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ABSTRACT
Objective 
To investigate prevalence and risk factors of pregnancy-related urinary/fecal incontinence (UI/FI) in a large Italian population.
Methods
This is a prospective cohort study analyzing patient-reported outcome (PRO) measures obtained from the systematic longitudinal survey on the maternity pathway of Tuscany from March 2019 to April 2021. Four questionnaires were completed by 6,023 women from the beginning of pregnancy until six months postpartum, each including two PRO measures – Wexner scale for FI and ICIQ-SF for UI –, and questions investigating sociodemographic/clinical factors. After assessing UI/FI prevalence at each time-point, we run panel regressions to explore the related risk factors. 
Results
Women reporting UI and FI were, respectively, 24.3% and 6.2% in the third trimester, and 12.6% and 4.2% six months postpartum. UI occurrence and severity were higher in highly-educated, aged > 30, and overweight/obese women. Spontaneous tears or episiotomy were risk factors for postpartum UI, while receiving cesarean-section and performing pelvic-floor-muscle-training during pregnancy were protective, mainly in specific groups. Finally, higher FI prevalence and severity emerged in overweight, aged > 40, highly-educated, non-Italian women and in those undergoing tears.

Conclusion
We employed PRO measures to investigate the epidemiology of pregnancy-related UI/FI and detect the main risk groups. Pelvic-floor-muscle-training may be recommended in women with peculiar sociodemographic/clinical features.

[bookmark: _Hlk78883614]INTRODUCTION
Pregnancy is a well-known risk factor for urinary and fecal incontinence (UI/FI) [1]. The estimated UI prevalence is 35-67% during pregnancy and 15-45% postpartum [2]. Stress UI is the most common type of pregnancy-related UI, because of the pressure exerted by the uterus on pelvic floor muscles and the progesterone-mediated muscle relaxation. Although UI can negatively impact the health-related quality of life, its prevalence may be underestimated as women may feel uncomfortable reporting UI symptoms. Besides, women may experience pregnancy-related FI, defined as the spontaneous leakage of fecal material. FI can affect about 4% of women at the twelfth week of pregnancy, and about 5.5% of women three months postpartum. However, its psychophysical and social consequences are often underestimated for the social stigma related to FI, with patients not referring FI symptoms and clinician not inquiring them [3].
The ICHOM (International Consortium for Health Outcomes Measurement) chose pregnancy-related incontinence as a maternal domain to be evaluated through a standard set of patient-reported outcome (PRO) measures [4]. PRO measures are self-reporting questionnaires evaluating functionality, symptom intensity, and general health status perceived by patients [5]; their usefulness for pelvic floor disorders has been confirmed [6]. Indeed, PRO measures contribute to decision-making and symptom detection and monitoring. Furthermore, the systematic PRO collection provides patient-tailored and real-world-evidence data, improving the doctor-patient communication and, eventually, the patient’s outcome [7]. Therefore, PRO measures may align healthcare targets with what is relevant to patients, overcoming that “silo-vision” of performance results that focuses just on single units’ performances but avoids a patient-centered perspective [8].
Few longitudinal works facing such issues have been already published [9,10], but studies carried out on a large cohort through a systematic longitudinal PRO collection within the Italian context are lacking. Moreover, the current literature outlines various risk and protective factors for pregnancy-related UI/FI [2,11], with pelvic-floor-muscle-training (PFMT) identified as the main preventive and/or rehabilitative intervention [12]. Therefore, our study aims to 
1) assess UI/FI prevalence and severity from the beginning of pregnancy until six months postpartum;
2) identify the overall risk / protective factors;
3) explore a potential impact of PFMT on pregnancy-related pelvic floor function.

METHODS
This is a prospective cohort study evaluating the impact of pregnancy on pelvic floor function and continence. As an observational study, it was written in accordance with the STROBE guidelines and includes all the suggested items though not in a strict order. The study was carried out in the Tuscany Region, Italy. Data were obtained from the population of pregnant women who agreed to participate in the systematic and longitudinal survey on the maternity pathway of Tuscany (our data source), implemented by the MeS Lab of Sant’Anna School of Advanced Study of Pisa in collaboration with the Tuscany Region, and integrated within the App hAPPyMamma (comprising the digital Pregnancy Booklet of Tuscany) [13]. 
All pregnant women receiving the Pregnancy Booklet in Tuscany were eligible for the study and invited to participate in the survey. Women who agreed were recruited and received an online invitation through email, SMS, and the App hAPPyMamma, to complete the survey at the different time-points. Indeed, four online questionnaires were administered at the beginning of pregnancy (T0g), third trimester (T3g), three and six months postpartum (T3p and T6p). The participation in the survey was high: 50% of the eligible population filled in the first questionnaire, and > 25% answered the last. Our study cohort was composed of those respondents (6,023) that completed the follow-up and compiled all four questionnaires from March 2019 (when the collection program was launched) to April 2021. 
Each questionnaire included two PRO measures: first, the Italian version of the ICIQ-SF, a 3-items questionnaire evaluating frequency and volume of urine leakage and the overall UI impact, thus providing a 0-to-21 score with greater values corresponding to higher severity [14]. Secondly, we used the Wexner scale, a PRO measure for FI developed by the Cleveland group combining items about frequency and type of stool loss, pad use, and impact on lifestyle [15]. Wexner score ranges from 0 to 20, with higher scores reflecting greater symptom intensity. Its Italian version has not been validated; however, ICHOM has included the Wexner scale – as well as the ICIQ-SF – in the core set for measuring pregnancy-related UI/FI [16]. 
We also included questions exploring the sociodemographic and clinical characteristics of respondents. For comparison, we obtained – if available – the same data of the general population of pregnant women from the 2020 Tuscan Birth Assistance Certificate to point out potential selection biases. 
Since the PRO collection was carried out within the systematic survey finalized to monitor women’s experiences, outcomes, and satisfaction across the Tuscan maternity pathways, informed consent and ethics approval were not required according to the 2011 Italian guidelines on processing personal data to perform customer satisfaction surveys in the healthcare sector, as specified in a previous paper published by our research group [17].

