
Vol:.(1234567890)

International Journal of Diabetes in Developing Countries (April–June 2025) 45(2):348–354
https://doi.org/10.1007/s13410-024-01364-y

                     ORIGINAL ARTICLE 

 Prevalence of genitourinary symptoms in people with type 2 diabetes 
initiated with SGLT2 inhibitors 

                                                       Vijay     Viswanathan   1       ·  Divyabharathi     Samraj   1   ·  Leela     Baid   1   ·  Satyavani     Kumpatla   1  

 Received: 24 April 2024 / Accepted: 29 May 2024   / Published online: 25 June 2024
©   The Author(s), under exclusive licence to Research Society for Study of Diabetes in India      2024  

                     Abstract 
  Background     Sodium glucose co-transporter-2 (SGLT2) inhibitors prevent the kidneys from reabsorbing glucose from the 

urine. In addition to glucose-lowering eff ect, SGLT2 inhibitors can also reduce blood pressure and result in weight loss. In 

spite of the benefi ts of this drug, it predisposes patients to genitourinary tract infections. 

   Objective     This study aimed to assess the prevalence of genitourinary symptoms (GUS) in individuals with type 2 diabetes 

prescribed SGLT2 inhibitors and to evaluate the impact of these symptoms on treatment discontinuation. 

   Methods     In this cross-sectional study, a total of 320 (M:F 216:104) participants recently initiated with SGLT2 inhibitors 

were included from a tertiary care center for diabetes, Chennai from January to September 2022. Basic demographic, anthro-

pometric, biochemical parameters, clinical profi le, use of concomitant diabetes medications, history of GUS prior to intake 

of SGLT2 inhibitors, and GUS after intake of SGLT2 inhibitors were collected. 

   Results     The mean age of the participants was 54.5 ± 10.3 years, and the mean duration of diabetes was 12.7 ± 7.9 years. The 

prevalence of GUS was 18.4%. The median BMI and HbA1c were signifi cantly high among people with GUS than without 

GUS (29.6 vs. 27.5 kg/m 2 ,  p  = 0.004) and (8.2 vs. 7.8%,  p  = 0.037). Among people with GUS, almost 3/4th (72.9%) were 

taking dapaglifl ozin. Around 16.9% were advised to discontinue the drug. In 18.6%, the drug was changed, and the remaining 

47.5% were advised to continue the drug with precautions to drink plenty of water and maintain genital hygiene. Of those 

who had minimal symptoms, 10.2% were prescribed oral antifungal and antibiotics, and 6.8% were prescribed antifungal 

creams as the drug has several other health benefi ts. 

   Conclusion     Genitourinary symptoms were common among people with type 2 diabetes who were initiated with SGLT2 

inhibitors. Prior education about the adverse events of the drug is necessary during the initiation of the treatment. 

    Keywords     Type 2 diabetes    ·  Oral antidiabetic drug    ·  SGLT2 inhibitors    ·  Adverse reaction    ·  GU symptoms    ·  South India  

      Introduction 

 The management of type 2 diabetes (T2DM) typically 

requires multiple medications to regulate the level of blood 

glucose [ 1 ]. Gliflozins are a class of medications that 

decrease blood glucose by stopping the kidneys from reab-

sorbing glucose from the proximal tubules. They are also 

known as SGLT2 inhibitors as they function by blocking the 

sodium-glucose co-transporter 2 protein, which decreases 

the renal threshold for glucose and reduces the amount of 

fi ltered glucose reabsorption, increasing the excretion of 

glucose in the urine [ 2 ,  3 ]. SGLT2 inhibitors have a unique 

mechanism of action by lowering blood glucose levels with-

out inducing the release of insulin by the pancreas [ 1 ]. It 

has a potential to use as an adjuvant therapy to improve 

reduction of glucose when used in combination with other 
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glucose-lowering therapies. SGLT2 inhibitors should be 

regarded as appropriate second-line treatments for those who 

are at risk of cardiovascular events or those with underly-

ing nephropathy [ 4 ]. DM has long-term detrimental eff ects 

on the genitourinary system in multiple ways [ 5 ]. Numer-

ous factors, including female sex and diabetes, particularly 

when glycemic control is inadequate, have been linked to an 

increased risk of genital infection [ 6 ,  7 ]. 

