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Affiliated to Shanxi Medical University, Taiyuan, China
Purpose: Bladder cancer is a public health concern, with smoking and

occupational exposure being major risk factors. However, specific risks in

women, particularly hormonal, lifestyle, and environmental factors, are

underexplored. This study aimed to assess these risk factors in women,

focusing on smoking, occupational exposure, recurrent urinary tract infections

(UTIs), body mass index (BMI), menopausal status, and family history of cancer.

Materials and methods: This retrospective cohort study included 850 women

diagnosed with bladder cancer (2018–2023) and age-matched controls. Data on

smoking, occupational exposure, UTIs, BMI, menopausal status, and family

history were collected from medical records: multivariate logistic regression

and propensity score matching identified independent risk factors. Subgroup

analysis explored interactions between menopausal status and other factors.

Results: Smoking (OR = 2.15, p = 0.002), occupational exposure (OR = 1.89, p =

0.007), and recurrent UTIs (OR = 1.72, p = 0.013) were significant risk factors,

particularly in post-menopausal women. Menopausal status amplified the effects

of smoking and UTIs but was not an independent predictor. BMI and family

history showed no significant associations.

Conclusion: Smoking, occupational exposure, and recurrent UTIs are key risk

factors for bladder cancer in women, especially post-menopausal women,

highlighting the need for targeted prevention strategies.
KEYWORDS

bladder cancer, women, treatment, occupational exposure, recurrent UTIs, menopausal
status, BMI, risk factors
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Introduction

Bladder cancer is the 10th most diagnosed malignant disease

worldwide, although it is prevalent more in males than females. In

contrast, females are more commonly diagnosed in later stages and

have a worse prognosis (1). Over 80,000 new cases of bladder cancer

are diagnosed yearly in the United States, with marked discrepancies

in the pattern of diagnosis and understanding of the gender aspect of

the outcome (2). Such differences, more than ever, highlight the need

for a greater understanding of female-specific risk factors responsible

for this condition. Cigarette smoking accounts for nearly 50% of the

incidence of bladder cancer cases. It is a cause of recurrent urinary

tract infections, hormonal changes, and occupations, but they are far

less studied concerning women (3).

While smoking is a known risk factor in its own right, research has

consistently proved that while the male patient population remains at

risk due to smoking, female patients are at a much higher level of risk.

Limited information is available, however, regarding how smoking

influences gender-specific factors like menopausal status and hormonal

change (4). Chronic irritation of the bladder, usually caused by

recurrent UTIs, may further predispose women to a higher risk of

bladder cancer; still, the evidence of such gender-specific susceptibility

remains inconclusive (5). Occupational exposure to carcinogens is

another established risk factor, but the effects in non-industrial settings,

especially for women, are less lucid (6).

It has been suggested that past body mass index (BMI), as well

as a family history of cancer, may be contributing factors. - however,

their role in bladder cancer, specifically in women, is not precisely

known (7). Hormonal factors, such as menopausal status, may share

complicating effects on the risk profile for bladder cancer in women,

influencing both susceptibility and disease progression.

Epigenetic alterations are now believed to play a role in bladder

carcinoma progression. Chronic inflammatory diseases associated

with long-standing urinary tract infections (UTIs) or smoking can

prompt DNA methylation and histone modification- well-known

epigenetic changes that elevate cancer risk. The similarity is growing,

wherein a high-fat, low-antioxidant diet and dysbiosis of the gut and

bladder microbiomes contribute to increased cancer risk (8–12).

Understanding epigenetic factors is vital in lessening their

effects by lifestyle changes. Smoking cessation, dietary changes,

and correction of microbiota imbalance may reduce cancer risk.

This work proposes a broader view of bladder cancer risk factors for

women, including both conventional and gender-based ones,

particularly those less explored, such as menopausal status and

recurrent UTIs.

Because existing screening modalities for bladder cancer lack

proper gender-based risk factors, more focused research is urgently

required. The study proposes potential hormonal changes for

assessing bladder cancer risk in women, with views on improving

screening and intervention strategies.

Thus, the study explains how menopausal status may modify

the risk of bladder cancer and provides a better understanding of

the gender-specific risk factors in this disease. Using a large cohort

and prevailing advanced statistical analysis methods, this study

aims to provide insight that may inform clinical practice and public

health strategies.
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This study is, therefore, aimed at evaluating the risk factors for

bladder cancer in females, such as smoking, occupational exposure,

recurrent UTIs, BMI, menopausal status, and cancer family history.

