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Abstract

Background: Sodium-glucose cotransporter 2 (SGLT2) inhibitors, including dapagliflozin and empagliflozin, are widely used
for glycemic control in type 2 diabetes but may affect the risk of urinary tract infection (UTI).

Objectives: This study compared the incidence of UTIs among women with diabetes treated with dapagliflozin versus
empagliflozin.

Methods: In this randomized, double-blind clinical trial, 149 diabetic women aged > 18 years were assigned to receive
dapagliflozin 5 mg (n = 79) or empagliflozin 10 mg (n = 70) daily for three months. Fasting blood sugar (FBS), glycated
hemoglobin (HbAIlc), and serum creatinine (Cr) were measured at baseline and after treatment. Urinalysis and urine culture
were used to confirm UTIs. Data were analyzed using SPSS version 28.0, with P < 0.05 considered statistically significant.

Results: The mean age was 62.7 £ 9.7 years, with no baseline differences between groups. UTIs occurred in 12 patients overall: 2
(2.5%) in the dapagliflozin group and 10 (14.3%) in the empagliflozin group (OR = 0.16; 95% CI, 0.03 - 0.74; P = 0.009). No
significant intergroup differences were observed in FBS, HbAlc, or Cr levels.

Conclusions: Empagliflozin was associated with a higher short-term incidence of UTIs than dapagliflozin, despite similar
metabolic outcomes. Monitoring for UTIs is recommended when prescribing SGLT2 inhibitors, particularly empagliflozin. Trial
Registration: This trial is registered with the Iranian Registry of Clinical Trials (IRCT20250129064554N1).
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1. Background

Diabetes mellitus (DM) is a major public health
concern in Iran, with a steadily increasing prevalence
over the past few decades. A comprehensive analysis of
studies conducted between 1996 and 2023 showed that
type 2 diabetes affects approximately 13.4% of women
and 10.8% of men in Iran, with higher prevalence rates in
older age groups (1). Given the growing burden of
diabetes, disease-related complications, including
urinary tract infections (UTIs), have become a critical
focus. UTIs are particularly common among patients

with diabetes, with studies from Iran reporting a high
incidence of both symptomatic and asymptomatic
infections. For example, a study involving 500 patients
with diabetes found that 37.2% had UTIs, with
uncontrolled glycemia significantly increasing the risk
(2). Similarly, another Iranian study reported
asymptomatic UTIs in 16.9% of patients with diabetes,
with women disproportionately affected compared with
men. These findings underscore the importance of
addressing UTIs as a common and potentially severe
complication in diabetic populations.
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Sodium-glucose cotransporter 2 (SGLT2) inhibitors,
such as empagliflozin and dapagliflozin, have emerged
as valuable therapeutic options for managing type 2
diabetes because they improve glycemic control, reduce
body weight, and lower blood pressure (3). These
benefits have made SGLT2 inhibitors an important
component of diabetes management. However, their
use has also been associated with potential adverse
effects, particularly an increased risk of urogenital
infections (4).

As of 2025, research indicates that urogenital
symptoms led to treatment discontinuation in 40% of
male patients who stopped SGLT2 inhibitor therapy,
suggesting that these adverse effects may influence
treatment adherence and outcomes (4). Recent
systematic reviews and meta-analyses have provided
further insight into this association. For instance, an
analysis of landmark trials (5), including CANVAS (6),
CREDENCE (7), DECLARE-TIMI 58 (8), and EMPA-REG (9),
published in 2024, demonstrated that SGLT2 inhibitor
use is associated with a slightly increased risk of UTIs
compared with placebo, although the overall incidence
remains low (5). Similarly, another review conducted in
2023 reported that dapagliflozin, particularly at higher
doses and with longer treatment durations, may confer
a greater risk of UTIs than placebo or other active
treatments (10). These findings suggest that although
SGLT2 inhibitors may not increase UTI risk across all
agents in the class, specific drugs and dosing regimens
may warrant closer monitoring.

The association between diabetes and recurrent UTIs
has also been examined in recent studies. A 2023 study
found that women with DM are at higher risk of
recurrent UTIs than women without diabetes, with E.
coli as the predominant pathogen (11). This increased
susceptibility ~ highlights  the importance of
understanding how SGLT2 inhibitors, which are widely
prescribed for glycemic control, may influence UTI rates
in diabetic populations. However, findings on the
overall safety of SGLT2 inhibitors with respect to UTIs
remain mixed. For example, a 2021 systematic review of
55 studies involving 29,574 patients concluded that
SGLT2 inhibitors were not significantly associated with
an increased risk of UTIs compared with other
antidiabetic medications (12). However, an earlier
investigation emphasized that certain SGLT2 inhibitors,
particularly dapagliflozin and canagliflozin, may still
increase the risk of UTIs, especially in combination
therapies or in patients with specific comorbidities (13).