 SGLT2 inhibitors stop the proximal tubules in the kid-

ney from reabsorbing glucose, which causes glucosuria. The 

growing concern about the possibility of UTI and genitou-

rinary infection based on this method of action is a barrier 

that may restrict their usage in certain patients [ 8 ]. Benefi ts 

include a little drop in body weight and blood pressure as 

well as the absence of hypoglycemia as a side eff ect. Due 

to its modest diuretic action, side eff ects include increased 

frequency of urination, hypovolemia symptoms. 

 Clinical studies had greater rates of vaginal mycotic 

infections, urinary tract infections, and side events associ-

ated with osmotic diuresis; however, these infections were 

often mild to moderate in severity and led to few discon-

tinuations [ 9 – 11 ]. This type of infection can aff ect the kid-

neys, referred to as pyelonephritis, the bladder, referred to 

as cystitis, or the urethra called urethritis [ 12 – 14 ]. In addi-

tion to SGLT2 inhibitors, menopause, circumcision, and 

personal cleanliness may all be contributing factors to the 

observed incidence of genital infections in T2DM patients 

on SGLT2 inhibitors therapy [ 15 ]. Other adverse eff ects 

of dapaglifl ozin include dehydration (probably because of 

polyuria), whereas canaglifl ozin causes polydipsia, con-

stipation, nausea, and polyuria [ 16 – 19 ]. Genital infections 

tend to be the most frequent adverse side eff ect of SGLT2 

inhibitors, increasing up to four times in clinical trials [ 1 ]. 

SGLT2 inhibitor treatment increases glucose excretion in 

urine, and this may also promote fungal development in the 

genitourinary tract and perineum [ 20 ]. Many clinical trials 

showed that SGLT2 inhibitor users had 2.5–6 times higher 

genital infection rates than control subjects [ 21 – 23 ]. Less 

evidence is available in Indian context on SGLT2 inhibi-

tors induced genitourinary symptoms among people with 

type 2 diabetes. Hence, we aimed to assess the prevalence of 

genitourinary symptoms after the intake of SGLT2 inhibitors 

among people with type 2 diabetes and also to see the impact 

on discontinuation of treatment. 

    Methods and Materials 

 This cross-sectional study was conducted among 320 (M:F 

216:104) participants from the out-patient department of 

a tertiary care center for diabetes in Chennai, South India, 

between January and September 2022. The participants those 

aged above 20 years diagnosed with T2DM, both gender, those 

initiated on SGLT2 inhibitors (within 6 months) were included 

and those with GUS before the intake of SGLT2 inhibitors, 

people with gestational diabetes, type 1 diabetes, and peo-

ple taking SGLT2 inhibitors for more than 6 months were 

excluded from the study. All the individuals were approached 

and enrolled into the study based on the inclusion and exclu-

sion criteria. The ethics committee of the institution approved 

the study (IEC/N-004/01/2022), and written informed consent 

was obtained from the participants prior to the data collection. 

 A semi-structured questionnaire with two parts was 

used for data collection. The first part included socio-

demographic variables, behavioral habits, anthropometric 

measurements, clinical profi les, and biochemical param-

eters. Anthropometric measurements included height and 

weight. Weight was measured using a standard portable 

digital scale. Stadiometer was used to measure height of the 

participants. BMI was calculated using the standard formula 

and expressed in kg/m 2 . Smoking and alcohol consumption 

were recorded. Fasting, postprandial blood glucose, and 

HbA1c measurements were recorded. All the biochemical 

investigations were done by standard enzymatic procedure 

using fully automated biochemistry analyzers. The pres-

ence of other diabetic complications and co-morbidities was 

recorded. The medication details were also recorded. The 

second part had open-ended questions on the experience of 

the participants with GU symptoms after intake of SGLT2 

inhibitors. The symptoms included itching, burning, dry-

ness in the genital area, redness in the genital area, acute 

dysuria, urinary incontinence, frequent/excessive urination, 

and foul-smelling urination. The treatment advised for GUS 

was also recorded. 

