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Aim: Patients with diabetes mellitus (DM) have an increased risk of infections, especially 

urinary tract infections (UTIs). The aim of this study was to assess the prevalence and etiology 

of UTIs and identify the risk factors for their development in patients with DM.

Patients and methods: In this retrospective, noninterventional study, the medical records 

of 2,465 adult patients with DM who were hospitalized in a Diabetes Clinic were reviewed. 

Data regarding the presence of UTI and possible associated risk factors were collected and 

their possible relation was analyzed. The study protocol and procedures were approved by the 

Ethics Committee of Timișoara Emergency Hospital. All data were collected and analyzed 

using SPSS v.17 statistical software.

Results: The prevalence of UTIs in patients with DM was 12.0% (297 cases), being higher 

in females than in males and higher in patients with type 2 DM compared with patients with 

type 1 DM. In univariate logistic regression analysis, risk factors associated with UTIs were 

female gender, age, type 2 DM, longer duration of DM, and the presence of chronic kidney 

disease and coronary artery disease. Multivariate analysis identified age, duration of DM, and 

metabolic control (hemoglobin A1c levels) as independent risk factors for UTIs. The gram-

negative bacilli from the Enterobacteriaceae family were predominant, with Escherichia coli 

being the most frequent of them (70.4%).

Conclusion: UTIs are a frequent condition associated with DM. It is necessary to improve 

the care and the screening of UTIs in patients with DM to prevent the occurrence of possible 

associated severe renal complications.
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Introduction
Patients with diabetes mellitus (DM) are more prone to develop infections compared 

with the general population,1 with urinary tract infections (UTIs) being among the 

most commonly encountered.2

It has been estimated that UTIs account for 7 million hospital visits per year, along 

with 1 million visits to the emergency department, in the United States,2 involving an 

estimated annual cost of ~US$1.6 billion to the health care system.3

Several factors contribute to an increased infection risk in patients with DM: 

defects in the host immune defense mechanisms (such as impaired neutrophil func-

tion, decreased T-cell-mediated immune response, low levels of prostaglandin E, 

thromboxane B2, leukotriene B4),4 incomplete bladder emptying due to autonomic 

neuropathy, and poor metabolic control.5,6 A higher glucose concentration in the urine 

allows urinary colonization by pathogenic microorganisms.4,5

Various types of UTIs may develop in patients with DM: asymptomatic bacteriuria 

(ASB), lower UTI (cystitis), upper UTI (pyelonephritis), and severe urosepsis, requiring 
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careful management in this category of patients.7,8 Rare 

complications of UTIs, including renal papillary necrosis, 

emphysematous cystitis and pyelonephritis, and intrarenal 

and perinephric abscesses, occur more often and with greater 

severity in patients with DM.7,8

Escherichia coli and other Enterobacteriaceae are the 

most commonly isolated uropathogens both in females and in 

males with DM, similar to the general population. However, 

UTIs caused by unusual and antibiotic-resistant uropathogens 

as well as fungal UTIs appear to be more frequently reported 

among patients with DM.7–9

No studies assessing the risk factors for UTIs among 

patients with DM have been conducted in Romania. There-

fore, the present study has been undertaken to evaluate the 

prevalence and spectrum of etiologic agents of UTIs and to 

identify the risk factors for UTIs in a population of patients 

with DM from Western Romania.

Materials and methods
study design, setting, and population
A hospital-based, retrospective, observational study that 

enrolled 2,465 Caucasian patients with DM was conducted. 

They were admitted in the Clinic of Diabetes, Nutrition 

and Metabolic Diseases at the Emergency Clinical County 

Hospital, Timișoara, Romania, from January 2011 to 

December 2012. This institution is a 1,173-bed tertiary-care 

university-affiliated teaching hospital providing health care 

services for the Western region of Romania.

To be included in the study, the patients had to have 

type 1 or type 2 DM and had to be aged $18 years. Patients 

with DM and positive urine cultures, without any other 

possible infection site, were included in the UTI-positive 

group. Both symptomatic and asymptomatic UTIs were 

included. The control group consisted of patients with DM, 

without any diagnosed infection in the last month prior to 

the hospital admission.

