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Abstract

Background

This study aimed to assess the prevalence and persistence of key maternal mor-
bidities — urinary incontinence, faecal incontinence, pelvic girdle pain, sexual health
problems, depression, and anxiety — after the births of a first and second baby. Its
longitudinal design distinguishes it from previous research by examining a range of
morbidities over two childbirths and stratifying results based on women’s prior health
history.

Methods and findings

A prospective cohort of 3,047 nulliparous women completed surveys in early preg-
nancy and at 3, 6, 9, and 12-months postpartum after their first birth. Of these, 254
women who had a second baby and consented to follow-up completed additional sur-
veys at 6-months and/or 12-months postpartum after their second baby’s birth. Prev-
alence of each morbidity was reported at each time point, 3, 6, 9, 12-months after the
first birth; and 6 and/or 12-months after the second birth. Persistence was defined as
reporting the morbidity at 6 and/or 12-months after the first birth and again at 6 and/
or 12-months after the second birth. Among 91 women reporting urinary incontinence
after their first baby’s birth, persistence was 100% (n=>5/5) for those who experi-
enced it in the 12-months prior to their first pregnancy and 39.5% (n=34/86) for those
without (RR 2.53, 95% CI (1.95-3.29)). For pelvic girdle pain (n=86), persistence
was 98.1% (n=52/53) who experienced it in the 12-months prior to their first preg-
nancy and 97.0% (n=32/33) for those without (RR 1.01, 95% CI (0.94-1.09)). Sexual
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health problems persisted in 100% (n=76/76) of those who experienced it in the
12-months prior to their first pregnancy versus 89.6% (n=43/48) without (RR 1.12,
95% CI (1.02—1.23)). Depression persisted in 50% (n=4/8) of those who experienced
it in the 12 months prior to their first pregnancy versus 19.0% (n=15/79) without

(RR 2.63, 95% CI (1.15-6.03)); and anxiety persisted in 100% (n=1/1) of those who
experienced it in the 12-months prior to their first pregnancy versus 13.5% (n=12/89)
without anxiety (RR 7.42, 95% CI (4.38—12.55)).

Conclusions

These findings underscore the need for early identification and intervention to miti-
gate long-term health issues, highlighting the importance of targeted pregnancy and
postpartum care for women with prior maternal morbidities.

1. Introduction

During pregnancy, giving birth, and in the postpartum period women undergo signif-
icant physical, mental, and social transformations. Whilst many women experience
excellent health throughout, others may experience short and long-term health prob
lems. Maternity care tends to focus on pregnancy, the birth and the initial six weeks
after the birth [1], yet there is growing evidence that maternal health should be con-
sidered within the context of the women’s health over their life-course [2]. While the
2019 global burden of disease report found that maternal disorders represent 1.07%
(0.94% to 1.21%) of the total DALY's (Disability Adjusted Life Years) [3], pregnancy
and birth factors are also associated with a range of other common health conditions
throughout women’s lives. Common morbidities include incontinence, pelvic girdle
pain, sexual health problems, depression and anxiety. A large portion of the exist-

ing literature has focused on maternal mortality [4], and data on maternal morbidity
remains sporadic and incomplete [5,6]. This study provides important evidence on six
maternal morbidities women experience before and during pregnancy, and after hav-
ing their first and second baby: urinary and faecal incontinence (Ul, Fl), pelvic girdle
pain (PGP), sexual health problems (SHP), depression and anxiety.

Urinary incontinence (Ul) is defined as any involuntary leakage of urine, and the
three main types are stress urinary incontinence (SUI) (provoked by physical exer-
tion or effort, including coughing and sneezing); urge urinary incontinence (UUI) (an
urgent need to urinate) or a combination of both, mixed urinary incontinence (MUI)
[7]. While the prevalence of Ul varies depending on the definitions and measurement
tools used, overall prevalence is high before and during a woman'’s first pregnancy [8]
and postpartum. A recent systematic review reported a Ul prevalence during preg-
nancy of 41% (7—75%) based on 44 studies [9]. A longitudinal cohort study conducted
with 1,507 nulliparous women in Australia reported a prevalence of Ul, defined
as leaking urine monthly or more frequently, of 10.8% pre-pregnancy and 55.9%
during the third trimester [10,11]. The prevalence of Ul ranged from 46.9% to 40.2%
between 4 and 12-months postpartum [12]. It is also known that the prevalence of Ul
increases with age [10,12].
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Faecal incontinence (Fl) is involuntary leakage of stools and is less common than Ul. Women who experience third-
and fourth-degree perineal tears, who have an instrument-assisted vaginal birth, or are of older age are more at risk
[13]. A systematic review of nine prospective cohort studies [14] identified the following risk factors: FI during pregnancy
(Pooled OR 8.90 95% CI (1.62—-48.85), 3 studies, 2,582 participants), maternal age over 35 years (Pooled OR 2.16 95%
CI (1.57-2.97), 5 studies, 10,986 participants), antenatal body mass index (BMI) >30kg/m? (Pooled OR 1.78 95% ClI
(1.09-2.92), 3 studies, 2,829 participants), spontaneous (Pooled OR 1.41 95% CI (1.02—1.96), 4 studies, 10,708 par-
ticipants) and instrument-assisted vaginal birth (Pooled OR 1.94 95% CI (1.53-2.45), 6 studies, 14,873 participants),
labour augmentation with synthetic oxytocin (Pooled OR 2.41 95% CI (1.24—-4.67), 2 studies, 4,165 participants), and
infant birthweight greater than 4000g (Pooled OR 3.12 95% CI (1.46-6.71), 2 studies, 4,980 participants). This review
includes studies describing morbidities associated with two or more pregnancies and/or obstetric-related risk factors for Fl
(including flatus incontinence). However, multivariable meta-analysis was not possible because of the heterogeneity of the
populations and outcome measures, therefore these results were based on univariate meta-analysis, calculating the pool
odds ratios.

