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This study employs Mendelian randomization to investigate the causal relationships between dietary
factors, gut microbiota, and urinary tract infections (UTls). Our analysis revealed statistically significant
associations, including high alcohol intake, cheese, and oily fish consumption with UTI risk, as well as
links between UTI risk and specific gut microbiota, such as Prevotellaceae, Butyrivibrio, Anaerotruncus,
and Dorea. Additionally, we observed associations with inflammatory markers, including C-Reactive
Protein and Interleukin-6. Although the observed effects of these dietary factors on UTI risk are minimal
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and may limit their clinical relevance, these findings can still hold significant implications at the population
level in public health. This research offers novel insights into the interplay between diet, gut microbiota,
and UTI risk, laying a foundation for future studies. Further research is warranted to validate these associ-
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1. Introduction

Urinary tract infections (UTIs) stand as one of the most preva-
lent infections in both community and hospital settings.
Approximately 12% of males and 40% of females experience at
least one UTI in their lifetime." The high incidence rate of
UTIs results in significant healthcare expenditures on a popu-
lation scale. Unfortunately, UTIs often go undiagnosed, over-
diagnosed, or inadequately diagnosed, leading to delayed
treatment. UTIs encompass a spectrum of clinical phenotypes,
including cystitis, pyelonephritis, prostatitis, urosepsis, and
catheter-associated UTIs (CA-UTIs).” Notably, UTIs are not only
common but also characterized by a high recurrence rate.
Recurrent UTIs (rUTIs) are defined by a frequency of at least
two episodes within the preceding six months or three epi-
sodes within the past year. Acute UTIs predominantly manifest
as uncomplicated cystitis and affect 50-80% of females within
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ations and to explore the underlying mechanisms and their broader impact on public health.

the general population. About a quarter of women experience
frequent recurrences following an initial acute UTI. Emerging
evidence underscores that susceptibility to rUTIs is, in part,
mediated through the gut-bladder axis, involving disruptions
in gut ecology and differential immune responses to bacterial
colonization of the bladder. This has led to escalated anti-
biotic usage and the inadequacy of conventional treatment
approaches, compounded by antibiotic resistance, elevating
the urgency of addressing the impending threat of UTIs to
human health.? Thus, investigating the risk factors associated
with UTIs and mitigating their occurrence holds paramount
significance.

UTIs typically result from the retrograde infection of bac-
teria from the fecal microbiota. Given that the composition of
gut microbiota is substantially influenced by dietary choices,
alterations in diet may potentially modulate the risk of UTIs.
Prior case-control studies have indicated that the consumption
of cranberry products and fermented dairy containing ben-
eficial probiotic strains, such as Lactobacillus, effectively
reduces the risk of recurrent UTIs.» Additionally, prospective
research has explored the association between vegetarian diets
and UTIs.® Establishing a link between diet and UTIs has been
challenging.

The dietary components selected for this study—coffee, tea,
alcohol, cheese, oily fish, poultry, pork, processed meat, non-
oily fish, beef, and mutton—were chosen based on their
hypothesized roles in modulating inflammation and immune
responses, which are critical mechanisms in the pathogenesis
of UTIs. These selections were guided by existing literature and
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preliminary data suggesting potential links between these
dietary factors and inflammatory processes that may influence
UTI risk. For example, alcohol consumption has been shown
to impair immune function and increase gut permeability,
leading to an elevated risk of bacterial translocation and infec-
tion.” Cheese, a fermented dairy product rich in probiotics,
has been associated with reduced inflammation and enhanced
gut barrier function,® which may protect against UTIs. Oily
fish, high in omega-3 polyunsaturated fatty acids, has anti-
inflammatory properties and may help maintain gut micro-
biota balance,”'® reducing UTI risk. However, despite consid-
ering a broad range of dietary factors,"*™* our Mendelian ran-
domization analysis revealed that only alcohol, cheese, and
oily fish had statistically significant associations with UTI risk.
This outcome highlights the importance of robust, data-driven
methods like Mendelian randomization in identifying true
causal relationships, minimizing the influence of confounding
variables and reverse causation. The absence of significant
associations for the other dietary factors suggests that, while
these factors may have broader health effects as documented
in the literature, they do not appear to be major contributors
to UTI risk in the context of our study.