The following categories of patients were excluded from 

the study: patients without DM, those with prediabetes, 

females with gestational DM, nursing home or long-term care 

facility residents, patients undergoing antimicrobial treatment 

for a previously diagnosed UTI, patients with regular hemodi-

alysis clinic visits, and those with infections other than UTIs. 

The study flow diagram is presented in Figure 1.

In the Clinic of Diabetes, Nutrition and Metabolic Diseases, 

urine cultures were performed in all patients suspected of 

UTIs: symptoms suggesting UTIs (dysuria, urgency, fre-

quency of urination, suprapubic pain or tenderness, fever) 

or urinalysis with the presence of nitrite, leukocyte esterase, 

or .5 white blood cells per high-power field.

This study was approved by the Timișoara Emergency 

Hospital Ethics Committee; all patients provided written 

informed consent prior to their hospital admission for all the 

procedures performed during hospitalization, including the 

tests performed for the present study and for the use of their 

data for scientific research publications.

Study protocol and definitions
Hospital records of all the enrolled patients were reviewed 

by two independent reviewers, who were trained in data 

abstraction procedure. The collected data included demo-

graphics, anthropometric measurements, type and duration 

of DM, presence of comorbidities commonly associated with 

DM (retinopathy, chronic kidney disease, coronary artery 

disease, cerebrovascular disease, peripheral artery disease, 

neuropathy), UTI diagnoses, etiology and antimicrobial 

susceptibility testing (AST), renal function (assessed using 

serum creatinine and estimated glomerular filtration rate 

[eGFR], calculated using Chronic Kidney Disease Epide-

miology Collaboration creatinine equation), and the quality 

of the glycemic control (evaluated using the hemoglobin 

A1c [HbA1c]). Significant bacteriuria was defined as the 

presence of $105 colony-forming units per milliliter of 

urine. A symptomatic UTI was defined as the presence of 

bacteria in a patient with fever of urinary symptoms. ASB 

was defined as bacteriuria without fever of urinary symptoms. 

The diagnosis of UTIs (cystitis, pyelonephritis, and ASB) 

was established solely by the treating physician. Only the 

first episode of the positive urine culture per patient was 

included in the analysis.

Identification of germs and AST
Identification of germs was generally done according to 

morphological, cultural, and biochemical characteristics. 

The AST was assessed by performing the minimum 

Figure 1 Study flow diagram.
Abbreviation: UTi, urinary tract infection.
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inhibitory concentration, with automated reading and clas-

sification into resistance phenotypes by use of the Vitek 2 

Compact analyzer (bioMérieux), according to the Clinical 

Laboratory and Standards Institute criteria.10

statistical analysis
Data were collected and analyzed using IBM SPSS 

version 17 software suite (SPSS, Chicago, IL, USA) and 

are presented as medians and interquartile range for con-

tinuous variables without Gaussian distribution, mean ± 

standard deviation for continuous variables with Gaussian 

distribution, and number of cases and percent from total for 

categorical variables. To assess the significance of the dif-

ferences between groups, Mann–Whitney U tests (medians, 

non-Gaussian populations) and Student’s t-tests (means, 

Gaussian populations) were used. Chi-square analysis and 

Fisher’s exact test were used to test categorical variables. 

Odds ratio (OR) was calculated to determine the risk of 

occurrence of UTIs after exposure or nonexposure to a certain 

factor. Logistic regression model was used to analyze the 

risk factors in cases in which the exposure was quantified 

through continuous, nondichotomous variables. The selection 

of predictors in the model followed a stepwise consecutive-

prospective acceptance process (predictors being accepted at 

a significance level of P#0.1), the chosen model being the 

one that best explained the occurrence of UTIs (maximum 

Nagelkerke coefficient) and the minimum deviation from 

the theoretical model (estimated by the method described by 

Hosmer and Lemeshow). A P-value ,0.05 was considered 

statistically significant.

Results
Baseline characteristics of the study 
sample
The baseline characteristics of the patients are presented 

in Table 1.

