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Abstract: Background: Urinary incontinence (UI) is commonly reported among female 
athletes, yet its determinants remain insufficiently understood. This study aimed to examine 
whether daily training duration contributes to the likelihood of UI beyond previously 
observed associations with smoking. Methods: A secondary analysis of cross-sectional data 
from 70 Croatian female athletes was conducted. Multivariable logistic regression models 
were used to assess associations between UI and age, body mass index (BMI), smoking, and 
daily training duration as a simplified proxy for external training load, including an 
exploratory interaction between smoking and training duration. Results: Smoking was the only 
variable significantly associated with UI in the main-effects model (odds ratio [OR] = 4.18, 95% 
CI 1.05–16.69). Age, BMI, and training duration were not independently associated with UI. In 
the exploratory interaction model, smoking was associated with higher odds of UI, although 
with limited precision (OR = 8.26, 95% CI 1.00–68.18), while the interaction between smoking 
and training duration showed a positive but statistically nonsignificant association (OR = 
14.72, 95% CI 0.89–243.95), indicating substantial uncertainty in the estimate. Conclusions: 
These findings suggest that behavioral factors may play a more relevant role in UI among 
female athletes than training duration alone. Although the exploratory interaction pattern 
should be interpreted with caution, it may suggest a possible difference in the relationship 
between training duration and UI according to behavioral factors such as smoking. Further 
studies with larger samples and multidimensional measures of training exposure are needed. 
 
Keywords: Urinary incontinence; female athletes; smoking; training duration; logistic 
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INTRODUCTION 
 
Urinary incontinence (UI) is defined as any involuntary loss of urine and 

represents a common health problem among females, often associated with reduced 
quality of life and psychosocial burden [1,2]. Although UI is frequently discussed in 
relation to aging, childbirth, or pelvic floor dysfunction, increasing attention has been 
directed toward its occurrence among physically active women and female athletes.  

Female athletes constitute a specific population with distinct physiological 
demands and health characteristics associated with intensive training and 
participation in competitive sports [3]. Evidence suggests that participation in sport, 
particularly high-impact activities that involve repeated increases in intra-abdominal 
pressure, may contribute to stress on pelvic floor structures and increase the risk of 
UI [4]. Systematic reviews and meta-analyses indicate that urinary leakage is 
reported across a wide range of sports, with prevalence estimates suggesting that 
approximately one-quarter to one-third of female athletes experience UI, depending 
on sport type and intensity [4–6]. Observational studies further support these 
findings, showing higher odds of UI among female athletes compared to non-athletic 
controls and highlighting its potential impact on training and sports participation [7–
9]. 

Beyond sport type and impact-related characteristics, some evidence suggests 
that overall training exposure may also be relevant for urinary symptoms in female 
athletes. For example, longer daily training duration has been observed in athletes 
with UI compared to continent counterparts [10], while greater weekly training 
volume has been associated with both the presence and severity of lower urinary 
tract symptoms in female athletes [11]. However, findings across studies remain 
inconsistent. 

In addition to sport-related mechanical factors, lifestyle characteristics may 
also contribute to the development of UI. Population-based epidemiological research 
suggests that modifiable behaviors such as smoking may be associated with UI in 
females, particularly in cases of heavy smoking [12]. However, findings in athletic 
populations remain inconsistent. For example, a recent study in female weightlifters, 
despite examining both training-related and lifestyle factors, did not identify 
significant associations with UI, including for smoking and training characteristics 
[13]. In contrast, a pilot study of Croatian female athletes reported UI in 
approximately one-quarter of participants, generally mild to moderate in severity, 
with smoking as the only factor significantly associated with it, whereas other sport-
related characteristics were not statistically significant [14]. 

Previous findings suggest that, beyond being common, the condition is 
complex, and commonly assessed sport-related and lifestyle factors may not fully 
explain UI in female athletes, possibly reflecting limitations in how these factors have 
been analytically examined. Much of the previous research has relied on bivariate 
analyses, without examining multiple predictors or their potential interactions. In this 
context, given that smoking may affect connective tissue properties [15–17] and that 
mechanical loading during physical activity is characterized by repeated increases in 
intra-abdominal pressure [18,19], it may be relevant to explore the potential 
interplay between these factors, including whether daily training duration, as a 
simplified proxy for external training load, contributes to UI risk independently or in 
interaction with smoking. 

