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INTRODUCTION

Neuropsychiatric diseases substantially influence reproductive health, pregnancy outcomes,
and foetal development, posing a significant interdisciplinary challenge in both clinical care
and research. Among these conditions, Multiple Sclerosis (MS) and Epilepsy represent major
concerns due to their potential to adversely affect both maternal and foetal health. In affected
individuals of reproductive age, particularly women, the importance of informed reproductive
planning—including the selection and consistent use of adequate contraceptive methods—
cannot be overstated.

Multiple Sclerosis predominantly affects women of reproductive age, making pregnancy
management an important clinical concern. MS is characterized by unpredictable disease
progression, exacerbations, and remissions, which complicate both pregnancy management and
decision-making related to disease-modifying treatments. Current evidence suggests that
pregnancy exerts a stabilizing effect on MS, with decreased relapse rates particularly during the
third trimester, but an increased relapse risk postpartum. Nevertheless, understanding and
mitigating the risks associated with MS-related complications, such as miscarriage and
intrauterine foetal death, remain challenging.

Epilepsy introduces unique complexities due to potential adverse effects of antiepileptic drugs
(AEDs) on pregnancy outcomes, congenital malformations, and neonatal neurodevelopment.
Despite advances in therapeutic options, pregnancy in women with epilepsy (WWE) requires
personalized clinical strategies. Selection of AED therapy must effectively balance maternal
seizure control and foetal safety, necessitating careful monitoring and dose adjustments
throughout pregnancy, particularly during physiological changes that alter drug metabolism.
Further clarification of these associations could facilitate targeted preventive strategies and
early intervention programs, thereby improving long-term developmental outcomes for at-risk

children.

I. Multiple sclerosis

Multiple Sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous

system (CNS). It is one of the most common causes of disability in young adults, affecting
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approximately 1 in 1000 individuals in Western countries, with about 2.5 million people

affected worldwide (1, 2). In Hungary, the prevalence is 65 per 100,000 persons (3, 4).

I/1. Clinical subtypes of MS

The relapsing-remitting form of MS (RRMS) affects approximately 85% of patients and is
characterized by relapses of neurological dysfunction followed by periods of remission (5, 6).
Within 25 years, most patients with RRMS (around 90%) transition into secondary progressive
MS (SPMS), characterized by progressive neurological disability without distinct remissions
(7, 8). A primary progressive form of MS (PPMS) affects around 15% of patients, featuring a
steady decline in neurological function without clear remissions. Some patients with PPMS
may also experience acute clinical relapses superimposed on a continuous functional decline
(7, 8). Despite varying clinical patterns and progression rates, MS is considered one disease

with multiple clinical phenotypes (9, 10).

1/2. Pathophysiology of MS

MS is characterized by inflammation, demyelination, and axonal degeneration, either primary
or secondary (9, 10). Oligodendrocytes, responsible for synthesizing and maintaining the
myelin sheath of axons in the CNS, are the primary targets of immune attacks. These attacks
predominantly involve T-cells and activated macrophages or microglia (11, 12). Two distinct
pathological features are observed in the CNS: focal demyelinated plaques and diffuse global
brain injury. Early in the disease, demyelinated plaques, characterized by primary
demyelination and astrocytic scarring, dominate. Over time, progressive diffuse brain injury
develops through cumulative inflammation, leading to diffuse tissue damage and brain atrophy.
Eventually, chronic multifocal sclerotic plaques form (13, 14). The median time from disease
onset to the necessity of a walking aid is about 20 years (15-18). Life expectancy in MS patients
is approximately 10 years shorter compared to the general population (19, 20).

1/3. Etiology of MS

MS is considered an immune-mediated disorder arising from complex interactions between

genetic and environmental factors (21-24). Candidate gene studies have identified an
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association between MS and the human leukocyte antigen (HLA)-DRB1*1501 (6p21),
confirmed through large genetic linkage studies in Northern European families (25-27).
Environmental susceptibility factors for developing MS have been supported by migration
studies. Migrating from low- to high-incidence areas before age 15 significantly increases MS
risk compared to migration after age 15 (28-31). Epstein-Barr virus (EBV), a member of the
herpes virus family, is notably associated with increased MS risk; individuals with childhood
EBV infection have approximately a 10-fold greater risk, while those experiencing
mononucleosis have at least a 20-fold higher risk compared to uninfected individuals (32-35).
Furthermore, the prevalence of MS increases with geographic latitude worldwide. Although
this difference has recently begun diminishing, reduced sunlight exposure (UV-B radiation) and
corresponding decreases in vitamin D synthesis remain proposed influences on MS risk (36—
43).

1/4. Diagnosis of MS

There is no pathognomonic test for MS; diagnosis primarily relies on patient history. Due to
the inflammatory process, MS symptoms typically emerge subacutely over hours to days,
lasting from more than 24 hours up to 4-6 weeks, followed by full or partial remission.
Historically, MS diagnosis has depended on clinical evidence of dissemination in time (>2
attacks) and space (>2 CNS lesions). However, since the introduction of the Poser criteria in
1983 (44, 45), clinical and paraclinical investigations—including MRI, visual evoked
potentials, and cerebrospinal fluid (CSF) analyses for oligoclonal bands—have supplemented
clinical diagnosis. Updated diagnostic criteria known as the McDonald criteria were introduced
in 2001 and revised in 2011 (46-51), emphasizing MRI evidence of dissemination in space and
time. Differential diagnoses for MS include acute disseminated encephalomyelitis, CNS
infections, systemic lupus erythematosus (SLE), sarcoidosis, neuromyelitis optica, and CNS

manifestations of malignancies in younger patients (52, 53).

1/5. Amelioration of MS during pregnancy

Clinical fluctuations related to hormonal changes during menstrual cycles, pregnancy, and sex
hormone treatments have been reported in MS and other autoimmune diseases (54-56). Various
immunologically active substances in the serum of pregnant women possess anti-inflammatory

and immunosuppressive effects, potentially influencing MS (57, 58). Experimental allergic



13

encephalomyelitis models demonstrate that both estrogen and progesterone can suppress
disease activity. An increased postpartum risk of autoimmune flares might result from reduced
estrogen-mediated immune modulation, supported by evidence from MRI studies evaluating
oral estriol treatment effects on MS (59).

Suppression mechanisms by sex hormones likely include inhibition of nitric oxide production
in microglia and reduced synthesis of pro-inflammatory factors. Pregnancy-associated proteins
such as alpha-fetoprotein and interleukin-10 (IL-10) further down-regulate cellular immunity
(60, 61). MS pathogenesis predominantly involves T-helper type 1 (Thl)-mediated immune
responses, which are counteracted by a Th2-dominant state during pregnancy, reducing disease
activity. Postpartum shifts back to Thl dominance partially explain the increased relapse risk
in the initial 3-6 months after delivery (62—73). Regulatory T-cells and natural killer (NK) cells
also play roles in this complex immune modulation during pregnancy, though precise

mechanisms remain unclear.

