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Abstract

Purpose Asymptomatic pyuria and bacteriuria are more prevalent in diabetic patients and may be associated with urinary
tract infection (UTI). The aim of this study is to investigate the association between asymptomatic pyuria/bacteriuria at the
initiation of SGLT?2 inhibitor and UTI risk in female patients with type 2 diabetes.

Methods The study was designed as a practical, single-center, prospective, cohort study. The female outpatients with type 2
diabetes initiated SGLT?2 inhibitor were included. Patients who were symptomatic or treated in the past 3 months for urinary
or genital tract infection, had a high risk for UTI were excluded. Hospitalization/antibiotic use for indications other than UTI
were exclusion criteria during follow-up. All patients were followed up for 3 months. Pyuria and bacteriuria were exposure
and, UTI was the outcome. Cumulative incidence and relative risk of UTI were analyzed for pyuria and bacteriuria.
Results 143 female patients were included among 1132 female type 2 diabetic patients. 13 patients were excluded during
follow-up. 41.5% of the patients (n=54) had pyuria and 28.5% (n=37) had bacteriuria. The cumulative incidence of UTI
was 20% in the whole cohort, 25,9% (n=14/54) in the pyuria group and 18.9% (n=7/37) in the bacteriuria group. The rela-
tive risk of UTI was 1.64 (95% CI: 0.82-3.26, p=0.15) for pyuria, 0.92 (95% CI: 0.42-2.01, p=0.84) for bacteriuria, and
1.2 (95% CI: 0.47-3.08, p=0.69) for pyuria plus bacteriuria. Adjusted odd ratios revealed similar results.

Conclusions Asymptomatic pyuria/bacteriuria at the initiation of SGLT?2 inhibitors are not risk factors for UTI in women
with type 2 diabetes.
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Introduction

Sodium—glucose cotransporter 2 inhibitors (SGLT2i) have
dramatically changed the management of type 2 diabe-
tes mellitus, especially in patients with cardiovascular or
renal comorbidity due to their cardiorenal protective effect
besides the role of glycemic control [1-4]. SGLT2i are rec-
ommended as first-line medication in patients who have
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established atherosclerotic cardiovascular disease or indi-
cators of high cardiovascular risk, established kidney dis-
ease, or heart failure [5]. The efficacy of SGLT2i for glucose
lowering is high and intermediate for weight loss, thus, their
use is recommended for the achievement and maintenance
of glycemic and weight management goals [5].

Asymptomatic pyuria and bacteriuria prevalence are
higher in diabetic patients compared to non-diabetics [6—8].
Asymptomatic bacteriuria is associated with an increased
risk of urinary tract infection among patients with type 2 dia-
betes [6, 9], however, treatment of asymptomatic bacteriuria
does not appear to reduce complications, thus screening and
treatment are not recommended [10, 11].

The action mechanism of SGLT?2i is to suppress glucose
reabsorption in renal proximal tubules, which causes glu-
cosuria, thus, concern for the risk of urinary tract infection
(UTI). Although the warning was added for severe UTI with
the use of SGLT2i in early years of clinical use, subsequent
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randomized controlled trials, meta-analyses and retrospec-
tive cohort studies comparing SGLT2i versus placebo,
dipeptidyl peptidase-4 inhibitors (DPP4i) and glucagon-like
peptide-1 receptor agonists (GLP1-RA) have not shown an
increased risk of UTI for SGLT2i [1-3, 12—-15]. On the other
hand, several retrospective and observational studies have
revealed an increased risk of UTI with the use of SGLT2i
[16-19].

Despite the data against screening and treatment of
asymptomatic bacteriuria in diabetic patients, it is not known
whether asymptomatic pyuria or bacteriuria at the initia-
tion of SGLT2i are risk factors for UTI in female patients.
UTI may still be a concern for clinicians, however, there is
not enough data to recommend or not to recommend per-
forming a urinalysis or urine culture test before initiation
of SGLT2i. This study aims to investigate the association
between asymptomatic pyuria/bacteriuria at the initiation
of SGLT2i and UTI risk in a prospective cohort of women
with type 2 diabetes.