Pelvic Girdle Pain (PGP) is defined as pain between the posterior iliac crest and the inferior gluteal fold or at the pubic
symphysis. Prevalence of PGP during pregnancy varies from 23% to 65% depending on the definition used, and 8.5%
of women have significant symptoms 2 years postpartum [15—17]. PGP negatively impacts women’s quality of life during
pregnancy [18] and postpartum [19,20].

Pregnancy and birth also impact women’s sexual health with nearly half of women reporting sexual health problems 6 -
months postpartum. Common postpartum sexual health problems (SHP) include vaginal dryness, dyspareunia, and a lack
of interest in sex [21,22]. Various factors were reported as being associated with postpartum sexual dysfunction and/or
dyspareunia in a 2022 systematic review [23]. For example, anal sphincter injury was associated with sexual dysfunction
and dyspareunia; episiotomy was associated with dyspareunia but not sexual dysfunction; compared with spontaneous
vaginal birth, caesarean section reduced the odds of reporting dyspareunia whilst an instrument-assisted birth increased
theodds of sexual dysfunction but not dyspareunia. The authors concluded that perineal trauma rather than mode of birth
increased the odds of sexual health dysfunction in the first postpartum year.

Women’s mental health is also influenced by the changes occurring during the perinatal and postpartum period.
Depression and anxiety are prevalent peripartum disorders affecting as many as 30% of women [23—25]. Shorey et al.
(2022) conducted a systematic review on postpartum depression among healthy women, defining it as women without
prior history of mental ilinesses (including postpartum depression) and with healthy infants. The incidence of depressive
symptoms was 12% (95% CI 0.04—0.20)(58 articles, 37,294 women) while the overall prevalence was 17% (95% CI1 0.15—
0.20) [26]. A recently published systematic review and narrative analysis on postpartum anxiety (PPA) found that anxiety
symptoms before and during pregnancy, and in the early postpartum period, predicted later PPA (16 studies, 13,358
women). Other risk factors included social support and relationship satisfaction, including perceived relationship quality
[27]. In Ireland, in the 12-months after their first baby, 9.5% of women reported symptoms of moderate/severe anxiety,
14.2% reported symptoms of depression, and 19.2% reported symptoms of stress, measured on the 21-item Depression,
Anxiety and Stress Scale (DASS) [28].

More recently, there is growing recognition of the co-existence of postpartum mental and physical morbidities. For
example, women who reported higher depression or anxiety symptom scores also tended to report more severe Ul, PGP,
and SPH [29]. This bi-directional relationship underscores the need to study mental health and physical health symptoms
together, rather than in isolation, to fully understand the trajectories of women'’s postpartum health over time.

Previous studies explored the impact of parity on aspects of women’s health and several focused on single health
problems. In many studies, increasing parity has been associated with worse or more severe symptoms, but the associa-
tion is not consistent for all health problems. For example, a recent systematic review found no difference in Ul prevalence
in primiparous versus multiparous women up to 1 year postpartum [9], whilst an older study found that greater parity was
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associated with persistent Ul up to 12 years [30]. The risk of developing pelvic girdle pain syndrome (pain at both sacroil-
iac joints and pubic symphysis) increased with parity [31] and women who experienced PGP in previous pregnancies also
seem to be more likely to experience PGP in a subsequent pregnancy [31]. In one longitudinal study in France and ltaly,
primiparous women reported more sexual difficulties postpartum than multiparous women [32].

In relation to mental health, one recent study found that primiparous women had higher anxiety symptoms postpartum
than multiparous women but found no difference in depressive symptoms [33]. Women who experienced their first depres-
sive episode during the postpartum period were at an increased risk of postpartum depressive episodes in subsequent
pregnancies [34]. There is also evidence that differences exist between primiparous women and multiparous women;
while prevalence of postpartum depression symptoms may be higher among multiparous women, especially during the
first 6-months postpartum [34], other studies found that differences between women who had their first or second baby
were scarce and varied [32].

The consequences of these persistent conditions can impact women’s quality of life and well-being significantly. Mor-
bidities like Ul and FI can lead to social isolation [35], SHP may affect relationships [36], and mental health disorders can
compound the burden of physical health issues [37]. Addressing these conditions with comprehensive care that extends
beyond the immediate postpartum period is essential for improving maternal outcomes.

All of this literature acknowledges that maternal morbidity impacts women’s long-term physical and mental health
significantly. However, most studies concentrated either on a single morbidity or examined outcomes only after a first
birth, and did not explore how these morbidities persist or evolve through subsequent pregnancies. This gap limits our
understanding of the cumulative health burden women may face across multiple pregnancies and postpartum periods.
Furthermore, the predictive role of health conditions that pre-exist a woman'’s first pregnancy and their association with
persistent postpartum morbidities remains under-explored. This study addresses these gaps by prospectively investigating
the prevalence and persistence of six common maternal morbidities (Ul, FI, PGP, SHP, depression, and anxiety) following
both first and second births, stratified according to women'’s health in the 12-months before their first pregnancy. By explic-
itly examining morbidity trajectories over consecutive pregnancies, this research aims to provide crucial insights to identify
targeted care strategies for women during pregnancy and beyond.