Despite these advances, a notable gap remains in
research examining the incidence of UTIs after SGLT2
inhibitor treatment among women with diabetes in

Iran. Regional variations in patient demographics may
influence UTI incidence and outcomes, making local
data essential. Furthermore, women are
disproportionately affected by UTIs (14), and the
intersection of diabetes and SGLT2 inhibitor therapy in
this population warrants targeted investigation.

2. Objectives

This randomized controlled clinical trial was
designed to compare the incidence of UTIs in diabetic
women receiving either empagliflozin 10 mg daily or
dapagliflozin 5 mg daily. By focusing on Iranian female
patients, this study aimed to generate clinically relevant
evidence to inform guidelines and improve patient care
in this underserved population. Clarifying the
association between SGLT2 inhibitors and UTIs in this
setting is essential for optimizing treatment strategies
while minimizing adverse effects.

3. Methods

3.1. Study Design and Setting

This randomized, double-blind clinical trial was
conducted at Imam Reza Teaching Hospital, Tehran,
Iran. Patient recruitment was performed from March
2025 to August 2025. Participants were randomly
assigned to one of two treatment groups: dapagliflozin
5 mg daily or empagliflozin 10 mg daily. Randomization
was performed using a computer-generated random
sequence, implemented using sealed envelopes and
kept by Z. Labbani-Motlagh, who was not involved in
enrollment, data collection, or patient assessment.
Simple randomization was applied. Allocation
concealment was maintained wusing pharmacy-
controlled allocation. Participants were enrolled, and
treatment assignment was performed by V. Mousavi-
Tadi. Patients, treating physicians, laboratory personnel,
outcome assessors, and data analysts remained blinded
throughout the study period. Urine culture
interpretation was performed without knowledge of
treatment allocation.

3.2. Participants and Eligibility Criteria

Type 2 diabetes mellitus was diagnosed according to
[ADA 2024 criteria or applicable guideline], including
fasting plasma glucose > 126 mg/dL, HbAlc > 6.5%, 2-hour
plasma glucose > 200 mg/dL during oral glucose
tolerance testing, or use of antidiabetic medications.
Women aged > 18 years with a confirmed diagnosis of
type 2 diabetes and a stable clinical condition were
eligible for inclusion. Participants were required to
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provide written informed consent and agree to comply
with the study protocol. Exclusion criteria included
known intolerance to dapagliflozin or empagliflozin,
pregnancy or intention to become pregnant, severe

renal impairment (eGFR < 25 mL/min/1.73 m?), previous
bariatric surgery, or a history of urinary tract infection.
Participants were withdrawn if they declined further
participation, were lost to follow-up, or developed an
acute illness necessitating treatment discontinuation.
Eligible patients were recruited through convenience
sampling from women with diabetes attending the
hospital. Baseline variables associated with UTI risk,
including age, glycemic control, renal function,
previous UTI history, menopausal status, and
concomitant medications, were recorded.

3.3. Sample Size Calculation

At the time of study design, reliable data directly
comparing the incidence of UTIs between dapagliflozin
and empagliflozin in women with type 2 diabetes were
unavailable. Therefore, a precise effect size for a formal
superiority sample size calculation could not be
established. Consequently, this study was designed as an
exploratory randomized clinical trial intended to
generate preliminary comparative data and provide
estimates of event rates for future confirmatory studies.

The target sample size was determined based on
feasibility considerations, including the expected
number of eligible patients presenting to the study
center during the predefined recruitment period and
the resources available for this investigator-initiated
academic study. Enrollment continued throughout the
recruitment period, resulting in approximately 70
participants per treatment group. This sample size was
considered adequate to obtain preliminary estimates of
treatment-associated UTI incidence and to support the
planning of future adequately powered multicenter
trials. Accordingly, the findings should be interpreted as
exploratory and hypothesis-generating.

3.4. Interventions

To preserve blinding, study medications were
repackaged into identical containers and labeled using
participant codes only. Packaging and labeling were
performed by Z. Labbani-Motlagh.

Participants randomized to the dapagliflozin group
received dapagliflozin 5 mg orally once daily, whereas
those randomized to the empagliflozin group received
empagliflozin 10 mg orally once daily for three months.
Participants continued their routine diabetes care and
concomitant medications as prescribed by their
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treating physicians. No study-mandated dietary
modifications, lifestyle interventions, or additional
therapeutic measures were introduced during the study
period.

3.5. Data Collection and Outcome Measures

At the end of the three-month treatment period,
biochemical parameters, including blood sugar (BS),
fasting blood sugar (FBS), glycated hemoglobin (HbA1c),
and serum creatinine (Cr), were measured. Urine
analysis (UA) and urine culture (UC) were performed to
identify UTIs. Pyuria categories were defined according
to urine white blood cell (WBC) count: normal (0 - 5
WBC[HPF), moderate (6 - 10 WBC/HPF), and high (> 10
WBC[HPF). These categories were selected based on
conventional laboratory interpretation of inflammatory
urinary findings.

