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Purpose: Urinary Incontinence (UI) associates with menopausal status and vaginal delivery (VD). Existing literature has not
confirmed a cumulative effect of an increasing number of VDs on Ul incidence, while hormonal changes following natural menopause
modulate the risk of Ul This study investigate the association between the number of VDs and Ul by stratifying women based on
menopausal status.

Patients and Methods: This study examined the relationship between the number of VDs and categories of Ul, including Stress
Urinary Incontinence (SUI), Urge Urinary Incontinence (UUI), and Mixed Urinary Incontinence (MUI) in pre- and postmenopausal
women, utilizing publically accessible data from the National Health and Nutrition Examination Survey (NHANES, 2007-2018).
Weighted multivariable logistic regression, restricted cubic splines (RCS), and subgroup analyses with interaction tests were used to
examine their association.

Results: This study comprised 4,046 premenopausal and 2,698 postmenopausal women. Adjusted multivariable regression analysis
(Model 2) revealed that compared to nulliparous women, the risk of SUI significantly increased with >1 VDs in premenopausal women
(1 VD: OR=2.53; 2 VDs: OR=3.73; >3 VDs: OR=2.94; all P<0.001) and with >2 VDs in postmenopausal women (2 VDs: OR=1.52;
>3 VDs: OR=1.62, all P<0.05). MUI risk was elevated at 2 VD in both premenopausal (OR=1.78, P=0.012) and postmenopausal
women (OR=1.57, P=0.049). No significant association was detected between the number of VDs and UUI in either group. RCS
modeling revealed inverse U-shaped relationships between the number of VDs and SUI risk and L-shaped relationships with MUI risk
across both groups (nonlinear P < 0.001).

Conclusion: The number of VDs exhibits positive associations with incident SUI and MUI, while no significant association was
detected with UUI. Notably, the additional risk for SUI and MUI associated with the number of VDs was attenuated in postmenopausal
women compared to premenopausal women. Prospective studies are warranted to validate the robustness of these associations.
Keywords: Stress Urinary Incontinence, Urge Urinary Incontinence, Mixed Urinary Incontinence, vaginal delivery, natural
menopause, NHANES

Introduction

Urinary Incontinence (UI), defined as the complaint of involuntary loss of urine with or without bladder control
dysfunction, is influenced by factors such as age, obesity, bladder and pelvic floor function.' It is more prevalent in
women, with epidemiological studies indicating a progressive increase in prevalence with advancing age.? Clinically, Ul
is categorized into Stress Urinary Incontinence (SUI), Urge Urinary Incontinence (UUI), and Mixed Urinary
Incontinence (MUI).! A representative survey of US women reported prevalence rates of 45.9%, 31.1%, and 18.1%
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for these three categories of UI, respectively.’ As a disease that severely impacts women’s health and quality of life, its
diagnosis, treatment, and clinical care remain insufficient and impose an economic burden on individuals and society.*

A high number of births, vaginal delivery (VD) history and menopause have been identified as independent risk
factors for UL®’ VD has a significant impact on overall pelvic floor function. Women with a history of VD during their
reproductive period are at an elevated risk of Ul than cesarean section and nulliparous women due to overstretching of
the birth canal, weakening of the bladder neck support, and damage to pelvic floor muscle fibrous tissue caused by the
natural delivery process.®’ However, no literature has confirmed cumulative pelvic floor injury with increasing VDs.®

Menopause and aging are also closely related to UI occurrence in women.' Declining estrogen has been recognized to
increase the risk of UI, with an overall prevalence of UI of 38% in women over the age of 60 years and increasing with age."'
Estrogen receptors are expressed throughout the lower urinary tract, particularly in structures directly implicated in UI
pathogenesis.'? Estrogen may elevate contractile resistance by increasing adrenergic receptor sensitivity in urethral smooth
muscle.'*'* Ovarian follicle depletion after natural menopause results in estrogen fluctuations in women.'> These fluctuations
can influence the occurrence of Ul by modulating urethral blood flow and mucosal proliferation to affect urethral closure
pressure, as well as altering bladder sensory thresholds and urethral pressure transmission, which impairs urinary continence
homeostasis.'® However, these pathophysiological associations require validation through prospective mechanistic studies.

This study aimed to investigate whether the number of VDs may exert cumulative effects on Ul risk development,
while exploring potential differential impacts of VD on UI incidence between premenopausal and naturally postmeno-
pausal women. These investigations may provide novel perspectives on risk assessment and inform future research on
Ul-related adverse outcomes.

Materials and Methods

Study Population
This cross-sectional study utilized data from the NHANES. Comprehensive datasets and methodologies are publicly
accessible at https://www.cdc.gov/nchs/nhanes/. NHANES has been collected biennially since 1999, employing a com-

plex stratified multistage sample designed to comprehensively survey and evaluate the US population’s health and
nutritional status. The National Center for Health Statistics (NCHS) Research Ethics Review Board (ERB) approved the
study protocol, and each participant obtained written informed consent. We used data from six NHANES survey cycles
(2007-2018). For the current analysis, we utilized data from women with complete records on the number of VDs and Ul
subtypes, stratified by natural menopausal status. Exclusion criteria: (1) Individuals currently breastfeeding or pregnant to
avoid menstrual cycle confounding; (2) Individuals with non-natural menopause due to hysterectomy or oophorectomy;
(3) Individuals with a history of cesarean delivery; (4) Individuals with undocumented menopausal status; (5) Extreme
outliers in the number of VDs (defined as >10 deliveries based on the NHANES Reproductive Health Questionnaire
2017-2018, which caps vaginal births at 0-10); (6) Missing data about three groups of covariates. Following these
exclusion criteria, the final analytical cohort comprised 4046 premenopausal women and 2698 naturally postmenopausal
women (Figure 1).