1) First aim
We computed ICIQ-SF/Wexner scores (reflecting symptom severity) for each respondent at each time-point. Then, according to the literature, we created two dichotomous variables (“Presence of UI/FI”) considering the disease as present for patients reporting UI/FI symptoms and obtaining ICIQ-SF/Wexner scores other than zero. Otherwise, we considered the disease as absent for PRO measure scores equal to zero [18].

2) Second aim
To identify the risk factors, we first performed bivariate analyses to compare the between-group differences in the UI/FI prevalence (χ2 tests) and severity expressed as PRO measure scores (t-test / ANOVA). Then, we employed those variables for which statistical differences emerged from bivariate analyses to build panel regression models and identify the overall factors associated with greater risk of UI/FI occurrence and severity over time. We used panel logistic regression models for the dichotomous variables (“Presence of UI/FI”), and panel linear regression models for the continuous variables (PRO measure scores). We first adjusted for the socio-demographic features of respondents, and gradually added the peripartum clinical factors. 

3) Third aim
We run stratified analyses to identify the effect modification due to PFMT. Using the patient-reported information on when PFMT was performed, we identified four groups of respondents: 1) PFMT never performed, 2) PFMT during pregnancy, 3) PFMT postpartum, 4) PFMT during pregnancy and postpartum. Then, we repeated the previous analyses by stratifying for the four-level PFMT variable, to verify whether the risk of UI/FI due to the factors observed above was influenced by PFMT.
Finally, we analyzed the potential role of PFMT for the different types of UI. We defined the type of UI (specifically, stress, urgency, not defined, and mixed UI) by recoding the answers women provided on when they happen to leak urine, referred to a specific question of the ICIQ-SF scale [10,19]. Then, we run a further stratified sub-analysis to see how PFMT influenced UI symptom severity for the different UI types.

Data management and statistical analysis were performed by using both SAS and Stata Software. Statistical significance was set at a p-value < 0.05. 

RESULTS
Table 1 displays the respondents’ features compared to the general Tuscan population of pregnant women in 2020. Our 6,023 respondents were not completely representative of the general population, whose sociodemographic and clinical features – at least those accessible – did not always distribute as in our cohort. 

Prevalence and severity of UI and FI
As shown in Figure 1, UI prevalence increased fivefold from T0g (4.9%) to T3g (24.3%), with ICIQ-SF mean scores rising as well. After birth, UI prevalence decreased without getting back to starting values, but the mean scores did not fall simultaneously. FI prevalence at T0g was almost 4%, with mean Wexner scores superior to the following ones. FI prevalence achieved its peak (6.2%) at T3g and decreased almost to 4% after delivery, with corresponding mean scores declining as well. 

Risk factors
Bivariate analyses are omitted because the statistically significant variables were further employed in the panel models. 
The risk of developing UI was higher in every time-point after T0g and in over 30, overweight/obese, multiparous and highly-educated women, while no difference was found for nationality (Table 2A). We obtained the same results for symptom intensity. Adjusting for peripartum clinical characteristics (Table 2B), multiparity lost its statistical significance. Fetal weight > 3.5 kg was a risk factor. Furthermore, we observed lower UI occurrence and severity in women undergoing C-S, while women suffering from spontaneous tears or receiving episiotomy were at greater risk. A protective effect was demonstrated for PFMT performed during pregnancy, rather than just postpartum. Finally, the risk was higher for women experiencing during-pregnancy UI.  
Similar risk factors emerged for FI (Table 3). Both the onset rate and the symptom intensity were higher at T3g and T3p than at T0g and T6p. Overweight (but not obese) and aged > 40 women were at higher risk. Unlike multiparity, non-Italian citizenship was a risk factor. Finally, high education exposed women to greater risk than medium education. Such results were confirmed by adjusting also for clinical features. Moreover, women undergoing spontaneous tears had a higher risk, while no significance was observed for episiotomy, nor for the mode of delivery. Finally, PFMT did not influence either FI prevalence or severity. 

