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Abstract

Objective: This study aimed to evaluate the clinical features, associated risk
factors, microbiological spectrum, and antimicrobial susceptibility patterns
of urinary tract infections (UTls) among patients with diabetes mellitus (DM).
It further explored the relationship between diabetic complications and the
presence of bacteriuria.

Volume 7, Issue 7, July 2025 Method: A cross-sectional, descriptive study was conducted in the
Department of General Medicine from January 2024 to October 2024. A total
Received: 15 May2025 of 100 diabetic patients were enrolled based on defined inclusion and
exclusion criteria. Clinical examination, urine culture, and laboratory
Accepted: 05 Jun 2025 investigations including fasting plasma glucose, HbA1c, and ultrasonography
were performed. Midstream urine samples were cultured on MacConkey,
Published: 09 July 2025 blood, and chocolate agars. Isolated organisms were identified, and
antibiotic sensitivity testing was done using the Kirby-Bauer disc diffusion
Doi :10.48047/AFJBS.7.7.2025.261-268 method. Data were analyzed using SPSS v26, and statistical significance was

considered at p < 0.05.

Results: Out of 100 participants, 45% exhibited bacteriuria. Type Il diabetes
was more prevalent among those with bacteriuria. No statistically significant
association was observed between bacteriuria and sex, age, or treatment
type. However, poor glycemic control (HbAlc >10%) was more common in
the bacteriuric group. The most frequently isolated pathogen was
Escherichia coli (36%), followed by Pseudomonas (18%), Klebsiella (15%),
Enterococcus (13%), Acinetobacter (9%), and Candida (9%). Carbapenems
such as meropenem and imipenem showed the highest sensitivity.
Bacteriuria was notably more frequent in patients with nephropathy, diabetic
foot, and retinopathy.

Conclusion: Diabetic patients, especially those with complications and poor
glycemic control, are at a significantly higher risk for UTIs. E. coli remains the
predominant uropathogen, and rising antimicrobial resistance underscores
the need for regular microbiological surveillance and tailored antibiotic
therapy.
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Introduction:

Diabetes mellitus (DM) is a chronic and progressive metabolic disorder marked by persistent
hyperglycemia due to either inadequate insulin production or resistance to insulin's action®. The global
burden of DM has been rising at an alarming rate, with its prevalence increasing from 4.7% in 1980 to
8.5% in 2014 among adults aged 18 years and older, according to the World Health Organization?. This
metabolic condition not only affects carbohydrate metabolism but also impairs lipid and protein
metabolism, contributing to widespread systemic complications. Among the many health issues
associated with DM, the increased susceptibility to infections remains a critical concern®. This
predisposition is largely due to a range of immune system impairments that render diabetic patients
more vulnerable to infectious diseases, and when infections occur, they often follow a more severe
and prolonged course®.

One of the most common and clinically significant infections in individuals with diabetes is urinary tract
infection (UTI). The relationship between DM and UTls is particularly important because the altered
immune response in diabetic patients leads to frequent, recurrent, and sometimes complicated
infections®. Multiple studies have highlighted that individuals with DM are approximately 1.2 to 2.2
times more likely to develop UTls than non-diabetic individuals®®. There are several pathophysiological
reasons for this increased risk. Diabetic patients often have impaired immune system activity due to
impairment at several levels. Diabetic patients also have impaired innate immune responses,
experiencing with different components of the immune system6. For example, C4 is a complement
protein and without sufficient amounts of C4, opsonization and clearance of bacteria is reduced. A
major propellant of the immune response is the production of cytokines and, in the case of patients
with diabetes, there is a reduction in the production of IL-1 and IL-6, in mononuclear cells, to aid the
inflammatory response used to battle infection. Additionally, with chronic hyperglycemia, advanced
glycation end products (AGEs), are formed and accumulated, creating physiological abnormalities that
limit normal immune signalling and result in downregulation of the major histocompatibility complex
(MHC) class | molecules, impairing normal antigen presentation and reducing the activity of cell-
mediated immunity®.

