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Abstract: Lower urinary tract infections (L-UTIs) represent a significant clinical concern, particularly in
outpatient follow-up settings within internal medicine and infectious disease practices. L-UTIs have been shown
to correlate with elevated glycate-haemoglobin levels in patients with diabetes, highlighting the need for
targeted interventions in this population. We hypothesized that the incidence of L-UTIs could be reduced
through a prophylactic regimen combining probiotics and rifaximin, both known for their potential benefits in
maintaining gut health and controlling bacterial overgrowth. In a retrospective cohort study involving 350
patients, including 155 individuals with diabetes (Group A) and 195 without diabetes serving as a control group
(Group B), we evaluated the effectiveness of prophylaxis strategy. Over an 18-month follow-up period, we
observed that the use of rifaximin combined with a multi-strain probiotic was associated with a statistically
significant reduction in L-UTI episodes in both groups. Notably, this reduction was more pronounced in diabetic
patients (Group A), suggesting that this population may benefit more from the prophylaxis regimen due to their
higher baseline risk of infection. These findings support the potential efficacy of rifaximin and probiotics as a
preventive strategy against L-UTIs, particularly in diabetic patients who are more susceptible to these infections.
Further research is warranted to better understand the underlying mechanisms and to refine this approach, but
these initial results indicate a promising avenue for reducing L-UTI burden in at-risk populations.

Keywords: lower UTT; diabetes; rifaximin; probiotics; microbiota

Introduction

Lower urinary tract infections (UTIs) are a significant health concern globally, impacting
individuals of all ages and backgrounds, particularly in outpatient clinics (1). These infections, often
caused by bacteria, sometimes antibiotic-resistant due to recurrent or suboptimal treatments, can
result in discomfort, pain, and, if left untreated, severe complications such as kidney infections (2,3).
Among those most vulnerable to UTIs are individuals diagnosed with diabetes mellitus, a population
particularly susceptible to these infections. Diabetes mellitus, characterized by elevated blood glucose
levels resulting from impaired insulin production or response, has emerged as a major public health
challenge (2-4). As of 2019, an estimated 463 million people worldwide are affected, with numbers
projected to rise steadily (5).

The connection between diabetes and UTIs is both multifactorial and complex. Diabetes
compromises the immune system, reducing the body's ability to fight infections effectively.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202409.2426.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 September 2024 d0i:10.20944/preprints202409.2426.v1

Furthermore, the altered urinary environment in diabetic patients—often high in glucose—creates
ideal conditions for bacterial growth, further increasing the likelihood of infection. Additionally,
diabetes-related complications such as neuropathy and impaired bladder function can lead to urinary
stasis and incomplete bladder emptying, making diabetic individuals more prone to recurrent UTIs
(1,3,6).

Despite increasing awareness of this relationship, there remains a significant gap in the research
specifically addressing lower UTlIs in diabetic patients. While studies have examined UTIs in the
general population and diabetes-related complications, few have focused on the unique challenges
that diabetic individuals face concerning lower UTIs. This lack of research hinders the development
of targeted preventive strategies and optimized treatments for this high-risk group.

This paper seeks to fill this gap by conducting a thorough retrospective analysis of a six-year
outpatient clinic study, alongside a comprehensive review of existing literature. Our aim is to clarify
the mechanisms underlying the heightened susceptibility of diabetic patients to lower UTIs and to
evaluate current preventive and therapeutic approaches, with a focus on their effectiveness within
the diabetic population.

The discovery of the urinary microbiome has further revolutionized our understanding of UTI
pathogenesis, particularly in diabetic patients (6). In the following sections, we will explore
epidemiological trends, assess the impact of diabetes-related complications on urinary tract health,
evaluate current diagnostic methods and their limitations, and investigate emerging research and
interventions. Through this exploration, we hope to provide healthcare professionals and researchers
with valuable insights that will drive advancements in both clinical practice and research. Ultimately,
a deeper understanding of the specific risk factors and challenges associated with lower UTIs in
diabetic patients will pave the way for the development of more effective, evidence-based guidelines,
patient education initiatives, and innovative treatment approaches (7,8,9).

Methods

This retrospective study evaluated anonymized medical records of 350 patients from January
2017 to December 2023, who were followed-up at our outpatient clinic for recurrent, uncomplicated
lower urinary tract infections (L-UTIs). The cohort was divided into two groups: 155 patients with
diabetes (Group A) and 195 without diabetes (Group B, control group). These patients were referred
to the clinic by general practitioners for urine culture or microscopy based on recurrent L-UTI
episodes.

All patients in Group A had a history of diabetes for at least five years. Uncontrolled diabetes
was defined as a persistent elevation of HbAlc>7% in at least three separate clinical evaluations over
a one-year period, with assessments conducted every three months. In Group A, we investigated
potential factors associated with recurrent L-UTI episodes, including urine test results, the presence
of irritable bowel syndrome (IBS) as per the ROMA criteria (6), serum glycated hemoglobin (HbAlc),
and blood glucose levels prior to their first visit.

