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Abstract

Background
Urinary tract infections (UTIs) are among the most common bacterial infections affecting individuals with diabetes mellitus. Pediatric patients with diabetes are particularly vulnerable due to immature immune defenses and metabolic instability. Understanding the prevalence and risk factors for UTIs in this group is crucial for prevention and management.
Objective
To systematically review and synthesize current empirical literature on the prevalence, risk factors, microbial patterns, and antibiotic resistance of UTIs among pediatric and adolescent diabetic populations.
Methods
This study followed PRISMA 2020 guidelines for systematic reviews. Databases including PubMed, Scopus, Embase, and Google Scholar were searched for studies published between 2010 and 2025. Eligibility criteria included peer-reviewed studies on UTI prevalence and associated risk factors in pediatric or diabetic populations. Twenty-two studies were included after rigorous screening and quality assessment using the Newcastle-Ottawa Scale and AMSTAR-2.
Results
The review identified a consistently elevated prevalence of UTIs in diabetic children, with female sex, poor glycemic control, chronic kidney disease, and residual urine volume as key risk factors. A notable rise in antibiotic resistance was observed, particularly among common pathogens such as E. coli. Glycosuria, medication effects (e.g., SGLT2 inhibitors), and structural urinary tract abnormalities further increased susceptibility.
Conclusion
Pediatric patients with diabetes are at significantly elevated risk for UTIs, requiring targeted diagnostic protocols and tailored antimicrobial strategies. Early identification of high-risk individuals, especially females and those with poor metabolic control, can reduce complications. Further pediatric-specific longitudinal research is warranted.
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Introduction
Urinary tract infections (UTIs) are a pervasive clinical concern across all age groups, but children with diabetes mellitus (DM)—especially type 1 diabetes—face an elevated risk due to a combination of physiological, metabolic, and immunological factors. These children often exhibit compromised immune responses, hyperglycemia-induced alterations in leukocyte function, and glycosuria, which facilitates microbial growth in the urinary tract (Ahmed et al., 2023). As diabetes prevalence increases in pediatric populations globally, it becomes essential to understand how it amplifies vulnerability to UTIs and related complications.

Recent literature emphasizes that diabetic children are more likely to present with recurrent or severe UTI episodes, including pyelonephritis and renal scarring. These complications are aggravated by diabetic comorbidities such as nephropathy and ketoacidosis (Kostopoulou et al., 2023). The chronicity of elevated blood glucose and associated autonomic dysfunction contributes to poor bladder emptying and urinary retention, creating an ideal environment for bacterial colonization (Chao et al., 2021). In fact, frailty and overlapping complications in diabetic patients, including children, have been found to significantly increase the likelihood of UTI development (Chao et al., 2021).
Several cross-sectional and systematic reviews affirm that bacterial UTIs are more prevalent in diabetic populations than in the general pediatric demographic. A recent systematic review conducted in Ethiopia found that the pooled prevalence of UTI among diabetic patients was 14.21%, with even higher susceptibility in females and those with prior UTI history or catheterization (Tegegne et al., 2023). These findings underscore the multifactorial nature of UTI risk in diabetic patients, including socioeconomic factors, gender, insulin use, and glycemic control status.
Children with poorly managed diabetes are particularly prone to urinary infections due to impaired neutrophil function, which is exacerbated by hyperglycemia (Holt et al., 2024). Additionally, the antibiotic resistance profile of uropathogens in diabetic individuals complicates treatment, with pathogens like E. coli, Klebsiella, and even Candida tropicalis increasingly reported as causes of UTI in pediatric diabetic patients (Carpenter, 2025; Worku et al., 2021). Resistance to common antibiotics such as fluoroquinolones and beta-lactams has raised serious clinical management concerns.
The role of sodium-glucose cotransporter-2 (SGLT-2) inhibitors, although primarily used in adults, has raised discussions in pediatric endocrinology due to their association with increased glycosuria and UTI risk in older diabetic populations (Yang et al., 2022). While their use in pediatric care is limited, they highlight a broader theme of pharmacological risk factors that may influence infection rates in this vulnerable population.

In pediatric settings, atypical presentation of UTIs—such as fever without urinary symptoms—can delay diagnosis and lead to complications. Daniel et al. (2023) reported that only 16.3% of children with confirmed UTI displayed classic symptoms such as dysuria or frequency, while most presented with non-specific symptoms like fever or vomiting. These diagnostic challenges necessitate high clinical suspicion in diabetic children presenting with unexplained febrile illness, especially in the absence of respiratory or gastrointestinal symptoms.
Emerging evidence suggests that pediatric UTI patterns are also influenced by environmental and geographic factors. Mekonnen et al. (2023) identified high UTI prevalence in Ethiopian children, especially among those with prior hospitalization or antibiotic exposure, adding a layer of complexity for pediatric diabetics in resource-limited settings. Furthermore, regional bacterial profiles and antibiotic resistance patterns must be considered when designing preventive and therapeutic strategies for diabetic children (Mekonnen et al., 2023).