Prevalence of UTis
The prevalence of UTIs in the study group was 12.0% 

(297 cases). Regarding the difference between genders, 

17.7% of females and 5.2% of males developed a UTI 

(P,0.001). The prevalence of UTIs was higher in patients 

with type 2 DM compared to patients with type 1 DM (12.6% 

vs 7.7%; P=0.014). Out of the total number of UTIs, 40 cases 

(13.5%) were classified as lower UTIs, 33 (11.1%) upper 

UTIs, and 224 (75.4%) were ASB. The prevalence of UTIs 

by type of infection was 1.4% lower UTIs, 1.6% upper UTIs, 

and 9% ASB. The prevalence of different types of UTIs by 

diabetes type and by gender is illustrated in Table 2.

Factors associated with the presence 
of UTis
The presence of UTIs in patients with DM was associated 

with higher age (65 vs 59.8 years; P,0.001), longer dura-

tion of DM (11 vs 9.5 years; P=0.003), and decreased eGFR 

(70.5 vs 80.1 mL/min/1.73 m2; P,0.001). The presence 

of UTIs was also associated with a significantly increased 

prevalence of chronic kidney disease (18.4% vs 10.1%; 

P,0.001) and coronary artery disease (13.7% vs 10.4%; 

P=0.011). The body mass index value had no significant 

Table 1 Baseline characteristics of the study sample

number of patients 2,465
age (years)a 61 (15)
Maleb 1,106 (44.9)
Urban areab 1,640 (66.5)
Body mass index (kg/m2)c 29.9±6.6
Diabetes typeb

Type 1 298 (12.1)
Type 2 2,167 (87.9)

Diabetes duration (years)a 8 (10)
serum creatinine (mg/dl)c 1.0±0.7
glycated hemoglobin level (percentage points)c 8.9±2.0
hypertensive patientsb 1,912 (77.6)
Comorbidities of the urinary tractb

Kidney stones 184 (7.5)
Malformations of the urinary tract 20 (0.8)
Benign prostatic hyperplasia 223 (9.1)
Urinary catheterization 7 (0.3)
Tumors of the urinary tract 11 (0.4)
Cystocele 62 (2.5)
Renal cyst 90 (3.7)
Two or more associated factors 14 (0.6)

Diabetes complicationsb

Retinopathy
Mild nonproliferative 450 (18.3)
Moderate nonproliferative 69 (2.8)
severe nonproliferative 131 (5.3)
Proliferative 125 (5.1)
Chronic kidney disease 576 (23.4)

Coronary artery disease 1,208 (49.0)
Cerebrovascular disease 167 (6.8)
Peripheral artery disease 410 (16.6)
neuropathy

somatic 1,656 (67.1)
autonomic 49 (2.0)

Positive urine culture 297 (12.0)

Notes: aContinuous variables without gaussian distribution. Results are 
presented as median and (interquartile range). bDichotomous variables. Results 
are presented as number of individuals and (percentage of total). cContinuous 
variables with gaussian distribution. Results are presented as average ± standard 
deviation.
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impact on the incidence of UTIs (P=0.437). Between the 

studied parameters of the metabolic control (HbA1c) and 

the presence of UTIs, no statistically significant association 

(P=0.405) was found (Table 3).

Risk factors for UTis
Univariate analysis
The univariate logistic regression model, which inves-

tigated the influence that different predictors had on the 

risk of occurrence of UTIs, found significant impact of 

age (OR =1.04 – per 1-year increase; P,0.001), diabetes 

duration (OR =1.02 – per 1-year increase; P=0.003), eGFR 

(OR =0.90 – per 10 mL/min increase; P,0.001), serum 

creatinine (OR =1.18 – per 1 mg/dL increase; P=0.011), 

and blood urea nitrogen (BUN) (OR =1.10 – per 10 mg/dL 

increase; P,0.001). The HbA1c levels did not significantly 

influence the risk of occurrence of UTIs. Other factors that 

influenced the risk of developing UTIs were female gender 

(OR =3.94; P,0.001), type 2 DM (OR =1.73; P,0.014), 

and the presence of chronic kidney disease (OR =1.42; 

P=0.033) and coronary artery disease (OR =1.36; P=0.011). 

No association was evident between UTIs and other analyzed 

predictors (retinopathy, cerebrovascular disease, neuropa-

thy) (Table 4).