A significant part of the increased occurrence of UTIs in diabetic patients is also a result of
Polymorphonuclear cells (PMNs) mechanistic dysfunction. PMNs in patients with diabetes have
impaired chemotaxis, adherence, phagocytosis, and microbial killing, all very important actions of the
innate immune response. A complication of long-standing diabetes is Autonomic neuropathy, leading
to impaired bladder function. One variation of neuropathic bladder is diabetic cystopathy, which
further, allows for a favorable environment, for bacterial growth and infection’. Due to this lack of
infection prevention in a familiar environment, UTls in diabetic patients are more prevalent and
typically more complicated, having a greater incidence of ascending infections, renal involvement, and
systemic spread®.

Asymptomatic bacteriuria is also particularly common among those with diabetes. It is often
unrecognized until urine cultures become positive for bacteria in patients with diabetes. Even just
asymptomatic bacterial colonization can have significant clinical implications in these patients.
Therefore, there is strong rationale for early routine assessment for bacteriuria and urinary tract
infections (UTIs) in populations with diabetes. With appropriate treatment, a simple UTI can be
recognized and treated quickly - thus potentially preventing their subsequent complications of
pyelonephritis & renal scarring, as well as sepsis, all of which will be more likely among these patients
and change the course of care’.
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The current study will take an initial step toward a better understanding of the clinical and
microbiological features of UTIs in people with diabetes mellitus. The study will characterize typical
presenting symptomatology, evaluate the associated risk factors found among patients presenting with
urinary tract infections, demographic variables correlated with urinary infection, and then further
characterize the organisms isolated, and isolate & describe the predominant organisms associated
with UTls in people with diabetes, & antimicrobial resistance data associated with these organisms.
Because of the clinical implications, information regarding management will specifically refer to
bacteriuria among those with as symptoms of UTIs & the findings can lead to more informed & specific
strategies for management of diabetic patients with urinary presentations. The research question for
this study focuses on: What are the clinical features and associated risk factors of urinary tract
infections in patients with diabetes mellitus? The second goal of the study is to characterize the
microbiological spectrum of the pathogens associated with UTls and their resistance and susceptibility
to commonly used antimicrobial agents. By using the same set of questions, both studies will
contribute toward the clinical evidence that can allow for better decisions regarding the prevention
and treatment of urinary tract infections in patients with diabetes, ultimately leading to better health
outcomes, and reducing the burden of health care.

MATERIAL AND METHODS:

The current is a quantitative, descriptive cross-sectional study that was conducted in the Department
of General Medicine in the period between January 2024 and October 2024. The subjects in this study
were selected based on diagnosis of diabetes mellitus proven by fasting plasma glucose more than
126mg/dL after an overnight fast and postprandial plasma glucose level, more than 180mg/dL: and
clinical and microbial features of UTI. The target measure showed that 69% of the participants received
antibiotics within the last 14 days preceding the survey. Sample size was estimated from an earlier
study using the following parameters; the confidence interval of 95%, The study power of 80 % and an
o= 5%. In estimating the sample size of the study, the figure that was arrived at was 100 participants.
Before the conduct of the study, there was approval from the Institutional Ethics Committee. However,
special permission was obtained from all the participants before the study through written informed
consent. Initially after creating and defining the inclusion and exclusion criteria.

METHOD:

Total 100 patients were recruited into this study. A clinical examination was done to check for
symptomatology of UTI- axillary temperature, pulse rate, blood pressure, Suprapubic tenderness CVA
tenderness and Abdominal examination was done. Sterile) midstream urine samples were also
obtained from all the patients under aseptic procedures and were taken for routine and culture.
Among these plates, MacConkey agar, blood agar and chocolate agar were used in culturing the urine.
Consequently, reactions were carried out at 37 degrees Celsius for a period of between 24 to 48 hours.
Strain identification was done with reference to colony morphology antimicrobial susceptibility,
lactose fermentation test and biochemical test. Identification of antibiotic sensitivity correctly done
through the use of the Kirby-Bauer disc diffusion method. These investigations were CBC, fasting and
postprandial blood sugar test and Ultrasonography (USG) done for reviewing any amount of urine left
in the bladder and other genitourinary abnormalities if any.