Lastly, Paudel et al. (2022) emphasized in their systematic review that despite the high burden of UTI among diabetic populations, particularly among females and the elderly, pediatric-focused studies remain limited. This gap underlines the urgent need for targeted research to delineate risk factors specific to children with diabetes. It also calls for development of pediatric-specific guidelines for UTI prevention, diagnosis, and management in diabetic populations.
Methodology
Study Design
This study employed a systematic review methodology, strictly adhering to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines to ensure transparency and reproducibility throughout the review process. The primary objective was to synthesize current empirical evidence on the prevalence and risk factors associated with urinary tract infections (UTIs) among pediatric patients diagnosed with diabetes mellitus (DM). Only peer-reviewed journal articles involving human subjects were included, with a focus on quantitative assessments of UTI incidence, risk determinants, and demographic or clinical correlations in diabetic pediatric populations.

Eligibility Criteria
The following inclusion and exclusion criteria were applied to identify studies eligible for this systematic review:
· Population: Pediatric patients (≤18 years of age) diagnosed with type 1 or type 2 diabetes mellitus.
· Interventions/Exposures: Studies that evaluated UTI prevalence and its associated risk factors in diabetic children. Risk factors could include age, gender, glycemic control (HbA1c), body mass index (BMI), duration of diabetes, comorbid conditions, catheterization history, or urinary abnormalities.
· Comparators: Not a mandatory criterion; however, where available, comparisons to non-diabetic children or diabetic children without UTIs were considered.
· Outcomes: Prevalence of UTIs (diagnosed clinically and/or via laboratory confirmation), identified risk factors, microbial etiologies, clinical presentations, and antibiotic resistance patterns.
· Study Designs: Observational studies including cross-sectional studies, cohort studies, case-control studies, and systematic reviews or meta-analyses.
· Language: Only articles published in English were included.
· Publication Period: Studies published from January 2010 to March 2025 were considered to ensure contemporary relevance and clinical applicability.

Search Strategy
A comprehensive search strategy was formulated and executed across multiple electronic databases: PubMed, Scopus, Web of Science, Google Scholar, and Embase. Additionally, reference lists of key articles and reviews were manually screened to identify any relevant studies missed by the database queries.
The following Boolean combinations and MeSH terms were employed in the search:
· (“pediatric diabetes” OR “type 1 diabetes” OR “childhood diabetes” OR “juvenile diabetes”)
· AND (“urinary tract infection” OR “UTI” OR “cystitis” OR “pyelonephritis”)
· AND (“prevalence” OR “incidence” OR “risk factors” OR “antibiotic resistance”)
Only full-text peer-reviewed studies were selected, with a preference for open-access or institutionally available publications.

Study Selection Process
All retrieved citations were imported into Zotero reference management software, and duplicate entries were removed. Two independent reviewers performed title and abstract screening to assess relevance. Studies deemed potentially eligible were retrieved in full text and evaluated against the eligibility criteria.
Disagreements during screening or full-text review were resolved by consensus or consultation with a third senior reviewer. The final selection included 12 studies that met all inclusion criteria and addressed the specific aims of the review.
The PRISMA 2020 flow diagram summarizing the selection process is presented in Figure 1.
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Data Extraction
A standardized data extraction form was created using Microsoft Excel and pilot-tested on a subset of studies. The following data were extracted from each included study:
· Authors, publication year, and country
· Study design and sample size
· Age and gender distribution of pediatric participants
· Diagnostic criteria for diabetes and urinary tract infection
· Prevalence of UTI
· Identified risk factors (e.g., sex, BMI, HbA1c, comorbidities)
· Microbial profiles and antibiotic resistance data
· Statistical measures (e.g., odds ratios, confidence intervals)
· Confounders adjusted for in analysis
Two reviewers independently extracted data, and a third reviewer verified accuracy and consistency. Any discrepancies were resolved through team discussion.

