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Abstract
Introduction and hypothesis We examined obstetric and maternal-newborn factors and UI history for stress urinary incontinence
(UI) and urge UI during pregnancy and the first year postpartum.
Methods This prospective cohort study included 1447 pregnant women who underwent prenatal examinations and completed an
Incontinence Questionnaire-Urinary Incontinence Short Form before pregnancy, during early, mid- and late pregnancy, and at
five visits during the first year postpartum. Data were analyzed using univariate/multivariate generalized estimating equation
(GEE) logistic regression analyses.
Results The prevalence rates of stress UI during late pregnancy (42.5%) and urge UI at 3–5 days postpartum (10.4%) were the
highest throughout pregnancy and the first year postpartum. After adjusting for covariates, gestational age increased the risks of
stress UI (p < 0.001) and urge UI (p = 0.003); stress UI during pre-pregnancy, number of previous vaginal deliveries and
concurrent high body mass index (BMI) increased stress UI (all p < 0.05); urge UI during pre-pregnancy and full-time work
increased urge UI (both p < 0.05) during pregnancy. During the postpartum period, vaginal delivery increased stress UI
(p < 0.001) and urge UI (p = 0.041); stress UI during pre-pregnancy and pregnancy, women aged ≥ 30 years and vacuum
extraction/forceps delivery increased stress UI (all p < 0.05). Urge UI during early, mid- and late pregnancy increased stress
UI (all p < 0.05).
Conclusions Gestational age increased stress and urge UI, while previous vaginal deliveries and high BMI increased stress UI;
full-time work increased urge UI during pregnancy. Vaginal delivery increased both UIs, and vacuum/forceps delivery and
maternal age increased stress UI during postpartum.
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Introduction

Urinary incontinence (UI) is associated with reduced quality
of life during pregnancy [1] and the postpartum period [2].
This involuntary leakage of urine is a common and trouble-
some symptom with reported rates of 6.8–69.0% during preg-
nancy and puerperium in Western and Eastern countries [1,
3–5]. Of the UI types (stress, urge, mixed and other) [6], stress
and urge UIs are the most common during pregnancy [3, 7]
and postpartum [4]. Prevalence rates of stress UI and urge UI
are 9.1–37.8% and 4.9–14.3% during pregnancy, respectively
[3, 7]. During the first year postpartum, prevalence rates of
stress UI and urge UI are 18.6–41.0% and 4.9%–12.4%, re-
spectively [3, 4]. Stress UI after childbirth has had a notable
impact on the daily activities and emotions of women [8].
Women with urge UI may have higher anxiety [9].

Several studies that have investigated factors related to UI
during the pre- and postnatal periods have not specified the UI
type [5, 10–13]. The associated factors for UI in pregnancy
include maternal age [11, 14], parity [11], gestational age [11,
12], constipation, previous urinary tract infection [12], body
mass index (BMI), pre-pregnancy BMI [14] and occasional
leakage before pregnancy [7]. Factors related to UI during the
postpartum period include maternal age and parity, mode of
delivery [10], antenatal UI and neonatal parameters [5].

The factors associated with certain UI types, such as stress UI
or urge UI, may vary; therefore, they require clarification so that
effective treatment strategies for UI can be determined. A recent
study reported that parity was associated with stress UI during
pregnancy [15]. Factors associated with the postpartum preva-
lence of stressUI include vaginal delivery [3, 4, 15] and antenatal
stress UI [3]. Factors associated with urge UI postpartum include
vaginal delivery [4], antenatal urge UI and increasing maternal
BMI during the first trimester [3]. In contrast, studies found that
vaginal delivery was not associated with urge UI postpartum [3,
15]. Factors associated with stress and urge urinary incontinence
(UI) during the prenatal and postnatal periods remain uncertain.

To date, few studies have specifically examined the factors
associated with the prevalence of stress UI and urge UI during
pregnancy and postpartum. Additionally, pre-pregnancy and
prenatal UI data have seldom been incorporated in long-term
follow-up investigations. Therefore, we examined data on ob-
stetric maternal-newborn factors and UI history that were re-
lated to the prevalence of stress UI and urge UI during preg-
nancy and the first year postpartum.