The primary outcome was the incidence of UTIs. UTI
was defined as the presence of urinary symptoms,
including dysuria, urinary frequency, urinary urgency,
suprapubic pain, or fever attributable to urinary
infection, together with a positive urine culture

showing > 10° CFU/mL of a urinary pathogen from a
properly collected midstream clean-catch specimen.
Samples meeting predefined contamination criteria
were repeated. Urine cultures were obtained only at the
three-month visit. Antibiotic exposure during follow-up
was recorded and considered during outcome
assessment. Symptomatic culture-negative findings and
asymptomatic pyuria were not considered diagnostic.
Secondary outcomes included changes in biochemical
parameters (BS, FBS, HbAilc, and Cr) after three months
of treatment.

3.6. Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 28.0. Data normality was assessed
using the Shapiro-Wilk test. Continuous variables are
presented as mean * standard deviation or median
(interquartile range), as appropriate, and were
compared between groups using the independent-
samples t-test or the Mann-Whitney U test. Categorical
variables were analyzed using the chi-square test or
Fisher's exact test, as appropriate.

The primary outcome, culture-confirmed UTI within
three months, was compared using Fisher's exact test,
and the effect size was reported as an odds ratio (OR)
with a 95% confidence interval (CI), using dapagliflozin
as the reference group.

Longitudinal outcomes (FBS, HbAlc, and creatinine)
were analyzed using within-group paired tests and
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between-group comparisons at each time point. In
addition, overall treatment effects over time were
assessed using group x time interaction analysis.

Correlations were evaluated using Pearson's or
Spearman's correlation coefficients, as appropriate. All
tests were two-sided, and P < 0.05 was considered
statistically significant. Missing data were handled
using complete-case analysis.

3.7. Ethical Considerations

The study protocol was approved by the institutional
ethics committee (Approval ID: IR AJAUMS.REC.1403.153),
and the study protocol was  registered
(IRCT20250129064554N1).

Written informed consent was obtained from all
participants before enrollment and before any study-
related procedures were performed. The trial was
conducted in accordance with the principles of the
Declaration of Helsinki. Participants were informed of
their right to withdraw from the study at any time
without penalty.

4.Results

4.1. Demographic Characteristics

A total of 196 patients were assessed for eligibility.
Thirty-nine  patients  were  excluded  before
randomization because they did not meet the inclusion
criteria or declined to participate. Seventy-three patients
were allocated to empagliflozin, and 84 were allocated
to dapagliflozin. During follow-up, 7 patients were lost
to follow-up, and 1 patient discontinued treatment.
Therefore, only participants who completed the three-
month follow-up and had complete outcome data were
included in the final analysis.

The study was completed by 79 patients in the
dapagliflozin group and 70 patients in the
empagliflozin group. The CONSORT flow diagram is
presented in Figure 1. The mean age was 62.30 £ 10.40
years in the dapagliflozin group and 63.10 + 9.00 years
in the empagliflozin group. HbAic followed a normal
distribution, whereas fasting blood glucose, random
blood glucose, and serum creatinine deviated from
normality. No statistically significant differences were
observed in baseline parameters (Table 1).

4.2. Primary Outcome

4.2.1. Incidence of UTI Between Groups

By the end of the three-month treatment period, 12
patients had developed UTIs. The incidence of positive
urine cultures was significantly higher in the
empagliflozin group than in the dapagliflozin group
(14.3% vs 2.5%), corresponding to an odds ratio of 0.16 (2
[2.5%] in the dapagliflozin group and 10 [14.3%] in the
empagliflozin group). As presented in Table 2, patients
with positive urine cultures were slightly older than
those with negative cultures (64.10 £ 11.60 vs 62.60 *
9.60 years), although the difference was not statistically
significant (Figure 2). Similarly, no significant
differences were observed between the groups with
respect to serum markers.

Table 3 summarizes the distribution of UA and UC
findings across the two treatment groups. Although a
higher frequency of elevated WBC counts in UA was
observed in the empagliflozin group, this difference was
not statistically significant.

4.3. Secondary Outcomes

4.3.1. Blood Glucose Profile Between Groups

At three months, BS, FBS, and HbAlc were 159 versus
155 mg/dL, 125 versus 116 mg/dL, and 6.72% versus 6.50% in
the dapagliflozin and empagliflozin  groups,
respectively. No statistically significant differences were

observed between groups for any glycemic parameter
(Table1).

4.3.2. Effect of Treatment on Renal Function

Serum creatinine was 0.9 mg/dL in both groups at
baseline and remained 0.9 mg/dL at three months in
both the dapagliflozin and empagliflozin groups, with
no statistically significant between-group or within-
group differences (Table 1).

5. Discussion

The study found a significant difference in UTI
incidence between diabetic women treated with
dapagliflozin and those receiving empagliflozin. Over
three months, UTIs occurred in 2.5% of the dapagliflozin
group and 14.3% of the empagliflozin group (OR = 0.16),
indicating a higher UTI risk with empagliflozin. These
results support differential infection risk among SGLT2
inhibitors.