1/6. Effects of MS on pregnancy, delivery, and birth outcomes

Epidemiological studies demonstrate that MS frequently manifests postpartum among women
of reproductive age. Recent research has emphasized pregnancy’s influence on MS disease
course, particularly postpartum relapse rates, driven mainly by Th1 cells and pro-inflammatory
cytokines crossing the blood-brain barrier and causing inflammation (74, 75). Elevated estrogen
levels during pregnancy temporarily promote Th2 cytokine dominance, stabilizing MS and
decreasing relapse frequency, especially in the third trimester. Postpartum cytokine fluctuations
subsequently trigger disease relapses.

Saraste et al. reported reduced NK cell levels among women receiving postpartum disease-
modifying medication, correlating with lower relapse rates relative to untreated women. Post-
delivery relapse rates range from 25-50%, highest within the first three months postpartum.
With the advent of disease-modifying therapies (DMTs), questions have arisen about optimal
therapy discontinuation timing during pregnancy and potential long-term impacts on
conception, pregnancy outcomes, delivery circumstances, and neonatal health. Although
studies on beta-interferon and glatiramer acetate remain preliminary and somewhat
controversial, current evidence generally suggests no negative impact of these treatments on

foetal development or pregnancy outcomes (76-81).
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I1. Epilepsy and pregnancy and perinatal outcomes

11/1. Epidemiology of epilepsy

Epilepsy is a common neurological disorder, with an estimated prevalence in the European
Union of approximately 0.5-0.7%. Among pregnant women, the prevalence has been estimated
at 0.3-0.5% (82, 83). The range of etiological and risk factors for epilepsy varies according to
age and geographical location. Congenital, developmental, and genetic factors are most
commonly associated with epilepsy in childhood, adolescence, and early adulthood. Head

trauma, CNS infections, and tumors may occur at any age and can lead to symptomatic epilepsy.

11/2. Diagnosis of epilepsy

Successful identification of etiological or risk factors depends on the thoroughness and
standardization of investigations. Without clear methodological standards, evaluating study
results becomes challenging (84-86). According to the International League Against Epilepsy
(ILAE) classification, epilepsy can be classified as primary (idiopathic) or secondary
(symptomatic). Idiopathic epilepsy specifically refers to genetically determined epilepsy
syndromes with well-defined clinical and EEG characteristics. However, it is frequently used
more broadly to describe epilepsies with unknown etiology. The classification of epilepsy
syndromes (primary or secondary) and seizure types (focal or generalized) should follow the
revised ILAE classification (87).

11/3. Use of antiepileptic drugs (AEDs) during pregnancy

Management of women with epilepsy (WWE) should focus on optimizing treatment well before
conception. This involves close collaboration between neurologists and obstetrician-
gynecologists, selecting the AED most likely to control seizures at the lowest effective dose,
avoiding valproic acid (VPA) when suitable alternatives exist, minimizing polytherapy,
providing dietary supplementation with folic acid, and offering pre-conception counseling (88—
91). Discontinuation of pharmacological therapy is generally not feasible, as seizures during

pregnancy may pose greater risks to both mother and fetus than treatment (88-91).
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Recent studies have identified AED use during pregnancy as a major cause of congenital
malformations (MCMs) and potential negative effects on cognitive development in infants
following prenatal exposure (87, 92, 93). Although some studies hypothesize that maternal
epilepsy itself may contribute to MCMs (94-98), recent evidence suggests that AED therapy is
the primary cause of malformations (87, 92, 93). Numerous studies have evaluated the
relationship between MCM rates and long-term effects of maternal AED exposure. A summary
of teratogenic risks associated with various AEDs is presented in Supplement 1 (see in
Appendix) (99).

The risk of MCMs significantly increases in infants exposed to AEDs during the first trimester,
and this risk rises further with polytherapy (100). The teratogenic effect of AEDs is dose-
dependent and influenced by additional factors (101, 102). The highest risk is associated with
high-dose valproic acid compared to other AEDs such as carbamazepine, phenytoin, and
lamotrigine (103). Few studies have clearly separated the effects of epilepsy itself from AED
exposure regarding MCM and other pregnancy outcomes. Nevertheless, several studies suggest
an approximately threefold increased risk of MCMs among children born to WWE compared
to children of healthy women (104-111). Periconceptional dietary supplementation with folic
acid significantly reduces the risk of congenital malformations, particularly anencephaly and
spina bifida (91).

11/4. Breastfeeding and AEDs

Breastfeeding has known benefits, yet concerns remain about its safety during AED therapy
due to potential cognitive impacts on infants. Pamela Crawford’s review (112, 113)
recommends encouraging WWE to breastfeed. The concentrations of various AEDs in breast
milk typically parallel maternal plasma concentrations. The total quantity of AEDs transferred
via breast milk is generally much lower than transplacental transfer during pregnancy.
However, since the elimination mechanisms for AEDs are not fully developed in early infancy,
repeated exposure through breast milk might result in drug accumulation (114). A prospective
multicenter study with extensive data indicated persistent adverse cognitive effects in children
up to six years following foetal VPA exposure (115, 116).
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11/5. Seizures in WWE during pregnancy and perinatal outcomes

Recent studies indicate that about 90% of WWE experience successful pregnancy outcomes
and deliver healthy children without increased obstetric or neonatal complications (117-120).
However, earlier publications reported increased risks of miscarriage, preterm birth,
intrauterine growth restriction, and low birth weight among neonates of WWE (121, 122).
Additionally, higher rates of maternal complications, including gestational diabetes mellitus,
hypertensive disorders, and intracranial antepartum hemorrhage, have been reported (123-126).
A major concern for WWE is the potential influence of pregnancy on seizure frequency. The
EURAP study found that nearly 60% of WWE remained seizure-free during pregnancy (127,
128). Seizure patterns during pregnancy may be affected by fluctuating estrogen and
progesterone levels (129, 130). Serum AED concentrations and metabolic changes (such as

diabetes mellitus) are also significant influencing factors (131).

I11. Choice of contraception

I11/1. Long-acting reversible contraception (LARC)

In 2015, Hungary's total fertility rate was 1.45, slightly below the European Union average
(132). While Hungarian women generally plan to have around 2.4 children, the majority
ultimately have only one, influenced by factors such as career aspirations, financial constraints,
and family circumstances (133). Additionally, in 2016, approximately 20% of live births were
followed by induced abortion (130). A prevailing trend toward delayed childbearing presents
challenges for contraceptive care, as older women face increased risks with certain methods,
such as combined hormonal contraception, and often have reduced access to effective options
(134). Reproductive intentions and sexual behaviour tend to evolve with age. Long-acting
reversible contraception (LARC) is widely recognised as a suitable postpartum method, yet its
utilization in Hungary remains extremely low, around 5.9%. Ensuring timely and effective
contraception in the postpartum period—particularly within the first 6-8 weeks after birth—is

essential, especially among high-risk populations.

I11/2. Lactational amenorrhoea (LAM)
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Lactational amenorrhoea (LAM), which results from the suppression of ovulation through
exclusive breastfeeding, can serve as a reliable contraceptive method during the early
postpartum phase. Women should be counselled on the immediate postpartum use of effective
methods such as intrauterine devices (IUDs), levonorgestrel-releasing intrauterine systems
(LNG-IUS), and progestogen-only subdermal implants (137). Contraceptive methods should
ideally be initiated within 21 days of delivery, regardless of breastfeeding status. Understanding
the determinants of effective contraceptive use during the puerperium can assist public health
professionals in identifying wvulnerable groups and developing targeted educational
interventions to promote uptake of modern hormonal contraception in the postpartum
population (138,140).