STATICAL ANALYSIS:

All the data were entered in an Excel spreadsheet sheet and analyzed using the Statistical Package for
the Social Sciences version 26. Cross-tabulation of demographic profile and chi-square test were
adopted for analyzing nominal-and ordinal-level data, while descriptive and inferential statistics
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including paired t test were used in analyzing interval and ratio data in the study. The statistical
measurement where by the end of the study, the level of signification widely agreed upon was set at
p<0.05.

Results:

Over a period of ten months, 100 patients meeting the inclusion and exclusion criteria were enrolled
in the study. Among these, 45 patients had bacteriuria, while 55 patients did not. The relationship
between urinary tract infection (UTI) with and without bacteriuria was analyzed in relation to various
demographic and clinical factors, including sex, age, type of diabetes, treatment modality, HbAlc
levels, and fasting plasma glucose (FPG), as shown in table 1.

Patient variables Patient with Patient without P value
bacteriuria bacteriuria

Number of patients 45 55

Sex Male 50 16 29 0.404
Female 50 30 29

Age >40 yrs 5 5 0.768
40-50 yrs 10 11
51-60 yrs 15 15
61-70 yrs 14 17
>70 yrs 1 7

Types of diabetes mellitus Typel 10 6 0.056
Typelll 24 60

Type of treatment Insulin 8 6 0.179
Oral drug 24 52
Both 4 6

Hb Alc(%) <6.5 1 3 0.064
6.6 to 10 17 39
>10 15 25

Fasting plasma glucose (mg/dl) <100 3 2 0.109
111 to 200 12 25
>200 20 38

Table-1: Demography and clinical characteristic of patients

The microbiological profile of the 45 patients with bacteriuria revealed the following organisms:
Escherichia coli (16 isolates, 36%%), Klebsiella spp. (7 isolates, 15%), Enterococcus (6 isolates 13%),
Pseudomonas (8 isolates, 18%), Acinetobacter (4 isolates 9%), and Candida (4 isolates 9%).
Antimicrobial sensitivity patterns showed that among the 16 E. coli isolates, 8 were sensitive to
fluoroquinolones, 2 to piperacillin, and 6 to piperacillin-tazobactam. Fourteen isolates were sensitive
to meropenem. Klebsiella spp. isolates were sensitive to meropenem, imipenem, ceftriaxone,
ceftazidime, aminoglycosides, piperacillin, and fluoroquinolones. Enterococcus isolates were
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sensitive to imipenem and linezolid. Pseudomonas isolates were sensitive to fluoroquinolones,
imipenem, and meropenem. Acinetobacter isolates were sensitive to aminoglycosides.(fig 1)

ORGANISMS GROWN IN CULTURE

Candida, 4, 9%
Acinctober, 4, 9%

E.coli, 16, 36%

Enterococcus, 6, Klabsielia SSP, 7,
13% 15%

Fig 1: organism % observe during urine culture
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Table-2: Relation between complication of diabetes mellitus and UTI

The relationship between diabetic complications and UTI was also analyzed as shown in table 2.
Neuropathy was present in 65 patients, 28 (43.07%) had bacteriuria, and 37 (56.92%) did not.
Nephropathy was present in 24 patients, 18 having bacteriuria and 6 without. Diabetic foot ulcer was
present in 20 patients, of whom 12 had bacteriuria, and 6 did not. Retinopathy was present in 27
patients, with 15 having bacteriuria and 12 without. Ischemic heart disease was present in 26 patients,
of whom 11 had bacteriuria, and 15 did not.

Discussion:

The results comprise the clinical and microbiological characteristics of urinary tract infections (UTIs) in
patients with diabetes mellitus (DM), thereby contributing to both national and international literature
emphasizing the increased vulnerability of diabetic individuals towards developing UTIs¥3°. Over the
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course of almost ten months, out of 100 patients, 45% were found to have bacteriuria which confirms
these individuals face a high risk of UTIs. Our study data regarding diabetes and UTI-tract infection
concur with other studies conducted in comparable regions. A good example is Hamdan et al.'s study
in 2015 which showed women with diabetes had asymptomatic bacteriuria at a higher rate than non-
diabetics, further supporting the hypothesis that diabetes and its associated weakened immune
system make one more prone to urinary infections®.

