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/Abstract
Background: Sodium-glucose cotransporter-2 inhibitors (SGLT2i) are widely used in type 2 diabetes mellitus, chronic kidney disease, and
heart failure because of their established cardiovascular and renal benefits. However, SGLT2-mediated glycosuria has raised concerns about
genitourinary infections, particularly urinary tract infections (UTIs) and genital mycotic infections.

Objective: To summarize current evidence regarding the association between SGLT2i therapy and genitourinary infections, including risk fac-
tors, clinical outcomes, and management strategies.

Methods: Evidence from randomized controlled trials, observational studies, systematic reviews, and meta-analyses was reviewed to evaluate
the incidence and severity of UTIs and genital mycotic infections associated with SGLT2i therapy.

Results: Available evidence indicates that SGLT2is do not consistently increase the overall risk of UTIs compared with placebo or other
glucose-lowering therapies. Serious urinary infections, including pyelonephritis and urosepsis, are uncommon and have not demonstrated a
consistent association with SGLT2i use. In contrast, genital mycotic infections are consistently more frequent among SGLT2i-treated patients,
suggesting that glycosuria promotes Candida growth. Women and individuals with previous genital infections appear to be at increased risk.
Most infections are mild to moderate, respond to conventional antifungal therapy, and rarely require permanent discontinuation of therapy.
Patient-related factors, including female sex, older age, previous recurrent UTIs, poor glycemic control, and underlying urinary tract abnormali-
ties, may influence susceptibility to infection.

Conclusion: SGLT?2i therapy is associated with a well-established increased risk of genital mycotic infections but does not appear to sub-
stantially increase the risk of clinically significant UTIs or severe urinary infections. Given their substantial cardiovascular and renal benefits,
SGLT2i should generally not be discontinued solely because of concerns about infection. Appropriate patient selection, education regarding

genital hygiene and infection symptoms, early diagnosis, and prompt treatment are important for limiting adverse events while continuing the

N

substantial cardiorenal benefits of SGLT2i therapy.
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Introduction

SGLT2 inhibitors are now a key part of the treatment of heart and
metabolic conditions [1]. Drugs like dapagliflozin, empagliflozin,
canagliflozin, and ertugliflozin were first made to help lower blood
glucose in people with type 2 diabetes. But large-scale studies on
heart and kidney health have shown that these drugs can do much
more than control blood sugar. They can help slow the progression
of kidney disease [2] and prevent heart problems [3]. Because of
this, current guidelines for kidney health recommend using Sodium
Glucose Cotransport 2 inhibitors (SGLT2is) in patients with chronic
kidney disease, even if they do not have diabetes [4]. This is because
these drugs can help reduce the risk of kidney disease getting worse
and can also lower the risk of heart problems [4]. Even with all its
benefits, a genitourinary tract infection is a major concern for health
care provider [5]. Patients use SGLT2 inhibitors excreted more glu-
cose in their urine, and at first, people were worried that this could
make it easier for bacteria to grow in the urinary tract. This makes
sense because glucose can help microbes grow, and some studies
have shown that glucose in the urine might make certain types of E.
coli more aggressive [6].

It is important to distinguish between urinary tract infections and
genital yeast infections (Table 1). Genital yeast infections are clearly
more common among people taking SGLT2 inhibitors, but the link be-
tween these medications and bacterial urinary tract infections is less

clear. Making this distinction is important for doctors when deciding
which medications to prescribe, how to counsel their patients, and
whether to stop treatment after a patient has a urinary tract infec-
tion. This information can help guide these decisions and ensure the
best optimal care for patients.

Pharmacological basis and potential mechanisms [7]:

SGLT2 is mainly found in the part of the kidney that filters waste and
excess fluid from the blood. It helps the body reabsorb glucose and
sodium. When this process is blocked by medication, the kidney can-
not reabsorb as much glucose and sodium, so more of them are ex-
creted in the urine (Figure 1). This can lead to a few things: urine may
contain a lot of glucose, and people may produce more urine than
usual. High glucose levels in the urine can be problematic because
they provide bacteria and fungi with a food source, which may cause
infections.