Our study aimed to examine how sociodemographic factors, economic status, sexual and
contraceptive history, and breastfeeding practices influence postpartum contraceptive use, with
a particular focus on the adoption of highly effective methods or reliance on LAM
(141,142,143).

AIMS OF THE THESIS

The objectives of the present thesis were to investigate:

I. The effects of multiple sclerosis on pregnancy, delivery, and neonatal outcomes (Paper I).
I1. The impact of epilepsy on pregnancy, delivery, and neonatal parameters (Paper I1).

I11. Contraceptive choices (Paper I11.)

This thesis aims to comprehensively explore these complex interactions. By systematically
investigating clinical outcomes, medication impacts, and potential risk factors associated with
these neuropsychiatric conditions with a particular emphasis on the role of adequate
contraception in mitigating avoidable risks, this research provides valuable insights for
optimizing the care of affected pregnant women and their offspring. Enhanced interdisciplinary
cooperation and informed clinical decision-making are essential to effectively manage the

delicate balance between maternal health and foetal safety.



18

MATERIALS AND METHODS

Multiple sclerosis (MS)

All pregnant women (n=102) diagnosed with relapsing-remitting multiple sclerosis (RRMS),
who received obstetric care at the Department of Obstetrics and Gynecology and neurological
treatment at the Department of Neurology, University of Szeged, between January 1, 1998, and
December 31, 2012, were enrolled in this study. Out of these 102 RRMS patients, 65 were
treatment-naive for disease-modifying drugs (DMD). Since it is known that DMD treatment
can predispose pregnant women to early pregnancy and neonatal complications, patients
requiring DMD due to symptom progression were excluded. The control group, selected by
simple randomization, consisted of 65 age-matched pregnant women without MS or any other
neuroimmunological disorders. Both the case and control groups were further divided into

primigravida and multigravida subgroups.

Epilepsy

This retrospective case-control study included all pregnant women with epilepsy (n=91) who
were managed at the Department of Obstetrics and Gynecology and the Department of
Neurology, University of Szeged, between December 31, 2000, and March 31, 2014. Women
with epilepsy (WWE) were divided into three groups: AED-treatment-naive, monotherapy, and
polytherapy. Controls (n=182) were randomly selected from pregnant women without epilepsy
or other neuropsychiatric disorders, who delivered at our tertiary care center during the same
period. Control participants were referred from the Department of Obstetrics and Gynecology

to the Department of Neurology for a neurological evaluation.

Contraception

A total of 1,875 women were initially invited to participate in the study, of whom 611 declined
to provide consent. Participants were excluded if they were under the age of 18 (n = 16),
illiterate (n = 2), or non-Hungarian speakers (n = 3).

Among the eligible participants, those with access to email (n = 1,517) received a secure link

to an online questionnaire during the 6th to 8th weeks postpartum. Participants without email
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access (n = 62) were sent the questionnaire via standard postal mail. Two follow-up reminders
were issued to non-respondents at approximately one and two weeks after the initial contact.

Despite these efforts, 336 women did not complete the questionnaire, resulting in an overall
response rate of 67%. Additionally, 644 respondents were excluded from the analysis as they
had not resumed sexual activity at the time of data collection. The final analytical sample

consisted of 599 women who completed the questionnaire.

Patient Characteristics

Sociodemographic data, including highest educational level, marital status, employment status,

and residence of participants, were analyzed.

Obstetric Data

The mode of delivery and pregnancy-related complications were assessed. Additional
parameters evaluated included maternal age, gravidity, parity, maternal medical and obstetric
histories, pregnancy outcomes, and neonatal outcomes such as gestational age at delivery,
prematurity, postmaturity, intrauterine growth restriction, minor or major congenital
malformations, and maternal or perinatal complications. Neonatal parameters analyzed were
birth weight, birth length, head and chest circumference, and breastfeeding rates within the first

6 months.

MS-related Data

Clinical subtype and disease duration of MS were analyzed. Disability levels were measured
using the Expanded Disability Status Scale (EDSS).

Epilepsy-related Data

Epilepsy-related data included AED therapy details (indication, dosage, timing), exposure to
epileptic seizures during the first trimester of pregnancy, and potentially AED-related
congenital malformations. Epilepsy syndromes (primary or secondary) and seizure types (focal
or generalized) were classified according to the revised ILAE classification (2010).
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The primary endpoint was the rate of major congenital malformations. Secondary endpoints
included rates of spontaneous abortion, preterm birth, neonatal birth weight, birth length, and
head and chest circumferences.

Contraception-related Data

To identify predictors of effective postpartum contraceptive use—including lactational
amenorrhoea (LAM), either alone or in combination with other methods such as hormonal
contraception, intrauterine devices, or sterilisation—a binary logistic regression model was

employed. All predictor variables were adjusted for maternal age.

Statistical Analysis

Statistical analyses were performed using SPSS (Statistical Package for Social Sciences)
version 20. For comparison of categorical data, the y? test, Fisher’s exact test, and odds ratios
(OR) with 95% confidence intervals (CI) were calculated. The independent-samples Student’s
t-test was applied to compare means. Results were considered statistically significant if p <
0.05. Univariate analyses were performed using analysis of variance (ANOVA) for continuous
variables and the chi-square (y?) test for categorical variables. The logistic regression model
was developed using a stepwise approach, with attention to identifying and managing
collinearity and potential confounders to improve model robustness. The relationship between
predictors and the log-odds of the outcome variable was statistically significant. A p-value of
less than 0.05 (two-sided) was considered indicative of statistical significance.

Ethical Approval

The studies were approved by the Regional Ethics Committee of the University of Szeged and
complied fully with the Declaration of Helsinki (1961).
Approval numbers:

e MS: 194/2010

e Epilepsy: 3136/2012

e Contraception: 125/2011
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RESULTS

I. Multiple Sclerosis (MS)

Between 2000 and 2012, 102 pregnancies in women with multiple sclerosis (MS) were
observed at our tertiary care centre. Of these, 65 women were treatment-naive with respect to
disease-modifying drug (DMD) therapy.

Maternal and neonatal characteristics, as well as the presence of comorbidities in the MS and
non-MS groups, are presented in Tables 1, 2 and 3.

General Demographics

The average age at MS diagnosis was 26.37 & 6.34 years for primigravidas and 27.72 &+ 3.9 years
for multigravidas. The average age at first pregnancy was 29.65 + 4.49 years for primigravidas
and 25.1 +4.46 years for multigravidas (p > 0.05). The mean Expanded Disability Status Scale
(EDSS) score was slightly higher in primigravida women with MS than in multigravidas
(1.36 £ 1.2 vs. 1.48 =4.4), but the difference was not statistically significant (p > 0.05).

The proportion of married women was significantly lower in the control group than in the MS
group (34.3% vs. 72.3%, p<0.001). The distribution of MS mothers living in urban and rural
areas was similar (46.15% vs. 53.85%, p>0.05). No significant differences were found
between the two groups in terms of educational level or employment status. The groups also

did not differ statistically regarding other examined parameters.