The objectives of this study were: (1) to determine the prevalence of six maternal morbidities (Ul, FI, PGP, SHP, anx-
iety, depression) before and during pregnancy with the first birth, at 3, 6, 9 and 12-months after the birth, and at 6 and
12-months after the birth of their second baby; stratified by whether or not women reported the morbidity in the 12 months
before their first pregnancy, and (2) to determine the prevalence of persistent symptoms for all of these six morbidities

2. Methods
2.1 Ethical issues

Ethical approval for the MAMMI study was granted by the following research ethics committees (RECs): the Rotunda
Hospital on 03/22/2011 [no reference number]; Galway University Hospital on 31/05/2013 [Ref: C.A.900], and the
Coombe Women and Infants University Hospital on 02/04/2014 [Ref: Study No. 9-2014] and Trinity College Dublin on
16/05/2011 [No reference number], on 05/03/2014 [Ref: 140905] and on 04/03/2015 [Ref: 141211]. Ethical approval for
the MAMMI-SIM study was granted by Trinity College Dublin on 28/07/2017 [Ref: 170603]. Written consent was gained
from all women for the MAMMI study and again for the MAMMI-SIM study.

2.2 Study design & data collection

We conducted a prospective cohort study, the MAMMI study. The primary goal was to recruit nulliparous women from
three of Ireland’s 19 urban-based maternity hospitals, two large (~8,000 births annually) and one medium-sized (~3,000
births annually). All 19 maternity hospitals are ‘urban-based’, some are in cities and others are in large towns. However,
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they all cater for women with various medical and obstetric risk factors and women can choose to self-refer to any mater-
nity hospital. Recruitment took place between 2012 and 2017 across three sites (Site 1: Jan 2012—Oct 2014; Site 2: Oct
2013—July 2015; Site 3: Aug 2015—-Mar 2017). Eligible participants were nulliparous women aged =18, able to read and
understand English, and booked for care in these hospitals, regardless of medical or obstetric risk factors. Women who
experienced miscarriage, stillbirth, or neonatal loss, or whose babies were in Neonatal Intensive Care Unit (NICU) at post-
partum follow-up, were excluded.

During the recruitment time period, there were no substantial changes to the organisation of the maternity services in
Ireland, or to birth outcomes for women.

There were 70,709 maternities in 2012 and 64,097 in 2016. In 2012, 40.5% of primiparous women with a singleton
pregnancy birthed spontaneously, 28.8% had an instrument-assisted birth and 30.3% birthed by caesarean section. In
2016, 36.6% of primiparous women with singleton pregnancy birthed spontaneously, 28.9% had an instrument-assisted
birth and 33.9% birthed by caesarean section. The length of stay postpartum was 0-2 days for 80.6% women in 2012 and
78.8% of women in 2016. [38,39]

The midwives gave women the study information pack at their booking visit and asked them if they were willing to be
contacted by a researcher, to answer questions and find out if they might be willing to take part. Over the duration of the
recruitment period, approximately 8,240 women were offered the study information and 3,047 women were enrolled in the
MAMMI study.

Participants completed a self-administered survey in early pregnancy, and at 3, 6, 9, and 12-months postpartum.

The first survey included retrospective questions concerning their health before and during pregnancy, and the 3-month
postpartum survey included retrospective questions about their health at the end of pregnancy and about the birth. After
women completed the 12-month postpartum survey, all eligible participants who had consented to being contacted about
taking part in related research were asked if they were willing to opt in to the second baby follow-up study. Participants
were eligible if they had had their second baby in the year before the survey’s administration. A total of 254 women who
completed an additional survey 6 and/or 12-months after their second baby birth were included as part of the Second
baby, Intervention and Measuring Cost (SIM) study, (see Fig 1).

Because participation required multiple follow-up surveys several years, there is the potential for selection bias toward
women with higher educational attainment and stable social circumstances. Although this convenience sample may limit
generalisability, particularly to more socioeconomically disadvantaged populations, the large sample size, broad inclu-
sion criteria (no restrictions on medical or obstetric risk factors), and stratification by the existence of the morbidities
before the woman'’s first pregnancy, help mitigate this bias and provide valuable insights into morbidity trajectories in a
well-characterised cohort of women.

The sample size of the initial (first baby) MAMMI study was powered to ensure inclusion of 240 women with Ul to detect
associations between Ul postpartum and maternal age, ethnicity, and pre-pregnancy body mass index (BMI), with the cri-
terion for significance set at p =<0.05. As there were no data on Ul in an Irish population of peripartum women at the time
of starting the study, the sample size was calculated on the proportion of women affected by Ul based on findings from
three international studies [40—42]. The data collected in the antenatal survey and all the four surveys up to 12- months
postpartum were self-reported. Data on women'’s first labour and birth outcomes were collected in the 3-month postpartum
survey and collected from consenting women’s maternity hospital records. The data collected in the MAMMI-SIM study,
including data on second and subsequent births, were self-reported.

In terms of recall bias, the accuracy of women’s memories of their experiences, and their agreement with data recorded
in their maternity care records [43], even up to five years after the birth, has been documented [44].

