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INTRODUCTION
Sodium-glucose cotransporter-2 inhibitors
(SGLT2is) were originally envisioned as attrac-
tive hypoglycemic agents due to their promo-
tion of glycosuria by inhibiting SGLT2 trans-
porters in the proximal convoluted tubules of
kidneys where approximately 90% of filtered
glucose gets reabsorbed [1]. Due to their
potent cardioprotective effects observed
in trials focused on type 2 diabetes mellitus
(T2DM) [2], it was hypothesized that SGLT2is
might improve outcomes in heart failure
(HF) patients. Indeed, it was demonstrated
in landmark randomized controlled trials
(RCTs) that, among patients with HF with
reduced ejection fraction (HFrEF), the use of
SGLT2is, compared to placebo, was associated
with significant reductions in cardiovascular
death and HF-related hospitalizations, both
endpoints representing persistently unmet
needs in HF [3]. Notably, in the DAPA-HF trial
[4], patients with HF who received dapagli-
flozin had a 26% relative risk reduction in the
composite of worsening HF or cardiovascular
death, and results were concordant in the EM-
PEROR-Reduced trial [5] that evaluated the use
of empagliflozin. Interestingly, robust reduc-
tions of mortality and morbidity among HFrEF
patients were similar regardless of T2DM
status at baseline. Similar trends were ob-
served with dapagliflozin in the DECLARE-TIMI
58 sub-study [6] that was focused on a cohort
of patients withT2DM and concomitant HF. On

the other hand, the most recent SOLOIST-WHF
[7] trial demonstrated a 33% relative risk re-
duction in the total number of deaths from
cardiovascular causes and hospitalizations
and HF-related urgent visits associated with
the use of sotagliflozin vs. placebo in patients
with decompensated HF. Finally, the most
recent EMPEROR-Preserved trial was the first
RCT that showed how a pharmacological
intervention improved outcomes in patients
with HF and preserved ejection fraction
(HFpEF), as empagliflozin use was associated
with a 21% relative risk reduction in a com-
posite of cardiovascular death and hospital-
izations [8].

However, post-market and surveillance
studies indicated a possible association of
SGLT2is and adverse events such as euglyce-
mic diabetic ketoacidosis, genital and urinary
tractinfections (UTIs), Fournier gangrene, vol-
ume depletion, and limb amputations [9, 10].
Due to their implicated glycosuric effects,
susceptibility for UTls was examined providing
mixed results in patients with T2DM [11].In
large population analysis, the risk for severe
or non-severe UTls was similar among SGLT2i
users compared to users of other second-line
hypoglycemic drugs [12].

However, the association of SGLT2i use and
UTl events has not been previously examined
in the HF population on a large scale. For this
reason, we performed an up-to-date analysis
of five landmark RCTs evaluating the use of
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gliflozins vs. placebo in patients with HF. The main question
we sought to investigate whether the risk of UTl events was
increased with the use of SGLT2 is compared to placebo
among patients with HF.

METHODS

Two investigators (JAB and JB) independently searched
available literature in relevant databases such as PubMed
and SCOPUS to include large RCTs (enrolling >1000 pa-
tients) examining the use of any SGLT2 inhibitor vs. placebo
and that reported safety endpoints, such as UTl events, in
the population of patients with HF. According to the PICOS
(Population, Intervention, Comparator, Outcome, Study
design) principle, a population of HF patients with a whole
spectrum of ejection fractions (both HFrEF and HFpEF) was
included. We included studies that examined the oral use
of any SGLT2 inhibitor (dapagliflozin, empagliflozin, so-
tagliflozin) as an intervention while the comparator group
received a placebo. The principal outcome of interest was
the occurrence of UTl events (as reported and adjudicated
by the respective study investigator committees). Due to
the low number of UTI events registered in the DAPA-HF
trial, we also counted events such as urosepsis, pyelone-
phritis, acute pyelonephritis, and staphylococcal UTI to the
composite endpoint. Finally, we only considered studies
that were designed and conducted as RCTs.

In short, five landmark RCTs in this setting were includ-
ed, and all provided safety outcome data concerning the
occurrence of UTls. Two trials examined the use of 10 mg
dapagliflozin once-daily (DAPA-HF and DECLARE-TIMI 58),
two examined the use of 10 mg empagliflozin once-daily
in HFrEF (EMPEROR-Reduced) and HFpEF (EMPEROR-Pre-
served), while one trial examined the use of sotagliflozin
200 mg once daily with an eventual dose increase to
400 mg once daily (SOLOIST-WHF). A total of 32 823 patients
from five RCTs were included.