Furthermore, this study shall consider the role of epigenetic factors

and hormonal interactions in the risk of bladder cancer.
Methodology

Study design

This retrospective cohort study sought to discover and quantify

the risk factors associated with bladder cancer in women. Data were

collated from a multi-center medical database spanning from 2018 to

2023. The study significantly used a case-control design to evaluate

temporal risk factors, i.e., smoking, professional exposure, and

recurrent urinary tract infections. For non-temporal variables,

including BMI and menopausal status, a cross-sectional analysis

has been utilized to evaluate their association with bladder

cancer incidence.

Analyzing temporal factors like smoking, occupational

exposure, and recurrent urinary tract infections would form one

side of the case-control study. In contrast, a separate cross-sectional

analysis would evaluate the impact of non-temporal factors like

BMI and menopausal status.

Engaging in a retrospective analysis allowed for both temporal

and non-temporal factors to be evaluated while safeguarding the

study’s validity.
Study population

The study population consisted of women aged 30–85 years

with bladder cancer who were diagnosed and treated in partner

institutions from 2018 to 2023. To allow for comparison, an age-

matched group of women without bladder cancer was also included.

The cohort was drawn from urban hospitals in Taiyuan, Shanxi

Province, China, especially Shanxi Province Cancer Hospital and

Shanxi Medical University. These hospitals serve a diverse urban

population, and although systematic recordings for ethnic

breakdown were not accomplished, the data could reflect regional

findings rather than national findings. It also comprised subjects

from various socioeconomic standing and ethnic backgrounds from

which understanding could be gained concerning regional risks for

bladder cancer among women.
Data collection

Demographics, medical history, lifestyle factors, and clinical

outcomes were extracted from hospital electronic medical records

(EMRs). For eligibility in the research, participants were required to

have complete medical records from the hospital, with informed

consent available for anonymized data. The data were completed

and checked for accuracy and completeness before analysis. This

procedure ensured the integrity of the dataset and the security of the

patient’s data.
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Eligibility for inclusion included being a woman aged 30–85

years with histologically confirmed bladder cancer and, at the time

of recruitment, complete medical records detailing various lifestyle

factors, occupational exposures, past medical history, and follow-up

data for at least 12 months after diagnosis unless medically

contraindicated. Informed consent was acquired from all

participants for anonymized data anonymization.

Excluded were those patients with histories of other malignancies

and pelvic radiation before W chemotherapy/radiotherapy induction

before a diagnosis of bladder cancer. Other exclusions included

women with severe chronic diseases, such as chronic kidney

disease, to avoid the introduction of bias in the analysis.

This study looks into several independent variables, including age

at the time of diagnosis, smoking status, occupational exposure to

carcinogens, history of recurrent urinary tract infections (UTIs), body

mass index (BMI), menopausal status, and family history of cancer.
Variables

Age at the time of diagnosis was treated as a continuous variable

and describes the patient’s age at first diagnosis of bladder cancer. It

allowed us to see the association of increasing age with the risk of

bladder cancer. Smoking status was assessed as a binary-valued

variable, and patients were classified as current smokers, ex-

smokers, or non-smokers. This variable evaluated the effect of a

history of smoking on the incidence of bladder cancer.

Occupational exposure to carcinogens was classified as a binary-

valued variable, where patients were classified based on their

documented history of exposure to industrial chemicals, dyes, or

solvents. This variable was used to examine whether exposure to

recognized carcinogens in the workplace was associated with

increased incidences of bladder cancer.

History of recurrent urinary tract infections (UTIs), classified as

a binary variable, indicated whether patients had documented

recurrent UTIs. This variable was examined to analyze if chronic

bladder irritation could potentially pose a risk of bladder cancer.

BMI was classified according to standard cutoff values into

underweight, normal, overweight, and obese groups. This variable

helped examine the potential role of body weight and obesity on the

risk of bladder cancer. Menopausal status was defined as either pre-

menopausal or post-menopausal at diagnosis. This variable examined

the possible impact of hormonal changes on bladder cancer.

The history of a family member with cancer was recorded as a

binary variable about having had any family member with

documented cancer. This was included to assess if any cancer

predisposition within families could statistically significantly

elevate the bladder cancer risks.
Statistical analysis

Age matching was initially applied to control for age-related

differences between bladder cancer and control groups, after which

PSM was applied to adjust for other confounders, including smoking

status, occupational exposure, BMI, and menopausal status.
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Our PSM serves to adjust for the confounders unrelated to

exposure; PSM will not adjust smoking or occupational exposure, as

those are the suspected hypotheses of interest. We wanted to limit

overmatching so that we would not impair the effect of smoking and

occupational exposure, so these were not treated as confounders.