Impact of PFMT 
We identified PFMT as a potential preventive intervention against pregnancy-related UI, since during-pregnancy PFMT reduced the risk of UI onset and severity (Table 2B). Although no relationship emerged for FI, we run the sub-analyses for both UI and FI to explore potential benefits of PFMT even for FI.
As shown in Table 4A, postpartum PFMT was protective against UI in young women and nullified the risk given by overweight. Moreover, multiparous women showed a lower risk when performing PFMT postpartum. Obesity was not a risk factor in women performing PFMT during pregnancy or postpartum. Surprisingly, during-pregnancy PFMT exposed women receiving operative deliveries (vacuum/forceps) to greater UI risk. Finally, during-pregnancy PFMT avoided the risk given by episiotomy. 
Some positive effects of PFMT also against FI emerged from the sub-analysis (Table 5). Indeed, during-pregnancy PFMT nullified the age-related risk and was protective in multiparous women, but – surprisingly – increased FI risk in women receiving operative deliveries.
Finally, we determined the type of UI that affected each of the 1,463 women (24.3% of the total) suffering from UI in the third trimester, finding that 58.2% of them suffered from stress UI, 6.7% from urgency UI, 12.9% from not defined UI, and 22.2% from mixed UI. As shown in Table 4B, the protective effect of during-pregnancy PFMT against symptom severity increased significantly in women affected by stress UI or affected by mixed UI and performing also postpartum PFMT. Among women suffering from not defined UI, performing PFMT just postpartum increased symptom severity, while performing PFMT both during and after pregnancy reduced it. PFMT benefits against urgency UI were not evident.


DISCUSSION
[bookmark: _Hlk92303719]Through a systematic and longitudinal PRO collection, we detected lower UI prevalence – 24.3% at the third trimester, declined to 12.6% six months postpartum without a concomitant reduction in symptom intensity – than previous works [2,9,19]. Similarly, we observed lower FI rates – 6.2% at the third trimester and 4.2% six months postpartum – than earlier studies [20,21]. The different characteristics of our cohort than the general Tuscan population of pregnant women – e.g., the lower proportion of multiparous women (38.2%) compared to the general population (58.3%) – may have led to an underestimation of UI/FI prevalence. Such divergences may be explained also by the bias given by self-reported data [10], by the use of different tools to assess incontinence-related symptoms [9,21], or by the data collection at diverse time-points [19,20]. 
Furthermore, we confirmed the results of previous studies about the risk factors over time for developing pregnancy-related incontinence. Indeed, we found that advanced age, overweight/obesity, high fetal weight, undergoing spontaneous tear, and receiving episiotomy were risk factors for UI [9,22]. The risk effect given by multiparity was low and vanished after adjusting for peripartum covariates [23]. In accordance with the literature, a detrimental impact for UI was provided by vaginal delivery as compared to C-S, while no difference emerged between natural and operative delivery [24]. For FI, we observed fewer but similar risk factors, in line with the literature [25]. Very advanced age (> 40), overweight (but not obesity), and spontaneous tears were the leading ones, with no beneficial effects given by C-S. Both UI and FI risk was slightly higher in highly-educated women, probably because of a greater awareness of these issues and an increased sensitivity in self-reporting symptoms [26]. As a weakness of this study, we did not explore other well-known intrapartum risk factors, because this information was not collected in our surveys. 
Besides, we suggested the potential benefits of performing PFMT as a preventive intervention against both UI and FI, as previously proposed [27–29]. For instance, during-pregnancy PFMT not only lowered UI risk compared to postpartum PFMT, but also nullified the obesity- and episiotomy-related risk of UI and reduced stress UI symptom intensity. These benefits probably depend on the pelvic floor reinforcement contrasting the excessively increased abdominal pressure in obese pregnant women and preventing future episiotomy-related injuries. However, such positive effects seem not to act for operative deliveries, which might require also postpartum PFMT. Moreover, the longitudinal data collection allowed observing that women performing only postpartum PFMT had a lower UI risk at the third trimester, but greater risk postpartum than the other groups. We can suppose that postpartum PFMT was carried out for rehabilitative purposes due to relevant delivery-related impact on the pelvic floor, whereas women never performing PFTM had no need. Finally, women performing during-pregnancy PFMT showed less risk of postpartum UI. 
Also for FI, some beneficial impacts of during-pregnancy PFMT emerged, mainly in older and multiparous women, while no protective effect of postpartum PFMT was observed for FI, in contrast with previous evidence [30]. 
Unfortunately, as a limitation of our study, we did not have information about the type, intensity, and frequency of the PFMT regime. However, this limitation does not affect the quality of results, as we aimed to provide an overall insight into the impact of PFMT on the pelvic floor function by employing observational data reported by patients who had independently performed such exercises regardless of the training regime and the participation in our study. 
Since our work was carried out in a single Italian Region, our findings are not generalizable at the national level. However, to our knowledge, this is the first study investigating UI/FI epidemiology in such a large sample of the Italian population (6,023 patients) from a patient-tailored perspective. Such a huge population may be employed in future studies also to validate the Italian version of the Wexner Scale. Moreover, since there is currently little evidence regarding pregnancy-related FI within the Italian context, the novelty of this paper is the simultaneous evaluation of UI/FI through web-based validated questionnaires administered longitudinally at four time-points from the beginning of pregnancy until six months postpartum. In parallel, we sought to explore possible benefits of PFMT against pregnancy-related UI/FI, especially in specific risk groups. Finally, we tried to integrate the systematic evaluation of patients’ experiences and outcomes with the research activities.
Since medicine is progressively moving towards patient-tailored care, the patient perspective evaluation by using validated standardized measures is fundamental. In this study, we employed PRO measures to outline groups at greater risk of pregnancy-related UI/FI, focusing at the same time on the importance of prevention/rehabilitation strategies. DeLancey et al. suggested that these strategies, such as PFMT, should be based on an individual-sharpened identification of UI/FI risk, not on universal recommendations for all patients [31]. Indeed, we believe that PRO measures could refine the detection of risk groups for which preventive/rehabilitative PFMT would be cost-effective in lowering not only the risk of pregnancy-related incontinence, but also the risk of long-term comorbidities [32].
In conclusion, we tried to valorize patient-reported data systematically and longitudinally collected for monitoring purposes by exploring UI/FI epidemiology in a selected cohort of pregnant women. After computing UI/FI prevalence at each time-point of the survey, we detected several groups exposed to greater risk of developing pregnancy-related UI/FI and worse symptoms. Finally, we suggested a potential beneficial role of PFMT in preventing and/or treating such problems in women with peculiar sociodemographic and clinical features. Further research on this topic, comparing the different PFMT regimes, could contribute to clarify its protective function for UI and/or FI.
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TABLES and FIGURES