Secondary analysis of existing datasets [20,21] may provide an opportunity 
further to explore potential determinants of UI in athletic populations. By applying 
multivariable modeling [22] to previously collected data, it is possible to examine 
whether behavioral factors, such as smoking, and sport-related characteristics jointly 
contribute to the occurrence of UI. Accordingly, the present study aimed to conduct a 
secondary analysis of data collected from Croatian female athletes to investigate 
potential predictors of UI using multivariable statistical modeling. In particular, this 
study sought to address the following research question (RQ). 
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RQ: How does daily training duration, used as a simplified proxy for external 
training load, contribute to UI risk among Croatian female athletes beyond the 
previously observed association with smoking? 

 

MATERIAL AND METHODS 
 

Study design 

The present study represents a secondary analysis of a previously published 
cross-sectional dataset collected among Croatian female athletes [14]. Whereas the 
initial study focused on assessing the occurrence, severity, and UI-related factors, the 
current research advances beyond bivariate analysis by employing multivariable 
modeling to explore possible predictors of UI using the same dataset. Specifically, this 
analysis aimed to explore whether daily training duration, serving as a simplified 
proxy for external training load, contributes to the likelihood of UI, in addition to the 
previously identified link with smoking. 

 
Participants 

The original study included a convenience sample of Croatian female athletes. 
Eligible participants were female athletes aged 18 or older who actively participated 
in competitive sports, could understand the questionnaire in Croatian, and were 
willing to provide informed consent. Athletes who were retired from sports, on 
extended sick leave, pregnant, or on maternity leave were considered ineligible and, 
therefore, were not included in the study. 

A total of 76 responses were initially obtained; 70 complete questionnaires 
met the eligibility criteria and were included in the analysis. Six responses were 
excluded due to ineligibility. Participants had a mean age of 22.64 ± 4.56 years and 
included athletes from 12 sports disciplines, both team and individual.  

 
Data collection and variables 

Data were collected in May 2022 using an anonymous online survey 
distributed via social media, applying a snowball sampling approach. The survey 
included items on sociodemographic and anthropometric characteristics, sport 
participation variables, and selected medical and lifestyle factors. Self-reported body 
height and weight were used to calculate body mass index (BMI). Sport participation 
variables included age at entry into competitive sport, years of competitive 
experience, training duration, weight-training volume, and rest periods between 
training sessions. Training duration referred to the average number of hours of 
training per day, as reported at the time of survey completion. Medical and lifestyle 
information included smoking status, oral contraceptive use, parity, urogenital 
problems, constipation, and previous epidural or spinal anesthesia. 

For the present secondary analysis, age, BMI, smoking status, and average 
daily training duration were selected as candidate predictors of UI. This selection was 
guided by their theoretical relevance, prior reporting in the literature, and their 
availability and completeness in the original dataset. The selection of predictors was 
further informed by a conceptual framework that distinguishes demographic, 
behavioral, and exposure-related factors potentially associated with pelvic floor 
function, enabling the simultaneous consideration of individual characteristics, 
modifiable lifestyle factors, and sport-related mechanical exposure. Smoking was 
included as a key behavioral variable, while daily training duration was 
operationalized as a simplified proxy for external training load. Although external 
load is a multidimensional construct encompassing factors such as intensity, 
frequency, and sport-specific mechanical demands, only training duration was 
available in the dataset and was therefore used as an approximate indicator, 
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consistent with conceptual frameworks distinguishing objective workload from 
subsequent physiological responses [23–25]. 

Additional variables (e.g., parity, selected medical conditions, and sport-
related characteristics) were examined descriptively. Still, they were not included in 
the multivariable models due to low prevalence, limited variability, or insufficient 
distribution across outcome groups. For descriptive purposes, sports were 
additionally grouped according to their expected mechanical load on the pelvic floor, 
based on previous literature distinguishing high-impact activities characterized by 
repetitive increases in intra-abdominal pressure and ground reaction forces from 
lower-impact disciplines [18,19]. High-impact sports included disciplines 
characterized by repetitive jumping, landing, and running (e.g., handball, athletics, 
gymnastics, and combat sports). In contrast, low-impact sports included disciplines 
with lower vertical loading and reduced ground reaction forces (e.g., swimming, 
water polo, and racket sports). 

