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Large-scale real-world evidence regarding outcomes of sodium-glucose cotransporter-2 inhibitors (SGLT2i) ini-
tiation added to sacubitril-valsartan is currently limited. We aim to investigate effectiveness and safety of
SGLT2i initiation among older sacubitril-valsartan users with heart failure in routine clinical practice.

This prevalent new-user cohort study used linkable administrative data in Ontario, Canada, to emulate a target
trial. In sacubitril-valsartan users with heart failure aged >66 years, SGLT2i initiators were matched on time-
conditional propensity scores to non-initiators (October 2019 to June 2024). The primary effectiveness out-
come was a composite of hospitalization for heart failure (HHF) or all-cause mortality. We also studied safety
outcomes, including acute kidney injury (AKI), genital infection, urinary tract infection (UT]), falls, hospitalization
for hypotension, diabetic ketoacidosis, and hypoglycaemia. Among 5000 matched pairs, SGLT2i initiation was
associated with lower HHF or all-cause mortality [hazard ratio (HR) 0.71, 95% confidence interval 0.64-0.78; 1-
year absolute risk: 13.9% vs. 19.2%]. Sodium-glucose cotransporter-2 inhibitor initiation was associated with a
higher genital infection risk (2.36, 1.58-3.51; 1.8% vs. 0.7%) but not with higher rates of falls, hospitalization for
hypotension, or UTI. Diabetic ketoacidosis was uncommon among SGLT2i users with diabetes as were hypo-
glycaemic events among SGLT2i users without diabetes. Sodium-glucose cotransporter-2 inhibitor initiation
showed lower AKI among those with diabetes (0.78, 0.66-0.94) but not among those without diabetes
(1.01, 0.66-0.94; HR homogeneity: P = 0.035).

This observational real-world evidence study supports effectiveness of SGLT2i among older sacubitril-valsartan
users with heart failure, and suggests no increase in the safety outcomes studied, except genital infection.
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Results

Sacubitril-valsartan (ARNI) initiators with heart failure Rate difference [95% Cl], per 1000 person-years

from April 27, 2018 to June 30, 2024

%@%@@@

A prevalent new-user cohort study
from October 1, 2019 to June 30, 2024

Matched on time-conditional

propensity scores, calendar years,

and time since ARNI initiation

N=5,ooo¢ ¥ N=5,000
ofhy 8480

added to ARNI

without SGLT2 inhibitors

@ s Hospitalization for heart failure or
M lcause mortality: -55.7 [-72.0, -39.4]

S Genital infection: 9.0 [5.1, 12.9]
@ Urinary tract infection: 0.2 [-12.4, 12.8]

G

Acute kidney injury: -13.7 [-27.0, -0.3]

&, Diabetic Ketoacidosis: 0.8 [-1.0, 2.6]
& <™ Hypoglycemia: -0.7 [-3.7, 2.2]
Hospitalization for Hypotension:
%&m’\ 3.7 [-4.5, 11.9]
& Falls:-6.2[-17.8,5.3]

Sodium-glucose cotransporter 2 inhibitors e Angiotensin receptor-neprilysin inhibitor e Heart failure o

Comparative effectiveness e Safety

Sacubitril-valsartan is an angiotensin receptor-neprilysin inhibitor
(ARNI), which has been shown to reduce hospitalization for heart
failure (HHF) and mortality in people with heart failure with re-
duced ejection fraction (HFrEF).* The efficacy of ARNI is less cer-
tain in heart failure with mildly reduced or preserved ejection
fraction (HFmrEF or HFpEF).2 For HFrEF, Canadian guidelines
have recommended ARNI as the first-line therapy,® and multiple
guidelines have recommended combination of ARNI, beta-
blockers, mineralocorticoid receptor antagonists (MRAs), and
sodium-glucose cotransporter-2 (SGLT?2) inhibitors.>™
Sodium-glucose cotransporter-2 inhibitors are first approved for
type 2 diabetes treatment and recently approved for heart failure
treatment. In placebo-controlled trials of people with heart failure,
SGLT2 inhibitors reduce worsening heart failure regardless of dia-
betes status and ejection fraction.®~*? Real-world evidence studies
have recapitulated the effectiveness of SGLT2 inhibitor initiation in
heart failure with diabetes,*®>~*¢ indicating that experimental find-
ings may be generalized to routine clinical practice; however,
most robust real-world evidence studies focused on either heart
failure with diabetes'®~¢ or acute heart failure.*>¢ To our knowl-
edge, large-scale real-world evidence with robust methodology in
broad heart failure populations regardless of diabetes status has
been limited.!” In a rigorous cohort study,” SGLT?2 inhibitor initi-
ation was associated with lower all-cause mortality but not with
lower HHF in a broad HFrEF population, inconsistent with experi-
mental evidence.”® Also, pharmacovigilance studies using voluntary
safety report data detected signals for potential acute kidney injury
(AKI) risk with combination of ARNI and SGLT2 inhibitors.*®”