There are a few reasons why some people might be more likely to get
urinary tract infections (UTIs) [6,8,9]. One reason is that high sugar
levels in the urine can provide bacteria with the nutrients they need
to grow [6]. Studies have shown that adding glucose to urine can en-
hance bacterial growth and that high urine glucose can make certain
types of E. coli more virulent [6]. Another reason is that high glucose
in the urine can disturb the balance of bacteria in the genital area
[8,9]. This can make it easier for bad bacteria to grow and cause infec-
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tions. Finally, having to urinate more regularly due to excess glucose
in the urine can alter how the urinary tract functions [8,9]. While it's
possible that urinating more often could help flush out bacteria, it is
not clear if this helps prevent UTls. The connection between glycos-
uria and infection is complicated. Having diabetes already puts you at
a higher risk of getting infections due to high blood glucose, a weaker
immune system, nerve damage, bladder problems, and other health
issues [10]. So, it is not right to say that UTls are only caused by gly-
cosuria that is brought on by medication, we should remember that
SGLT2 inhibitors help control blood sugar levels, which could possi-
bly lower the chance of infections over time. This means that while
glycosuria might increase the risk of UTIs, the overall effect of these

medications on infection risk is still unclear.
Table 1: Clinical differentiation between UTI and genital yeast infec-

tion.

Feature Urinary tract infection | Genital yeast infec-
(UTL) tion (GMI)
Anatomical Urethra, bladder or Vulva, vagina, glans
site kidneys penis or foreskin
Common or- | Mainly bacteria, partic- Mainly Candida
ganisms ularly Escherichia coli albicans
Underlying Bacterial infection of Candida overgrowth
mechanism the urinary tract in the genital region
Typical symp- Dysuria, urinary fre- Genital itching,
toms guency, urgency, supra- redness, irritation,
pubic pain burning
Discharge Thick white vaginal
Usually, absent discharge may oc-
cur
Dysuria Common, often with May occur due to
urgency and frequency external genital in-
flammation
Fever Possible, particularly Unusual in uncom-
with pyelonephritis plicated infection
Flank pain May occur with upper Not typical
UTI
Diagnosis Urinalysis and urine Usually clinical; mi-
culture when indicated croscopy or fungal
testing when indi-
cated
Treatment Appropriate antibiotics | Topical or oral anti-
fungal treatment
Complica- Pyelonephritis, uro- Recurrent vulvo-
tions sepsis vaginal candidiasis
or balanitis
Association Overall risk increase is Consistently in-
with SGIT2is small or inconsistent creased risk
SGLT2i dis- Usually unnecessary Usually unnecessary
continuation for uncomplicated UTI for mild, uncompli-
cated GMI
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Figure 1: Pharmacological basis and potential mechanism of SGLT2is.
Evidence from randomized controlled trials has given us a better un-
derstanding of how SGLT2 inhibitors affect the risk of getting a uri-
nary tract infection (UTI). A large systematic review and network me-
ta-analysis examined eight different SGLT2 inhibitors in over 60,082
people, including 4,348 cases of UTIs [11]. Most of the time, the stud-
ies didn't find a significant increase in UTl risk [11]. But there was one
exception: when people took a high dose of dapagliflozin (10 mg or
more), they were more likely to get a UTI compared to those who
took a placebo or some other medications [11]. Another systematic
review and meta-analysis of randomized controlled trials [12] found
that SGLT2 inhibitors were not associated with increased UTIs com-
pared with placebo (RR 1.03, 95% Cl 0.96—1.11) or active compara-
tors (RR 1.08, 95% Cl 0.93—1.25). In contrast, genital infections were
substantially increased, with a pooled RR of approximately 3.4 com-
pared with placebo [12].

These findings show the important difference between genital my-
cotic infections and bacterial UTIs. The DECLARE-TIMI 58 trial [13],
involving approximately 17,160 patients with T2DM, provides par-
ticularly important long-term evidence for dapagliflozin. UTI inci-
dence was similar between dapagliflozin and placebo groups, while
genital infections were more frequent with dapagliflozin [13]. Impor-
tantly, UTl-related discontinuation was uncommon [13]. Studies on
empagliflozin; EMPA-REG OUTCOME [14], EMPEROR-Reduced [15],
EMPEROR-Preserved [16], and EMPA-KIDNEY [17] which included
over 10,000 people who took empagliflozin have shown that it does
not seem to significantly increase the risk of getting a urinary tract
infection, or UTI for short. Moreover, serious UTIs and other related
infections, like pyelonephritis or urosepsis, were also similar in both
groups [14-17]. This suggests that empagliflozin may not have a ma-
jor impact on the risk of getting these types of infections. Data from
renal outcome trials [14] are similarly reassuring. In patients with dia-
betic kidney disease, empagliflozin was associated with similar rates
of overall UTI, complicated UTI, and pyelonephritis compared with
placebo [14].