Study Variables

Exposure Variable Assessment

Natural menopausal status and the number of VD were operationally defined using data from the NHANES “Reproductive
Health” questionnaire. Women were classified as naturally postmenopausal if they responded “No” to the question {Have
you/Has SP} had at least one menstrual period in the past 12 months? (Please do not include bleedings caused by medical
conditions, hormone therapy, or surgeries.) (RHQO031), followed by reporting “Hysterectomy” or “Menopause/change of
life” as the reason for amenorrhea (RHD043/RHDO042), while simultaneously denying a history of hysterectomy ({Have
you/Has SP} had a hysterectomy, including a partial hysterectomy, that is, surgery to remove {your/her} uterus or womb?”
RHD280: “No”) and bilateral oophorectomy (“{Have you/Has SP} had both of {your/her} ovaries removed (either when
{you/she} had {your/her} uterus removed or at another time)?” RHQ305: “No”). Premenopausal status was assigned to
those affirming recent menstruation via a “Yes” response to RHQO31.
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Figure | Flow chart of subject inclusion.

VD counts were derived from the question “How many vaginal deliveries {have you/has SP} had? {Please count
stillbirths as well as live births}” (RHQ166), with nulliparous women defined as respondents reporting 0 vaginal delivery
on RHQI162 or with a “No” answer to The next questions are about {your/SP’s} pregnancy history. The question is:
{Have you/Has SP ever been pregnant? Please include (current pregnancy,) live births, miscarriages, stillbirths, tubal
pregnancies and abortions. (RHQ131). Detailed variable specifications and questionnaire protocols are publicly acces-
sible through the NHANES documentation portal.

Outcome Assessment

Two questions in the NHANES “Kidney Condition” questionnaire were used to evaluate the occurrence of UL
Participants who responded “Yes” to the question “During the past 12 months, {have you/has SP} leaked or lost control
of even a small amount of urine with an activity like coughing, lifting or exercise?”’(KIQ042) were classified as SUI.
While UUI was considered as a question: During the past 12 months, have you leaked or lost control of even a small
amount of urine with an urge or pressure to urinate and you couldn’t get to the toilet fast enough?(K1Q044) participants
answered “Yes”. In addition, if participants answered “Yes” to the above questions, they were set as MUL.

Covariate Assessment
Covariates were selected based on clinical insights into potential Ul risk factors. Previous studies indicate some risk factors,
such as vitamin D deficiency, obesity, depression, and smoking, are significant for UI incidence among women.'’** Based
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on the availability of NHANES data, the following covariates were included in this study: (a) demographic and socio-
economic information, including age, age at menarche, race (Non-Hispanic white, Non-Hispanic black, Mexican American,
other Hispanic or Other race), education level (Less than 9th grade, 9th-11th grade, High school graduate/GED, Some
college/AA, College graduate or above), marital status (Married, Widowed, Divorced, Separated, Never married, Living
with a partner), family poverty-income ratio(PIR); (b) lifestyle behaviours, including smoking status (more or less than 100
cigarettes in a lifetime categorized as “yes” or “no”); (c) clinical characteristics, including body mass index (BMI, kg/m2),
waist circumference (cm), serum vitamin D (nmol/L), depression (PHQ-9 scores of 10 or more categorized as “yes”,
otherwise “no”), diabetes (indicated as yes or no), hypertension (indicated as “yes” or “no”).

Statistical Analysis

This study utilized R software (version 4.3.1), with statistical significance set at P (two-sided)< 0.05. Weighted variables
were introduced to account for the intricate sample design of the NHANES and to assure data representativeness of the
US population. In baseline analyses, categorical variables were summarized as frequencies (percentages), whereas
continuous variables were expressed as mean =+ standard deviation (SD). To characterize the study population, normally
distributed continuous variables were analyzed using one-way ANOVA, skewed continuous variables were assessed with
the Kruskal-Wallis test, and categorical variables were compared using the chi-square test. Weighted multivariable
logistic regression models were utilized to analyze the association between the number of VDs and UI infections, with
results reported as odds ratios (ORs) and 95% confidence intervals (95% Cls). Three models were constructed: (1) Crude
Model, unadjusted to evaluate original associations; (2) Model 1, adjusted for age, race, PIR, marital status, and
education level to control for demographic confounders; (3) Model 2, adjusted for age, race, PIR, marital status,
education level, smoking status, BMI, depression, waist circumference, Age at Menarche, Vitamin D, hypertension,
and diabetes to control all confounders.

Additionally, weighted restricted cubic spline (RCS) curves were applied to investigate possible nonlinear associa-
tions between exposure (number of VDs) and outcomes (UI). To validate the stability of the findings, subgroup analyses
were stratified by age, race, marital status, education level, smoking status, diabetes, and depression. These analyses
aimed to identify whether distinct correlations between the number of VDs and Ul incidence existed within specific
population subgroups.

Results

Participants Characteristics

This study included 6744 participants, with demographic and clinical characteristics of premenopausal (n=4046) and
postmenopausal (n=2698) women. Among premenopausal women (Table 1), 1,399 (36%), 738 (17%), and 432 (10%)
reported SUI, UUI, and MUI, respectively. Corresponding figures for postmenopausal women (Table 2) were 1,255
(49%), 1,043 (37%), and 579 (21%). To maximize data balance, the number of VDs was categorized into four groups: 0,
1, 2, and >3 deliveries. Premenopausal women with 0 or 2 VDs exhibited higher family income, elevated educational
levels, and serum vitamin D concentrations compared to those with other numbers of VDs. They also demonstrated lower
BMI, waist circumference, and reduced likelihood of diabetes and depression. In contrast, postmenopausal women
showed no significant associations between VD numbers and BMI, depressive symptoms, or smoking status. However,
postmenopausal women with 0 or 2 VDs generally displayed higher family income, serum vitamin D concentrations, and
lower probabilities of diabetes and hypertension compared to other parity groups.