A 2024 Turkish study found no significant association
between asymptomatic pyuria or bacteriuria and
subsequent UTI development in women with type 2
diabetes initiating SGLT2 inhibitors, suggesting that
baseline urinary abnormalities are unreliable predictors
of infection (15). Although our study did not assess these
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Table 1. Comparison of Age and Serum Markers Between Dapagliflozin and Empagliflozin Treatment Groups *

Variables Dapagliflozin (n= Empagliflozin (n = Between-Gro.up P Value Within-Group Change P Group x Time Interaction P
79) 70) (Baseline) Value Value
Age(y) 62.30£10.40 63.10+9.00 0.998 — 0.912
FBS (mg/dL)
Baseline 146 (130 -160) 140 (125-153) 0.178 - -
Post 125 (108 -138) 116 (103 -130) — <0.001 0.041
BS (mg/dL)
Baseline 187 (153 - 205) 190 (160 - 217) 0.106 — —
Post 159 (132-194) 155 (127-182) — <0.001 0.038
HbA1c (%)
Baseline 7.6+0.6 7.2+0.8 0.062 — -
Post 6.7210.80 6.50 £ 0.60 — <0.001 0.087
Creatinine
(mg/dL)
Baseline 0.9(0.7-1.0) 0.9(0.8-1.0) 0.505 — —
Post 0.9 (0.8-1.0) 0.9(0.8-1.0) - 0.214 0.505

2 Values are expressed as mean + SD or median (interquartile range [IQR]), as appropriate. Between-group comparisons at baseline were performed using the independent-
samples t test or Mann-Whitney U test. Within-group comparisons (baseline vs follow-up) were performed using the paired t test or Wilcoxon signed-rank test, as appropriate.
Overall treatment effects over time were assessed using group x time interaction analysis. All tests were two-sided, and P < 0.05 was considered statistically significant.
Abbreviations: BS, blood sugar; Cr, serum creatinine; FBS, fasting blood sugar; HbA1c, hemoglobin Aic; IQR, interquartile range; SD, standard deviation.

markers, the observed UTI rates underscore the need to
monitor for symptomatic infections, particularly in
diabetic populations (16), in which prevalence may vary
regionally because of health care practices, hygiene, and
microbial ecology.

Conversely, a US retrospective study of male veterans
using empagliflozin with urinary catheters reported a
slight, nonsignificant decrease in UTI frequency (0.09 vs
0.07 UTIs/month) (17). Although this population differs
from ours, these findings suggest that empagliflozin
may not inherently increase UTI risk. In contrast, our
results indicate a higher UTI incidence in women,
suggesting that sex-specific factors may influence
susceptibility to infection during empagliflozin therapy.

A Romanian cross-sectional study supports our
findings that female sex is a predisposing factor for UTIs.
Among 328 patients with type 2 diabetes, women were
more likely to develop UTIs regardless of medication,
and elevated HbAlc was an additional risk factor (18).
These results align with our observation of higher
fasting blood sugar and HbAic in the moderate WBC
group, emphasizing that glycemic control and overall
metabolic health are important considerations when
prescribing SGLT2 inhibitors.

A longitudinal Chinese study identified advanced
age, poor glycemic control, and impaired renal function
as risk factors for first-time UTIs in diabetic patients
using SGLT2 inhibitors (19). Although our cohort had a
similar mean age, we did not find a significant
association between serum creatinine and UTI
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incidence. However, the slightly higher creatinine levels
observed in patients with elevated WBC counts suggest
that renal function warrants further investigation as a
potential biomarker for infection risk.

Two additional studies examined dapagliflozin and
UTI incidence. A Syrian study of 108 patients reported no
significant increase in UTIs, although genital infections
were more common (20). Similarly, a retrospective
cohort study conducted in the Philippines involving 253
diabetic patients found that poor glycemic control
strongly predicted genitourinary infections, with three-
and six-month UTI incidences of 2.37% and 21.78%,
respectively, aligning with the rates observed in our
dapagliflozin group (21). These findings suggest that
dapagliflozin has a relatively low impact on UTI risk.

Pooled analyses provide broader insights into the
comparative UTI safety of SGLT2 inhibitors. Consistent
with  our findings, a pooled analysis of
noninterventional cohorts from the United Kingdom,
United States, and Medicare databases showed that
dapagliflozin initiators had a lower incidence of serious
UTIs than users of other glucose-lowering drugs, with
adjusted incidence rate ratios of 0.76 in females and
0.74 in males (22). Similarly, a pooled analysis of 12
randomized placebo-controlled trials reported UTI rates
of 3.6% to 5.7% in dapagliflozin-treated patients versus
3.7% in placebo-treated patients, with no dose-
dependent increase (23). These findings are consistent
with our observation of a lower frequency of culture-
confirmed UTIs among dapagliflozin-treated
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Consort flow diagram

[ Enrollment ]

Assessed for eligibility (n =196)

Excluded (n=39)
Not meeting inclusion criteria (n=17)

