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Abstract

Purpose: This study aims to identify independent risk factors for mixed urinary incontinence (MUI) in parous women
using a multicenter epidemiological study and to establish and validate a predictive nomogram.

Methods: A large-scale survey was conducted from June 2022 to September 2023, including parous women aged over
20 selected through stratified random sampling. Data encompassed sociodemographic and obstetric histories, comorbid-
ities, and standardized questionnaires. The primary goal was to identify high-risk factors for MUI, while the secondary was
to develop a nomogram. Risk factors were determined using univariable and multivariable analyses. The nomogram’s per-
formance was assessed via concordance index (C-index) and calibration plots through internal and external validation.
Results: A total of 7709 women participated, with an MUI prevalence of 6.8%. Independent risk factors included higher
body mass index, urban residence, postmenopausal status, multiple vaginal deliveries, history of pelvic surgery and macro-
somia, family history of pelvic floor dysfunction, hypertension, and constipation. The area under the curve for the nomo-
gram model was 0.717 in the training set, 0.714 for internal validation, and 0.725 for external validation. The calibration
plots showed a good agreement between the predicted and observed outcomes.

Conclusion: This study identifies key risk factors for MUl in parous women and introduces a validated nomogram with
high but not perfect predictive accuracy. The model enables early identification and management of MUI, though further
refinement could enhance accuracy.
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Introduction

The International Continence Society (ICS) defines mixed
urinary incontinence (MUI) as involuntary leakage associated
with urgency, as well as physical efforts such as exertion,
sneezing, and coughing.! Previous large-scale epidemio-
logical studies conducted across several European countries,
including France, the United Kingdom, Spain, and Germany,
have reported that the prevalence of MUI in women ranges
from 25% to 40%.> In contrast, two large-scale epidemio-
logical surveys conducted in China revealed a lower preva-
lence of 6.5% to 8.0% among women.>* Additionally,
compared to the other two primary types of urinary incontin-
ence (U)—urge urinary incontinence (UUI) and stress urin-
ary incontinence (SUI}—MUI exerts a more pronounced
negative impact on women’s quality of life (QoL).> This
heightened impact is partly due to the fact that women with
MUI are more likely to experience larger volumes and
more frequent episodes of leakage compared to those with
UUI or SUI alone.*’

MUI is characterized by features of both UUI and SUI,
suggesting that its underlying pathophysiology may involve
two distinct disease processes.® This complexity makes the
etiology of MUI more intricate and elusive compared to
UUI or SUI alone, posing challenges for early diagnosis
and targeted interventions. As a result, healthcare providers
often focus on educating and promoting awareness of high-
risk factors for MUI when addressing female patients dur-
ing primary prevention efforts. Previous studies have iden-
tified several well-established risk factors for MUI,
including age, obesity, postmenopausal status, and a history
of multiple vaginal deliveries.**™"' However, most
large-scale studies on female MUI were conducted over a
decade, or even two decades ago. Given the increasing
life expectancy, the aging population, and the rising preva-
lence of obesity, it is crucial to update our understanding of
the risk factors associated with MUL

As mentioned earlier, merely identifying high-risk fac-
tors for MUI is insufficient for accurately predicting which
women are likely to develop MUI in the future. Traditional
risk factor assessment provides general population-level
insights but lacks the precision needed for individualized
risk stratification. This limitation hampers the precise iden-
tification of high-risk populations, making it difficult to
establish effective early diagnosis and intervention strat-
egies. Predictive models, by integrating multiple risk fac-
tors into a statistical framework, offer a more accurate
and personalized estimation of MUI risk. Over the past dec-
ade, numerous studies have demonstrated that combining
women’s sociodemographic characteristics, obstetric his-
tory, and certain auxiliary examination parameters can
effectively predict the risk of developing SUI using nomo-
gram models.'*™'> These studies have reported area under
the receiver operating characteristic curve (AUC) values
ranging from 0.757 to 0.853, indicating good predictive

performance. However, to the best of our knowledge, no
studies have been published to date on the application of
such models for predicting MUIL'®

Therefore, the aim of our study is to utilize data from a
large-scale, multicenter epidemiological survey on female
UI to provide an updated analysis of the high-risk factors
for MUI. Additionally, we seek to develop a nomogram
to predict the occurrence of MUI and to evaluate its predict-
ive performance through both internal and external
validation.

