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ABSTRACT
Background: Hyperglycemia, polyuria, and gly-
cosuria are all risk factors for the frequency of 
urinary tract infections in patients with diabetes. 
Objective: The aim of this study is to establish cor-
relation between inflammatory and biochemical 
parameters in patients with diabetes and urinary 
tract infection. Methods: Total number 116 patients 
were monitored, at the ages between 18-95 years, 
with diabetes and urinary tract infection, of which 
59.49% women and 40.51% men. Patients were 
with a duration of diabetes from 0 to over 20 years, 
with an average fasting glycemia of 9.54 mmol/l, 
and postprandial glycemia 13.94 mmol/l, HbA1C 
9.92%, which have been poorly regulated in the 
last 3-4 months. Inflammatory parameters SE, 
CRP, leukocytes were correlated with inflammatory 
parameters of urine sediment and positive urine 
cultures. Results: Average values of urea, creatinine, 
and proteinuria were positively correlated with the 
duration of diabetes. Escherichia coli, Enterococ-
cus feecalis, and Candida albicans were the most 
common pathogens isolated in urine culture, 51 
patients had reinfection once, 39 patients had two 
reinfections,  and 26 patients had three reinfections 
during the 6-month follow-up. Conclusion: Dura-
tion of diabetes, long-term poor glycoregulation 
lead to microangiopathic changes in the kidneys 
in the form of diabetic nephropathy with retention 
of nitrogenous substances of urea, creatinine with 
proteinuria, and acute hyperglycemia, polyuria 
and glycosuria, further leading to frequent urinary 
tract infections.
Keywords: Diabetes mellitus, urinary tract infection, 
hyperglycemia.

1.	BACKGROUND
Urinary tract infections are among the most 

common infections in the human population, 
especially in women. Risk factors for their 
occurrence in the hospital environment are 
placement of a urinary catheter, initiation of 
urological instruments, surgical interventions, 
abuse or frequent use of antibiotics, chronic 
kidney disease, diabetes mellitus and kidney 
transplantation. Urinary tract infections are 
usually caused by bacteria, which is the most 
common Escherichia coli. In addition, common 
pathogens are Klebsiella spp, Proteus mirabilis 
and Pseudomonas aeruginosa. The virulence 
of the microorganism and the sensibility of the 
urinary tract to infection are equally important 
for the development of a urinary tract infection 
(1). Due to high blood sugar levels, patients with 
diabetes have polyuria and glycosuria, which 
is a suitable environment for the development 
of urinary tract infections. Recurrent urinary 
tract infections are defined as infections that 
have recurred at least three times during the 
previous year or two infections in the previous 
six months. They present a special problem, 
because about 20% to 35% of women have a re-
infection after the first urinary tract infection, 
and 10% of women have three to five infections 
a year. Antibiotics such as trimethoprim sulfo-
methaxazole, cephalosporins and penicillins 
are therapeutics used to treat urinary tract 
infections (2). Diabetes mellitus is basically a 
deficient disease that occurs due to absolute or 
relative lack of insulin. The main subtypes of 
diabetes are type 1 and type 2. Type 1 diabetes 
is present in children and adolescents, and type 
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2 is present in adults. The classic symptoms of diabetes are: 
polyuria, polydipsia and polyphagia. The disease is mani-
fested by metabolic disorders and chronic complications, 
macrovascular (changes in blood vessels of the brain, large 
blood vessels of the lower extremities) and microvascular 
(changes in the retina, renal arterioles, lower extremity 
arterioles and nerve vessels) (4-7).

2.	OBJECTIVE
The aims of the study were to a) Correlate the glyco-

regulation of diabetes depending on HbA1c levels and 
the frequency of urinary tract infections in patients with 
diabetes; b) Determine the frequency of recurrent urinary 
tract infection during 6 months in patients with diabetes; 
c) Compare inflammatory parameters (SE, CRP, Leucocytes) 
with urine sediment and urine culture; d) Compare the du-
ration of diabetes with the functional status of the kidneys 
by monitoring the levels of nitrogenous substances (urea, 
creatinine, proteinuria).

3.	PATIENTS AND METHODS
Participants
The study was conducted as a retrospective-prospective, 

comparative and descriptive study, spanning from July 2019 
to July 2021, with patients from the Counselling Canter for 
Diabetes of the Health Centre at the Canton Sarajevo. The 
study included patients of both sexes with a diagnosis of 
diabetes mellitus and urinary tract infection, at the ages 
between 18 to 95 years, with the total 116 of patients. Dur-
ing the research, the following parameters were monitored: 
fasting glucose, glucose level 2 hours after a meal, HbA1C 
values, urea, creatinine values, SE values, CRP, leukocytes, 
urine sediment findings, proteinuria and urine culture.