Association Between the Number of VDs and Ul in Pre- and Postmenopausal Women
Three multivariate logistic regression models were constructed to evaluate the effects of the number of VDs on three Ul
subtypes. Analyses treating VD count as a continuous variable showed a significant positive association between VDs
and SUI and MUI in crude Model for premenopausal women (P < 0.001). This association persisted for SUI (Table 3) (P
< 0.001) and MUI (Table 4) (P = 0.039) in Model 2 (fully adjusted). However, no significant associations were observed
between the number of VDs and any UI subtypes in postmenopausal women. When VDs were assessed categorically in
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Table | Baseline Weighted Characteristics of Premenopausal Women

Characteristic Overall 0 Delivery I Delivery 2 Deliveries > 3 Deliveries p-value?®
N = 4046’ N = 1609' N =634' N =851' N =952'

Year 3451+ (9.76) 29.55+ (8.53) 34.65% (9.63) 39.25+ (8.67) 40.26% (7.53) <0.001

Race <0.001

Mexican American 634 (9.2%) 185 (6.9%) 83 (8.4%) 124 (8.6%) 242 (16%)

Other Hispanic 405 (6.4%) 150 (6.1%) 70 (7.7%) 89 (6.0%) 96 (6.4%)

Non-Hispanic White 1622 (64%) 680 (67%) 224 (59%) 375 (68%) 343 (57%)

Non-Hispanic Black 800 (12%) 304 (10%) 153 (15%) 145 (9.2%) 198 (14%)

Other Race 585 (8.8%) 290 (9.8%) 104 (9.7%) 118 (8.1%) 73 (6.6%)

Education level <0.001

Less than 9th grade 245 (3.6%) 56 (2.0%) 28 (3.3%) 51 (3.6%) 110 (7.4%)

9-11th grade 499 (9.3%) 111 (5.3%) 81 (11%) 99 (8.9%) 208 (18%)

High school graduate/GED or 788 (19%) 252 (16%) 148 (24%) 189 (20%) 199 (21%)

equivalent

Some college or AA degree 1327 (33%) 542 (32%) 218 (33%) 282 (34%) 285 (31%)

College graduate or above 1187 (36%) 648 (45%) 159 (29%) 230 (33%) 150 (23%)

Marital status <0.001

Married 1927 (50%) 573 (36%) 310 (53%) 506 (66%) 538 (62%)

Widowed 91 (2.1%) 38 (2.0%) 15 (2.7%) 19 (1.7%) 19 (2.1%)

Divorced 348 (8.8%) 90 (5.8%) 55 (9.3%) 99 (11%) 104 (12%)

Separated 162 (3.2%) 31 (1.8%) 27 (4.0%) 39 (3.0%) 65 (6.2%)

Never married 1028 (24%) 676 (41%) 143 (18%) 95 (8.0%) 114 (8.3%)

Living with partner 490 (12%) 201 (13%) 84 (13%) 93 (9.8%) 112 (9.4%)

PIR 2.90+ (1.68) 3.17% (1.66) 2.77+ (1.63) 3.03% (1.70) 2.25+ (1.57) <0.001

BMI 28.41+ (7.80) 27.85+ (8.09) 28.86+ (7.98) 28.25+ (6.97) 29.53% (7.73) <0.001

Waist circumference 93.58+ (17.70) | 91.57+ (18.50) 94.98+ (18.68) 93.98+ (15.58) 96.61% (16.77) <0.001

Vitamin D (nmol/L) 67.51% (27.78) | 68.31% (29.45) 65.86+ (26.54) 70.43% (26.74) 63.68+ (25.43) <0.001

Depression 0.001

Yes 415 (9.4%) 126 (7.4%) 81 (14%) 87 (9.3%) 121 (11%)

No 3631 (91%) 1483 (93%) 553 (86%) 764 (91%) 831 (89%)

Age at menarche (years) 12.70+ (1.69) 12.63% (1.66) 12,61+ (1.81) 12.83% (1.63) 12.79+ (1.72) 0.014

Smoking status <0.001

Yes 1255 (34%) 391 (27%) 226 (42%) 300 (38%) 338 (37%)

No 2791 (66%) 1218 (73%) 408 (58%) 551 (62%) 614 (63%)

Diabetes 0.002

Yes 156 (3.2%) 42 (1.9%) 31 (5.1%) 33 (3.1%) 50 (4.4%)

No 3890 (97%) 1567 (98%) 603 (95%) 818 (97%) 902 (96%)

Hypertension <0.001

Yes 399 (8.9%) 94 (5.9%) 57 (8.7%) 107 (10%) 141 (15%)

No 3647 (91%) I515 (94%) 577 (91%) 744 (90%) 811 (85%)

SuUI <0.001

Yes 1399 (36%) 292 (19%) 230 (40%) 415 (54%) 462 (49%)

No 2647 (64%) 1317 (81%) 404 (60%) 436 (46%) 490 (51%)

UulI <0.001

Yes 738 (17%) 231 (14%) 107 (17%) 174 (20%) 226 (22%)

No 3308 (83%) 1378 (86%) 527 (83%) 677 (80%) 726 (78%)

MUI <0.001

Yes 432 (10.0%) 97 (5.6%) 55 (9.0%) 129 (15%) 151 (15%)

No 3614 (90%) 1512 (94%) 579 (91%) 722 (85%) 801 (85%)

Note: 'Meant (SD); n (unweighted) (%)Significant p-values (p < 0.05) are shown in bold.
Abbreviations: PIR, family poverty-income ratio; BMI, body mass index; SUI, stress urinary incontinence; UUI, urge urinary incontinence; MUI, mixed urinary incontinence.
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Table 2 Baseline Weighted Characteristics of Postmenopausal Women

Characteristic Overall 0 Delivery I Delivery 2 Deliveries | > 3 Deliveries | p-value®
N = 2698' N = 409' N =321' N =673’ N = 1295’

Year 63.62+ (9.25) 61.28+ (8.29) 61.27+ (8.46) 62.82+ (8.84) 66.11+% (9.64) <0.001