Material and methods

Data collection

This study is the second phase of the Female Pelvic Floor
Health Management Center Project in Fujian Province,
which we are conducting to understand the epidemiology
and treatment of female pelvic floor dysfunction (PFD) in
Fujian Province. The first phase of the project aimed to
establish a provincial female Ul epidemiology database
using data from a large-scale, multicenter cross-sectional
female UI epidemiological survey conducted between
June 2022 and September 2023 in various regions of
Fujian Province, China, which was the source of data for
this study. This epidemiological survey was simultaneously
carried out in four regions: Sanming, Nanping, Quanzhou,
and Ningde, with Sanming’s Shaxian district serving as
the primary center and the other regions functioning as sub-
centers. The study targeted at women over the age of 20,
with participants selected through multistage stratified ran-
dom sampling. This study adhered strictly to the principles
outlined in the Declaration of Helsinki and received
approval from the Ethical Review Committee of local insti-
tution. All participants provided written informed consent
prior to their inclusion in the survey.

We aimed to include 10,000 women in our study at the
primary center of Shaxian, representing 10% of the local
female population. We employed a multistage stratified
cluster random sampling method. In the first stage, based
on the urban-rural population distribution, we selected
4000 women from urban areas and 6000 women from rural
areas. In the second stage, Shaxian includes two urban
streets and 10 rural towns; we selected 2000 participants
from the urban streets and 600 from each town. In the final
stage, communities under the urban streets and villages
under the towns were randomly selected following the prin-
ciple of simple random sampling. All eligible women from
the selected communities and villages were required to par-
ticipate in the survey until the target sample size was
reached. The detailed sampling process has been thor-
oughly described in previously published studies.®!” In
the sub-centers of Nanping, Quanzhou, and Ningde, one
urban community and one rural village were selected,
respectively. Data from the female population in these areas
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were collected through face-to-face interviews and standar-
dized questionnaires. All selected women were invited to
local health service stations where general practitioners
(GPs) in their respective areas collected data through
face-to-face interviews. These GPs collected data using a
standardized questionnaire to gather relevant information
from the respondents. The questionnaire, which was care-
fully designed in advance, included sections on sociodemo-
graphic information, obstetric history, and certain medical
histories and comorbidities. Recognizing the critical role
of data collectors and tools in epidemiological research,
we provided standardized training to these GPs before
the formal survey began. This training was aimed at ensur-
ing the accurate and consistent collection of data.
Additionally, a pilot study involving 300 participants was
conducted to assess the feasibility and accuracy of the sur-
vey methodology.

To determine whether respondents had MUI, we used a
validated Chinese version of the International Consultation
on Incontinence Questionnaire-Short Form (ICIQ-SF).'®
The ICIQ-SF is highly recommended by ICS for diagnosing
MU, receiving a high-grade A recommendation. The ques-
tionnaire comprises four sections: the first three assess the
frequency and amount of urinary leakage and its impact
on QoL, while the final section identifies UI subtypes based
on symptoms associated with leakage: (1) never—no urine
leakage; (2) leakage before reaching the toilet; (3) leakage
during coughing or sneezing; (4) leakage during sleep; (5)
leakage during physical activity or exercise; (6) leakage
after urination, once dressed; (7) leakage without an appar-
ent cause; (8) continuous leakage. Respondents who
selected option (1) were classified as not having UL
Those who chose options (3) and/or (5) were categorized
as having SUI, while those selecting one or more of options
(2), (4), and (6) were classified as having UUL. If a respond-
ent met the criteria for both SUI and UUI, or selected
options (7) and/or (8), they were identified as having MUI.

Model development and validation

The training dataset for the model was derived from the
major center (shaxian) participating in the epidemiological
survey. Initially, univariable analysis was employed to
screen the training dataset, with variables having a p-value
less than 0.05 being included in subsequent multivariable
analysis to identify independent risk factors for MUIL
Additionally, interaction terms were examined among inde-
pendent risk factors identified in the multivariable analysis
to assess potential synergistic effects. A nomogram predic-
tion model was then developed based on these independent
risk factors.

The model’s predictive performance was assessed using
measures of discrimination and calibration. Discrimination
was assessed using the concordance index (C-index),
derived from the area under the receiver operating

characteristic curve (AUC). A higher AUC value,
approaching 1, signifies stronger predictive accuracy for
the outcome, whereas an AUC of 0.5 suggests that the mod-
el’s predictions are equivalent to random guessing.
Calibration curves were plotted to visualize the predicted
and observed risks of individuals, where a perfectly cali-
brated model follows a 45° line. Internal validation of the
model was performed using fivefold cross-validation, while
external validation was conducted using a dataset of sub-
sites conducted in different regions from the training set.