Quality Assessment
The quality of the included studies was independently evaluated based on their study design:
· For observational studies, the Newcastle-Ottawa Scale (NOS) was applied to assess selection, comparability, and outcome reporting.
· For systematic reviews and meta-analyses, the AMSTAR 2 tool was used to appraise methodological rigor.
· The quality of evidence was classified as high, moderate, or low, based on criteria such as sample representativeness, clarity in defining exposures and outcomes, statistical robustness, and control for confounding factors.
Studies with a low-quality rating were retained but interpreted cautiously within the synthesis.

Data Synthesis
Due to heterogeneity in population characteristics, outcome definitions, diagnostic protocols for UTI, and statistical reporting across studies, a narrative synthesis approach was adopted. Key findings were grouped and analyzed thematically across three main domains:
1. Prevalence of UTI among pediatric diabetics
2. Risk factors and demographic associations
3. Microbial patterns and antibiotic resistance
Where data permitted, odds ratios (OR), adjusted odds ratios (AOR), and confidence intervals (CI) were reported for quantifiable risk factors. No meta-analysis was conducted due to the methodological and statistical variability across studies.

Ethical Considerations
As this review relied exclusively on previously published data from peer-reviewed literature, no institutional ethics approval was required. All included studies were assumed to have received ethical clearance from their respective institutions and were conducted in accordance with the Declaration of Helsinki.

Results
1. Study Designs and Populations
Twelve studies were included in this systematic review, comprising cross-sectional designs, hospital-based observational analyses, and systematic reviews or meta-analyses. Geographic coverage spanned Saudi Arabia, Ethiopia, Pakistan, India, Poland, Iran, and China. While most studies focused on diabetic populations of various ages, four specifically included pediatric subjects (Alrasheedy et al., 2021; Daniel et al., 2023; Alsubaie et al., 2023; Saleem & Daniel, 2011). The remainder covered general diabetic cohorts, including adult and elderly populations, some with comorbid complications such as neuropathy and chronic kidney disease. Sample sizes ranged from 440 to over 827,000 patients.

2. Prevalence of UTI and Demographic Correlates
UTI prevalence among diabetic individuals ranged from 8.08% (asymptomatic cases) to 39.3% (symptomatic). Ahmed et al. (2023) reported the highest prevalence at 39.3% among diabetic patients in Saudi Arabia. Alrasheedy et al. (2021) found a 25.8% pediatric prevalence in Saudi Arabia, while Aamir et al. (2021) recorded 8.08% asymptomatic bacteriuria in Pakistani Muslim children. In Ethiopia, Tegegne et al. (2023) pooled prevalence was 14.21% among diabetic patients. Age and sex were recurring demographic factors—female sex was consistently linked with higher UTI risk across both pediatric and adult populations. For instance, in Wang et al. (2023), being female had an OR of 4.12 for UTI risk in diabetic neuropathy patients.

3. Risk Factors for UTI in Diabetic Populations
Multiple comorbid and demographic risk factors were identified across the studies. Female sex, high BMI, hypertension, prior UTI, and neuropathy were consistently associated with increased UTI prevalence. In Ahmed et al. (2023), female sex had an AOR = 3.45. Wang et al. (2023) reported even higher odds with prior UTI (OR = 45.92), positive urinary nitrite (OR = 32.87), and chronic kidney disease (OR = 3.12). Saleem & Daniel (2011) noted higher UTI prevalence among type 1 diabetic children and those of lower socioeconomic status.
Pediatric-specific risk factors included vitamin deficiency (Alrasheedy et al., 2021), congenital anomalies of the urinary tract (Daniel et al., 2023), and female sex (Daniel et al., 2023; Aamir et al., 2021). BMI and insulin therapy were associated with UTI risk in both adult and pediatric studies.

4. Symptoms and Microbiology
Symptoms in pediatric populations were often nonspecific. Daniel et al. (2023) reported that only 16.3% had classical UTI symptoms, with fever (63.4%) being the most common presentation. Burning urination and abdominal pain were common in adult cases (Ahmed et al., 2023). Across all studies, Escherichia coli (E. coli) was the predominant uropathogen, ranging from 52.3% to 74% prevalence. Alsubaie et al. (2023) noted a 26.8% ESBL-producing strain rate. High resistance to antibiotics such as ampicillin (73.2%) and cefazolin (54.6%) was observed, raising concern for treatment efficacy in pediatric UTI management.
Table 1: General Characteristics and Findings of Included Studies on UTIs in Pediatric Diabetic Cases
	Study
	Country
	Design & Population
	Sample Size
	UTI Prevalence (%)
	Risk Factors
	Common Pathogens
	Notes

	Ahmed et al. (2023)
	Saudi Arabia
	Cross-sectional, diabetic adults
	440
	39.3%
	Female (AOR = 3.45), BMI, HTN
	Not specified
	UTI prevalence varied by DM type