Sex distribution in our series demonstrated an almost equal pattern of UTls in male and female diabetic
patients, unlike what is traditionally reported where UTls are reported to be more common in females
in general population. In our results, there was no correlation between age and bacteriuria and the
latter was evenly distributed in different age groups'**2. This conclusion are in agreement with others
that age is a factor for UTI susceptibility, but it is the length of time and control of diabetes that matter
more®3.

With respect to the diabetes type and the form of treatment, type 2 diabetes was more commonly
observed in our series of patients with bacteriuria. It is also noted increased infection burden in
patients with type Il diabetes especially those with poor glycemic control**. Our results on HbAlc and
fasting plasma glucose support once more the association between worse glycemic control and higher
UTI risk®. Although in the present study, there were no statistically significant p-values, the trend
toward an higher bacteriuria frequency in the poorly controlled diabetics was apparent. Some studies
showed that hyperglycemia is a major contributor of neutrophils’ dysfunction and cytokine release,
which compromises the host response to infections®.

The most frequent etiological agent was Escherichia coli (36%) and Pseudomonas, Klebsiella,
Enterococcus, Acinetobacter, and Candida were the other microorganisms found. This is consistent
with global reports that E. coli is dominant uropathogen both in diabetic and non-diabetic
patients*>®, E.coli was also found to be the predominant isolate followed by Klebsiella and
Pseudomonas®’.

Interestingly, the pattern of antibiotic sensitivity in our work had a much higher resistance rate. The
commonly used antibiotics but carbapenems like imipenem, meropenem were the most effective and
this is in agreement with what was obtained in a Lagos study that emphasising emergence of drug
resistance in diabetic UTl isolates®. Furthermore, we found a significant correlation between diabetic
complications and the frequency of UTI. Battleria was more frequent in patients with nephropathy (P
=0.02), diabetic foot (P = 0.001) and retinopathy (P = 0.005)3. This confirms results from another study
that showed that vascular impairment and compromised host defense mechanisms made
microvascular consequences of diabetes a strong predictor of UTI®,

CONCLUSION:

One of the most significant risk factors linked to UTIs was determined to be diabetic neuropathy.
Klebsiella species were reported to have the second-highest number of bacterial isolates, followed by
Escherichia coli. It is necessary to closely monitor the situation in elderly diabetes patients, particularly
those with poor glycemic control, as they are at risk of having complex UTIs.

Conflict of Interest: Authors did not have any conflict of interest.

Funding Disclosure: No funding was acquired for this study.



Muhammad Abdullah Khalid/4fi-J. Bio.Sc. 7(7) (2025) Page 267

References:

1.

10.

11.

12.

Salari N, Karami MM, Bokaee S, Chaleshgar M, Shohaimi S, Akbari H, et al. The prevalence of
urinary tract infections in type 2 diabetic patients: a systematic review and meta-analysis. Eur
J Med Res. 2022 Dec 1;27(1).

Alam S, Hasan MK, Neaz S, Hussain N, Hossain MF, Rahman T. Diabetes Mellitus: Insights from
Epidemiology, Biochemistry, Risk Factors, Diagnosis, Complications and Comprehensive
Management. Vol. 2, Diabetology. MDPI; 2021. p. 36-50.

Pari B, Gallucci M, Ghigo A, Brizzi MF. Insight on Infections in Diabetic Setting. Vol. 11,
Biomedicines. MDPI; 2023.

Sami A, Javed A, Ozsahin DU, Ozsahin |, Muhammad K, Waheed Y. Genetics of diabetes and its
complications: a comprehensive review. Diabetol Metab Syndr [Internet]. 2025 Jun
2;17(1):185. Available from: https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-
025-01748-y

Riaz S, Mohsin A, Shokat S, Shamim S. Molecular Level Microbiological and Clinical Profile of
Urinary Tract Infection in Diabetes Mellitus. Acta Scientific MICROBIOLOGY. 2021;4(4):157-66.