Table 1. Educational characteristic in the MS case and control groups

Case group Control group p
n=63* Nn=65
n % n %
Educational level
Primary school 3 4.62 6 9.23 N.S.
Secondary school 48 73.85 52 80 N.S.
Tertiary school 14 21.54 7 10.77 NS

* Missing data in 2 cases.
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N.S.: not statistically significant.
Statistical analysis was performed with the chi-square test and Fischer exact test.

Table 2. Maternal socio-demographic characteristic in the MS case and control groups

Case group Control group p
n=63* Nn=65
n % n %
Educational level
Primary school 3 4.62 6 9.23 N.S.
Secondary school 48 7385 52 80 N.S.
Tertiary school 14 21.54 7 10.77 NS,
Marital status
Married 47 72.3 19 34.3 <0.001
Single 9 13.85 31 47.05 N.S.
Divorced 7 10.77 14 15.68 N.S.
Widow 0 0. 1 2.94 N.S.
Employment status
Employed 45 69.23 40 61.54 N.S.
Unemployed 20 30.77 25 38.46 N.S.
Residency
Urban 30 46.15 24 36.92 N.S.
Rural 35 53.85 41  63.07 N.S.

* Missing data in 2 cases.
N.S.: not statistically significant.
Statistical analysis was performed with the chi-square test and Fischer exact test.
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Table 3. Maternal accompying disorders in women with MS

Prevalence of accompying disorders

Cases Controls p

(n=65) (n=69)

n % n %

Gestational diabetes mellitus

Yes 3 4.62 11 16.92 0.018*
No 62 95.38 54 83.08
Total 65 — 65 —

Essential hypertension

Yes 4 6.15 5 7.69 N.S.
No 61 93.85 60 92.31
Total 65 — 65 —

Depressive disorders

Yes 12 18.46 0 0 <0.001**
No 53 81.54 65 100
Total 65 — 65 —

Hyperthyroidism

Yes 1 1.54 0 0 N.S.
No 64 98.46 65 100
Total 65 — 65 —

p: level of significance <0.05
N.S.: not statistically significant.
Statistical analysis was performed with the chi-square test and Fischer exact test.

Hospitalization for more than five days occurred in 33.85% of women with MS, compared to

none in the control group (p=0.004). However, this difference was not observed between
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primigravida and multigravida subgroups. This finding is associated with MS and MS-related
depressive disorders (p <0.001); the affected women were treated with antidepressants.
Twenty-five women (38.46%) had experienced at least one pregnancy before being diagnosed
with MS. The prevalence of vaginal delivery was significantly lower (p=0.042) in women
whose pregnancies occurred before their MS diagnosis (Table 4).

Miscarriages and intrauterine foetal deaths were significantly more frequent in the MS group
compared to the non-MS control group (p <0.001 and p =0.035, respectively). Twelve women
in the MS group experienced miscarriages between the 6th and 13th gestational weeks, and
there were eight cases of intrauterine foetal death. Miscarriages were significantly more
common among multigravida women with MS than among primigravidas (p =0.003), while

intrauterine foetal death was not significantly more frequent in primigravidas (p = 0.008).

Table 4. Comparison of delivery mode in the case and control groups in MS

Women with MS | Women without MS p
(n=65) (n=65)
n % n %

Vaginal delivery

30 46.15 40 56.92 N.S.
Caesarean section

18 27.69 25 38.46 N.S.

Miscarriage

12 18.46 0 0 <0.001

Intrauterine death 5 7.69 0 0 0.035

N.S.: not statistically significant.
Statistical analysis was performed with the chi-square test Fischer exact test.

Macrosomia and post-term birth rates were similar across both the MS and control subgroups.
The average birth weight was 2759+ 1135 grams in the primigravida MS subgroup,
3221.5 +620.8 grams in the multigravida MS subgroup, 2997 &+ 831 grams in the primigravida
control subgroup, and 3250+561 grams in the multigravida control subgroup. These

differences were not statistically significant (Table 5).
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Table 5. Comparison of perinatal parameters in the case and control groups in MS

Women with MS | Women without MS p
(n=65) (n=65)
n | % n | %
Average birth weight 3004 +904.27 3365 + 552.75 *N.S.
(mean £ SD) (grams)
Prematurity (< 37 gestational 3 4.61 8 12.3 N.S.
weeks)
<2500 ¢ 2 3.07 8 12.3
<1500¢ 1 1.54 0 0
Hospitalization for more 22 33.85 8 12.3 0.004
than 5 days
Small for gestational age 3 4.61 0 0 0.095
Twin pregnancy 3 4.61 0 0 0.095

N.S.: not statistically significant.

SD: standard deviation

Statistical analysis was performed with the chi-square test Fischer exact test and
*independent sample t-test.

Other perinatal outcomes—such as prematurity, macrosomia, and post-term birth—did not
differ significantly between the MS and control groups.

There were three spontaneous twin pregnancies in the MS group (4.61%), which is higher than
the rate of multiple pregnancies in the control group (p=10.095). No multiple pregnancies
occurred in the control group. Data on the mode of delivery and neonatal outcomes in the MS
and non-MS groups are presented in Table 34 and Table 5.

Other examined variables—including average birth weight, prematurity, small-for-gestational-
age status, vaginal delivery, and congenital malformations—also did not differ significantly
between the MS group and the matched control group. Prematurity (<37 weeks or <2500 g),
post-term birth (>40 weeks), macrosomia (>4500 g), and congenital malformation rates were
comparable in both groups. No significant differences were observed in the rate of caesarean
section between primigravida and multigravida women with or without MS. However, the rate
of vaginal delivery was significantly higher in the control group (p <0.001). Average foetal
weight, as well as the rates of prematurity and congenital malformations, were similar in both

groups.



26

Only one newborn required admission to a neonatal intensive care unit due to prematurity (birth

weight: 1120 grams).

For personal reasons, 27 women opted for elective termination of pregnancy during the first

trimester. One medically indicated termination was performed due to progression of MS

symptoms. Two cases of secondary infertility were recorded in both the primigravida and

multigravida MS subgroups; all four women were treated with assisted reproductive technology

(ART). No significant differences in ART use were observed between the two subgroups (Table

6 and Table 7).

Table 6. Comparison of pregnancy outcomes and mode of delivery in primigravidas and

multigravidas women with and without MS

Primigravidas | Multigravidas | Primigravidas | Multigravidas | p-value
case group case group control group | control group
(n=40) (n=25) (n=40) (n=25)
n % n % n % n %
Miscarriage 3 7.5 9 36 0 0 0 0 0.003
Intrauterine 5 12,5 0 0 0 0 0 0 N.S.
death
Caesarean section 9 22.5 5) 20 9 225 | 16 64 N.S.
Vaginal delivery | 23 57.5 11 44 31 775 | 9 36 <0.001
Hospitalization 15 37.5 7 28 0 0 0 0 N.S.
for more
than 5 days

N.S.: not statistically significant.
Statistical analysis was performed with the chi-square test and Fischer exact test.
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able 7. Comparison of pregnancy complications in primigravidas and multigravidas
women with and without MS

Primigravidas | Multigravidas | Primigravid | Multigravid p
case group case group as control as control
(n=40) (n=25) group group
(n=40) (n=25)
n % n %| n % | n %

Average birth 2759 £ 1135 | 3221.5+620.8 | 2997 £831 | 3250 +561 | N.S.
weight (g)
(mean = SD)

Prematurity 1 2.5 2 8 5 125 | 6 24 N.S.
(<37. gestational
weeks; <2500 g)

Macrosomia 0 0 1 4 0 0 3 12 N.S.
(>4500 g)
NICU admission 1 25 0 0 0 0 0 0 N.S.