Methods
Study design

The study was designed as a practical, single-center, pro-
spective, cohort study. Female outpatients with type 2
diabetes under follow-up in the internal medicine depart-
ment of a secondary hospital which cares for a district,
and initiated SGLT2i (dapaglifiozin/empagliflozin) were
included between February and September 2022. Patients
who were symptomatic for UTT or genital infection at the
initiation, were treated for UTI or genital infection in the
past 3 months, or had a high risk for UTI (any urological
disease/catheter use, cancer, immunodeficiency, bedridden)
were excluded. Anamnesis, physical examination, com-
plete blood count, metabolic panel, HbAlc, lipid profile,
automated urinalysis, and urine culture were performed on
the SGLT2i initiation day. All patients were followed up
for 3 months after SGLT2i initiation. Hospitalization and
antibiotic use for indications other than UTI were exclusion
criteria during follow-up. All patients were observed either
by repeated visits to the same hospital or by the national
patient database which includes patient data containing vis-
its to the healthcare centers, diagnosis, treatment, laboratory,
and imaging results (E-Nabiz). Urinary tract infection diag-
nosed or treated by any physician in any healthcare center
was recorded as the outcome.

Approval of the Ethical Committee was obtained from
SBU Kanuni Education and Research Hospital, Ethics Com-
mittee of Clinical Studies (Decision number: 2022/42) in
compliance with the Helsinki Declaration.
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Laboratory tests

Urine samples were collected in sterile, preservative con-
tainers and analyzed within 2 h by DIRUI FUS-100/H-800
automated urine analyzer which is based on flow cell digi-
tal imaging and identification using software. Pyuria was
defined as > 3 white cells per high-power field.

Midstream urine samples were collected for urine cul-
ture. 10 pL of the sample was dispensed onto blood agar
and eosin methylene blue agar medium and incubated at
37 °C for 24 h. Conventional methods (colony morphol-
ogy, Gram stain, MVC reactions) and VITEK 2 automated
system (bioMerieux, Marcy-l’Etoile, France) were used
for bacterial identification. Any bacterial growth irrespec-
tive of colony-forming units (CFU)/mL reported by the
microbiology laboratory was defined as bacteriuria except
contamination.

The complete blood count was performed by Abbott
CELL-DYN Ruby Analyzer using techniques of flow
cytometry. The metabolic panel, lipid panel, and HbAlc
were measured using the Abbott Architect chemistry sys-
tem. HbA 1c was measured by automated direct enzymatic
method from whole blood. The estimated glomerular filtra-
tion rate (¢eGFR) was calculated by CKD-EPI.

Output and statistical analysis

The sample size per group was calculated as 39 (78 for the
total sample size) in the power analysis. Expected inci-
dence in unexposed (without bacteriuria or pyuria) 0.335
[17], assumed relative risk 1.91 [9], confidence level 0.95
and power 0.8 were used for power analysis.

Age, comorbidities (hypertension, dyslipidemia, car-
diovascular disease), medications, fasting blood glucose
level, HbAlc, complete blood count, metabolic panel and
lipid panel data, SGLT2i type and dosage were presented as
characteristics of the study population. The characteristics
were compared as univariable between UTI(+) and UTI(-)
groups. Pyuria and bacteriuria frequency were determined.
Cumulative incidence and relative risk of UTI were analyzed
for pyuria and bacteriuria. Risk of urinary tract infection
associated with pyuria and bacteriuria was analyzed by uni-
variable logistic regression analysis for unadjusted odd ratios
and by multivariable logistic regression analysis to adjust
pyuria and bacteriuria for clinically relevant variables (age,
HbAlc, CVD as comorbidity, eGFR, and SGLT2i type).
Pyuria and bacteriuria were adjusted for age in model 1; for
age, HbAlc, CVD and eGFR in model 2; for age, HbAlc,
CVD, eGFR and SGLT?2i type in model 3. Finally, pyuria
and bacteriuria were adjusted for significant variables in uni-
variable analysis in addition to previous variables.
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Continuous variables were given as median (mini-
mum (min)-maximum (max)). Categorical variables were
represented as a percentage. The significance of relative
risks was interpreted as 95% confidence intervals and
p-values. Univariable analyses of characteristics were
performed using chi-square, Fisher exact, Student’s t, and
Mann—Whitney U tests, where needed. Unadjusted and
adjusted odd ratios were calculated by univariable and
multivariable logistic regression analysis. All p-values
were based on a 2-tailed test of significance (p=0.05).
Statistical analyses were conducted using software SPSS
version 26 (SPSS Inc, USA).