While ARNI is increasingly used in heart failure,2° data on the effi-
cacy and safety of SGLT2 inhibitor initiation added to ARNI in heart
failure regardless of diabetes have been limited to small subgroup
analyses of the DAPA-HF and EMPEROR-Reduced trials.?"2®
Large-scale evidence assessing the effectiveness and safety of
this combination in routine clinical practice is needed.

To provide real-world evidence complementary to experi-
mental data, 2223 the present study investigates the effective-
ness and safety of SGLT2 inhibitor initiation added to ARNI in
older adults with heart failure regardless of diabetes status,
using administrative datasets in Ontario, Canada.

Data source
This population-based, retrospective cohort study used linkable ad-
ministrative datasets in Ontario, Canada. The datasets (see
Supplementary material online, Table S1) were linked using unique
encoded identifiers and analysed at ICES. The use of the data is
authorized under section 45 of Ontario’s Personal Health
Information Protection Act and does not require review by a
Research Ethics Board.

Ontario residents of any age are eligible for the Ontario Health
Insurance Plan (OHIP), but only those aged >65 years are universal-
ly eligible for the Ontario Drug Benefit (ODB) program.

Population selection

The study selected ARNI dispensations from 27 April 2017 (i.e. the
formulary listing date) to 30 June 2024. Angiotensin receptor-
neprilysin inhibitor initiation was defined as no ARNI dispensing in
the past year, and therefore we only included those with first
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Effectiveness and safety of SGLT2i initiation

ARNI dispensing at the age >66 years from 27 April 2018 to 30 June
2024, and those with continuous eligibility in the past year. To iden-
tify heart failure patients, ARNI initiators without heart failure diag-
noses from hospital admissions or OHIP physician claims before or
at ARNI initiation were excluded.

Angiotensin receptor-neprilysin inhibitor is more likely to be pre-
scribed in HFrEF,®>~> and HFrEF diagnosis accounts for approxi-
mately half of the heart failure patients.?*?> Reimbursement of
ARNI use by the ODB is limited to people with documented
HFrEF and New York Heart Association (NYHA) Class Il or Il
Thus, most ARNI users were anticipated to be HFrEF cases in our
study; however, ejection fraction measures or diagnostic codes
for classifying heart failure were not available in the study, nor a
within a population subset to extrapolate, validate, or quantify the
HFrEF prevalence.

Supplementary material online, Figure S1 graphically summarizes
the study design. The present study used a prevalent new-user co-
hort design?® to emulate a hypothetical pragmatic trial?” comparing
initiation vs. no initiation of SGLT2 inhibitors among prevalent or
new users of ARNI with heart failure (see Supplementary material
online, Table S2). All ARNI dispensations from first identified initi-
ation were potential cohort entries, and eligibility criteria were con-
sistently applied to each ARNI dispensation. As the exposures,
cohort creation, and eligibility criteria followed a target trial emula-
tion framework, immortal time bias and baseline selection bias were
minimized.?” The first trial of SGLT2 inhibitors in heart failure was
published in September 2019;” thus, the cohort entry period started
from 1 October 2019 to 30 June 2024.

For individuals re-initiating ARNI, dispensations from re-initiation
were not used for potential cohort entries. To identify initiators vs.
non-initiators of SGLT2 inhibitors, we excluded those without con-
tinuous eligibility in the past year of cohort entry and those dis-
pensed SGLT2 inhibitors at any time before cohort entry. To
minimize false positives in identifying combination therapy initia-
tors, those dispensed both ARNI and an SGLT2 inhibitor on the
same date were considered as combination therapy initiators. To re-
duce the likelihood of violating the positivity assumption, we ex-
cluded those with diabetic ketoacidosis (DKA), dialysis, or latest
estimated glomerular filtration rate (eGFR)< 20 mL/min/1.73 m?
in the past year. We also excluded those dispensed ARNI with
angiotensin-converting enzyme inhibitors or another angiotensin
receptor blocker on the same date at cohort entry. Supplementary
material online, Table S3 lists details on exclusion criteria.