N.S.: not statistically significant

SD: standard deviation

NICU: Neonatal Intensive Care Unit

Statistical analysis was performed with the chi-square test and Fischer exact test.

Il. Epilepsy

Maternal characteristics

The mean maternal age at delivery was similar in the epileptic and non-epileptic groups:
29.4 +£5.26 years vs. 29.66 = 8.52 years.

Maternal characteristics and comorbidity data for both groups are summarized in Table 8.

The number of obese women was significantly higher in the control group than in the epileptic
group (0% vs. 12.64%, p <0.001). Pre-existing hypertension and pre-eclampsia were more
prevalent among women with epilepsy (7.69% and 4.4%, respectively) compared to those
without epilepsy (0% in both cases; p<0.001 and p=0.012, respectively). There was no
significant difference in the prevalence of gestational diabetes mellitus (GDM) between the two

groups.
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Table 8. Prevalence of concomitant diseases in the WWE and in the control groups

Women with | Women without
epilepsy epilepsy p
(n=91) (n=182)
n % n %

Obesity (BMI > 30) 0 0 23 12.64 | <0.001

Pre-eclampsia 4 4.4 0 0 <0.012
Hypertension in the 7 7.69 0 0 <0.001
medical anamnesis
Gestational diabetes 5 5.81 6 3.3 N.S.

mellitus

N.S.: not statistically significant.
BMI: body mass index
Statistical analysis was performed with the chi-square test and Fischer exact test.

Seizures During Pregnancy and the Postpartum Period

The characteristics of maternal seizures are summarized in Tables 9 and 10. Thirty-four women
with epilepsy (WWE; 37.36%) did not experience seizures during pregnancy. In contrast,
seizures occurred in 57 cases (65.64%) during the gestational period: 26.32% (n=15) in the
first trimester, 24.56% (n=14) in the second trimester, and 49.12% (n=28) in the third
trimester.

Seizures were also reported at the time of delivery in five cases (8.77%) and during the
postpartum period in four cases (7.02%). Three distinct peaks of seizure activity were observed
during pregnancy.

The majority of WWE (69.23%, n= 63) did not show changes in seizure frequency. However,
19 women (20.88%) experienced progression of secondary focal seizures. Additionally, five
women (5.49%) had generalized tonic-clonic (grand mal) seizures during delivery (Table 9).

Changes in seizure pattern were noted in four WWE (4.39%).

Table 9. Seizure occurrence during antepartum and postpartum period in WWE

WWE (n=91)
No seizures 34/91 (37.36%0)
Number of seizures in antepartum period 57/91 (62.64%)
15t trimester 15/91 (16.48%)
2" trimester 14/91 (15.38%)
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3rd trimester 28/91 (30.77%)
Number of seizures in the postpartum period 8/91 (8.79%)
WWE: women with epilepsy

Table 10. Seizure pattern during pregnancy, at delivery and during puerperium in
WWE

WWE (n=91) %
No changes in seizure 63 69.23
pattern

Increasing the number of 19 20.88
seizures in the 3" trimester

Increasing the number of 5 5.49

seizures at delivery

Increasing the number of 4 4.39

seizures in the puerperium

Perinatal Outcomes

The mean gestational age was similar in the non-epileptic group and the epileptic cohort
(38.97 +£2.17 vs. 38.45 £ 2.17 weeks, p > 0.05).

A significant difference was observed in the mean birth weight of neonates:
2973.33 £960.02 grams in the epileptic group versus 3242.74 + 582.72 grams in the
control group (p=0.003).

The miscarriage rate was higher among women with epilepsy than in the non-epileptic
group (7% vs. 0%, p=0.001). The prevalence of vaginal (per vias naturales) delivery
was significantly lower among women with epilepsy than among those without epilepsy
(53.58% vs. 65.93%, p=0.001). The caesarean section rate was also significantly higher
in the epileptic group compared to controls (45.05% vs. 34.06%, p =0.022).

The rates of prematurity and intrauterine growth restriction were similar between the
two groups. However, foetal chest circumference and mean birth length were
significantly different (p<0.001 for both). Likewise, a significant difference was
observed in head circumference between the two groups (p <0.001).

Data on mode of delivery and neonatal parameters are presented in Tables 11 and 12.
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Table 11. Comparison of delivery mode and neonatal parameters in WWE and non-WWE
N.S.: not statistically significant.

WWE non-WWE
(n=91) (n=182)
p
n % n %
Vaginal delivery 50 54.94 120 | 65.93 0.001
Caesarean section 41 45.05 62 34.06 0.022
Previous miscarriage 6 6.59 0 0 0.001
Post-term birth 21 23.07 118 64.84 <0.001
Mean gestational age (weeks) 38.97 £2.17 38.45+£2.17 N.S
Prematurity 13 14.29 20 10.98 N.S.
(<37 weeks, <2500 g)
Intrauterine growth restriction 5 549 3 165 N.S.

WWE: women with epilepsy
Statistical analysis was performed chi-square test and Fischer exact test.
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Table 12. Parameters of neonates of WWE and non-WWE

WWE non-WWE
(n=91) (n=182)
Y
Chest circumference of 32+4.17 33+1.08 <0.001
the newborn (cm)
Head circumference of 33.09 £4.03 33.75+1.26 <0.001
the newborn (cm)
Mean birth length (cm) 48.93 + 2.55 49.61 + 3.96 <0.001
Umbilical cord blood pH 7.28 £0.87 7.28 £0.87 N.S
Mean neonatal birth 3185.72 £ 550.92 3242.74 £ 582.72 N.S
weight (gram)
1 minute Apgar score 8.69 + 2.04 9.75+0.66 <0.001
5 minute Apgar score 9.64 +£0.78 9.89+041 <0.001
10 minute Apgar score 10.0+8.7 9.9+0.29 0.006

WWE: women with epilepsy
N.S.: not statistically significant.
Statistical analysis was performed with independent sample t-test.

Prevalence of AED use during pregnancy

Data on AED use during pregnancy and the detected congenital malformations in each
treatment group are presented in Table 13. Twenty patients (20.97%) were treatment-
naive during pregnancy, while 71 women (79.03%) were exposed to various first- and
second-generation AED regimens.

Of the total cohort, 30 women (32.95%) received monotherapy, while 41 (45.04%) were
treated with combination therapy. Fourteen women (15.38%) received valproic acid
(VPA) as monotherapy.

Seventeen women were treated with combination therapies that included VPA: 17.58%
(LTG) combination, and 12.08% received

received a VPA +lamotrigine
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VPA + carbamazepine (CBZ). CBZ-containing monotherapy was administered in 10
cases (10.98%).