    Statistical analysis 

 Baseline characteristics of all participants were descriptively 

analyzed and reported as numbers and percentages. Mean 

and SD for normally distributed variables and median (Min, 

Max) were reported for the variables that showed skewed 

distribution. Mann–Whitney  U  test was performed to see the 

diff erence between people with and without GU symptoms. 

Paired  T -test was done to address the changes in anthro-

pometric and glycemic control before and after the intake 

of SGLT2 inhibitors. Data were analyzed using IBM SPSS 

Statistics software version 29. The signifi cance threshold of 

all analyses was set at  p  < 0.05. 

    Results 

 Table  1  shows the socio-demographic, behavioral habits, 

and clinical profi le of the study participants. The mean age 

was 54.5 ± 10.3 years and nearly 66.9% of the study partici-

pants were aged above 50 years. Majority (67.5%) of them 
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were males. More than 3/4th (86.3%) of the participants 

had diabetes for more than 5 years with a mean duration 

of 12.7 ± 7.9 years. High proportion (78%) of them were 

obese (BMI ≥ 25 kg/m 2 ) with a mean BMI of 28.6 ± 4.8 kg/

m 2 . In terms of lifestyle habits, 6.3% were currently con-

suming alcohol and 4.7% were current smokers. Around 

65% of the participants had neuropathy followed by retin-

opathy (31.3%), CVD (9.7%), and nephropathy (8.8%). Co-

morbid conditions such as hypertension and dyslipidemia 

proportions were 40% and 41.6%, respectively. Less than 

half (47.2%) of them were taking oral hypoglycemic agents 

alone, while others (52.8%) were taking insulin in combi-

nation with other oral hypoglycemic agents. In the class of 

SGLT2 inhibitors, high proportion 220 (68.8%) were taking 

dapaglifl ozin, 10 (3.1%) were on empaglifl ozin, 24 (7.5%) 

were on remoglifl ozin, 4 (1.3%) were on combination of 

dapaglifl ozin + vildagliptin, 27 (8.4%) were on combination 

of dapaglifl ozin + metformin, 16 (5%) were on combination 

remoglifl ozin + vildagliptin, and 19 (5.9%) were on combi-

nation of remoglifl ozin + metformin + vildagliptin.  

 Figure  1  depicts the prevalence of GUS among the people 

initiated on SGLT2 inhibitors treatment. Of all the study par-

ticipants, 59 (18.4%) developed GUS within 6 months after 

initiation of SGLT2 inhibitor treatment. The most commonly 

reported symptom was itching (40.7%), followed by both 

itching and burning (16.9%), excessive urination (15.3%), 

redness in the genital area (13.5%), burning (6.8%), dry-

ness in the genital area (3.4%), and foul smelling urination 

(3.4%) (Fig.  1 ).         

 Figure   2  shows the distribution of SGLT2 inhibitors 

classes among participants with GUS. Among participants 

with GUS, 72.9% were on dapagliflozin, 6.8% were on 

empaglifl ozin and remoglifl ozin, respectively, 5.1% were 

on combination of dapaglifl ozin plus metformin and com-

bination of remoglifl ozin plus vildagliptin, and 3.4% were 

on combination of remoglifl ozin plus metformin plus vilda-

gliptin (Fig.  2 ).         