 
Outcome measure 

Urinary incontinence symptoms were evaluated using the Croatian version of 
the International Consultation on Incontinence Questionnaire – Urinary 
Incontinence Short Form (ICIQ-UI SF).  The ICIQ-UI SF assesses the frequency and 
amount of urinary leakage and the impact of symptoms on everyday life; a total 
score ranges from 0 to 21, with higher scores indicating greater symptom severity. 
The ICIQ-UI SF is a widely used and validated instrument for assessing UI symptoms 
and their impact on quality of life, and, consistent with previous studies using the 
instrument, including those on athletes, UI was operationalized as the presence of 
any reported leakage (ICIQ-UI SF total score > 0) [8,26–28]. This dichotomization 
reflects the presence of any urinary leakage rather than clinically diagnosed 
incontinence.  

Internal consistency of the ICIQ-UI SF, evaluated using Cronbach’s alpha (α) 
and McDonald’s omega (ω) [29,30], was high in this sample (McDonald’s ω = 0.933; 
Cronbach’s α = 0.896), indicating good coherence of the measure. Because reliability 
assessment was not central to the present research question, detailed item-level 
indices are not reported. 

 
Statistical analysis 

 Statistical analyses were conducted using JASP (Jeffreys’s Amazing Statistics 
Program), version 0.95.4 (University of Amsterdam, The Netherlands). Descriptive 
statistics were calculated for all variables. Normality of distribution was assessed 
using the Shapiro–Wilk test in the overall sample and within subgroups defined by 
UI status. Most continuous variables, including key variables such as age, body mass 
index (BMI), and average training hours per day, deviated from normality, 
particularly in the larger subgroup. Therefore, continuous variables were 
summarised using both mean (standard deviation, SD) and median (interquartile 
range, IQR) to provide a comprehensive description of the data. Categorical 
variables were presented as absolute frequencies (n) and percentages (%). Only 
complete cases were included in the analysis; no imputation procedures were 
applied. 

For modeling purposes, the outcome variable was operationalized as the 
presence of UI. Following commonly used approaches in epidemiological studies 
using the ICIQ-UI SF, UI was coded as a binary variable: a total score greater than 
zero indicated the presence of urinary leakage (UI = 1), and a score of zero indicated 
the absence of symptoms (UI = 0). This operationalization allowed the identification 
of individuals reporting any degree of urinary leakage and enabled the modeling of 
UI occurrence using logistic regression [31]. 

To explore potential predictors of UI, multivariable binomial logistic 
regression analysis was conducted. Age (years), body mass index (BMI; kg/m²), 
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smoking status, and training duration (hours per day) were entered as predictors. 
Age, BMI, and training duration were treated as continuous variables, while smoking 
status was coded as a binary variable (0 = non-smoker, 1 = smoker). Continuous 
predictors were entered in their original measurement units to allow interpretation 
of odds ratios (OR) as the change in odds associated with a one-unit increase in the 
predictor [32]. 

Because the research question specifically addressed the potential joint 
contribution of behavioral and sport-related factors, an additional exploratory 
model was estimated that included an interaction term between smoking and 
training duration. To reduce potential multicollinearity and to improve the 
interpretability of the regression coefficients [33], prior to computing the 
interaction term, training duration was mean-centered. The interaction model 
included both lower-order terms (smoking status and mean-centered training 
duration) and their interaction term. 

To ensure that the model was not only accurate at a given threshold but also 
had substantial overall discriminatory power, model performance was evaluated 
using metrics of the likelihood ratio test (Δχ²), pseudo-coefficient of determination 
indices (Nagelkerke R² and McFadden R²), classification accuracy, and the area 
under the receiver operating characteristic curve (AUC) [34]. Multicollinearity 
among predictors was assessed using variance inflation factors (VIF).  

Given the limited number of UI cases in the sample (n = 17), the number of 
predictors included in the regression models was intentionally restricted to 
maintain an acceptable events-per-variable (EPV) ratio and reduce the risk of model 
overfitting [35,36]. No formal sample size calculation was performed, as this study 
represents a secondary analysis of an existing dataset. 