Race <0.001

Mexican American 340 (4.4%) 39 (3.2%) 19 (2.3%) 53 (2.7%) 229 (6.9%)

Other Hispanic 335 (4.5%) 47 (3.9%) 37 (3.7%) 80 (4.1%) 171 (5.3%)

Non-Hispanic White 1267 (77%) 222 (82%) 156 (80%) 362 (81%) 527 (71%)

Non-Hispanic Black 472 (7.8%) 55 (5.3%) 67 (7.7%) 102 (6.0%) 248 (10%)

Other Race 284 (6.0%) 46 (5.4%) 42 (6.5%) 76 (5.8%) 120 (6.3%)

Education level <0.001

Less than 9th grade 322 (5.7%) 32 (4.1%) 16 (2.5%) 51 (3.2%) 223 (9.3%)

9-11th grade 364 (10%) 29 (3.9%) 30 (6.2%) 83 (11%) 222 (14%)

High school graduate/GED or equivalent 663 (24%) 83 (19%) 87 (27%) 167 (24%) 326 (27%)

Some college or AA degree 723 (29%) 118 (29%) 99 (30%) 190 (30%) 316 (28%)

College graduate or above 626 (31%) 147 (44%) 89 (34%) 182 (33%) 208 (22%)

Marital status <0.001

Married 1294 (54%) 155 (44%) 145 (48%) 361 (62%) 633 (55%)

Widowed 503 (16%) 58 (11%) 49 (14%) 112 (14%) 284 (20%)

Divorced 455 (16%) 59 (16%) 71 (21%) 128 (16%) 197 (16%)

Separated 102 (2.3%) 7 (1.9%) 6 (2.0%) 17 (1.3%) 72 (3.4%)

Never married 264 (8.3%) 116 (23%) 37 (8.0%) 41 (5.2%) 70 (3.7%)

Living with partner 80 (3.1%) 14 (4.2%) 13 (6.4%) 14 (1.3%) 39 (2.7%)

PIR 3.17% (1.63) 3.39% (1.57) 3.28% (1.69) 3.53% (1.57) 2.78% (1.60) <0.001

BMI 28.87+ (6.95) 29.38% (7.67) 28.70% (7.27) 28.30% (6.57) 29.11% (6.73) 0.109

Waist circumference 98.48+ (15.41) | 100.06x (16.74) | 97.40% (16.33) | 97.13% (14.72) | 99.14+ (14.86) 0.046

Vitamin D (nmol/L) 80.76+ (32.50) | 87.49+ (35.97) | 79.78% (30.92) | 82.10+ (33.12) | 77.05+ (30.35) 0.003

Depression 0814

Yes 252 (7.5%) 46 (8.3%) 34 (8.7%) 50 (7.1%) 122 (7.0%)

No 2446 (93%) 363 (92%) 287 (91%) 623 (93%) 1173 (93%)

Age at menarche (years) 12.85+ (1.69) 12.88+ (1.73) 12.66% (1.78) 12.77+ (1.57) 12.97+ (1.71) 0.029

Smoking status 0.156

Yes 1033 (42%) 164 (44%) 149 (48%) 265 (42%) 455 (38%)

No 1665 (58%) 245 (56%) 172 (52%) 408 (58%) 840 (62%)

Diabetes 0.003

Yes 485 (14%) 54 (9.1%) 55 (14%) 91 (11%) 285 (18%)

No 2213 (86%) 355 (91%) 266 (86%) 582 (89%) 1010 (82%)

Hypertension 0.031

Yes 1373 (46%) 179 (40%) 165 (44%) 330 (43%) 699 (51%)

No 1325 (54%) 230 (60%) 156 (56%) 343 (57%) 596 (49%)

SuUI 0.045

Yes 1255 (49%) 164 (42%) 145 (45%) 323 (51%) 623 (52%)

No 1443 (51%) 245 (58%) 176 (55%) 350 (49%) 672 (48%)

UulI 0.180

Yes 1043 (37%) 149 (35%) 101 (31%) 262 (39%) 531 (40%)

No 1655 (63%) 260 (65%) 220 (69%) 411 (61%) 764 (60%)

MUI 0.057

Yes 579 (21%) 74 (17%) 55 (16%) 139 (23%) 311 (23%)

No 2119 (79%) 335 (83%) 266 (84%) 534 (77%) 984 (77%)

Note: 'Meant (SD); n (unweighted) (%)Significant p-values (p < 0.05) are shown in bold.
Abbreviations: PIR, family poverty-income ratio; BMI, body mass index; SUI, stress urinary incontinence; UUI, urge urinary incontinence; MUI, mixed urinary incontinence.
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Table 3 Logistics Regression for the Associations Between the Number of VDs and SUI

Crude Model
OR (95% CI)

Minimally-Adjusted Model

(Model 1)
OR (95% CI)

Fully-Adjusted Model
(Model 2)
OR (95% CI)

1.29 (1.20,1.38) <0.001

Premenopausal Number of VDs 1.50(1.42,1.59) <0.001
Women Number of VDs
0 Ref. Ref. Ref.
| 2.88(2.20,3.79) <0.001 2.52(1.86,3.43) <0.001 2.53(1.85,3.47) <0.001
2 4.96(3.98,6.17) <0.001 3.44(2.69,4.40) <0.001 3.73(2.92,4.77) <0.001
23 4.14(3.32,5.17) <0.001 2.73(2.03,3.68) <0.001 2.94(2.18,3.97) <0.001
P for trend <0.001 <0.001 <0.001
Postmenopausal Number of VDs 1.05(0.99, 1.12) 0.088 1.06(1.00, 1.13) 0.064 1.07(1.00,1.14) 0.056
Women Number of VDs
0 Ref. Ref. Ref.
| 1.17(0.77,1.80) 0.5 1.13(0.72,1.77) 0.6 1.17(0.76,1.81) 0.5
2 1.49(1.04,2.13) 0.032 1.44(0.98,2.11) 0.061 1.52(1.05,2.20) 0.028
23 1.52(1.10,2.11) 0.012 1.55(1.10,2.18) 0.013 1.62(1.16,2.27) 0.006
P for trend 0.007 0.007 0.003

1.31(1.22,1.41) <0.001

Notes: Model I: adjust age, race, PIR, marital status, education level. Model 2: adjust age, race, PIR, marital status, education level, smoking status, BMI,
depression, waist circumference, Age at Menarche, Vitamin D, hypertension, diabetes. Significant p-values (p < 0.05) are shown in bold.
Abbreviations: SUI, stress urinary incontinence; VDs, vaginal deliveries.