Statistical analysis

All analyses were conducted using R software (version
4.3.0) and its associated packages. Continuous variables
were first assessed for normality using the Kolmogorov—
Smirnov test. Those that followed a normal distribution
were summarized as mean =+ standard deviation, with differ-
ences compared using Student’s t-test. Variables not nor-
mally distributed were presented as medians with ranges
and compared using the Mann—Whitney U test.
Categorical variables were reported as frequencies and per-
centages, with differences analyzed using the chi-square
test or Fisher’s exact test as appropriate. Statistical signifi-
cance was set at a p-value of <0.05.

Results

A total of 10,000 respondents were randomly selected at the
major center. Of these, 2291 were excluded due to refusal to
participate, lack of information on childbirth and comorbid-
ities, or having no history of childbirth. Consequently, 7709
parous women were included in the final analysis, as out-
lined in Figure 1. Among this cohort, the prevalence of
MUI was 6.8% (528/7709). The baseline characteristics of
the training set and external validation set are presented in
Table 1.

Univariate and multivariate analysis of factors
associated with MUI

Univariate analysis identified 17 significant risk factors (p <
0.05) for further consideration (see Table 1 for full details
on all analyzed variables). These factors include age,
body mass index (BMI), region, educational level, income
level, postmenopausal status, mode of delivery (vaginal or
cesarean), age at first delivery, birth weight, history of
macrosomic delivery, history of pelvic surgery, family his-
tory of PFD, hypertension, diabetes mellitus, chronic
coughing, and constipation. Some variables, such as smok-
ing, were analyzed but did not show statistical significance
(Table 1).

Subsequent multivariate analysis revealed several inde-
pendent risk factors for MUI in this population. These
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(N=10000)

10,000 women were randomly selected to
participate in the Epidemiology Survey on
Urinary Incontinence in Shaxian county. (Ul)

2291 participants were excluded:
N=265 Refusal to participate

N=795 Incomplete data on details of delivery
N= 339 Incomplete data on comorbidities

N=892 Nulliparous

7709 parous women were enrolled in this study , 528
of whom were identified as having mixed Ul

N

Model establishment

Univariate and
multivariate
analysls

Logistic regression

moage

Nomogram

i

Model assessment

Receiver operator
characteristic

Internal validation:
Five-fold cross-validation

curve (ROC

)

External validation:

Data from 1006 women from different regions
were used for external validation

Calibration curve

The nomogram model developed in this study
achieves acceptable prediction performance

Figure |. Flowchart of data obtaining and model development and validation.

factors are higher BMI (odds ratio [OR]=1.101, 95% confi-
dence interval [CI] =1.074-1.128, p<0.001), urban residence
(OR = 1.760, 95% CI=1.439-2.155, p<0.001), postmeno-
pausal status (OR = 2.065, 95% CI=1.521-2.803, p<
0.001), multiple vaginal deliveries (OR = 1.320, 95% Cl=
1.178-1.480, p<0.001), history of macrosomia (OR =
5.365, 95% CI=3.619-7.954, p<0.001), history of pelvic
surgery (OR =2.625, 95% CI=1.647-4.183, p<0.001), fam-
ily history of PFD (OR = 2.653, 95% CI=1.916-3.673, p<
0.001), hypertension (OR = 1.822, 95% CI=1.353-2.453,
»<0.001), and constipation (OR = 3.941, 95% CI=2.251-
6.900, p<0.001). Detailed results are presented in Table 2.
Interaction analysis was conducted among the inde-
pendent risk factors identified in the multivariable regres-
sion model. A statistically significant synergistic effect

was observed between vaginal delivery and history of
macrosomia (OR = 1.64, 95% CI: 1.15-2.33, p=
0.0061),suggesting that women with both risk factors
were more likely to develop MUI than women with only
one of these risk factors. No significant interactions were
observed among the other independent risk factors.

Establishment and validation of nomogram model

Based on the above analysis, a risk prediction model for
MUI was established using nine independent risk factors:
BMI, region, postmenopausal status, vaginal delivery, his-
tory of macrosomic delivery, history of pelvic surgery, fam-
ily history of PFD, hypertension, and constipation. This
model was visualized as a nomogram, as shown in Figure 2.
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Table 2. Multivariate logistic regression analyses of factors influencing MUI.