While randomized controlled trials (RCTs) have long been
considered the gold standard for establishing causality in mul-
ticenter studies, most long-term nutritional epidemiological
investigations rely on food frequency questionnaires to gauge
food and nutrient consumption. Such an approach is suscep-
tible to bias due to self-reported measurement errors.
Furthermore, the widespread consumption of fortified foods
and vitamin supplements adds complexity to assessing nutri-
tional intake. Observational studies can introduce biases due
to confounding factors and reverse causation, particularly
when causal inferences are involved. Finally, RCTs have their
own limitations related to ethical concerns, observation dur-
ation, and resource and cost constraints. These limitations can
lead to measurement inaccuracies, making it challenging to
conclusively link specific dietary habits to UTI risk. However,
Mendelian randomization (MR) studies offer a promising
approach to overcome these challenges.

MR is a method for assessing causal relationships between
risk factors and diseases. It utilizes one or more genetic var-
iants associated with the exposure of interest as instrumental
variables to evaluate the association between the exposure and
the outcome. As alleles are randomly allocated during con-
ception, genetic variations remain unaffected by measurement
biases or biases arising from reverse causation. Furthermore,
MR offers a feasible approach for inferring correlations
between specific dietary intake and diseases, utilizing the
uniqueness of genotypes to investigate causal relationships
between exposures and outcomes. It employs genetically corre-
lated instrumental variables (IVs), closely related to the
exposure, to mimic a randomized controlled setting. The MR
design can mitigate potential residual confounding effects and
counteract reverse causation biases. Leveraging MR-based
research designs allows the investigation of exposures that
cannot be subjected to randomized controlled trials. While the
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connection between diet and UTIs, as well as the relation-
ship between gut microbiota and UTIs, has garnered con-
siderable attention from researchers, there has been a lack
of direct Mendelian randomization studies concerning the
causal relationships between dietary factors, gut microbiota,
and UTIs. Hence, we employ MR analysis to explore the
associations between dietary factors and gut microbiota with
UTIs. Through MR analysis, our objective is to identify the
various associations between dietary habits and urinary tract
infections and the impact of different gut microbiota on
urinary tract infections. This research aims to provide novel
insights into the prevention and treatment of urinary tract
infections.

2. Materials and methods
2.1 Study design

The MR study design, as depicted in Fig. 2, adheres to estab-
lished diagnostic criteria, including those outlined by the
International Classification of Diseases, Tenth Revision
(ICD-10) under code N39, which encompasses various urinary
system disorders. This investigation leverages publicly accessi-
ble datasets from the UK Biobank, the FinnGen study, and
prior Genome-Wide Association Studies (GWAS). Specifically,
two datasets, the UK Biobank (ukb-b-8814) and FinnGen (finn-
b-N14_URETHRAOTH), were meticulously chosen to mutually
corroborate findings pertaining to urinary tract infection-
related phenomena. All exposure-specific MR analyses can be
located in the IEU OPEN GWAS PROJECT along with their
respective datasets. We initiated our study by conducting MR
analyses on dietary habits and urinary tract infections, sub-
sequently subjecting the extracted dietary habits associated
with urinary tract infections to further MR analysis in conjunc-
tion with levels of some commonly acknowledged urinary tract
infection biomarkers. Finally, we conducted MR analysis to
investigate the relationship between 208 types of gut micro-
biota and UTIs. And this study is reported following the
Strengthening the Reporting of Observational Studies in
Epidemiology Using Mendelian Randomization guidelines
(STROBE-MR, S1 Checklist). Subsequently, we provided rele-
vant findings pertaining to specific gut microbiota associated
with UTISs, all of which have been previously reported in inter-
nationally authoritative journals, mitigating any concerns
regarding database integrity (Fig. 1).