Methods

Study sample and procedure

We conducted a prospective cohort study of women’s health
during pregnancy and the postpartum period. The study was

approved by the Research Ethics Committee of the medical
center. In this study, convenience sampling was used to recruit
pregnant women from among those receiving prenatal exam-
inations at a medical center in Taiwan. The inclusion criteria
were women at ≤ 16 weeks of gestation at the time of recruit-
ment who could read the questionnaires, planned to receive
prenatal examinations and give birth at the study hospital and
were willing to complete the questionnaire from pregnancy to
postpartum. The exclusion criteria were a risk of miscarriage
or fetal abnormality at the time of recruitment. The women
read and signed a consent form before participating in the
study; participants were informed that they were free to with-
draw at any time. Data from 2009 to 2018 were used in this
study. Women were recruited during early pregnancy and
completed questionnaires regarding personal data (e.g., age
and employment) and UI during the month before becoming
pregnant (pre-pregnancy) and during the current month. The
participants were followed up during the mid and late stages
of pregnancy, 3–5 days, 1, 3, 6 and 12 months after childbirth
in the waiting room before prenatal examinations and at 3–
5 days and 1, 3, 6 and 12 months after childbirth in the ma-
ternity units or by mail. Data on birth and newborn parameters
were obtained from the medical records.

UIs were assessed using the Taiwanese version of
International Consultation on Incontinence Questionnaire-
Urinary Incontinence Short Form (ICIQ-UI SF) [16, 17],
which is regarded as reliable and valid for evaluating UI
among Taiwanese women [17]. Cronbach’s alpha coefficient
estimates for the Taiwanese version of ICIQ-UI SF at all time
points included in this study ranged from 0.78 to 0.85.

ICIQ-UI SF comprises three scored questions and one non-
scored question and is easy to complete [16]. The three scored
questions of the ICIQ-UI SF include: “How often do you leak
urine? How much urine do you usually leak?Overall, how
much does leaking urine interfere with your everyday life?”
The total scores for the three questions were recorded, with a
minimum score of 0 and a maximum score of 21. Cut-off
scores are set as 0 (no incontinence) and ≥ 1 (UI).

The International Urogynecological Association (IUGA)
and the International Continence Society (ICS) defined that
stress UI is the complaint of urine leakage associated with
coughing, sneezing or physical exertion, whereas urge UI is
the complaint of urine leakage associated with a sudden com-
pelling desire to void that is difficult to delay [18, 19].

UI type was determined based on one non-scored question
of the ICIQ-UI SF (“When does urine leak?”). The optional
responses indicating stress UI included, “leaks when you
cough or sneeze” and “leaks when you are physically active/
exercising.” The three remaining responses, “leaks before you
can get to the toilet,” “leaks when you are asleep” and “leaks
when you have finished urinating and are dressed,” indicated
urge UI. A combination of these responses indicating urge UI
and stress UI was classified as mixed UI, and the responses
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“leaks for no obvious reason” and “leaks all the time” were
regarded as other UI type [6].

Statistical analyses

Descriptive statistics were used to report the participants’
characteristics and UI types. These characteristics (obstetric
and maternal–newborn parameters) included time-dependent
and fixed variables. The time-dependent variables included
age, concurrent BMI, changes in BMI from pre-pregnancy
to each time point, employment type, gestational age and cur-
rent medical condition/history. The fixed variables were par-
ity, number of previous deliveries, delivery method, instru-
ment use, body weight and head circumference of the new-
born. Obstetric and maternal-newborn parameters and UI his-
tory were independent variables. Outcome variables were UI
rates including prevalence of stress UI and urge UI during
early, mid- and late pregnancy and at 3–5 days and 1, 3, 6
and 12 months postpartum. Associations between indepen-
dent variables and the prevalence of stress UI and urge UI
during pregnancy (early to late pregnancy) and the postpartum
period (3–5 days to 12 months postpartum) were analyzed
using univariate/multivariate generalized estimating equation
(GEE) binary logistic analysis; the odds ratio (OR) and its
95% confidence interval (CI) were also reported. Correlation
coefficient analyses were used to examine multicollinearity
among the independent variables. The subjects with incom-
plete data on the UI questionnaire were excluded. Multivariate
regression analysis included variables with p < 0.10 from uni-
variate regression analysis. The two-tailed significance thresh-
old was set at p < 0.05; statistical analyses were performed
using SPSS version 20 (IBM Corp., Somers, NY).