Procedure
Biochemical parameters were monitored from medical 

records in 116 patients diagnosed with diabetes mellitus 
and urinary tract infections. Analyzes were performed on 
automatic analyzers Dimension RXL Max and Radiome-
ter-ABL 800.

Research methods
The following biochemical parameters were monitored: 

fasting glucose, glucose levels 2h after meals, HbA1C, urea, 
creatinine, inflammatory parameters: SE, CRP, leukocytes, 
as well as urine sediment: proteins, leukocytes, erythro-
cytes, urine cultures for the 116 patients with a diagnosis 
of Diabetes mellitus and urinary tract infection.

Statistical analysis
The obtained research results were processed using 

descriptive and analytical statistics; the analysis and data 
processing were done through Excel 2010. Mathematical–
statistical indicators used in data analysis are: arithmetic 
mean, standard deviation, coefficient of variation, mini-
mum value, maximum value and t-test.

4.	RESULTS
The study included patients of both sexes with a diagno-

sis of diabetes mellitus and urinary tract infection, at the 
ages between 18 to 95 years, with the total 116 of patients. 
47 participants were men (40.51%) and 69 participants were 
women (59.49%). Most of the participants were over 65 years 

old, in both sexes. Of the total number of patients who had 
diabetes and urinary tract infection, 32 participants had 
diabetes for up to 5 years, 30 participants between 6 to 10 
years, 36 of them between 11–20 years, and 18 participants 
had diabetes for over 20 years. During the monitoring of 
glycoregulation parameters, the average value of fasting 
glucose was 9.54 mmol/l, with average glucose value 2 h 
after meals 13.94 mmol/l, and an average HbA1C value of 
9.92% were found. Maximum value of fasting glucose levels 
was 20,80 mmol/l, glucose value 2h after meals 27 mmol/l, 
with maximum value of HbA1C of 15.40%. Minimum value 
of fasting glucose levels was 4 mmol/l, glucose value 2h after 
meals was 5.60 mmol/l, with minimum value of HbA1C of 
5.10% (Table 1). During the monitoring of inflammatory 
parameters in patients with diabetes and urinary tract in-
fection, the average value of CRP that was found was 45.84 
mg/dl, average value of leukocytes was 10.15x109/l and 
sedimentation rate was 36 mm/h. The maximum CRP value 
was 328 mg/dl, maximum leucocytes value was 30.10x109/l, 
with the maximum sedimentation rate of 160 mm/h. The 
minimum CRP value was 0.20 mg/dl, minimum leucocytes 
value was 3.65x109/l, with the minimum sedimentation rate 
of 2 mm/h (Table 2). The values of nitrogenous substances 
were monitored (urea, creatinine, proteinuria) in patients 
with diabetes and urinary tract infection, where the aver-
age values of urea were 10.71 mmol/l, average values of 
creatinine were 112 μmol/l, with average proteinuria values 
of 0.67 g/dl were found. The maximum values of urea were 
66.10 mmol/l, the maximum values of creatinine were 510 
μmol/l, with maximum proteinuria values of 4.20 g/dl. The 
minimum values of urea were 2.70 mmol/l, the minimum 
values of creatinine were 15 μmol/l, with minimum pro-
teinuria values of 0.03 g/dl (Table 3). In the urine cultures 
of the participants who were divided by sex, the following 
bacteria and fungi were isolated: Escherichia coli in a total 
of 35 patients, with a higher prevalence in women (67.56%) 
than in men (32.43%); Pseudomonas aeruginosa in a total 
of 7 patients, with a higher prevalence in women (85.71%); 
Proteus mirabilis in 4 patients in the same incidence ratio; 
Candida albicans in 21 patients with a higher prevalence in 
women (52.38%); Enterococcus faecalis in 22 patients with 
a higher prevalence in women (54.54%); Klebisella pneu-
moniae in 16 patients with a higher prevalence in women 
(56.25%); Staphylococcus epidermidis in 4 patients with a 
higher prevalence in women (75%); Streptococcus agalacti-
cae in 2 patients in the same incidence ratio; Enterobacter 
cloacae in 2 patients in the same incidence ratio; Strepto-
coccus sp. isolated in 1 woman (100%). The value of inflam-
matory parameters (CRP, leukocytes and sedimentation 
rate) increased in patients with diabetes and urinary tract 
infection. CRP values in patients with diabetes mellitus 
and urinary tract infections range from 0.2 mg/l up to 328 
mg/l. Leukocyte values are in the range of 3.65 x109/l up 
to 30.10x109/l. Sedimentation values in these participants 
range from 2 mm/h to 160 mm/h. The functional status 
of the kidneys was monitored on the basis of nitrogen pa-
rameters (urea, creatinine, proteinuria). There is a negative 
correlation between nitrogen parameters (urea, creatinine 
and proteinuria) with the duration of diabetes (Graph 1). The 
inflammatory parameter CRP was increased in patients who 
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had increased values of leukocyte sedimentation 
rate and erythrocyte sedimentation rate, while 
urine culture in such patients was positive for 
1 to 3 types of bacteria. Patients who have had 
a urinary tract infection three times are more 
likely to have a recurrence of a urinary tract in-
fection. Escherichia coli is the most isolated bac-
teria with a urine concentration of 128,001,000 
CFU/ ml. Other types of bacteria are significantly 
less represented than Escherichia coli (Graph 2). 
There is a slight increase in HbA1C values with 
an increase in the concentration of bacteria in 
the urine of patients with diabetes mellitus and 
urinary tract infections.

