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Abstract 

Background: Stress may play a role in multiple sclerosis (MS). Stress in childhood, 

such as abuse experiences, is associated with increased risk of chronic diseases in 

adulthood. It is unknown whether such stress increases the risk of MS. Exposure to 

childhood abuse can lead to a vicious cycle of adverse lifestyle behavior, repeated 

abuse experiences (revictimization) and mood disorders. Such multiple adversities 

may also lead to adverse pregnancy outcomes. Depression and anxiety are common in 

MS but have not been well studied in the pregnancy setting. The occurrence of abuse 

experiences and revictimization before and during MS was previously unknown. 

Objective: The aims of this research project were to examine whether adverse 

childhood experiences increased the risk of MS as an adult, to examine the occurrence 

of abuse and revictimization as an adult and in relation to pregnancy in women with 

MS, and to examine the risk of perinatal depression and anxiety in women at different 

phases of the MS disease course. 

Materials and methods: We used data from the Norwegian Mother, Father and Child 

Cohort Study (MoBa). Over 95,000 pregnant women were recruited 1999–2008, 

resulting in over 114,000 pregnancies in the cohort. The women answered detailed 

questionnaires during and after pregnancy, comprising information on a range of 

exposures and outcomes. MoBa was already linked to the Medical Birth Registry of 

Norway (MBRN). We further linked the dataset to the Norwegian Patient Registry 

(NPR) and the Norwegian Multiple Sclerosis Registry and Biobank (MS Registry), to 

identify and validate cases of MS. 125 unique women had an established MS diagnosis 

at the time of inclusion in MoBa (prevalent MS), and another 363 women developed 

MS after inclusion in MoBa and until December 31st, 2018, the time of data linkage 

(incident MS). We used cox regression analysis to measure the association between 

childhood abuse exposure and later risk of developing MS in incident MS cases (paper 

I). We used logistic regression to measure the risk of experiencing abuse in adulthood 

and pregnancy in women with prevalent MS compared to women without MS (paper 

II). We used logistic regression to measure the risk of perinatal depression and anxiety 

in women with prevalent and incident MS compared to women without MS (paper III). 
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II). We used logistic regression to measure the risk of perinatal depression and anxiety 

in women with prevalent and incident MS compared to women without MS (paper III). 
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All estimates were adjusted for potential confounders and calculated with 95% 

confidence intervals (CI).  

Results: We found an increased risk of MS among the 14,477 women who had 

experienced adverse childhood events (paper I). The hazard ratio (HR) for MS was 

1.65 (CI 1.13–2.39) after sexual abuse and 1.40 (CI 1.03–1.90) after emotional abuse 

in childhood. The estimates were stratified by birth year and adjusted for childhood 

social status, adverse socioeconomic status as an adult, history of smoking and being 

overweight. Having experienced physical abuse gave an HR of 1.31 (CI 0.83–2.06). 

The results suggested a dose-response relationship between a higher number of 

childhood abuse categories and increasing risk of MS; 1 category HR 1.11 (CI 0.79–

1.56), 2 categories HR 1.66 (CI 1.04–2.67) and 3 categories HR 1.93 (CI 1.02–3.67). 

We found increased risk of abuse in adulthood in 106 women with prevalent MS 

compared to 77,278 women without MS (Paper II). The adjusted odds ratio (aOR) was 

1.75 (CI 1.08–2.83) for systematic emotional abuse, 2.37 (CI 1.02–5.49) for rape, and 

2.23 (CI 1.22–4.10) for revictimization, i.e., repeated abuse in adulthood after 

experiencing childhood abuse. The risk of abuse in relation to pregnancy was similar 

between the groups. We found increased risk of depression during pregnancy in 140 

women with prevalent MS, aOR 2.0 (CI 1.2–3.1), and for postpartum depression in the 

35 women diagnosed with MS in the postpartum period, aOR 3.1 (CI 1.3–7.2) (Paper 

III). Risk factors for perinatal depression were adverse socioeconomic factors, history 

of psychiatric disease, and abuse. In contrast to depression, the risk of perinatal anxiety 

was not increased. Among 308 women with incident MS, those who had MS symptom 

onset within 5 years after pregnancy had increased risk of perinatal depression, but 

those with more than 5 years until MS symptom onset did not: aOR 1.9 (CI 1.1–3.1 for 

≤5 years and 1.2 (CI 0.7–2.0) for >5 years. 

Conclusions: Adverse childhood experiences seem to increase the risk of developing 

MS as an adult. Women with MS have increased risk of adult emotional abuse, sexual 

rape, and repeated abuse in adulthood after childhood abuse. Women with MS have 

increased risk of perinatal depression, and a history of abuse, psychiatric disorder or 

adverse socioeconomic status further increase this risk.  
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Abstrakt [Norwegian] 

Bakgrunn: Stress kan spille en rolle ved multippel sklerose (MS). Stress i 

barndommen forårsaket av vold og overgrep er assosiert med økt risiko for kroniske 

sykdommer i voksen alder. Det er ukjent om slikt stress kan øke risikoen for å utvikle 

MS. Å være utsatt for vold i barndommen kan føre til en ond sirkel med ugunstig 

livsstil, gjentatt eksponering for vold (reviktimisering) og stemningslidelser. Slike 

negative hendelser kan også føre til nedsatt helse for mor og barn ved svangerskap og 

fødsel. Depresjon og angst er vanlig ved MS, men har ikke blitt godt studert i perinatal 

perioden. Forekomsten av voldsopplevelser og reviktimisering før og under MS 

sykdommen har stort sett vært ukjent.  

Mål: Forskningsprosjektet hadde som hovedmål å 1) undersøke om traumatiske 

hendelser i barndommen økte risikoen for å utvikle MS som voksen, 2) undersøke 

forekomsten av vold og reviktimisering i voksen alder, samt forekomsten av vold i 

perinatal perioden hos personer med MS, og 3) undersøke risikoen for perinatal 

depresjon og angst hos kvinner i ulike stadier av MS sykdommen. 

Metode: Vi brukte data fra Den norske mor, far og barn undersøkelsen (MoBa). Over 

95,000 gravide kvinner ble rekruttert i perioden 1999–2008, og data fra 114,000 

svangerskap er inkludert i kohortstudien. Under og etter svangerskapet svarte kvinnene 

på detaljerte spørreskjema som inneholdt informasjon om en rekke eksponeringer og 

utfall. MoBa var allerede koblet med Medisinsk fødselsregister (MFR). Vi koblet filen 

videre med Norsk pasientregister (NPR) og Norsk Multippel Sklerose Register og 

Biobank (MS Registeret), for å identifisere og validere MS diagnoser i MoBa 

kohorten. 125 kvinner hadde etablert MS diagnose da de ble inkludert i MoBa 

(prevalent MS), og ytterligere 363 kvinner utviklet MS etter MoBa inklusjon frem til 

31. desember 2018, dato for kobling av filene (insident MS). Vi brukte Cox regresjon 

for å beregne assosiasjonen mellom vold i barndommen og senere risiko for MS 

utvikling for insidente MS tilfeller (artikkel I). Vi brukte logistisk regresjon for å måle 

risikoen for å oppleve vold i voksen alder og i svangerskap hos kvinner med prevalent 

MS sammenliknet med kvinner uten MS (artikkel II), og til å måle risikoen for 

perinatal depresjon og angst hos kvinner med prevalent og insident MS sammenliknet 
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med kvinner uten MS (artikkel III). Alle risikoestimater ble justert for potensielle 

konfundere og beregnet med 95% konfidensintervall (KI) 

Resultat: Vi fant økt risiko for MS blant 14,477 kvinner som hadde opplevd 

traumatiske hendelser i barndommen (artikkel I). Hazard ratioen (HR) for MS var 1.65 