 Table   2  shows the comparison of the demographic, 

anthropometric, and biochemical parameters in participants 

with and without GUS. There was no signifi cant diff erence 

noted in the median age and duration of diabetes among 

people without and with GUS. More than half (57.6%) of 

  Table 1       Socio-demographic, behavioral habits, and clinical profi le of 

the study participants ( n  = 320)  

 Values are in  n  (%); *values are in mean ± SD 

  Variables     N  (%)  

  Age(years) *    54.5 ± 10.3  

    ≤ 45 

   46–55 

   56–65 

   > 65  

  58 (18.1) 

 105 (32.8) 

 106 (33.1) 

 51 (15.9)  

  Gender    

    Male 

   Female  

  216 (67.5) 

 104 (32.5)  

  Duration of diabetes (years) *    12.7 ± 7.9  

    ≤ 5 

   6–10 

   11–15 

   16–20 

   > 20  

  44 (13.8) 

 103 (32.2) 

 73 (22.8) 

 48 (15) 

 52 (16.3)  

  BMI (kg/m 2 ) ( n  = 314) *    28.6 ± 4.8  

    Normal 

   Overweight 

   Obesity  

  27 (8.6) 

 42 (13.4) 

 245 (78)  

  Behavioral habits    

    Alcohol consumption 

   Smoking  

  20 (6.3) 

 15 (4.7)  

  Medication details    

    OHA’s 

   OHA + insulin  

  151 (47.2) 

 169 (52.8)  

  Co-morbid/complications    

    Hypertension 

   Dyslipidemia 

   Retinopathy 

   Nephropathy 

   Cardiac problem 

   Neuropathy  

  128 (40) 

 133 (41.6) 

 100 (31.3) 

 28 (8.8) 

 31 (9.7) 

 210 (65.8)  

  Fig. 1       GUS among participants 

initiated on SGLT2 inhibitor 

treatment  
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the male participants had GUS compared to female partici-

pants (42.4%), but it did not show statistical signifi cance 

( p  = 0.073). The median BMI was signifi cantly higher in 

participants with GUS than those without GUS. The par-

ticipants with GUS had poor glycemic control compared to 

people without GUS. HbA1c % was signifi cantly higher in 

participants with GUS as compared to participants without 

GUS (8.2 vs. 7.8%,  p  = 0.037).  

 Table  3  shows the diff erences in demographic, anthropo-

metric measurements, and biochemical parameters before 

and after intake of SGLT2 inhibitors. Weight reduced sig-

nifi cantly after intake of SGLT2 inhibitors than before intake 

of drug (76.3 ± 14 vs. 75.6 ± 13.8,  p  = 0.001). Glycemic con-

trol signifi cantly improved after intake of drug compared 

to before intake of SGLT2 inhibitors (HbA1c 9.4 ± 1.7 vs. 

8 ± 1.3,  p  < 0.001).  

 Among people with GUS, almost 3/4th of them (72.9%) 

were taking dapaglifl ozin. Around 16.9% of the participants 

were advised to discontinue the drug. In 18.6%, the drug was 

changed, and the remaining 47.5% were advised to continue 

the drug with precautions to drink plenty of water and main-

tain genital hygiene. Of those who had minimal symptoms, 

10.2% were prescribed oral antifungal and antibiotics, and 

6.8% were prescribed antifungal creams as the drug has sev-

eral other health benefi ts (Fig.  3 ).         

    Discussion 

 Numerous studies indicate that the use of SGLT2 inhibitors 

may further enhance the possible risk of genitourinary infec-

tions, which are fairly prevalent in individuals with diabetes 

[ 14 ,  15 ]. People on SGLT2 inhibitors frequently experi-

ence genitourinary problems within the fi rst 6 months of 

treatment. According to this study fi ndings, 18.4% of them 

initiated on SGLT2 inhibitors had GUS. Among them, the 

most commonly used SGLT2 inhibitor was dapaglifl ozin in 

around 72.9%. 