5.	DISCUSSION
Urinary tract infections are much more com-

mon in patients with diabetes, and the incidence 
increases with age. In patients with diabetes, 
urinary tract infections can be a significant 
problem (8). The main risk factors for urinary 
tract infections in patients with diabetes are 
the following: inadequate glycemic control, 
duration of diabetes, diabetic nephropathy, and 
anatomical and functional abnormalities of the 
urinary tract (9). In the studies conducted in 
the United States based on the data from the 
databases of health facilities, where 70,000 
patients with type 2 diabetes participated, it was found 
that 8.2% were diagnosed with urinary tract infections 
within one year (12.9% of women and 3.9% of men, with 
an increase in incidence with age). 100 patients older than 
60 years with type 2 diabetes participated in a prospective 

study conducted in India. Bacteriuria was found in 43% 
of patients, more common among female patients (43%), 
the duration of diabetes was over 15 years, and the urine 
cultures showed that Escherichia coli (69.8%) was the most 
common cause (10). A study conducted in Pisa involved 
10,221 patients older than 50 years. In patients who had 
asymptomatic bacteriuria, 346 of them (229 females and 
117 males) were diagnosed with Diabetes mellitus (90% 
type 2), and 975 of them (679 females and 296 males) were 
not diabetics. The average value of the HbA1C in diabetics 
was 7.8% ± 1.6 SD. Escherichia coli is the uropathogen that 
was most frequently isolated and was the cause in 32.5% 
of urinary tract infections in patients with diabetes as well 

as in 31.4% of male patients who were not diagnosed with 
diabetes. Escherichia coli was more frequent in women 
(54.1% in diabetics and 58.2% in non-diabetics) (11). 3,652 
patients with Type 2 diabetes were included in a study in 
China, where 409 patients were diagnosed with urinary 

   Fasting glu-
cose (mmol/l) HbA1C (%)

Glucose levels 
2h after meals 
(mmol/l)

Average value 9.54 9.92 13.94

Standard deviation 2.97 2.48 3.91

Variance 8.80 6.17 15.32

Kurtosis 1.54 -0.57 0.64

Skewness 0.94 0.40 0.56

Maximum value 20.80 15.40 27

Minimum value 4 5.10 5.60

Table 1.  Valuation of glycemic control parameters in patients 
with diabetes and urinary tract infections

  CRP (mg/dl) Leucocytes 
(109/l)

Sedimentation 
(mm/h)

Average value 45.84 10.15 36

Standard deviation 7177 4.80 32.97

Variance 5151.21 23.00 1086.98

Kurtosis 3.87 4.33 2.47

Skewness 2.08 1.88 1.61

Maximum value 328 30.10 160

Minimum value 0.20 3.65 2

Table 2. Values of inflammatory parameters in patients with 
diabetes and urinary tract infections

  Urea
(mmol/l)

Creatinine
(μmol/l)

Proteinuria
(g/dl)

Average value 10.71 112 0.67

Standard deviation 9.11 74.80 0.79

Variance 83.07 5595.03 0.63

Kurtosis 11.87 8.77 5.48

Skewness 2.86 2.64 2.19

Maximum value 66.10 510 4.20

Minimum value 2.70 15 0.03

Table 3. Values of nitrogen parameters in patients with diabetes 
and urinary tract infections

 

 

 

Graph 2.: Comparison of the frequency of individually isolated pathogenic bacteria in urine culture with the results of urine 
sediment in patients with diabetes and urinary tract infections 
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Graph 1. Correlation between the duration of diabetes with the functional 
status of the kidneys, following the level of nitrogenous substances (urea, 
creatinine, proteinuria)

 

 

 

Graph 2.: Comparison of the frequency of individually isolated pathogenic bacteria in urine culture with the results of urine 
sediment in patients with diabetes and urinary tract infections 

 

 