Combinations of LTG +CBZ and LTG + levetiracetam (LEV) were prescribed in 8
(8.79%) and 6 (6.59%) cases, respectively. LTG monotherapy was used in 6 women
(6.59%).

Major congenital malformations (MCMs)

The rate of major congenital malformations (MCM) among neonates born to mothers
exposed to AEDs was 7.69% (n=7).

Four cases occurred following valproic acid (VPA) monotherapy: two cases of persistent
ductus Botalli, one atrial septal defect, and one ventricular septal defect.

Two congenital malformations—gastroschisis and hypospadias—were observed after
the administration of a valproic acid + carbamazepine combination.

One atrial septal defect was detected following carbamazepine monotherapy. (Table 13)

Table 13. Relationship between epilepsy syndromes, AED exposure during pregnancy
and MCMs

PG: primary generalized epilepsy, PF: primary focal epilepsy, SG: secondary generalized

Epilepsy AED exposure AED WWE | WWE | No. of
syndrome during pregnancy daily (n=91) (%) MCMs
dosage
(mg)
SF Not exposed to AED - 20 20.97 0
PG 500-1000 14 15.38 4
Valproic acid
SF Lamotrigine 50-500 6 6.59 0
PG 400-800 10 10.98 1
Carbamazepine
PG Valproic acid + Lamotrigine | 200-1800 16 17.58 1
PG Valproic acid + 100-1800 11 12.08 1
Carbamazepine
PG Lamotrigine + 100-1800 8 8.79 0
Carbamazepine
SF Lamotrigine + 100-1800 6 6.59 0
SG Levetiracetam

epilepsy, SF: secondary focal epilepsy; WWE: women with epilepsy; AED: antiepileptic
drug, MCM: major congenital malformation
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Breastfeeding index in WWE versus non-WWE

The rate of breastfeeding was significantly lower among women with epilepsy (WWE) than
among women without epilepsy. In the case group, 74.72% of all babies were breastfed,

compared to 100% in the control group (p=0.019).

I11. Contraception

Maternal characteristics

The mean maternal age at delivery was similar in all the groups: 31-33 years old

Sociodemographic and Obstetric Characteristics

No significant differences were observed among the four groups regarding age, place of
residence, number of children, or educational attainment. Similarly, perinatal outcomes were
consistent across groups. However, perineal tears were reported more frequently among women

who used effective contraceptive methods.

Breastfeeding Practices and Return of Menstruation

Exclusive breastfeeding at 6-8 weeks postpartum was more common among users of effective
contraception or lactational amenorrhoea (LAM) compared to those relying on condoms or less
effective methods. The return of menstruation by this time point was reported in 28.9% of
effective method users, compared to 41.5% among condom users and 35.5% among users of

less effective methods.

Sexual Activity and Contraceptive Knowledge

Table 14 summarises sexual activity patterns and specific knowledge related to postpartum
contraception. Pre-pregnancy contraceptive use emerged as a strong predictor of postpartum
contraceptive behaviour. The timing of resumption of sexual intercourse after childbirth was
not significantly associated with the type of contraceptive method adopted. Women using less
effective methods resumed sexual activity earlier (mean: 35.5 days postpartum), while users of

effective methods resumed sexual activity slightly later (mean: 38.6 days).
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Table 14. Contraceptive methods

Contraceptive n %
Method
Effective Method 135 22.5%
Users
- Progestogen-only 79 13.2%
pills (POPs)
- Intrauterine device 18 3.0%
(1UD)
- Postpartum female 16 2.7%
sterilisation
- Levonorgestrel- 11 1.8%
releasing 1US (LNG-
1US)
- Combined oral 7 1.2%
contraceptives
(COCs)
- Contraceptive 4 0.7%
vaginal ring
LAM (intentional use) 241 40.2%
Condom Users 130 21.7%
Less Effective Method 93 15.5%
Users
- Withdrawal 36 6.0%
- Spermicides 3 0.5%
- Periodic abstinence 2 0.3%
- Vaginal douching 1 0.2%
No Method Used 51 8.5%

The contraceptive method used during the first postpartum sexual encounter strongly predicted
its continued use at 6-8 weeks: 74.8% of women who initially used an effective method
continued with the same method. Use of effective contraception or LAM was also linked with
higher frequency of sexual activity; 72.6% of effective method users and 62.2% of LAM users
reported engaging in sexual intercourse at least once per week.

Approximately one-third of respondents understood that the introduction of formula or solid
food increases the likelihood of fertility returning. Interestingly, women using LAM
demonstrated a higher awareness that this method is not entirely reliable for pregnancy
prevention (p =.012).

At 6-8 weeks postpartum, women’s likelihood of adopting an effective contraceptive method
was significantly associated with higher partner educational attainment (AOR 1.90; 95% CI:
1.27-2.84), resumption of menstruation (AOR 2.00; 95% CI: 1.25-3.23), and engaging in
sexual intercourse at least once weekly (AOR 2.23; 95% CI: 1.44-3.48). Prior use of an
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effective contraceptive method before pregnancy was a strong predictor, increasing the odds
more than threefold (AOR 3.16; 95% CI: 2.10-4.76), while the application of such a method at
first postpartum intercourse was also independently associated (AOR 1.03; 95% CI: 1.01-1.05)

(Table 15).

Table 15. Prognostic factors of effective contraceptive use and intentional application of

LAM in participants at 6-8 weeks postpartum

Prognostic Use of an Use of an Use of LAM Use of LAM
factor effective effective intentionally intentionally
contraceptive contraceptive asa asa
method method contraceptive contraceptive
p Value AOR (95% method method
Cl) p Value AOR (95%
Cl
Partner’s .002 1.90 (1.27, .002 1.49 (1.07,
education 2.84) 2.06)
Return of .004 2.00 (1.25, - -
menstruation 3.23)
Frequency of <.001 2.23 (1.44, NA NA
sexual 3.48)
intercourse
once a week
Effective <.001 3.16 (2.10, <.001 0.39 (0.27,
contraceptive 4.76) 0.57)
method
before
pregnancy
Effective .049 1.03 (1.01, - -
contraceptive 1.05)
method at
first sexual
intercourse
after
pregnancy
Aware of the NA NA 012 1.57 (1.10, 2.22)

fact that LAM is
not fully
effective in
preventing

pregnancy

a All variables were adjusted for age.

NA: not available.
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Although an unfavourable financial situation and prior use of a less effective contraceptive
method were more frequent among LAM users compared with non-users (p < .05; data not
shown), these factors did not remain significant in multivariate analysis. LAM use at 6-8 weeks
postpartum was positively associated with partner’s higher educational level (AOR 1.49; 95%
Cl: 1.07-2.06) and inversely associated with previous use of a highly effective method before
pregnancy (AOR 0.39; 95% CI: 0.27-0.57). Interestingly, awareness that LAM is not fully
reliable as a contraceptive method was itself a significant positive predictor of its use (AOR
1.57; 95% CI: 1.10-2.22).