Age —0.007 0.007 0.993 0.979-1.008 0.353
BMI 0.096 0.012 1.101 1.074-1.128 < 0.001
Region

Rural Ref.

Urban 0.565 0.103 1.760 1.439-2.155 < 0.001

Educational level

Primary school or below Ref.

Junior high school —0.047 0.131 0.954 0.738-1.234 0.721
Senior high school 0.200 0.160 1.222 0.893-1.672 0.211
College graduate or higher 0.263 0.207 1.301 0.868-1.950 0.203

Income level®

<140 Ref.

140419 —0.193 0.128 0.824 0.642—1.509 0.130
419-698 0.044 0.139 1.045 0.796-1.371 0.753
698-1396 —0.206 0.211 0.814 0.539-1.230 0.328
>1396 0.187 0.374 1.206 0.579-2.511 0.617

Postmenopausal status

No Ref.

Yes 0.725 0.156 2.065 1.521-2.803 < 0.00l
Cesarean —0.106 0.116 0.899 0.716-1.128 0.359
Vaginal delivery 0.278 0.058 1.320 1.178-1.480 < 0.001
Age at first delivery —0.002 0.015 0.998 0.969-1.028 0910

Birth weight, n (%)

2500-3000g Ref.

3000-3500g 0.109 0.106 I.115 0.905-1.374 0.306
3500-4000g 0.080 0.165 1.084 0.785-1.497 0.626
> 4000g 1.680 0.201 5.365 3.619-7.954 <0.001

History of macrosomic delivery
No Ref.

Yes 1.680 0.201 5.365 3.619-7.954 <0.001

(continued)
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Table 2. Continued.

History of pelvic surgery,

No Ref.

Yes 0.965 0.238 2.625 1.647—4.183 <0.001
Family history of PFD

No Ref.

Yes 0.976 0.166 2.653 1.916-3.673 <0.001
Hypertension

No Ref.

Yes 0.600 0.152 1.822 1.353-2.453 <0.001
Diabetes mellitus

No Ref.

Yes 0.321 0.240 1.379 0.862-2.206 0.180
Chronic coughing

No Ref.

Yes 0.598 0.470 1.818 0.724-4.564 0.203
Constipation

No Ref.

Yes 1.372 0.286 3.941 2.251-6.900 <0.001

US dollars: According to the exchange rate on 20 November 2022.

Abbreviations: BMI: body mass index; SE: standard error; OR: odds ratio; Cl: confidence interval; Ref., reference; MUI: mixed urinary

incontinence; PFD: pelvic floor dysfunction.

Internal validation of the model was performed using
fivefold cross-validation. Additionally, external validation
was carried out with a dataset of 1006 parous women col-
lected from three other centers in different regions. The
ROC curves for the model’s training set, internal validation,
and external validation are presented in Figure 3A, 3B, and
3C, respectively. The AUC values for the training set,
internal validation, and external validation were 0.717
(95% CI 0.694-0.740), 0.714 (95% CI 0.691-0.736), and
0.725 (95% CI 0.664-0.786), indicating good discrimin-
ation of the model. The calibration curves for the training
set, internal validation, and external validation are shown
in Figure 4A, 4B, and 4C, demonstrating good agreement
between the predicted and observed values.

Discussion

Based on a large-scale, multicenter epidemiological data-
base, this study provides an up-to-date analysis of the char-
acteristics of MUI in parous women. The identified
independent risk factors include higher BMI, urban resi-
dence, postmenopausal status, multiple vaginal deliveries,
history of macrosomia and pelvic surgery, family history
of PFD, hypertension, and constipation. Furthermore, the
nomogram model developed from these findings demon-
strated strong predictive performance in both internal and
external validations, underscoring its potential as a valuable
tool for the early identification and precise intervention of
MUL
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Figure 2. The nomogram for predict the risk of mixed urinary incontinence (MUI). Each variable is assigned a specific score based on
its value along the variable axis. The individual scores are then totaled to provide an overall score, which corresponds to the estimated

risk of MUI prevalence.

Abbreviations: BMI: body mass index; MUI: mixed urinary incontinence; PFD: pelvic floor dysfunction.