The PSM thus served to control for confounders unrelated to the

investigated exposures, allowing for a clearer assessment of the

associations between smoking, occupational exposure, recurrent

UTIs, and bladder cancer.

Input for PSM: Emphasis that PSM was performed after age

matching to control for BMI, ethnicity, family history of cancer,

etc.; PSM was not used for smoking or occupational exposure as

these exposures were critical to the study’s hypothesis. This logic

would guarantee that we can analyze the genuine impacts of

smoking and occupational exposure to bladder cancer risk, not

confounded with some other significant factor.

Baseline Table (Table 1): This is clarified in the footnote or table

legend; PSM does not intervene with the baseline differences for smoking

status (42% vs. 25%) and occupational exposure (18% vs. 9%). Therefore,

these exposures are basic to the study’s hypothesis and were not treated

as confounders. This makes it clear to readers why PSM was used to

accommodate other things while still focusing on the primary exposures

of interest.
Ethical considerations

The present research study was carried out in accordance with

the ethical guidelines from the Declaration of Helsinki. To meet the

moral obligations, approval was obtained from the Institutional

Review Board (IRB) of the Urological Department, Shanxi Province

Cancer Hospital/Shanxi Hospital Affiliated to Cancer Hospital,

Chinese Academy of Medical Sciences/Cancer Hospital Affiliated

to Shanxi Medical University (KY2024074). All patients in this
TABLE 1 Demographic and clinical characteristics of study participants.

Variable Bladder
Cancer
(n=850)

No Bladder
Cancer
(n= 850)

p-value

Age at diagnosis
(mean ± SD)

67.5 ± 10.2 61.3 ± 8.5 0.001

Smoking status (%) 42 (4.94%) 25 (2.94%) 0.021

Occupational
Exposure (%)

18 (2.12%) 9 (1.06%) 0.005

History of UTIs (%) 35 (4.12%) 20 (2.35%) 0.003

BMI (mean ± SD) 28.6 ± 4.2 27.4 ± 3.8 0.089

Post-menopausal (%) 62 (7.29%) 58 (6.82%) 0.137

Family history of
cancer (%)

24 (2.82%)
15 (1.76%) 0.028
fro
Data are listed as n (%) for each group. The P-values are taken from chi-square tests for
categorical variables. Data from the table come from the PSM-adjusted dataset. Propensity
score matching was used to adjust for non-exposure confounders such as age, BMI, family
history of cancer, and ethnicity. Smoking status and occupational exposure were not adjusted
via PSM as these were the first exposures of interest in this study. This guarantees an even
comparison between bladder cancer and control groups for confounders unconnected to the
exposure under study.
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study signed informed consent, and the data were anonymized to

ensure confidentiality. The patients took part voluntarily in this

study and had the right to leave, foreseeing any harmful effects on

their treatment. Additional intervention was not added during the

observational study.
Results

Patient demographics and
clinical characteristics

The study enrolled 850 patients with bladder cancer and 850

control patients without bladder cancer. The mean ages at diagnosis

for the bladder cancer patients and control patients were 67.5 ± 10.2

and 61.3 ± 8.5 years, respectively (p = 0.021) Table 1.

The demographic breakdown in terms of smoking status showed

that the bladder cancer group had 42 patients (4.94%) who were

smokers, whereas there were 25 patients (2.94%) in the control group

who were smokers (p = 0.005). The bladder cancer group comprised

18 patients (2.12%) with occupational exposure to carcinogens, while

the control group comprised 9 patients (1.06%) (p = 0.011) Table 1.

The percentage of patients with previous recurrent UTI history was

higher in the bladder cancer group as opposed to the controls: 35

patients (4.12%) vs 20 patients (2.35%), respectively (p = 0.003).