Used methods

Approximately 49% of participants resumed vaginal intercourse within 6-8 weeks postpartum,
consistent with estimates reported elsewhere (41-61%) (136, 144-146). Most participants
initiated contraception by 6-8 weeks (91.5%). Among them, 21.7% used condoms, and 15.5%
used no method or a method of lower efficacy. LAM was intentionally used by 40.2%, whereas
22.5% used a highly effective method.

Contraceptive choice closely tracked infant-feeding practices: exclusive breastfeeding was
associated with greater uptake of highly effective methods (47.4%). LAM users tended to have
poorer financial backgrounds, in contrast to reports from other countries (146-149).
International patterns of exclusive breastfeeding vary (USA 44.4%, Canada 51.7%, Australia
39% at 3 months; UK 55% at 6 weeks), which aligns with our cohort (57.1% at 6-8 weeks)
(147-150).

DISCUSSION

Pregnancy in women with multiple sclerosis (MS) and epilepsy is relatively rare and requires a
specialized approach and close monitoring by both neurologists and obstetrician-gynecologists.
Collaboration between these specialists is essential, and they must rely on evidence-based
information to counsel patients and their families.

The prevalence of fertility problems requiring assisted reproductive technology (ART) in our

MS population was low (3.07%), suggesting that MS does not negatively affect fertility—at
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least in its early stages. In our study, all ART-treated women belonged to the relapsing-remitting
MS subgroup.

Finkelsztejn et al. (158) reported a high rate of early pregnancy loss in women with MS, with a
mean miscarriage rate of 23.8% (range: 24.9-31.8%). In 1998, Nelson et al. hypothesized that
these adverse outcomes might be related to circulating maternal antibodies during pregnancy
(159-170). However, that study was limited by the absence of a healthy control group.

To minimize bias in our analysis, we included a matched neurologically healthy control group
when evaluating pregnancy outcomes in women with MS. The significantly higher rate of
hospitalization (>5 days) in the MS group compared to controls may be partially explained by
comorbid depressive disorders (158).

In our cohort, the rate of miscarriage in the first trimester was significantly higher (18.46%)
among women with MS, as was the rate of intrauterine death in the third trimester (7.69%)
compared to women without MS (p <0.001 and p =0.035, respectively).

It is widely accepted that multigravida women have a higher risk of foetal loss. Similarly, in
our study, the rates of miscarriage and intrauterine death were significantly higher in the
multigravida group compared to the primigravida group (p =0.003 and p = 0.008, respectively).
These findings suggest that women with multiple sclerosis have an increased risk of miscarriage
and intrauterine death compared to the general population—particularly among multigravidas.
A literature review by Finkelsztejn et al. (158) reported a mean caesarean section rate of 41.5%
(range: 40.5-42.4%) among women with MS in various countries. Dahl et al. (173, 174)
similarly observed a significantly higher caesarean section rate among women with MS than
among healthy controls.

In our study, the caesarean section rate was significantly higher among both primigravida and
multigravida women with MS compared to controls (p=0.002). Vaginal delivery was
significantly less common in multigravida women (with or without MS) than in primigravidas
(p=0.009). The higher rate of caesarean section in women with MS may be partially attributed
to the caution exercised by obstetricians and gynaecologists due to unfavourable medical
histories (p=0.002).

We also observed a higher rate of twin pregnancies in the MS group compared to controls
(p=0.095). To our knowledge, this finding has not been reported by other authors.
Additionally, we found that the degree of disability—as measured by the Expanded Disability
Status Scale (EDSS)—was low in both subgroups (1.36+ 1.2 in primigravidas and 1.48 +4.4
in multigravidas), and the mean duration of MS was 3.28 years. These findings suggest that

elective termination of pregnancy based solely on MS diagnosis may not be justified.
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The average birth weight and the rates of small for gestational age, preterm birth, post-term
birth, and postpartum complications in the MS group did not differ significantly from those in
the healthy control group. Our findings are consistent with those of Ramagopalan et al. (171,
172), who concluded that MS does not negatively affect neonatal outcomes. However, other
authors have reported higher rates of low birth weight and prematurity than observed in our
study (173-176).

A meta-analysis by Finkelsztejn et al. (158) indicated an increased prevalence of congenital
malformations and neonatal death (range: 0.37%-3.30%). In our MS subgroup, no congenital
malformations were detected. However, the rate of intrauterine death in our MS population
(11.6%) was higher than that reported in the Finkelsztejn meta-analysis. The cause of
intrauterine death remains unclear in our cases.

Obesity was more frequent in the general population than among women with epilepsy (WWE)
(p <0.001). Our findings align with those of Bunyan et al. (123), who found a significantly
higher rate of hypertensive disorders among WWE compared to controls.

In the study by Thomas et al. (129), WWE experienced three peaks of seizure relapse during
pregnancy—specifically in the first, second, and sixth months—with the highest seizure
frequency occurring in the first three days postpartum. Our data are consistent with these
findings in a larger population.

In agreement with earlier reports (125-128), we observed a significantly higher miscarriage
rate among WWE compared to controls (p =0.001), suggesting that epilepsy may contribute to
pregnancy loss.

Recent studies (129, 131) have also shown a higher caesarean section rate in WWE compared
to non-epileptic women. In contrast, Katz et al. (125) concluded that maternal epilepsy is not a
predisposing factor for caesarean delivery. Similarly, other authors (177-185) have found no
significant differences in caesarean section rates among WWE.

In our cohort, however, the caesarean section rate was significantly higher in the epilepsy group
compared to the control group (p =0.022). Epilepsy thus appears to be a frequent co-indication
for caesarean section in our population.

We also found that the incidence of post-term birth was significantly higher among WWE than
among non-WWE (p <0.001). This is in line with findings by Yerby et al. (178), who reported
that epilepsy is associated with a 2.79-fold increased risk of preeclampsia.

Discontinuation of pharmacological therapy is not feasible in most cases, as seizures during
pregnancy can be life-threatening and may expose both the mother and fetus to greater risks
than those posed by the treatment itself (88-91).
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Previous studies have reported strong correlations between maternal exposure to antiepileptic
drugs (AEDs) and significantly lower birth weight, intrauterine growth restriction, and smaller
head circumference in newborns (182-185). In contrast to these findings, our study revealed
significantly lower average birth weight, mean birth length, head circumference, and chest
circumference in newborns of WWE compared to non-WWE (p=0.003, p<0.001, p<0.001,
and p<0.001, respectively). Additionally, 1-, 5-, and 10-minute Apgar scores, as well as
umbilical cord blood pH, were significantly lower in the WWE group (p <0.001, p<0.001,
p <0.006, and p <0.001, respectively).

The mean gestational age at delivery and the rate of preterm birth did not differ significantly
between the two groups. Our findings contrast with those of Cassina et al. (48), who reported a
significantly higher preterm birth rate and lower mean gestational age in WWE compared to
controls.

Holmes et al. (102) demonstrated that the phenotype of major congenital malformations is
strongly associated with specific AEDs, with congenital heart defects most commonly observed
among WWE exposed to carbamazepine. In agreement with their findings, we observed one
case of atrial septal defect in a newborn whose mother received carbamazepine monotherapy.
Valproic acid use during pregnancy—especially at doses above 1000 mg/day—is known to be
associated with an increased risk of spina bifida compared to other AEDs (88-91). In our
cohort, a higher rate of major congenital malformations (MCMs) was observed among women
receiving single-agent AED therapy. However, multiple studies have shown that the teratogenic
risk is considerably higher in AED polytherapy than in monotherapy (100-111).