Patil KS, Kumar A, Shetty S. Prevalence and Association of Diabetic Retinopathy and Diabetic
Peripheral Neuropathy in Indian Type 2 Diabetes Mellitus Subjects Attending Tertiary Diabetic
Institute. International Journal of Contemporary Medical Research International Journal of
Contemporary Medicine Surgery and Radiology [Internet]. 2021 Jun;6(1):29-33. Available
from: http://dx.doi.org/10.21276/ijcmsr.2021.6.1.5

Confederat LG, Condurache M, Alexa RE, Dragostin OM. Particularities of Urinary Tract
Infections in Diabetic Patients: A Concise Review. Vol. 59, Medicina (Lithuania).
Multidisciplinary Digital Publishing Institute (MDPI); 2023.

Gnanamoorthy K, R VK, Prasanna Karthik S. CLINICAL AND MICROBIOLOGICAL PROFILE OF
URINARY TRACT INFECTIONS IN DIABETIC PATIENTS. Journal of Evidence Based Medicine and
Healthcare. 2018 Jul 4;5(28):2110-2.

Hatib Arshad, Ghulam Abbas Sheikh. Frequency of UTI in patients taking Empagliflozin versus
Dapagliflozin in patients with type 2 diabetes Mellitus. Indus Journal of Bioscience Research
[Internet]. 2025 May 31;3(5):230—4. Available from:
https://induspublishers.com/1JBR/article/view/1206

Hamdan HZ, Kubbara E, Adam AM, Hassan OS, Suliman SO, Adam I. Urinary tract infections
and antimicrobial sensitivity among diabetic patients at Khartoum, Sudan. Ann Clin Microbiol
Antimicrob. 2015 Apr 21;14(1).

Kamal Hussein A, Talib MJ, Sahib BH, Jumaah A, Nasrawi M. Percentage of Asymptomatic
Bacteriuria among Primary School of Girls at Al-Najaf Govern in Iraq. Dijlah Journal of Medical
Sciences (DJMS). 2025;1(3):98-106.

Lenherr SM, Clemens JQ, Braffett BH, Cleary PA, Dunn RL, Hotaling JM, et al. Glycemic Control
and Urinary Tract Infections in Women with Type 1 Diabetes: Results from the DCCT/EDIC.
Journal of Urology. 2016 Oct 1;196(4):1129-35.



Muhammad Abdullah Khalid/4fi-J. Bio.Sc. 7(7) (2025) Page 268

13.

14.

15.

16.

17.

18.

19.

Shafique I, Nadeem K, Mannan T, Awais H, Mumtaz M. Frequency of Candiduria in Patients of
Different Age Groups in a Tertiary Care Hospital. Abasyn Journal of Life Sciences [Internet].
2023;11(1):32-6. Available from: www.ajlifesciences.com

Nitzan O, Elias M, Chazan B, Saliba W. Urinary tract infections in patients with type 2 diabetes
mellitus: Review of prevalence, diagnosis, and management. Vol. 8, Diabetes, Metabolic
Syndrome and Obesity. Dove Medical Press Ltd; 2015. p. 129-36.

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.

Kittipibul V, Cox ZL, Chesdachai S, Fiuzat M, Lindenfeld JA, Mentz RJ. Genitourinary Tract
Infections in Patients Taking SGLT2 Inhibitors: JACC Review Topic of the Week. Vol. 83, Journal
of the American College of Cardiology. Elsevier Inc.; 2024. p. 1568-78.

Kumar L, Kumar A. Prevalence of Non-Alcoholic Fatty Liver Disease and its Association with
Diabetic Nephropathy in Type 2 Diabetes Mellitus Patients. International Journal of
Contemporary Medicine, Surgery and Radiology. 2020 Mar;5(1).

Muhammad Naeem Igbal, Asfa Ashraf, Mirza Imran Shahzad. Characterization and
Demography of Multidrug Resistance in Patients with Urinary Tract Infections in Lahore,
Pakistan. PSM Biological Research [Internet]. 2024 Sep 30;9(3):113—-22. Available from:
https://psmjournals.org/index.php/biolres

Punyapu S, Kanumuri S, Mynam A, Gorthi S. Evaluation of Antibiotic Prophylaxis in Prevention
of Surgical Site Infections. International Journal of Contemporary Medical Research
International Journal of Contemporary Medicine Surgery and Radiology [Internet]. 2021
Jun;6(3). Available from: http://dx.doi.org/10.21276/ijcmsr.2021.6.3.8