2.2 Data sources

Analysis was conducted using publicly available datasets from
The IEU Open GWAS project. Exposure-specific dietary factors
were obtained from the UK Biobank and included coffee
intake (ukb-b-5237), tea intake (ukb-b-6066), alcohol intake fre-
quency (ukb-b-5779), cheese intake (ukb-b-1489), poultry
intake (ukb-b-8006), pork intake (ukb-b-5640), processed meat
intake (ukb-b-6324), oily fish intake (ukb-b-2209), non-oily fish
intake (ukb-b-17627), beef intake (ukb-b-2862), and mutton
intake (ukb-b-14179). Data related to urinary tract infections

This journal is © The Royal Society of Chemistry 2024
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Fig. 1 Study design and data sources for Mendelian randomization analysis. This figure outlines the overall study design, highlighting the use of
datasets from the UK Biobank, FinnGen study, and prior Genome-Wide Association Studies (GWAS) to investigate the causal relationships between
dietary factors, gut microbiota, and urinary tract infections (UTls). It illustrates the sequence of MR analyses conducted, from dietary habits to gut

microbiota, and their associations with UTI risk.

were sourced from the UK Biobank (ukb-b-8814) and the
FinnGen biobank analysis (finn-b-N14_URETHRAOTH).

Regarding urinary tract infection biomarkers, C-Reactive
protein levels were sourced from MR-Base,"'> This study
measured serum CRP in mg L' using standard laboratory
techniques and transformed the values by natural log.
Individuals with autoimmune diseases, those taking immune-
modulating agents (if this information was available), and
those with CRP values 4 SD or more from the mean were
excluded from all analyses. Neutrophil gelatinase-associated
lipocalin and Procalcitonin levels were sourced from the
Genomic Atlas of the Human Plasma Proteome, Interleukin-1-
beta levels from the Genome-wide Association Study Identifies
27 Loci Influencing Concentrations of Circulating Cytokines
and Growth Factors,'® and Interleukin-6, Interleukin-8, and
Myeloperoxidase levels from the Genomic and Drug Target
Evaluation of 90 Cardiovascular Proteins in 30931
Individuals,"” Elevated erythrocyte sedimentation rate and
abnormality of plasma viscosity data were obtained from the
FinnGen biobank analysis. For these specific inflammatory
biomarkers, all datasets excluded individuals with recent
major illnesses (e.g., myocardial infarction, stroke, cancer,
HIV, hepatitis B or C) and recent infections, as detailed in the
cited literature.

This journal is © The Royal Society of Chemistry 2024

The 208 gut microbiota taxa used in our analysis originated
from the MiBioGen consortium dataset,'® one of the largest
and most comprehensive human microbiome GWAS to date.
This dataset includes data from multiple cohorts across
diverse populations, providing extensive coverage of gut micro-
biota diversity and their potential associations with various
health outcomes. Initially comprising 211 species. Using a
threshold of P < 1 x 107" to filter for suitable SNPs, three
species were excluded due to the lack of suitable SNPs.
Therefore, the actual number of species used in our analysis
was 208. Definitions, inclusion criteria, and processing
methods for all these data can be found on their respective
official websites or citations and are not reiterated in this
manuscript. Ethical approval was not required for the current
analysis, as all incorporated GWAS data were publicly available
and had already received approval from their respective ethics
review boards.

2.3 Instrumental variable selection

We established a set of IVs for dietary factors and urinary tract
infection markers, selecting SNPs with a genome-wide signifi-
cance threshold of p < 5 x 1078, We also applied an exclusion
criterion, removing SNPs with an r* > 0.001 (using a clumping
window of 10000 kb) to account for linkage disequilibrium.