Table 4 Logistics Regression for the Associations Between the Number of VDs and MUI

Crude Model
OR (95% CI)

Minimally-Adjusted Model

(Model 1)
OR (95% CI)

Fully-Adjusted Model
(Model 2)
OR (95% CI)

Premenopausal Number of VDs 1.35(1.25,1.45) <0.001 1.09(0.99,1.21) 0.087 1.11(1.01,1.22) 0.039
Women Number of VDs
0 Ref. Ref. Ref.
| 1.66(1.09,2.53) 0.019 1.13(0.72,1.76) 0.5 1.07(0.68,1.69) 0.8
2 2.88(2.05,4.05) <0.001 1.66(1.05,2.62) 0.031 1.78(1.14,2.79) 0.012
23 3.02(2.17,4.19) <0.001 1.34(0.87,2.07) 0.2 1.44(0.94,2.21) 0.090
P for trend <0.001 0.836 0.026
Postmenopausal Number of VDs 1.08(1.03, 1.14) 0.005 1.03(0.97, 1.10) 0.3 1.04(0.98, 1.10) 0.2
Women Number of VDs
0 Ref. Ref. Ref.
| 0.93(0.55,1.55) 0.8 0.89(0.53,1.51) 0.7 0.91(0.55,1.53) 0.7
2 1.49(0.92,2.43) 0.11 1.46(0.92,2.34) 0.11 1.57(1.00,2.46) 0.049
23 1.47(1.03,2.10) 0.036 1.25(0.86,1.80) 0.2 1.32(0.92,1.87) 0.13
P for trend 0.009 0.073 0.029

Notes: Model I: adjust age, race, PIR, marital status, education level. Model 2: adjust age, race, PIR, marital status, education level, smoking status, BMI,
depression, waist circumference, Age at Menarche, Vitamin D, hypertension, diabetes. Significant p-values (p < 0.05) are shown in bold.
Abbreviations: MUI, mixed urinary incontinence; VDs, vaginal deliveries.

Model 2, the risk of SUI was elevated in premenopausal women with 1, 2, or >3 deliveries compared with that of
nulliparous women, with ORs of 2.53, 3.73, and 2.94, respectively; whereas among postmenopausal women, having 2 or
>3 VDs was positively associated with SUI risk with ORs of 1.52 and 1.62, respectively. A significant association
between the number of VDs and MUI risk was observed at 2 deliveries in both premenopausal (OR = 1.78) and
postmenopausal women (OR = 1.57). No significant association was detected between the number of VDs and UUI risk

in either group (P > 0.05) (Table 5).
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Table 5 Logistics Regression for the Associations Between the Number of VDs and UUI

Crude Model
OR (95% CI)

Minimally-Adjusted Model
(Model I)
OR (95% CI)

Fully-Adjusted Model
(Model 2)
OR (95% CI)

Premenopausal
Women

Postmenopausal
Women

Number of VDs
Number of VDs
0
|
2
23
P for trend
Number of VDs
Number of VDs
0
|
2
23

P for trend

1.17(1.09,1.26) <0.001

Ref.
1.20(0.90,1.61) 0.2
1.50(1.16,1.94) 0.002
1.68(1.26,2.24) <0.001
<0.001
1.06(1.01, 1.12) 0.024

Ref.
0.83(0.53,1.29) 0.4
1.19(0.79,1.80) 0.4
1.22(0.90,1.66) 0.2

0.725

0.99 (0.90,1.08)0.8

Ref.
0.88(0.64,1.20) 0.4
0.97(0.70,1.36) 0.9
0.86(0.59,1.24) 0.4

0.562
1.01(0.95, 1.07) 0.9

Ref.
0.82(0.52,1.29) 0.4
1.16(0.76,1.76) 0.5
0.99(0.71,1.36) 0.9

0.640

0.99(0.90,1.09) 0.9

Ref.
0.83(0.60,1.13) 0.2
1.00(0.72,1.41) 0.9
0.89(0.61,1.29) 0.5

0.794
1.01(0.95, 1.07) 0.7

Ref.
0.82(0.52,1.29) 0.4
1.21(0.81,1.83) 0.3
1.02(0.75,1.40) 0.9

0.513

Notes: Model I: adjust age, race, PIR, marital status, education level. Model 2: adjust age, race, PIR, marital status, education level, smoking status, BMI,
depression, waist circumference, Age at Menarche, Vitamin D, hypertension, diabetes.

Abbreviations: UUI,

urge urinary incontinence; VDs, vaginal deliveries.

To further explore potential nonlinear relationships between the number of VDs and SUI/MUI in women before and

after natural menopause, we employed RCS plots. Solid lines represent smoothed curve fits between variables, with

shaded areas indicating 95% Cls. Stratified analyses by menopausal status revealed, in fully adjusted covariate models,

an inverted U-shaped (Figure 2) association between the number of VDs and SUI and an L-shaped (Figure 3) pattern

with MUI across both groups (P for nonlinearity < 0.001).