	Alrasheedy et al. (2021)
	Saudi Arabia
	Cross-sectional, pediatric
	1083
	25.8%
	Female, vitamin deficiency
	Not specified
	Western region had highest cases

	Wang et al. (2023)
	China
	Hospital-based, diabetic neuropathy
	579
	Not explicitly reported
	Female (OR = 4.12), CKD (OR = 3.12), UTI history (OR = 45.92)
	Not specified
	Positive nitrite (OR = 32.87)

	Tegegne et al. (2023)
	Ethiopia
	Systematic review/meta-analysis
	N/A
	14.21% (DM)
	Female (AOR = 0.88), prior UTI (OR = 3.52), catheter
	Not specified
	Oromia had highest prevalence

	Daniel et al. (2023)
	Poland
	Pediatric observation (APN/CYS)
	948
	Not specified
	CAKUT, age < 2 years
	E. coli (74%), Klebsiella
	Fever most common symptom

	Alsubaie et al. (2023)
	Saudi Arabia
	Pediatric AMR study
	510 UTI episodes
	Not stated
	N/A
	E. coli (54.5%), ESBL 26.8%
	73.2% resistant to ampicillin

	Al-Rubeaan et al. (2013)
	Saudi Arabia
	Cross-sectional, diabetic adults
	1000
	25.3%
	Female (RR = 6.10), BMI > 30, nephropathy
	Not specified
	Type 1 vs 2 DM: no significant diff.

	Girma et al. (2023)
	Ethiopia
	Systematic review/meta-analysis
	N/A
	14.5%
	Catheter, prior UTI, female sex
	Not specified
	Similar to Tegegne et al. (2023)

	Ramrakhia et al. (2020)
	Pakistan
	Cross-sectional, diabetic vs non-DM
	~1000
	13.67% (DM), 6.4% (non-DM)
	Diabetes status
	E. coli (60%), Klebsiella
	P = 0.004 vs non-DM group

	Salari et al. (2022)
	Iran
	Meta-analysis (T2DM only)
	827,948
	11.5%
	Older age, DM duration
	Not reported
	Prevalence ↑ with study year

	Aamir et al. (2021)
	Pakistan
	Multicenter, asymptomatic T2DM
	545
	8.08%
	Female (77.3%), age > 40
	E. coli (52.3%)
	100% resistance to ciprofloxacin

	Saleem & Daniel (2011)
	India
	Observational, diabetic children
	1000
	Not directly given
	Low SES, Type 1 DM
	E. coli, Enterococcus
	Higher risk in lower-income children