Exposures

Sodium-glucose cotransporter-2 inhibitors covered by ODB are ca-
nagliflozin, dapagliflozin, and empagliflozin. As canagliflozin is not
indicated for heart failure treatment, canagliflozin initiators were
excluded. Initiators of multiple SGLT2 inhibitors were also excluded.
Sacubitril-valsartan is the only ARNI in the market.

Follow-up
The primary analysis emulated a per-protocol analysis, comparing
outcomes of continuous use of SGLT2 inhibitors vs. no initiation
of SGLT2 inhibitors among baseline ARNI users. The primary ana-
lysis did not consider ARNI discontinuation as treatment deviation.
Individuals were followed until the outcome of interest, death,
SGLT2 inhibitor dispensing among baseline non-initiators, SGLT2
inhibitor discontinuation among baseline initiators, end of OHIP
coverage, or 30 November 2024 (i.e. end of study period), which-
ever occurred first. Discontinuation was defined as no subsequent
dispensing during the days of supply plus a 30-day grace period.
Per-protocol analysis was chosen over intention-to-treat analysis
to minimize exposure misclassification, especially exposure mis-
classification due to staggered dispensations or rapid guideline-
directed medical therapy initiation among baseline non-initiators.

Outcome definitions

The primary effectiveness outcome was a composite of HHF or all-
cause mortality. Hospitalization for heart failure was defined as

inpatient admissions with the diagnosis recorded as the most re-
sponsible diagnosis.?® Restricting acute cardiovascular events to
the most responsible diagnosis was shown to improve the positive
predictive value (PPV).2° Secondary effectiveness outcomes were
all-cause mortality and HHF separately.

We also examined safety outcomes potentially linked to dapagli-
flozin or empagliflozin, including AKI, DKA, falls, hospitalization for
hypotension, hypoglycaemia, genital infection, and urinary tract in-
fection (UTI).

Acute kidney injury was defined as the diagnosis recorded as a
significant diagnosis present at an inpatient admission, which was
shown to have 99.2% specificity and 81.6% PPV when the AKI
Network Stage 1 or greater was the referent.*° Diabetic ketoacido-
sis and hypoglycaemia were defined based on one diagnostic code
from inpatient admissions or emergency visits at any position.
Diabetic ketoacidosis codes from inpatient admissions showed
99.6% specificity and 67.0% PPV.3! Hypoglycaemia codes were
shown to have 94.0% PPV among hypoglycaemia cases in inpatient
stays or emergency visits.

Falls, genital infection, UTI, and hospitalization for hypotension
were defined using previously used  algorithms.333%
Hospitalization for hypotension was defined as hypotension re-
corded as a significant diagnosis present at an inpatient admission.>*
Falls were defined as one diagnostic code from inpatient admissions
or emergency visits at any position. Genital infection and UTI were
defined as one diagnostic code in any settings. Detailed definitions
of each outcome are summarized in Supplementary material online,
Table S4.

Statistical analysis

Creation of exposure sets was based on time since ARNI initiation
and calendar years (see Supplementary material online, Figure S2).
Eligible ARNI dispensations were first classified into new and preva-
lent ARNI use. New ARNI use with or without concurrent SGLT2 in-
hibitor initiation in the same calendar year were considered in the
same exposure set. For prevalent ARNI use, the exposure sets
were created by dividing time since ARNI initiation into 30-day in-
tervals,®®> and then further stratified by calendar vyears.
Angiotensin receptor-neprilysin inhibitor dispensations with or
without SGLT2 inhibitor initiation on the same date was identified
within each exposure set. When an individual had multiple ARNI dis-
pensations eligible for the comparator within an exposure set, we
randomly selected one as the potential cohort entry for that expos-
ure set.