Meta-analyses as well as observational evidence:

Studies on SGLT2 inhibitors have had mixed results when it comes
to the risk of urinary tract infections (UTls). Some randomized trials
have not found a significant increase in UTls, but other observational
studies have had more varied findings. This might be because the
people taking SGLT2 inhibitors are often quite different from those
who are not taking them, they may have had diabetes for longer, or
have other health issues like kidney disease, heart problems, or obe-
sity, which can all affect their risk of getting an infection [8,9]. A new
study by Aboukaoud, Morhi and Osher [18] looked at people with
type 2 diabetes and found something interesting. The study, which
included over 679,617 people with type 2 diabetes, found that those
taking SGLT2 inhibitors had a lower risk of severe UTls compared to
those taking other medications; with SGLT2is OR = 0.73, 95% CI =
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0.60-0.88 and with Dipeptidyl peptidase-4 inhibitors (DPP4i) OR =
0.48, 95% Cl = 0.43-0.54 [18]. Specifically, the risk was lower than
in people taking DPP-4 inhibitors, but there was no significant dif-
ference compared with that in people taking glucagon-like peptide-1
(GLP-1) receptor agonists with OR = 0.94, 95% Cl = 0.78-1.14 [18].

This is good news, as severe UTls can be a real problem for people
with type 2 diabetes. The study's data [18] suggest that SGLT2 in-
hibitors might be a good choice for people with type 2 diabetes who
are at risk of getting UTIs [18]. Research suggests that there is not
a strong link between SGLT2 inhibitors and severe bacterial urinary
tract infections (UTls). However, some newer studies indicate a small
increase in the overall risk of getting a UTI. A recent review of SGLT2
inhibitors in people with chronic kidney disease (CKD) found that the
risk of getting a UTI was about 1.08 times higher compared to those
who didn't take the medication [19]. But it is worth noting that the
risk of serious UTls wasn't significantly higher [19]. This information
is important for people taking SGLT2 inhibitors, as it can help them
understand the possible risks and benefits of their medication. So far,
what we know suggests there might not be a considerable increase in
simple urinary tract infections, or, if there is, it is likely to be small. On
the other hand, we have much stronger evidence pointing to a higher
risk of genital yeast infections.

A study [20] that examined 52 randomized trials involving 36,689
patients found similar results. It showed that dapagliflozin, cana-
gliflozin, and empagliflozin increased the risk of genital infections a
lot. However, the evidence for urinary tract infections (UTls) was not
as strong; 3.21 (95% Cl 2.08-4.93) for dapagliflozin 2.5 mg to 5.23
(95% Cl 3.86-7.09) for canagliflozin 300 mg, only one dose of dapa-
gliflozin, 10 mg, was associated with a statistically significant increase
in UTIs compared with placebo (4.7% vs 3.5%) [20]. This suggests that
any possible link between the dose and the effect might be small and
depend on the specific medication used. The Evidence from random-
ized studies point to a point that matters in a clinical setting [12],
SGLT2 inhibition produce glycosuria with substantial increase in geni-
tal mycotic infections, whereas: SGLT2 inhibition produce glycosuria
with little or no clinically significant increase in bacterial UTI. This dis-
tinction should be emphasized in clinical practice because dysuria,
genital irritation, and urinary frequency can occur with either condi-
tion or may lead to inappropriate discontinuation of an otherwise
beneficial SGLT2 inhibitor.

Interpretation for Clinical Practice:

The cumulative evidence from EMPA-REG OUTCOME [14], CANVAS
[21], DECLARE-TIMI 58 [13], CREDENCE (22), DAPA-HF [23], DAPA-
CKD [24], EMPEROR-Reduced [15], EMPEROR-Preserved [16], DE-
LIVER [25], and EMPA-KIDNEY [17] indicates that concern about UTI
should not generally prevent initiation of SGLT2 inhibitors in appro-
priate patients. When it comes to the side effects of certain medica-
tions, one thing stands out: genital mycotic infections are a bigger
concern than bacterial urinary tract infections (UTIs). The doctor
should look at how severe the infection is, whether it keeps coming
back, how well their kidneys are working, whether they are getting
enough fluids, and whether there are any problems with their urinary
tract. If the infection is bad, or if they have a more serious condition
like a kidney infection, blood poisoning, are very dehydrated, or have
another acute illness, the doctor might stop the medicine for a little
while.

