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Abstract

Aims

Methods
and results

Conclusion

The effectiveness of sodium—glucose cotransporter 2 inhibitors (SGLT2i) in patients with heart failure (HF) in routine clinical
practice is not extensively studied. This study aimed to evaluate the comparative effectiveness of SGLT2i vs. sitagliptin in
older adults with HF and type 2 diabetes and to investigate whether there were any differences between agents within
the SGLT2i class or for reduced and preserved ejection fraction.

Using Medicare claims data (April 2013 to December 2019), 16 253 SGLT?2i initiators vs. 43 352 initiators of sitagliptin aged
>65 years with type 2 diabetes and HF were included. The primary outcome was a composite of all-cause mortality, hos-
pitalization for HF or urgent visit requiring intravenous diuretics; secondary outcomes included its individual components.
Propensity score fine stratification weighted Cox regression was used to adjust for 100 pre-exposure characteristics. Mean
age was 74 years; 49.8% were women. Initiation of SGLT?2i vs. sitagliptin was associated with a lower risk of the primary
composite outcome [adjusted hazard ratio (HR) 0.72; 95% confidence interval 0.67—0.77]. The adjusted HRs were 0.70
(0.63—-0.78) for all-cause mortality, 0.64 (0.58—0.70) for hospitalization for HF, and 0.77 (0.69-0.86) for urgent visit requiring
intravenous diuretics. Similar associations with the primary composite outcome were observed for all three agents within
the SGLT2i class, for reduced and preserved ejection fraction, and subgroups based on demographics, comorbidities, and
other HF treatments. Bias-calibrated HRs for the primary endpoint using negative and positive control outcomes ranged
between 0.81 and 0.89, suggesting that the observed benefit could not be fully explained by residual confounding.

In routine US clinical practice, SGLT2i demonstrated robust clinical effectiveness in older adults with HF and type 2 diabetes
compared with sitagliptin, with no evidence of heterogeneity across the SGLT2i class or across ejection fraction.
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Structured Graphical Abstract

Key question
What is the effectiveness of sodium—glucose cotransporter-2 inhibitors (SGLT2i) versus sitagliptin in patients with heart failure and type 2 diabetes in
routine clinical practice, and are there any differences between agents within the SGLT2i class or for reduced and preserved ejection fraction?

Key Finding

Initiation of SGLT2i versus sitagliptin was associated with a lower risk of the primary outcome and its individual components all-cause mortality,
hospitalization for heart failure, and urgent visit requiring intravenous diuretics. Results were consistent among agents within the SGLT2i class
and for reduced and preserved ejection fraction.

Take-Home Message
SGLT2i demonstrated robust clinical effectiveness in older adults with HF and type 2 diabetes compared with sitagliptin, with no evidence of het-
erogeneity across the SGLT?2i class or across ejection fraction.

Methods Results
® g0 59,605 patients 265 years with | SGLTZ,' K ISltagIlpt.lnk 95|:/|RCI
"' heart failure and type 2 diabetes Tyearris Tyearris ——
from Medicare (2013-2019)
Primary outcome 13.1% 17.4% 0.72 (0.67-0.77)
— SGLT?2 inhibitors vs. sitagliptin All-cause mortality 5.1% 7.2% 0.70 (0.63-0.78)
=]
Hospitalization for
et (BT 6.0% 8.8% 0.64 (0.58-0.70)
365-day intention-to-treat follow- . .
up, adjusted for 100 confounders Urgent visit requiring 4.6% 5.8% 0.77 (0.69-0.86)

. . oo intravenous diuretics
with propensity score weighting

Primary outcome: composite of
Q all-cause mortality and worsening
heart failure
This study investigated the effectiveness of SGLT2i vs. sitagliptin in patients with heart failure and type 2 diabetes in routine clinical practice. Initiation
of SGLT?2i vs. sitagliptin was associated with a lower risk of the primary outcome and its individual components all-cause mortality, hospitalization for
heart failure, and urgent visit requiring intravenous diuretics, with no evidence of heterogeneity across the SGLT2i class or across ejection fraction.
Cl, confidence interval; HR, hazard ratio; SGLT2i, sodium—glucose cotransporter 2 inhibitors.

Keywords Heart failure * Sodium—glucose cotransporter 2 inhibitors * Type 2 diabetes mellitus * Cohort studies * Cardiovascular
diseases
Introduction in patients with HFrEF, regardless of diabetes status,'®"" and SGLT2i

are now strongly recommended as a cornerstone of medical therapy

Type 2 diabetes mellitus and heart failure (HF) are conditions that fre- in these patients.12'13 Recently, the EMPEROR-Preserved and

quently coexist, with up to 22% of older adults with type 2 diabetes also
having HF."* Importantly, the presence of diabetes in HF patients is as-
sociated with reduced survival and higher hospitalization rates.® Over
half of patients with HF have a mildly reduced or preserved ejection
fraction (HFmrEF/HFpEF),** and their prevalence is increasing due to
population aging and a rise in risk factors such as obesity and dia-
betes.*® Although morbidity and mortality in HFpEF may be as high
as in HFrEF’ disease-modifying treatment options in HFpEF have
been limited.

Randomized controlled trials have shown that sodium—glucose co-
transporter 2 inhibitors (SGLT2i) improve cardiovascular outcomes

DELIVER trials showed that SGLT2i also improved cardiovascular out-
comes in patients with HFpEF."*"® A meta-analysis of five HF trials
showed that SGLT2i reduced the composite of cardiovascular death
or hospitalization for HF [hazard ratio (HR) 0.77; 95% confidence inter-
val (Cl) 0.72-0.82] compared with placebo, with consistent benefits
across ejection fraction.!” Although these data provide strong evidence
for the cardiovascular efficacy of SGLT2i in patients with HF, comple-
mentary data are needed to understand their cardiovascular effective-
ness in a broad group of HF patients in routine clinical practice.
Furthermore, it remains uncertain whether all agents within the
SGLT2i class confer similar benefits in patients with HF.
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We therefore used nationwide data from US Medicare beneficiaries
to evaluate the effectiveness of SGLT2i in older adults with HF and type
2 diabetes in routine clinical practice. Our secondary aims were to in-
vestigate whether there were any differences between agents within
the SGLT2i class or for reduced and preserved ejection fraction.