 
Ethical considerations 

This study represents a secondary analysis of data originally collected 
through an anonymous online survey conducted in accordance with ethical 
principles and applicable regulations. In the primary study, participants provided 
informed consent by voluntarily completing the survey, and no identifiable personal 
data were collected or stored. The present secondary analysis was conducted using 
a fully anonymized dataset, with no possibility of participant identification, and 
therefore in accordance with ethical guidelines for the use of health data [37]. 

 

RESULTS 
 
Results are derived from a secondary analysis of 70 Croatian female athletes, 

of whom 53 reported no UI, and 17 reported UI. The sample included athletes from 
12 different sports disciplines, representing both team and individual sports, as 
previously described in the original dataset publication [14]. 

 
Sample characteristics 

As shown in Table 1, the median age was 21 years (IQR 6) among athletes 
without UI and 23 years (IQR 6) among those with UI, with a mean age of 22.64 ± 
4.56 years in the total sample. The median BMI was 22.0 kg/m² (IQR 2.4) in the no-
UI group and 21.7 kg/m² (IQR 2.9) in athletes with UI; the overall mean BMI was 
22.22 ± 2.50 kg/m². Athletes reported entering competitive sport at a median age of 
9 years (IQR 3.5) in the no-UI group and 10 years (IQR 2) in the UI group. The median 
duration of competitive experience was similar between groups (7 years), with IQRs 
of 6 and 5 years, respectively. 

Regarding training characteristics, the median daily training duration was 2 
hours (IQR 1) in athletes without UI and 3 hours (IQR 2) in those with UI, with an 
overall mean of 2.87 ± 1.43 hours per day. Median weekly weight-training duration 
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was 2 hours in both groups (IQR 2 in the no-UI group and 0 in the UI group). The 
median rest interval between training sessions was 15 hours (IQR 18) among 
athletes without UI and 7 hours (IQR 19) among those with UI. Athletes in both 
groups reported a median of 4 weeks of rest per year, with slightly different 
variability (IQR 3 vs. 1 week). 

In terms of lifestyle and sport-related characteristics, 14 athletes (20%) 
reported smoking. The proportion of smokers was higher in the UI group compared 
to the no-UI group (41.2% vs. 13.2%). Participation in high-impact sports was 
common in both groups (58.8% in athletes with UI and 66.0% in those without UI). 
Parity was rare in the sample (n = 2). 

The ICIQ-UI SF total score was 0 among athletes without UI and ranged from 
4 to 11 among those with UI, with a mean score of 1.56 ± 3.03 in the overall sample. 

 

Multivariable analysis of factors associated with urinary incontinence 

Multivariable logistic regression analysis is presented in Table 2, and the 
corresponding adjusted odds ratios are illustrated in Figure 1. As shown in the 
model, smoking was the only variable significantly associated with UI. Athletes who 
reported smoking had higher odds of UI compared with non-smokers (OR = 4.18, 
95% CI 1.05–16.69, p = 0.043). In contrast, age, BMI, and average training duration 
were not significantly associated with UI. Overall, the model demonstrated modest 
explanatory power and moderate discrimination, although the likelihood-ratio test 
did not reach conventional statistical significance. 

Figure 1 illustrates these findings: the CIs for age, BMI, and training hours all 
cross the null value (OR = 1), indicating no statistically significant association with 
UI. In contrast, the point estimate for smoking lies to the right of the null line, and its 
confidence interval does not cross 1, illustrating the increased odds of UI among 
smokers. 

 
Table 1. Sample characteristics stratified by urinary incontinence status. 

Variable 
No UI 

(n = 53) 
UI present 

(n = 17) 
Total 

(N = 70) 
Age (years) 21 (6); 22.30 ± 4.48 23 (6); 23.71 ± 4.77 22.64 ± 4.56 
Body mass index (kg/m²) 22 (2.4); 22.07 ± 2.08 21.7 (2.9); 22.68 ± 3.55 22.22 ± 2.50 
Age at entry into competitive sport 
(years) 

9 (3.5); 9.41 ± 2.80 10 (2); 9.88 ± 3.10 9.53 ± 2.87 

Years of professional experience 7 (6); 7.26 ± 4.27 7 (5); 7.88 ± 4.47 7.41 ± 4.30 
Training duration (hours/day) 2 (1); 2.76 ± 1.49 3 (2); 3.24 ± 1.19 2.87 ± 1.43 
Weight training hours per week 2 (2); 2.27 ± 2.54 2 (0); 2.18 ± 0.93 2.25 ± 2.22 
Rest hours between training 
sessions 