(KI 1.13–2.39) etter seksuell vold og 1.40 (KI 1.03–1.90) etter emosjonell vold i 

barndommen. Estimatene ble stratifisert for fødselsår og justert for sosial status i 

barndommen, lav sosioøkonomisk status som voksen, røyking, og overvekt. Fysisk 

vold medførte en HR på 1.31 (KI 0.83–2.06). Et økende antall voldskategorier gav økt 

risiko for MS i et dose-respons forhold; En kategori ga HR 1.11 (KI 0.79–1.56), to 

kategorier ga HR 1.66 (KI 1.04–2.67) og tre kategorier ga HR 1.93 (KI 1.02–3.67). Vi 

fant økt risiko for å bli utsatt for vold i voksen alder blant 106 kvinner med prevalent 

MS sammenliknet med 77,278 kvinner uten MS (artikkel II). Justert odds ratio (OR) 

var 1.75 (KI 1.08–2.83) for systematisk emosjonell vold, 2.37 (KI 1.02–5.49) for 

voldtekt, og 2.23 (KI 1.22–4.10) for reviktimisering; det vil si ny vold i voksen alder 

etter å ha opplevd vold i barndommen. Risikoen for vold i relasjon til svangerskap var 

lik mellom gruppene. Vi fant økt risiko for depresjon blant 140 kvinner med prevalent 

MS, OR 2.0 (KI 1.2–3.1), og for postpartum depresjon hos 35 kvinner nydiagnostisert 

med MS i postpartum perioden, OR 3.1 (KI 1.3–7.2) (artikkel III). Risikofaktorer for 

perinatal depresjon var lav sosioøkonomisk status, tidligere psykiatrisk sykdom og 

tidligere opplevd vold. Risikoen for perinatal angst var ikke økt. Blant 308 kvinner 

med insident MS var det økt risiko for perinatal depresjon hos dem med første MS 

symptom innen 5 år etter svangerskapet, men ikke økt risiko hos dem med mer enn 5 

år til MS symptomdebut; OR 1.9 (KI 1.1–3.1 for ≤ 5 år og 1.2 (KI 0.7–2.0) for > 5 år. 

Konklusjon: Traumatiske hendelser i barndommen er assosiert med økt risiko for å 

utvikle MS som voksen. Kvinner med MS har økt risiko for å bli utsatt for emosjonell 

vold og voldtekt som voksen, og også for nye voldsopplevelser som voksen etter vold i 

barndommen. Kvinner med MS har økt risiko for perinatal depresjon, og tidligere 

voldsopplevelser, psykiatrisk sykdom eller lav sosioøkonomisk status øker ytterligere 

denne risikoen. 
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1 Introduction 

 

1.1 MS characteristics, epidemiology, and treatment 

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

system (CNS) that leads to demyelination and neurodegeneration. MS is usually 

diagnosed in young adults 20–40 years but can occur in all age groups.1 Over 2.8 

million people are living with MS worldwide,2 with the highest prevalence in North 

America and Western Europe (Figure 1). Females are 2–3 times more likely to develop 

the disease than men.2 The combination of a young age of onset with symptoms of 

fatigue and disability, results in MS being a leading cause of neurologic disability in 

young adults. 

 

Figure 1: The prevalence of MS 2020-2022 by country 

Open-source data from Multiple Sclerosis International Federation – Atlas of MS – 3rd Edition. 

Number of people with MS | Atlas of MS Accessed: July 12, 2023 

 

In Norway, about 14,000 people are currently living with MS.3 The MS occurrence is 

among the highest in the world, with a prevalence of 255 per 100,000 inhabitants and 

an annual incidence rate of 9 per 100,000.3 The patterns of global variation in MS 

distribution have inspired theories of MS etiology – and engaged research in factors 
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such as sun exposure and vitamin D, diet, infectious agents and genetics.4-7 Migration 

studies, largely inspired by the latitude gradient, have since the 1960s given rise to 

hypotheses on susceptibility periods for MS risk. These studies have shown 

adaptations in MS risk upon migration to a new country, where those migrating get a 

lower risk for MS when migrating from high- to low-risk areas, and higher risk for MS 

when migrating from low- to high-risk areas.8,9 This change in risk is particularly seen 

if migration occurs in childhood and adolescence, although no clear age cut off was 

found in recent population-based studies.10,11 

There is currently no established cure for MS. However, during the last few years 

highly efficient treatments have become available.12-14 This has led to dramatic 

reduction in disease activity compared to earlier treatment options originating in the 

early 90s.12 In Norway, almost 96% of newly diagnosed MS patients now start with 

high efficacy treatment such as rituximab.3 

Despite a new era of disease modifying therapies (DMTs) reducing inflammation and 

neurological deficits, people with MS experience a range of physical and 

psychological symptoms and comorbidities that negatively affect their health and 

quality of life,15 such as depression.  

Some aspects that remain rather unexplored in people with MS is the history and 

burden of abuse experiences, depression in the perinatal setting, and the interplay and 

impact of these events on MS disease and comorbidities. In the process of optimizing 

prevention, care, and quality of life for people with MS, new insights in these areas are 

much warranted. 

 

1.2 MS disease course 

Classical MS symptoms that should lead to suspicion of the diagnosis include blurred 

vision and eye pain (optical neuritis), weakness or sensory changes in parts of the 

body, dizziness, and impaired balance.16 An episode where a person’s symptoms and 

objective findings represent a demyelinating event is often referred to as an MS attack 

or relapse. Other symptoms of MS include fatigue, cognitive impairment, and 
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dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.17  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.17 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.3,18 An MS relapse is usually followed by complete 

or partial recovery.16 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).19 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.20 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms21 and risk 

factors.22 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,23,24 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.24,25  

 

| 17 

 

dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.17  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.17 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.3,18 An MS relapse is usually followed by complete 

or partial recovery.16 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).19 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.20 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms21 and risk 

factors.22 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,23,24 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.24,25  

 

| 17 

 

dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.17  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.17 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.3,18 An MS relapse is usually followed by complete 

or partial recovery.16 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).19 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.20 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms21 and risk 

factors.22 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,23,24 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.24,25  

 

| 17 

 

dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.
17

  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.
17

 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.
3,18

 An MS relapse is usually followed by complete 

or partial recovery.
16

 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).
19

 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.
20

 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms
21

 and risk 

factors.
22

 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,
23,24

 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.
24,25

  

 

| 17 

 

dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.
17

  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.
17

 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.
3,18

 An MS relapse is usually followed by complete 

or partial recovery.
16

 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).
19

 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.
20

 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms
21

 and risk 

factors.
22

 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,
23,24

 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.
24,25

  

 

| 17 

 

dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.
17

  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.
17

 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.
3,18

 An MS relapse is usually followed by complete 

or partial recovery.
16

 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).
19

 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.
20

 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms
21

 and risk 

factors.
22

 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,
23,24

 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.
24,25

  

 

| 17 

 

dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.
17

  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.
17

 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.
3,18

 An MS relapse is usually followed by complete 

or partial recovery.
16

 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).
19

 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.
20

 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms
21

 and risk 

factors.
22

 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,
23,24

 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.
24,25

  

 

| 17 

 

dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.
17

  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.
17

 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.
3,18

 An MS relapse is usually followed by complete 

or partial recovery.
16

 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).
19

 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.
20

 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms
21

 and risk 

factors.
22

 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,
23,24

 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.
24,25

  

 

| 17 

 

dysfunction in the autonomic nervous system resulting in urinary, sexual, and 

gastrointestinal difficulties. The clinical presentations are unpredictable and vary 

between people according to location and size of MS lesions and injury in the CNS.  