All women who completed the MAMMI study, consented to being re-contacted about related research, and had a
second birth during the SIM study were invited to complete two additional surveys at both 6 and 12-months postpartum
after their second birth. In practice, not every woman returned both surveys: some completed only the 6-month, some only
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MAMMI Study recruitment and retention — first and second baby

Women invited to participate in the study (n=8243)

Not recruited (n=5187)
4 No response=4445
Completed Survey 1 (antenatal) Declinfzd to participate=586
(n=3047/8243, 37.0%) Not Eligible=156

l » | Hospital records of eligible participants (n=2755/3047, 90.42%) |
Excluded/lost to follow up (n=473)
Did not receive 52=78

No response=333
Withdrew at $2=62

Eligible for follow up at 6-months postpartum (n=2874)

l Excluded/lost to follow up (n=569)
Completed Survey 3 (6 months Did not receive $3=80
postpartum) No response=412
(n=2305/2874, 80.20%) Withdrew at $3=77

|

Excluded/lost to follow up (n=639)
Did not receive S4=80
No response=492
Withdrew at $4=67

Excluded/lost to follow up (n=868)
Did not receive S5=85
No response=555
Withdrew at $5=227
Maternal death=1

Excluded/lost to follow up (n=24)
No response=17
Withdrew=3

Excluded/lost to follow up (n=24)
(12 month=33 and 12 month not 6 month=21)
No response=52
(12 month=32 and 12 month not 6 month=20)
Withdrew=2
(12 month=1 and 12 month not 6 month=1)

Fig 1. Flow chart for participation rates for MAMMI and SIM.

https://doi.org/10.1371/journal.pone.0332891.9001
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the 12-month, and others both. In order for their data to be eligible for inclusion in this study on persistence of morbidities,

and to avoid potential non-response bias, the sample was restricted to only those women who had completed all the

relevant surveys (6 and 12-months after the birth of the first child, and 6 and 12-months after the birth of the second child).
This means, for example:

If a woman completed the 6-month survey after her first baby’s birth but not the 12-month survey, and completed only
the 12-month survey after her second baby’s birth but not the 6-month survey, her data were ineligible for inclusion
because persistence of a morbidity could not be definitively identified.

2.3 Survey measures

Respondents were asked to give information on their experiences of the six previously outlined morbidities: urinary incon-
tinence, faecal incontinence, pelvic girdle pain, sexual health problems, depression and anxiety.

Urinary incontinence (Ul) was defined as reporting any leakage of urine when coughing, laughing, sneezing or exercis-
ing, when leaking on the way to the toilet, when having to wait to use the toilet, or when not going to the toilet immediately
[45]. The morbidity was deemed present if the respondent said they experienced any of these elements of the condition
“one or several times a month”.

Faecal incontinence (Fl) was defined as reporting any leakage of liquid or solid stool [46]. Similar to Ul, the morbidity
was considered present if the respondent experienced one or both of these symptoms “one or several times a month”.

Any sexual health problem (SHP) was defined as women reporting any of the following problems: dyspareunia, low
libido and/or vaginal dryness [47].

Pelvic girdle pain (PGP) was measured using a labeled pain diagram and defined as the presence of any pain between
the posterior iliac crest and the inferior gluteal fold or at the pubic symphysis.

Depression and anxiety were measured at each time point during pregnancy and postpartum using the Depression,
Anxiety, Stress Scale (DASS), which asks about symptoms in the past week [48].

The short-form Depression, Anxiety and Stress Scale (DASS 21) [49,50] was used to assess prevalence and change in
mental health symptoms relating to depression, anxiety and stress from pregnancy through the first postpartum year. The
DASS-21 contains three sub-scales that consist of seven items each. Responses are measured on a four-point Likert
scale from ‘Did not apply to me at all’ to ‘Applied to me very much or most of the time’. The Depression sub-scale includes
statements aimed to detect hopelessness, self-deprecation, devaluation of life and dysphoria (distress/discomfort). The
Anxiety sub-scale includes statements concerning autonomic arousal (physical sensations of anxiety such as heart palpa-
tions or dry mouth) and situational anxiety. The Stress sub-scale includes statements relating to difficulties with relaxing,
and threshold for agitation.

For all six morbidities, survey 1 (completed during the first pregnancy at approximately 10-18 weeks’ gestation) asked
about symptoms in the 12-months before and since the start of pregnancy, and all postnatal surveys, at 3, 6, 9 and
12-months postpartum asked about symptoms in the past three months.

2.4 Data analysis

Participants’ data were first analysed across a range of characteristics/factors gathered in the first survey to assess
whether significant differences existed between the participants in subsequent survey waves. Age, BMI and educational
status were compared between those who participated in the MAMMI study only and those who also participated in the
SIM study. Chi-squared testing was used to determine any statistically significant differences in characteristics between
groups.
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Next, the prevalence of each of the six morbidities (UI, Fl, PGP, SHP, depression, anxiety) was measured at all survey time
points. Women were initially stratified into two groups, those who did and those who did not have the morbidity in the 12-months
before their first pregnancy. Subsequent analyses measured the positive prevalence of each morbidity at each survey time point.

Persistence of each morbidity, as previously defined, was assessed amongst the two stratified groups. A condition was
considered non-persistent if it was experienced after the first baby but not after the second baby. To limit any potential
non-response bias, the sample was restricted to only those women who completed all the relevant surveys (6 and 12-
months after the first baby’s birth, and 6 and 12-months after the second baby’s birth). To determine statistically significant
differences (p<0.05) we calculated relative risk ratios (RR) with 95% confidence intervals (Cl).

In this study, partially completed surveys were defined as those in which participants responded to some, but not nec-
essarily all, questions on each morbidity outcome. Surveys were included in the analysis if participants provided complete
responses for the specific morbidity-related items being analysed at each time point. Surveys with no responses on a
morbidity were excluded from the analysis for that particular morbidity and time point. Consequently, the sample size for
analyses varied slightly across outcomes and time points, which is clearly reported within each relevant results table.

All statistical analyses were conducted using Stata version 16 (StataCorp LLC, College Station, TX, USA).