Declined to participate (n =22)
Other reasons(n=0)

Randomized (n=157)

[ Allocation ]

A\ J

h 4

Allocated to intervention B (blinded empagliflozin) (n =73)

I Received allocated intervention (n=73)
[ Did not receive allocated intervention (n=0)

Allocated to intervention A (blinded dapagliflozin) (n=84)

~I Received allocated intervention (n=84)
71 Did not receive allocated intervention (n=0)

e

y

Lost to follow-up (participant’s refusal to attend
further visits) (n=3)
Discontinued intervention (n=0)

Lost to follow-up (participant’s refusal to attend
further visits) (n=4)
Discontinued intervention (acute kidney injury) (n=1)

l Analysis

Analysed (n=70)
[ Excluded from analysis (give reasons)(n =0)

Analysed (n=79)
[0 Excluded from analysis (give reasons) (n=0)

Figure 1. CONSORT flow diagram

participants; however, direct comparative evidence
remains limited, and larger studies are needed to
confirm whether a true difference exists between
agents. Overall, the available evidence does not establish
a definitive hierarchy of UTI risk among SGLT2
inhibitors, although some studies, including the
present trial, suggest the possibility of differential risk
that warrants further investigation.

The biological basis for the observed difference in UTI
incidence between empagliflozin and dapagliflozin
remains unclear. Although all SGLT2 inhibitors promote

urinary glucose excretion and may thereby facilitate
bacterial growth within the urinary tract, current
evidence does not establish a consistent relationship
between the degree of glucosuria and UTI risk.
Differences in pharmacokinetic properties, SGLT2:SGLT1
selectivity, urinary glucose exposure, renal function,
host immunity, and wurinary microbiota may
theoretically contribute to variation in infection
susceptibility (24, 25). However, no mechanistic study
has definitively demonstrated a higher UTI risk with
empagliflozin than with dapagliflozin. Therefore, the
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Table 2. Comparison of Age and Serum Markers According to Urine Culture Results and Urine Analysis White Blood Cell Count?

Urine Culture UAWBC
Variables
Positive (n=12) Negative (n=137) PValue Normal (n=110) Moderate (n =21) High (n=18) PValue

Age(y) 64.10 £11.60 62.60 +9.60 0.474 62.30+9.50 63.90 £10.00 63.70 £10.80 0.690
FBS (mg/dL) 118.00 +35.32 123.80 +23.87 0.187 12212 £24.14 129.76 +31.31 123.224+20.91 0.438
BS (mg/dL) 17217 £37.87 164.23+51.26 0.267 161.95 +50.15 174.76 £58.96 171.11+£39.52 0.485
HbA1c (%) 6.53£0.80 6.6210.71 0.693 6.64£0.74 6.54+0.61 6.53+0.68 0.733
Cr (mg/dL) 0.89+£0.21 0.92+0.18 0.708 0.92+0.18 0.87£0.16 0.94+0.20 0.408

2 Values are expressed as mean + SD. Statistical analyses were performed based on the distribution of each variable. P < 0.05 was considered statistically significant.
Abbreviations: BS, blood sugar; Cr, serum creatinine; FBS, fasting blood sugar; HbA1c, hemoglobin Aic; SD, standard deviation.

Treatment
%54
Dapagliflozin %62
%39
%46
Empagliflozin %38
%61
Frequency
WBC(UA) Normal Moderate High

Figure 2. Distribution of normal, moderate, and high white blood cell counts in urine analysis test results in the dapagliflozin and empagliflozin treatment groups.

observed difference should be interpreted cautiously
and may reflect a combination of pharmacologic,
patientrelated, and random factors. Further
mechanistic and multicenter clinical studies are
required to clarify whether a true drug-specific
difference exists.

5.1. Study Limitations

This study provides insights into comparative UTI
risks among women with type 2 diabetes mellitus in

Int ] Endocrinol Metab. 2026;24(4): e168824

Iran; however, several limitations should be
acknowledged. First, this was a single-center study with
a relatively modest sample size and only 12 culture-
confirmed UTI events. Second, the study included
women only; therefore, the findings may not be
generalizable to men. Third, follow-up was limited to
three months and may not reflect long-term infection
risk. Fourth, only participants who completed follow-up
and had available outcome data were included in the
final analysis, which may have introduced attrition bias.


https://brieflands.com/journals/ijem/articles/168824

Kazem-Nadi S et al.

Brieflands

Table 3. Frequency of Urine Analysis White Blood Cell and Urine Culture Categories Among Treatment Groups

Outcomes Dapagliflozin (n=79); (%) Empagliflozin (n =70); (%) 0Odds Ratio PValue
UAWBCRange
Normal 59(74.7) 51(72.9) = 0.346
Moderate 13(16.5) 8(11.4) — 0.346
High 7(8.8) 11(15.7) - 0346
uc
Positive 2(2.5) 10 (14.3) 0.16[0.03, 0.74] 0.009
Negative 77(97.5) 60 (85.7) 0.16 [0.03, 0.74] 0.009

2 White blood cell ranges in the urine analysis were defined as 0 to 5, 6 to 10, and more than 10 leukocytes for normal, moderate, and high categories, respectively. P < 0.05 was
considered statistically significant. The odds ratio represents dapagliflozin relative to empagliflozin. Abbreviations: UA, urine analysis; UC, urine culture; WBC, white blood cell.