Food Funct, 2024, 15,10099-10109 | 10101
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To refine our SNP selection, we further filtered each SNP based
on potential confounders related to age, weight, gender, ethni-
city, as well as factors related to the outcome or potential con-
founding factors within the dietary factors using the
PhenoScanner website.'® Subsequently, we computed the
F-statistic to assess the strength of each individual SNP as an
instrument. SNPs with an F-statistic greater than 10 were con-
sidered sufficiently strong to mitigate potential weak instru-
ment bias, while SNPs with an F-statistic below 10 were
excluded from the analysis.

2.4 MR analysis

The primary analytical method employed to calculate causal
effects was the Inverse Variance Weighted (IVW) method. The
IVW model stands as the most robust method for detecting
causal relationships within two-sample MR analyses. Two
additional approaches, including the Weighted Median and
MR-Egger methods, were employed as sensitivity analyses. The
Weighted Median method furnishes valid estimates if over
50% of the information originates from valid instrumental
variables (IVs). The MR-Egger method serves to assess horizon-
tal pleiotropy in the selected IVs. The Cochrane’s Q statistic
was utilized to detect heterogeneity among the chosen IVs.
Should heterogeneity be present, a random-effects model was
adopted; otherwise, a fixed-effects model was employed.
Furthermore, leave-one-out sensitivity analyses were conducted
to ascertain if the overall estimate was disproportionately influ-
enced by individual SNPs. The estimation of the F-statistic
quantified the strength of instrumental variables for each
R(N-K—1)
(1-R)K
portion of variance in the exposure explained by the genetic
variants, N represents the sample size, and K represents the
final number of instrumental variables after the selection
process. All statistical analyses were executed using the
“TwoSampleMR” package in R version 4.3.2.

exposure; F? = , where R’ represents the pro-

3. Results

3.1 The impact of dietary habits on urinary tract infections

Due to the inherent complexity of dietary factors, involving
numerous confounding elements, we adopted a cross-vali-
dation approach by utilizing two databases to substantiate the
authenticity and reliability of our conclusions. Employing the
IVW method in conjunction with a comprehensive meta-ana-
lysis, it is noteworthy that many Confidence Intervals (CI)
approach 1, a result of presenting results with two decimal
places. Nonetheless, we assert that the combined IVW analysis
yields meaningful results.

The results demonstrate a negative correlation between pro-
cessed meat intake (OR = 0.99; 95% CI, 0.98-1.00; p = 0.03),
cheese intake (OR = 0.99; 95% CI, 0.99-1.00; p = 0.02), and oily
fish intake (OR = 0.99; 95% CI, 0.99-1.00; p = 0.04) with
urinary tract infections. Conversely, alcohol intake frequency is
positively associated with an increased risk of urinary tract
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infections (OR = 1.00; CI, 1.00-1.01; p = 0.01). No evidence
of horizontal pleiotropy or substantial heterogeneity was
detected. Consistent results are observed in scatter plots and
forest plots, as presented in ESI, respectively. The leave-one-
out sensitivity analysis, depicted in ESI,} suggests that the
overall estimate remains unaffected by any individual SNP

(Fig. 2).

3.2 Specific dietary habits and urinary tract infection
markers

The IVW results indicate a positive association between
alcohol intake and an increase in C-Reactive Protein (CRP)
levels (OR = 1.19; 95%CI, 1.08-1.31; p < 0.001). Additionally, a
reduction in cheese intake is observed to be associated
with lower levels of CRP (OR = 0.810; 95%CI, 0.671-0.978;
p = 0.03), procalcitonin (OR = 0.529; 95%CI, 0.286-0.978; p =
0.04), IL6 (OR = 0.665; 95%CI, 0.474-0.934; p = 0.02), and
myeloperoxidase levels (OR = 0.756; 95%CI, 0.584-0.977; p =
0.03). Similarly, oily fish intake is associated with decreased
levels of CRP (OR = 0.738; 95%CI, 0.557-0.977; p = 0.03) and
IL6 (OR = 0.584; 95%CI, 0.360-0.945; p = 0.03). Consistent
findings are mirrored in scatter plots, forest plots, funnel
plots, and leave-one-out sensitivity analysis plots (ESIf)

(Fig. 3).