15 (18); 14.80 ± 8.46 7 (19); 13.32 ± 12.29 14.44 ± 9.43 

Weeks of rest per year 4 (3); 4.94 ± 2.78 4 (1); 4.12 ± 2.71 4.74 ± 2.75 
Smoking, n (%)  7 (13.2) 7 (41.2) 14 (20.0) 
High-impact sport participation, n 
(%) 

35 (66.0) 10 (58.8) 45 (64.3) 

Parity, n (%)  1 (1.9) 1 (5.9) 2 (2.9) 
ICIQ-UI SF total score 0 4–11 1.56 ± 3.03 

Continuous variables are presented as median (IQR) and mean ± SD unless otherwise indicated. Categorical 
variables are presented as counts (percentages), with only the presence of the characteristic shown. UI: 
urinary incontinence; IQR: interquartile range; SD: standard deviation; ICIQ-UI SF: International 
Consultation on Incontinence Questionnaire – Urinary Incontinence Short Form; n: subgroup sample size; 
N: total sample size. 
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Table 2. Multivariable logistic regression model predicting urinary incontinence (UI presence). 

Predictor β (SE) OR 95% CI p 

Age (years) 0.035 (0.067) 1.04 0.91–1.18 0.596 

Body mass index (kg/m²) 0.074 (0.119) 1.08 0.85–1.36 0.531 

Smoking (yes vs no) 1.429 (0.707) 4.18 1.05–16.69 0.043 

Training duration 
(hours/day) 

0.289 (0.197) 1.34 0.91–1.97 0.142 

Model fit statistics 
Δχ²(4) = 8.14; p = 0.086; Nagelkerke R² = 0.164;  

McFadden R² = 0.105; AUC = 0.705; Accuracy = 0.829 
UI: urinary incontinence; β: log-odds coefficient; SE: standard error; OR: odds ratio; CI: confidence interval; 
AUC: area under the receiver operating characteristic curve; ICIQ-UI SF: International Consultation on 
Incontinence Questionnaire: Urinary Incontinence Short Form. UI presence coded as 1 (ICIQ-UI SF total 
score > 0). Continuous predictors were entered unstandardized; no evidence of multicollinearity was 
observed (all VIF < 2). 

 
Figure 1. Adjusted odds ratios for urinary incontinence among female athletes derived from the 
multivariable logistic regression model. Points represent adjusted odds ratios (ORs), and 
horizontal bars indicate 95% confidence intervals. The dashed vertical line represents the null 
value (OR = 1). Confidence intervals crossing the null line indicate non-significant associations. 
 

Exploratory interaction analysis 

An additional logistic regression model, including an interaction term 
between smoking status and mean-centered training duration, was estimated to 
examine whether the association between training duration and UI differed by 
smoking status (Table 3). In this model, neither age nor BMI was significantly 
associated with UI. Training duration alone was also not significantly associated 
with UI (OR = 1.12, 95% CI 0.74–1.70, p = 0.601). Smoking was associated with 
higher odds of UI, although the estimate was imprecise and the p-value was at the 
conventional threshold of statistical significance (OR = 8.26, 95% CI 1.00–68.18, p = 
0.050). 

The interaction term between smoking and training duration showed a 
positive but statistically non-significant association with UI (OR = 14.72, 95% CI 
0.89–243.95, p = 0.061). Although the direction of the association may suggest a 
difference in the relationship between training duration and UI by smoking status, 
the very wide confidence interval indicates substantial uncertainty and potential 
instability of the estimate.  
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The interaction pattern is illustrated in Figure 2. The predicted probability of 
UI increased with higher values of the smoking–training interaction term. However, 
because training duration represented only an approximate indicator of exposure 
and the confidence intervals were wide, this pattern should be interpreted 
cautiously. Although the likelihood-ratio test for the interaction model was 
statistically significant, the interaction term itself did not reach conventional 
statistical significance, and the model did not demonstrate a meaningful 
improvement in discrimination compared with the main-effects model. Therefore, 
these findings should be interpreted strictly as exploratory and hypothesis-
generating. 

 
Table 3. Multivariable logistic regression model including interaction between smoking and 
training duration. 