Methods

Data source

We used data from Medicare fee-for-service claims from April 2013
through December 2019. Medicare is a federal health insurance program
and provides healthcare coverage for residents of the USA aged at least
65 years and older and patients aged <65 with disabilities. The database
covers ~50 million people and contains longitudinal information including
patient demographics, inpatient and outpatient medical diagnoses and pro-
cedures, and prescription-dispensing records. Medicare Part A (inpatient
coverage), Part B (outpatient coverage), and Part D (prescription medica-
tions) claims are available for research purposes through the Centers for
Medicare & Medicaid Services (CMS). A signed use agreement with the
CMS was available. This study was approved with waiver of informed con-
sent by the Brigham and Women’s Hospital institutional review board
(#2019P001953).

Study design and study population

An overview of the study design is given in Supplementary material online,
Figure $1."® We conducted an active comparator new user cohort study of
patients who newly initiated an SGLT?2i, i.e. canagliflozin, dapagliflozin, or
empagliflozin, or the dipeptidyl peptidase-4 inhibitor (DPP4i) sitagliptin be-
tween 1 April 2013 (consistent with the release of the first SGLT2i in the
USA) and 31 December 2019. New initiation was defined as a dispensation
for SGLT?2i or sitagliptin, with no previous dispensation of either drug in the
previous 365 days. We chose sitagliptin as an active comparator to reduce
confounding by indication,' since clinical guidelines during the study period
recommended both SGLT2i and DPP4i as second- or third-line glucose-
lowering drugs.’®*" We explicitly chose sitagliptin since a large randomized
controlled cardiovascular outcome trial has shown that sitagliptin does not
influence the cardiovascular outcomes under study,22 whereas there have
been some concerns for increased HF risks for saxagliptin.>>~2
Specifically, the randomized TECOS trial including 14 671 patients found
no differences between sitagliptin or placebo for hospitalization for HF
(HR 1.00; 95% Cl 0.83-1.20) or cardiovascular outcomes (HR 0.98; 95%
Cl 0.88-1.09).2" Furthermore, linagliptin is preferentially prescribed to pa-
tients with renal impairment since it does not require dose adjustments ac-
cording to kidney function, which may lead to increased confounding
compared with using sitagliptin.>”2® We did not use glucagon-like peptide-1
receptor agonists as an active comparator because they have been shown
to lower the risk of all-cause mortality, cardiovascular mortality, and poten-
tially HF.2® Glucagon-like peptide-1 receptor agonists would therefore not
be a neutral comparator.

Eligible patients were required to have at least 12 months of continuous
enrollment in Medicare Parts A, B, and D preceding the cohort entry date.
Eligible individuals were required to be aged 65 years or older and have a
diagnosis of type 2 diabetes in the year prior to cohort entry and a recorded
diagnosis of HF within 6 months prior to the cohort entry date. We ex-
cluded individuals with a history of type 1 diabetes, secondary or gestational
diabetes, HIV, organ transplant, end-stage kidney disease or dialysis, left ven-
tricular assist device, missing age or sex, or a nursing home admission in the
12 months prior to cohort entry.

Drug exposure and follow-up

The study exposure was initiation of SGLT2i or sitagliptin. Follow-up began
on the day after cohort entry and continued in a modified 365-day
intention-to-treat approach until the earliest of outcome occurrence,

death, Medicare disenrollment, 31 December 2019, or 365 days of follow-
up, regardless of treatment discontinuation or switch. We chose a 365-day
intention-to-treat follow-up rather than indefinite follow-up to account for
the high discontinuation rate in routine clinical practice, which biases results
toward the null.

Study outcomes

The primary outcome was a composite of all-cause mortality, hospitalization
for HF (with HF code in primary position), or an emergency visit with HF
where treatment with intravenous diuretics (furosemide, bumetanide, and
torsemide) was administered. Secondary outcomes included the individual
components of the primary composite endpoint. All-cause mortality was as-
certained from claims data. A validation study showed that all-place all-cause
mortality ascertained from Medicare claims data has excellent sensitivity
(>99%) compared with the National Death Index (NDI).*

Covariates

Patient baseline characteristics were measured during the 365 days before
cohort entry date. Based on subject matter knowledge and previous studies
evaluating outcomes of medication use in older adults with HF and dia-
betes,31"33 we chose covariates that were associated with the outcome
or represented proxy measurements for possible underlying confounders.
Covariates of interest included (i) demographics including age, sex, race, and
proxies of socioeconomic status (low-income subsidy receipt and a com-
posite index®*); (i) comorbid conditions; (iii) diabetes-specific complica-
tions; (iv) use of HF and diabetes drugs; (v) use of other comedications;
(vi) healthcare utilization markers (including number of hospitalizations,
number of emergency department visits, number of cardiologist visits,
and number of laboratory tests) as markers of overall health, healthcare ac-
cess, surveillance, and intensity of care; (vii) healthy behavior markers, in-
cluding use of screening services and vaccinations; and (viii) calendar year.
To address potential confounding by frailty, we also adjusted for a claims-
based frailty index.>® Patient characteristics were defined using ICD-9 or
ICD-10 diagnosis or procedure codes, Current Procedural Terminology,
4th Edition procedure codes, and National Drug Code (pharmacy). A full
list of all patient baseline characteristics is provided in Supplementary
material online, Table S1.

Statistical analysis

We used propensity score (PS)-based fine stratification and weighting to
adjust for confounding3**” We estimated the probability of receiving
SGLT2i vs. sitagliptin as a function of 100 pre-exposure covariates (all cov-
ariates listed in Supplementary material online, Table S7) using a multivari-
able logistic regression model. After trimming the non-overlapping
regions of the PS distribution to focus on individuals with probability to re-
ceive both treatments, 50 strata were created based on the PS distribution
of the SGLT2i group. We weighted sitagliptin initiators proportional to the
distribution of SGLT2i initiators in the PS stratum within which they fell.
This type of weighting estimates an average treatment effect of the treated
(ATT).*® Covariate balance before and after weighting was assessed using
standardized mean differences.’**° Post-weighting C statistics were re-
ported as a measure of overall balance.*' Weighted cause-specific Cox pro-
portional hazards regression models were used to estimate HRs with 95%
Cls calculated using robust variance estimation to account for weighting.
Furthermore, we estimated absolute risks and absolute risks differences be-
tween treatment groups using the Kaplan—Meier estimator for the primary
endpoint and all-cause death and cumulative incidence functions for the
other endpoints, which does not overestimate absolute risks in the pres-
ence of the competing risk of death.** All analyses were performed using
R version 4.1.3.
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Secondary analysis: effectiveness of individual
agents and stratification by ejection fraction

To investigate potential differences between agents within the SGLT2i class,
we assessed the associations between canagliflozin, dapagliflozin, or empa-
gliflozin vs. sitagliptin on the primary outcome. For this analysis, we con-
structed three separate cohorts, where each cohort was restricted to
the dates when both drugs under comparison were on the market (i.e.
April 2013 for canagliflozin vs. sitagliptin, January 2014 for dapagliflozin vs.
sitagliptin, and August 2014 for empagliflozin vs. sitagliptin). In each of the
three cohorts, we re-estimated the PS model and calculated HRs using
PS fine stratification weighted Cox regression. We assessed heterogeneity
between effect estimates using the Q statistic.