The first episode of MS symptoms is often detected retrospectively, after the diagnosis 

has been established and when the patient history is examined rigorously. The first 

episode is sometimes assessed prospectively as a clinically isolated syndrome (CIS). A 

person is defined as having CIS if an episode of acute neurological symptoms is highly 

suggestive of MS, yet insufficient to fulfill the diagnostic criteria for MS.
17

  

MS is diagnosed after evidence of disease activity over time - several attacks or 

progression - and disease activity in different locations in the CNS.
17

 Evidence of 

disease activity can be obtained through patient history and neurological examination, 

and from specific findings on CNS neuroimaging and in the cerebrospinal fluid. 

About 90% of people with MS have relapsing onset disease defined by an evident first 

episode of neurological symptoms.
3,18

 An MS relapse is usually followed by complete 

or partial recovery.
16

 A minority of the people with MS experience a disease 

presentation with progressive onset, where the timing of symptom onset is indistinct 

and neurological deficits gradually increase over time. These two phenotypes have 

traditionally been considered to be distinctive types of MS with different biological 

mechanisms: namely relapsing-remitting MS (RRMS) and primary-progressive MS 

(PPMS).
19

 Many people with relapsing onset MS will ultimately, with time, experience 

progressive worsening of the disease; defined as secondary progressive MS.
20

 

Increasing evidence now supports that these phenotypes represent parts of a 

continuum, with common underlying pathophysiological mechanisms
21

 and risk 

factors.
22

 

There is usually a time-lag between MS symptom onset and MS diagnosis. This 

diagnostic delay has decreased over the last two decades,
23,24

 due to changes in 

diagnostic criteria, advances in magnetic resonance imaging (MRI) technology, better 

access to neurological services, and the need for early initiation of DMTs.
24,25

  

 



18 | 

 

1.2.1 The MS prodrome 

A prodrome can be defined as subtle and non-specific symptoms or signs in an early 

phase of a disease that occurs before more typical manifestations. A prodromal phase 

exists for neurodegenerative diseases, such as Parkinson’s,26 and Alzheimer’s,27 and 

also for autoimmune disorders such as rheumatoid arthritis.28 

Previously, it was believed that MS did not have an identifiable prodromal period.29,30 

During the last decade, emerging evidence have shed light on the possibility of a 

prodromal period before classical MS symptoms appears.31 In 2017, an interesting 

study on the occurrence of an MS prodrome was published by Wijnands and 

colleagues in The Lancet Neurology.32 Using population-based administrative data on 

>14,000 people with MS, the authors found increased health-care usage by people with 

MS during the last 5 years before MS symptom onset. Hospitalizations, physician 

visits, and dispensed drugs were higher among those who developed MS than controls, 

and especially high during the year before typical MS symptom onset. Several 

population-based studies have followed, and current evidence suggests that the 

prodrome consists of non-specific symptoms such as depression, headache, fatigue, 

pain, disruptions in sleep, bowel- and bladder dysfunction in the years before MS 

symptom onset.31 Women with future MS was more likely to fill a prescription for 

hormonal contraceptives and less likely to get pregnant in the 5 years before MS 

symptom onset, compared to controls.33 This might imply that a change in behavior 

occurs in the prodrome, possibly due to feeling unwell.  

Biological support for an MS prodromal phase exists. Neurofilament light (NfL), a 

biomarker of neuroaxonal injury, is found to increase in blood at least a decade before 

the first classical symptom of MS in some individuals,34,35 and especially closer to 

symptom onset. The evidence that neurodegeneration can occur many years prior to 

MS onset makes it less likely that the prodrome could be explained by reverse 

causality, e.g., that depression the year before MS onset is a causal factor for MS. 

The duration of the prodrome is unknown. Current research suggests that the prodrome 

can be evident at least 5–10 years before MS symptom onset, and prodromal signs 

seem to increase as time approaches the first episode of classical MS symptoms.32,33,36 
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A Norwegian nested case-control study among > 20,000 men undergoing military 

conscription examination found lower cognitive performance among those who 

developed MS, compared to controls.37 The cognitive performance was impaired up to 

2 years before MS symptom onset, and up to 20 years before the first symptoms in 

those with progressive-onset MS. The length of the prodromal phase is likely to vary 

between individuals, and not all people who develop MS will necessarily have a 

noticeable prodrome. The disease course and prognosis of MS show wide 

heterogeneity between individuals, and the same heterogeneity most likely applies to 

prodromal features.  

 

Radiologically isolated syndrome (RIS) 

Over 90% of people with their first demyelinating event have multiple lesions on 

MRI,38,39 indicating inflammation and demyelination occurring before the first classic 

MS symptoms. 

Characteristic MS signs are sometimes found on MRI in individuals who undergoes 

imaging for other reasons than suspicion of MS, such as after head trauma or for 

research purposes. These incidental findings are defined as a radiologically isolated 

syndrome (RIS).40 Individuals with RIS have over 50% 10-year risk of developing 

MS.41 RIS is considered as occurring in asymptomatic individuals without any 

neurological dysfunction.42 However, headache and mood disorders are among the 

most common reasons to conduct an MRI in people with RIS.42 Of note, both 

headache and mood disorders could be symptoms of the MS prodrome.31 Impaired 

cognitive function has been found in people with RIS.43,44 The first randomized 

placebo-controlled trial investigating whether the use of DMTs could delay onset of 

MS among people with RIS, found an 82% reduced risk of experiencing MS 

symptoms for those who received dimethyl fumarate during almost 2 years of follow-

up.45 Thus, RIS has a potential role for early detection and, possibly, prevention of 

MS. 

It is not known whether people with prodromal symptoms have MRI findings 

suggestive of RIS. Further research is warranted on whether RIS could be a potential 
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marker of the MS prodrome, and to clarify how RIS overlaps with the pre-diagnostic 

phases of MS. 

 

An updated MS framework 

In 2022, an updated framework for the natural history of MS was proposed, where the 

prodromal phase is included as the earliest symptomatic stage of MS (Figure 2).46 

After the biological onset of MS, an asymptomatic subclinical phase occurs. but with 

ongoing disease-associated pathological processes such as immune dysregulation. The 

subclinical phase is followed by the prodromal phase. The pathophysiological 

mechanisms of the prodrome are yet unknown, but hypothesized to consist of 

inflammation, demyelination, and neurodegeneration31 Some people might progress 

directly to MS symptom onset from the subclinical phase. 

 

Figure 2. MS disease course and risk factor influence. Illustration of MS disease course inspired by 

Marrie et al.46 MS is caused by environmental and genetic risk factors. A subclinical period starts 

when the biological onset of the disease occurs. The risk of MS is small without any previous Epstein-

Barr Virus (EBV) infection. It is unknown if EBV is the one exposure in the causal chain leading to MS. 

The prodromal phase is characterized by a range of non-specific signs and symptoms. Some people 

might progress directly from the subclinical phase to classical MS symptom onset (dashed line) 

without a prodromal phase. Environmental risk factors and environment-gene interactions most 

probably affect all phases of the disease course, both influencing susceptibility and severity of MS. 

 

As the signs and symptoms of the MS prodrome are non-specific and occur commonly 

in the general population, standardized criteria including appropriate biomarkers and 

MRI-findings need to be defined46 to facilitate recognition and early intervention in 

those at risk for MS development. 
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1.2.2 Pediatric-onset MS 

3–10% of people with MS have onset of classical symptoms before 18 years of age, 

with a peak incidence between 13 and 16 years.47 Data on pediatric MS is limited 

worldwide, and there are several gaps in knowledge about occurrence, diagnosis, and 

treatment.48 The same susceptibility genes and environmental factors found for adult-

onset MS have also been found for pediatric-onset MS.49 A prodromal phase has also 

been suggested for pediatric MS.31 Pediatric-onset disease is distinct from adult-onset 

disease with more active inflammation and more frequent relapses, but also better 

relapse recovery.50 Yet, given the early onset of disease, those who have pediatric-

onset MS reach disability milestones at an earlier age than adult-onset MS.50  

 

1.3 Genetic risk factors for MS 

It is well established that the cascade of events leading to MS onset represents a 

complex construct, and that MS is caused by interaction between genetic susceptibility 

and environmental risk factors.  