	
	
	Our cohort

	Variables
	Value
	N
	%

	Educational level
	Low
	441
	7.32

	
	Medium
	2317
	38.47

	 
	High
	3265
	54.21

	Parity
	Multiparous
	2301
	38.2

	 
	Primigravida
	3722
	61.8

	Age class
	16-30
	1065
	17.68

	
	30-39
	4296
	71.33

	 
	40+
	662
	10.99

	Nationality
	Italian
	5686
	94.4

	 
	Not Italian
	337
	5.6

	BMI
	<18.5 (underweight)
	430
	7.14

	
	18.5-25 (normal weight)
	4191
	69.58

	
	25-30 (overweight)
	1002
	16.64

	 
	>30 (obesity)
	400
	6.64

	Pelvic floor muscle training
	Never
	3154
	52,37

	
	Just before 
	1383
	22,96

	
	Just after
	628
	10,43

	 
	Both before and after
	858
	14,25

	Mode of delivery
	Missing
	120
	

	
	Cesarean section (C-S)
	1464
	24,80

	
	Vacuum/forceps
	394
	6,67

	 
	Spontaneous
	4045
	68,52

	Tears
	Missing
	194
	

	
	Not applicable (C-S)
	1464
	

	
	Episiotomy
	581
	13,31

	
	Spontaneous tear
	1613
	36,95

	 
	No tear
	2171
	49,74



Table 1. Socio-demographic, clinical, and pregnancy-related information: most of our respondents were Italian, 30-39 years old, primigravida, normal-weight, with a high educational level, and had a spontaneous delivery with no cesarean-section and no tear; half of our respondents never performed pelvic floor muscle training (PFMT). Please, note that there are 1658 missing data about tears since 1464 women (88% of missing data) received cesarean-section and thus did not suffer from tears. See the Supporting Information (Table S1) to compare the characteristics of our cohort to the characteristics of the eligible population, i.e., the global population of pregnant women in Tuscany. 
.





[bookmark: _Hlk78884115]Figure 1. Boxplots of the Wexner and the ICIQ-SF scores for fecal and urinary incontinence, respectively, at the different time-points during the maternity pathway. We also show details about the prevalence of urinary and fecal incontinence and the corresponding mean scores. 



	Table 2A. Risk factors for prevalence and severity of UI adjusted just for sociodemographic features