As Medicare claims do not contain ejection fraction measurements and
ICD codes are non-specific for HF subtypes,*® we applied a validated claims-
based prediction model to stratify our HF cohort into patients with pre-
dicted HFrEF and predicted HFpEF.** This model predicts the probability
of having HFrEF (defined as ejection fraction <45%) or HFpEF (defined as
ejection fraction >45%) based on 35 variables, including demographics, co-
morbidities, and medications. The model was developed in a cohort of 11
073 HF patients for which Medicare claims were linked to electronic med-
ical records containing ejection fraction measurements. The positive pre-
dictive value in the original cohort was 73% for HFrEF and 84% HFpEF,
meaning that 73% of the patients classified as HFrEF by the algorithm truly
had an ejection fraction <45% and 84% of patients classified as HFpEF truly
had an ejection fraction >45%. An external validation study found virtually
identical positive predictive values for HFrEF and HFpEF of 72% and 81%,
respectively.*®

Subgroup and additional analyses

We performed subgroup analyses in the following prespecified strata: age
(6574 vs. 275 years), sex, race, baseline chronic kidney disease, baseline
atrial fibrillation, baseline angiotensin-converting enzyme inhibitor/angio-
tensin receptor blocker/angiotensin receptor—neprilysin inhibitor (ACEi/
ARB/ARNI) use, baseline mineralocorticoid receptor antagonist (MRA)
use, and prior HF failure hospitalization within the previous 12 months.
Within each subgroup, we re-estimated the PS, and fine stratification
weighted Cox model was reperformed. We tested effect modification on
a multiplicative scale by including an interaction term between treatment
status and subgroup to the Cox model. In addition, we performed the fol-
lowing additional analyses: first, we applied an as-treated follow-up, which
censored patients if and when they discontinued or switched treatment.
This analysis was performed to avoid the exposure misclassification that of-
ten occurs in observational intention-to-treat analyses, which typically bias
findings toward the null. However, this analysis assumes that discontinu-
ation is non-informative. Discontinuation was defined as no prescription re-
fill for the index exposure within the 30 days after the most recent
prescription had ended. Second, we performed a ‘time of first statistical sig-
nificance’ analysis to investigate how early the beneficial associations for
SGLT2i were observed. To determine the time point when statistical signifi-
cance was reached and maintained for the first time, Cox regression models
were fitted and sequentially censored at increasing number of days since
treatment initiation, yielding a continuous display of HRs with confidence
bands. Third, we assessed a composite endpoint of cardiovascular death
or hospitalization for HF, consistent with the primary endpoint of the
EMPEROR-Reduced and EMPEROR-Preserved trials.""* In addition, we
assessed a composite outcome of cardiovascular death and worsening HF
(the primary endpoint of the DELIVER and DAPA-HF trials) and cardiovas-
cular death separately (a key secondary endpoint of all these trials). We as-
certained the exact cause of death through linkage with the NDI file. Since
data on cause of death were available until December 2016, we restricted
this analysis to the period April 2013 to December 2016. Fourth, we imple-
mented a high-dimensional PS adjustment algorithm to adjust for 200 em-
pirically identified confounding variables prioritized based on the Bross bias
formula in addition to all prespecified covariates.*®

Sensitivity analyses for unmeasured
confounding: positive and negative

control calibration

We conducted three bias calibration analyses in which we leveraged two
negative control outcomes and one positive control outcome to adjust
our HRs for residual bias due to unmeasured confounding and measure-

ment error (detailed explanations are provided in Supplementary
material online, I"Iethods).‘ﬂ_49

Results
Study population

A total of 59 605 individuals were included in the analysis, of which 16
253 initiated SGLT2i and 43 352 initiated sitagliptin (see Supplementary
material online, Figure S2). Before PS weighting, the SGLT2i group was
younger and had less comorbidities and less healthcare use compared
with the sitagliptin group (Table 1 and Supplementary material online,
Table S1). After PS weighting, balance was achieved across treatment
groups for all patient characteristics, with all standardized mean differ-
ences <0.10 and a post-weighting C statistic of 0.53. In the weighted
cohort, median age was 73 years, 58% were men, and 83% were
White. The most commonly used medications were statins (83%),
ACEi (43%), ARB (39%), beta blockers (82%), and loop diuretics
(66%). Metformin (49%), sulfonylureas (32%), and insulin (28%) were
also commonly used. Supplementary material online, Figures S3 and
$4 show the PS distributions before and after weighting, as well as
the distribution of PS weights.

Effectiveness of sodium-glucose

cotransporter 2 inhibitors vs. sitagliptin

After PS weighting, the mean and median follow-ups for the primary
composite outcome were 9.3 and 12 months (interquartile range
6.4-12 months). Weighted cumulative incidence curves for the primary
composite outcome and its components are shown in Figure 1. The
curves for the primary composite outcome and hospitalization for
HF separated early and remained parallel from 6 months of follow-up
onward (Figure 1A and C). The 1-year weighted cumulative incidence
for the primary composite endpoint was 13.1% (95% ClI 12.6%—
13.8%) in the SGLT2i group and 17.4% (95% Cl 16.7%—18.2%) in the
sitagliptin group, with an absolute risk difference of —4.3% (95% Cl
—5.2%, —3.3%) (see Supplementary material online, Table S2). Among
individual components, compared with sitagliptin, the 1-year cumulative
incidence for SGLT?2i was 2.1% (95% CI 1.4%—2.7%) lower for all-cause
mortality, 2.8% (2.2%—3.5%) lower for HF hospitalization, and 1.2%
(0.6%—1.8%) lower for urgent treatment with intravenous diuretics.
Table 2 shows the number of events, incidence rates, and HRs before
and after PS weighting. After PS weighting, the HRs (95% Cl) were
0.72 (0.67-0.77) for the primary composite endpoint, 0.70 (0.63—
0.78) for all-cause mortality, 0.64 (0.58-0.70) for hospitalization for
HF, and 0.77 (0.69-0.86) for urgent visit requiring intravenous diuretics.