Results
Study population and characteristics
Totally 143 female patients were included among 1132

female type 2 diabetes patients during the study period. 13
patients were excluded during follow-up (7 patients because

of antibiotic use for indications other than UTI, hospitaliza-
tion of 1 patient for coronary artery bypass surgery, 1 for
decompensated heart failure, 1 for non-ST-elevation myocar-
dial infarction, 1 for cerebrovascular disease, 1 for acute pan-
creatitis and 1 for pulmonary thromboembolism) (Fig. 1).
The characteristics of the study population (n=130) were
given in Table 1. The median age was 62 (range 34-87).
79.2% of the patients had hypertension, 63.1% had dyslipi-
demia and 20.8% had cardiovascular disease (CVD) (estab-
lished atherosclerotic cardiovascular disease and/or heart
failure). Dapagliflozin 10 mg was initiated in 70% of the
patients (n=91), empagliflozin 10 mg in 24.6% (n=32), and
empagliflozin 25 mg in %5.4 (n=7). 89.2% of the patients
were using metformin at the SGLT?2i initiation. Median
fasting blood glucose and HbAlc were 205 mg/dl (range
69-642) and 9.1% (range 5.9-13.9), respectively. Median
eGFR was 80 ml/min (range 32-120). 41.5% of the patients
(n=54) had pyuria and 28.5% (n=37) had bacterial growth
in urine culture. The most common microorganisms were
E. coli (n=13, 35.1%) and S. agalactiaec (n=12, 32.4%).
(Other microorganisms were Klebsiella pneumoniae,

Fig. 1 Study design
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Table 1 Basic characteristics at

SGLT2i initiation Variable Study population (n=130) UTI+(n=26) UTI- (n=104) P*
Age (median, min—max) 62 (34-87) 67 (34-79) 61 (40-87) 0,18
Comorbidities (n, %)

Hypertension 103 (79.2) 18 (69,2) 85 (81,7) 0,16
Dyslipidemia 82 (63.1) 16 (61,5) 66 (63,4) 0,85
Cardiovascular disease 27 (20.8) 4 (15,3) 23 (22,1) 0,44
Medications (n, %)
Metformin 116 (89.2) 25 (96,1) 91 (87,5) 0,18
Sulfonylurea 27 (20.8) 6 (23) 21 (20,2) 0,74
DPP4i-GLP1-RA 71 (54.6) 15 (57,7) 56 (53,8) 0,72
Pioglitazone 10 (7.7) 1(3,8) 9 (8,6) 0,36
Insulin 57 (43.8) 15 (57,7) 42 (40) 0,11
Statin 80 (61.5) 15 (57,7) 65 (62,5) 0,65
Antithrombotic 46 (35.4) 8 (30,8) 38 (36,5) 0,58
Anticoagulant 9(6.9) 2(7,6) 7 (6,7) 0,57
ACEi-ARB 90 (69.2) 13 (50) 77 (74) 0,01
Diuretic 73 (56.2) 11 (42,3) 62 (59,6) 0,11
Calcium channel blocker 39 (30) 7 (26,9) 32 (30,7) 0,70
Beta blocker 29 (22.3) 5(19,2) 24 (23) 0,67
Alfa blocker 4(3.1) 1(3.8) 3(2,8) 0,59
Fasting blood glucose, mg/dL 205 (69-642) 203 (144-602) 205 (69-539) 0,38
(median, min—max)
HbAlc, % (median, min—max) 9.1 (5.9-13.9) 9,6 (6,2-13) 8,9 (5,9-13,9) 0,11
Metabolic panel (median min—max)
Creatinine, mg/dL. 0.79 (0.4-1.77) 0,82 (0,55-1,44) 0,78 (0,4-1,77) 0,73
eGFR, mL/min 80 (32-120) 82 (37-120) 80 (32-112) 0,96
ALT, TU/L 19 (1-113) 19 (6-113) 19 (1-65) 0,86
AST, IU/L 16.5 (9-204) 16 (9-204) 17 (9-113) 0,73
Na, mmol/L 139 (126-145) 138 (129-143) 139 (126-145) 0,13
K, mmol/L 4.5(3.3-5.5) 4.4 (3,3-5,1) 45(3,3-5,5 0,66
Lipid profile (median min—max)
Total cholesterol, mg/dL 212 (119-393) 182 (138-301) 204 (119-393) 0,16
HDL, mg/dL 51 (30-89) 47 (31-71) 52 (30-89) 0,05
LDL, mg/dL 128.5 (55-269) 120 (66-208) 135 (55-269) 0,28
Triglyceride, mg/dL 149 (54-556) 174 (77-400) 145 (54-556) 0,49
CBC (median, min—max)
Leukocyte, x 10#3/mcL 8.3 (3.4-17.7) 9,4 (3,9-17,7) 8,2 (3,4-13,2) 0,01
Hemoglobin, g/dL 12.8 (8.7-16.4) 12,8 (8,7-15,5) 12,7 (8,7-16,4) 0,65
Platelet, x 10*3/mcL 256 (20-508) 273 (157-468) 254 (20-508) 0,93
Pyuria (n, %) 54 (41.5) 14 (53,8) 40 (38,4) 0,15
Urine bacterial growth (n, %) 37 (28.5) 7 (26,9) 30 (28,8) 0,52
SGLT2i (n, %)
Dapagliflozin 10 mg 91 (70) 15 (57,7) 76 (73) 0,31
Empaglifiozin 10 mg 32 (24.6) 9 (34,6) 23 (22,1)
Empaglifiozin 25 mg 7(5.4) 2(7,7) 54.,9)