	
	Prevalence
	
	Symptom severity

	 
	OR
	95% CI
	p-value
	
	Coefficient
	95% CI
	p-value

	Third trimester vs T0g
	6.340
	5.558 to 7.233
	<0.001
	
	1.652
	1.54 to 1.763
	<0.001

	3 months postpartum vs T0g
	3.722
	3.247 to 4.267
	<0.001
	
	0.981
	0.87 to 1.093
	<0.001

	6 months postpartum vs T0g
	2.838
	2.467 to 3.265
	<0.001
	
	0.684
	0.573 to 0.795
	<0.001

	16-30 vs 30-39 years old
	0.822
	0.737 to 0.916
	<0.001
	
	-0.148
	-0.258 to -0.038
	0.008

	>40 vs 30-39 years old
	1.122
	1.001 to 1.258
	0.048
	
	0.173
	0.045 to 0.301
	0.008

	Underweight vs normal weight
	0.906
	0.778 to 1.054
	0.201
	
	-0.089
	-0.244 to 0.066
	0.260

	Overweight vs normal weight
	1.253
	1.137 to 1.38
	<0.001
	
	0.288
	0.18 to 0.396
	<0.001

	Obesity vs normal weight 
	1.323
	1.147 to 1.527
	<0.001
	
	0.439
	0.278 to 0.601
	<0.001

	Multiparous vs primigravida
	1.205
	1.117 to 1.301
	<0.001
	
	0.236
	0.153 to 0.319
	<0.001

	Non-Italian vs Italian citizenship
	0.977
	0.829 to 1.151
	0.781
	
	-0.087
	-0.26 to 0.086
	0.324

	Low vs high education level
	0.920
	0.792 to 1.069
	0.276
	
	-0.026
	-0.186 to 0.133
	0.748

	Medium vs high education level
	0.882
	0.814 to 0.956
	0.002
	
	-0.108
	-0.193 to -0.023
	0.013



	Table 2B. Risk factors for prevalence and severity of UI adjusted also for clinical characteristics

	 
	Prevalence
	
	Symptom severity

	 
	OR
	95% CI
	p-value
	
	Coefficient
	95% CI
	p-value

	Third trimester vs T0g
	10.710
	9.206 to 12.46
	<0.001
	
	1.672
	1.569 to 1.775
	<0.001

	3 months postpartum vs T0g
	5.110
	4.383 to 5.958
	<0.001
	
	0.999
	0.896 to 1.102
	<0.001

	6 months postpartum vs T0g
	3.545
	3.031 to 4.145
	<0.001
	
	0.692
	0.589 to 0.795
	<0.001

	16-30 vs 30-39 years old
	0.809
	0.712 to 0.919
	0.001
	
	-0.108
	-0.211 to -0.006
	0.038

	>40 vs 30-39 years old
	1.219
	1.062 to 1.399
	0.005
	
	0.212
	0.092 to 0.332
	0.001

	Underweight vs normal weight
	0.983
	0.823 to 1.175
	0.854
	
	-0.003
	-0.147 to 0.141
	0.968

	Overweight vs normal weight
	1.233
	1.099 to 1.383
	<0.001
	
	0.217
	0.117 to 0.317
	<0.001

	Obesity vs normal weight 
	1.362
	1.147 to 1.616
	<0.001
	
	0.369
	0.218 to 0.52
	<0.001

	Multiparous vs primigravida
	0.972
	0.883 to 1.07
	0.560
	
	0.020
	-0.061 to 0.101
	0.630

	Non-Italian vs Italian citizenship
	1.097
	0.902 to 1.335
	0.355
	
	0.014
	-0.151 to 0.179
	0.864

	Low vs high education level
	0.945
	0.789 to 1.132
	0.539
	
	0.001
	-0.149 to 0.152
	0.985

	Medium vs high education level
	0.906
	0.824 to 0.996
	0.042
	
	-0.064
	-0.144 to 0.016
	0.115

	Fetal weight over vs under 3,5 kg
	1.159
	1.052 to 1.276
	0.003
	
	0.164
	0.082 to 0.247
	<0.001

	C-section vs spontaneous delivery
	0.582
	0.511 to 0.662
	<0.001
	
	-0.346
	-0.445 to -0.247
	<0.001

	Operative vs spontaneous delivery
	1.101
	0.904 to 1.343
	0.339
	
	0.070
	-0.101 to 0.241
	0.421

	Spontaneous vs no tear
	1.238
	1.113 to 1.377
	<0.001
	
	0.179
	0.086 to 0.273
	<0.001

	Episiotomy vs no tear
	1.342
	1.131 to 1.593
	0.001
	
	0.284
	0.134 to 0.434
	<0.001

	No PFMT vs during pregnancy
	1.029
	0.92 to 1.151
	0.613
	
	0.097
	0.005 to 0.19
	0.040

	PFMT postpartum vs during pregnancy
	1.387
	1.186 to 1.621
	<0.001
	
	0.402
	0.265 to 0.539
	<0.001

	PFMT during + after vs during pregnancy
	1.235
	1.07 to 1.426
	0.004
	
	0.252
	0.128 to 0.376
	<0.001

	UI during pregnancy vs not
	14.871
	13.572 to 16.296
	<0.001
	
	3.065
	2.98 to 3.151
	<0.001



Table 2. Risk factors for prevalence and severity of UI emerged from panel regression models and expressed as ORs (odds ratios). 