Effectiveness of canagliflozin,
empagliflozin, and dapagliflozin vs.
sitagliptin

Among 16 253 individuals initiating SGLT2i, 5150 (31.7%) initiated ca-
nagliflozin, 8497 (52.3%) empagliflozin, and 2606 (16.0%) dapagliflozin.
The weighted HRs (95% Cl) for the primary composite endpoint were
0.75 (0.69-0.82) for canagliflozin, 0.68 (0.61-0.74) for empagliflozin,
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Table 1 Selected patient characteristics in patients with HF and type 2 diabetes stratified by SGLT2i vs. sitagliptin
initiation, before and after propensity score weighting

Unweighted Propensity score weighted
| SGLT2i  sitagliptin  SMD  SGLT2i Sitagliptin  SMD
Tota| ........................................................................... 16253 ............. 4335216185 ............. 42%0 .................
Demographics
Age; median (IQR), mean (SD) 73 (69-77) 76 (71-82) —0.51 73 (69-77) 73 (69-78) -0.01
74 (6) 77 (7) 74 (6) 74 (6)
Men; n (%) 9482 (58.3) 20992 (48.4) 0.20 9426 (58.2) 24549 (57.1) 0.02
Race; n (%)
White 13433 (82.6) 33871 (78.1) 0.11 13371 (82.6) 35469 (82.6) 0.00
Black 1273 (7.8) 5098 (11.8) -0.13 1272 (7.9) 3310 (7.7) 0.01
Low-income subsidy recipients; n (%) 5025 (30.9) 16212 (374) -0.14 5014 (31) 13469 (314) -0.01
Socioeconomic status index; median (IQR), mean (SD) 56 (51-63) 56 (51-62) 0.06 56 (51-63) 56 (51-62) 0.02
57 (7) 56 (7) 57 (7) 57 (7)
Predicted HFpEF 14708 (90.5) 39529 (91.2) —-002 14648 (90.5) 3909682 (91) —0.02
Predicted HFrEF 1545 (9.5) 3823 (8.8) 0.02 1537 (9.5) 3863.18 (9) 0.02

Comorbidities; n (%)

Hypertension 15948 (98.1) 42477 (98) 0.01 15880 (98.1) 42126 (98.1) 0.00
Smoking 6228 (38.3) 15775 (36.4) 0.04 6196 (38.3) 16 334 (38) 0.01
Obesity 8707 (53.6) 16 657 (38.4) 0.31 8649 (53.4) 22857 (53.2) 0.00
Stable angina 3358 (20.7) 6854 (15.8) 0.13 3335 (20.6) 8905 (20.7) 0.00
Coronary revascularization 1401 (8.6) 3129 (7.2) 0.05 1390 (8.6) 3600 (8.4) 0.01
Ischemic stroke 1585 (9.8) 7081 (16.3) -0.20 1582 (9.8) 4251 (9.9) 0.00
Peripheral vascular disease 5550 (34.1) 16452 (379) —0.08 5525 (34.1) 14769 (344) -0.01
Atrial fibrillation 6629 (40.8) 19257 (444) —0.07 6600 (40.8) 17 507 (40.8) 0.00
Hypertensive nephropathy 3864 (23.8) 15828 (36.5) —0.28 3859 (23.8) 10165 (23.7) 0.00
Acute kidney injury 2485 (15.3) 12468 (288) —0.33 2484 (15.3) 6572 (15.3) 0.00
Chronic kidney disease stages 3 and 4 3972 (24.4) 16371 (378) —0.29 3968 (24.5) 10372 (24.1) 0.01
Anemia 5961 (36.7) 20996 (484) —-024 5944 (36.7) 15649 (36.4) 0.01
Chronic obstructive pulmonary disease 5351 (32.9) 16266 (37.5) —0.10 5333 (33) 14229 (33.1) 0.00

Burden of comorbidities

Frailty score; median (IQR), mean (SD) 0.20 (0.17- 0.21 (0.18— -030  0.20 (0.17- 0.20 (0.18- 0.00
0.23) 0.25) 0.23) 0.23)
0.20 (0.04) 0.22 (0.05) 0.20 (0.04) 0.20 (0.04)
Combined comorbidity score; median (IQR), mean (SD) 54-7) 6 (4-8) -0.23 5(4-7) 54-7) 0.00
5.6 (2.6) 6.2 (2.8) 5.6 (2.6) 5.6 (2.5)

Diabetes-related conditions; n (%)

Diabetic nephropathy 4682 (28.8) 12915 (29.8) —0.02 4661 (28.8) 12149 (28.3) 0.01
Diabetes with peripheral circulatory disorders 3105 (19.1) 7155 (16.5) 0.07 3089 (19.1) 8121 (18.9) 0.00
Diabetic neuropathy 6320 (38.9) 13946 (32.2) 0.14 6272 (38.8) 16831 (39.2) —0.01
Diabetic retinopathy 515 (3.2) 2442 (5.6) -0.12 515 (3.2) 1352 (3.1) 0.00
Hyperglycemia 8211 (50.5) 15602 (36) 0.30 8157 (50.4) 21366 (49.7) 0.01