Multivariate analysis
Multivariate analysis identified age (OR =1.04; P=0.001), 

duration of DM (OR =1.03; P=0.036), BUN (OR =1.10; 

P=0.023), and HbA1c levels (OR =1.13; P=0.017) as sig-

nificant, independent risk factors for UTIs (Table 5).

Table 2 Prevalence of different types of UTis by type of diabetes and by gender

Type of UTI Diabetes type P-value Gender P-value

Type 1 Type 2 Male Female

lower UTi 5 (1.7) 35 (1.6) 0.897 8 (0.8) 32 (2.4) 0.003
Upper UTi 3 (1.0) 30 (1.4) 0.793 7 (0.6) 26 (1.9) 0.052
asymptomatic bacteriuria 15 (5) 209 (9.6) 0.013 42 (3.8) 182 (13.4) 0.046
Total 23 (7.7) 274 (12.6) ,0.001 57 (5.2) 240 (17.7) ,0.001

Note: Data are expressed as n (%), unless otherwise indicated.
Abbreviation: UTi, urinary tract infection.

Table 3 Comparison between patients with diabetes mellitus 
with/without UTi

Host factor UTI- 
negative

UTI- 
positive

P-value

age (years)b 59.8±12.1 65±11.3 ,0.001
gendera ,0.001

Male 1,049 (94.8) 57 (5.2)
Female 1,119 (82.3) 240 (17.7)

Body mass index (kg/m2)b 30.0±6.5 29.7±6.9 0.437
Diabetes typea 0.014

1 275 (92.3) 23 (7.7)
2 1,893 (87.4) 274 (12.6)

Diabetes duration (years)b 9.5±8.3 11.0±9.1 0.003
Diabetes complicationsa

Retinopathy 0.127
Mild nonproliferative 394 (87.6) 56 (12.4)
Moderate nonproliferative 59 (85.5) 10 (14.5)
severe nonproliferative 107 (81.7) 24 (18.3)
Proliferative 107 (85.6) 18 (14.4)

Chronic kidney disease 470 (81.6) 106 (18.4) ,0.001
Coronary artery disease 1,042 (86.3) 166 (13.7) 0.011
Cerebrovascular disease 141 (84.4) 26 (15.6) 0.148
Peripheral artery disease 360 (87.8) 50 (12.2) 0.921
neuropathy

somatic 1,445 (87.3) 211 (12.7) 0.131
autonomic 46 (93.9) 3 (6.1) 0.198

Blood urea nitrogen (mg/dl)b 43.8±26.7 52.2±36.8 ,0.001
serum creatinine (mg/dl)b 1.0±0.7 1.1±0.9 0.028
Estimated glomerular filtration  
rate (ml/min/1.73 m2)b

80.1±30 70.5±32.3 ,0.001

glycated hemoglobin level (%)b 8.9±2.0 9.0±1.9 0.405

Notes: aDichotomous variables. Results are presented as number of individuals and 
(percentage from total). bContinuous variables with gaussian distribution. Results 
are presented as average ± standard deviation.
Abbreviation: UTi, urinary tract infection.

Table 4 Risk factors associated with urinary tract infections – 
univariate analysis

Predictor Unit Odds ratio P-value

age Years 1.04 ,0.001
Diabetes duration Years 1.02 0.003
estimated glomerular  
filtration rate

10 ml/min/ 
1.73 m2

0.90 ,0.001

glycated hemoglobin % 1.02 0.405
serum creatinine mg/dl 1.18 0.011
Blood urea nitrogen 10 mg/dl 1.10 ,0.001
Female gender Dichotomous 3.94 ,0.001
Type 2 diabetes Dichotomous 1.73 0.014
Retinopathy Dichotomous 1.28 0.051
Chronic kidney disease Dichotomous 1.42 0.033
Coronary artery disease Dichotomous 1.36 0.011
Cerebrovascular disease Dichotomous 1.37 0.148
Peripheral artery disease Dichotomous 1.01 0.921
somatic neuropathy Dichotomous 1.22 0.131
autonomic neuropathy Dichotomous 0.47 0.198
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etiology of UTis and asT
Out of the 297 positive urine cultures, 284 (95.6%) bacterial 

strains and 13 (4.4%) Candida albicans strains were isolated. 