More than 200 genetic variants have been identified to increase MS risk, but none are 

exclusively found in people with MS.51 Two human leukocyte antigen (HLA) variants 
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1.4 Environmental risk factors and susceptibility periods 

1.4.1 Epstein-Barr Virus 

The hypothesis that MS is caused by an infectious disease was first proposed in the 

19th century,55 and numerous infectious diseases and microbes have been studied 

since.56-58 Evidence throughout the last 40 years has linked the herpesvirus Epstein-

Barr Virus (EBV) to MS development. Based on new evidence in 2022, the 

association is proposed to be causal,59 meaning that MS development could be a rare 

complication of EBV infection. The study was the first to demonstrate a temporal 

relationship between EBV and MS. From a cohort of 10 million US military 

personnel, 800 of 801 people with MS were EBV seropositive. The authors were able 

to prospectively study a subgroup of 35 individuals who were EBV-negative at 

baseline, who later became EBV positive and ultimately developed MS. Estimated 

EBV seroconversion occurred up to 15 years before MS symptom onset, with a 

median of 7.5 years. The EBV infection was succeeded by an increase in NfL-levels in 

those who later developed MS, but not in those who did not develop MS. 

EBV infection occurs in all age groups, but a primary infection is typically 

asymptomatic during childhood and symptomatic in adolescence and early adulthood, 

causing infectious mononucleosis.60 Studies have found higher risk of MS after 

infectious mononucleosis in adolescence, than for mononucleosis in childhood or early 

adulthood. 61,62 This supports the hypothesis that adolescence is a critical period for 

MS susceptibility in adult-onset MS.63 

 

1.4.2 Vitamin D, sun exposure, smoking, and body weight 

Although an EBV infection is hypothesized to be an obligate step for MS 

development, over 90% of the world population are infected by EBV during the first 

decades of life64 – where only a small fraction develops MS. EBV may also play a role 

in other autoimmune disorders, such as rheumatoid arthritis and systemic lupus 

erythematosus.65,66 It is unknown if EBV infection is sufficient to cause MS by itself. 

Multiple environmental risk factors modify MS risk and development. The most 

consistent associations with increased MS risk have been found for vitamin D 
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1.4 Environmental risk factors and susceptibility periods 

1.4.1 Epstein-Barr Virus 

The hypothesis that MS is caused by an infectious disease was first proposed in the 

19
th

 century,
55

 and numerous infectious diseases and microbes have been studied 

since.
56-58

 Evidence throughout the last 40 years has linked the herpesvirus Epstein-

Barr Virus (EBV) to MS development. Based on new evidence in 2022, the 

association is proposed to be causal,
59

 meaning that MS development could be a rare 

complication of EBV infection. The study was the first to demonstrate a temporal 

relationship between EBV and MS. From a cohort of 10 million US military 

personnel, 800 of 801 people with MS were EBV seropositive. The authors were able 

to prospectively study a subgroup of 35 individuals who were EBV-negative at 

baseline, who later became EBV positive and ultimately developed MS. Estimated 

EBV seroconversion occurred up to 15 years before MS symptom onset, with a 

median of 7.5 years. The EBV infection was succeeded by an increase in NfL-levels in 

those who later developed MS, but not in those who did not develop MS. 

EBV infection occurs in all age groups, but a primary infection is typically 

asymptomatic during childhood and symptomatic in adolescence and early adulthood, 

causing infectious mononucleosis.
60

 Studies have found higher risk of MS after 

infectious mononucleosis in adolescence, than for mononucleosis in childhood or early 

adulthood. 
61,62

 This supports the hypothesis that adolescence is a critical period for 

MS susceptibility in adult-onset MS.
63
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deficiency, low sun exposure, history of smoking, and high body mass index 

(BMI).56,67 Exposure at a young age, especially in adolescence, seems to be of 

importance also for these risk factors.5,68-71 

Additional environmental factors have been studied in the search for insight in MS 

etiology.56,72 Some factors of interest, but with limited evidence, include other 

infections in adolescence such as pneumonia,73 CNS infections,57 bacterial 

infections,57 and infections with human herpesvirus 6A74 and varicella zoster virus,58. 

A few studies have reported insufficient sleep during adolescence75 and night shift 

work under the age of 20 years to be associated with increased MS risk,76,77 in a dose-

dependent manner.75,77 Some studies have indicated that alcohol consumption78,79 and 

physical activity80,81 may reduce the risk of MS. 

 

1.4.3 Interplay and interactions: Environmental and genetic risk factors 

The details of how environmental risk factors are involved in MS pathogenesis are 

unknown, and the relationship between the environment, lifestyle, genetics, the 

immune system, and the brain in MS pathogenesis is complex. Interactions have been 

found between risk genes and environmental risk factors, in particular for the main risk 

allele HLA-DRB*15:01 with EBV infection, smoking, adolescent BMI, vitamin D and 

sun exposure67,82,83 Interaction occurs when the combined exposure of two factors 

gives a risk estimate for MS that is higher than the sum of the risks calculated 

separately. The risk of MS is increased by 2.6 in those with high EBV antibody levels 

without the HLA risk allele, by 10 in those with high EBV antibody levels with one 

HLA risk allele, and by 20 in those with high EBV antibody levels with two HLA risk 

alleles (compared to those with low EBV antibody levels without the main HLA risk 

allele).83 Environment-environment interactions also exist, where studies have found 

synergistic increase in MS risk for those with high antibody EBV levels and history of 

smoking,82 and for those with high antibody EBV levels and low sun exposure.84  

As the HLA genes encode for molecules that act in the immune system,51 interactions 

with environmental risk factors suggest independent effects on immune related 

pathways. Smoking and high BMI both promote a proinflammatory environment.85,86 
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The main theory of how environmental factors interact with genetic risk variants is 

through epigenetic pathways.87 DNA interacts with small molecules that can activate 

and deactivate genes. Environmental factors can alter how these molecules attach to 

the DNA, resulting in increased or decreased transcription of specific genes. This 

dynamic interaction can change characteristics of cells, thus leading to diseases, and 

determine prognosis of diseases. Epigenetic changes are seen both in brain and 

immune cells in people with MS.88 High BMI is a trigger for epigenetic changes in 

MS.89 

Over 200 genetic loci and a range of lifestyle and environmental risk factors have been 

identified for MS. None of them are sufficient to cause the disease alone.90 Rather, a 

range of factors and stochastic mechanisms are probably involved – leading to a 

“perfect storm” with dysregulation of the immune system and inflammation in the 

CNS.91 

1.4.4 Environmental factors throughout the disease course 

It remains unknown how long prior to MS symptom onset one should investigate risk 

exposure to assess true causal factors. As discussed earlier, childhood and adolescence 

are repeatedly demonstrated to be of particular interest. With more sensitive MS 

diagnostic methods and the evidence that neurodegeneration may start before the first 

evident MS symptoms, it has been proposed that some previously studied risk factors 

should be reinvestigated to ensure temporality.92  

Environmental factors may affect different aspects of the disease course and are thus 

relevant beyond disease risk (Figure 2). Exposure to risk factors in the subclinical or 

prodromal periods most likely mediates the clinical expression of the disease, e.g., that 

ongoing pathological processes reach or do not reach a clinical threshold. This 

hypothesis is supported by the observation that not all people with RIS or CIS will 

develop established MS.41,93 The heterogeneity in clinical expression is further 

highlighted by autopsy findings, where some individuals had typical MS CNS 

pathology; but no symptoms of MS throughout life.94 High BMI is associated with a 

higher risk of conversion from CIS to MS.95 Environmental factors can also modulate 

the disease course in established MS. Smoking, high BMI and low levels of vitamin D 
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are shown to adversely modulate the disease course with higher disease activity.95-97 