3. Results
3.1 Participant characteristics

The study participants’ characteristics (measured in the first MAMMI study survey that was completed during early preg-
nancy with their first child) are presented in Table 1. Data are stratified in three ways: (a) the characteristics of all partici-
pants who were included in the first baby surveys (MAMMI); (b) the characteristics of only the women who participated in
both the first and second baby surveys (SIM); and (c) the characteristics of women who completed the first, but not sec-
ond baby, surveys (MAMMI, but not SIM). Statistically significant differences were seen in age, educational level, relation-
ship and employment status (p<0.05) between those in the MAMMI only study and those who also completed SIM study.

a. Prevalence of morbidity during the first pregnancy and after the first and second birth. The respondents
were stratified into two groups, those who did and did not experience the morbidity of interest in the 12-months before
their first pregnancy. The prevalence of each condition (Ul, FI, PGP, sexual health problems, depression and anxiety) was
then measured in both groups (see Fig 1 and S1 Table and S2 Table for detailed results).

Higher prevalence was seen consistently across all six morbidities among those who had experienced the condition
in 12-months before their first pregnancy. For those who had experienced the morbidity in 12-months before their first
pregnancy (i.e., those represented by the red trend line in Fig 1), the 12-month postpartum prevalence was lower than the
prevalence measured during pregnancy, the exception being prevalence of faecal incontinence (full details in S1 Table).
However, those who had not experienced the morbidity in 12-months before their first pregnancy (i.e., those represented
by the blue trend line in Fig 1) showed a higher prevalence 12-month postpartum for urinary incontinence, pelvic girdle
pain and depression (full details in S2 Table).

b. Persistence of morbidity after having a first and second child. Table 2 outlines the six identified morbidities,
stratified by whether the participant had experienced the morbidity in 12-months before their first pregnancy. A statistically
significant difference, as per relative risk ratio (p<0.05), was found between these two groups across four of those
morbidities: Ul, SHP, depression and anxiety.

4. Discussion
Individual morbidities

Urinary incontinence (Ul). The prevalence of Ul was especially high in women with a history of Ul in the 12-months
before their first pregnancy. This is in line with Patel et al. [53] who found that the strongest predictor of Ul during
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Table 1. Participant characteristics for MAMMI and SIM.

(a) MAMMI (b)SIM (c)MAMMI but not Chi square tests of independence
(n=3,047) (n=254) SIM (between (b) and 3 (c))
(n=2,793)
Age Groups*
Up to 24 239 (7.8%) 6 (2.4%) 233 (8.3%) X2x2 (4) = 29.06
25-29 620 (20.4%) 37 (14.6%) 583 (20.9%) p<0.01
30-34 1,316 (43.2%) 130 (51.2%) 1,186 (42.5%)
35-39 734 (24.1%) 77 (30.3%) 657 (23.5%)
40 and over 138 (4.5%) 4 (1.6%) 134 (4.8%)
BMI**
Underweight (<18.5) 141 (5.0%) 17 (7%) 124 (4.8%) x2x2 (5) = 3.74

Normal (18.5-24.9)

1,833 (65.4%)

150 (61.7%)

1,683 (65.7%)

p=0.587

Overweight (25.0-29.9)

540 (19.3%)

50 (20.6%)

490 (19.1%)

Moderately obese (30-39.9) 237 (8.5%) 23 (9.5%) 214 (8.4%)
Extremely obese (>40) 51 (1.8%) 3(1.2%) 48 (1.9%)

Education Status
Junior Cert or less 70 (2.3%) 1(0.40%) 69 (2.5%) x2x?2 (3) = 26.29
Leaving Cert/Vocational 896 (29.7%) 44 (17.5%) 852 (30.8%) p<0.01
Primary degree/PGcert 1,365 (45.2%) 139 (55.2%) 1,226 (44.3%)
MSc/PhD 690 (22.8%) 68 (27%) 622 (22.5%)

Relationship status
Cohabiting partner 2,672 (88.1%) 243 (95.7%) 2,429 (87.4%) 2 (3)=15.45
Non-cohabiting partner 236 (7.8%) 6 (2.4%) 230 (8.3%) p<0.01
Single 101 (3.3%) 4 (1.6%) 97 (3.5%)
Other 25 (0.8%) 1(0.4%) 24 (0.9%)

Employment status
Full time employment 2,412 (79.3%) 228 (89.8%) 2,184 (78.4%) X2 (5) = 23.04
Part time employment 253 (8.3%) 12 (4.7%) 241 (8.7%) p<0.01
Not in paid employment 243 (8.0%) 4 (1.6%) 239 (8.6%)
Student 52 (1.7%) 5 (2.0%) 47 (1.7%)
Sick or disabled 21 (0.7%) 1(0.4%) 20 (0.7%)
Other 59 (1.9%) 4 (1.6%) 55 (2.0%)

Accommodation status
Home, no mortgage 238 (7.9%) 16 (6.3%) 22 (8%) X2x2 (6) = 11.88
Home, mortgage 1,524 (50.3%) 148 (58.3%) 1,376 (49.5%) p=0.065
Home, private rental 1,080 (35.6%) 84 (33.1%) 996 (35.9%)
Home, Local Authority 107 (3.5%) 4 (1.6%) 103 (3.7%)
Caravan/Mobile Home 10 (0.3%) - 10 (0.4%)
Hostel/Homeless 5 (0.2%) 4 (1.6%) 5 (0.2%)

Other 68 (2.2%) 2 (0.8%) 66 (2.4%)

MAMMI refers to those who enrolled in the study for their first baby. SIM refers to those who enrolled in the study for their second baby, having already
participated in the MAMMI study. MAMMI but not SIM refers to those who enrolled in the study for their first baby but did not participate in the SIM study.

*Age group formation in line with standard data collection for the study of pregnant women by institutions such as the National Center for Health Statis-

tics [51].