Results

In total, 1447, 1366, 1241, 1169, 1045, 992, 885, 797 and 735
women completed valid questionnaires during early pregnan-
cy, pre-pregnancy, mid- and late pregnancy and at 3–5 days,
1, 3, 6 and 12 months postpar tum, respect ively
(Supplementary Fig. 1). The reasons for failure to attend
follow-up evaluations at each stage included personal privacy,
frequent visits (early pregnancy), abortion (early and mid-
pregnancy), preterm delivery (late pregnancy), feeling uncom-
fortable, prenatal examination or delivery at other clinics (ear-
ly, mid- and late pregnancy), being tired after childbirth (3–
5 days after birth), anxious with sick baby, busy with baby
care (3–5 days, 1 month and 3 months postpartum), being
pregnant again, loss of contact (6 and 12 months postpartum)
and unknown. There were no significant differences in age
and parity during early pregnancy (p = 0.884, p = 0.276, re-
spectively) and at 3–5 days postpartum (p = 0.187, p = 0.495,
respectively) between the participants and non-participants.

The characteristics of the participants during pregnancy
and postpartum are shown in Table 1 and Supplementary
Table 1. The prevalence rates of stress UI and urge UI at the
nine time points are shown in Fig. 1. The rate of stress UI
during late pregnancy (42.5%) was the highest, and the rate
of urge UI at 3–5 days postpartum (10.4%) was the highest
across pregnancy and the first year postpartum. The preva-
lence rates of mixed UI and other UI at each time point are
shown in Supplementary Fig. 2. The UI prevalence rates at the
nine time points were 22.0%, 32.3%, 53.9%, 60.4%, 33.4%,
31.9%, 32.7%, 31.0% and 35.6%, respectively. Significant
variables from univariate analysis for stress UI and urge UI
prevalence during pregnancy and the first year postpartum
were treated as covariates in multivariate regression analysis.

Stress UI and urge UI during pregnancy

After adjusting for covariates, multivariate GEE logistic re-
gression analysis indicated that risk factors for stress UI dur-
ing pregnancy were concurrent high BMI (OR: 1.03, 95% CI:
1.00–1.06), gestational age (OR: 1.04, 95% CI: 1.03–1.05),
number of previous vaginal deliveries (OR: 2.03, 95% CI:
1.51–2.73) and stress UI during pre-pregnancy (OR: 12.42,
95% CI: 9.10–16.96) (Table 2).

Risk factors for urge UI during pregnancy were full-time
work (OR: 1.55, 95% CI: 1.02–2.36), gestational age (OR:
1.03, 95% CI: 1.01–1.04) and urge UI during pre-pregnancy
(OR: 28.29, 95% CI: 17.54–45.63) after adjusting for covar-
iates (Table 3).

Stress UI and urge UI during the first year
postpartum

After adjusting for covariates, risk factors for stress UI during
the postpartum period were maternal ages of 30–34 years
(OR: 2.06, 95% CI: 1.21–3.50) and ≥ 35 years (OR: 2.46,
95% CI: 1.44–4.20), vaginal delivery (OR: 2.31, 95% CI:
1.69–3.15), vacuum extraction or forceps delivery (OR:
1.76, 95% CI: 1.22–2.52), stress UI during pre-pregnancy
(OR: 2.19, 95% CI: 1.56–3.07) and stress UI during early,
mid- and late pregnancy (OR: 1.98, 95% CI: 1.45–2.72; OR:
1.96, 95% CI: 1.37–2.81; OR: 2.10, 95% CI: 1.50–2.94, re-
spectively) (Table 4).