E So, what does this mean for doctors and patients? The main takeaway
Q) from these trials is that SGLT2 inhibitors shouldn't be avoided solely
E because of the risk of urinary tract infections (UTIs). Instead, doc-
% tors should identify which patients are more likely to develop UTIs in

the first place, educate them on what to watch for, and ensure they
can distinguish a genital infection from a bacterial UTI. They should
also keep a close eye on patients who get UTIs often or have severe
ones. Overall, the evidence from these trials suggests that the ben-
efits of SGLT2 inhibitors outweigh the risks for people with diabetes,
heart failure, and chronic kidney disease, critical appraisal of the ma-
jor SGLT2 inhibitor trials for UTI outcomes. When looking at the big
picture of heart and kidney health, many studies help us understand
whether a class of medicines called SGLT2 inhibitors can increase the
risk of urinary tract infections. But we must carefully consider the
results because these studies were not specifically designed to look
at urinary tract infections, and they defined these infections in differ-
ent ways. Most of these studies were also not large enough to detect
rare but serious infections like pyelonephritis or urosepsis. Overall, it
seems these medicines do not significantly increase the risk of seri-
ous urinary tract infections, although they may slightly increase the
risk of less severe infections.

Critical appraisal of key studies:

1. Urinary tract infections: Evidence from major trials

The EMPA-REG OUTCOME trial [14] enrolled 7,020 patients with
type 2 diabetes mellitus (T2DM) and established cardiovascular dis-
ease. Empagliflozin was not linked to a clinically significant increase
in reported urinary tract infections (UTls) compared with placebo.
However, infections were assessed as adverse events rather than as
predefined primary outcomes. Therefore, while the trial offers reas-
surance regarding common UTls, it provides limited certainty about
rare complications such as pyelonephritis and urosepsis. The CANVAS
Program [21], which included over 10,000 patients with T2DM at el-
evated cardiovascular risk, also demonstrated no clinically significant
increase in UTls with canagliflozin. However, infection ascertainment
primarily relied on adverse event reporting, potentially introducing
variability in diagnostic accuracy and limiting conclusions regarding
recurrent or culture-confirmed infections.

The DECLARE-TIMI 58 trial [13], which included approximately
17,000 participants, provided additional evidence regarding dapa-
gliflozin. UTI rates were similar between dapagliflozin and placebo,
with no clear increase in serious infections such as pyelonephritis or
urosepsis. The large sample size and extended follow-up strengthen
these findings. However, small increases in uncomplicated UTIs can-
not be excluded, as some pooled analyses suggest a potential dapa-
gliflozin-specific risk.

2. Urinary infections in chronic kidney disease

The CREDENCE trial [22] enrolled 4,401 patients with T2DM and
established diabetic kidney disease. The incidence of UTls was ap-
proximately 48.3 events per 1,000 patient-years with canagliflozin
and 45.1 events per 1,000 patient-years with placebo, corresponding
to a hazard ratio (HR) of 1.08 (95% Cl 0.90-1.29). Although the point
estimate indicated a numerical increase, the confidence interval in-
cluded 1.0, signifying no statistically significant difference. DAPA-CKD
(24) extended the evidence to patients with CKD, including individu-
als without diabetes. Dapagliflozin did not substantially increase
reported UTIs. Nevertheless, infections were secondary safety out-
comes, and the study was not specifically powered to identify small
differences in uncomplicated infections.

The EMPA-KIDNEY trial [17] provided relevant evidence in a broader
CKD population, both with and without diabetes. The incidence of se-
rious UTls was approximately 0.81 events per 100 person-years with
empagliflozin and 0.84 events per 100 person-years with placebo.
These findings are reassuring regarding serious urinary infections, al-
though the relatively low event rates limit the precision of estimates
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for uncommon complications.