**BM| categories as per the Health Service Executive [52].

https://doi.org/10.1371/journal.pone.0332891.t001
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Table 2. Persistence of morbidity (morbidity experienced 6-12 months after first baby and 6-12 months after second baby) — Total eligible
sample (n=254).

Did experience | Did not experi- Relative Risk | Fisher’s
persistence ence persistence | ratio (95%CIl) | Exact Test
Urinary Incontinence (n=91) 2.53 p<0.05
(1.95-3.29)
Did have the morbidity in the 12-months before the first pregnancy (n=5) 5 (100%) 0
Did not have the morbidity in the 12-months before the first pregnancy (n=86) 34 (39.53%) 52 (60.47%)
Faecal Incontinence (n=100) - -
Did have the morbidity in the 12-months before the first pregnancy (n=0) - -
Did not have the morbidity in the 12-months before the first pregnancy (n=100) |— 100 (100%)
Pelvic Girdle Pain (n=86) 1.01 p>0.05
(0.94-1.09)
Did have the morbidity in the 12-months before the first pregnancy (n=53) 52 (98.11%) 1(1.89%)
Did not have the morbidity in the 12-months before the first pregnancy (n=33) 32 (96.97%) 1 (3.03%)
Sexual health problems (n=124) 1.12 p<0.05
(1.02-1.23)
Did have the morbidity in the 12-months before the first pregnancy (n=76) 76 (100%) 0
Did not have the morbidity in the 12-months before the first pregnancy (n=48) |43 (89.58%) 5 (10.42%)
Depression (n=87) 2.63 p=-0.065
(1.15-6.03)
Did have the morbidity in the 12-months before the first pregnancy (n=8) 4 (50%) 4 (50%)
Did not have the morbidity in the 12-months before the first pregnancy (n=79) 15 (18.99%) 64 (81.01%)
Anxiety (n=90) 7.42 p>0.05
(4.38-12.55)
Did have the morbidity in the 12-months before the first pregnancy (n=1) 1 (100%) 0 (0%)
Did not have the morbidity in the 12-months before the first pregnancy (n=89) 12 (13.48%) 77 (86.52%)

https://doi.org/10.1371/journal.pone.0332891.t002

pregnancy was Ul before pregnancy, and the strongest predictors of postpartum Ul were Ul before pregnancy and during
pregnancy. In their study with 3,001 participants, the prevalence of Ul among first-time mothers increased from 12.5%

at 6-months postpartum to 27.4% at 30-months postpartum, and 52.1% reported Ul at one or more postpartum data
collection stages. In our study, the prevalence of Ul did not decrease postpartum for women with a history of Ul in the
12-months before their first pregnancy, and the prevalence remained high after their second baby. For women without a
history of Ul, there was a prevalence peak in the first three months postpartum, then it dropped slightly before plateauing
at a higher prevalence than during pregnancy. This demonstrates that some women without any Ul in the 12-months
before their first pregnancy will develop persistent Ul subsequently. The Ul prevalence 12-months after having had a
second baby was higher in both groups (with or without Ul in the 12-months before their first pregnancy). The fact that
study participants had to opt in for the follow-up study after the second baby might have inflated the prevalence if more
women with existing health problems chose to take part. A systematic review [54] on the association between parity

and Ul during pregnancy and the first year postpartum found that women who had already had one or more child(ren)
were more likely to report Ul at some point during their pregnancy but not when Ul was measured over a 4-week period.
At three months postpartum Ul was also associated with multiparity. While these results were based on data from 39
studies, the evidence was uncertain. Barbosa et al.[55] also found very low quality of evidence from a systematic review
of 13 studies and showed that multiparity was a risk factor for Ul in pregnancy. However, the authors did not examine Ul
postpartum.
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MacArthur et al., explored health women’s problems up to 6 years postpartum and found that increasing parity was asso-
ciated with persistent Ul [56]. Our findings show a statistically significant difference in persistence between those that did
experience urinary incontinence in the 12-months before their first pregnancy and those that did not (RR 2.53, 95% CI
(1.95-3.29)).

Faecal incontinence (Fl). The prevalence of Fl decreased one year after the first baby’s birth in women with a history
of Fl in the 12-months before their first pregnancy but not in women with no prior history, although the prevalence was
lower in the latter group. The prevalence in both groups remained low after the birth of the second baby. Of the 100
complete responses, none reported Fl in the 12-months before their first pregnancy and when followed up in the SIM
study reported no persistence of Fl at 6 or 12-months postpartum.

Gartland et al.[57] also found that there was no association between parity and Ul or Fl reported at four years postpar-
tum. Webb et al.[58] did find that, in 175 women who experienced Obstetric Anal Sphincter Injury (OASI) in a previous
pregnancy, the odds of reporting poor quality of life (QoL) for ‘incontinence impact’, measured using the Manchester
Health Questionnaire (MHQ) scale, were significantly higher for women who had three or more children compared with
women after their second baby’s birth. A large longitudinal study [59] following women up to 12 years after the index birth
found that 6% (n=227/3,763) had persistent Fl and 42.7% of those who reported FI 3-months after the index pregnancy
also reported it at 12 years. The same pattern of persistence and resolution of FI was evident for women of any parity at
the index birth and separately for those who had just birthed their first baby. In their study, the prevalence of Fl was 4.0%
after the first birth and 6.0% after a second birth AOR 1.50 [95% CI 0.88-2.57, p=0.135].