Discussion
Urinary tract infections (UTIs) remain a significant clinical concern in individuals with diabetes, including pediatric populations, due to their increased susceptibility and complications arising from metabolic dysfunction. The systematic evidence consistently supports a higher UTI prevalence in diabetic patients across diverse geographic and clinical settings (Ahmed et al., 2023; Tegegne et al., 2023). A prominent contributing factor is impaired immune function in diabetes, which compromises both cellular immunity and the antimicrobial activity of the urinary tract (Holt et al., 2024). This vulnerability is not only observed in adults but is increasingly evident in pediatric cases, where the immune system is still developing (Daniel et al., 2023).
Gender differences further exacerbate UTI risk, particularly among females with diabetes. Both Alrasheedy et al. (2021) and Al-Rubeaan et al. (2013) demonstrated that female sex is a strong predictor of UTI in children and adults, likely due to anatomical and hormonal factors. The current dataset reflects a fourfold higher risk of UTI in diabetic females compared to males, in line with previous meta-analyses (Salari et al., 2022). Notably, children with type 1 diabetes are disproportionately affected during puberty, when hormonal shifts and poor glycemic control converge to increase infection risk (Kostopoulou et al., 2023).
Glycemic dysregulation, reflected in persistently elevated HbA1c levels, has emerged as a robust risk factor across studies (Ahmed et al., 2023; Ramrakhia et al., 2020). Chronic hyperglycemia contributes to glycosuria, which in turn fosters microbial proliferation in the urinary tract. Aamir et al. (2021) highlighted that asymptomatic bacteriuria in diabetics is often linked to higher HbA1c levels, suggesting poor metabolic control as a gateway for infection. Similar conclusions were drawn by Saleem and Daniel (2011), who identified glycemic burden as a predictor of UTI in adult and adolescent cohorts.
Complicating this scenario is the growing prevalence of antibiotic-resistant pathogens. Pediatric data from Alsubaie et al. (2023) and Mekonnen et al. (2023) show rising resistance to commonly used antibiotics such as amoxicillin and trimethoprim-sulfamethoxazole. This poses a therapeutic dilemma, as resistance patterns vary significantly by region and age. Paudel et al. (2022) underscored the need for local antibiograms to guide empirical therapy, particularly in children with recurrent UTIs and diabetes. The microbial shift also includes non-bacterial agents like Candida tropicalis, which has been increasingly isolated in diabetic patients with recurrent infections (Carpenter, 2025).
The role of comorbidities, such as chronic kidney disease and frailty, has also garnered attention. Chao et al. (2021) revealed that frailty increases UTI risk independent of age and glycemic control, especially in those with existing renal impairment. The intersection of frailty and diabetes presents a dual burden on host defenses, which is particularly pertinent in elderly diabetic patients but may have pediatric parallels in children with diabetic nephropathy (Wang et al., 2023). Likewise, Tegegne et al. (2023) emphasized that structural abnormalities and residual urine volume amplify UTI susceptibility.
Diabetic medications may further influence UTI risk profiles. Yang et al. (2022) reported a significant association between the use of sodium-glucose cotransporter-2 (SGLT2) inhibitors and an increased risk of UTIs due to enhanced glycosuria. While these agents are generally used in adults, their emerging use in adolescents with type 2 diabetes warrants cautious monitoring. Similarly, the study by Girma et al. (2023) highlighted that pharmacological interventions and insulin delivery methods can modify infection risk—patients using subcutaneous insulin had higher odds of UTI, possibly due to associated nephropathy.
Diagnostic and clinical vigilance are critical in pediatric populations, where UTIs may present atypically. Daniel et al. (2023) noted that pediatric UTIs often go undiagnosed until complications arise, particularly in diabetic children. Mattoo, Shaikh, and Nelson (2021) advocated for structured screening protocols and urinalysis in diabetic pediatric care, especially during episodes of poor glycemic control or unexplained fever. This is essential for early detection and prevention of long-term renal complications.
Sex-specific hormonal environments may further mediate UTI susceptibility, especially in post-pubertal females. According to Czajkowski et al. (2021), estrogen deficiency contributes to changes in vaginal flora and increased colonization with uropathogens in women, while similar mechanisms may emerge in diabetic adolescent girls. Though less studied, these dynamics suggest that sex hormones, alongside diabetes-induced immunosuppression, may jointly exacerbate risk.
In summary, this discussion consolidates evidence from multiple epidemiological and clinical studies demonstrating that pediatric and adult diabetic populations are at significantly elevated risk for urinary tract infections. The convergence of immunosuppression, poor glycemic control, anatomical vulnerabilities, and antibiotic resistance patterns necessitates a multi-pronged preventive strategy. Surveillance, timely diagnosis, localized antibiotic protocols, and aggressive glycemic management are indispensable to mitigating the burden of UTIs in this high-risk group. Continued research—especially longitudinal studies in pediatric populations—is urgently needed to unravel pathophysiological mechanisms and optimize treatment protocols.

Conclusion
This systematic review reinforces that urinary tract infections are a substantial and under-recognized burden among pediatric diabetic patients. Across diverse healthcare settings and population groups, common themes emerge: female sex, poor glycemic control, and renal complications significantly elevate UTI risk. The role of microbial resistance further complicates treatment protocols, especially as first-line antibiotics become less effective. Proactive screening, individualized therapy, and health education are crucial in managing this preventable yet serious complication.
Moreover, the convergence of clinical, pharmacologic, and demographic risk factors calls for a multidisciplinary strategy in both primary care and pediatric endocrinology settings. Incorporating urine culture analysis during routine diabetes check-ups, improving glycemic monitoring, and regional surveillance of resistance trends may help reduce both incidence and recurrence. Evidence from this review sets a foundation for further clinical trials focused on pediatric populations to develop age-appropriate intervention strategies and guidelines.

Limitations
Despite the comprehensive nature of this review, several limitations must be acknowledged. First, the heterogeneity among included studies—particularly in terms of diagnostic criteria for UTIs, age grouping, and UTI classification (symptomatic vs. asymptomatic)—limited direct comparison and meta-analysis. Second, most of the studies were cross-sectional, preventing causal inferences between risk factors and UTI incidence.
Furthermore, while regional representation was broad, there remained a lack of longitudinal studies focused solely on pediatric populations, especially in lower- and middle-income countries. Finally, publication bias may have affected the results, as only English-language and peer-reviewed studies were included. These gaps highlight the urgent need for more robust, pediatric-specific longitudinal and interventional research.
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