3. Evidence from heart failure trials

The EMPEROR-Reduced [15] and EMPEROR-Preserved [16] trials
evaluated empagliflozin in patients with heart failure across various
ejection fraction categories, including those without diabetes. Nei-
ther trial demonstrated a clinically significant increase in UTl.s.
Similarly, the DELIVER trial [25], which included 6,263 patients with
mildly reduced or preserved ejection fraction, found no significant
signal for serious urinary infections with dapagliflozin.

These studies expand the safety evidence to populations beyond
those with diabetes. However, infection outcomes were not primary
endpoints, and patients with recurrent or complicated infections may
have been underrepresented.

4. Genital mycotic infections: An important evidence distinction

In contrast to bacterial UTls, genital mycotic infections are a well-
recognized adverse effect of SGLT2 inhibitors. Glucose-rich genital
environments can facilitate fungal proliferation, particularly of Can-
dida species. However, the provided trials summaries primarily re-
port UTI outcomes and do not include trial-specific genital mycotic
infection (GMI) incidence, relative risks, or confidence intervals. As
a result, the available material does not support reliable quantita-
tive comparisons of genital infection risk across these landmark trials.
This distinction is clinically important. The absence of a substantial
increase in bacterial UTIs should not be interpreted as evidence that
SGLT2 inhibitors are without genital infection risk. Health care provid-
ers need to evaluate and report genital mycotic infections and bacte-
rial UTls separately.

5. Pooled evidence and critical interpretation

A synthesis of 13 large randomized SGLT2 inhibitor trials [26] identi-
fied a small increase in overall UTI risk (RR 1.08, 95% ClI 1.02-1.15),
but no statistically significant increase in serious UTIs (RR 1.07, 95%
Cl 0.90-1.27). These findings highlight several methodological con-
siderations. First, UTls were generally recorded as adverse events
rather than systematically confirmed through urine cultures. Second,
infection definitions and surveillance methods varied between trials.
Third, serious infections were relatively uncommon, reducing statisti-
cal power. Finally, patients with recurrent UTls, advanced comorbidi-
ties, or clinical instability may have been underrepresented.

In Conclusion, evidence from landmark randomized controlled tri-
als (RCTs) indicates that SGLT2 inhibitors are not associated with a
substantial or consistent increase in serious urinary tract infections,
although a possible small increase in overall UTI incidence cannot
be excluded. These findings are broadly reassuring across diabetes,
heart failure, and CKD populations.In contrast, genital mycotic infec-
tions remain an established safety concern, although the provided
summaries do not allow for a clear assessment. Clinical practice
should therefore distinguish uncomplicated bacterial UTls from se-
rious urinary infections and genital mycotic infections, while incor-
porating individualized risk assessment, patient education, and early
recognition of infection symptoms. Early recognition of infection
symptoms.

Limitations:

UTI was generally a secondary safety outcome. This is a major limita-
tion of the trials. They mainly focused on how the treatment affected
the heart, blood vessels, and kidneys. They weren't really designed to
see if it caused urinary tract infections, or UTls. So, just because the
results didn't show a statistically significant link doesn't mean there's
no risk of UTls. In other words, the trials might not have been able to
detect a potential problem with UTls, even if one exists. This is some-

thing to keep in mind when interpreting the results.

Heterogeneous definitions of UTI. When looking at the results of vari-
ous studies on urinary tract infections (UTls), it's clear that there's no
single definition everyone agrees on. Some studies examined simple
cases of cystitis, while others focused on more serious cases requir-
ing hospitalization, such as pyelonephritis or urosepsis. Because of
these differences, it's not a good idea to directly compare the num-
ber of UTI cases between studies. The way that researchers reported
problems with UTls also varied, which adds to the challenge of com-
paring results.

Limited power for severe UTI: Severe urinary tract infections, such as
pyelonephritis and urosepsis, don't occur very often. In fact, when
researchers have reviewed cardiovascular outcome trials, they've
found that severe UTIs occur in fewer than 2% of cases. This makes it
tough for individual trials to detect small differences in relative risk.
As a result, it's hard to get a clear picture of how often severe UTls
happen and what factors might contribute to them. Exclusion of high-
risk patients: Lots of clinical trials didn't include people with bad kid-
ney problems, unstable health issues, or other things that may cause
infections. So, the results of these trials might not show the whole
picture when it comes to the risks for people who get urinary tract
infections over and over, have blockages in their urinary tract, use
catheters all the time, have nerve problems that affect their bladder,
or have other abnormalities in their urinary system. This means we
might not know the full extent of the risks for these people.