Risk factors for urge UI during the postpartum period were
vaginal delivery (OR: 1.68, 95% CI: 1.02–2.76) and urge UI
during early, mid- and late pregnancy (OR: 3.74, 95% CI:
1.34–10.45; OR: 3.85, 95% CI: 1.71–8.66; OR: 2.32, 95%
CI: 1.02–5.28, respectively) after adjusting for covariates
(Table 5).
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Discussion

This longitudinal follow-up study presents a clear profile of
stress UI and urge UI during pre-pregnancy, three stages of
pregnancy and the first year postpartum. Our findings verified
obstetric and maternal-newborn factors associated with the
prevalence rate of stress UI and urge UI during the pre- and
postnatal periods. In addition, the effects of experiencing a
history of UI on stress UI and urge UI during pregnancy and
postpartum were identified.

This study found that the number of previous vaginal de-
liveries increased the prevalence of stress UI in the following
pregnancies, but it did not increase the prevalence of urge UI.
One cross-sectional study reporting that previous instrumental
vaginal delivery was associated with UI during pregnancy did
not specify the UI type [20]. In addition, parity was associated
with stress UI [15] or any UI [11] during pregnancy. In our
study, univariate but not multivariate regression models
showed that higher parity was associated with stress UI during
pregnancy. This findingmay be due to the fact that the number
of previous vaginal deliveries had a stronger influence on
stress UI than parity. Additionally, parity was not associated
with stress and urge UI during the first year postpartum, which
was concordant with the results of a prior study of women
followed up at 6 weeks postpartum [15].

Previous studies have reported that childbirth is a notable
pathophysiological factor that contributes to the development
of UI in women [21]; furthermore, vaginal delivery can cause
pelvic floor trauma and pudendal nerve injury [22]. These
injuries may result in the development of UI [23]. In this
study, vaginal delivery increased the prevalence of stress UI
during the postpartum period. This finding is concordant with
those of previous studies, reporting that vaginal delivery was
associated with a higher postpartum prevalence of stress UI [3,
4] as well as an increased risk of long-term stress UI [24]. In
contrast, vaginal delivery was not associated with stress UI at
6 months postpartum [25].

Table 1 Characteristics of participants

Mean±(SD) or n (%)

Age during early pregnancy 33.66±4.02

< 30 years 200 (13.82)

30–34 years 632 (43.67)

≥ 35 years 615 (42.51)

BMI during early pregnancy, kg/m2* 22.24±3.42

BMI at days 3–5 postpartum, kg/m2* 24.88±3.44

Employment during pregnancy

Full time 980 (67.82)

Not full time 465 (32.18)

Employment during postpartum

Full time 668 (63.56)

Not full time 383 (36.44)

Gestational age

Early pregnancy 12.20±2.87

Middle pregnancy 23.62±2.84

Late pregnancy 34.13±2.39

Childbirth 38.14±1.98

Parity

0 896 (62.01)

1 455 (31.49)

2 80 (5.53)

3 13 (0.90)

4 1 (0.07)

Current medical condition/history during early pregnancy*

No 1127 (79.03)

Yes 299 (20.97)

Number of previous deliveries

Vaginal

0 1080 (74.74)

1 312 (21.59)

2 46 (3.18)

3 7 (0.49)

Cesarean

0 1245 (86.16)

1 173 (11.97)

2 24 (1.66)

3 3 (0.21)

Delivery method

Vaginal 638 (60.30)

Cesarean 420 (39.70)

Assisted vaginal vacuum extraction/forceps

No 913 (86.70)

Yes 140 (13.30)

Body weight of newborn, g 2947.97±544.35

Head circumference of newborn, cm 33.30±1.93

SD, standard deviation; BMI, bodymass index; *time-dependent variable

Fig. 1 Distribution of stress and urge urinary incontinence (UI) during
pre-pregnancy (pre-), early pregnancy (early), mid-pregnancy (mid-), late
pregnancy (late), days 3–5 (D3–5), month 3 (M3), month 6 (M6) and
month 12 (M12)
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Our findings verified that vaginal delivery was associated
with urge UI after childbirth. Consistently, previous studies
found an association of vaginal delivery with a higher preva-
lence of urge UI during the postpartum period [4] and with a
slightly increased risk of urge UI compared to cesarean deliv-
ery [24]. However, other studies reported no association be-
tween vaginal delivery and the prevalence of urge UI at
6 weeks [15] and 12 months postpartum [3].