3.3 The relationship between different subtypes of intestinal
flora and urinary tract infection

Given that urinary tract infections are often a result of retro-
grade infection from the gut microbiota, and the direct link
between dietary habits and gut microbiota has been exten-
sively reported, we proceeded to delve into the impact of
various subtypes of gut microbiota on urinary tract infec-
tions. In this instance, we utilized the larger patient dataset
and SNP count from the FinnGen database to shed light on
the subgroups associated with urinary tract infections
(Fig. 4). Family Prevotellaceae (OR = 0.89; 95%CI, 0.81-0.97;
p = 0.01), Family Veillonellaceae (OR = 0.92; 95%CI, 0.85-1.00;
p = 0.05), Genus Butyrivibrio (OR = 0.95; 95%CI, 0.91-1.00; p =
0.03), Genus Eubacterium xylanophilum group (OR = 0.89; 95%
CI, 0.80-0.99; p = 0.03), and Genus Romboutsia (OR = 0.90;
95%CI, 0.81-0.99; p = 0.03) exhibited a negative correlation
with urinary tract infections. Conversely, Genus Anaerotruncus
(OR = 1.14; 95%CI, 1.02-1.27; p = 0.02), Genus Dorea (OR =
1.17; 95%CI, 1.00-1.37; p = 0.05), Genus Eubacterium nodatum
group (OR = 1.06; 95%CI, 1.01-1.12; p = 0.03), Genus
Lachnospiraceae ND3007 group (OR = 1.40; 95%CI, 1.01-1.93;
p = 0.04), Genus Lachnospiraceae UCG001 group (OR = 1.10;
95%CI, 1.01-1.19; p = 0.03), Genus Odoribacter (OR = 1.15;
95%CI, 1.01-1.32; p = 0.04), Genus Ruminococcaceae
UCGO005 group (OR = 1.15; 95%CI, 1.02-1.30; p = 0.02), Genus
Senegalimassilia (OR = 1.19; 95%CI, 1.01-1.39; p = 0.01),
Genus Tyzzerella3 (OR = 1.07; 95%CI, 1.00-1.15; p = 0.05), and
Order Bacillales (OR = 1.06; 95%CI, 1.00-1.12; p = 0.05) were
associated with an increased risk of urinary tract infections

(Fig. 4).

This journal is © The Royal Society of Chemistry 2024
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Fig. 2

Impact of dietary habits on urinary tract infection risk. This figure presents the results of Mendelian randomization analysis showing the

associations between specific dietary factors and UTI risk. It includes the inverse variance weighted (IVW) method findings, highlighting statistically
significant correlations for processed meat intake, cheese intake, oily fish intake, and alcohol intake frequency with UTI risk.

4. Discussion

This study employs Mendelian randomization to investigate
the causal relationships between dietary factors, gut micro-
biota, and UTI risk. Our analysis revealed statistically signifi-
cant associations between certain dietary factors, such as
high alcohol intake, cheese, and oily fish consumption, and
UTI risk. However, the observed effect sizes, with ORs close to
1, suggest that these effects are small. It is crucial to interpret