People with MS who smoke or have high BMI have more brain atrophy compared to 

unexposed.95,96,98 Moreover, smoking may reduce the efficacy of disease-modifying 

treatment.99,100 

Environment-gene interactions may affect prognosis. Epigenetic changes are 

associated with disease severity in MS.101 A 2023 study that used mendelian 

randomization analyses found that individuals with genetic variants that predicted high 

educational attainment and/or low risk of smoking had less disabling MS disease.54  

Together, this evidence illustrates the dynamic interplay between genes and 

environment throughout the course of MS ─ and the potential for mitigation. The first 

clinical studies on vitamin D supplementation in established MS have found a modest 

reduction in both new MS lesions on MRI and relapse rates.97 Smoking cessation in 

MS decreases disease activity and progression, in addition to other health benefits.96 

 

1.5 Stress and MS 

People with stress-disorders such as acute stress reaction and post-traumatic stress 

disorder (PTSD) have increased risk of autoimmune diseases in general.102,103 

Psychological stress has been considered to affect MS since the initial description of 

the disease in the 19th century.104  However, research on stress exposures has been 

limited and results have been conflicting.105 Studies that have reported an association 

between stress and MS have mostly been case-control studies, which are prone to 

recall bias. Previous studies have had heterogeneous study designs; some have 

combined disease activity and MS onset as one outcome, others have combined distant 

and recent stressors as one exposure.105,106 The association between stress and MS 

disease activity has been studied more thoroughly than the association between stress 

and MS susceptibility.105 The definitions and measurements of stress and MS disease 

activity have varied. Moreover, most studies have had no or insufficient adjustment for 

confounding factors.106 Thus, it has been challenging to compare results across studies, 

and the impact of stress on MS remains a matter of debate.  
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1.5.1 Stress and MS disease activity 

A systematic review summarizing the evidence 1900–2014 found that stress was 

associated with MS relapse in both prospective and case-control studies.105 The risk of 

MS relapse was especially elevated in the 4–8 week period after a stressful event.105 

Stressful events comprised problems concerning personal relationships, work, finance, 

living conditions, illness, bereavement, and legal issues. Stressors of long duration and 

with moderate or severe intensity was more important for relapses, independent of 

exact stressor type. Moreover, accumulated stress was more associated with relapse 

than single events. However, a meta-analysis found that the effect size was modest.107 

Others have pointed to several weaknesses of these prior studies, and that the 

association between stress and MS relapse represents at most only a possibility.108 

A study that followed 121 people with MS regularly for 48 weeks found that severe 

stressful life events increased the risk of new or enlarging MS lesions on MRI,109 and 

interestingly, that positive life events had a protective effect for new lesions. Similarly, 

a randomized trial found that stress management prevented new brain lesions during 

the intervention period in people with MS.110 

Several studies have found a bidirectional relationship between stress and MS disease 

activity; that worsening of MS disease increases the risk of self-reported stress.105 

Moreover, a longitudinal study in people with MS found that abnormal processing of 

stressful stimuli was associated with subsequent gray matter atrophy 2–3 years later.111 

 

1.5.2 Stress and MS susceptibility 

Whether stress has an influence on MS susceptibility has been debated.105 

Heterogeneity in study designs, temporal relationships between stress and MS, and 

varied definitions of stress can explain the inconsistent results. Most of the prior 

studies investigating stress and risk of MS onset have focused on stressful events close 

to MS symptom onset or diagnosis.105,112,113  Sample sizes have mostly been small, 

which may result in too little power to detect true associations, or in inflated or untrue 

associations. 
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Adult stress 

Only a few population-based studies have examined the association between adult 

stress and MS risk. A register-based cohort study from Denmark among 1.8 million 

individuals with a mean follow up of 16 years investigated the effect of adult life 

stressors such as divorce and death of a partner or a child and did not find an 

association between such adulthood stress and MS onset.114 Despite similar study 

designs, they were in that study not able to reproduce earlier findings from Denmark 

that found increased risk of MS in bereaved parents that had experienced child loss.115  

Marriage, divorce, child birth and child loss appear most often during established 

adulthood,116 particularly in developed countries, and overlap with the typical age of 

MS symptom onset. Thus, exposure to such events may be after the critical time 

window for the start of the MS disease process. A large case-control study from 

Sweden that studied ten types of self-reported stressful events among 2930 people with 

MS, found that events such as divorce, interpersonal conflicts and accidents/sickness 

of core family members increased MS risk by 15–30%, with a dose-response 

relationship117 Of note, this study found that most events occurred within 5 years 

preceding MS symptom onset. A similar, yet smaller study on stressful life events 

found that among 282 people with MS, a higher proportion reported serious illness 

during the last 12 months prior to diagnosis compared to controls.112 These findings 

may illustrate how stressful events in the prodromal phase could boost ongoing 

pathological mechanisms to reach a clinical threshold.  

 

Childhood stress 

Adverse childhood experiences (ACEs) such as abuse, neglect and household 

dysfunction are known to have long-term negative consequences for lifestyle choices 

and health in adulthood.118,119 Yet, few studies have investigated such childhood 

stressors and MS outcomes.  

A Danish cohort study that assessed early life stressors such as parental divorce and 

death of parents or siblings found that exposure to a stressful event before the age of 
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18 years was associated with 11% increased risk for MS.120 The association was 

mainly driven by exposure to parental divorce.  

A cohort study that included 262 nurses with MS did not find that exposure to physical 

or sexual abuse in childhood or adolescence increased the risk of MS.121 However, a 

German case-control study with 234 people with MS studied different categories of 

abuse and neglect and found an increased risk of  having experienced sexual or 

emotional abuse, as well as emotional neglect in childhood, compared to controls.122  

A case-control study from Iran with 250 people with MS found a substantially 

increased risk of exposure to weekly physical abuse in childhood compared to 

controls.123 Other smaller studies (< 100 MS cases) found both increased risk124 and no 

increased risk125 of self-reported abuse and neglect in childhood in people with MS. 
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1.5.4 Impact of childhood stress on MS: Potential pathways 

ACEs is associated with a type of stress often called toxic stress, which comprises 

prolonged and excessive activation of biological stress response systems. Exposure to 

ACEs increases the risk a wide range of physical diseases both in childhood and in 

adult life, including cardiovascular disease, cancer, autoimmune and metabolic 

diseases, and psychological diseases such as depression and anxiety.119 Figure 3 

illustrates how ACEs may affect adult outcomes through dysregulation of pathways 

important for brain development, immune response systems and epigenetic 

modifications.  

Similarly, toxic stress may affect MS susceptibility through several direct and indirect 

pathways. 

 

 

Figure 3. An illustration of potential pathways where adverse childhood experiences can interact 

with an individuals’ genetic susceptibility and behavioral trajectories. Toxic stress responses cause 

disruptions in neuro-endocrine-immune-metabolic pathways and alter genetic function and 

expression, thus increasing the risk of adverse health and disease throughout the lifespan. 

Reproduced in line with Creative Commons CC-BY-NC 4.0 license. ©2020 by British Medical Journal 

Publishing Group131 
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Neurodevelopment. The nervous system is particularly vulnerable during some periods 

in childhood and early adulthood.132 Different brain regions and neuronal pathways are 

probably sensitive to childhood abuse at different ages,133 and a range of associated 

molecular mechanisms may alter brain structure.132 Ultimately, such alterations may 

increase the risk of neurological and neuropsychiatric disorders.  