Predictor β (SE) OR 95% CI p 
Age (years) 0.021 (0.077) 1.02 0.88–1.19 0.783 
Body mass index (kg/m²) 0.094 (0.140) 1.10 0.84–1.45 0.501 
Smoking (yes vs no) 2.112 (1.077) 8.26 1.00–68.18 0.050 
Training duration (hours/day, 
centered) 

0.112 (0.215) 1.12 0.74–1.70 0.601 

Smoking × Training duration 
(centered) 

2.689 (1.433) 14.72 0.89–243.95 0.061 

Model fit statistics 
Δχ²(5) = 15.74, p = 0.008; Nagelkerke R² = 0.300; 

McFadden R² = 0.203; AUC = 0.721; Accuracy = 0.829 

UI: urinary incontinence; β: log-odds coefficient; SE: standard error; OR: odds ratio; CI: 95% confidence 
interval; AUC: area under the receiver operating characteristic curve. UI presence coded as 1 (ICIQ-UI SF 
total score > 0); training duration was mean-centered prior to computing the interaction term; no evidence 
of problematic multicollinearity was observed (all VIF < 2). Continuous predictors were entered 
unstandardized.  

 

 
 
Figure 1. Predicted probability of urinary incontinence according to the interaction term between 
smoking status and mean-centered training duration. The curve represents predicted 
probabilities derived from the logistic regression model, including the interaction term (Table 3), 
with grey shading indicating the 95% confidence interval. The widening of the confidence band 
reflects increasing uncertainty of the estimates at higher values of the interaction term. 
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DISCUSSION 
 
The present findings contribute to the growing body of evidence indicating 

that UI in female athletes cannot be explained solely by sport-related exposure but 
rather reflects a multifactorial interplay among mechanical, behavioral, and biological 
factors. UI is recognized as a common condition among women, with complex 
underlying mechanisms involving pelvic floor dysfunction, neuromuscular control, 
and tissue-level alterations [1]. 

Consistent with previous research, the broader literature indicates that UI is 
highly prevalent among female athletes, particularly in sports characterized by 
repeated increases in intra-abdominal pressure [4–6]. Comparative studies further 
demonstrate that elite athletes have significantly higher odds of UI compared with 
non-athletic controls [7], and observational data suggest that UI may affect up to one-
third of athletes and can occur during training and competition [8]. Despite consistent 
evidence on prevalence, determinants of UI in athletic populations remain 
insufficiently understood. 

In this context, the present study provides a more nuanced perspective by 
applying multivariable modeling to examine potential predictors simultaneously. 
Taken together, these findings suggest that UI in female athletes may reflect the 
interplay between individual characteristics, modifiable behavioral factors, and 
sport-related mechanical exposure. 

The lack of an independent association between training duration and UI 
aligns with previous findings suggesting that sport-related characteristics alone may 
not fully explain the occurrence of UI in athletes [5,6,19]. This supports the notion 
that simple quantitative indicators of training exposure, such as duration, may not 
adequately capture the mechanical load on the pelvic floor because they do not 
account for factors like intensity, movement patterns, or transient increases in intra-
abdominal pressure. Previous biomechanical studies suggest that pelvic floor loading 
during high-impact activities may involve rapid and substantial transient increases in 
intra-abdominal pressure and dynamic deformation patterns that differ from those 
under sustained loading [38]. However, given the predominance of high-impact 
sports in the sample, variability in mechanical exposure may have been limited, 
potentially reducing the ability to detect associations with training duration. As 
previously proposed, the effect of physical activity on pelvic floor function likely 
depends on a balance between adaptive strengthening and mechanical overload, 
which may vary across individuals and sport types [19]. This may partly explain 
inconsistencies in findings regarding training-related risk factors. 

In contrast, the observed association between smoking and UI is consistent 
with epidemiological evidence identifying modifiable lifestyle factors as relevant 
contributors to UI in women [12]. Importantly, this relationship is supported by 
biological mechanisms. Smoking has been shown to impair connective tissue 
metabolism, including reduced synthesis of type I and III collagen and increased 
degradation mediated by matrix metalloproteinases [15–17]. These alterations may 
weaken the structural integrity of supportive tissues, potentially reducing the pelvic 
floor's capacity to withstand repeated mechanical loading. 