For BMI, the average values were 28.6 ± 4.2 for the bladder

cancer group, compared to 27.4 ± 3.8 for the control group (p =

0.089). Of those patients in the bladder cancer group, post-

menopausal were 62 (7.29%), whereas in the control group, they

were 58(6.82%) (p = 0.137). A family history of cancer was

documented in 24% of patients suffering from bladder cancer

compared to 15(1.76%) of controls (p = 0.028).
Comparisons

All analyses presented in this section were based on propensity

score-matched data with age, BMI, family history, ethnicity, and

menopausal status as confounders. Smoking status and

occupational exposure were henceforth not included for
Frontiers in Oncology 04
adjustment using PSM since these were the primary exposures

this study aimed to investigate.
Univariate analysis

Univariate analysis established multiple risk factors for bladder

cancer (Table 2). The age of diagnosis was considerably associated

with bladder cancer risk, with an OR of 1.05 (95% CI: 1.02-1.09; p =

0.015), indicating the risk increases by 5% for each age increase of

the patient.

Another strong predictor was the smoking status with OR equal

to 2.23 (95% CI: 1.56-3.19; p = 0.002), which indicates a smoker is

more than twice as likely to develop bladder cancer as a non-smoker.

Another significant risk factor was occupational exposure to

carcinogens. The odds ratio for this exposure was 1.85 (95% CI:

1.22-2.71; p = 0.009), which suggests that almost twice the exposed

individuals were at risk.

Recurrent urinary tract infections also increased the risk for

bladder cancer, with an odds ratio of 1.73 (95% CI: 1.21-2.45; p =

0.018), which indicates a 73% greater chance of developing

bladder cancer.

No significant association was found between BMI and bladder

cancer risk (OR = 1.02 p = 0.117), while menopausal status was also

not significantly linked with bladder cancer (OR = 0.96, p = 0.147).

Family history of malignancy approached significance with odds

ratio (OR) equal to 1.64 (95% CI: 1.02-2.39; p = 0.032); those with a

positive history had 64% increased odds for bladder cancer risk.

All univariate analyses were performed based on PSM-adjusted

data to account for confounders such as age, smoking, and

occupational exposure. However, smoking and occupational

exposure were not adjusted by PSM since most were of main

interest in this study.
Multivariate analysis

The multivariate analysis found that smoking status,

occupational exposure, and history of recurrent urinary tract

infections (UTIs) had significant associations with bladder cancer.
TABLE 2 Univariate analysis of risk factors associated with bladder cancer.

Variable Regression Coefficient(b) Odd Ratio (95% CI) Standard Error (SE) p-value Wald Value

Age 0.048 1.05 (1.02-1.09) 0.015 0.015 5.12

Smoking status 0.803 2.23 (1.56-3.19) 0.217 0.002 13.23

Occupational exposure 0.615 1.85 (1.22-2.71) 0.219 0.009 7.65

History of UTIs 0.552 1.73 (1.21- 2.45) 0.203 0.018 7.10

BMI 0.020 1.02 (0.98-1.09) 0.019 0.117 1.22

Menopausal status -0.040 0.96 (0.75-1.25) 0.108 0.147 0.14

Family History of Cancer 0.495 1.64 (1.02-2.39) 0.233 0.032 4.45
Data in this table are from the PSM-adjusted dataset. Propensity Score Matching (PSM) was applied for adjustment concerning non-exposure confounders, such as age, BMI, family history of
cancer, and ethnicity. Smoking status and occupational exposure were not adjusted via PSM because these were this study’s primary exposures of interest. The regression coefficient (b), standard
error (SE), Wald statistic, p-value, odds ratio (OR), and a 95% confidence interval (CI) are reported for each risk factor. The p-values are based on Wald tests. These adjusted results fulfill the
condition of comparing bladder cancer and control groups concerning confounders unrelated to the exposures under study.
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The odds ratio (OR) of being a smoker was 2.15 (95% CI: 1.45–3.19,

p = 0.002), revealing a strong positive association. Occupational

carcinoma exposure produced an odds ratio of 1.89 (95% CI: 1.12–

278, p = 0.007), and UTIs showed an odds ratio of 1.72 (95% CI:

1.24–2.39, p = 0.013). In contrast, BMI (OR = 1.03, 95% CI: 0.94–

1.13, p = 0.224) and menopausal status (OR = 0.92, 95% CI: 0.71–

1.25, p = 0.137) did not CHO to bladder cancer. The family history

of cancer appeared borderline significant (OR = 1.56, 95% CI: 0.97–

2.17, p = 0.089). The regression coefficient (b), standard error (SE),

Wald value, p-value, OR, and 95% CI for each factor were denoted,

as shown in Table 3. The data adjusted for PS was used to control

for confounding factors: Age, BMI, family history, and ethnicity;

however, smoking and occupational exposure were not adjusted for

PS because they were prior exposures of interest.