Dysregulation of stress responses and the immune system. Abuse and trauma are 

associated with chronic activation of the hypothalamic-pituitary-adrenal (HPA) axis 

and inflammation,134 and such inflammation is hypothesized to be a key mechanism 

that links ACEs to adverse adult health. Several studies have found that ACEs are 

associated with elevated pro-inflammatory markers that persists into adulthood.135,136  

Inflammation is a central part of MS pathobiology,21 and a dysregulated HPA-axis is 

seen in MS.137 

EBV. Emotional stress can reactivate herpes viruses such as EBV.138 EBV is normally 

in a latent resting state in immuno-competent individuals. Studies have found that 

early-life maltreatment is associated with high EBV antibody titers as an adult.139-141 

Infection with EBV increases MS risk 32-fold,59 but is also associated with an 

increased risk of other autoimmune conditions142 and also different types of cancer.143  

Genetics and Epigenetics. An individual’s risk of developing stress-related disorders 

after ACEs probably depends on genetic susceptibility. Epigenetic modifications have 

been seen in those exposed to childhood abuse; with altered expression of stress-

related genes and increased risk of PTSD in adulthood.144 Stress disorders such as 

PTSD is associated with an increased risk of MS.102,103 Studies are yet to investigate 

the occurrence of epigenetic changes in people with MS who have been exposed to 

ACEs. 

Behavioral consequences. ACEs are associated with a range of behavioral and lifestyle 

factors that are also associated with increased MS risk, e.g., smoking, high BMI, 

adverse socioeconomic status, and physical inactivity.56,67,80,81,119,145 This highlights the 

importance of taking such factors into account when examining the impact of stress on 

MS. 
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1.5.5 Stress: Moderating factors 

Social support is thought to be the strongest moderating factor on the impact of 

stress.146 Some studies have found that people with MS seek less social support in 

stressful situations,125,147 and use less favorable stress coping styles, such as avoidant 

coping,125,148 compared to people without MS. Moreover, a study reported that people 

with MS have higher trait anxiety than controls,125 which is associated with 

exaggerated perception of stressful events.149  

Childhood maltreatment and abuse increase the risk of unfavorable coping to stress150 

and increase stress reactivity.151 Thus, ACEs do not only cause traumatic and long-

lasting stress by itself, but it also negatively affect the response to a wide variety of 

stressors in adult life. People with MS and a history of ACEs may therefore be 

exposed to a vicious chain of stressful events and unfavorable coping. Stress and 

adverse coping are associated with increased MS disease activity and reduced 

function.105,125 Worsening of MS symptoms is then again associated with an elevated 

perception of stress.  

 

1.6 Burden of adult abuse experiences in MS 

Childhood abuse is associated with increased risk of experiencing abuse as an adult. 

Such repeated abuse experiences are known as revictimization.152 Research on adult 

abuse in MS have gained even less attention than research on childhood abuse. Yet, 

people with physical disabilities, depression, and cognitive impairment have increased 

risk of experiencing abuse and maltreatment.153 All these risk factors are frequent in 

people with MS. Moreover, women with disabilities have higher risk of domestic 

abuse compared to men with disabilities,153 and the risk is also high during and after 

pregnancy.154 

A US cross-sectional study of adults with advanced MS found that over 50% of 

participants reported abuse by their caregivers,155 where emotional abuse was the most 

common type followed by economical abuse. 
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Abuse experiences could also increase the risk of adverse outcomes in the perinatal 

setting, such as depression, anxiety, prolonged labor, preterm birth and low birth 

weight.156-158 The perinatal period is a high-risk period for experiencing intimate 

partner violence,159 thus increasing the risk even further for negative outcomes for the 

mother and child.160 

Whether people with MS are at increased risk of experiencing abuse as adults, and 

whether this risk is heightened in the perinatal setting needs to be investigated further.  

 

1.7 MS in the perinatal setting 

MS is typically diagnosed in the period when people are starting a family and planning 

to have children. Historically, women with MS were discouraged to get pregnant due 

to the belief that pregnancy would negatively affect the course of MS.161,162 This 

gradually changed during the late 1980s and 1990s following new research that 

demonstrated no overall adverse effects of pregnancy on MS.163 Recent surveys on 

family planning among people with MS have found that up to 30% changed their plans 

for having children after MS diagnosis, due to aspects of the MS disease such as risk 

of MS worsening, symptoms not compatible with parenthood activities, risk of harm to 

the baby due to drug exposure, or fear of the baby inheriting MS.164,165 

Women with MS have lower pregnancy and birth rates compared to the general 

population.166,167 Presumably, MS does not directly affect biological fertility.168 

Factors that may explain the birth rates include psychological aspects such as 

voluntary childlessness,164,169 and a range of physical aspects such as fatigue, comorbid 

endocrinological conditions, and sexual dysfunction. Lower pregnancy rates and 

increased prescription of hormonal contraceptives are seen in the MS prodrome, which 

might suggest altered behavior (consciously or unconsciously) to avoid pregnancy due 
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MS patients. Some of this increase might also be explained by changes in diagnostic 

criteria for MS which enable women with less active disease to get diagnosed 

earlier.171 Moreover, improved treatment options for MS resulting better MS prognosis 

might result in more women with MS wanting to have children. 

 

1.7.1 Disease course and treatment in the perinatal period 

The perinatal period consists of the antenatal period (from conception to childbirth) 

and the postpartum period, which can be defined as the first year after giving birth.172 

A hallmark study on MS disease activity in the perinatal period was published by 

Confavreux et al. in 1998.173 The authors followed 241 untreated pregnant women 

with MS and demonstrated that annual relapse rates decreased during pregnancy and 

then increased in the first three months postpartum, before returning to the pre-

pregnancy baseline. This phenomenon has been replicated in several studies during the 

last decades,174 and is attributed to immunological changes of pregnancy and 

postpartum. The risk of relapses both before, during, and after pregnancy, has 

decreased in modern cohorts from 2010 and onwards.174,175 

During the recent years, new knowledge has clarified how to combine medications 

with pregnancy, which increase the possibility of disease stability in the perinatal 

period.176 It is generally recommended to discontinue DMTs before conception due to 

potential harm to the child, and to re-initiate treatment shortly after giving birth. Safety 

data on breastfeeding while using DMTs has increased during the last years.176,177 This 

allows some women to breastfeed while receiving MS treatment, despite not all DMT 

options being formally approved as safe. It is hypothesized that the combination of 

breastfeeding and DMTs may reduce the risk of postpartum disease activity more than 

treatment alone, but more research is needed.174,176 

 

1.7.2 Perinatal mental health in MS 

The physical outcomes of pregnancy and childbirth in MS have been well studied. 