  Fig. 2       Distribution of SGLT2 

inhibitors drug classes among 

people with GUS  

  Table 2       Comparison of demographic, anthropometric, and biochemi-

cal parameters in participants with and without GUS  

 Values are in median (min, max); Values in bold indicates signifi cant 

diff erence between the groups 

  Variables    People without 

GUS ( n  = 261)  

  People with GUS 

( n  = 59)  

   p  value  

  Age (years)    56 (21, 76)    53.3 (32, 77)    0.229  

   Gender   
    Male 

   Female  

  182 (69.7) 

 79 (30.3)  

  34 (57.6) 

 25 (42.4)  

  0.073  

  Duration of 

diabetes 

(years)  

  12 (1, 36)    11 (1, 29)    0.922  

  BMI (kg/m 2 )    27.5 (18.8, 45.7)    29.6 (20.3, 43.1)     0.004   
  Plasma glucose (mg/dl)  

    Fasting 

   Postpran-

dial  

  134 (68, 322) 

 213 (75, 463)  

  140 (82, 281) 

 248 (106, 414)  

  0.724 

  0.025   

  HbA1c (%)    7.8 (5.8, 12.2)    8.2 (6, 13.5)     0.037   

  Table 3       Diff erences in anthropometric and glycemic status before 

and after the intake of SGLT2 inhibitors among the study participants  

 Values are in mean ± SD, Values in bold indicate signifi cant diff er-

ence between the groups 

  Variables    Before intake of 

SGLT2 inhibitors  

  After intake of 

SGLT2 inhibitors  

   p  value  

  Weight (kg)    76.3 ± 14    75.6 ± 13.8     0.001   
  BMI (kg/m 2 )    28.8 ± 4.8    28.6 ± 4.8      < 0.001   
   Plasma glucose (mg/dl)   

    Fasting 

   Postprandial  

  185 ± 64 

 278 ± 86  

  143 ± 47 

 223 ± 73  

    < 0.001  
   < 0.001   

  HbA1c (%)    9.4 ± 1.7    8 ± 1.3      < 0.001   
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 Individuals with GUS were obese and had uncontrolled 

diabetes. These findings pave way for the clinicians to 

determine which patients are more prone to experience this 

occurrence by having knowledge of the risk factors for geni-

tourinary infection, and this may help clinicians to explain 

to patients the potential risk of developing genitourinary 

infections and advise them such as drinking plenty of water, 

maintaining proper genital hygiene, and consulting a doc-

tor as soon as any symptoms appear before starting SGLT2 

inhibitors. 

 In this study, majority of them were aged above 50 years 

and 67.5% of them were males. Majority of the participants 

had a diabetes duration of more than 5 years with a mean 

duration of 12.7 ± 7.9 years. Nearly half (43.4%) of them 

had poor glycemic control (> 8%) with a median HbA1c of 

9.6%. Similarly, the study done by Shrikrishna et al. in Man-

galore reported that many of them were aged above 50 years, 

and majority of the participants had diabetes of more than 

5 years. They had poor glycemic control with a mean HbA1c 

of 8.8 ± 1.8% [ 23 ]. 

 There was a signifi cant reduction in weight and BMI after 

the intake of SGLT2 inhibitors in our study. Similarly in the 

study done by Bhosle et al., reduction in body weight from 

baseline was signifi cantly related to dapaglifl ozin, canagli-

fl ozin, empaglifl ozin, and ipraglifl ozin treatment in people 

with type 2 diabetes [ 24 ]. 

 Of our chosen study participants, 18.4% developed at 

least one genitourinary symptom within 6 months from the 

initiation of SGLT2 inhibitors. The fi nding was consistent 

with the study by Shrikrishna et al., done in 120 participants, 

around 16.6% had one or more episodes of genital mycotic 

infection [ 23 ], and in the study done by Andrew et al. in 

Glasgow, the prevalence of genital infection was found to 

be only 8.1% [ 25 ]. The prevalence rate in India was double 

to that of the UK population. This is due to India being a 

country where there is high carbohydrate intake, glucosuria 

induced by SGLT2 inhibitors is more, which raises the risk 

of genital infection, and this may worsen in people taking 

SGLT2 inhibitors. Climate conditions along with personal 

genital hygiene also play a major role in GUS. 

 In our study, male participants (57.6%) were more likely 

to have a GUS than the female participants which was 

absolutely contrast to the study done by Andrew et al. [ 25 ]. 