Consequently, the findings should be interpreted
cautiously until confirmed by larger multicenter
randomized trials.

5.2. Conclusions

In this randomized clinical trial, empagliflozin-
treated patients experienced a higher frequency of
culture-confirmed UTIs than dapagliflozin-treated
patients during three months of follow-up. However,
given the single-center design, limited sample size, and
small number of UTI events, these findings should be
considered preliminary. Larger multicenter studies are
needed to confirm whether clinically relevant
differences in UTI risk exist among individual SGLT2
inhibitors.

Despite these limitations, this study provides
clinically meaningful evidence that dapagliflozin may
pose a lower UTI risk than empagliflozin among diabetic
women and highlights the need for careful monitoring
when prescribing SGLT2 inhibitors, particularly
empagliflozin, in diabetic women. Future research with
larger, multicenter cohorts and extended follow-up
periods is necessary to validate these findings and
further explore the underlying mechanisms
contributing to UTI risk. Such efforts will help refine
treatment strategies and improve patient outcomes in
diabetes care by enhancing precision in
pharmacotherapy and safety monitoring.

Footnotes

Al Use Disclosure: For the purpose of Text Editing, the
Chatgpt was used Minor in the Etc section.

Authors' Contribution: S. K. contributed to data
collection. V. M. T. supervised the study, participated in
patient selection, and contributed to the study concept

and design. S. K. contributed to the study concept and
design. Z. L. M. contributed to manuscript drafting and
the study methodology.

Clinical Trial Registration Code: The trial is
registered at Iranian Registry of Clinical Trials
(IRCT20250129064554N1).

Conflict of Interests Statement: The authors declare
that they have no conflicts of interests.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication. The data are not
publicly available due to ethical restrictions and patient
confidentiality.

Ethical Approval: The study protocol was approved by
the institutional ethics committee (Approval ID:
IR.AJAUMS.REC.1403.153).

Funding/Support: This study received no external
funding.

Informed Consent: Informed consent was obtained
from all participants.

References

1. Hazar N, Jokar M, Namavari N, Hosseini S, Rahmanian V. An updated
systematic review and meta-analysis of the prevalence of type 2
diabetes in Iran, 1996 - 2023. Front Public Health. 2024;12. 1322072.
[PubMed ID: 38638475]. [PubMed Central ID: PMCI11025666].
https://[doi.org/10.3389/fpubh.2024.1322072.

2. Shahsavari S, Bakht M, Sadeghi H, Rahimi S, Movahed F, Chegini V, et
al. Effect of diabetes mellitus on the spectrum of uropathogens and
the antimicrobial resistance in patients with urinary tract infection.
Arch Razi Inst. 2024;79(1):92-101. [PubMed ID: 39192946]. [PubMed
Central ID: PMC11345481]. https://doi.org/10.32592/AR1.2024.79.1.92.

3. Janssens B, Caerels S, Mathieu C. SGLT inhibitors in type 1 diabetes:
weighing efficacy and side effects. Ther Adv Endocrinol Metab.
2020;11:10. [PubMed ID: 32782777]. [PubMed Central ID: PMC7383636].
https://doi.org/10.1177/2042018820938545-10.1177/.

Int ] Endocrinol Metab. 2026; 24(4): e168824


https://brieflands.com/journals/ijem/articles/168824
http://www.ncbi.nlm.nih.gov/pubmed/38638475
https://www.ncbi.nlm.nih.gov/pmc/PMC11025666
https://doi.org/10.3389/fpubh.2024.1322072
http://www.ncbi.nlm.nih.gov/pubmed/39192946
https://www.ncbi.nlm.nih.gov/pmc/PMC11345481
https://doi.org/10.32592/ARI.2024.79.1.92
http://www.ncbi.nlm.nih.gov/pubmed/32782777
https://www.ncbi.nlm.nih.gov/pmc/PMC7383636
https://doi.org/10.1177/2042018820938545-10.1177/

Kazem-Nadi S et al.

Brieflands

10.

1.

Del Zoppo A, Rovera C, Petralli G, Moriconi D, Solini A. Urogenital side
effects in male subjects with type 2 diabetes treated with SGLT-2
inhibitors: A single centre, longitudinal observation. | Diabetes
Complications.  2025;39(5). 109015. [PubMed ID: 40147259].
https://doi.org/10.1016/j.jdiacomp.2025.109015.

Arshad M, Hoda F, Siddiqui NA, Najmi AK, Ahmad M. Genito urinary
infection and urinary tract infection in patients with type 2 diabetes
mellitus receiving SGLT2 inhibitors: Evidence from a systematic
literature review of landmark randomized clinical trial. Drug Res
(Stuttg). 2024;74(7):307-313. [PubMed ID: 38991530].
https://doi.org[10.1055/a-2347-9824.

Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et
al. Canagliflozin and cardiovascular and renal events in type 2
diabetes. N Engl ] Med. 2017;377(7):644-657. [PubMed ID: 28605608].
https://doi.org[10.1056/NE]M0a1611925.

Perkovic V, Jardine M], Neal B, Bompoint S, Heerspink HJL, Charytan
DM, et al. Canagliflozin and renal outcomes in type 2 diabetes and
nephropathy. N Engl | Med. 2019;380(24):2295-2306. [PubMed ID:
30990260]. https://doi.org[10.1056/NEJMoa1811744.

Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al.
Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl
J  Med.  2019;380(4):347-357. [PubMed ID:  30415602].
https://doi.org[10.1056/NE]JMoa1812389.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.
Empagliflozin, cardiovascular outcomes, and mortality in type 2
diabetes. N Engl | Med. 2015;373(22):2117-2128. [PubMed ID: 26378978].
https://doi.org[10.1056/NEJM0a1504720.

Zheng Z, He D, Chen |, Xie X, Lu Y, Wu B, et al. Risk of urinary tract
infection in patients with type 2 diabetes mellitus treated with
dapagliflozin: A systematic review and meta-analysis of randomized
controlled trials. Clin Drug Investig. 2023;43(4):209-225. [PubMed ID:
37010676]. https://doi.org/10.1007/s40261-023-01256-9.

Papp SB, Zimmern PE. Recurrent urinary tract infections and type 2
diabetes mellitus: A systematic review predominantly in women.
Front Urol. 2023;3. 1275334. [PubMed ID: 40778033]. [PubMed Central
ID: PMC12327276]. https://doi.org/10.3389/fruro.2023.1275334.

Wang M, Zhang X, Ni T, Wang Y, Wang X, Wu Y, et al. Comparison of
new oral hypoglycemic agents on risk of urinary tract and genital
infections in type 2 diabetes: A network meta-analysis. Adv Ther.
2021;38(6):2840-2853. [PubMed ID: 33999339].
https://doi.org[10.1007/s12325-021-01759-X.

Figueiredo IR, Rose SCP, Freire NB, Patrocinio MS, Pierdona N,
Bittencourt R]. Use of sodium-glucose cotransporter-2 inhibitors and
urinary tract infections in type 2 diabetes patients: A systematic
review. Rev Assoc Med Bras (1992). 2019;65(2):246-252. [PubMed ID:
30892451]. https://doi.org[10.1590/1806-9282.65.2.246.

Zargham M, Pourmomeny AA, Soltanmohamadi M. The prevalence of
lower urinary tract symptoms (LUTS) and incontinence in Iranian
women. Urol J. 2020;17(3):276-280. [PubMed ID: 31364097].
https://doi.org/10.22037/uj.v0i0.5053.

Int ] Endocrinol Metab. 2026; 24(4): e168824

15.

16.

17.

18.

19.

20.

21

22,

23.

24.

25.

Akkus E, Gokcay Canpolat A, Demir O, Corap¢ioglu D, Sahin M.
Asymptomatic pyuria and bacteriuria are not risk factors for urinary
tract infection in women with type 2 diabetes mellitus initiated
SGLT2 inhibitors. Int Urol Nephrol. 2024;56(3):1165-1172. [PubMed ID:
37715859]. https://doi.org/10.1007/s11255-023-03798-5.

Confederat LG, Condurache MI, Alexa RE, Dragostin OM.
Particularities of urinary tract infections in diabetic patients: A
concise review. Medicina (Kaunas). 2023;59(10):1747. [PubMed ID:
37893465]. [PubMed Central ID: PMC10608443].
https://doi.org/10.3390/medicina59101747.

Hopper RA, McMahan DM, Jarvis KA, Weideman RA. Risk of urinary
infections in veterans on empagliflozin with concurrent catheter
use. | Pharm Pract. 2024;37(5):1127-1131. [PubMed ID: 38241151].
https:|/doi.org/10.1177/08971900241229107.

Iordan L, Avram VF, Timar B, Sturza A, Popescu S, Albai O, et al. Safety
of SGLT2 inhibitors and urinary tract infections in clinical practice: A
cross-sectional study. Medicina (Kaunas). 2024;60(12):1974. [PubMed
ID:  39768854].  [PubMed  Central ID:  PMCI1678545].
https://doi.org/10.3390/medicina60121974.

Lin YH, Lin CH, Huang YY, Tai AS, Fu SC, Chen ST, et al. Risk factors of
first and recurrent genitourinary tract infection in patients with
type 2 diabetes treated with SGLT2 inhibitors: A retrospective cohort
study. Diabetes Res Clin Pract. 2022;186.109816. [PubMed ID: 35247527].
https://doi.org[10.1016/j.diabres.2022.109816.