This journal is © The Royal Society of Chemistry 2024

these findings cautiously, as the practical implications may
be limited. While the MR approach provides a robust frame-
work for causal inference by mitigating biases from confound-
ing and reverse causation, it is important to recognize that
statistical significance does not necessarily equate to clinical
significance, especially when effect sizes are marginal.
Despite the small effect sizes, these findings may still hold
important implications, particularly in public health, where
even small but widespread changes in dietary behaviors could
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Fig. 3 Associations between specific dietary habits and UTI biomarkers. This figure displays the MR analysis results indicating the relationships
between dietary habits (such as alcohol, cheese, and oily fish intake) and levels of UTI biomarkers, including C-Reactive Protein (CRP) and
Interleukin-6 (IL-6). The figure underscores the impact of these dietary factors on inflammatory markers relevant to UTI risk.
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Fig. 4 The relationship between gut microbiota and urinary tract infection risk. This figure depicts the MR analysis outcomes linking different gut
microbiota taxa with UTI risk. It highlights both protective and risk-enhancing microbial genera, such as Prevotellaceae and Anaerotruncus, respect-

ively, and their potential roles in modulating susceptibility to UTIs.

20-22 In

lead to significant reductions in disease incidence.
this MR analysis, we assessed the causal relationships
between dietary intake and gut microbiota species with sus-

ceptibility to UTIs. We observed potential protective effects of
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oily fish and cheese intake against UTIs, while high alcohol
intake frequency appeared to increase the risk of UTIs.
Additionally, we identified 15 associations between gut micro-
biota and UTIs.
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Numerous studies have confirmed that alcohol impairs the
functionality of various components of the immune defense
system.”**?* Prolonged alcohol consumption disrupts various
aspects of acquired immune responses, including cell-
mediated and humoral responses, rendering individuals more
susceptible to viral and bacterial infections, as well as sterile
inflammation. Existing research suggests that alcohol can alter
the balance and interactions between the host immune system
and the host microbiota to influence immune function.
Alcohol consumption disrupts the gut barrier by increasing
oxidative stress in the gut, leading to increased gut per-
meability and dysbiosis.”> This disruption can eventually
result in the translocation of Gram-negative bacterial products,
and the observed increase in CRP levels in our results aligns
well with these findings. Moreover, as previously reported,®®>”
alcohol consumption can lead to a decrease in the abundance
of Bacteroidetes phyla (synonym Bacteroidota) bacteria and an
increase in Firmicutes phylum (synonym Bacillota), specifically
the Bacilli class. In our study, the protective effect of the family
Prevotellaceae, which belongs to the Bacteroidetes phylum
(Bacteroidota), against UTIs, and the increased risk associated
with genera Anaerotruncus and Dorea (both of Firmicutes
phylum: Bacilli class), corroborate this perspective. Therefore,
the elevated frequency of alcohol consumption may enhance
susceptibility to UTIs by affecting the immune system and
altering the gut microbiota composition.

Oily fish exhibit a potential protective effect against UTIs.
In comparison to white fish, oily fish are rich in omega-3 poly-
unsaturated fatty acids (PUFAs), specifically eicosapentaenoic
acid and docosahexaenoic acid, both of which belong to the
®-3 class. The biochemical and physiological actions of these
PUFAs largely depend on their conversion to 20-carbon or
22-carbon acids, followed by subsequent metabolism into bio-
active lipid mediators such as prostaglandins, leukotrienes,
lipoxins, and resolvins. Research indicates that omega-3
PUFAs have mitigating effects on various inflammation-related
diseases. They achieve this by attenuating the activation of
MAPK, NF-B, activator protein-1, and oxidative stress path-
ways, or by enhancing the activation of PPARy or GPR120, thus
diminishing inflammation.” Omega-3 PUFAs can act as
alternative substrates for cyclooxygenase or lipoxygenase,
impeding the conversion of arachidonic acid into pro-inflam-
matory eicosanoids, thereby reducing the production of
inflammatory mediators. The reduction in IL-6 levels associ-
ated with oil fish intake in our findings further underscores
this perspective. Research suggests that omega-3 PUFAs from
fish oil can reduce the abundance of Firmicutes in animal
models, corroborating our results.'® In terms of maintaining
intestinal epithelial integrity, PUFAs influence gut inflam-
mation either as precursors for anti-inflammatory eicosanoids
synthesis or by regulating tight junction functionality to
enhance gut integrity.”® When intestinal barrier function is
compromised, resulting in heightened gut permeability and
increased lipopolysaccharide (LPS) translocation, the sub-
sequent postprandial endotoxemia results in mild systemic
inflammation.?®* Omega-3 PUFAs can alter the microbiota com-
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position by inducing the production and secretion of intestinal
alkaline phosphatase, thereby reducing the abundance of LPS-
producing bacteria.>® The decrease in CRP in our results also
supports this notion.