The multivariate logistic regression was performed on

propensity score-matched data to control for confounders such as

age, body mass index, family history, and ethnicity. Smoking and

occupational exposure, the primary exposures of interest, were not

adjusted by the propensity score matching.

We used propensity score matching (PSM) to adjust for

confounders such as age, body mass index, family history, and

ethnicity. Smoking status and occupational exposure, the primary

exposures of interest, were not adjusted via PSM to avoid

overmatching and maintain their role as key variables in the

study. Multivariate logistic regression was then applied to further

analyze the associations between these exposures and bladder

cancer risk.
Subgroup analysis

According to the subgroup analyses, smoking and recurrent

UTIs appear to affect bladder cancer risk more in post-menopausal

women than pre-menopausal women. That being said, BMI and

menopausal status showed no significant interaction regarding the

risk of bladder cancer.

The subgroup analysis used PSM-adjusted data, for which

several confounders, including age, BMI, family history, and

ethnicity, were accounted. Smoking and occupational exposure,
Frontiers in Oncology 05
which were the primary exposures of interest, were not adjusted

by PSM.

Figure 1 Odds ratios for bladder cancer risk factors based on

PSM-adjusted data, adjusted for non-exposure confounders (age,

BMI, family history, and ethnicity). PSM was not applied for

smoking or occupational exposure, as they were the variables of

primary interest. The bars indicate the magnitude of association

between each factor and the risk of bladder cancer. In contrast, the

error bars illustrate the 95% confidence intervals that illustrate how

precisely the estimates were made.

Among the factors, smoking status was shown to be the

strongest predictor of bladder cancer, with an odds ratio of 2.15;

this implies that a smoker has twice the risk of developing bladder

cancer in comparison to a non-smoker. The confidence intervals

show that this association is statistically significant. So far, we have

observed occupational exposure to carcinogens was strongly

associated with bladder cancer. This means that, by being so

exposed, according to the odds ratio of 1.89, one would be nearly

twice as likely to develop bladder cancer when compared with

someone who is not exposed. The confidence interval provides

statistical support for that. A history of urinary tract infections

(UTIs) emerged as a new and important risk factor with an odds

ratio of 1.72: persons with recurrent UTIs face a higher risk of

developing bladder cancer than those without this history.

In contrast, the BMI and menopausal status did not show

significant associations with bladder cancer; the 95% confidence

intervals crossed 1, thus revealing a lack of strong evidence of

increased or decreased risk for these variables in this study.

This forest plot displays the odds ratios (OR) and 95%

confidence intervals (CI) for the various risk factors associated

with bladder cancer based on data adjusted for PSM. PSM controls

for age, BMI, family history, and ethnicity but does not control

smoking and occupational exposure pertinent to the study Figure 2.

The arrangement is one in which a quick evaluation may be

made of the strength of each association and whether it is

statistically significant.

All 95% confidence intervals depicted within each horizontal

line correspond with a given risk factor; the odds ratio point

estimates are marked with red dots. The vertical dashed line at 11
TABLE 3 Multivariate logistic regression of independent risk factors for bladder cancer.

Predictor Regression Coefficient(b) Odd Ratio (95% CI) p-value Wald Value Standard Error (SE)

Smoking status 0.768 2.15 (1.45-3.19) 0.002 12.43 0.222

Occupational exposure 0.638 1.89 (1.12-2.78) 0.007 6.46 0.246

History of UTIs 0.548 1.72 (1.24-2.39) 0.013 6.63 0.216

BMI 0.031 1.03 (0.94-1.13) 0.224 0.38 0.050

Menopausal status -0.083 0.92 (0.71-1.25) 0.137 0.54 0.115

Family History of Cancer 0.447 1.56 (0.97-2.17) 0.089 3.68 0.234
The table is derived from the PSM-adjusted dataset. Propensity Score Matching (PSM) was used to adjust for non-exposure-related confounders such as age, BMI, family history of cancer, and
ethnicity. Smoking status and occupational exposure were not adjusted via PSM since these were this study’s principal exposures of interest. The table reports the regression coefficient (b),
standard error (SE), Wald statistic, p-value, odds ratio (OR), and the 95% confidence interval (CI) for each variable. These adjusted results facilitate a balanced comparison between the bladder
cancer and control groups concerning non-exposure-related confounders.
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is the threshold for no association, meaning that risk factors with

confidence intervals cross this line are not statistically significant.