Continued
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Table 1 Continued

Unweighted Propensity score weighted
| SGLT2i  Sitagliptin  SMD  SGLT2i Sitagliptin  SMD
‘Heart failure medications;n (%)
ACEi 7051 (43.4) 19611 (452) 004 7024 (434) 18569 (43.2) 0.00
ARB 6266 (38.6) 15335 (35.4) 0.07 6235 (38.5) 16 540 (38.5) 0.00
ARNI 899 (5.5) 654 (1.5) 0.22 881 (5.4) 2346 (5.5) 0.00
Mineralocorticoid receptor antagonist 3562 (21.9) 7895 (18.2) 0.09 3536 (21.8) 9339 (21.7) 0.00
Beta blockers 13273 (81.7) 34898 (80.5) 003 13215 (81.6) 35059 (81.6) 0.00
Digoxin 1630 (10) 5350 (12.3) -0.07 1628 (10.1) 4386 (10.2) 0.00
Loop diuretics 10692 (65.8) 30477 (703) —0.10 10652 (65.8) 28106 (65.4) 0.01
Nitrates 4119 (25.3) 11111 (25.6) —0.01 4095 (25.3) 10900 (25.4) 0.00
Diabetes medications; n (%)
Number of antidiabetic drugs at cohort entry; median (IQR), 1(1-2) 1 (0-1) 0.34 1(1-2) 1(1-2) 0.00
mean (SD) 1.3 (0.9) 1.0 (0.8) 1.3 (0.9) 1.3 (0.9)
Concomitant initiation or current use of metformin 8024 (49.4) 17 304 (39.9) 0.19 7977 (49.3) 21011 (48.9) 0.01
Concomitant initiation or current use of sulfonylureas 5011 (30.8) 15773 (364) —0.12 5005 (30.9) 13758 (32) —0.02
Concomitant initiation or current use of GLP-1 receptor 1845 (11.4) 497 (1.1) 043 1777 (11) 4454 (10.4) 0.02
agonists
Concomitant initiation or current use of insulin 4734 (29.1) 6273 (14.5) 0.36 4676 (28.9) 12135 (28.2) 0.01
Baseline hospitalizations in previous year; n (%)
For heart failure
Zero 14710 (90.5) 37025 (854) 0.16 14651 (90.5) 38908 (90.6) 0.00
One 1250 (7.7) 4988 (11.5) -0.13 1243 (7.7) 3269 (7.6) 0.00
Two 227 (14) 1000 (2.3) -0.07 227 (1.4) 615 (14) 0.00
Three or more 66 (0.4) 339 (0.8) —0.05 64 (0.4) 169 (0.4) 0.00
For other reasons
Zero 10842 (66.7) 23245 (53.6) 016 10789 (66.7) 28840 (67.1) —0.01
One 3505 (21.6) 11793 (272) 013 3493 (216) 9213 (214) 0.00
Two 1236 (7.6) 5031 (11.6) —-0.07 1234 (7.6) 3118 (7.3) 0.01
Three or more 670 (4.1) 3283 (7.6) —-0.05 669 (4.1) 1789 (4.2) 0.00
Healthcare utilization markers
Emergency room visits; median (IQR), mean (SD) 1(0-2) 1(0-2) -0.21 1(0-2) 1(0-2) 0.00
13 (20) 17 (24) 1.3 (2.0) 13(1.9)
Cardiologist visits; median (IQR), mean (SD) 4 (1-8) 4 (2-9) —-0.08 4 (1-8) 4 (1-8) 0.02
6.2 (7.8) 6.9 (83) 6.2 (7.8) 6.1 (7.5)
Endocrinologist visits; median (IQR), mean (SD) 0 (0-0) 0 (0-0) 0.17 0 (0-0) 0 (0-0) 0.03
0.9 (2.1) 0.5 (1.9) 0.9 (2.1) 0.8 (2.1)
Internal medicine visits; median (IQR), mean (SD) 9 (5-15) 11 (6-18) -023 9 (5-15) 9 (5-15) —0.01
11.3 (9.8) 141 (14.4) 11.3 (9.8) 11.5 (10.6)
Nephrologist visits; median (IQR), mean (SD) 0 (0-0) 0 (0-0) -0.19 0 (0-0) 0 (0-0) 0.00
0.4 (2.0) 1.3 (6.1) 0.4 (2.0) 04 (2.3)
Healthy behavior markers; n (%)
Colonoscopy 1527 (9.4) 3840 (8.9) 0.02 1519 (94) 3939 (9.2) 0.01

Continued
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Table 1 Continued

Unweighted Propensity score weighted
 SGLT2i  Sitagliptin  SMD  SGLT2i  Sitagliptin  SMD
 Fealoccultbloodtest 251 23163 001 8GN 247(5) 000
Flu vaccination 9634 (59.3) 17 947 (41.4) 0.36 9583 (59.2) 25616 (59.6) —0.01
Mammography 2000 (12.3) 3236 (7.5) 0.16 1996 (12.3) 5365 (12.5) 0.00
Pneumococcal vaccine 3127 (19.2) 7339 (16.9) 0.06 3113 (19.2) 8058 (18.8) 0.01
Prostate specific antigen test 2974 (18.3) 6411 (14.8) 0.09 2950 (18.2) 7831 (18.2) 0.00

ACE;, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; ARNI, angiotensin receptor—neprilysin inhibitor; COPD, chronic obstructive pulmonary disease;
HbA1c, hemoglobin Alc; IQR, interquartile range; n, number of patients; No., number of; NSAID, non-steroidal anti-inflammatory drug; SGLT?2i, sodium—glucose cotransporter 2

inhibitor; SD, standard deviation; SMD, standardized mean difference.

and 0.78 (0.68-0.88) for dapagliflozin, with a P-value for heterogeneity
of 0.36 (Table 3 and Figure 2).

Effectiveness of sodium-glucose
cotransporter 2 inhibitors in predicted
heart failure with reduced ejection
fraction and heart failure with preserved

ejection fraction

The prediction model classified 5368 patients as HFrEF and 54 237 pa-
tients as HFpEF (Tables 4 and 5). For predicted HFrEF, the weighted
HRs (95% Cl) for SGLT2i vs. sitagliptin were 0.64 (0.51-0.79) for the
primary composite outcome, 0.76 (0.56—1.02) for all-cause mortality,
0.65 (0.50-0.83) for hospitalization for HF, and 0.60 (0.42-0.84) for ur-
gent visit requiring intravenous diuretics. For predicted HFpEF, the
weighted HRs were 0.72 (0.66-0.78), 0.70 (0.63-0.79), 0.64 (0.58—
0.71), and 0.80 (0.71-0.90), respectively (Tables 4 and 5 and Figure 2).

Subgroup and additional analyses

Sodium—glucose cotransporter 2 inhibitors were associated with lower
HRs for the primary composite endpoint within all subgroups of age
(6574 vs. >75 years), sex, race, chronic kidney disease, atrial fibrilla-
tion, ACEI/ARB/ARNI use, MRA use, or hospitalization for HF in the
previous year (Figure 2).