One possible explanation in the diff erence could have been 

maintaining genital hygiene by female participants, drinking 

plenty of water, and majority of them were homemakers and 

hence were using private toilet. 

 In our study, dapaglifl ozin was the most commonly used 

SGLT2 inhibitors with 68.8%, and only 3.1% of them were 

on empaglifl ozin. In contrast, empaglifl ozin was the most 

commonly used SGLT2 inhibitor with 60% of the patients 

on it, and 28.3% of the patients were on dapaglifl ozin [ 23 ]. 

 Another main fi nding of our study was that there was 

a signifi cant reduction in fasting and postprandial glucose 

levels and HbA1c after intake of SGLT2 inhibitors. Similar 

results were observed in the study done by Bhosle et al. in 

the year 2022 [ 24 ]. 

 Our study found that almost 3/4th of the participants who 

had GUS were on dapaglifl ozin compared to other SGLT2 

inhibitors. These fi ndings are consistent with recent meta-

analysis [ 26 ]. The reason behind is dapaglifl ozin causes 

dehydration as side eff ect which may lead to GUS. 

 Majority of the studies were on urinary tract infections 

and genital infections, and none of the studies assessed the 

prevalence of GUS among people treated with SGLT2 inhib-

itors. We found that itching (40.7%) was the most common 

among all other symptoms. Participants who had GUS were 

advised to drink plenty of water, prescribed antibiotics and 

anti-fungal creams, and changed the class of drug to get 

relief from the symptoms, and only 16.9% of the participants 

were advised to discontinue the drug and the remaining par-

ticipants continued the drug as it has several other health 

  Fig. 3       Details of treatment for 

those with GUS  
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benefi ts such as weight loss, improving glycemic status, and 

lower the risk of heart failure and kidney failure. 

 The limitations of the study were as follows: convenience 

sampling was used and data collection was mainly based on 

participants’ self-report which may under or over-report the 

GUS. The participants from the tertiary care facility were 

only studied limiting the generalizability of the fi ndings. 

Only GUS were assessed in the current study and could not 

assess the severity of the symptoms. 

    Conclusion 

 In conclusion, the current study highlighted that SGLT2 

inhibitors increase the risk of GUS and people with uncon-

trolled diabetes and who are obese are more prone to it. In 

addition, the results indicated that dapaglifl ozin was associ-

ated with signifi cant increase in GUS, especially male par-

ticipants. Health care providers should educate and advice 

the patients on adverse eff ects and self-management of mild 

symptoms before prescribing the drug. 

       Acknowledgments     We thank all the participants who extended 

cooperation for enrollment in this study. The paper was presented in 

RSSDI–2022 held in Chennai and won the best poster award. We would 

like to acknowledge all those who participated in the study by patiently 

helping us to fi ll out the questionnaires related to the study and con-

tributed to this research.  

  Author contributions     All the authors have contributed to this manuscript.  

  Funding     The present study is funded by Prof. M. Viswanathan Dia-

betes Research Centre.  

  Data Availability     Data will be made available on request.  

  Declarations    

   Ethical approval     The ethics committee of Prof MVDRVC approved 

the study (IEC/N-004/01/2022), and written informed consent was 

obtained from the participants prior to the anthropometric data collec-

tion; no invasive procedures were performed in the study. 

    Conflict of interests     The authors declare no competing interests.   

  References 

      1.                                                    Hsia DS, Grove O, Cefalu WT. An update on sodium-glucose 

co-transporter-2 inhibitors for the treatment of diabetes mellitus. 

Curr Opin Endocrinol Diabetes Obes. 2017;24(1):73–9.  

      2.                                    Chao EC. SGLT-2 inhibitors: A new mechanism for glycemic 

control. Clin Diabetes. 2014;32(1):4–11.  

      3.                                                                                                    Sha S, Devineni D, Ghosh A, Polidori D, Chien S, Wexler D, 

Shalayda K, Demarest K, Rothenberg P. Canaglifl ozin, a novel 

inhibitor of sodium glucose co-transporter 2, dose dependently 

reduces calculated renal threshold for glucose excretion and 

increases urinary glucose excretion in healthy subjects. Diabetes 

Obes Metab. 2011;13(7):669–72.  