Numerous studies have also demonstrated that dietary folic acid supplementation during the
periconceptional period reduces the risk of congenital malformations—particularly
anencephaly and spina bifida. It has also been suggested that high folic acid levels may reduce
the risk of heart defects, cleft palate, and limb abnormalities.

Breastfeeding is widely recognized for its beneficial effects; however, concerns remain
regarding the potential impact of AED exposure through breast milk on the cognitive
development of the newborn (100-113).

A review by Crawford indicated that women with epilepsy (WWE) should be encouraged to
breastfeed their infants. The concentration profile of various AEDs in breast milk generally
mirrors that in maternal plasma. Importantly, the total amount of AEDs transferred via breast
milk is usually much lower than the amount transferred across the placenta during pregnancy.
However, because drug elimination mechanisms are immature in early infancy, repeated

exposure through breastfeeding may lead to accumulation in the newborn (112).
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A large prospective multicenter observational study (114) reported that adverse cognitive
effects following in utero exposure to valproic acid may persist for up to six years. In light of
these concerns, the breastfeeding rate among WWE in our cohort was relatively low.
Contraception: At 6—8 weeks postpartum, 49% of participants had resumed vaginal intercourse,
and 91.5% reported using some form of contraception. Highly effective methods were used by
22.5% of women, condoms by 21.7%, and less effective or no methods by 15.5%. LAM was
intentionally used by 40.2% of participants.

Contraceptive choice was closely linked to feeding practices: exclusive breastfeeding was
associated with greater use of effective methods, while LAM users tended to have poorer
financial backgrounds. Financial status, however, was not an independent predictor of method
effectiveness. Regular sexual activity, as well as previous use of effective methods before
pregnancy or at first postpartum intercourse, strongly predicted current effective method use.
Infrequent sexual activity and prior use of less effective methods were associated with LAM or
other low-efficacy options.

Use of long-acting reversible contraception (LARC) was rare (4.8% for intrauterine devices,
none for implants). Partner’s higher education, rather than the woman’s own, emerged as a
significant predictor of effective contraceptive use. The return of menstruation and history of
effective method use also increased the likelihood of continued effective contraception.
Interestingly, LAM was more common among those aware of its limitations, possibly due to
convenience or economic reasons.

Financial dependence did not differentiate between less and more effective method use in this
sample, diverging from our earlier observation that lower income discourages the adoption of
modern methods (151). Other evidence nonetheless implicates financial dependence in
postpartum contraceptive choice (136, 152).

Consistent with prior work (139, 145, 151, 153), frequent sexual intercourse was a key
determinant of continued hormonal or other effective method use, whereas infrequent coitus
was linked to reliance on less effective approaches (e.g., condoms, vaginal douching,
spermicides, withdrawal). Prior reliance on less effective methods—before pregnancy and at
first postpartum intercourse—strongly predicted continued use of such methods or adoption of
LAM (154). Loewenberg Weishband et al. likewise showed that previous contraceptive practice
shapes current method selection (154). Postpartum condom use was most common among
women who had resumed menstruation, reported frequent intercourse, and had used a less

effective method before pregnancy (=30%).
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Although LARC (IUD, LNG-IUS, subdermal implant) is safe and highly effective for lactating
women and can be initiated immediately or soon after delivery (155, 156), uptake was very
low: 4.8% used intrauterine contraception and none used a subdermal implant. Potential
contributors—unassessed here—include financial barriers, limited knowledge, inadequate
counselling, or plans for further pregnancies (156).

Obstetric and sociodemographic characteristics did not predict method choice at 6-8 weeks
postpartum. Higher partner educational attainment was associated with greater odds of effective
method use, whereas prior literature has more often highlighted the woman’s education (145,
151, 156).

In adjusted analyses, previous use of an effective method and the return of menstruation were
central predictors of continued use of that method postpartum, consistent with earlier reports
(144, 156). Intentional LAM use persisted despite recognition of its limitations, likely reflecting
convenience and cost considerations. According to recent data, mostly the young parents are
not educated well about contraception. They need more convenient tools to reach, like
community media or standalone Al solutions, that can answer the most intime questions

correctly and securely (157).

NEW OBSERVATIONS AND RECOMMENDATIONS OF THE THESIS

Based on the comprehensive evaluation presented in this thesis, several novel observations and
practical recommendations can be proposed:

1. Multiple Sclerosis (MS) and Pregnancy Outcomes
e Our study revealed significantly higher rates of miscarriage and intrauterine death
among women with MS—particularly in multigravidas—suggesting a potential
cumulative adverse effect over successive pregnancies. Enhanced antenatal monitoring

is especially recommended for multigravida MS patients.

e The high prevalence of depressive disorders among pregnant women with MS
underscores the need to incorporate routine psychological support and mental health

screening into standard antenatal care protocols for this population.
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2. Epilepsy Management During Pregnancy

The findings highlight a high prevalence of pre-existing hypertension and preeclampsia
among women with epilepsy (WWE), supporting the need for comprehensive

cardiovascular risk assessment and management as part of routine prenatal care.

The elevated incidence of seizures in the third trimester emphasizes the importance of
therapeutic drug monitoring and timely dosage adjustments of antiepileptic drugs,

particularly in late pregnancy.

Given the teratogenic risks associated with valproic acid (VPA), its use should be
minimized in women who are pregnant or planning pregnancy, with a preference for

safer alternative medications when feasible.

3. Contraception Practice

Use of long-acting reversible contraception (LARC) was rare (4.8% for intrauterine
devices, none for implants). Partner’s higher education, rather than the woman’s own,

emerged as a significant predictor of effective contraceptive use.

The return of menstruation and history of effective method use also increased the
likelihood of continued effective contraception.

Interestingly, LAM was more common among those aware of its limitations, possibly

due to convenience or economic reasons.

Medical professionals must find effective ways to educate younger generations,

including community media and standalone Al solutions.

4. General Recommendations for Clinical Practice

A multidisciplinary approach involving obstetricians, neurologists, psychiatrists,
pediatricians, and geneticists is crucial to optimize maternal and neonatal outcomes in

pregnancies affected by neuropsychiatric conditions.

The development of standardized clinical guidelines and comprehensive patient
education on risk factors, disease management, and medication safety during pregnancy

is strongly recommended.
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o Further prospective, longitudinal research is essential to clarify the complex
relationships among neuropsychiatric disorders, pregnancy, medication exposure, and
long-term developmental outcomes in offspring.

e To reduce unintended pregnancies, the availability and uptake of reliable postpartum
contraception should be prioritised. Strategies to promote immediate or early LARC
initiation, enhance public awareness of highly effective methods, and ensure targeted

training for health care providers are warranted.

LIMITATIONS OF THE THESIS

Due to insufficient data, we were unable to report on maternal smoking, psychoactive drug use,
folic acid intake, use of antidepressants during the prenatal period, and breastfeeding rates

among women.
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Supplement 1. The summary of teratogenicity of various AEDs
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