Statistical analysis

The Q Cochran test and Higgins I statistic were calculated
to estimate heterogeneity across included studies. We
reported risk ratios (RR) with 95% confidence intervals
(Cls) derived by using the Mantel-Haenszel random-effects
statistical model. The analysis was carried out by using
RevMan 5.3 (Cochrane Collaboration, London, UK). A sensi-
tivity analysis was performed for leaving out a trial with the
largest contribution to results (DECLARE-TIMI 58) to inspect
if this would significantly impact the main result. The risk
of bias (RoB) assessment for each trial was carried out by
two investigators independently (JAB and JB), and eventual
discrepancies were resolved by the third investigator (MK).
The distribution of numerical variables was presented as
mean (standard deviation [SD]) or median (interquartile
range [IQR]). The Cochrane Collaboration’s tool for assessing
the risk of bias in randomized trials was used [13]. P-values
<0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Among 16 414 patients that received SGLT2i, 585 UTI
events were recorded, while 529 UTI events were recorded
in 16 409 patients that received a placebo. The weighted
mean rate of UTl events across five landmark trials (adjusted
for sample size) was 6.9 (4.1) % in the SGLT2i group (from
0.8% to 9.9%; range, 9.1) and 5.5 (3.2) % in the placebo
group (from 1.1% to 8.1%; range, 7.0). Trials predominant-
ly enrolled patients with HFrEF. The median duration of
follow-up was 9.2 months in SOLOIST-WHF, 16 months
in EMPEROR-Reduced, 18.2 (0-27.8) months in DAPA-HF,
26.2 (18.1-33.1) months in EMPEROR-Preserved, and final-
ly, 50 months in DECLARE-TIMI 58. Two trials enrolled HF
patients with left ventricular ejection fraction (LVEF) <40%
(DAPA-HF and EMPEROR-Reduced) while patients enrolled
in SOLOIST-WHF had a median LVEF of 35 (28-46) %. Fur-
thermore, the EMPEROR-Preserved trial enrolled patients
with HF and LVEF >40% with a mean LVEF of 54.3 (8.8) %.
In two HFrEF cohorts, the average LVEF was 31.1 (6.8) % in
DAPA-HF and 27.5 (6.1) % in the EMPEROR-Reduced trial.
Patients with HFrEF in DECLARE-TIMI 58 (defined as those
with LVEF <45%) had a median LVEF of 38 (30-40) % while
those with documented HF without known reduced LVEF
had a median LVEF of 55 (50-61) %.

As shown in Figure 1, the use of SGLT2i was similar to
placebo with regard to the risk of UTl events in patients with
HF (RR, 1.09; 95% Cl, 0.94-1.26; P=0.24), and this observa-
tion was based on the evidence characterized by the low
degree of heterogeneity (1= 25%; P=0.25). Leave-one-out
sensitivity analysis validated the main result (RR, 1.15; 95%
Cl,0.99-1.33; P=0.07). All trials were adjudicated as low risk
of bias across all seven domains in the RoB tool.

This analysis has some limitations worth mentioning. In
most of the trials, UTl events were not defined in sufficient
detail, and they were not designated as events of special
safety interest. Therefore, such events might be under-
reported, which might introduce bias with respect to the
reported number of events. For example, the DAPA-HF trial
reported a significantly lower number of UTI events com-
pared to other trials since these events were not routinely
collected in a pre-specified safety monitoring manner.
However, in the revised analysis, we added events such as
urosepsis, pyelonephritis, acute pyelonephritis, and staphy-
lococcal UTI from this trial to the composite endpoint of
UTI events. Finally, no protocol has been prospectively
registered for this analysis.

Taken together, our results based on high-quality rand-
omized trial data, show that the risk of UTI events is similar
among HF patients assigned to SGLT2 inhibitor compared
to those assigned to placebo, although this might be biased
due to inadequate definitions and the lack of systematic
registration of these events in most of the examined tri-
als. These findings provide important safety reassurance
for patients with HF, as well as for practicing cardiologists
and other prescribers of this class of drugs.
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SGLT2is Placebo Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random (95% Cl) Year M-H, Random (95% Cl)
DECLARE-TIMI 58 127 8582 133 8578 24.5% 0.95 (0.75-1.21) 2019 T
DAPA-HF 18 2368 26 2368 5.4% 0.69 (0.38-1.26) 2019 T
EMPEROR-Reduced 91 1863 83 1863 18.7% 1.10(0.82-1.47) 2020 T
SOLOIST-WHF 52 605 44 611 11.8% 1.19(0.81-1.75) 2021 1T
EMPEROR-Preserved 297 2996 243 2989 39.6% 1.22(1.04-1.43) 2021 -
Total (95% CI) 16414 16409 100% 1.09 (0.94-1.26) 4
Total events 585 529
Heterogeneity: Tau? = 0.01; Chi? = 5.34, df = 4 (P = 0.25); I = 25% 001 o 1 10 100
Test for overall effect: Z=1.16 (P = 0.24) Favours SGLT2i  Favours placebo

Figure 1. Results of a meta-analysis showing the relative risk of urinary tract infection events associated with SGLT2 inhibitor vs. placebo use
among patients with heart failure

Abbreviations: Cl, confidence interval; SGLT2is, sodium-glucose cotransporter-2 inhibitors; M-H, Mantel-Haenszel
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