Consistent with previous studies,**!' our research identi-

fied a strong association between higher BMI, postmenopau-
sal status, multiple vaginal deliveries, history of macrosomia,
history of pelvic surgery, family history of PFD, constipation,
and hypertension with the occurrence of MUI. While these
findings are not entirely novel, the underlying mechanisms
contributing to these associations have been extensively
explored in the literature. These mechanisms include changes
in female hormone levels, deterioration of bladder and ureth-
ral function, congenital or acquired degenerative changes in
pelvic floor muscles and fascia, and acute or chronic injuries
to pelvic support structures. The pathophysiological processes
through which these risk factors contribute to MUI have been
well documented in previous studies,'*® and our research
further confirms that these factors remain the primary triggers
for MUI. Furthermore, our interaction analysis demonstrated
a significant synergistic effect between vaginal delivery and
history of macrosomia (p =0.0061), emphasizing the import-
ance of considering combined obstetric risk factors when
assessing an individual’s susceptibility to MUL

In addition to these well-established risk factors, our
study identifies urban residence as a significant risk factor

for MUI, contrasting with earlier studies that primarily
focused on physiological and obstetric factors. Similar find-
ings were reported by Ojengbede et al.,' who found that
women in rural areas were approximately three times less
likely to report MUI than women in urban areas (OR
0.31, 95% CI 0.12-0.75). A plausible explanation for this
could be that urban residents are more willing to discuss
symptoms related to urinary leakage, rather than adhering
to the stigma that incontinence is shameful and keeping
such symptoms secret. Despite our survey being conducted
by GPs familiar with the respondents, it is still challenging
to completely eliminate the impact of social stigma on the
reporting of incontinence symptoms.*? Moreover, this find-
ing may reflect the growing influence of social and environ-
mental factors on MUI, particularly in the context of
urbanization. Rapid urbanization and its associated lifestyle
changes—such as reduced physical activity, high-calorie
diets, increased stress, depression, and anxiety—have all
been shown to contribute to a higher prevalence of
MUJ 2325

Notably, our multivariable analysis revealed that age was
not an independent risk factor for MUI, which differs from



Wang et al. I

a)

0.8 1.0
|

0.6
l

Sensitivity
0.4

S AUC: 0.717
95% Cl: [0.694-0.74]

0.0

I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

1.0

0.8

Sensitivity
04 0.6

0.2

- AUC: 0.714
95% ClI: [0.691-0.736]

I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

o]

06 08 1.0

Sensitivity
0.4

- AUC: 0.725
95% ClI: [0.664-0.786]

0.2

0.0

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 3. The receiver operating characteristic curve of predictive model in the training set (A), the internal validation (B) and the
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many previous reports. This discrepancy could be attributed
to the characteristics of our study population. The mean age
of participants in our study was 46.3 +10.5 years, whereas
previous studies have reported a marked increase in MUI
prevalence after the age of 60.°° Additionally, as our study
focused on parous women, the effects of age may have
been overshadowed by childbirth-related factors, resulting
in the non-significant impact of advancing age on MUI in
our cohort.

Cesarean delivery has been widely hypothesized to reduce
the risk of SUI by preventing direct injury to pelvic floor
muscles and supportive structures.?’” Cesarean delivery, how-
ever, was not significantly associated with MUI in our study.
The etiology of MUI is multifactorial, involving both mech-
anical and neurological factors, and mode of delivery may
not be a deciding factor. Variations in populations examined,
follow-up duration, and adjustment for confounders may also
influence these results. In addition, many women who under-
went cesarean delivery may still have experienced labor-
associated pelvic floor stress, such as prolonged second-stage
labor or a failed trial of vaginal delivery, which could weaken
potential protective effect. A recent study by Stroeder et al.
reported that both cesarean and vaginal delivery were asso-
ciated with significant increases in bladder neck mobility
(BNM) at 3 months postpartum, and that increased BNM
was associated with the occurrence of UI in women.*®

With the continuous advancement of artificial intelli-
gence and big data technologies in recent years, an increas-
ing number of diseases now rely on database-driven risk
prediction models, transforming them into effective risk
screening tools.??*° These tools provide more precise guid-
ance for primary and secondary disease prevention. Wang
et al. reported a nomogram model for predicting postpartum
UI, based on demographic and obstetric data from 1186
postpartum women.'> The final model included predictors
such as birth mode, Ul before and during pregnancy, place
of residence, feeding pattern, parity, and age at first birth.
The model demonstrated good predictive performance,
with an AUC of 0.759 (95% CI 0.70-0.82) in the validation
cohort and a well-calibrated fit. In another study with a
smaller sample size, a nomogram was developed by inte-
grating patient characteristics, obstetric data, and pelvic
floor ultrasound parameters. The predictive factors included
age, parity, vaginal delivery, bladder neck descent, and the
angle of the internal urethral orifice funnel. This model
showed enhanced predictive performance, with an AUC
of 0.807 (95% CI 0.723-0.891) in the validation set.’’
The successful development of these predictive models
facilitates the creation of more straightforward and efficient
screening tools for MUI, enabling healthcare providers to
offer women personalized assessments of their future risk
of developing MUI, rather than merely providing general-
ized information about high-risk factors. This also lays a
solid foundation for the formulation of individualized early
intervention strategies for MUI.

