen between the three 
different agents within the SGLT2 inhibitor class (empagliflozin, dapagli
flozin, or canagliflozin), nor for HF with reduced or preserved ejection 
fraction. Interestingly, the authors also found a significant reduction of 
HF hospitalization in SGLT2 inhibitor-treated patients as early as at day 
5 of follow-up, a finding in line with the early benefit seen in the RCTs. 
Interestingly, the population was ∼10 years older than in the respective 
CVOTs. This new evidence is important since the prevalence of type 2 
diabetes in individuals aged 70 years and above is > 20% and this popu
lation is underrepresented in most CVOTs.12

The authors should be congratulated for providing such a valuable 
real-world study on the effectiveness of SGLT2 inhibitors in patients 
with HF and type 2 diabetes. The data complement the results from 
RCTs and meta-analyses with comparable point estimates, e.g. for HF 
hospitalization, thus underscoring the robustness of the benefit of 
SGLT2 inhibitors in this high-risk population (Graphical Abstract). The 
real-world evidence study by Fu and colleagues thus provides additional 
strong confidence that patients with type 2 diabetes and HF—irre
spective of the ejection fraction—should be treated with SGLT2 inhi
bitors to reduce HF-related endpoints.

In addition to this clinically highly relevant aspect, the authors deserve 
credit for conducting such a thoroughly planned real-world analysis 
which aimed to minimize the usual shortcomings of real-world data evi
dence. The design and the approach chosen by the authors in this ana
lysis include very important aspects: the choice of a 365-day 
intention-to-treat follow-up rather than an indefinite follow-up ac
counts for the high discontinuation rate in clinical practice, which might 
bias potential beneficial effects towards the null. In addition, they ad
justed for 100 covariants of clinical interests, e.g. vascular complications, 
comorbidities, and recent hospitalizations, and performed propensity 
score-based defined risk stratification to adjust for these confounders. 
Finally, they conducted three bias calibration analyses in which they le
veraged two negative control outcomes and one positive control out
come to adjust the HRs for residual bias due to unmeasured 
confounding or measurement errors. This carefully conducted ap
proach providing comparable HRs for HF-related endpoints as seen 
in RCTs and meta-analyses could act as a blueprint for future analyses 
of data from routine clinical care.

The present study provides another piece in completing the spec
trum of data derived from RCTs, meta-analyses, registries,13 and now 
health claims data. Given the available totality of evidence for the bene
ficial effects of SGLT2 inhibitor treatment on HF-related endpoints in 
HF patients with type 2 diabetes, we should now aim to implement 
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this therapy in clinical practice and overcome clinical inertia to reduce 
morbidity and mortality in this high-risk population.
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