Limited microbiological confirmation. Typically, reports on clinical tri-
als don't provide detailed information about urinary tract infections
confirmed by culture. This is a problem because things like painful
urination, needing to go to the bathroom often, yeast infections, and
having too much sugar in the urine can all cause symptoms that seem
like a UTI, even if there's no bacterial infection present. Insufficient in-
formation on recurrent UTls. Many studies focus on the total number
of side effects, rather than how many patients actually experience
repeated infections. As a result, there's limited evidence on whether
SGLT2 inhibitors are safe for patients who repeatedly develop urinary
tract infections. This makes it hard to know for sure if these medica-
tions should be avoided in people with a history of recurrent UTls.

Why are genital infections more common than UTIs?

The markedly greater increase in genital mycotic infections than in
bacterial UTls is biologically plausible [27]. Urinary glucose may con-
taminate the perineal region, creating an environment conducive to
Candida species [27]. This effect is clearly visible in women and in
individuals with a history of genital infection [27]. A meta-analysis
found that SGLT2 inhibitors increased the risk of genital infections ap-
proximately threefold compared with placebo, whereas the pooled
effect on UTIs was close to neutral [12]. This difference is clinically
important because patients may interpret dysuria or genital irritation
as evidence of UTI when the underlying problem is vulvovaginal can-
didiasis.

Appropriate diagnosis should therefore distinguish cystitis from geni-
tal candidiasis (Table 1).

Evidence from randomized controlled trials

Dapagliflozin: Clinical trials consistently demonstrate a higher risk
of genital infection compared to placebo. A meta-analysis of 52 ran-
domized controlled trials [20] involving 36,689 participants reported
a significantly increased incidence of genital infections, with an odds
ratio of 3.21 (95% Cl 2.08-4.93) for dapagliflozin 2.5 mg.

Another systematic review [31] found a relative risk of 3.22 (95% ClI
1.95-5.32). Most infections were mild to moderate in severity and
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responded to conventional antifungal therapy.

Canagliflozin: A 104-week, randomized, double-blind, placebo-
controlled [32] involving 714 adults aged 55 to 80 years with type
2 diabetes demonstrated that canagliflozin increased the incidence
of genital mycotic infections. Among women, infection rates were
23.9% with canagliflozin 100 mg, 18.7% with 300 mg, and 4.3% with
placebo. For men, the rates were 5.6%, 10.9%, and 1.4%, respectively.
Most infections occurred within the first six months, were classified
as mild to moderate, and responded to standard antifungal therapy.
The CANVAS Program [21] and CREDENCE trial [22] identified genital
infections as recognized adverse events, while severe complications
remained uncommon. Empagliflozin: The EMPA-REG OUTCOME trial
[14] demonstrated an increased incidence of genital infections with
empagliflozin compared to placebo, in addition to significant car-
diovascular benefits. Pooled randomized evidence [31] estimated a
threefold increase in genital infections (RR 3.14, 95% Cl 2.29-4.30).
Most episodes were uncomplicated and amenable to treatment.

Evidence from cardiovascular and renal outcome trials

Major trials, such as DAPA-HF (23), DAPA-CKD [24], EMPEROR-
Reduced [15], EMPEROR-Preserved [16], DELIVER [25], and EMPA-
KIDNEY [17], provide additional safety data across heart failure and
chronic kidney disease (CKD) populations, including individuals with-
out diabetes. Although infection outcomes were secondary safety
measures, these studies contribute to the broader body of evidence
supporting genital mycotic infections as a class effect. A large net-
work meta-analysis [33] of over 121,000 participants estimated an
overall odds ratio for genital infection of 3.5 (95% ClI 3.1-3.9). An-
other meta-analysis demonstrated increasing pooled relative risks
with longer study durations: 2.10 for trials lasting 26 weeks or less,
3.26 for 26 to 52 weeks, and 4.23 for trials exceeding 52 weeks [31].
These findings indicate a greater cumulative incidence of infections
with prolonged exposure, although they do not establish a progres-
sively increasing individual risk.