The gram-negative bacilli (GNB) from the Enterobacteri-

aceae family were predominant, with E. coli (209 strains 

[70.4%]) being the most frequent, followed by Klebsiella 

pneumoniae (37 [12.5%]), Proteus mirabilis (12 [4.0%]), 

Enterobacter aerogenes (1 [0.3%]), and Citrobacter freundii 

(1 [0.3%]). The gram-positive cocci (GPC) were the second 

most frequently isolated germs. They included 15 (5.0%) 

Enterococcus faecalis strains, 4 (1.4%) Staphylococcus spp. 

strains, and 2 (0.7%) Streptococcus agalactiae strains. The 

nonfermentative GNB were less present, with only 2 (0.7%) 

strains of Pseudomonas aeruginosa and 1 (0.3%) strain of 

Acinetobacter baumannii being isolated.

Regarding the antimicrobial susceptibility pattern (ASP) 

of the bacterial strains, we found an increased resistance of 

GNB to beta-lactam antibiotics. The penicillinase-producing 

strains were reported in 62.2% and 72.9% of the E. coli and 

K. pneumoniae isolates, respectively. The extended-spectrum 

beta-lactamase (ESBL)-producing strains were found in 

4.3% and 10.8% of the E. coli and K. pneumoniae isolates, 

respectively. Furthermore, 1 P. mirabilis and 1 P. aeruginosa 

ESBL-producing strains were isolated. All ESBL-producing 

strains were multidrug-resistant (MDR), also showing resis-

tance to other classes of antimicrobial agents (including qui-

nolones, aminoglycosides, trimethoprim-sulfamethoxazole) 

and were isolated from patients with indwelling bladder cath-

eters, with previous hospitalizations or prior antibiotic use. 

None of the isolates was reported to be carbapenem resistant. 

In GPC no unusual resistance patterns were recorded.

Discussion
This study found a prevalence of UTIs of 12.0% in patients 

with DM and, as expected, the prevalence was significantly 

higher in females (17.7%) than in males (5.2%). Various 

studies have estimated the prevalence of UTIs among patients 

with DM, obtaining similar results in the United States.5,11 In 

developing countries, the prevalence of UTIs is significantly 

higher: in Saudi patients with DM, Al-Rubeaan et al obtained 

a prevalence of UTIs of 25.3%,12 higher in females (41.1%) 

than in males (7.2%) and similar in both types of DM, while 

in India, the reported prevalences of UTIs in patients with 

DM ranged between 42% and 45%.13,14 The variation in the 

reported rates of UTIs by geography may be due to cultural 

differences.

The presence of ASB is a major risk factor for developing 

symptomatic UTIs,15 the present study identifying ASB as 

the most prevalent type of UTI in patients with DM (9%), 

with a prevalence similar to that reported in other previous 

studies. A meta-analysis of 22 studies regarding ASB in 

patients with DM has shown a prevalence of ASB of 12.2%, 

higher in females (14.2%) than in males (2.3%),16 similar to 

the present study’s findings.

The diabetic patient’s characteristics associated with the 

risk of developing UTIs were investigated and significant 

impact of age and diabetes duration was found, similar to the 

results reported by other studies.5,13,17,18 Longer duration of 

DM may lead to an increased prevalence of diabetic chronic 

complications, more frequent hospitalization, and catheter-

ization of the urinary tract, all these conditions leading to an 

increased prevalence of UTIs.17

The univariate logistic regression analysis identified 

female gender and type 2 DM as significant risk factors 

for UTIs, which is consistent with the findings of other 

studies.12,17 Also, the present study found that the presence 

of UTIs was associated with a significantly increased preva-

lence of chronic kidney disease and coronary artery disease. 