	Table 3A. Risk factors for prevalence and severity of FI adjusted just for sociodemographic features

	
	Prevalence
	
	Symptom severity

	 
	OR
	95% CI
	p-value
	
	Coefficient
	95% CI
	p-value

	Third trimester vs T0g
	1.594
	1.349 to 1.883
	<0.001
	
	0.080
	0.034 to 0.126
	0.001

	3 months postpartum vs T0g
	1.372
	1.156 to 1.628
	<0.001
	
	0.049
	0.003 to 0.095
	0.038

	6 months postpartum vs T0g
	1.061
	0.886 to 1.271
	0.519
	
	-0.038
	-0.084 to 0.008
	0.106

	16-30 vs 30-39 years old
	0.966
	0.818 to 1.142
	0.687
	
	0.025
	-0.02 to 0.071
	0.270

	>40 vs 30-39 years old
	1.326
	1.115 to 1.578
	0.001
	
	0.064
	0.011 to 0.117
	0.017

	Underweight vs normal weight
	1.080
	0.859 to 1.358
	0.509
	
	0.020
	-0.044 to 0.084
	0.542

	Overweight vs normal weight
	1.311
	1.128 to 1.523
	<0.001
	
	0.090
	0.046 to 0.135
	<0.001

	Obesity vs normal weight 
	1.071
	0.84 to 1.365
	0.580
	
	0.062
	-0.004 to 0.129
	0.067

	Multiparous vs primigravida
	0.956
	0.845 to 1.082
	0.474
	
	-0.024
	-0.058 to 0.01
	0.173

	Non-Italian vs Italian citizenship
	1.379
	1.096 to 1.736
	0.006
	
	0.138
	0.066 to 0.209
	<0.001

	Low vs high education level
	0.877
	0.69 to 1.114
	0.281
	
	-0.016
	-0.082 to 0.05
	0.632

	Medium vs high education level
	0.854
	0.751 to 0.971
	0.016
	
	-0.017
	-0.053 to 0.018
	0.334



	Table 3B. Risk factors for prevalence and severity of FI adjusted also for clinical characteristics

	
	Prevalence
	
	Symptom severity

	
	OR
	95% CI
	p-value
	
	Coefficient
	95% CI
	p-value

	Third trimester vs T0g
	1.580
	1.331 to 1.876
	<0.001
	
	0.077
	0.03 to 0.124
	0.001

	3 months postpartum vs T0g
	1.379
	1.157 to 1.644
	<0.001
	
	0.049
	0.003 to 0.096
	0.039

	6 months postpartum vs T0g
	1.074
	0.892 to 1.292
	0.450
	
	-0.032
	-0.079 to 0.014
	0.174

	16-30 vs 30-39 years old
	1.015
	0.855 to 1.205
	0.864
	
	0.039
	-0.007 to 0.086
	0.096

	>40 vs 30-39 years old
	1.381
	1.154 to 1.654
	<0.001
	
	0.072
	0.018 to 0.127
	0.009

	Underweight vs normal weight
	1.099
	0.867 to 1.392
	0.435
	
	0.017
	-0.048 to 0.082
	0.611

	Overweight vs normal weight
	1.287
	1.103 to 1.501
	0.001
	
	0.093
	0.047 to 0.138
	<0.001

	Obesity vs normal weight
	1.071
	0.835 to 1.374
	0.589
	
	0.064
	-0.005 to 0.132
	0.067

	Multiparous vs primigravida
	1.002
	0.877 to 1.146
	0.974
	
	-0.009
	-0.046 to 0.028
	0.632

	Non-Italian vs Italian citizenship
	1.353
	1.058 to 1.729
	0.016
	
	0.127
	0.053 to 0.202
	0.001

	Low vs high education level
	0.885
	0.688 to 1.139
	0.344
	
	-0.018
	-0.086 to 0.05
	0.608

	Medium vs high education level
	0.868
	0.76 to 0.99
	0.035
	
	-0.013
	-0.049 to 0.023
	0.467

	Fetal weight over vs under 3.5 kg
	1.138
	0.997 to 1.299
	0.055
	
	0.008
	-0.03 to 0.045
	0.686

	C-section vs spontaneous delivery
	1.064
	0.899 to 1.261
	0.470
	
	0.036
	-0.009 to 0.081
	0.116

	Operative vs spontaneous delivery
	1.251
	0.961 to 1.63
	0.097
	
	0.058
	-0.019 to 0.135
	0.142

	Spontaneous vs no tear
	1.334
	1.148 to 1.551
	<0.001
	
	0.062
	0.02 to 0.105
	0.004

	Episiotomy vs no tear
	1.027
	0.8 to 1.32
	0.833
	
	0.022
	-0.046 to 0.09
	0.524

	No PFMT vs during pregnancy
	0.906
	0.778 to 1.054
	0.201
	
	-0.021
	-0.063 to 0.021
	0.333

	PFMT postpartum vs during pregnancy
	1.131
	0.915 to 1.399
	0.255
	
	0.044
	-0.018 to 0.106
	0.167

	PFMT during pregnancy + postpartum vs during pregnancy
	0.942
	0.77 to 1.154
	0.565
	
	-0.003
	-0.059 to 0.053
	0.909

	Urinary incontinence during pregnancy vs not
	1.403
	1.231 to 1.6
	<0.001
	
	0.114
	0.076 to 0.153
	<0.001



Table 3. Risk factors for prevalence and severity of FI emerged from panel regression models.