Propensity scores were estimated using a logistic regression
model in stacked exposure sets, conditional on exposure sets
and 118 covariates listed in Supplementary material online,
Table S5, including demographics, prescribing speciality,
disease-related variables, healthcare utilization, recent hospital-
ization (all-cause hospitalization and HHF), eGFR stages, co-
morbidities, procedures, and concurrent medications. This
modelling approach estimates propensity scores, rather than
pseudo-probabilities from conditional logistic regression.¢
Restricted cubic splines with 4 percentile knots were used to
model continuous covariates. The models were fitted separately
for new and prevalent users of ARNI. For the positivity
assumption, exposure sets without eligible SGLT2 inhibitor in-
itiators were excluded from propensity score estimation, and
exposure sets with no propensity scores overlap between
groups were excluded. Within an exposure set, unique indivi-
duals were 1:1 matched on propensity scores with a caliper
of 0.1 times the standard deviation of propensity scores.®®
Individuals selected for matching in one exposure set could still
enter a subsequent exposure set when eligible (i.e. matching
with replacement), which was suggested to be unbiased and
more efficient than matching without replacement across ex-
posure sets.3¢

Follow-up started from the date of ARNI dispensing in the corre-
sponding exposure sets. Cause-specific hazard ratios (HRs) and the
95% confidence intervals (Cls) were estimated using Cox regression.
Absolute rates and incidence rate differences (IRDs) per 1000
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person-years were estimated using Poisson regression. Robust vari-
ance estimation was used in regression models to yield conservative
standard errors that account for within-subject non-
independence.®” The Aalen-Johansen estimator with death as a
competing risk®® was used to visualize cumulative incidence func-
tions (CIFs) and calculate absolute risks. Analyses were conducted
in SAS v9.4 (SAS Institute, Cary, NC, USA).

Subgroup analysis

Subgroup analyses by new vs. prevalent use of ARNI, age >75 vs.
<75 vyears, sex, MRA use, diabetes, atrial fibrillation, HHF in the
past year, and eGFR >60 vs. <60 mL/min/1.73 m? were performed.
Molecule-specific analyses for dapagliflozin and empagliflozin were
also performed, and switching from one to another SGLT2 inhibitor
was considered as an additional censoring endpoint. For each sub-
group analysis, propensity scores calculation and matching were re-
performed. The Wald test for homogeneity with a 5% significance
level was used to test whether the estimates significantly differed
between subgroups.

Supporting analysis

First, SGLT2 inhibitors might be initiated in hospitals, but inpatient
prescription data were unavailable. To more accurately select in-
itiators, we excluded those discharged from hospitals in the past
week. Second, to explore the potential for reverse causality due
to existing infection, we excluded those diagnosed with UTI or dis-
pensed antibiotics for UTI and those diagnosed with genital infec-
tion or dispensed antifungals in the past 90 days. Third, inverse
probability of censoring weighting for selection bias due to
treatment-related time-varying confounding was applied to exam-
ine the robustness to informative censoring caused by treatment
deviation (see Supplementary material online, Methods S1).
Fourth, to estimate effects of continuous combination of ARNI
and SGLT2 inhibitors vs. continuous ARNI without SGLT2 inhibi-
tors, we further censored at ARNI discontinuation, and a separate
analysis included censoring weights to further adjust for selection
bias over time (see Supplementary material online, Methods S1).
Fifth, to explore the role of ARNI adherence in the primary ana-
lysis, ARNI discontinuation as an outcome was studied. Sixth, alter-
native outcome definitions for AKI and UTI were explored (see
Supplementary material online, Table S4). Seventh, to examine
the robustness to residual confounding, ischaemic stroke as a
negative control outcome was examined (see Supplementary
material online, Methods $2).143? Eighth, colorectal cancer screen-
ing as another negative control outcome was examined to explore
potential bias due to differential healthcare contact. Ninth, for
safety outcomes revealing significantly higher risk with SGLT2 in-
hibitors, quantitative bias analyses (see Supplementary material
online, Methods S3) were performed to explore the impact of non-
differential misclassification on risk estimates.*® Tenth, another
quantitative bias analysis for unmeasured confounding was con-
ducted using the rule-out approach.**

Population characteristics

The cohort study analysed 5000 matched pairs of SGLT2 inhibi-
tor initiators and non-initiators (Figure 1). Among matched
SGLT2 inhibitor initiators, 67% used empagliflozin (see
Supplementary material online, Table Sé). All covariates (see
Supplementary material online, Table S7) showed standardized
mean differences (SMDs) < 0.1 after matching, and highlighted
baseline characteristics are shown in Table 1. The propensity
score distributions are depicted in Supplementary material
online, Figure S4. Reasons for end of follow-up by exposure
groups are summarized in Supplementary material online,
Table S8.

C.-Y.Wu et al.

Effectiveness outcomes

The crude analyses are reported in Supplementary material
online, Table S9. The estimates for effectiveness are summarized
in Table 2, the CIFs are illustrated in Figure 2, and the absolute
risks are summarized in Supplementary material online,
Table S10.