Results were consistent in as-treated analyses, although HRs were
stronger. The weighted HR was 0.59 (0.55-0.64) for the primary com-
posite endpoint, 0.59 (0.52-0.68) for all-cause mortality, and 0.51
(0.46-0.57) for HF hospitalization (see Supplementary material
online, Table $3). The weighted cumulative incidence curves for the pri-
mary composite endpoint and HF hospitalization diverged early during
follow-up and stayed parallel after 12 months (see Supplementary
material online, Figure S5). The early benefit was confirmed in the ana-
lysis of time to first statistical significance, with statistical significance for
the primary endpoint achieved for the first time and maintained on day
5 of follow-up (see Supplementary material online, Figure Sé).
Consistent with the primary endpoint, we observed a lower HR for
the composite endpoint of cardiovascular death or HF hospitalization
(HR 0.71; 95% CIl 0.61-0.81), cardiovascular death or worsening HF
(0.77; 0.69-0.87), and cardiovascular death (0.79; 0.62-1.00) in the
NDI-linked Medicare data (see Supplementary material online,

Table $4 and Figure S7). Hazard ratios were consistent when using a
high-dimensional PS (HR 0.72; 95% Cl 0.67-0.77). The HR (95% Cl)
for non-cardiovascular death was 081 (0.65-1.01) (see
Supplementary material online, Table S5). Bias-calibrated HRs (i.e. ad-
justed for residual bias) when using the negative control outcome non-
cardiovascular death were 0.89 (0.72-1.11) for the primary endpoint,
0.87 (0.71-1.10) for all-cause mortality, and 0.78 (0.62-0.99) for HF
hospitalization. When using ischemic stroke as negative control, bias-
calibrated HRs were 0.86 (0.67—1.10) for the primary endpoint, 0.84
(0.65—-1.09) for all-cause death, and 0.77 (0.60-0.99) for HF hospitaliza-
tion. Similar results were obtained when using the positive control out-
come HF hospitalization (see Supplementary material online, Table S5).

Discussion
Main findings

In this large nationwide study of older US Medicare beneficiaries with
HF and type 2 diabetes, we found that SGLT2i use was associated
with a reduced risk of the primary composite endpoint of all-cause
mortality and worsening HF compared with sitagliptin, as well as a re-
duced risk of its individual components (Structured Graphical Abstract).
Benefits appeared to be consistent across individual agents within the
SGLT?2i class (canagliflozin, dapagliflozin, and empagliflozin) and across
predicted ejection fraction status. Furthermore, associations were simi-
lar across subgroups of demographics, comorbidities, and baseline HF
medications.

Implications

Our study has important clinical implications. The number of HF pa-
tients is expected to increase due to population aging and an increase
in associated cardio—renal-metabolic risk factors. Our results suggest
that the cardiovascular efficacy of SGLT2i observed in controlled trial
settings is consistent in the broad group of patients with HF and type
2 diabetes from routine clinical practice.

Interpretation and comparison

with other studies

A number of randomized trials have assessed the effects of SGLT2i on
cardiovascular outcomes in patients with HF, with or without diabetes.
A recent meta-analysis pooled data from five randomized controlled
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Figure 1 Weighted cumulative incidence for (A) the primary composite outcome of all-cause mortality or worsening heart failure, (B) all-cause mor-
tality, (C) heart failure hospitalization, (D) treatment with intravenous diuretics in outpatient setting, and (E) worsening heart failure under 365-day
intention-to-treat follow-up, stratified by sodium—glucose cotransporter 2 inhibitors or sitagliptin initiation.
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Figure 1 Continued

Table2 Comparative outcomes in patients with HF and type 2 diabetes initiating SGLT2i vs. sitagliptin under 365-day

intention-to-treat follow-up

Exposure group Unweighted
SGLT2i Sitagliptin
Samplesze 3 B33
Primary composite endpoint of all-cause mortality or worsening HF
Total events 1672 9787
Follow-up, person-years 11815 33903
Incidence rate (95% Cl)/100 person-years 14.2 (13.5-14.8) 289 (28.3-29.4)
HR (95% Cl) 0.49 (0.46-0.51) Ref

Single components of the primary composite endpoint

All-cause mortality

Total events 637 4769

Follow-up, person-years 12316 37018

Incidence rate (95% CI)/100 person-years 5.2 (4.8-5.6) 129 (12.5-13.3)

HR (95% CI) 0.40 (0.37-0.44) Ref
Hospitalization for heart failure

Total events 755 4989

Follow-up, person-years 12015 34769

PS-weighted

SGLT2i Sitagliptin

16172 42962
1667 6204

11780 31314

142 (13.5-14.8) 19.8 (19.3-20.3)

0.72 (0.67-0.77) Ref
636 2468

12280 33384

5.2 (48-5.6) 7.4 (71-77)

0.70 (0.63-0.78) Ref
752 3147

11980 32014

Continued
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Table 2 Continued
Exposure group Unweighted PS-weighted
SGLT2i Sitagliptin SGLT2i Sitagliptin

* Incidence rate (95% C/100 person-years 635867 143 (140148 635867 98 (95-102)

HR (95% Cl) 0.43 (0.40-0.47) Ref 0.64 (0.58-0.70) Ref
Urgent visit requiring intravenous diuretics

Total events 584 2645 583 2041
Follow-up, person-years 12068 35774 12033 32431
Incidence rate (95% Cl)/100 person-years 4.8 (4.5-5.2) 74 (7.1-7.7) 4.8 (4.5-5.3) 6.3 (6.0-6.6)
HR (95% Cl) 0.65 (0.59-0.71) Ref 0.77 (0.69-0.86) Ref

Cl, confidence interval; HF, heart failure; HR, hazard ratio; PS, propensity score; SGLT2i, sodium—glucose cotransporter 2 inhibitors. Hazard ratios are shown in bold.

Table3 Comparative outcomes for the primary composite endpoint in patients with HF and type 2 diabetes initiating
canagliflozin, empagliflozin, or dapagliflozin vs. sitagliptin under 365-day intention-to-treat follow-up

Exposure group Unweighted Propensity score weighted
Canaglifiozin sitagliptin Canaglifiozin Sitagliptin

‘Samplesize siso B3 s 8098
Total events 633 9787 633 6936
Follow-up, person-years 4432 33903 4426 36 361
Incidence rate (95% Cl)/100 person-years 14.3 (13.2-15.4) 28.9 (28.3-294) 14.3 (13.2-15.5) 19.1 (18.6-19.5)
HR (95% Cl) 0.50 (0.46-0.54) Ref 0.75 (0.69-0.82) Ref

. Exposure group ........................................ Empag| Iﬂoz m ................. SItag" Ptm ................ Empag| |f|°z m ................. SItaghPtl n -

Samp|e5|ze ....................................................... 8497 .......................... 433528452 .......................... 42025 .......
Total events 765 9787 763 5676
Follow-up, person-years 5505 33903 5485 27 564
Incidence rate (95% CI)/100 person-years 13.9 (12.9-14.9) 28.9 (28.3-29.4) 13.9 (12.9-14.9) 20.6 (20.1-21.1)
HR (95% Cl) 0.47 (0.43-0.50) Ref 0.68 (0.61-0.74) Ref