Furthermore, we found that delivery by vacuum extraction
or forceps increased the risk of stress UI during the first year
postpartum. A previous study reported that forceps delivery
increased the long-term risk of stress UI compared with other
vaginal deliveries for women aged < 50 years [26]. However,
there was no long-term risk of stress due to the mode of de-
livery in women aged ≥ 50 years [26].

Our study showed that the prevalence rate of stress UI
during pregnancy ranged from 23.8% to 42.5%, which was
higher than those of urge UI (4.1%–6.9%), mixed UI (1.2%–
6.3%) and other UI (1.3%–4.6%). Similarly, the prevalence

rate of stress UI during the first year postpartum was 16.3%–
23.8%, which was higher than those of urge UI (6.7%–
10.4%), mixed UI (1.8%–4.1%) and other UI (1.9%–4.1%).
These findings indicate that the prevalence of stress UI is the
most common among the UI types during pregnancy and
postpartum, which is in agreement with the reports by previ-
ous studies [3, 4, 7].

The prevalence rates of both stress UI and urge UI in-
creased throughout the three stages of pregnancy. The highest
rates were recorded during late pregnancy, which was sup-
ported by the findings of a regression analysis showing that
gestational age increased the risk of stress UI and urge UI
during pregnancy. This finding is consistent with the results
of previous cross-sectional studies that reported that the third
trimester had a higher risk for any UI than the first trimester
and that gestational age increased the risk of any UI [11, 12].
In addition, the prevalence of stress UI declined during the
period from late pregnancy to 3–5 days postpartum. This find-
ing may be related to the decrease in maternal BMI after

Table 2 Risk factors for the
prevalence of stress urinary
incontinence during pregnancy

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Age, years

< 30 years Ref. – Ref. –

30–34 years 1.18 (0.91–1.53) 0.221 0.86 (0.64–1.16) 0.335

≥ 35 years 1.73 (1.32–2.26) < 0.001* 0.97 (0.71–1.34) 0.868

Employment

Non-full time Ref. – – –

Full time 0.96 (0.81–1.14) 0.652 – –

BMI, kg/m2 1.12 (1.09–1.15) < 0.001* 1.03 (1.00–1.06) 0.037*

BMI change, T10 1.15 (1.05–1.26) 0.004* 1.11 (0.98–1.26) 0.106

BMI change, T20 1.06 (0.99–1.13) 0.107 – –

BMI change, T30 1.01 (0.95–1.06) 0.806 – –

Gestational age 1.04 (1.03–1.04) < 0.001* 1.04 (1.03–1.05) < 0.001**

Parity 1.79 (1.55–2.07) < 0.001* 0.96 (0.75–1.24) 0.778

Medical condition

No Ref. – – –

Yes 1.10 (0.91–1.34) 0.323 – –

Number of previous deliveries

Vaginal 2.39 (1.99–2.87) < 0.001* 2.03 (1.51–2.73) < 0.001**

Cesarean section 0.96 (0.78–1.18) 0.697 – –

Pre-pregnancy SUI

No Ref. – Ref. –

Yes 13.17 (9.90–17.52) < 0.001* 12.42 (9.10–16.96) < 0.001**

CI, confidence interval; Ref., reference; UI, urinary incontinence; BMI, body mass index; SUI, stress urinary
incontinence

T10: from pre-pregnancy to early pregnancy; T20: from pre-pregnancy to mid-pregnancy; T30: from pre-preg-
nancy to late pregnancy

The multivariate regression model included variables with *p < 0.10 in univariate regression analyses treated as
covariates; significance: *P < 0.05; **P < 0.01
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childbirth, which was supported by the regression analysis
result showing that BMI increased the risk of stress UI during
pregnancy, but not during the postpartum period.