      4.                                         Giugliano D, Esposito K. Class eff ect for SGLT-2 inhibitors: A 

tale of 9 drugs. Cardiovasc Diabetol. 2019;18(1):94.  

      5.                                         Monica Reddy RP, Inzucchi SE. SGLT2 inhibitors in the manage-

ment of type 2 diabetes. Endocrine. 2016;53:364–72.  

      6.                                    Sobel JD. Vulvovaginal candidosis. The Lancet. 2007;369(9577):

1961–71.  

      7.                                                                                                                       Hine JL, de Lusignan S, Burleigh D, Pathirannehelage S, McGovern A, 

Gatenby P, Jones S, Jiang D, Williams J, Elliot AJ, Smith GE. Asso-

ciation between glycaemic control and common infections in people 

with type 2 diabetes: a cohort study. Diabet Med. 2017;34(4):551–7.  

      8.                                                                            Peters AL, Buschur EO, Buse JB, Cohan P, Diner JC, Hirsch IB. 

Euglycemic diabetic ketoacidosis: A potential complication of 

treatment with sodium–glucose cotransporter 2 inhibition. Dia-

betes Care. 2015;38(9):1687–93.  

      9.                                                                                                                 Cefalu WT, Stenlöf K, Leiter LA, Wilding JP, Blonde L, Polidori 

D, Xie J, Sullivan D, Usiskin K, Canovatchel W, Meininger G. 

Eff ects of canaglifl ozin on body weight and relationship to HbA 

1c and blood pressure changes in patients with type 2 diabetes. 

Diabetologia. 2015;58:1183–7.  

      10.                                                                               Cefalu WT, Leiter LA, de Bruin TW, Gause-Nilsson I, Sugg J, 

Parikh SJ. Dapaglifl ozin’s eff ects on glycemia and cardiovascular 

risk factors in high-risk patients with type 2 diabetes: A 24-week, 

multicenter, randomized, double-blind, placebo-controlled study 

with a 28-week extension. Diabetes Care. 2015;38(7):1218–27.  

      11.                                            Shah BR, Hux JE. Quantifying the risk of infectious diseases for 

people with diabetes. Diabetes Care. 2003;26(2):510–3.  

      12.                                                                            Fu AZ, Iglay K, Qiu Y, Engel S, Shankar R, Brodovicz K. Risk char-

acterization for urinary tract infections in subjects with newly diag-

nosed type 2 diabetes. J Diabetes Complications. 2014;28(6):805–10.  

      13.                                                            Gupta K, Sahm DF, Mayfi eld D, Stamm WE. Antimicrobial resist-

ance among uropathogens that cause community-acquired urinary 

tract infections in women: A nationwide analysis. Clin Infect Dis. 

2001;33(1):89–94.  

      14.                                                            Unnikrishnan AG, Kalra S, Purandare V, Vasnawala H. Genital 

infections with sodium glucose cotransporter-2 inhibitors: occur-

rence and management in patients with type 2 diabetes mellitus. 

Indian J Endocrinol Metab. 2018;22(6):837–42.  

      15.                                                                                            Bolinder J, Ljunggren Ö, Kullberg J, Johansson L, Wilding J, 

Langkilde AM, Sugg J, Parikh S. Eff ects of dapaglifl ozin on body 

weight, total fat mass, and regional adipose tissue distribution in 

patients with type 2 diabetes mellitus with inadequate glycemic con-

trol on metformin. J Clin Endocrinol Metab. 2012;97(3):1020–31.  

      16.                                                                                    Yale JF, Bakris G, Xi L, Figueroa K, Wajs E, Usiskin K, Mein-

inger G. Canaglifl ozin (CANA), a sodium glucose co-transporter 

2 (SGLT2) inhibitor, improves glycemia and is well tolerated in 

type 2 diabetes mellitus (T2DM) subjects with moderate renal 

impairment. Can J Diabetes. 2012;36(5):S40–1.  