Among older ARNI users with heart failure, SGLT2 inhibitor
initiation was associated with lower HHF or all-cause mortality
[IRD (95% Cl): —=55.7 (=72.0, —39.4); 1-year absolute risk:
13.9% vs. 19.2%]. When individual effectiveness outcomes
were analysed, the IRDs for HHF and all-cause mortality were
-28.1 (95% CI: -39.4, —16.7) and -40.3 (95% Cl: —-52.7,
—27.8), respectively.

Safety outcomes

Crude estimates are reported in Supplementary material online,
Table S11. The estimates for safety outcomes are summarized in
Table 3, the CIFs are illustrated in Supplementary material
online, Figures S5-511, and the absolute risks are summarized
in Supplementary material online, Table S12.

Sodium-glucose cotransporter-2 inhibitor initiation was not
significantly associated with higher rates of DKA, hypogly-
caemia, falls, hospitalization for hypotension, and UTI.
However, SGLT2 inhibitor initiation was associated with a high-
er genital infection rate [IRD (95% Cl): 9.0 (5.1, 12.9); 1-year ab-
solute risk: 1.8% vs. 0.7%]. Sodium-glucose cotransporter-2
inhibitor initiation overall showed an IRD of —13.7 (95% CI:
—27.0, —0.3) for AKI.

Subgroup analysis

The subgroup analyses are reported in Supplementary material
online, Figures S11-520. There were no significant differences
in effectiveness between empagliflozin and dapagliflozin or be-
tween diabetes status (Figure 3). Females vs. males showed sig-
nificantly greater absolute increase [IRD (95% Cl): 17.3 (7.5,
27.1) vs. 5.7 (2.2, 9.1), homogeneity: P = 0.028] in genital infec-
tion but numerically smaller reduction in the effectiveness end-
point [IRD (95% CI): —31.8 (-60.2, —3.5) vs. —65.8 (—86.2,
—45.4), homogeneity: P = 0.056]. Acute kidney injury reduction
was observed in people with diabetes [IRD (95% Cl): —35.7
(=61.0, —10.3)] but not observed in people without diabetes
[IRD (95% CI): 2.0 (-13.2, 17.1), homogeneity: P=0.013].
Incident DKA was rare among SGLT2 inhibitor initiators with
diabetes (absolute rate: 4.5). Hypoglycaemic events were rare
(absolute rate: 4.3) but numerically higher in SGLT2 inhibitor in-
itiators without diabetes [IRD (95% Cl): 1.7 (-1.0, 4.5)].

Supporting analysis

Results were comparable when those recently discharged were
excluded (see Supplementary material online, Table $13). Similar
estimates were seen when individuals with recent diagnostic
codes of genital infection or UTI or individuals recently dis-
pensed antibiotics or antibiotics for UTI were excluded (see
Supplementary material online, Table S14). In analyses with cen-
soring weighting for SGLT2 inhibitors (see Supplementary
material online, Table S15) or in analyses that considered ARNI
discontinuation as an additional endpoint (see Supplementary
material online, Tables S16 and S17), although smaller all-cause
mortality reduction was observed, results for safety outcomes
were similar. The HRs for the alternative AKl and UTI definitions
were 0.85(95% Cl: 0.64-1.13) and 0.88 (95% CI: 0.72-1.08), re-
spectively (see Supplementary material online, Table S18).
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Inclusion (54,512 unique individuals)

* ARNI dispensing in Ontario Drug Benefit from April 27, 2017 to June 30, 2024

16,481 unique individuals excluded

1. 6,072 First identified ARNI dispensing before April 27, 2018
"l 2. 10,013 First identified ARNI dispensing at the age < 66 years
3. 396 Continuous eligibility < 1 year in the past year before first identified ARNI dispensing

38,031 unique ARNI initiators at the age of 66 years or older from April 27, 2018 to June 30, 2024

5,804 unique individuals excluded
1. Olnvalid sex

2. 4,849 No heart failure diagnosis at or prior to first ARNI initiation
3. 955 No ARNI dispensing after September 30, 2019

32,227 unique individuals with 885,409 potential cohort entries from October 1, 2019 to June 30, 2024