‘Exposuregroup  Dapaglfiozin sitagliptin | Dapaglifiozin Sitagliptin

‘samplesze %06 B3 os% n747
Total events 274 9787 273 5814
Follow-up, person-years 1877 33903 1873 30981
Incidence rate (95% Cl)/100 person-years 14.6 (12.9-16.4) 289 (28.3-294) 14.6 (12.9-16.4) 18.8 (18.3-19.3)
HR (95% Cl) 0.50 (0.44-0.56) Ref 0.78 (0.68-0.88) Ref

Cl, confidence interval; HR, hazard ratio.

trials  of SGLT2i (EMPEROR-Reduced, EMPEROR-Preserved,
DAPA-HF, DELIVER, and SOLOIST-WHF) and found that SGLT?2i re-
duced the hazard of cardiovascular death or hospitalization for HF
(pooled HR 0.77; 95% Cl 0.72-0.82);"” this effect was identical in pa-
tients with type 2 diabetes (0.77; 0.70-0.84). Furthermore, SGLT2i
also reduced the risk of hospitalization for HF (HR 0.72; 95% CI

0.67-0.78), cardiovascular death (0.87; 0.79-0.95), and all-cause mor-
tality (0.92; 0.86-0.99). In accordance with these findings, we observed
that SGLT2i use was associated with a reduction of the composite end-
point of all-cause mortality, hospitalization for HF, or urgent visit re-
quiring intravenous diuretics in our study of patients with HF and
type 2 diabetes (HR 0.72; 95% Cl1 0.67-0.77). We also found reductions
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Population N
Full cohort 59605
SGLT2i

Canagliflozin 5150

Empagliflozin 8497

Dapagliflozin 2606
HF type

Predicted HFrEF 5368

Predicted HFpEF 54237
Age

65-74 27604

=75 32001
Sex

Male 30474

Female 29131
Race

White 47304

Black 6371
CKD

Yes 20343

No 39262
Atrial fibrillation

Yes 25866

No 33719
ACEI/ARB/ARNI use

Yes 46087

No 13518
MRA use

Yes 11457

No 48148
HHF <12 mo

Yes 7870

No 51735

HR (95% CI)

0.73 (0.68-0.79)

0.72 (0.67-0.77) -~
0.75 (0.69-0.82) —~— !
0.68 (0.61-0.74) —— |
0.78 (0.68-0.88) ——
0.64 (0.51-0.79) —_——
0.72 (0.66-0.78) -
0.72 (0.65-0.79) —_—
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0.71 (0.65-0.77) —-— !
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Figure 2 Adjusted hazard ratios for the subgroup analyses for the primary composite outcome of all-cause mortality or worsening heart failure under

365-day intention-to-treat follow-up.

in hospitalization for HF, cardiovascular death, and all-cause death. The
early benefit of SGLT2i driven by an early reduction in hospitalization
for HF is noteworthy, with statistically significant results at Day 5 of
follow-up. This rapid benefit is consistent with evidence from several
other SGLT2i trials.'®%15°0-53

In line with the meta-analysis (which only included dapagliflozin and
empagliflozin),17 we found consistent benefit across agents within the
SGLT2i class, including canagliflozin. Moreover, results were consistent
for predicted HFrEF and HFpEF. However, the mortality benefit ob-
served in our study was stronger than the pooled estimate from the
meta-analysis, especially for HFpEF. Whereas EMPEROR-Preserved
and DELIVER showed no benefit for all-cause death (pooled HR
0.97; 95% Cl 0.88-1.06), our study found a HR of 0.70 (95% ClI
0.63-0.79). The strong mortality signal in this subgroup of our
Medicare-based study is suggestive of residual confounding, although
our estimates showed a benefit even after adjusting for the remaining
unmeasured confounding. It is noteworthy that mortality benefits
have been observed in the EMPA-REG OUTCOME trial of patients
with type 2 diabetes (HR 0.68; 95% Cl 0.57-0.82), the DAPA-CKD trial
of patients with chronic kidney disease (HR 0.69; 95% ClI 0.53—
0.88),51’54 and the DAPA-HF trial of patients with HFrEF (HR 0.83;

95% C10.71-0.97)."° Furthermore, another meta-analysis that also in-
cluded cardiovascular outcome and kidney trials showed that SGLT?2i
reduced all-cause mortality (HR 0.85; 95% CI 0.78-0.92; 95% predic-
tion interval 0.68-1.05) and cardiovascular mortality (HR 0.84; 95%
Cl 0.77-0.93; 95% prediction interval 0.66—1.09), although effects
were heterogeneous between individual agents and across different
populations.55

Lastly, two prior small observational studies have investigated the as-
sociations between SGLT2i and cardiovascular outcomes. Becher
et al>® analyzed 6805 patients from the Swedish Heart Failure
Registry, of which 376 (5.5%) received SGLT2i. In this analysis,
SGLT2i users had a lower risk of cardiovascular death/hospitalization
for HF (HR 0.70; 95% Cl 0.52-0.95), which was consistent regardless
of ejection fraction. Furthermore, Lam et al.”’ compared 5307
SGLT?2iinhibitor users with 5307 users of other glucose-lowering drugs
from Israel who had type 2 diabetes and available ejection fraction mea-
surements. They observed that SGLT2i were associated with lower risk
of HF hospitalization or death (HR 0.57; 95% CI 0.46-0.70), regardless
of ejection fraction.

Our findings need to be interpreted in light of the chosen compara-
tor, the DPP4i sitagliptin. There is experimental evidence that DPP4i
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Table 4 Comparative outcomes in patients with predicted HFrEF and type 2 diabetes initiating SGLT2i vs. sitagliptin

under 365-day intention-to-treat follow-up

Exposure group Unweighted Propensity score weighted
e SGLT2| .................... s,tag| ,Ptm ......... SG |_1-2| ..................... s, tag| ,Ptm .
Sampleme .......................................................... 15453823 .......................... 1511 .......................... 3755 ........
Primary composite endpoint of all-cause mortality or worsening HF
Total events 156 941 154 600
Follow-up, person-years 1042 2728 1027 2539

Incidence rate (95% Cl)/100 person-years 15.0 (12.7-17.5)

HR (95% Cl) 0.43 (0.36-0.50)
Single components of the primary composite endpoint
All-cause mortality
Total events 71
Follow-up, person-years 1098
Incidence rate (95% Cl)/100 person-years 6.5 (5.1-8.2)
HR (95% CI) 0.35 (0.27-0.45)
Hospitalization for heart failure
Total events 112
Follow-up, person-years 1059
Incidence rate (95% Cl)/100 person-years 10.6 (8.7-12.7)
HR (95% Cl) 0.38 (0.31-0.47)
Urgent visit requiring intravenous diuretics
Total events 64
Follow-up, person-years 1074
6.0 (4.6-7.6)