      17.                                                                                    Forst T, Guthrie R, Goldenberg R, Yee J, Vijapurkar U, Meininger 

G, Stein P. Effi  cacy and safety of canaglifl ozin over 52 weeks 

in patients with type 2 diabetes on background metformin and 

pioglitazone. Diabetes Obes Metab. 2014;16(5):467–77.  

      18.                                                                                               Rosenstock J, Aggarwal N, Polidori D, Zhao Y, Arbit D, Usiskin 

K, Capuano G, Canovatchel W, Canaglifl ozin DIA 2001 Study 

Group. Dose-ranging eff ects of canaglifl ozin, a sodium-glucose 

cotransporter 2 inhibitor, as add-on to metformin in subjects with 

type 2 diabetes. Diabetes Care. 2012;35(6):1232–8.  

      19.                                            Halimi S, Vergès B. Adverse eff ects and safety of SGLT-2 inhibi-

tors. Diabetes Metab. 2014;40(6):S28-34.  

      20.                                                                            Zaccardi F, Webb DR, Htike ZZ, Youssef D, Khunti K, Davies 

MJ. Effi  cacy and safety of sodium-glucose co-transporter-2 inhibi-

tors in type 2 diabetes mellitus: Systematic review and network 

meta-analysis. Diabetes Obes Metab. 2016;18(8):783–94.  

      21.                                                                       Geerlings S, Fonseca V, Castro-Diaz D, List J, Parikh S. Genital and 

urinary tract infections in diabetes: Impact of pharmacologically-

induced glucosuria. Diabetes Res Clin Pract. 2014;103(3):373–81. 

  https:// doi. org/ 10. 1016/j. diabr es. 2013. 12. 052    .  



354 International Journal of Diabetes in Developing Countries (April–June 2025) 45(2):348–354

      22.                                                                                                    Lega IC, Bronskill SE, Campitelli MA, Guan J, Stall NM, Lam K, 

McCarthy LM, Gruneir A, Rochon PA. Sodium glucose cotrans-

porter 2 inhibitors and risk of genital mycotic and urinary tract 

infection: A population-based study of older women and men with 

diabetes. Diabetes Obes Metab. 2019;21(11):2394–404.  

      23.                                            Shrikrishna A, Archana B. Prevalence of genitourinary infection 

in diabetic patients treated with SGLT 2 inhibitors. Afr Health Sci. 

2023;23(1):270–5.  

      24.                                                            Bhosle D, Indurkar S, Quadri U, Chandekar B. A comparative study 

of effi  cacy and safety of diff erent sodium glucose co-transporter 

2 (SGLT-2) inhibitors in the management of patients with type II 

diabetes mellitus. J Assoc Physicians India. 2022;70(6):11–2.  

      25.                                                                                                 McGovern AP, Hogg M, Shields BM, Sattar NA, Holman RR, 

Pearson ER, Hattersley AT, Jones AG, Dennis JM. Risk factors 

for genital infections in people initiating SGLT2 inhibitors and 

their impact on discontinuation. BMJ Open Diabetes Res Care. 

2020;8(1):e001238.  

      26.                                                                                                                 Donnan JR, Grandy CA, Chibrikov E, Marra CA, Aubrey-Bassler 

K, Johnston K, Swab M, Hache J, Curnew D, Nguyen H, Gamble 

JM. Comparative safety of the sodium glucose co-transporter 2 

(SGLT2) inhibitors: A systematic review and meta-analysis. BMJ 

Open. 2019;9(1):e022577.   

  Publisher's Note     Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affi  liations.  

  I authorize that the work is original and the manuscript has not been 

published elsewhere or under consideration for publication.  

 Springer Nature or its licensor (e.g. a society or other partner) holds 

exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 

such publishing agreement and applicable law.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2025-06-07T01:48:21+0000
	Preflight Ticket Signature