significant p values were written in bold

DPP4i dipeptidyl peptidase-4 inhibitors, GLPI-RA glucagon-like peptide-1 receptor agonists, ACEi angio-
tensin-converting enzyme inhibitors, ARB angiotensin receptor blockers, eGFR estimated glomerular filtra-
tion rate, ALT alanine aminotransferase, AST aspartate transaminase, Na sodium, K potassium, HDL high
density lipoprotein, LDL low density lipoprotein

*p value represents comparison between UTI(+) and UTI(-) groups
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Enterococcus sp., Pseudomonas aeruginosa, Lactobacillus,
alfa, and beta hemolytic streptococcus). 59.4% of the patients
in bacteriuria group had bacterial growth of > 100.000 CFU/
ml. The characteristic were compared between UTI(+4) and
UTI(-) groups (Table 1). Only three variables were statis-
tically different between groups. The ACEi-ARB use was
more common in the UTI(-) group than the UTI(+) group
(74% vs 50%, p=0.01), median HDL level was higher in
the UTI(-) group ( 52 mg/dL vs 47 mg/dL, p=0.05); and
median leukocyte count was higher in the UTI(+) group
(9.4 % 10*3/mcL vs 8.2 10*3/mcL, p=0.01).

UTl risk

The cumulative incidence of UTI for 3-months follow-up
was 20% (n=26/130) in the whole cohort, 25,9% (n=14/54)
in the pyuria group and 18.9% (n=7/37) in the bacteriuria
group (Fig. 1). The relative risk of UTI was 1.64 (95% CI:
0.82-3.26, p=0.15) for pyuria, 0.92 (95% CI: 0.42-2.01,
p=0.84) for bacteriuria, and 1.2 (95% CI: 0.47-3.08,
p=0.69) for pyuria plus bacteriuria (Table 2, Fig. 2). 2

Table 2 Pyuria, bacteriuria and UTI

n UTI+ UTI- RR(95% CI) P
Pyuria+ 14 40 1.64 (0.82-3.26)  0.15
Pyuria— 12 64
Bacteriuria+ 7 30 0.92 (0.42-2.01) 0.84
Bacteriuria— 19 74
Pyuria plus bacteriuria 4 13 1.2 (0.47-3.08) 0.69
Other 22 91
Fig.2 Relative risk of UTI for 350
pyuria and bacteriuria ’ p=0 15
3,00
2,50
2,00

patients (1.5% of the whole cohort) had severe UTI (pyelo-
nephritis n=1 and urosepsis n=1).