Subgroup Analysis

To elucidate the potential heterogeneity of the relationship between the number of VDs and SUI/MUI in subgroups of

women with distinct characteristics before and after menopause, we conducted subgroup analyses and interaction tests

0.91

Odd ratio (95%Cl)

0.31

0.6

P-overall < 0.001
P-non-linear < 0.001

Premenopausal

Postmenopausal

0 1 2 3 4 5 6 7 8 9 10
Number of vaginal deliveries

Figure 2 RCS curve analysis for relationships between the number of VDs and SUI in pre- and postmenopausal women.

Note: adjust age, race, PIR,

marital status, education level, smoking status, BMI, depression, waist circumference, Age at Menarche, Vitamin D, hypertension, diabetes.

https:
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P-overall < 0.001
P-non-linear < 0.001

Premenopausal

5 Postmenopausal

Odd ratio (95%Cl)

0.8

0.4

0 1 2 3 4 5 6 7 8 9 10
Number of vaginal deliveries

Figure 3 RCS curve analysis for relationships between the number of VDs and MUI in pre- and postmenopausal women.
Note: adjust age, race, PIR, marital status, education level, smoking status, BMI, depression, waist circumference, Age at Menarche, Vitamin D, hypertension, diabetes.

according to age, race, marital status, education level, smoking status, diabetes and depression. Among premenopausal
women, there was an interaction effect of age, race, and education level between the number of VDs and SUI (Figure 4).
Among postmenopausal women, interactions between the number of VDs and MUI (Figure 5) were observed for

education level, diabetes. No interaction effects were observed (Figures 6 and 7).

Discussion

According to standardized definitions by the International Urogynecological Association (IUGA) and the International
Continence Society (ICS), SUI is characterized by involuntary urine leakage during coughing, sneezing, or physical
exertion. Its primary etiology involves dysfunction of the urethral closure function due to anatomical support loss and
increased intra-abdominal pressure. UUI is defined as an idiopathic condition characterized by an uncontrollable urge to
urinate and a sudden, compelling need to void, primarily driven by detrusor overactivity. It is commonly observed in
patients with systemic neurological disorders. MUI manifests as a combination of both SUI and UUI symptoms.'

Childbirth represents a unique phase in women’s lives, with VD established as a significant risk factor for Ul—a
condition that profoundly impairs quality of life, mental health, and social engagement.”> Despite most women are
troubled by this condition, they often delay seeking treatment for several years, and healthcare providers typically
undervalue UT’s clinical significance.”**> This cross-sectional study investigated the associations between the number of
VDs and Ul subtypes among 4,046 premenopausal and 2,698 naturally postmenopausal women. Our analyses detected
inverted U-shaped relationships between the number of VDs and SUI in both menopausal groups, alongside an L-shaped
association with MUI in both them. Notably, premenopausal women exhibited stronger relations for SUI and MUI with
the increase in numbers of VDs compared to postmenopausal counterparts, while no significant correlations emerged
between the number of VDs and UUI in either group.

The biomechanical mechanisms underlying these nonlinear patterns remain speculative. Based on current evidence,
we propose the following potential mechanisms: As VDs accumulate before reaching the peak risk threshold, cumulative
mechanical trauma progressively exacerbates pelvic floor dysfunction through three primary pathways: 1) Overstretching
of pelvic floor muscles leads to diminished elastic recoil; 2) Ligamentous laxity substantially reduces structural support
for bladder and urethral positioning; 3) Pudendal nerve damage compromises neuromuscular coordination essential for
urinary continence.”®” These synergistic effects culminate in significant deterioration of urethrovesical support systems.

Furthermore, multiparity may induce permanent anatomical alterations, including periurethral ligament rupture and
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Subgroups OR OR(95% CI) 95%Cl Low 95%CI High P for interaction
Age f 0.001
<35 ; —8— 143 1.43(1.31,1.56) 1.31 1.56
>=35 2 117 117 (1.09,1.25) 1.09 1.25
Race 0.018
Mexican American | 115 1.15(1.04,1.28) 1.04 1.28
Non-Hispanic Black : —e— 1.24 1.24(1.06,1.44) 1.06 1.44
Non-Hispanic White : —&— 1.37 1.37(1.25,1.50) 1.25 1.5
Other Hispanic :'—Q—u 113 1.13(1.01,1.26) 1.01 1.26
Other Race —&— 143 1.43(1.23,1.66) 1.23 1.66
Marital Status . 0.944
Married ' 1.28 1.28(1.19,1.38) 1.19 1.38
Widowed i 123 1.23(0.89,1.68) 0.89 1.68
Divorced 1.27 1.27 (1.06,1.52) 1.06 1.52
Separated ' 112 1.12(0.92,1.38) 0.92 1.38
Never married 3 122 1.22(1.10,1.37) 11 1.37
Living with partner E 128 1.28(1.12,1.47) 1.12 1.47
Education level 0.005
less than high school ! 111 1.11(1.01,1.22) 1.01 1.22
high school or equivalent E 122 1.22(1.10,1.36) 1.1 1.36
above high school ! 1.37 1.37(1.26,1.48) 1.26 1.48
Smoking status E 0.623
No E 124 1.24(1.16,1.32) 1.16 1.32
Yes 3 1.29 1.29(1.19,1.41) 1.19 1.41
Diabetes E 0.589
No : 125 1.25(1.18,1.33) 1.18 1.33
Yes ' 1.36 1.36(1.08,1.71) 1.08 1.71
Depression E 0.42
No " 1.27 1.27(1.20,1.35) 1.2 1.35
Yes 118 1.18(1.02,1.36) 1.02 1.36
obsi  1hs 1y

Low risk High Risk

Figure 4 Subgroup analysis for associations between the number of VDs and SUI in premenopausal women.

caudal displacement of the bladder neck.?® This pathophysiological cascade may ultimately trigger UI through anato-
mical and functional impairment of the urinary continence apparatus.