Moreover, concurrent highBMI correlatedwith the increased
prevalence of stress UI during pregnancy, and not urge UI. BMI
was previously reported to be a risk factor for the prevalence of
UI during pregnancy [14]. However, during the first postpartum
year, concurrent high BMI was not a risk factor for the preva-
lence of stress and urge UI. In contrast to our findings, previous
studies that did not specify the UI type reported that a high BMI
increased the rates of UI at 3 months [27] and 6 months post-
partum [28]. The inconsistency in the findings between our
study and the previous studies may reflect the differences in
the BMI of the included women, UI type or study design.

The increases in BMI of women from pre-pregnancy to
each time point during pregnancy or the postpartum period
were not associated with stress and urge UI in this study.
One study that did not indicate the UI type showed that weight
gain during pregnancy was not associated with an increased

prevalence of UI during pregnancy or the postpartum period
[29]. However, another study reported that an increase in ma-
ternal BMI during the first trimester was associated with urge
UI at 12 months after delivery [3].

Stress UI experienced prior to pregnancy was associated
with an increased prevalence of stress UI during pregnancy
and the postpartum period. Urge UI prior to pregnancy was also
associated with an increased prevalence of urge UI during preg-
nancy, which is consistent with the findings of a prior study
reporting that women with pre-pregnancy UI had an increased
probability of developing UI during pregnancy [14]. The pres-
ence of stress and urge UI during early, mid- and late pregnancy
increased the prevalence of stress and urge UI during the post-
partum period, respectively. Previous studies reported that an-
tenatal UI was associated with postpartum UI [3], and the oc-
currence of stress UI at term was only associated with stress UI
at 6 months postpartum [25]. However, no association was
reported between women reporting UI at late pregnancy and
stress UI or urge UI at 6 weeks postpartum [15].

Table 3 Risk factors for the
prevalence of urge urinary
incontinence during pregnancy

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Age, years

< 30 years Ref. – – –

30–34 years 1.36 (0.73–2.52) 0.328 – –

≥ 35 years 1.33 (0.71–2.48) 0.373 – –

Employment

Non-full time Ref. – Ref. –

Full time 1.46 (1.01–2.12) 0.046* 1.55 (1.02–2.36) 0.040*

BMI, kg/m2 1.05 (1.01–1.09) 0.007* 0.99 (0.95–1.04) 0.831

BMI change, T10 1.01 (0.87–1.17) 0.863 – –

BMI change, T20 0.96 (0.84–1.09) 0.507 – –

BMI change, T30 1.00 (0.89–1.12) 0.989 – –

Gestational age 1.02 (1.01–1.04) < 0.001* 1.03 (1.01–1.04) 0.003**

Parity 0.89 (0.69–1.17) 0.411 – –

Medical condition

No Ref. – – –

Yes 1.21 (0.80–1.82) 0.359 – –

Number of previous deliveries

Vaginal 0.79 (0.57–1.10) 0.161 – –

Cesarean section 1.07 (0.72–1.59) 0.750 – –

Pre-pregnancy UUI

No Ref. – Ref. –

Yes 27.49 (17.21–43.91) < 0.001* 28.29 (17.54–45.63) < 0.001**

CI, confidence interval; Ref., reference; UI, urinary incontinence; BMI, body mass index; UUI, urge urinary
incontinence

T10: from pre-pregnancy to early pregnancy; T20: from pre-pregnancy to mid-pregnancy; T30: from pre-preg-
nancy to late pregnancy

The multivariate regression model included variables with *p < 0.10 in univariate regression analyses treated as
covariates; significance: *P < 0.05; **P < 0.01
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Our study showed an increased prevalence of stress UI in
women aged ≥ 30 years during the postpartum period. An
earlier cross-sectional study reported that women > 25 years
following the first delivery were at an increased risk of UI
[30]. However, in the current study, newborn parameters
(e.g., birthweight and head circumference) were not risk fac-
tors for any of the examined postpartum UI types, contrary to
the findings of previous studies [5]. This discrepancy may be
due to the differences in the body sizes of the included new-
borns or the study design. In contrast, full-time work increased
the prevalence of urge UI during pregnancy in the present
study. However, no data have been reported regarding the
association between UI and employment during the prenatal

or postnatal periods. This finding requires further investiga-
tion in future studies involving larger study populations.