Pelvic girdle pain (PGP). The prevalence of PGP was high at all follow-up time points, particularly in women with a
history of PGP in the 12-months before their first pregnancy. Interestingly, PGP is commonly considered to resolve after
the birth [19]. Contrary to this perception, many women in our study continued to report PGP symptoms postpartum
after the first and second baby. In women with a history of in the 12-months before their first pregnancy the prevalence
peaked during pregnancy and dropped to some extend postpartum, but about eight in ten still reported PGP at some point
between 9 and 12-months after their first and second baby. Consistent with the high prevalence findings in other studies
[17,60], nearly half of women without a history of PGP in the 12-months before their first pregnancy experienced PGP
during their first pregnancy. The prevalence in this group increased postpartum and remained high in the 12-months after
their first baby’s birth and after their second baby’s birth. These findings indicate the importance of exploring subgroups of
PGP. Persistence of PGP was not associated with having a history of PGP in the 12-months before their first pregnancy
(RR 1.01, 95% CI (0.94-1.09)). A recent scoping review on PGP risk factors reported that most existing studies found
that parity and having had PGP in a previous pregnancy were risk factors for PGP during pregnancy [61]. PGP during
pregnancy is a risk factor for PGP postpartum [62], but it is unclear how having PGP postpartum after the first baby’s birth
might impact on postpartum symptoms following the second or subsequent births.

To some extent, such high prevalence may be due to the broad definition (any self-reported pain on a diagram) we
used in this study and because we examined period prevalence. Nevertheless, this study gives unique insights into PGP
symptoms across pregnancy and the postpartum period after the first and second baby through its stratification by a
history of PGP in the 12-months before their first pregnancy. Future research should conduct detailed examination of the
potential trajectories of PGP before, during and after pregnancy, and explore the risk of PGP throughout a woman'’s life-
time and how certain lifetime events such as pregnancy impact on these trajectories.

Sexual health problems. Within this analysis, a high prevalence of SHP was seen, particularly amongst participants
who had experienced problems in the 12-months before their first pregnancy. A fall in prevalence rates was seen across
both studies from 3 months postpartum onwards. The prevalence of SHP was significantly higher at 6 and 12-months after
their second baby’s birth in those who had experienced problems in the 12-months before their first pregnancy compared
with those who did not and show a statistically significant difference in persistence (RR 1.12, 95% CI (1.02—1.23)).
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The causes of SHP vary amongst women [63]. Mode of birth has been highlighted as an important risk factor with
spontaneous vaginal births resulting in fewer postpartum problems in regard to sexual function [64]. Whilst childbirth has
been found to have a lasting impact on sexual function, it may be more due to psychological rather than physical factors
[65]. This will be explored further in the discussion of depression and anxiety.

Qualitative findings also suggest that when women seek professional support for these problems they are often met
with unhelpful responses which discourage further engagement and lead to information being sought from other women
[66]. A 2015 analysis of 1,507 first-time mothers within the Australian Maternal Health Study (MHS) found 89% of women
reported SHP in the first 3-months postpartum. Despite the high prevalence, only 24% of participants recalled being asked
about SHP by general practitioners (GP) and 14% by maternal and child health nurses, despite having contact with pri-
mary care practitioners during the first 3-months postpartum [67]. A separate study with women in the MAMMI study found
that, of the women who experienced SHP after their first baby’s birth, only 2.9% (n=18) experiencing dyspareunia and
3.6% (n=16) experiencing a lack of vaginal lubrication spoke to their GP about these issues at 3-months postpartum [66].

An earlier 2018 study with the MAMMI study participants found breastfeeding was associated with dissatisfaction with body
image and SHP at 6-months postpartum. Experiencing dyspareunia in the 12-months before their first pregnancy was asso-
ciated with SHP at 6-months postpartum and a lack of vaginal lubrication at 12-months postpartum [21]. A 2013 study con-
ducted in the US found that women who were older (estimated effect 1.1, p=.01), suffered from depression (-13.3; p=.01)
and breastfed exclusively (-16.5, p<.001) reported significantly poorer sexual satisfaction [68]. The impact of parity has been
studied across a range of populations, with multiparous women generally reporting better sexual satisfaction [68,69].

Depression and anxiety. Our analysis indicates that the prevalence of symptoms of both depression and anxiety (not
categorised by severity) across the different survey time points was higher amongst participants who had experienced
symptoms in the 12-months before their first pregnancy (see Fig 1). While symptoms of depression fell at 12-months at
the second baby’s birth, the prevalence of anxiety rose.

A statistically significant difference in the persistence of depression symptoms and anxiety symptoms after the second
baby’s birth was associated with having had symptoms in the 12-months before their first pregnancy (depression RR 2.63,
95% CI (1.15-6.03); anxiety RR 7.42, 95% CI (4.38—12.55)).

Previous studies have highlighted the association between antenatal and postpartum depressive symptoms [70], with
the onset of depressive symptoms mainly occurring in the early postpartum period and new onset symptoms accounting
for half of these [71]. Across a range of studies one of the greatest predictors of postnatal depressive symptoms has been
the occurrence of symptoms during pregnancy [72]. An earlier study amongst the MAMMI cohort found that depressive
symptoms in pregnancy were associated with odds of 12.8 (95% CI 8.3—19.8) for postpartum depressive symptoms com-
pared to women not reporting depressive symptoms in pregnancy [29]. However, other studies have found a decrease in
minor depressive disorders during the postpartum period [73].

While multiparous women seem to have higher levels of certain risk factors for depressive and anxiety symptoms, spe-
cifically interpersonal risk [34], the impact of these risks may be reduced due to what has been described as their more
realistic attitudes towards motherhood, particularly with regard to beliefs about maternal responsibility [34].

The consequences of depressive and anxiety symptoms can also impact other morbidities such as SHP. For example,
women with depressive symptoms are less likely to have resumed intercourse at 6-months postpartum and more likely to
report SHP than women without symptoms [74].