Risk of urinary tract infection associated with pyuria and
bacteriuria was analyzed by univariable logistic regression
analysis for unadjusted odd ratios and by multivariable logis-
tic regression analysis for adjusted odd ratios. In the final
model, pyuria and bacteriuria were adjusted for clinically
relevant variables (age, HbAlc, CVD, eGFR and SGLT2i
type) and significant variables in univariable analysis (ACEi-
ARB, HDL, leukocyte count). Non of the models did not
reveal significant odds ratio for pyuria and bacteriuria. The
adjusted OR (95% CI) for pyuria and bacteriuria were 1,55
(0,5-4,83) and 0,95 (0,29-3,06) in model 4, respectively
(Table 3).

Discussion

Screening and treatment of asymptomatic bacteriuria and
pyuria are not recommended in diabetic patients. Although
currently available data suggest that UTI is not a concern
with the use of SGLT2i, there is some conflicting data and a
lack of proof about asymptomatic pyuria and bacteriuria in
the SGLT?2i era. This prospective cohort study investigated
whether asymptomatic pyuria and bacteriuria at the SGLT2i
initiation are risk factors for UTI and revealed that there was
no increased risk. The relative risk of UTI was 1.64 (95%
CI: 0.82-3.26) for pyuria, and 0.92 (95% CI: 0.42-2.01) for
bacteriuria.

In the meta-analysis study of Renko et al., asymptomatic
bacteriuria, which was defined as at least 100.000 CFU/ml,
was present 12.2% of the diabetic patients, OR was 3.2 (95%

p=0.69

0,50

Relative Risk (95% Cl) for UTI

0,00

[
1,50 \
1,00

Pyuria

Bacteriuria Pyuria+

Bacteriuria
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Table 3 Risk of urinary tract

Adjusted odds ratio (95% CI)

Model 1

Model 2 Model 3 Model 4

. : : : . Variable Unadjusted odds
infection associated with pyuria ratio (95% CI)
and bacteriuria
Pyuria 1,86 (0,78-4,43)
Bacteriuria 1,10 (0,41-2,88)

1,88 (0,78-4,5)
1,09 (0,41-2,88) 0,77 (0,26-2,27)

1,66 (0,63-4,34) 1,78 (0,66-4,73) 1,55 (0,5-4,83)

0,77 (0,26-2,25) 0,95 (0,29-3,06)

Model 1: Adjusted for age, Model 2: Adjusted for age, HbAlc, CVD, eGFR, Model 3: Adjusted for age,
HbAlc, CVD, eGFR, SGLT2i type, Model 4: Adjusted for age, HbAlc, CVD, eGFR, SGLT2i type and
significant variables in univariate analysis (ACEi-ARB, HDL, Leucocyte count)

CI: 2-5.2) for patients with type 2 diabetes compared to
non-diabetics. In women, the prevalence of asymptomatic
bacteriuria was 14.2% [6]. In our study, which had a female
population, 28.5% of the patients had bacteriuria, however,
we included the patients with bacterial growth less than
100.000 CFU/ml in culture. Asymptomatic bacteriuria was
associated with UTI in this meta-analysis, not like in our
study. Another study comparing postmenopausal diabetic
and non-diabetic women showed that diabetic women had
approximately doubled risk for both of the asymptomatic
bacteriuria and UTI [8]. In our study, the median age was 62
(range 34-97), most of the patients were postmenopausal.
A cohort study searched the consequences of asymptomatic
bacteriuria in women with diabetes. 29% of the patients
had asymptomatic bacteriuria at baseline and 34% of the
patients with asymptomatic bacteriuria had UTI during the
18-months follow-up [9]. Although asymptomatic bacte-
riuria is more prevalent and associated with an increased
risk of UTI in these studies, a randomized controlled trial
revealed that treatment of asymptomatic bacteriuria did not
reduce the episodes of UTI [10]. In this randomized con-
trolled trial, 40% of the patients in the placebo group had at
least one UTI episode during a 27-month follow-up. On the
other hand, asymptomatic pyuria is less investigated in the
literature. Nakano et al. showed that diabetic women more
often had asymptomatic pyuria than non-diabetic women
(27.9 vs. 15.8%) [7]. However, pyuria was defined as > 10
white cells per high-power field in this study, whereas it was
3 in our study. Taken together, the prevalence of pyuria and
bacteriuria at baseline in our study was consistent with the
literature. The cumulative incidence of UTI in our study was
20% in the whole cohort, 25,9% in the pyuria group, and
18.9% in the bacteriuria group. The lower incidence of UTI
comparing the previous studies [9, 10] may be attributed to
the shorter follow-up period of our study.