495,067 potential cohort entries excluded

148 No available follow-up

3,293 Dialysis in the past year

606 ACEi or ARB at cohort entry

BLOONDUNRWNE

7,821 Dispensations from ARNI re-initiation
1,235 Non-Ontario residents or invalid death dates
79 Continuous eligibility < 1 year in the past year

477,382 SGLT2 inhibitor dispensing before cohort entry
529 Diabetic ketoacidosis in the past year

3,866 Latest available eGFR < 20 mL/min/1.73m? in the past year

0. 108 Multiple SGLT2 inhibitors or canagliflozin at cohort entry

390,342 eligible cohort entries (22,420 unique individuals)
* 384,769 Users of ARNI without SGLT2 inhibitors (18,274 unique individuals)
e 5,573 Initiators of dapagliflozin or empagliflozin added to ARNI (5,573 unique individuals)

200,896 cohort entries excluded

1. 186,777 Duplicated entries within exposure sets
2. 13,027 Entries removed due to no potential matched SGLT2 inhibitor initiators within exposure sets
3. 1,092 Entries removed due to no propensity score overlap within exposure sets

189,446 cohort entries before matching (22,347 unique individuals)
e 183,880 Users of ARNI without SGLT2 inhibitors (18,193 unique individuals)
* 5,566 Initiators of dapagliflozin or empagliflozin added to ARNI (5,566 unique individuals)

i Propensity Score Matching

10,000 matched cohort entries (9,270 unique individuals)
* 5,000 Matched users of ARNI without SGLT2 inhibitors (4,617 unique individuals)
* 5,000 Matched initiators of dapagliflozin or empagliflozin added to ARNI (5,000 unique individuals)

Cohort flow diagram. Among 9270 unique individuals, 8585 (92.6%) entered the study only once as either sodium-glucose
cotransporter-2 inhibitor initiators or non-initiators, and the maximum number of cohort entry was 4 (interquartile range: 1-1).
Among 5000 unique sodium-glucose cotransporter-2 inhibitor initiators, only 347 (6.9%) previously entered the study as non-initiators.

Sensitivity analyses sorted by outcomes were presented in
Supplementary material online, Figures S21-530.

Ischaemic stroke as a negative control outcome showed an
HR of 1.04 (95% CI: 0.68-1.58) (see Supplementary material
online, Table S18). Colorectal cancer screening as another nega-
tive control outcome showed an HR of 1.19 (95% CI: 0.81-1.75)
(see Supplementary material online, Table $18).

Sodium-glucose cotransporter-2 inhibitor initiators were less
likely to discontinue ARNI [HR (95% CI): 0.81 (0.76-0.87);
1-year absolute risk: 32.5% vs. 38.1%)], suggesting ARNI adher-
ence might partly account for the observed effectiveness with
SGLT2 inhibitors (see Supplementary material online, Tables
5§19 and S20).

In the quantitative bias analysis, the corrected absolute differ-
ence in genital infection did not exceed the observed difference
in effectiveness unless assuming extremely low sensitivity (see

Supplementary material online, Figure S31). According to the
quantitative bias analysis, moderate to large unmeasured con-
founding would be needed to nullify the observed effectiveness
(see Supplementary material online, Figure S32).

In this real-world evidence study, SGLT2 inhibitor initiation was
associated with lower HHF or all-cause mortality among older
ARNI users with heart failure. No significant increase in the rates
of falls, hospitalization for hypotension, or UTI was seen with
SGLT2 inhibitor initiation. Diabetic ketoacidosis was rare among
those with diabetes, and hypoglycaemic events were rare
among those without diabetes. Nonetheless, genital infection
was significantly higher in the SGLT2 inhibitor group, and AKI
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Table 2 Associations between sodium-glucose cotransporter-2 inhibitor initiation and effectiveness outcomes among
angiotensin receptor-neprilysin inhibitor users

N Events

Person-years®

Rates (95% CI)°

IRD (95% CI)°

HR (95% Cl)

Hospitalization for heart failure or all-cause mortality

Initiators 5000 773

Non-initiators 5000 992
Hospitalization for heart failure

Initiators 5000 382

Non-initiators 5000 493
All-cause mortality

Initiators 5000 500

Non-initiators 5000 677

5805.85 133.1(123.5, 142.8)
5253.00 188.8 (175.7, 202.0)
5805.85 65.8 (59.1, 72.5)
5253.00 93.9 (84.7, 103.0)
6053.39 82.6 (75.3,89.9)
5510.65 122.9 (112.7, 133.0)

—-55.7 (-72.0, -39.4)
0.0 (Reference)

-28.1(-39.4, -16.7)
0.0 (Reference)

-40.3 (-52.7, -27.8)
0.0 (Reference)

0.71 (0.64, 0.78)
1.00 (Reference)

0.70(0.61, 0.81)
1.00 (Reference)

0.67 (0.59, 0.76)
1.00 (Reference)

Cl, confidence interval; IRD, incidence rate difference; HR, hazard ratio.