The continuation of these problems beyond the 6-week provision of postpartum maternity care services in Ireland has
been identified as one justification for extending the period of postpartum care as part of an integrated system of care [28].

Participant characteristics

When comparing the differences in participant characteristics between those who participated in the MAMMI study only
and those who participated in both MAMMI and SIM we can see statistically significant differences in age, education,
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relationship and employment status (p<0.05) (see Table 1), with the caveat that the participant numbers in SIM (n=254)
and MAMMI only (n=2,793) are vastly different.

The age of those who participated in the SIM study tended to be slightly older than those who participated in MAMMI
study only. For example, 51% of participants in the SIM study were aged 30-34 years when they had their first baby com-
pared with 42% in MAMMI study.

The slightly younger age of MAMMI study only participants may reflect a subsequent delay in having their second baby.
Data from the most recent Irish Census has shown that the number of women delaying pregnancy into their late 30s and
40s has increased [75].

The SIM study participants also saw a higher number with a primary degree/post graduate certificate or masters/PhD
(a combined 82.2%) compared to MAMMI study only participants (66.8%). The higher levels of education associated with
participation in both studies may represent an element of self-selection bias. Education and health status have been found
to be crucial factors for taking part in other studies [76,77].

SIM study participants also had a higher level of full-time employment (89.8%) compared with MAMMI study only
participants (78.4%). The discussion of employment uncertainty and its subsequent negative impact on fertility has been
explored in several studies [78,79].

Unmet health need

It is accepted that the scope of maternal health services must expand beyond those focused solely on pregnancy and
childbirth. There is an increased acknowledgement that emphasis must continue to be placed on pre-pregnancy and
long-term health [80]. The scope of what is considered within postpartum care must adopt a comprehensive approach
including support regarding the physical recovery from childbirth, as well as the mental and emotional well-being of
women as mothers [80]. The nature of longitudinal studies allows us to consider the persistence of certain health
conditions. Understanding the scale of morbidities is crucial to ensure that any ongoing or unmet health needs are
addressed. Further research is required to understand the health and help-seeking behaviour of peripartum women
with health problems and explore if women understand what health issues are common, but not normal and amenable
to remedial action.

c.Study strengths & limitations. This study is the first in Ireland to consider the prevalence and persistence of
key morbidities amongst women following the birth of their first baby, and to analyse the differences between women’s
experience of these morbidities after their second baby’s birth.

One of the limitations of this study is the number of participants in the second baby follow-up was much lower (n=254)
than in the initial cohort (n=3,047) (see Fig 2, Flowchart). Due to ethical considerations, women had to opt into this
follow-up study, which contributed to the lower number since we were depended on women letting us know that they had
had a second baby in the year before the study was conducted.

Several sources of bias may have influenced our findings. First, because participation in the SIM study was opt-in,
women with persistent or more severe morbidities may have been likely to continue, potentially inflating prevalence
and persistence estimates (self-selection bias). Second, our reliance on self-reported symptoms introduces recall and
social-desirability biases; women may under- or over-report certain morbidities, particularly sensitive issues like Ul, Fl and
SHP. Third, loss to follow-up and partially completed surveys, though explicitly handled as described in the methods sec-
tion, could also skew results if non-responders differed systematically from responders. Finally, the convenience sampling
at urban maternity hospitals, and the relatively high educational attainment in our cohort, may limit generalisability to more
diverse populations.

Despite these limitations, the large sample size, prospective design, and stratification by women'’s health history
before their first pregnancy strengthen internal validity, and the biases described here should be addressed in future work
employing probability sampling and objective clinical measures.
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. = those who had experienced the condition in the 12 months prior to their first

pregnancy
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their first pregnancy

= an undefined period of time between the final MAMMI study survey at 12
months postpartum and the first SIM survey at 6 months postpartum after the second baby’s

birth. The period of time varies across participants.

Fig 2. Prevalence (%) of morbidity amongst respondents of MAMMI and SIM surveys at each of the survey time points. a. Legend: Prevalence
(%) of morbidity amongst respondents of MAMMI and SIM surveys at each of the survey time points.

https://doi.org/10.1371/journal.pone.0332891.9002

To validate and extend these findings, further studies using probability sampling and more diverse, representative pop-
ulations are recommended. This will help ensure broader applicability of the results.
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Future studies should consider performing multivariable analyses to gain a deeper understanding of the independent
contribution of potential risk factors, such as age, BMI, mode of birth, education, employment, and pre-existing conditions,
to the persistence and severity of maternal morbidities over successive pregnancies. A multivariable analysis approach
would allow for more robust conclusions about causal relationships and could further inform targeted interventions in
maternal and women'’s healthcare.

5. Conclusion

This study offers critical insights into the prevalence and persistence of maternal morbidities following childbirth, empha-
sising the significant impact of pre-existing health conditions on postpartum health. Women with a history of Ul experi-
enced higher rates of persistence postpartum, reinforcing findings from previous research that underscore the predictive
nature of symptoms that pre-exist a woman’s first pregnancy. The persistence of PGP and SHP further highlights the need
for tailored management strategies in postpartum care, as many women report ongoing issues and unmet health needs.
The elevated prevalence of depression and anxiety symptoms underscores the importance of integrating mental health
support into maternal health services.

The persistence of maternal morbidities at 6 and 12-months postpartum, after a first and/or a second baby’s birth
underscores the urgent need for enhanced access to longer-term healthcare to promote better maternal health and quality
of life. Overall, these findings advocate for a comprehensive approach to postpartum care that extends beyond the 6-week
postpartum period. This care needs to address the multifaceted needs of women, emphasise early identification, continu-
ous support, and targeted interventions to improve maternal health outcomes.
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