In addition to being rich in saturated fatty acids, cheese, as
a dairy product, contains a diverse array of constituents includ-
ing vitamins D, calcium, protein, probiotics, and bioactive pep-
tides. Research indicates a close correlation between the
Dietary Approaches to Stop Hypertension (DASH) diet pattern
(inclusive of dairy products) and reduced inflammation.
Studies in mouse models have revealed that dietary calcium,
found in cheese, reduces the expression of inflammatory cyto-
kines in adipocytes by inhibiting the formation of calcitriol.
Dairy-derived proteins such as lactoferrin may also exhibit
anti-inflammatory effects through the regulation of cytokine
release, immune cell recruitment, and activation. Thus, while
saturated fats might potentially elevate inflammation levels,
dairy protein could exert a neutral or even beneficial impact on
inflammation. Moreover, dairy products can modulate
immune function within the gastrointestinal tract by interact-
ing with the mucosal layer, enhancing gut barrier function,
and stimulating immune cells. Cheese, categorized as a pro-
biotic food, harbors an abundance of live microorganisms.
Existing research indicates that certain specific bacterial
strains possess the ability to inhibit inflammatory responses
within the body.*" Clinical trials have demonstrated the ben-
eficial effects of probiotic members, such as Lactobacillus and
Bifidobacterium, which are prominent within cheese, on
immunity and inflammation. Adequate cheese consumption
can regulate the gut microbiota and confer beneficial effects
on the host. A study has shown that supplementation with pro-
biotics in cheese alleviates symptoms and prevents recurrent
infections in UTI patients, aligning with our finding of a nega-
tive correlation between cheese intake and infection indi-
cators,® supporting the conclusion that cheese consumption
has a protective effect against UTISs.

Dietary factors play a multifaceted role in influencing UTIs.
Our focus has centered on investigating the impact of dietary
factors on UTI biomarkers and the interplay between gut
microbiota and UTIs. The human gut, harboring an estimated
100 trillion microorganisms, stands as one of the most densely
colonized organs, endowing the host with a multitude of
functionalities.**** Since the emergence of the gut-kidney axis
concept proposed by Meijers in 2011, numerous clinical and
animal model studies have affirmed the correlation between
gut microbiota and various diseases. The gut-kidney axis
describes the bidirectional relationship between the gut micro-
biota and renal function, wherein gut-derived metabolites
such as short-chain fatty acids (SCFAs) and uremic toxins like
indoxyl sulfate and p-cresyl sulfate can directly influence
kidney health. These metabolites are either protective or dele-
terious depending on the state of the gut microbiota. For
example, SCFAs, produced by the fermentation of dietary
fibers, are known to exert anti-inflammatory effects and
support renal function. In contrast, uremic toxins produced by
certain gut bacteria can exacerbate renal injury and promote
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systemic inflammation. Conversely, impaired kidney function,
often characterized by reduced clearance of these toxins, can
lead to an accumulation of uremic solutes, further altering the
gut microbiota composition and contributing to a vicious cycle
of gut and kidney dysfunction. This interaction is crucial in
understanding the systemic effects of gut microbiota on
overall health, including the increased susceptibility to infec-
tions like UTIs in the context of dysbiosis and renal impair-
ment.** Within the framework of the gut-kidney axis theory,
the bidirectional communication between gut microbiota and
kidney health has been emphasized,** suggesting that gut dys-
biosis can lead to compromised kidney function and increased
susceptibility to infections like UTIs.