5. DDIISSCCUUSSSSIIOONN  
Urinary tract infections are much more common in patients with diabetes, and the incidence 
increases with age. In patients with diabetes, urinary tract infections can be a significant 
problem (8). The main risk factors for urinary tract infections in patients with diabetes are the 
following: inadequate glycemic control, duration of diabetes, diabetic nephropathy, and 
anatomical and functional abnormalities of the urinary tract (9). In the studies conducted in the 
United States based on the data from the databases of health facilities, where 70,000 patients 

32 30 36
189,98 10,19 10,58 11,12

110,94 111,78
128,45

136,97

0,91 0,95 1,05 1,15
0

20
40
60
80

100
120
140
160

0-5 6 --10 11--20 20+

Corellation between duration of diabetes with the 
functional status of the kydneys following the level of 
nitrogenous substances (urea, creatinine, proteinuria) 

Number of  patients Urea Creatinine Proteinuria Linear (Creatinine)

0
10
20
30
40
50
60
70
80
90
100

0 20.000.000 40.000.000 60.000.000 80.000.000 100.000.000120.000.000140.000.000

Escherichia coli

Candida albicans

Pseudomonas aeruginosa

Klebsiella pneumoniae

Enterococcus faecalis

Comparision of individual isolated uropathogens with 
urine sediment results

Koncentracija uropatogena Sedimenti urina E Sedimenti urina L

 

LEGEND: Uropathogen concentration; Erythrocytes in urine sedimentation; Leucocytes in urine sedimentation; 

Graph 2. Comparison of the frequency of individually isolated pathogenic 
bacteria in urine culture with the results of urine sediment in patients with 
diabetes and urinary tract infections
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tract infections. The incidence of urinary tract infections 
was higher in female patients (24.13%). HbA1C values were 
9.54 ± 0.13%. Escherichia coli is the most commonly isolated 
microorganism in patients with urinary tract infections. 
Analysis of pathogenic microorganisms for infections 
revealed that Escherichia coli infections were more com-
mon in females than in males, while infections caused by 
Klebsiella pneumoniae, Entrococcus, and Staphylococcus 
occurred much more frequently in male than female pa-
tients (12). A prospective study conducted in the United 
States in which 223 patients (202 females and 21 males) 
participated, of which 14 patients had diabetes mellitus. 
The mean leukocyte count was 16,960 ± 5869 / mm3. The 
mean CRP was 15.65 ± 8.56 mg/dl (13). In a study conducted 
in Turkey, 123 patients with type 2 diabetes mellitus par-
ticipated. In the study, asymptomatic bacteriuria was found 
in 22 of 173 (17%) patients with type 2 diabetes mellitus. 
Leukocyte counts were 36.97 ± 169 mm3 (14). A prospective 
study conducted by Kumar S. et al. Involved 105 patients 
diagnosed with type 2 diabetes mellitus and pyelonephritis. 
Pyelonephritis was much more common in males (62:43) 
than in females (15). The study, conducted by Ming-Cheng 
W. and colleagues, involved 271 patients, of whom 80 were 
non-diabetic and 190 were diabetic. HbA1C values were 8.0 
± 2.1% (16). In our study, HbA1C values were 9.92 ± 2.48%. 
According to our study and the study conducted by Ming-
Cheng W. HbA1C values differ by 1.92 ± 0.38%. From the 
obtained research results we can conclude that the values 
are almost identical.

6.	CONCLUSION
According to the data, it can be concluded that urinary 

tract infections are more common in female patients with 
diabetes mellitus than in male patients. In 26 patients, 
urinary tract infection was registered three times, in 32 
patients twice, and 51 patients had a urinary tract infec-
tion once in six months, while all patients were monitored. 
In patients with urinary tract infection and diabetes after 
correlation of glycoregulation parameters (glucose on an 
empty stomach, glucose 2h after a meal and HbA1C) with 
the bacterial concentration in urine, a negative correla-
tion of all parameters of glycoregulation with bacterial 
concentration was observed. Comparison of inflammatory 
parameters (SE, CRP and leukocytes) with urine sediment 
and urine culture showed that the values of sedimenta-
tion, CRP and leukocytes increased together with urine 
sediment values, and such patients had a positive urine 
culture on 1 of 3 types of isolated bacteria. By correlating 
the duration of diabetes with the functional status of the 
kidneys, elevated values of nitrogen parameters were ob-
served (urea, creatinine, proteinuria) in patients who had a 
longer duration of diabetes. By comparing the frequency of 
individual pathogenic bacteria in urine culture with urine 
sediment, it was noticed that Escherichia coli is the most 
common uropathogen that causes urinary tract infection. 
In addition, Enterococcus faecalis, Klebsiella pneumoniae, 
Candida albicans, and Pseudomonas aeruginosa have also 
been found.
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