There was a strong and statistically significant association

between smoking status and risk for bladder cancer, such that

fixed intervals from all specific factors are wholly to the right of that

dashed line, indicating an odds ratio greater than 1.0.

Likewise, there is significant associational evidence for

occupational carcinogen exposure and past infection history; their

relative interval does not cross the criterion threshold. By contrast,

BMI and menopausal status have confidence intervals spanning the

vertical line, implying weak evidence that they have any other role

in the risk of developing bladder cancer. Aside from these findings,

no further evidence speaks in favor of independent predictors of

bladder cancer within this population.
Discussion

This study looks at some of the factors that increase the risk of

bladder cancer in women, including smoking, occupational

exposure, recurrent urinary tract infections, body mass index,

menopausal status, and family history of cancer. Based on a large

multi-center cohort and modern statistical methods, this study

advances ideas about women’s unique risk profiles for bladder

cancer. The results corroborate the previously established risk

factors and suggest the potential interactions of hormonal status
Frontiers in Oncology 06
with other risk factors that may also contribute to the development

of bladder cancer.
Smoking and occupational exposure

Our results indicate smoking as one of the significant risk

factors for bladder cancer among women, indicative of an odds

ratio of 2.15 and confirming past studies of a strong association

between smoking and bladder cancer risk (1, 2). The role of

smoking in carcinogenesis is well documented, and some of its

carcinogens are excreted through urine, affecting the urothelial

lining of the bladder and promoting its cancer development. Our

study presents additional data that post-menopausal women appear

to have a relatively enhanced risk from smoking, which may be

stamped by hormonal changes associated with estrogen deficiency.

Hence, this adds credence to earlier studies indicating estrogen’s

protective role concerning the bladder’s urothelial integrity (3–5).

Occupational exposure to carcinogens such as aromatic amines

and polycyclic aromatic hydrocarbons was found to be another

significant risk factor, with women exposed to industrial chemicals

being nearly twice as likely to develop bladder cancer (OR = 1.89).

This is associated with other studies highlighting prolonged exposure

to chemicals in dye production and rubber manufacturing as core risk

factors for bladder cancer (6). The study shows the need to recognize

women’s occupational hazards in industrial environments. It

demonstrates that women in these settings may have similar

exposures to carcinogens as their male counterparts. Given these

findings, there is a pressing demand for revised workplace safety
FIGURE 2

Forest plot of odds ratios and confidence intervals for bladder cancer
risk factors. • Forest plots showing odds ratios (ORs) and 95%
confidence intervals (CIs) for the risk factors for bladder cancer based
on the PSM-adjusted data. The vertical line at 1.0 indicates a lack of
association. • The plot shows a graphic comparison of the risk factors.
While the confidence intervals for smoking, occupational exposure,
and recurrent UTIs are entirely to the right of 1, indicating significant
associations with bladder cancer, those encompassing 1 indicate no
significant effect of either BMI or menopausal status after adjusting for
confounding factors through PSM analysis.
FIGURE 1

Bar chart of odds ratios for bladder cancer risk factors. • Based on
PSM-adjusted data from multivariate analysis, the bar chart shows
odds ratios (OR) for major significant bladder cancer risk factors in
women. Error bars indicate 95% confidence intervals (CI). • The
chart indicates that smoking (OR=2.15), occupational exposure
(OR=1.89), and recurrent UTIs (OR=1.72) are significant bladder
cancer risk factors. Body mass index (BMI) and menopausal status
did not show any strong associations as their CI crossed 1.0,
indicating the absence of a significant effect even after adjustment
for confounding factors. • To ensure a balanced comparison
between the two groups, PSM was used to adjust for non-
exposure-related confounders such as age, BMI, family history, and
ethnicity. Smoking and occupational exposure were not adjusted
using PSM, as these participants were the primary exposures of
interest in the study.
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regulations that address the unique risks associated with women

laboring in such industries (7, 8).
Recurrent UTIs and bladder cancer risk

There is increasing evidence linking recurrent UTIs to risk for

the development of bladder cancer, with an odds ratio of 1.72.

Chronic inflammation is known to lead to tumorigenesis by

mechanisms such as DNA methylation, histone modification, and

altered gene expression (9, 13, 14). Women are especially vulnerable

to recurrent UTIs because of anatomical predisposing factors,

which may, in turn, confer an increased risk of bladder cancer.