Mayhoub H, BouBou A, Kaddar N. Assessment of genital and urinary
tract infections in patients with type 2 diabetes mellitus treated with
dapagliflozin.  Bull Pharm  Sci  Assiut.  2022;45(2):953-965.
https://doi.org[10.21608/bfsa.2022.271776.

Caro MKC, Cunanan EC, Kho SA. Incidence and factors associated
with genitourinary infections among type 2 diabetes patients on
SGLT2 inhibitors: A single retrospective cohort study. Diabetes
Epidemiol Manag. 2022;7. 100082.
https://doi.org/10.1016/j.deman.2022.100082.

Danysh HE, Johannes CB, Beachler DC, Layton ]B, Ziemiecki R, Arana
A, et al. Post-authorization safety studies of acute liver injury and
severe complications of urinary tract infection in patients with type
2 diabetes exposed to dapagliflozin in a real-world setting. Drug Saf.
2023;46(2):175-193. [PubMed ID: 36583828]. [PubMed Central ID:
PMC9883309]. https://doi.org/10.1007/s40264-022-01262-4.

Johnsson KM, Ptaszynska A, Schmitz B, Sugg |, Parikh SJ, List JE
Urinary tract infections in patients with diabetes treated with
dapagliflozin. | Diabetes Complications. 2013;27(5):473-478. [PubMed
ID: 23849632]. https://doi.org[10.1016/j.jdiacomp.2013.04.012.

Chao EC, Henry RR. SGLT2 inhibition: A novel strategy for diabetes
treatment. Nat Rev Drug Discov. 2010;9(7):551-559. [PubMed ID:
20508640]. https:|/doi.org[10.1038/nrd3180.

Vallon V. The mechanisms and therapeutic potential of SGLT2
inhibitors in diabetes mellitus. Annu Rev Med. 2015;66(1):255-270.
[PubMed ID: 25341005]. https://doi.org[10.1146/annurev-med-051013-
110046.


https://brieflands.com/journals/ijem/articles/168824
http://www.ncbi.nlm.nih.gov/pubmed/40147259
https://doi.org/10.1016/j.jdiacomp.2025.109015
http://www.ncbi.nlm.nih.gov/pubmed/38991530
https://doi.org/10.1055/a-2347-9824
http://www.ncbi.nlm.nih.gov/pubmed/28605608
https://doi.org/10.1056/NEJMoa1611925
http://www.ncbi.nlm.nih.gov/pubmed/30990260
https://doi.org/10.1056/NEJMoa1811744
http://www.ncbi.nlm.nih.gov/pubmed/30415602
https://doi.org/10.1056/NEJMoa1812389
http://www.ncbi.nlm.nih.gov/pubmed/26378978
https://doi.org/10.1056/NEJMoa1504720
http://www.ncbi.nlm.nih.gov/pubmed/37010676
https://doi.org/10.1007/s40261-023-01256-9
http://www.ncbi.nlm.nih.gov/pubmed/40778033
https://www.ncbi.nlm.nih.gov/pmc/PMC12327276
https://doi.org/10.3389/fruro.2023.1275334
http://www.ncbi.nlm.nih.gov/pubmed/33999339
https://doi.org/10.1007/s12325-021-01759-x
http://www.ncbi.nlm.nih.gov/pubmed/30892451
https://doi.org/10.1590/1806-9282.65.2.246
http://www.ncbi.nlm.nih.gov/pubmed/31364097
https://doi.org/10.22037/uj.v0i0.5053
http://www.ncbi.nlm.nih.gov/pubmed/37715859
https://doi.org/10.1007/s11255-023-03798-5
http://www.ncbi.nlm.nih.gov/pubmed/37893465
https://www.ncbi.nlm.nih.gov/pmc/PMC10608443
https://doi.org/10.3390/medicina59101747
http://www.ncbi.nlm.nih.gov/pubmed/38241151
https://doi.org/10.1177/08971900241229107
http://www.ncbi.nlm.nih.gov/pubmed/39768854
https://www.ncbi.nlm.nih.gov/pmc/PMC11678545
https://doi.org/10.3390/medicina60121974
http://www.ncbi.nlm.nih.gov/pubmed/35247527
https://doi.org/10.1016/j.diabres.2022.109816
https://doi.org/10.21608/bfsa.2022.271776
https://doi.org/10.1016/j.deman.2022.100082
http://www.ncbi.nlm.nih.gov/pubmed/36583828
https://www.ncbi.nlm.nih.gov/pmc/PMC9883309
https://doi.org/10.1007/s40264-022-01262-4
http://www.ncbi.nlm.nih.gov/pubmed/23849632
https://doi.org/10.1016/j.jdiacomp.2013.04.012
http://www.ncbi.nlm.nih.gov/pubmed/20508640
https://doi.org/10.1038/nrd3180
http://www.ncbi.nlm.nih.gov/pubmed/25341005
https://doi.org/10.1146/annurev-med-051013-110046
https://doi.org/10.1146/annurev-med-051013-110046