0.52 (0.40-0.68)

Incidence rate (95% Cl)/100 person-years
HR (95% Cl)

345 (32.3-36.8) 15.0 (12.7-17.6) 23.6 (21.8-25.6)

Ref 0.64 (0.51-0.79) Ref
578 71 244
3158 1083 2812
18.3 (16.8-19.9) 6.6 (5.1-83) 8.7 (7.6-9.8)
Ref 0.76 (0.56-1.02) Ref
767 110 431
2827 1044 2638
27.1 (25.2-29.1) 10.5 (8.7-12.7) 16.3 (14.8-18.0)
Ref 0.65 (0.50-0.83) Ref
334 64 273
3001 1059 2683
111 (10.0-12.4) 6.0 (47-77) 10.2 (9.0-11.5)
Ref 0.60 (0.42-0.84) Ref

Cl, confidence interval; HF, heart failure; HR, hazard ratio; SGLT2i, sodium—glucose cotransporter 2 inhibitors.

potentiate the effects of stromal cell-derived factor 1 (SDF-1), en-
hancing cardiac fibrosis.*®>? The SAVOR-TIMI 53 trial found that
the DPP4i saxagliptin was associated with an increased risk of HF
compared with placebo (HR 1.27; 95% CI 1.07-1.51).2 However,
we specifically chose sitagliptin as comparator in our study because
the randomized TECOS trial has not found any differences between
sitagliptin or placebo for hospitalization for HF (HR 1.00; 95% ClI
0.83-1.20) or cardiovascular outcomes (HR 0.98; 95% CI 0.88 to
1.09),%% which support the notion that sitagliptin’s effects on out-
comes are neutral.

Strengths and limitations of the study

Strengths of our study include its active comparator new user design,
nationwide nature, large sample size, and adjustment for a large number
of potential confounders. Furthermore, we tested the robustness of
our findings in several supplemental analyses. The Medicare data set
was also suited to address our research question as the majority of
HF patients in the USA receive health insurance through the

Medicare program.60 We also used a validated predictive algorithm
to differentiate between patients with HFrEF or HFpEF.***® This pre-
diction model has superior performance compared with diagnostic
codes alone, has high positive predictive value (72% and 81% for
HFrEF and HFpEF, respectively), and has been shown to accurately rep-
licate patient characteristics and mortality incidence of HFrEF and
HFpEF. #4561

Our study also has limitations. First, we cannot rule out potential
residual confounding. Indeed, our bias calibration sensitivity analysis
using two negative control outcomes (non-cardiovascular death
and ischemic stroke) and one positive control outcome (hospitaliza-
tion for HF) indicated that some bias remained after adjustment for
measured confounders. Nevertheless, our estimates showed a bene-
fit for SGLT2i even after adjusting for the remaining net bias (point
estimates for the primary outcome after bias calibration ranged be-
tween 0.81 and 0.89), indicating that residual confounding cannot
fully explain away the observed beneficial effects of SGLT2i. All three
control outcomes may have had different unmeasured confounders
but led to similar corrected point estimates, and this triangulation
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Table 5 Comparative outcomes in patients with predicted HFpEF and type 2 diabetes initiating SGLT2i vs. sitagliptin

under 365-day intention-to-treat follow-up

Exposure group Unweighted Propensity score weighted
e SGLTZI .................... s ,taghptm ......... SG |_-|-2| ..................... s|tag| .Ptm .
Samp|e5|ze ......................................................... 1470839529 ........................ 14641 ........................ 39 198 .......
Primary composite endpoint of all-cause mortality or worsening HF
Total events 1045 5712 1042 3887
Follow-up, person-years 10772 31175 10743 28776
Incidence rate (95% CI)/100 person-years 9.7 (9.1-10.3) 18.3 (17.9-18.8) 9.7 (9.1-10.3) 13.5 (13.1-13.9)
HR (95% Cl) 0.52 (0.49-0.56) Ref 0.72 (0.66-0.78) Ref
Single components of the primary composite endpoint
All-cause mortality
Total events 566 4191 566 2199
Follow-up, person-years 11218 33860 11188 30561
Incidence rate (95% CI)/100 person-years 5.0 (4.6-5.5) 124 (12.0-12.8) 5.1 (4.7-5.5) 7.2 (7.0-7.5)
HR (95% CI) 0.41 (0.37-0.45) Ref 0.70 (0.63-0.79) Ref
Hospitalization for heart failure
Total events 643 4222 641 2689
Follow-up, person-years 10956 31942 10926 29374
Incidence rate (95% Cl)/100 person-years 5.9 (5.4-6.3) 13.2 (12.8-13.6) 5.9 (5.4-6.3) 9.2 (8.8-9.5)
HR (95% CI) 0.44 (0.40-0.48) Ref 0.64 (0.58-0.71) Ref
Urgent visit requiring intravenous diuretics
Total events 520 2311 519 1761
Follow-up, person-years 10994 32773 10964 29743
Incidence rate (95% Cl)/100 person-years 4.7 (4.3-5.2) 7.1 (6.8-7.3) 4.7 (4.3-5.2) 5.9 (5.6-6.2)
HR (95% CI) 0.66 (0.60-0.73) Ref 0.80 (0.71-0.90) Ref

Cl, confidence interval; HF, heart failure; HR, hazard ratio; SGLT2i, sodium—glucose cotransporter 2 inhibitors.

therefore adds further robustness to our ﬁndings.62 Second, we
lacked ejection fraction measurements and used a prediction model
to identify the HF subtype. Our model may have misclassified a pro-
portion of patients. Third, our study had a relatively short follow-up.
Future studies should investigate the long-term effects of SGLT2i in
patients with HF. Nevertheless the beneficial effects of SGLT2i on
HF hospitalization are immediately observed and strongest within
the first 6 months of follow-up.®® Fourth, our study included
only patients with type 2 diabetes due to the limited number of pa-
tients with HF without concomitant diabetes. Lastly, causes of death
were not adjudicated in our study, and there may be misclassification

: . 4
between cardiovascular and non-cardiovascular death.®

Conclusion

In routine US clinical practice, SGLT2i demonstrated robust clinical
effectiveness with respect to the composite outcome indicative of

worsening HF in older adults with HF and comorbid type 2 diabetes
compared with sitagliptin, without apparent heterogeneity across
the class. These observational data suggest that SGLT2i prevent ad-
verse HF events in a broad range of patients with HF and type 2
diabetes.

Supplementary data

Supplementary data are available at European Heart Journal online.
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