Clinical implications and critical appraisal

Most SGLT2 inhibitor-associated genital infections are mild, respond
to topical or oral antifungal treatment, and rarely necessitate per-
manent discontinuation of therapy. Patient education on genital
hygiene, symptom recognition, and early intervention is essential,
particularly for women and individuals with recurrent candidiasis.
Although randomized trials and meta-analyses consistently demon-
strate an increased risk of genital infection, variations in infection
definitions, adverse event reporting, and participant selection limit
the precision of comparisons between medications. Additionally, re-
searchers generally assessed genital infections as secondary safety
outcomes.

Risk factors for UTI during SGLT2 inhibitor therapy

Patients with T2DM already have multiple risk factors for UTI. These
include:

e  Female sex

e  Advanced age

e Poor glycaemic control

. Recurrent UTI

e Autonomic neuropathy

e Urinary retention

e  Bladder dysfunction

e Nepbhrolithiasis

Structural urinary tract disease

Use of urinary catheters

The risk of urogenital infection may also vary with treatment dura-
tion and patient characteristics. Recent clinical guidance identifies

women, people with obesity, and individuals treated for six months
or longer as groups with increased urogenital infection risk [28].

catheters
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Figure 2: Risk factors for UTI during SGLT2is therapy.
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Patients with recurrent or severe UTI deserve particular attention.
The ADA's guidance for older adults notes that SGLT2 inhibitors may
be associated with a small increase in UTI and recommends caution
in people with recurrent or severe UTls [29].

Severe UTI, pyelonephritis and urosepsis

One of the major concerns following early regulatory reports was
whether SGLT2 inhibitors could cause serious ascending urinary in-
fection. The FDA previously added warnings concerning serious UTIs,
including cases of pyelonephritis and urosepsis [34]. Subsequent evi-
dence has substantially reduced concern about a major excess risk.
DECLARE-TIMI 58 [13] demonstrated balanced rates of UTI, pyelone-
phritis, and urosepsis between dapagliflozin and placebo. Similarly,
long-term pooled empagliflozin trials showed comparable serious
UTI and serious pyelonephritis/urosepsis rates. KDIGO 2024 conse-
quently concluded that the vast majority of UTIs in patients taking
SGLT2 inhibitors are not attributable to SGLT2 inhibition and found
no overall increased risk of UTI in the evidence base supporting their
use in CKD [30].

Clinical management of UTI in patients receiving SGLT2 inhibitors
The occurrence of an uncomplicated UTI should not automatically
result in permanent discontinuation of an SGLT2 inhibitor. Treatment
should generally follow standard principles for UTI diagnosis and
antimicrobial management, considering local resistance patterns,
patient characteristics, renal function, and the distinction between
uncomplicated cystitis and complicated infection (Figure 3).
Temporary interruption may be considered in patients with severe
systemic infection, pyelonephritis, urosepsis, significant dehydration,
or other acute illness, particularly when oral intake is compromised
[26]. The decision should balance infection severity against the sub-
stantial cardiovascular and renal benefits of continued SGLT2 inhibi-
tion (Figure 3).

Recurrent UTI requires a more individualized approach (Figure 3).
Clinicians should assess for predisposing factors such as urinary re-
tention, stones, structural abnormalities, catheter use, uncontrolled
diabetes, and recurrent genital infection [26]. In selected patients
with frequent severe infections despite appropriate management,
discontinuation or switching therapy may be appropriate [26].
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Management of UTI During SGLT2 Inhibitor Therapy
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Figure 3: Management of UTI during SGLT2is therapy.

Management of Genital Mycotic Infections During SGLT2 Inhibitor
Therapy

Genital mycotic infections associated with sodium—glucose cotrans-
porter-2 inhibitors (SGLT2is) are generally mild to moderate and re-
spond effectively to conventional antifungal therapy (Figure 4). Treat
uncomplicated vulvovaginal candidiasis or candidal balanitis with
topical azole antifungals or oral fluconazole, where appropriate [5].
Routine discontinuation of SGLT2is is not recommended because in-
fections are usually manageable and treatment provides substantial
cardiovascular and renal benefits [5].

Preventive measures include:

e Genital hygiene

e  Glycaemic optimization,
e Avoiding local irritants
o Patient education on early symptom recognition

Recurrent infections need microbiological confirmation, identifica-
tion of Candida species, and assessment of predisposing factors, in-
cluding poor glycaemic control, previous infections, and immunosup-
pression [5]. Consider extended antifungal treatment or maintenance
therapy for recurrent vulvovaginal candidiasis. Severe, persistent, or
frequently recurrent infections require individualized assessment,
including consideration of alternative glucose-lowering therapies.
Temporary interruption is appropriate during severe systemic illness,
while permanent discontinuation should generally be reserved for
selected refractory cases.