	Table 4A. Prevalence of Urinary Incontinence by stratifying for the performance of PFMT

	 
	No PFMT
	
	PFMT during pregnancy
	
	PFMT postpartum
	
	PFMT during + after pregnancy

	 
	OR
	p
	
	OR
	p
	
	OR
	p
	
	OR
	p

	Third trimester vs T0g
	10.412
	<0.001
	
	12.798
	<0.001
	
	9.793
	<0.001
	
	10.614
	<0.001

	3 months postpartum vs T0g
	4.010
	<0.001
	
	5.113
	<0.001
	
	9.128
	<0.001
	
	6.957
	<0.001

	6 months postpartum vs T0g
	2.949
	<0.001
	
	3.371
	<0.001
	
	5.337
	<0.001
	
	4.982
	<0.001

	16-30 vs 30-39 years old
	0.891
	0.202
	
	0.957
	0.743
	
	0.519
	0.001
	
	0.688
	0.042

	>40 vs 30-39 years old
	1.131
	0.214
	
	1.494
	0.008
	
	1.317
	0.193
	
	1.289
	0.155

	Underweight vs normal weight
	1.115
	0.420
	
	0.788
	0.221
	
	0.954
	0.860
	
	1.070
	0.738

	Overweight vs normal weight
	1.268
	0.005
	
	1.293
	0.039
	
	1.167
	0.329
	
	1.191
	0.275

	Obesity vs normal weight 
	1.574
	<0.001
	
	0.933
	0.717
	
	0.914
	0.763
	
	1.682
	0.061

	Multiparous vs primigravida
	1.098
	0.171
	
	0.945
	0.607
	
	0.710
	0.014
	
	0.910
	0.458

	Non-Italian vs Italian citizenship
	0.958
	0.749
	
	1.118
	0.657
	
	1.177
	0.586
	
	1.498
	0.103

	Low vs high education level
	1.001
	0.994
	
	0.687
	0.096
	
	1.135
	0.642
	
	0.890
	0.699

	Medium vs high education level
	0.934
	0.331
	
	0.807
	0.038
	
	1.288
	0.063
	
	0.726
	0.013

	Fetal weight over vs under 3.5 kg
	1.098
	0.188
	
	1.025
	0.821
	
	1.419
	0.009
	
	1.281
	0.047

	C-section vs spontaneous delivery
	0.610
	<0.001
	
	0.512
	<0.001
	
	0.495
	0.019
	
	0.610
	0.027

	Operative vs spontaneous delivery
	1.046
	0.779
	
	1.525
	0.043
	
	1.190
	0.450
	
	0.750
	0.254

	Spontaneous vs no tear
	1.164
	0.058
	
	1.302
	0.023
	
	1.361
	0.036
	
	1.240
	0.103

	Episiotomy vs no tear
	1.280
	0.059
	
	1.003
	0.987
	
	1.813
	0.005
	
	1.556
	0.044

	UI during pregnancy vs not
	17.403
	<0.001
	
	14.451
	<0.001
	
	10.740
	<0.001
	
	15.105
	<0.001



	Table 4B. UI symptom severity according to the type of Urinary Incontinence a
	
	
	

	
	Stress
	
	Urgency
	
	Not defined
	
	Mixed
	
	Total

	
	Coeff.
	p
	
	Coeff.
	p
	
	Coeff.
	p
	
	Coeff.
	p
	
	Coeff.
	p

	No PFMT vs during pregnancy
	0.383
	0.009
	
	1.169
	0.055
	
	-0.348
	0.311
	
	0.373
	0.243
	
	0.097
	0.040

	PFMT postpartum vs during pregnancy
	0.444
	0.038
	
	1.130
	0.127
	
	2.978
	<0.001
	
	1.233
	0.012
	
	0.402
	<0.001

	PFMT during + after vs during pregnancy
	0.755
	0.000
	
	1.850
	0.012
	
	-1.102
	0.018
	
	1.314
	0.002
	
	0.252
	<0.001


a The model was adjusted for the time-points of the survey, the age class, the BMI class, parity, citizenship, educational level, fetal weight, the mode of delivery, and the occurrence of tears.

Table 4. Sub-analyses for UI by stratifying for the performance of PFMT (A) and the type of UI (B). 