Nonetheless, when the number of VDs rises, the body may activate compensatory mechanisms to maintain pelvic
floor function.”” Studies have shown that women with UI demonstrate enhanced activation of auxiliary muscle groups,
such as abdominal and gluteal muscles, due to the progressive deterioration of pelvic neuromuscular structures,
suggesting potential compensatory participation in pelvic floor support.>® Simultaneously, repeated VDs may induce
adaptive structural and functional remodelling of pelvic floor tissues in response to recurrent pulling and injury, thus
potentially reducing Ul incidence to a certain extent.”” With increasing parity, women are advised to adopt preventive
strategies to mitigate pelvic floor dysfunction, including lifestyle modifications such as weight management to reduce
intra-abdominal pressure, avoiding prolonged standing, scheduling voiding, and restricting fluid intake.>'? Alongside
these measures, pelvic floor muscle training interventions like Kegel exercises can enhance muscular support for the
bladder neck and proximal urethra, especially during times of elevated intra-abdominal pressure, thereby reducing the
risk of UL*
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Subgroups OR OR(95% ClI) 95%Cl Low 95%CI High P for interaction
Age 5 0.936
<65 —e— 1.09 1.09(1.01,1.18) 1.01 1.18
>=65 v—.—* 1.08 1.08(1.02,1.15) 1.02 1.15
Race 0.843
Mexican American | —— 115 1.15(1.03,1.28) 1.03 1.28
Non-Hispanic Black '-:—0—' 1.09 1.09(0.97,1.22) 0.97 1.22
Non-Hispanic White —— 1.06 1.06 (0.98,1.14) 0.98 1.14
Other Hispanic 0—:0—| 1.03 1.03(0.91,1.17) 0.91 1.17
Other Race :—Q—i 116 1.16(1.00,1.34) 1 1.34
Marital Status . 0.142
Married . 112 1.12(1.04,1.21) 1.04 1.21
Widowed : 1.04 1.04(0.94,1.15) 0.94 1.15
Divorced , 1.07 1.07 (0.94,1.21) 0.94 1.21
Separated ' 111 1.11(0.92,1.34) 0.92 1.34
Never married : 1.04 1.04(0.89,1.21) 0.89 1.21
Living with partner : 1.07 1.07(0.89,1.27) 0.89 1.27
Education level 0.016
less than high school . 1.04 1.04(0.96,1.12) 0.96 1.12
high school or equivalent E 1.2 1.20 (1.08,1.33) 1.08 1.33
above high school l 1.07 1.07(0.99,1.16) 0.99 1.16
Smoking status E 0.143
No 1.04 1.04(0.98,1.11) 0.98 1.11
Yes ] 1.16 1.16(1.07,1.26) 1.07 1.26
Diabetes E 0.014
No i 111 1.11(1.05,1.18) 1.05 1.18
Yes I 1.01  1.01(0.91,1.11) 0.91 1.11
Depression E 0.051
No X 1.06 1.06 (1.01,1.12) 1.01 1.12
Yes 122 1.22(1.07,1.39) 1.07 1.39
O.|85 ‘II 1?2 1!4

Low risk High Risk

Figure 5 Subgroup analysis for associations between the number of VDs and MUI in postmenopausal women.

However, we found that the additional risk for SUI and MUI caused by an increased number of VDs was attenuated
in postmenopausal women. This may be closely linked to changes in hormone levels and natural aging of tissues in
postmenopausal women.** The female lower urinary tract, vagina and urogenital fascia originate from the urogenital
sinus, which is sensitive to steroid hormones, with estrogen receptors widely distributed throughout the vagina, urethra,
bladder, pelvic muscles, and ligaments.>> > Estrogen plays a pivotal role in women’s health, and its postmenopausal
decline results in thinning of the urethral mucosal epithelium, relaxation of the submucosal venous plexus, reduction of
vascular density, and decrease in urethral closure pressure.*® Concurrently, studies indicate that collagen concentration
increases multifold in postmenopausal women, while the proteoglycan/collagen ratio decreases. These changes compro-
mise the elasticity and mechanical load-bearing capacity of pelvic floor connective tissue and disrupt the structural
integrity and dynamic support functions of the musculofascial system.*” Furthermore, the co-occurrence of frailty and
osteosarcopenic obesity (OSO) in elderly postmenopausal women exacerbates SUI and MUI through pelvic floor muscle
loss, impaired tissue repair capacity, and elevated intra-abdominal pressure.***' Consequently, the impact of mechanical

trauma from VD is diminished in postmenopausal women, leading to a relatively weaker association between the number
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Subgroups OR OR(95% Cl) 95%Cl Low 95%CI High P for interaction
Age E 0.682
<35 —e— 1.16 1.16 (1.02,1.31) 1.02 1.31
>=35 '—0—« 111 1.11(1.02,1.20) 1.02 1.2
Race 0.615
Mexican American —e— 1.06 1.06(0.93,1.22) 0.93 1.22
Non-Hispanic Black »—*—0—« 1.1 1.10(0.90,1.34) 0.9 1.34
Non-Hispanic White | —8— 118 1.18(1.06,1.30) 1.06 1.3
Other Hispanic '—LQ—' 1.09 1.09(0.93,1.27) 0.93 1.27
Other Race H'—o—- 1.17 1.17(0.95,1.43) 0.95 1.43
Marital Status | 0.388
Married 112 1.12(1.01,1.24) 1.01 1.24
Widowed ) 1.06 1.06 (0.72,1.58) 0.72 1.58
Divorced 1.13 1.13(0.93,1.37) 0.93 1.37
Separated . 1.05 1.05(0.85,1.31) 0.85 1.31
Never married : 124 1.24(1.08,1.43) 1.08 1.43
Living with partner 1.02 1.02(0.87,1.19) 0.87 1.19
Education level 0.16
less than high school : 1.1 1.10(0.98,1.24) 0.98 1.24
high school or equivalent : 1.03 1.03(0.89,1.20) 0.89 1.2
above high school I 1.18 1.18(1.07,1.30) 1.07 1.3
Smoking status E 0.7
No ' 114 1.14 (1.04,1.24) 1.04 1.24
Yes 3 1.1 1.10(0.99, 1.23) 0.99 1.23
Diabetes 0.536
No l 111 1.11(1.03,1.19) 1.03 1.19
Yes 126  1.26 (1.00,1.57) 1 1.57
Depression E 0.566
No | 112 1.12(1.04,1.21) 1.04 1.21
Yes 112 1.12(0.97,1.30) 0.97 1.3

[ T I |
0.7 1 1.3 16

Low risk High Risk

Figure 6 Subgroup analysis for associations between the number of VDs and MUI in premenopausal women.

of VDs and SUI/MUI risk compared to premenopausal women. However, this does not imply that postmenopausal
women should disregard the impact of parity on pelvic floor muscles and tissues. For all women, regular pelvic floor
muscle exercises and maintaining a healthy lifestyle remain critical measures for preventing SUI and MUL*?