For all patients who underwent antibiotic treatment based on culture results, we assessed
antibiotic regimens, prophylactic treatments, and recurrence of L-UTI episodes. Positive
microbiological samples were classified as Gram-negative or Gram-positive organisms, with no
further subclassification.

To assess the effectiveness of treatment, we compared the frequency of L-UTI episodes before
and after initiation of a treatment protocol. The treatment consisted of Rifaximin 200 mg,
administered twice daily (bid) for the first seven days of each month, followed by VSL#3 (a probiotic
preparation containing approximately 112 billion viable lyophilized bacteria, including four strains
of Lactobacillus and three strains of Streptococcus salivarius subsp. thermophilus) from the 8th to
the 18th day of the month. The rationale for using a high-concentration probiotic was based on the
concept of restoring microbiota, which has been previously associated with infection onset (3-5).

Recurrent L-UTIs were defined as the occurrence of at least six episodes per year at the time of
enrollment. Asymptomatic bacteriuria was identified in patients who had positive urine cultures in
at least three visits within a three-month period but without any corresponding symptoms.
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Additionally, we evaluated comorbidities such as benign prostatic hyperplasia, cystocele, and
anatomical abnormalities of the genitourinary system.

Statistical Analysis

Differences between groups were analyzed using Fisher’s exact test or Chi-square test for
categorical variables. Continuous variables were compared using the Mann—-Whitney U test or the
Kruskal-Wallis test. Both univariate and multivariate analyses were performed to identify factors
associated with recurrent L-UTIs. A p-value of <0.05 was considered statistically significant. Statistical
analyses were conducted using GraphPad software for Mac OS X.

No patients or members of the public were involved in the research, as this was a retrospective
analysis of anonymized data.

Results

A total of 350 patients were included in this retrospective analysis, with 155 patients in the
diabetes group (Group A) and 195 patients in the non-diabetic control group (Group B). The baseline
characteristics and clinical findings are summarized in Table 1.

The average age of patients in Group A was 58 years (+4), which was slightly older than the
average age of 55 years (+3) in Group B. Both groups had a predominance of male patients, with 87
males in Group A and 76 males in Group B. The slightly younger average age in Group B suggests
that lower urinary tract infections (L-UTIs) may be more prevalent among younger individuals
without diabetes in this regional population. This finding could have implications for age-targeted
UTI prevention strategies.

Table 1.
Patients Parameters Group A Group B
Age (y) 58 +4 l55 +3
Gender
Male 88/155 71/195
Female 67/155 124/195
History of IBS
Male 27/155 31/195
Female 18/155 44/195
Liver and Renal Function Test
Total Bilirubin (mg/dL) 23+1.2 23+12
Albumin (g/dL) 3.1+04 29+0.6
INR 19+05 1.7+£0.6
PIt count (cell/mmc) 1.6x10E5 + 0.3 1.7x10E5 + 0.2
Creatinine (mg/dL) 14+03 09+0.2
Glucose Metabolism
HbAlc 75+04 N.A.
Glucose (mg/dL) 145+ 12 88+9
Number of UTIs in a Lifetime
Never 37 104
1 or 2 times 68 46



https://doi.org/10.20944/preprints202409.2426.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 September 2024 d0i:10.20944/preprints202409.2426.v1

3,4, or 5 times 23 28
More than 6 times 27 17

Microbiological Samples (%)

Gram positive 20 24
Gram negative 80 76
Type of DM

Type 1 1/155 (0.9%) -
Type 2 154/155 (99.1%) -
Insulin

Yes 72/155 (46.7%) -
No 83/155 (53.3%) -

LUTIs reported in high HbA1c (%)
Yes 83 -
No 17 -

Table shows descriptive analysis of enrolled patients according to age, disease and liver and renal

function tests. Data shows a trend in creatinine increase in diabetic patients compared to non-
diabetic patients. Please note that the percentages are calculated based on the total number of
patients in each group (155 for Group A and 195 for Group B).Never in number of UTIs lifetime
means evidence of bacteriuria without any symptoms defining UTL

Glycemic Control and Diabetes Management

In Group A, all patients had Type 2 diabetes, and the mean HbAlc level was 7.5% (+0.4),
indicating suboptimal glycemic control over the follow-up period. In contrast, Group B, consisting of
non-diabetic patients, had a normal average glucose level of 88 mg/dL (+9), and HbAlc data was not
applicable. Notably, 83% of diabetic patients with recurrent L-UTIs in Group A had elevated HbAlc
levels, consistent with previous research linking poor glycemic control to higher infection risks, such
as those seen in post- infections (11). This finding highlights the importance of strict glycemic
management in reducing the risk of UTIs in diabetic patients.

Within Group A, 46.7% of patients required insulin therapy, while 53.3% were managed with
oral hypoglycemic agents. The heterogeneity in diabetes management within Group A suggests that
different diabetes treatment strategies may influence susceptibility to L-UTIs, although further
analysis is required to explore the relationship between insulin use and UTI risk.