Our finding suggests that health providers should prioritize
UI type detection during clinical assessment and devote more
time to women with risk factors. In addition, health providers
should provide information regarding lifestyle modifications
(e.g., smoking cessation) to manage both stress and urge UI,
exercise (e.g., pelvic floor muscle exercises) and weight re-
duction for overweight women tomanage stress UI and avoid-
ance of excessive fluids and regular urinating intervals toman-
age urge UI [31]. Our study verified that both UI types during
pregnancy have a strong impact on the UI types postpartum.
This suggests that the provision of information regarding UI

Table 4 Risk factors for the
prevalence of stress urinary
incontinence during the first year
postpartum

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Age, years

< 30 years Ref. – Ref. –

30–34 years 2.16 (1.41–3.31) < 0.001* 2.06 (1.21–3.50) 0.008**

≥ 35 years 2.80 (1.82–4.31) < 0.001* 2.46 (1.44–4.20) < 0.001**

BMI, kg/m2 1.03 (1.00–1.06) 0.038* 1.01 (0.98–1.05) 0.533

Gestational age 1.08 (1.02–1.16) 0.015* 1.00 (0.89–1.12) 0.998

Parity 1.35 (1.15–1.58) < 0.001* 0.84 (0.67–1.04) 0.110

Head circumference of newborn, cm 1.05 (0.99–1.11) 0.075* 1.01 (0.93–1.11) 0.750

Body weight of newborn, g 1.00 (1.00–1.00) 0.013* 1.00 (1.00–1.00) 0.842

Delivery method

Vaginal 2.38 (1.85–3.07) < 0.001* 2.31 (1.69–3.15) < 0.001**

Cesarean section Ref. Ref. –

Vacuum extraction/forceps

No Ref. – Ref. –

Yes 1.51 (1.11–2.06) 0.009* 1.76 (1.22–2.52) 0.002**

Pre-pregnancy SUI

No Ref. – Ref. –

Yes 5.62 (4.34–7.28) < 0.001* 2.19 (1.56–3.07) < 0.001**

SUI during early pregnancy

No Ref. – Ref. –

Yes 4.99 (3.94–6.31) < 0.001* 1.98 (1.45–2.72) < 0.001**

SUI during mid-pregnancy

No Ref. – Ref. –

Yes 4.97 (3.91–6.31) < 0.001* 1.96 (1.37–2.81) < 0.001**

SUI during late pregnancy

No Ref. – Ref. –

Yes 4.67 (3.68–5.92) < 0.001* 2.10 (1.50–2.94) < 0.001**

CI, confidence interval; Ref., reference; UI, urinary incontinence; BMI, body mass index; SUI, stress urinary
incontinence; UUI, urge urinary incontinence

The multivariate regression model included variables with p < 0.10 in univariate regression analyses treated as
covariates; significance: *p < 0.05; **p < 0.01

Independent variables with p ≥ 0.10 in univariate regression analyses were excluded from multivariate regression
analyses (employment, BMI change from pre-pregnancy to each time point of pregnancy and postpartum,medical
condition)
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prevention or intervention, such as pelvic floor muscle exer-
cises, to pregnant women is important, and women should be
encouraged to perform these exercises.

Women who are pregnant or intend to become pregnant
frequently research the advantages and disadvantages of vag-
inal and cesarean deliveries [32]. Our findings will improve
the understanding of health providers regarding the associa-
tions between the mode of delivery and the various types of
UI. In addition, we encourage healthcare professionals to re-
main alert when assessing postpartum UI, particularly in
women who have undergone vaginal delivery or vacuum
extraction/forceps delivery.