Our study adds to this growing body of evidence by identify-
ing specific dietary factors and gut microbiota taxa that are
causally linked to UTI risk. For example, the protective effects
observed from oily fish and cheese intake against UTIs can be
attributed to their anti-inflammatory properties and ability to
promote a healthy gut microbiota. Omega-3 PUFAs from oily
fish are known to modulate inflammation by reducing the pro-
duction of pro-inflammatory eicosanoids and promoting the
synthesis of anti-inflammatory mediators. Similarly, the pro-
biotics present in cheese, such as Lactobacillus and
Bifidobacterium, have been shown to enhance gut barrier func-
tion and inhibit the colonization of uropathogens in the
urinary tract. On the other hand, our findings that high
alcohol intake frequency increases UTI risk are consistent with
existing literature, which indicates that alcohol consumption
impairs immune function and disrupts the gut barrier,
leading to increased gut permeability, systemic inflammation,
and the translocation of bacterial products such as LPS, which
are known to exacerbate infection risk.

However, it is important to note that while our results
suggest associations between high alcohol intake, cheese, and
oily fish consumption and UTI risk, these dietary factors are
not traditionally recognized as major risk factors for UTIs in
the broader literature. Our findings should be viewed as
exploratory, contributing to the ongoing discussion about the
role of diet in UTI risk, but not definitive. Further studies,
including those with a focus on clinical outcomes and
mechanistic insights, are required to validate these associ-
ations and to better understand their potential impact on
public health. The identified associations between gut micro-
biota and UTI risk further reinforce the importance of main-
taining a balanced gut microbiota. For instance, the high rela-
tive abundance of beneficial taxa such as Romboutsia has been
linked to a reduced risk of UTIs,*® likely due to their role in
supporting gut barrier integrity and modulating local immune
responses. Conversely, the presence of pathogenic or dysbiotic
bacteria can compromise these defenses, increasing the likeli-
hood of infection.

As we continue to refine our understanding of nutrient
intake and the gut microbiota, the concept of the gut-kidney
axis provides a valuable framework for exploring the complex
interactions that influence UTI risk. This study highlights the
potential of dietary modifications as a strategy to reduce the
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incidence and clinical burden of UTISs, particularly in high-risk
populations such as individuals with congenital anomalies,
diabetes-related UTIs, and kidney transplant recipients. By tar-
geting both diet and gut microbiota, we can develop more
effective preventive measures against UTIs, aligning with the
broader goals of precision medicine and personalized
healthcare.

5. Limitations

Several limitations must be acknowledged in the context of our
study. Firstly, our investigation was confined to the European
population, potentially limiting the generalizability of our
findings to other ethnic cohorts. Secondly, our classification of
gut microbiota at the genus level, while suitable for identifying
broad population-level trends, may not fully capture the func-
tional diversity within genera. This limitation could obscure
more specific microbial interactions that occur at the species
or strain level, which are crucial for understanding the precise
mechanisms underlying urinary tract infections. Future
research should aim to incorporate species-level or strain-level
analyses to provide a more detailed understanding of these
interactions.

Additionally, the complex interplay of dietary factors in
relation to urinary tract infections is manifold. Despite our
emphasis on biomarkers and gut microbiota, these aspects
may not comprehensively capture the full spectrum of poten-
tial effects. Real-world research is also susceptible to un-
identified or unmeasured confounding factors. While these
factors could potentially introduce variability in the results,
the absence of pertinent data precludes their thorough
control.

Finally, the primary objective of this article is not to advo-
cate for immediate dietary recommendations for UTI patients
but rather to offer novel insights into the potential connec-
tions between diet, gut microbiota, and UTI risk. These
findings could serve as a foundation for future research
and contribute to the development of targeted preventive
strategies.
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