Incidence of UTIs

The overall incidence of UTIs differed significantly between the groups. Group A experienced a
higher lifetime incidence of UTIs compared to Group B, with a particularly higher frequency of "1 or
2 times" UTI episodes (Table 1). This increased predisposition to UTIs among diabetic patients
underscores the role of diabetes in increasing susceptibility to infections, potentially due to factors
such as impaired immune function, glycemic control, and microbiota alterations.

Irritable Bowel Syndrome and Microbiota

Interestingly, both Group A and Group B had a notable proportion of patients with a history of
irritable bowel syndrome (IBS) as defined by the ROMA criteria (Table 1). This observation suggests
that IBS-related microbiota imbalances may contribute to the development of recurrent L-UTIs, a
hypothesis supported by previous studies linking altered gut microbiota to UTI risk (7). No
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significant differences were observed between groups in terms of the microbiological isolates, with
both Gram-positive and Gram-negative bacteria being equally prevalent across groups (Table 1).

Comorbidities and Anatomical Abnormalities

A small number of patients in both groups were identified with comorbidities such as benign
prostatic hypertrophy, cystocele, or anatomical malformations of the genitourinary system. These
factors did not significantly affect the incidence or recurrence of L-UTIs, nor did they influence the
response to treatment in either group (Table 2).

Table 2.

Group A Group B
Prostatic hypertrophy 27/88 30/71
Cystocele 3/67 4/124
Anatorr}ical .malformations of 4/155 6/195
the genitourinary system

In table are shown as absolute number the frequency of significant clinical condition that may
influence lower UTIs natural history.

Prophylaxis and Treatment Outcomes

The prophylactic treatment regimen, evaluated over an 18-month follow-up period, was
associated with a statistically significant reduction in the recurrence of L-UTIs in both diabetic and
non-diabetic patients. In Group A, the recurrence rate decreased from 66% before treatment to 25%
after treatment. Similarly, in Group B, the recurrence rate dropped from 44% to 26% following the
prophylaxis regimen (Figure 1b). The reduction in UTI recurrence was statistically significant in both
groups (Mann-Whitney U test, p < 0.05). These findings highlight the efficacy of the combined
antibiotic and probiotic treatment strategy in reducing recurrent L-UTIs, particularly in diabetic
patients who are at a higher risk of infection.
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Figure 1. a represents lower UTI cases (expressed in percentage) in both groups included in our
study. Figure 1b shows the percentage of patients reportin recurrent lower UTI at the time of 1¢t visit
in outpatients clinci (T0) and after twelve months (T12) follow-up, being underwent six months
prophylaxis schedule in Group A  (66% vs 25%) and Group B (44% vs 26%) (U Mann Whitney Test
p<.05).

Discussion
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The increase of glycated hemoglobin seems to be a risk factor being present in higher percentage
of those with recurrent lower UTI with diabetes diagnosis. This evidence clearly suggests the
potential role of the reduction of oxidative burst of neutrophils in patients with uncontrolled
diabetes as previously suggested (2,5). Interestingly, all patients presenting lower UTI had a
history of IBS and this is an independent factor according to the presence of diabetes. More
interestingly we also found a significant percentage of patients with asymptomatic bacteriuria being
previously treated and referred to our specialistic outpatients clinic. Those patients could be a
significant challenge of public health for a antimicrobialstrategy in community settings, receiving not
required antibiotics. Concerning the prophylaxis, we found that our schedule based on Rifaximin
plus VSL-3 was associated to statistical significant reduction of lower UTI episodes during 18 months
follow-up in both group, particularly in those with diabetes. This, again, could be related to
gastrointestinal microbiota alteration occurring in all individuals, particularly in those with glucose
metabolism alterations. This microbiota alteration seems to be reverted with a six months schedule
treatment. These results are interesting for two main reasons, the first is related to the need to have a
controlled diabetes not only to avoid the well known cardiovascular morbidity but also to reduce the
risk of infections (3,4,12-16). The second reason is mostly related to the fact that our prophylaxis
schedule, based on local antibiotics and probiotics, may be useful to prevent lower UTI avoiding
systemic antibiotics. This strategy in the Era of antimicrobial resistance and antimicrobial
stewardship would seem to be a valid and winning choice (17-18). Further studies are required to
better assess the role of probiotics in the prevention of lower UTI in a larger population and its
possible role also in patients with rectal colonization and its role in microbiota restoration.

Conclusions

In summary, our findings emphasize the complex interactions between age, gender, metabolic
control, and diabetes management in influencing UTI incidence. Recognizing these intricate
relationships is essential for developing more effective, personalized healthcare strategies. The lower
UTl incidence in Group B, associated with younger age, highlights the importance of age-specific and
individualized approaches to UTI management in diabetic populations. Further research exploring
the dynamics between these factors could lead to more targeted interventions in a personalized
medicine, ultimately enhancing the quality of life for those at risk of UTIs within diabetic
communities.
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