There is a slightly higher risk of urinary tract infections, induced labor, elective 
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and the postpartum period, which can be defined as the first year after giving birth.
172

 

A hallmark study on MS disease activity in the perinatal period was published by 

Confavreux et al. in 1998.
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 The authors followed 241 untreated pregnant women 

with MS and demonstrated that annual relapse rates decreased during pregnancy and 

then increased in the first three months postpartum, before returning to the pre-

pregnancy baseline. This phenomenon has been replicated in several studies during the 

last decades,
174

 and is attributed to immunological changes of pregnancy and 

postpartum. The risk of relapses both before, during, and after pregnancy, has 

decreased in modern cohorts from 2010 and onwards.
174,175

 

During the recent years, new knowledge has clarified how to combine medications 

with pregnancy, which increase the possibility of disease stability in the perinatal 

period.
176

 It is generally recommended to discontinue DMTs before conception due to 

potential harm to the child, and to re-initiate treatment shortly after giving birth. Safety 

data on breastfeeding while using DMTs has increased during the last years.
176,177

 This 

allows some women to breastfeed while receiving MS treatment, despite not all DMT 

options being formally approved as safe. It is hypothesized that the combination of 

breastfeeding and DMTs may reduce the risk of postpartum disease activity more than 

treatment alone, but more research is needed.
174,176
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caesarean sections and having a child small for gestational age in pregnancies of 

women with MS compared to the general population.178-180 A recent study also 

reported increased risk of antepartum bleeding and placental abruption.180 

Perinatal mental health in MS have received less attention, despite depression and 

anxiety being frequent in MS.181 A Canadian cohort study found 27% increased risk of 

perinatal depression among 360 mothers and fathers with MS compared to matched 

controls.182 The risk was particularly increased for fathers with MS. The authors also 

studied subsequent psychiatric disorders in the children and found higher risk of mood 

disorders in children of parents with MS, and in children of parents who experienced 

perinatal depression, regardless of MS status. 

Depression in people with MS negatively affect quality of life to the same extent as 

neurological disability.15 Depression in MS can have various causes, including 

inflammation,183,184 structural brain changes due to MS lesions or atrophy,185,186 

dysregulation of the HPA-axis,187 psychosocial aspects of having a chronic disease,188 

and common environmental risk factors such as obesity.189 Recent mendelian 

randomization studies have not found common genetic susceptibility for MS and 

depression.189,190 The etiology of depression in the perinatal setting in MS is unknown. 

The potential consequences of maternal perinatal depression and anxiety for the 

child’s development are widespread, long-lasting, and affects all domains of 

development from infancy through adolescence.191 Perinatal depression also increases 

the risk of obstetric complications and mortality.192,193 Preventing and intervening on 

adverse perinatal mental health is of critical importance. To be able to do this, 

knowledge about how MS affects perinatal mental health and associated risk factors is 

needed. 
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2 Aims of this thesis 

 

Exposure to abuse can lead to a vicious cycle of adverse lifestyle choices, mood 

disorders and repeated abuse experiences. Prospective and population-based cohort 

studies in pregnancy give a unique opportunity to study a range of such exposures and 

outcomes, in both prevalent and incident cases of diseases. We used the Norwegian 

Mother, Father, and Child Cohort Study together with national registries to examine 

the history of childhood and adult abuse and the risk of perinatal depression in women 

with both established and future MS. Our specific aims were: 

 

1. To investigate whether adverse childhood experiences, including sexual, 

emotional, and physical abuse before the age of 18 years, were associated with 

an increased MS risk as an adult (paper I). 

 

 

2. To investigate the occurrence of abuse in women with MS during adulthood and 

in relation to pregnancy, as well as to investigate their risk of revictimization: 

i.e., repeated abuse in adulthood after childhood abuse (paper II). 

 

 

3. To investigate the occurrence of perinatal depression and anxiety in women 

with MS at different stages of the disease. Further, to determine risk factors for 

depression in pregnancy in women with MS (paper III). 
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3 Material and Methods 

 

3.1 The Norwegian Mother, Father, and Child Cohort Study (MoBa) 

The main data source for this thesis was pregnant women enrolled in MoBa. MoBa is a 

nationwide, prospective cohort study carried out by the Norwegian Institute of Public 

Health and linked to the Medical Birth Registry of Norway (MBRN), a compulsory 

registry containing information on all births in Norway.194 

The overall aim of MoBa is to study causes of diseases.195 Through a large number of 

recorded exposures, researchers can study associations to pregnancy outcomes and 

subsequent health problems through MoBa follow-up and linkage to other national 

health registers. 

MoBa started recruitment of pregnant women in 1999.194,196 Initially, recruitment took 

place in Hordaland County and was then gradually extended to the whole country. 

Fathers were invited to the study from the year 2000. By 2004, the recruitment was 

nationwide, and 50 out of 52 maternity units participated. Recruitment was completed 

in 2008, and the final participation rate was 41%.195,196 The long recruitment period 

resulted in many women participating more than once. 

The MoBa cohort includes more than 95,000 mothers, 75,000 fathers and 114,000 

children.195 The follow-up of the cohort is ongoing, and the goal of MoBa is to follow 

the participating children into adulthood.  

A postal invitation to the study was sent out to all pregnant women together with their 

appointment letter to routine ultrasound examination at the local hospital.195,196 98% of 

all pregnant women in Norway attend ultrasound screening in pregnancy weeks 17-20. 

196 The midwife could also recruit to MoBa if the woman had not decided prior to the 

appointment or not received a postal invitation. There were no exclusion criteria, but 

the questionnaires were only in Norwegian, thus restricting participation to 

Norwegian-speaking women. 
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3.1.1 Data collection (questionnaires) 

Mothers in MoBa received three questionnaires during pregnancy, while the fathers 

received one.194 The women responded to the first questionnaire (Q1) in pregnancy 

weeks 17–20 during enrollment to the study. They responded to the second 

questionnaire in pregnancy week 22 (Q2), and to the third questionnaire in pregnancy 

week 30 (Q3).194 We used data from Q1 and Q3 in our study, which contained detailed 

questions on sociodemographic background, medical history, as well as detailed 

questions on current health issues and a variety of exposures. These included 

symptoms of anxiety and depression and the history of abuse experiences. 

After childbirth, questionnaires were sent out at 6 months postpartum (Q4) and 18 

months postpartum (Q5).194 We used data from Q4 and Q5 in paper I, which contained 

information on health of the mother and child, including symptoms of depression and 

anxiety. 

Several subsequent questionnaires and biological samples have been collected from 

the participants in MoBa,197 but these data have not been used in this thesis. 

 

3.2 Other data sources 

In Norway, all inhabitants receive a unique personal identification number which are 

used in all registries and hospital records and makes data-linkage across registers and 

the MoBa cohort possible. 

The Norwegian Patient Registry 

The Norwegian Patient Registry (NPR) is an administrative registry with contains 

diagnostic codes, dates for admissions, discharges, and out-patient visits for the 

specialist health care, including public hospitals and private practice specialists with 

public reimbursement.198 Registration in the NPR after visits to the specialist health 

care system is mandatory. After every patient visit, a diagnostic code is registered 

according to the 10th revision of the International Classification of Diseases (ICD-10). 

The registry was established in 1997 but made available at an individual level in 2008 

when registration with personal identification numbers became mandatory by law 
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amendment. Thus, information from 2008 and onwards are available for linkage with 

other health registries. 

The Norwegian Multiple Sclerosis Registry and Biobank 

The Norwegian Multiple Sclerosis Registry and Biobank (MS Registry) was 

established in 2001, and aims to optimize research, treatment, and quality of health 

care services for people with MS.199 The registry is based on voluntary consent. The 

MS Registry contains demographic and clinical data and has a national coverage of 

87% at present.3 The national coverage is calculated by comparing included cases in 

the MS Registry to those included in NPR. Registration became web-based in 2015. A 

new law from 2019 stated that it is mandatory for health care units to report 

information to quality registries such as the MS Registry. The inclusion of prevalent 

and new MS cases has increased steadily during the recent years. The registry is 

located at Haukeland University Hospital, Bergen.  

Hospital records 

Due to incomplete national coverage of the MS Registry at the date of data linkage 

(described in next section), we used hospital records for validation and assessment of 

MS variables in some cases. 

 

3.3 Data linkage and validation of MS diagnoses 

We cross-linked the female study participants in MoBa with NPR and with the MS 

Registry on December 31st, 2018, through their personal identification numbers. 545 

participants in MoBa had the ICD-10 code G.35 Multiple sclerosis registered in the 

NPR.  