Management of Genital Mycotic Infections During

SGLT2 Inhibitor Therapy
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Figure 4: Management of Genital Mycotic infection during SGLT2is
therapy.
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Patient education is central to reducing genitourinary complications.

‘ @ Treat with antifungal therapy |

« Oral fluconazole (e.g, single 150 mg dose)

T

(usually no need to stop)

= =
Permanent |
discontinuation
(select cases)

G Further evaluation | @

= Microbiological confirmation
= Identify Cadibtal species
« Assess predisposing factors ‘
(e.g., poor glycaemic control, previous . .
infections, immunosuppression) | * Refractory infection
——————— | e Frequently recurrent
* and troublesome infection
| despite appropriate
& Management P o
« Consider extended or maintenance /
antifungal therapy
* Individualized assessment and consider | L

alternative glucose-lowering therapy

management

Patients should understand the difference between genital infection
and UTI and should seek medical assessment when symptoms de-
velop [5]. Good perineal hygiene, adequate fluid intake, avoidance
of unnecessary urinary retention, and appropriate diabetes manage-
ment are reasonable preventive measures [5].
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Patients should be educated about symptoms of cystitis, including
dysuria, urinary frequency, urgency, suprapubic discomfort, and hae-
maturia [5]. Fever, flank pain, nausea, vomiting, rigors, or systemic
deterioration should raise concern for pyelonephritis or systemic
infection and require prompt assessment. Routine urine cultures or
prophylactic antibiotics are not justified solely because a patient is
receiving an SGLT2 inhibitor [5]. Similarly, asymptomatic glycosuria
is an expected pharmacological effect and should not be interpreted
as evidence of UTI.

Conclusion

SGLT2 inhibitors cause pharmacological glycosuria, providing a bio-
logically plausible mechanism for increased genitourinary infection.
However, the clinical evidence demonstrates an important distinc-
tion between genital mycotic infection and bacterial UTI. Genital
mycotic infection is the most consistent infectious adverse effect
of SGLT2 inhibitors. Evidence from major trials and meta-analyses
demonstrates approximately a three- to fourfold increase in relative
risk [31], with canagliflozin, dapagliflozin and empagliflozin all dem-
onstrating this association. Women are particularly susceptible, and
infections are most common early after treatment initiation. Fortu-
nately, most episodes are mild or moderate, respond to conventional
antifungal therapy, and rarely require permanent discontinuation of
treatment. Thus, genital candidiasis should be regarded as an impor-
tant but generally manageable safety consideration, rather than a
major limitation on the substantial cardiovascular, heart failure, and
renal benefits of SGLT2 inhibitors.

SGLT2 inhibitors should therefore generally be continued in appro-
priate patients because their cardiovascular, heart failure, and re-
nal benefits are notable. Clinicians should apply increased caution
in individuals with recurrent or severe UTls and should temporarily
interrupt treatment when clinically appropriate during severe acute
illness. Patient education, early recognition of urinary and genital
symptoms, appropriate antimicrobial treatment, and individualized
risk assessment remain the foundation of safe SGLT2 inhibitor use.

Table. Key Messages

1. SGLT2 inhibitors induce glycosuria, giving a theoretical basis for
increased genitourinary infections.

2. Genital mycotic infections are clearly increased, whereas the as-
sociation with bacterial UTI is much weaker.

3. Large, randomized trials generally show no clinically significant
increase in UTI, pyelonephritis, or urosepsis.

4. Some recent evidence suggests a small increase in uncompli-
cated UTI, particularly in susceptible patients.

5.  Women, older adults, patients with obesity, and those with re-
current or severe UTI may require closer monitoring.

6. An uncomplicated UTI does not automatically require perma-
nent discontinuation of an SGLT2 inhibitor.

7. Severe infection, pyelonephritis, urosepsis, dehydration, or
acute illness may justify temporary treatment interruption.

8. The cardiovascular and renal benefits of SGLT2 inhibitors gener-
ally outweigh their relatively small potential risk of UTlIs.
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