®Total person-years on treatment.
5Per 1000 person-years.

0.44

0.3
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Cumulative Incidence Function

0.4
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Cumulative Incidence Function

0 180 365
Days from Cohort Entry
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No 5000 3019 1994
Yes 5000 3510 2220

0.4+

Cumulative Incidence Function

1350 868
1506 960 Yes 5000

No 5000

180 365
Days from Cohort Entry

[sGLT2 No ———— Yes]
3136 2098
3631 2328

No 5000
Yes 5000

180 365 545

Days from Cohort Entry

[sGLT2 No ———— Yes|
3019 1994 1350
3510 2220 1506

730

868
960

1437 917
1587 1024

Figure 2 Cumulative incidences of (A) hospitalization for heart failure, (B) all-cause mortality, and (C) the composite effectiveness out-
come by sodium-glucose cotransporter-2 inhibitor initiation.
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Rate Rate IRD/1000 PY

Subgroup Pairs \sGLT2) (NoSGLT2) [95% CI]

No Diabetes 3172 1203  163.8 _43.5[-62.4, —24.6]
Diabetes 1725 1581 2181 -60.0 [-89.9, ~30.1]
No Atrial Fibrillation ~ 2654 1254  164.8 -39.4[-60.5, ~18.3]
Atrial Fibrillation 2041 1486  195.7 474 [-71.7, 22.4]
Age 66-75 years 2146 90.0 119.7 —29.7 [-49.1, -10.4]
Age >= 76 years 2741 1708  229.4 _58.6 [83.4, ~33.7]
Females 1596 1424 174.2 -31.8[-60.2, -3.5]
Males 3282 127.9 1937 -65.8 [-86.2, ~45.4]

No MRA (baseline) 2134 132.0 185.2
MRA use (baseline) 2769 138.1 179.6
eGFR 20-60 1884 1785 251.7
eGFR >= 60 2824 105.0 147.4
No HHF in past 1 year 3668 108.7 148.2
HHF in past 1 year 1215 199.6 309.5

-53.3[77.6, -28.9]
-41.4[-63.1, -19.8]
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ence; PY, person-years; HR, hazard ratio; MRA, mineralocorticoid receptor antagonists; eGFR, estimated glomerular filtration rate; HHF,

hospitalization for heart failure.

reduction with SGLT2 inhibitors was specific to those with
diabetes.

The present study provides large-scale evidence that sup-
ports the effectiveness of SGLT2 inhibitors among ARNI users
with heart failure in routine clinical practice, complementary
to small subgroup analyses of the DAPA-HF and
EMPEROR-Reduced trials.?*™?® In line with the DAPA-HF
and EMPEROR-Reduced trials [HR (95% CI): 0.64 (0.41-1.02)
and 0.61 (0.42-0.90), respectively],?*?2 we demonstrated lower
HHF associated with SGLT2 inhibitor initiation among ARNI
users with heart failure [HR (95% CI): 0.70 (0.61-0.81)].
Estimates for all-cause mortality with SGLT2 inhibitor initiation
among ARNI users were imprecise in the DAPA-HF and
EMPEROR-Reduced trials [HR (95% CI): 0.91 (0.52-1.57) and
0.73 (0.47-1.13), respectively], 21?2 possibly caused by a low
event count. In our study, all-cause mortality was significantly
lower [HR (95% Cl): 0.67 (0.59-0.76)] with dapagliflozin or em-
paglifiozin. Larger samples may yield more stable point esti-
mates with greater precision. According to the sensitivity
analysis with censoring weights, although time-varying con-
founding might have partly overestimated the observed reduc-
tion in all-cause mortality, the observed effectiveness is likely
robust to time-varying confounding.