UUI is predominantly attributed to bladder overactivity, characterized by involuntary contractions of the detrusor
muscle. When these contractions generate sufficient force to overcome urethral resistance, UUI occurs.** Such involun-
tary activity may correlate with heightened afferent sensory stimuli and increased excitability of bladder smooth
muscle.* Epidemiological investigations have demonstrated that VD elevates the prevalence of SULwhile its impact
on UUI remains limited, consistent with our findings.** VD, as a mechanical insult primarily affecting the pelvic outlet,
exerts limited damage to bladder innervation, insufficient to induce enduring neurological alterations in bladder afferent
pathways.*® Furthermore, studies indicate that nerve injuries during delivery predominantly involve somatic motor fibres,
while autonomic fibres (eg, sympathetic and parasympathetic nerves) as well as the central nervous system regulating

detrusor muscle function remain unaffected.*®*’
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Subgroups OR OR(95% ClI) 95%Cl Low 95%CI High P for interaction
Age 5 0.105
<65 - 1.07 1.07(1.00,1.15) 1 1.15
>=65 »—0—! 1.02 1.02(0.97,1.08) 0.97 1.08
Race 0.678
Mexican American —— 1.04 1.04(0.95,1.14) 0.95 1.14
Non-Hispanic Black v—'~0—- 1.03 1.03(0.93,1.15) 0.93 1.15
Non-Hispanic White e 1.04 1.04 (0.97,1.12) 0.97 1.12
Other Hispanic -—:—0—« 1.07 1.07(0.97,1.18) 0.97 1.18
Other Race '_.'._' 1.03 1.03(0.91,1.16) 0.91 1.16
Marital Status , 0.445
Married . 1.05 1.05(0.98,1.11) 0.98 1.11
Widowed : 1.02 1.02(0.93,1.11) 0.93 1.1
Divorced , 1.05 1.05(0.94,1.18) 0.94 1.18
Separated ' 1.09 1.09(0.90,1.31) 0.9 1.31
Never married I 1.07 1.07 (0.94,1.23) 0.94 1.23
Living with partner : 1.04 1.04(0.85,1.27) 0.85 1.27
Education level 0.302
less than high school } 1 1.00 (0.94, 1.07) 0.94 1.07
high school or equivalent . 1.06 1.06(0.96,1.16) 0.96 1.16
above high school l 1.08 1.08 (1.01,1.15) 1.01 1.15
Smoking status E 0.086
No ' 1.01 1.01(0.96,1.06) 0.96 1.06
Yes ‘ 111 1.11(1.04,1.20) 1.04 1.2
Diabetes 0.164
No : 1.06 1.06 (1.01,1.12) 1.01 1.12
Yes ' 0.98 0.98(0.91,1.07) 0.91 1.07
Depression E 0.283
No l 1.03 1.03(0.99, 1.08) 0.99 1.08
Yes 117 117 (1.03,1.33) 1.03 1.33
085 1 135

Low risk High Risk

Figure 7 Subgroup analysis for associations between the number of VDs and SUI in postmenopausal women.

The primary strength of this study lies in its novel exploration of the association between the number of VDs and the
incidence of Ul subtypes across premenopausal or naturally postmenopausal women, providing insights into this under-
researched relationship. Additionally, leveraging the complex sampling design and sample weights of the NHANES
enhanced the generalizability and representativeness of our findings. However, several limitations should be acknowl-
edged. First, the cross-sectional design precludes causal inferences between the number of VDs and UI. The absence
of support from prospective cohort studies or animal models renders our conclusions still speculative. Second, both
exposure (number of VDs) and outcome (UI) variables were self-reported, introducing potential recall bias and
compromising data accuracy. Furthermore, unmeasured factors like congenital pelvic floor dysfunction, individual
variations in postpartum rehabilitation, and various delivery-assisted interventions (eg, episiotomy, forceps, or vacuum
extraction) may cause residual confounding even after adjusting for multiple confounders, and it is worth noting that the
effect of various delivery-assisted interventions on UI remains controversial.*®* Moreover, inherent limitations in the
design of the questionnaire on Ul in NHANES likely underestimated clinically validated UI cases. In conclusion, our
findings are still hypothesis-generating and that further research is required to validate these correlations.
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Conclusion

The findings of this investigation detect an inverted U-shaped association between the number of VDs and the occurrence of SUI,
an L-shaped relationship was observed with MUI, while no detectable correlation was found with UUI Notably, the additional
risk conferred by increased VDs exhibited attenuated effects on both SUI and MUI in postmenopausal women compared to their
premenopausal counterparts. These results elucidate the complex relationship between the number of VDs and UI, providing
insights into the disparities in Ul risk profiles between pre- and postmenopausal women. Clinicians need to pay special attention
to premenopausal women with multiple VDs, performing prenatal and postnatal pelvic floor muscle strength assessments. For
women identified with weakened musculature, early intervention may be beneficial. Future studies are needed to validate these
observations and elucidate underlying mechanisms to inform early prevention and management strategies that could potentially
reduce the UI burden.
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