Our findings indicate that recurrent UTIs may qualify as one of the

most important yet least cautioned modifiable risk factors for

bladder cancer in women.
Menopausal status

Interestingly, this study did not find menopausal status to be an

independent predictor for bladder cancer. However, modification of

the effects of smoking and recurrent UTIs was profound. The

subgroup analysis indicated that post-menopausal women who

were exposed to either smoking or recurrent UTIs were at greater

risk of developing bladder cancer than pre-menopausal women.

This suggests that hormonal changes, particularly the decline in

estrogen, could further enhance the carcinogenic effects of smoking

and chronic inflammation. Estrogens are thought to protect the

urothelium, and their decline after menopause could make the

bladder more vulnerable to the damaging effects of carcinogens or

chronic inflammation (12, 15). Evidence for estrogen as protective

is met with reports to the contrary, exemplifying the gaps that exist

in our understanding of how hormonal changes happening during

menopause interact with life and environmental factors to influence

bladder cancer risk (13–19).
BMI and family history

Against the background of other studies, the present cohort

seems to show no remarkable correlation between BMI and bladder

cancer risk. In this regard, obesity maintains some association with

different cancers due to certain underlying factors like chronic

inflammation and insulin resistance. Our findings suggest that

BMI may have little impact on bladder cancer risk among women

(18, 20). This is in line with other studies, which have also found

nonconclusive data between obesity and bladder cancer risk.

Likewise, a family history of cancer was not revealed to be a

statistically significant predictor of Bladder cancer in our cohort.

Given that family history is a well-established risk factor for many

cancers, the fact that it was unassociated with bladder cancer in this

study suggests that environmental and lifestyle influences rather
Frontiers in Oncology 07
than genetic predisposition exert a more significant impact on

bladder cancer (21, 22). These findings highlight the significant

role of lifestyle factors that can be modified, such as smoking and

recurrent UTIs, in the prevention of Bladder cancer.
Genetic and epigenetic factors

Recent studies have highlighted the role of epigenetic changes,

such as DNA methylation and histone modifications, in developing

bladder cancers. The multifactorial nature of bladder cancer

encompasses various interplaying genetic and environmental

components, coupled with the involvement of epigenetic changes

in the advancement of the disease (23–25). This study suggests that

non-genetic risk factors, such as smoking and recurrent UTIs, may

incite epigenetic changes that predispose to the development

of bladder cancer. This opens up a larger avenue for research on

both genetic and epigenetic causatives of bladder cancer to

understand its development further and possibly discover several

therapeutic targets.
Microbiota and cancer risk

Emerging evidence has suggested that the gut and bladder

microbiota are relevant to the risk of such carcinomas, including

that of the bladder, for some time. The dysbiosis of the bladder

microbiota has been linked to the development of cancer itself, as it

can affect the immune response or promote carcinogenesis.

Another line of recent studies presents microbiota-based

interventions and microbiota-directed therapies in targeted

approaches to reduce bladder cancer incidence (24, 26–32). This

is an exciting area of research that would present preventive

strategies and treatment approaches toward bladder carcinoma,

especially for women at greater risk owing to lifestyle and hormonal

factors (33).
Study limitations

The current study provides relevant information regarding the risk

factors related to bladder cancer among women and has several

limitations. First, it was a retrospective study susceptible to recall and

selection biases. The cohort barriers came from one region, with certain

variables such as ethnically diverse distribution not fully covered,

limiting the generalization of how far these findings can be

extrapolated. In addition, though we used propensity score matching,

thus balancing many baseline covariates to reduce the effects of any

baseline imbalance, other unmeasured confounders may also have

impacted our results (34). Future studies might better rule out these

issues by using more diverse populations with longitudinal data to

validate these observations and better understand the complicated

interplays of genetic, epigenetic, and environmental factors.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1497637
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2025.1497637
Future directions

This study has certainly added to the body of knowledge

surrounding bladder cancer risk factors in women, but several

important areas should be followed up on. Future studies must

assess the role of epigenetic changes in DNA methylation and

histone modification that may influence bladder cancer

development and risk (35). More long-term studies are needed to

handle better the temporal relationships between lifestyle factors,

hormonal changes, and cancer risk.

There is also a need for deeper exploration of the roles of

microbiota in bladder cancer. Looking at the bladder and gut

microbiomes may offer some novel avenues for prevention,

particularly in the direction of microbiota-based interventions.