An additional exploratory observation in this study concerns the potential 
interaction between smoking and training duration, used as a simplified proxy for 
external training load. Although this interaction did not reach conventional statistical 
significance, its direction is consistent with a model in which mechanical stress and 
tissue vulnerability may interact [39]. Repeated increases in intra-abdominal 
pressure during physical activity have been proposed as one potential mechanism 
contributing to stress UI [4], and this effect may plausibly be amplified in individuals 
with compromised connective tissue properties due to smoking. In such a scenario, 
training exposure alone may not be sufficient to increase UI risk, but may become 
more relevant in the presence of underlying biological susceptibility. Contemporary 
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models of pelvic floor function, such as the Integral Theory [40] and the Hammock 
Hypothesis [41], conceptualize urinary continence as a dynamic balance in which the 
structural capacity of supporting tissues must counteract the mechanical load 
generated by increases in intra-abdominal pressure [42]. Within this framework, the 
pattern observed in the present study may reflect a potential mismatch between 
mechanical demands and tissue resilience; however, this interpretation remains 
exploratory, and the underlying mechanisms were not directly measured in the 
present study. Given the wide confidence interval and limited precision of the 
interaction estimate, this finding should be interpreted as hypothesis-generating 
rather than indicative of a true interaction pattern. 

Overall, these findings highlight the importance of considering measurement 
limitations and biological susceptibility when interpreting the role of training-related 
factors in UI risk. 

From a practical perspective, these findings suggest that modifiable lifestyle 
factors, particularly smoking, should be considered in the assessment of UI risk 
among female athletes. In addition to sport-specific evaluation, routine screening for 
UI symptoms and relevant lifestyle behaviors may be warranted in athletic settings. 
Integrating pelvic floor health education and smoking cessation support into athlete 
care programs may therefore represent feasible preventive strategies. At the same 
time, the findings suggest that training-related factors alone may not fully explain UI 
risk, underscoring the need for a more comprehensive approach that considers both 
mechanical exposure and individual susceptibility. 

Several limitations should be considered when interpreting the findings of 
this study. The limited number of UI cases led to wide confidence intervals, 
particularly for the interaction model, indicating reduced statistical precision and 
potential instability of estimates. In addition, no formal statistical power analysis 
was conducted, and the study may have been underpowered to detect smaller or 
interaction effects. The cross-sectional design precludes causal inference, and 
training duration was used as a simplified proxy for external training load, without 
accounting for intensity, sport type, cumulative exposure, or sport-specific 
biomechanical demands. In addition, although some potentially relevant variables, 
such as parity and selected medical or lifestyle characteristics, were examined 
descriptively, they could not be meaningfully incorporated into the regression 
models due to their low prevalence and limited variability within the sample.  

Additionally, data were self-reported and may therefore be subject to 
reporting bias. The use of a non-probability sampling online survey may limit the 
generalizability of the findings due to potential selection bias and limited 
representativeness. Furthermore, the analysis was restricted to complete cases 
without imputation, which may have introduced bias if missing data were not 
completely at random and may have affected the stability of the results. Given these 
considerations, the findings should be interpreted with caution, particularly when 
generalizing beyond young, competitively active female athletes. However, they 
provide context-specific insights that may be relevant to comparable athletic 
populations and may serve as a basis for future hypothesis-driven research. 

Future studies should aim to incorporate more detailed, multidimensional 
measures of training load, as well as behavioral and biological factors, to better 
capture the complexity of UI risk in athletes. Longitudinal designs would be 
particularly valuable for examining potential interaction effects over time and for 
clarifying causal pathways.  

 

CONCLUSION 
 
This secondary analysis suggests that behavioral factors may play a relevant 

role in the occurrence of UI among young female athletes. In this sample, smoking 
was the only variable significantly associated with UI. In contrast, age, BMI, and daily 
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training duration, used as a simplified proxy for external training load, were not 
independently associated with symptom presence. Although training duration alone 
was not associated with UI, the exploratory interaction analysis identified a 
potential pattern that should be interpreted as hypothesis-generating rather than 
confirmatory. This pattern may reflect a difference in the relationship between 
training duration and UI across behavioral factors such as smoking. Given the 
limited sample size and the small number of UI cases, these findings should be 
interpreted with caution and confirmed in larger, adequately powered studies in 
athletic populations. 
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