Strengths and limitations

One of the major strengths of our study is that it represents
the first attempt to apply a MUI-specific database and
nomogram methodology to develop a predictive model
for MUIL. The model underwent both internal and external
validation, yielding promising results that enhance the reli-
ability of its predictive capabilities. Additionally, we have
provided a relatively straightforward and visually intuitive
risk prediction tool, which is crucial for facilitating the
broader application of the model in clinical practice.

However, this study has several limitations that must be
acknowledged. First, the study’s reliance on data from a
large-scale epidemiological survey precluded the possibility
of conducting specialized pelvic examinations. Consequently,
the diagnostic outcomes were based solely on questionnaire
responses. Although we used a highly validated and evidence-
based questionnaire, recall bias among respondents could
potentially impact the results. Moreover, the inability to capture
critical factors such as cystocele and uterine prolapse—condi-
tions that may significantly influence the development of
MUI—could affect the model’s predictive accuracy. Second,
due to the constraints inherent in the large-scale epidemiological
data source, we were unable to include pelvic floor ultrasound
examination parameters, which have been identified in previous
studies as potentially important predictors of Ul The absence of
these parameters may limit the model’s comprehensiveness and
predictive power. Despite external validation, broader multicen-
ter validation is still needed to confirm the model’s generaliz-
ability and promote adaptive modifications to improve
predictive performance and real-world applicability. Finally,
while the primary aim of developing the predictive model
was to provide a reliable risk identification tool to aid in the
early detection and intervention of high-risk populations for
MUI, the design of this study did not allow for the evaluation
of the actual effectiveness of early interventions based on the
risk assessment results. Thus, future studies may should focus
on validating the practical utility of this model in reducing
MUI prevalence through targeted early interventions.

We believe that applying the preliminary findings of this
study to a smaller, more targeted cohort—by incorporating
physical examination results and pelvic floor ultrasound
parameters—will likely enhance the predictive power of
our current model. Such improvements could provide health-
care professionals with a more accurate and user-friendly tool
for screening the risk of MUI in parous women. Furthermore,
these advancements would lay a solid foundation for future
prospective cohort studies aimed at early interventions based
on risk prediction results, ultimately contributing to more
effective prevention strategies for MUI

Conclusion

This study, based on a large-scale, multicenter epidemio-
logical database, confirmed multiple independent risk



14

DIGITAL HEALTH

factors for MUI, including higher BMI, urban residence,
postmenopausal status, multiple vaginal deliveries, history
of macrosomia, pelvic surgery, family history of PFD,
hypertension, and constipation. The identification of these
factors underscores their critical role in the development
of MUI. Additionally, this study is the first to apply the
nomogram method to establish a risk prediction model for
MUI. The model demonstrated high predictive performance
and reliability through internal and external validation. The
visual risk prediction tool developed in this study offers a
straightforward and intuitive approach, enabling healthcare
providers to improve early screening and risk assessment
for MUI. Furthermore, this tool lays the groundwork for
future studies aimed at individualized early interventions
based on predictive outcomes. Follow-up research should
be aimed at prospective cohort studies to cross-validate
and refine the model in clinical practice. Additionally, the
integration of objective clinical parameters, such as pelvic
floor ultrasound findings or hormonal biomarkers, may
enhance the predictive power of the model. Lastly, the prac-
ticality and clinical utility of this instrument in decision-
making in the clinic needs to be assessed to maximize its
application. As it gets further validated and refined, this
model can significantly improve precision prevention and
control measures for MUI. Based on individualized risk
profiles, early intervention strategies—such as weight man-
agement and pelvic floor exercises—may be implemented to
mitigate risk. Additionally, targeted monitoring of high-risk
individuals could facilitate the early detection of MUI and
potentially prevent its progression.
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