The main randomized controlled studies showing car-
diovascular and renal protective effects of dapaglifiozin
and empagliflozin did not show an increased risk of UTI
with SGLT2i [1-3]. In the randomized controlled study of
empagliflozin for the progression of kidney disease, 22.9%
of the patients in eGFR < 60 groups had UTI and 16.2% in
eGFR > 60 groups, which were not different from placebo
[2]. In a population-based cohort study (123 752 patients in
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cohort 1 and 111 978 in cohort 2) comparing SGLT2i versus
DPP4i and GLP1-RA, SGLT-2 inhibitors were not associ-
ated with increased risk for outpatient UTIs (cohort 1: HR,
0.96 [CI, 0.89 to 1.04]; cohort 2: HR, 0.91 [CI, 0.84 to 0.99])
[12]. Similarly, severe UTI and urosepsis did not increase
with the use of SGLT?2i in cohort studies [12, 13]. In two dif-
ferent meta-analyses, only dapagliflozin was associated with
an increased risk of UTI, but not canagliflozin and empa-
gliflozin. However, all agents were associated with genital
tract infections [14, 15]. The majority of the patients (70%)
in our study had dapaglifiozin. On the other hand, a retro-
spective cohort study of Yang et al. revealed that SGLT2i
were associated with a higher risk of UTI and genital infec-
tions when used add-on therapy to metformin [16]. Uitrakul
et al. compared SGLT2i and non-SGLT?2i in their real-world
observational study in terms of UTI. The overall incidence
rate of UTI was 33.49% in the SGLT2i group, which was not
different between dapagliflozin and empagliflozin treatment.
Moreover, patients of female gender and older age had a
significantly higher risk of UTI when treated with SGLT?2i
[17]. Consistently, our study population was female patients
with a median age of 62. The SGLT2i study of Kang et al.
showed that only women > 50 years showed a significant
increase in the risk of urinary tract infections (UTIs) (IRR
1.25,95% CI 1.14-1.37) and the highest risk of UTTI risk
was observed 8—14 days after initiating SGLT2 inhibitor
therapy [18]. The gender and age of our study population
and 3-months follow-up are consistent with these results.
However; adjusting pyuria and bacteriuria for age, HbAlc,
CVD, eGFR and SGLT?2i type did not reveal significant odd
ratios in the multivariable logistic regression analysis. In
another retrospective longitudinal study of 95 patients, 20
participants discontinued SGLT2i due to genital or urinary
tract infections [19].

The conflicting data about UTT risk with the use of SGLT?2i,
and the importance of asymptomatic bacteriuria for UTI risk
in diabetic patients rationalize the design of our study. How-
ever, there are some limitations. Our study is a prospective
cohort study and does not have a placebo or active control
group. Although sample size calculation revealed a total num-
ber of 78 patients, sample size is relatively limited, therefore
conclusions should be drawn with caution. The follow-up
period is relatively short, however, the use of antibiotics and
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hospitalization for other than UTI indication increase over time
in the longer follow-up period, making the interpretation of
the effect of asymptomatic pyuria and bacteriuria at baseline
difficult. Definitions of asymptomatic pyuria and bacteriuria
are more liberal in this study, comparing the literature, but
the aim was to conduct a practical pragmatic study reflecting
daily practice concerns. Because we did not record the data
of exact UTI diagnosis time after SGLT?2i initiation, we could
not perform Kaplan—Meier analysis. Lastly, although genital
tract infections are prominently associated with SGLT2i, our
study does not give genital tract infection data because of the
lack of reliable data.

In conclusion, this pragmatic practical cohort study
reveals that pyuria or bacteriuria at the initiation of SGLT21
are not risk factors for UTI for female patients with type
2 diabetes in the 3-month follow-up. As an interpretation
of this result for daily practice, it is not necessary to per-
form urine culture and urinalysis for pyuria before initiating
SGLT2i and asymptomatic pyuria and bacteriuria should not
be an obstacle to initiating SGLT2i when there is an indica-
tion of SGLT?2i.
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