The main strengths of the study included its prospective
cohort design with multiple time points and performance of
repeated-measures statistical analyses, which both increased
the accuracy of data and statistical power and eliminated all
issues concerning individual differences. The limitations of
this study relate to the self-reporting of UI by participants.
However, both stress and urge UI types were evaluated using
validated instruments that have been confirmed by
urodynamic measures [6]. The generalizability of our study
findings may be limited as all participants were selected from
a single medical center. Other potential factors, such as episi-
otomy and perineal laceration, were not presented because of

Table 5 Risk factors for the
prevalence of urge urinary
incontinence during the first year
postpartum

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Age, years

< 30 years Ref. – Ref. –

30–34 years 1.54 (0.88–2.69) 0.131 1.60 (0.82–3.09) 0.165

≥ 35 years 1.74 (1.00–3.05) 0.052* 1.90 (0.95–3.78) 0.068

BMI change, T30 0.87 (0.77–0.97) 0.017* 0.90 (0.75–1.07) 0.228

BMI change, D30 0.90 (0.81–1.00) 0.057* 1.01 (0.86–1.18) 0.951

Medical condition

No Ref. – Ref. –

Yes 1.36 (0.97–1.90) 0.074* 1.20 (0.76–1.89) 0.442

Delivery method

Vaginal 1.40 (0.99–1.99) 0.056* 1.68 (1.02–2.76) 0.041*

Cesarean section Ref. – Ref. –

Vacuum extraction/forceps

No Ref. – Ref. –

Yes 1.78 (1.17–2.73) 0.008* 1.51 (0.85–2.67) 0.157

Pre-pregnancy UUI

No Ref. – Ref. –

Yes 10.10 (5.88–17.35) < 0.001* 1.85 (0.49–6.96) 0.363

UUI during early pregnancy

No Ref. – Ref. –

Yes 9.22 (5.41–15.69) < 0.001* 3.74 (1.34–10.45) 0.012*

UUI during mid-pregnancy

No Ref. – Ref. –

Yes 10.19 (6.58–15.77) < 0.001* 3.85 (1.71–8.66) 0.001**

UUI during late pregnancy

No Ref. – Ref. –

Yes 7.98 (5.19–12.26) < 0.001* 2.32 (1.02–5.28) 0.045*

CI, confidence interval; Ref., reference; UI, urinary incontinence; BMI, body mass index; SUI, stress urinary
incontinence; UUI, urge urinary incontinence

T30: from pre-pregnancy to late pregnancy; D30: from pre-pregnancy to 3–5 days postpartum

The multivariate regression model included variables with *p < 0.10 in univariate regression analyses treated as
covariates; significance: *p < 0.05; **p < 0.01

Independent variables with p ≥ 0.10 in univariate regression analyses were excluded from multivariate regression
analyses (employment, concurrent BMI, BMI change from pre-pregnancy to early, mid-pregnancy and 1, 3, 6,
12 months postpartum, gestational week, parity, body weight of newborn, head circumference of newborn)
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the high degree of multicollinearity. Retrospective recall of
pre-pregnancy UI by women may be influenced by a memory
bias during data collection. The dropout rate may also repre-
sent a limitation, as this study was based on multiple measures
over a long-term follow-up period.

Conclusions

Distributions of self-reported stress UI and urge UI across
pregnancy and the first year postpartum were precisely dem-
onstrated in this long-term follow-up study. Factors associated
with stress and urge UI during pre- and postnatal periods were
equivalent or varied. During pregnancy, the gestational age
was associated with increased prevalence of both stress and
urge UI, while the number of previous vaginal deliveries,
stress UI during pre-pregnancy and high concurrent BMI
scores were associated with increases in stress UI, full-time
work increased urge UI. During the first year postpartum,
vaginal delivery increased both stress and urge UI.
Moreover, stress UI during pre-pregnancy, early, mid- and
pregnancy, an age of 30 years or older and vacuum
extraction/forceps delivery were associated with stress UI,
but not urge UI. These findings provide valuable insight re-
garding factors associated with UI type during pregnancy and
after childbirth. In addition, UI awareness should be promoted
to assess the UI type early, particularly for women with risk
factors, and initiate effective strategies for stress UI and urge
UI during the pre-pregnancy, prenatal and postnatal periods.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00192-021-04788-w.
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