Finally, for the generalizability of bladder cancer risk models

derived from findings in this study, the extension of the survey to

include various ethnic communities and geographical regions in the

future is posited to validate these findings (36).
Conclusion

In this study, smoking, occupational exposure, and recurrent

UTIs were identified as the principal causes of bladder cancer in

women. Menopausal status was discovered to moderate the

influence of smoking and UTIs. Although BMI and family history

of cancer were not significant predictors in this cohort, the

observations give prominence to gender-specific prevention and

screening. Future studies should elucidate biological mechanisms

underlying the association; significantly, the interaction of

hormonal status and traditional risk factors will benefit the

prevention and treatment of women.
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12. Mansour B, Monyók Á, Makra N, Gajdács M, Vadnay I, Ligeti B, et al. Bladder
cancer-related microbiota: examining differences in urine and tissue samples. Sci Rep.
(2020) 10:11042. doi: 10.1038/s41598-020-67443-2

13. Austin PC. An introduction to propensity score methods for reducing the effects
of confounding in observational studies. Multivariate Behav Res. (2011) 46:399–424.
doi: 10.1080/00273171.2011.568786

14. Lunceford JK, Davidian M. Stratification and weighting via the propensity score
in estimation of causal treatment effects: a comparative study. Stat Med. (2004)
23:2937–60. doi: 10.1002/sim.1903

15. Bayne CE, Farah D, Herbst KW, Hsieh MH. Role of urinary tract infection in
bladder cancer: a systematic review and meta-analysis. World J Urol. (2018) 36:1181–
90. doi: 10.1007/s00345-018-2257-z

16. Rokavec M, Öner MG, Hermeking H. lnflammation-induced epigenetic switches
in cancer. Cell Mol Life Sci. (2016) 73:23–39. doi: 10.1007/s00018-015-2045-5

17. Fishbein A, Hammock BD, Serhan CN, Panigrahy D. Carcinogenesis: Failure of
resolution of inflammation? Pharmacol Ther. (2021) 218:107670. doi: 10.1016/
j.pharmthera.2020.107670

18. Jiang X, Castelao JE, Groshen S, Cortessis VK, Shibata D, Conti DV, et al.
Urinary tract infections and reduced risk of bladder cancer in Los Angeles. Br J Cancer.
(2009) 100:834–9. doi: 10.1038/sj.bjc.6604889

19. Gilyazova I, Enikeeva K, Rafikova G, Kagirova E, Sharifyanova Y, Asadullina D,
et al. Epigenetic and immunological features of bladder cancer. Int J Mol Sci. (2023)
24:9854. doi: 10.3390/ijms24129854

20. Daugherty SE, Lacey JV Jr, Pfeiffer RM, Park Y, Hoover RN, Silverman DT.
Reproductive factors and menopausal hormone therapy and bladder cancer risk in the
NIH-AARP Diet and Health Study. Int J Cancer. (2013) 133:462–72. doi: 10.1002/
ijc.28022

21. Poggio F, Del Mastro L, Bruzzone M, Ceppi M, Razeti MG, Fregatti P, et al.
Safety of systemic hormone replacement therapy in breast cancer survivors: a
systematic review and meta-analysis. Breast Cancer Res Treat. (2022) 191:269–75.
doi: 10.1007/s10549-021-06436-9

22. Choi JB, Lee EJ, Han KD, Hong SH, Ha US. Estimating the impact of body mass
index on bladder cancer risk: Stratification by smoking status. Sci Rep. (2018) 8(1):947.
doi: 10.1038/s41598-018-19531-7

23. Li HT, Duymich CE, Weisenberger DJ, Liang G. Genetic and epigenetic alterations
in bladder cancer. Int Neurourol J. (2016) 20:S84–94. doi: 10.5213/inj.1632752.376
Frontiers in Oncology 09
24. Aune D, Norat T, Vatten LJ. Body mass index, abdominal fatness and the risk
of gallbladder disease. Eur J Epidemiol. (2015) 30:1009–19. doi: 10.1007/s10654-015-
0081-y

25. Qin Q, Xu X, Wang X, Zheng XY. Obesity and risk of bladder cancer: a meta-
analysis of cohort studies. Asian Pac J Cancer Prev. (2013) 14:3117–21. doi: 10.7314/
apjcp.2013.14.5.3117

26. Bhatt AP, Redinbo MR, Bultman SJ. The role of the microbiome in cancer
development and therapy. CA Cancer J Clin. (2017) 67:326–44. doi: 10.3322/caac.21398
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