A meta-analysis of randomized trials*? yielded a modest relative
risk increase in UTIl and hypotension with SGLT2 inhibitors in heart
failure, but the pooled estimate was mainly driven by the
EMPEROR-Preserved trial.'® We did not identify a significantly
higher risk of UTI with SGLT2 inhibitors. Although ARNI use ele-
vates baseline hypotension risk,? the relative risk increase in hos-
pitalization for hypotension with SGLT2 inhibitors was small
without statistical significance in our study, implying that the relative
risk might not be amplified by background ARNI use. As hospitaliza-
tion for hypotension only represents a subset of hypotensive
events, the true absolute hypotension risk would be greater
than that observed here; nonetheless, the influence of non-
differential outcome misclassification on the point estimate of the
relative risk is expected to be minimal with high outcome
specificity.*®

While the absolute genital infection risk was also likely under-
estimated due to limited sensitivity, the quantitative bias ana-
lysis correcting absolute risk underestimation suggests that
the effectiveness likely still outweighs the risk of genital infec-
tion, unless there was extreme underdiagnosis. Notably, females
vs. males showed smaller effectiveness but greater absolute
genital infection risk in our study. Smaller relative and absolute
effectiveness estimates among females might have partly re-
sulted from a higher prevalence of HFmrEF or HFpEF, as un-
measured confounding could be more influential if the
unmeasured confounder was more prevalent. However, females
could still present a poorer risk-benefit ratio because of greater
absolute genital infection risk.

Disproportionality analyses detected a greater odds of AKI
with combination of ARNI and SGLT?2 inhibitors,*®” prompting
the need for validation with rigorous studies. The present study
concludes that SGLT2 inhibitor initiation among ARNI users
with heart failure is not associated with increased AKI risk,
even in the subgroups of baseline MRA use and renal insuffi-
ciency. Despite potential residual confounding in our subgroup
analysis, diabetes was found to be a potential effect modifier
for AKI, and AKI reduction with SGLT2 inhibitors among ARNI
users was seen only in the subgroup of diabetes.
Sodium-glucose cotransporter-2 inhibitors contribute to affer-
ent vasoconstriction and efferent vasodilation, whereas ARNI
contributes to afferent vasodilation.** Concurrent ARNI use
might modify the renal effects of SGLT2 inhibitors.*®
Glucose-lowering effects might mainly mediate the observed
AKI reduction among ARNI users with diabetes. Diabetes and
ARNI use as possible effect modifiers for this relationship war-
rants further investigation. In the EMPEROR-Reduced trial
stratified by diabetes status, AKl rates appeared comparable be-
tween empagliflozin and placebo in HFrEF with diabetes,*
whereas the AKl rate appeared lower among empagliflozin users
without diabetes. Furthermore, real-world evidence studies may
continue to investigate different renal outcomes*® and hyperka-
laemia risk with SGLT2 inhibitors, as well as in subgroups by dia-
betes, eGFR or MRA use.***”
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Limitations

First, unavailable ejection fraction data limited the ability to
clearly define an HFrEF population, estimate and validate the
prevalence of HFrEF in this study, and identify subgroups by
ejection fraction. The observed proportion of males was lower
than the what might be expected in HFrEF,”® which could be
consistent with HFmrEF or HFpEF being not uncommon in
this study. Heart failure severity could not be characterized be-
cause data on B-type natriuretic peptide measures, NYHA class,
and ejection fraction measures were unavailable. These un-
measured variables, as well as other unmeasured variables
such as blood pressure measures, could limit external validity
and introduce residual confounding. Second, residual selection
bias due to unmeasured time-varying confounders could exist
in supporting analyses with inverse probability of censoring
weighting. Third, the safety outcomes might not have high sen-
sitivity, and events not resulting in physician visits could not be
detected. Non-differential outcome misclassification could have
underestimated the estimates, especially absolute measures.
Fourth, cardiovascular mortality could not be ascertained be-
cause causes of mortality were unavailable. As the OHIP data-
base does not have corresponding diagnostic codes for
hypotension or hypoglycaemia, symptomatic cases in an out-
patient setting could not be captured. Lastly, selecting combin-
ation therapy initiators based on same-day dispensations
precludes combination therapy initiators dispensed the medica-
tions on separate dates.

This study supports effectiveness of SGLT2 inhibitor initiation
added to ARNI in older adults with heart failure regardless of
diabetes status in routine clinical practice. There was no signifi-
cantincrease in the study safety events, except genital infection.
Sodium-glucose cotransporter-2 inhibitor initiation was not as-
sociated with higher AKI, but reduction in AKI was observed
only in the diabetes subgroup. Further studies are needed to val-
idate whether the findings are robust to unmeasured confound-
ing and replicable.

Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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