	[bookmark: _Hlk78884233]Table 5. Prevalence of Fecal Incontinence by stratifying for the performance of PFMT

	 
	No PFMT
	
	PFMT during pregnancy
	
	PFMT postpartum
	
	PFMT during + after pregnancy

	 
	OR
	p
	
	OR
	p
	
	OR
	p
	
	OR
	p

	Third trimester vs T0g
	1.354
	0.014
	
	2.000
	<0.001
	
	1.606
	0.063
	
	1.816
	0.011

	3 months postpartum vs T0g
	1.282
	0.047
	
	1.612
	0.011
	
	1.318
	0.296
	
	1.453
	0.123

	6 months postpartum vs T0g
	1.009
	0.947
	
	1.043
	0.838
	
	1.441
	0.160
	
	1.068
	0.797

	16-30 vs 30-39 years old
	1.178
	0.171
	
	0.936
	0.709
	
	0.872
	0.635
	
	0.773
	0.324

	>40 vs 30-39 years old
	1.419
	0.005
	
	1.289
	0.216
	
	1.783
	0.029
	
	1.325
	0.279

	Underweight vs normal weight
	1.097
	0.594
	
	1.218
	0.413
	
	0.445
	0.121
	
	1.450
	0.177

	Overweight vs normal weight
	1.205
	0.093
	
	1.502
	0.011
	
	1.258
	0.288
	
	1.364
	0.176

	Obesity vs normal weight 
	0.742
	0.122
	
	1.257
	0.337
	
	1.460
	0.336
	
	2.581
	0.003

	Multiparous vs primigravida
	1.197
	0.056
	
	0.708
	0.028
	
	1.000
	1.000
	
	0.865
	0.452

	Non-Italian vs Italian citizenship
	1.461
	0.019
	
	1.562
	0.111
	
	0.330
	0.125
	
	1.400
	0.315

	Low vs high education level
	0.915
	0.593
	
	0.869
	0.644
	
	0.458
	0.101
	
	1.561
	0.230

	Medium vs high education level
	0.933
	0.465
	
	0.988
	0.927
	
	0.711
	0.080
	
	0.607
	0.015

	Fetal weight over vs under 3,5 kg
	1.093
	0.360
	
	1.099
	0.502
	
	1.223
	0.288
	
	1.289
	0.152

	C-section vs spontaneous delivery
	1.011
	0.926
	
	0.943
	0.724
	
	0.870
	0.693
	
	1.648
	0.108

	Operative vs spontaneous delivery
	1.348
	0.152
	
	2.023
	0.006
	
	0.831
	0.604
	
	0.664
	0.270

	Spontaneous vs no tear
	1.210
	0.091
	
	0.953
	0.770
	
	1.262
	0.259
	
	2.816
	<0.001

	Episiotomy vs no tear
	0.895
	0.572
	
	0.704
	0.198
	
	1.190
	0.577
	
	2.312
	0.010

	UI during pregnancy vs not
	1.296
	0.008
	
	1.753
	<0.001
	
	1.325
	0.140
	
	1.305
	0.135



Table 5. Sub-analyses for FI by stratifying for the performance of PFMT.


	
	
	Our cohort
	
	All pregnant women in 2020

	Variables
	Value
	N
	%
	 
	N
	%

	Educational level
	Low
	441
	7.32
	
	5817
	26.38

	
	Medium
	2317
	38.47
	 
	8982
	40.74

	 
	High
	3265
	54.21
	
	7249
	32.88

	Parity
	Multiparous
	2301
	38.2
	
	13373
	58.31

	 
	Primigravida
	3722
	61.8
	 
	9561
	41.69

	Age class
	16-30
	1065
	17.68
	
	6468
	28.2

	
	30-39
	4296
	71.33
	
	14130
	61.61

	 
	40+
	662
	10.99
	 
	2338
	10.19

	Nationality
	Italian
	5686
	94.4
	
	16875
	73.57

	 
	Not Italian
	337
	5.6
	 
	6061
	26.43

	BMI
	<18.5 (underweight)
	430
	7.14
	
	1595
	7.39

	
	18.5-25 (normal weight)
	4191
	69.58
	
	14229
	65.93

	
	25-30 (overweight)
	1002
	16.64
	
	3955
	18.33

	 
	>30 (obesity)
	400
	6.64
	 
	1803
	8.35

	Pelvic floor muscle training
	Never
	3154
	52,37
	
	
	

	
	Just before 
	1383
	22,96
	
	
	

	
	Just after
	628
	10,43
	
	
	

	 
	Both before and after
	858
	14,25
	 
	 
	 

	Mode of delivery
	Missing
	120
	
	
	
	

	
	Cesarean section (C-S)
	1464
	24,80
	
	6331
	27.60

	
	Vacuum/forceps
	394
	6,67
	
	1353
	5.90

	 
	Spontaneous
	4045
	68,52
	 
	15252
	66.50

	Tears
	Missing
	194
	
	
	
	

	
	Not applicable (C-S)
	1464
	
	
	
	

	
	Episiotomy
	581
	13,31
	
	
	

	
	Spontaneous tear
	1613
	36,95
	
	
	

	 
	No tear
	2171
	49,74
	 
	 
	 



Table S1. For comparison, we show the available sociodemographic and clinical characteristics of the eligible population of our study, i.e., all women who had pregnancy in Tuscany in 2020 (data source: Tuscan Birth Assistance Certificate). The proportion of highly-educated, nulliparous, Italian and 30-39 years old women is greater in our cohort than in the general population, while there is almost correspondence regarding the BMI and the mode of delivery
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