The association between chronic kidney disease and UTIs 

has been studied in the literature especially regarding the 

increased albumin excretion rate, with microalbuminuria or 

macroalbuminuria being incriminated as risk factors for the 

occurrence of UTIs.12,18 The association found in this study 

between the macrovascular complications of DM (coronary 

artery disease) and the risk of occurrence of UTIs was also 

demonstrated in other studies.15,17

Glycemic control, defined by the HbA1c levels, had no 

significant influence on the risk for UTIs in the univariate 

analysis, but appeared as a significant risk factor when multi-

variate logistic regression model was applied. These findings 

are in agreement with those in previous reports suggesting an 

association between elevated HbA1c levels and the presence 

of UTIs.19,20 Ribera et al found that a HbA1c level .7% was 

associated with symptomatic UTIs in patients with DM,15 

but this variable did not remain a risk factor when logistic 

regression analysis was applied. Other reports also have 

not found a correlation between metabolic control and the 

presence of UTIs.5,12,16–18,21

Table 5 Risk factors associated with urinary tract infections – 
multivariate analysis

Predictor Unit Odds ratio P-value

age Years 1.04 0.001
Diabetes duration Years 1.03 0.036
glycated hemoglobin % 1.13 0.017
Blood urea nitrogen 10 mg/dl 1.10 0.023
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Although patients with DM may be more prone to UTIs 

caused by unusual and antibiotic-resistant microorganisms, 

this study identified most of the UTIs to be due to typical uro-

pathogens. The bacteria associated with UTIs were predomi-

nantly E. coli (70.4%) and other Enterobacteriaceae (17.1%), 

findings similar to those from previous reports.5,13–15,17–20,22 

There are studies reporting bacterial pathogens other than 

E. coli more often responsible for UTIs in patients with DM 

compared with patients without DM. Boyko et al5 identified 

Klebsiella and Enterococcus more often involved in ASB in 

females with DM versus females without DM.

The GNB recorded large variations of the resistance pat-

terns to beta-lactam antibiotics, the antimicrobial agents fre-

quently used in the treatment of UTIs. These values are close to 

those reported for Europe in the SENTRY study (2000).23

The ESBL-producing E. coli strains were found in 4.3% 

of the E. coli isolates, results similar with those reported 

by Sewify et al in a recent study from Kuwait.22 Other 

studies identified higher prevalences (78.6%) of ESBL-

producing E. coli strains in the urine cultures of patients 

with DM.20 Unlike the present findings regarding the 

ESBL-producing K. pneumoniae isolates, a previous report 

mentioned only 1.8% of the K. pneumoniae strains as being 

ESBL-producing.22 However, all the MDR ESBL-producing 

strains recorded in this study were isolated only in patients 

with indwelling bladder catheters, with previous hospitaliza-

tions or prior antibiotic use. Male gender, hospitalization, 

recurrent UTIs, and urinary catheterization were identified 

among the risk factors associated with UTIs caused by ESBL-

producing enterobacteria.24

A major advantage of this study is that it reflects the influ-

ence of several host factors on the risk of developing UTIs 

in patients with DM. In Romania, data regarding infections 

in patients with DM are poor, with only a few studies being 

published. The findings are similar to those obtained by other 

studies and they complete the existing results in this country.

The limitations of the study include its retrospective chart 

review nature. In addition, the fact that it only included hospi-

talized patients led to a limited generalization of the findings, 

which cannot be extrapolated to the entire population of DM 

patients. The decreased prevalence of lower UTIs obtained 

in this study may be because this condition is usually treated 

in ambulatory conditions, not representing a hospitalization 

reason for patients with DM.

Conclusion
A 12.0% prevalence of UTIs was observed in this large 

population of hospitalized adult patients with DM. Age, 

diabetes duration, and metabolic control (HbA1c levels) 

were independent risk factors for the occurrence of UTIs. 

E. coli is the most frequent pathogen responsible for UTIs 

in patients with DM, followed by K. pneumoniae and 

E. faecalis. The results obtained in this study have a great 

practicability because they raise a warning signal regarding 

UTIs in patients with DM and deliver important information 

for the evaluation of the global risk of patients with DM and 

infection, in order to initiate the adequate treatment. Monitor-

ing the ASP of isolated microorganisms provides rational use 

of antimicrobial agents for the treatment of UTIs, avoiding 

the development of antibiotic-resistant urinary pathogens.

Disclosure
The authors report no conflicts of interest in this work.
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