We considered the MS diagnosis as validated if the woman was registered both in the 

MS Registry and in NPR with the code G.35. The national coverage for MS diagnoses 

was estimated to be 97% in NPR and 69% in the MS Registry at the time of our data-

linkage.200 All individuals with MS identified through data linkage with the MS 

Registry were also registered in NPR. Of the 545 women with a G.35 code in NPR, 

148 were not included in the MS Registry. We sent a letter of invitation to collaborate 
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with our study to all MS Registry contacts at the local neurology departments 

throughout Norway. Thus, through a national collaboration with neurologists and 

specialist nurses we were able to decide whether the MS diagnoses only registered in 

NPR was correct or not. Our expert contacts examined the hospital records to ensure 

that the patient had MS according to the 2017 diagnostic criteria.17 We did an 

additional round of validations after the first published paper to provide more MS 

cases in the subsequent papers (Table 1). These individuals were subsequently invited 

to be enrolled in the MS Registry.  

We identified 478 unique women with MS in the MoBa cohort after the final 

validation. This comprised both prevalent and incident MS cases. Prevalent cases were 

defined as women living with MS at the time of MoBa inclusion, whereas incident 

cases were defined as women who got an MS diagnosis after MoBa inclusion and up 

until the date of our data linkage. 

 

Table 1. Validation of 545 MS diagnoses in NPR with information from the MS 

Registry and hospital records 

MS validation status Paper IIIa Paper I and II 

Confirmed MSb 452 478 

Refuted MSc 40 47 

Uncertain MS 1 1 

Not available for validationd 52 19 

Total NPR-cases 545 545 

aPaper III (MS and perinatal depression) was the first paper we published  
bConfirmed diagnosis through linkage with the MS Registry or by using hospital records 
cRefuted diagnoses did not fulfill diagnostic criteria for MS or had an erroneous coding of G.35.   
dWe did not get a response from all the invited neurology departments. After we published the paper 

on MS and perinatal depression (Paper III), we repeatedly contacted local MS Registry contacts who 

had not responded to the first round of validation. For the remaining 19 MS diagnoses from NPR, we 

did not have access to the hospital records due to no response from local MS Registry contacts. 

These remaining cases were mainly from small, local neurology departments. 
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Prevalent MS cases 

We defined prevalent MS cases as women who were diagnosed with MS before 

pregnancy or up to pregnancy weeks 17–20 (time for inclusion in MoBa). This was 

based on either a) self-report of an MS diagnosis at the questionnaire in week 17–20 or 

b) year of diagnosis from the MS Registry earlier than year of giving birth registered 

in MoBa/MBRN, or c) both.  

This group with prevalent MS was referred to as MS before 

baseline/inclusion/enrolment in paper I and II, and MS before pregnancy in paper III. 

In total, this group comprised 125 unique women.  

Incident MS cases  

We defined incident MS cases as women who were diagnosed with MS after inclusion 

in MoBa, up until the time of our data linkage on December 31st, 2018. This group was 

referred to as and MS after baseline/inclusion/enrolment in paper I and II, and MS 

after pregnancy in paper III. 

In total, this group comprised 363 unique women. 

 

An overview of data sources, MoBa questionnaires and MS individuals included in 

this thesis is shown in Figure 4. 

 

Figure 4. Overview of included data sources, MoBa questionnaires and MS cases in this thesis 
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3.4 Study population and study design 

The study population was based on MoBa version 12, available from January 2019.  

Paper I was a prospective cohort study. The study population was unique women in 

MoBa who answered the questionnaire in pregnancy week 30, including the childhood 

abuse items. We studied the risk of developing MS after MoBa inclusion (incident 

MS). 

Paper II was a cross-sectional study. The study population was unique women in 

MoBa who answered the abuse items in the questionnaires both in pregnancy week 

17–20 and in week 30. The main study group was women with established MS at 

enrolment (prevalent MS). 

Paper III was a prospective cohort study. The study population consisted of all 

pregnancies in MoBa, with three main study groups: 1) Women diagnosed with MS 

before pregnancy, 2) Women diagnosed with MS after pregnancy with MS symptom 

onset before pregnancy, and 3) Women diagnosed with MS after pregnancy with MS 

symptom onset after pregnancy. We also studied a subgroup of women (from group 2 

and 3) who were diagnosed with MS in the postpartum period, defined as 0–18 months 

after giving birth. 

 

3.5 Variables 

 

3.5.1 Adverse childhood experiences: Childhood abuse (Paper I) 

A history of childhood abuse was assessed through the questionnaire in pregnancy 

week 30 by four items covering different abuse categories: Emotional abuse 

(humiliation and threat), physical abuse, and sexual abuse (Paper I, Methods). 

Exposure to either of these categories was defined as ticking “yes, as a child < 18 

years”. The abuse items in Q3 were adapted from the validated NorVold Abuse 

Questionnaire.201  
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3.5.2 Abuse in adulthood, during pregnancy, and revictimization (Paper II) 

A history of adult abuse was assessed through the same questionnaire as childhood 

abuse in Q3, for this assessment responding “yes, as an adult > 18 years”. Q3 also 

included questions about the responsible person (stranger, family/relative, or another 

known person). Questions on severity and type of sexual abuse was included in Q1. 

Thus, we were able to define a subcategory of sexual rape in the analyses (Paper II, 

Methods and Supplemental material). We defined revictimization as an experience of 

abuse both in childhood and in adulthood. 

Information on abuse during pregnancy or in the 6-month period before pregnancy was 

collected from Q1 and Q3. Q1 included two questions covering sexual and physical 

abuse in the perinatal period adapted from the Abuse Assessment Screen.202. In Q3, the 

women could report whether the abuse had happened during the last year. (Paper II, 

Methods and Supplemental material). 

 

3.5.3 Perinatal depression and anxiety (Paper III) 

Symptoms of depression and anxiety were based on a short version of the validated 

screening tool Hopkins Symptom Checklist-25.203-205 The subscale Symptom 

Checklist-8 (SCL-8) was used in the questionnaires in pregnancy week 30, and 6 and 

18 months postpartum (Q3–Q5). SCL-8 contains four items measuring symptoms of 

depression and four items measuring symptoms of anxiety (Paper III, Supplemental 

data), covering symptoms during the two weeks prior to assessment. SCL-8 was thus 

separated into SCL-4D (depression) and SCL-4A (anxiety). Each item was scored on a 

Likert-type scale ranging from 1 (“not at all bothered”) to 4 (“very much bothered”). 

We separately calculated mean scores for depression and anxiety and used a validated 

cut-off of >1.75 to define presence of symptoms.206 

Perinatal depression or anxiety was defined as symptoms in pregnancy week 30 or 6 

months postpartum and reported as point prevalence for each assessment. The 

assessment at 18 months postpartum was used as a prognostic measure for women 
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diagnosed with MS before pregnancy and as a point prevalence for women diagnosed 

with MS postpartum. 

We validated the depression score at 6 months postpartum with a short version of the 

Edinburgh Postnatal Depression Scale, present in Q4 (Paper III, Methods). 

 

3.5.4 MS characteristics and demographic, socioeconomic and lifestyle factors 

We collected MS variables from the MS Registry and hospital records: Year and age 

of MS symptom onset (first clinical symptom), time and age at MS diagnosis, and MS-

subtype at disease onset (relapsing-remitting, primary progressive, or unspecified). 

These variables were registered by neurologists or specialist nurses. MS symptom 

onset was based on either patient history or medical records suggestive of a prior MS 

event. 

Other relevant variables were collected through the MoBa questionnaires or through 

linkage to MBRN: Age at MoBa inclusion, year of childbirth, participant birth year, 

history of smoking (ever/never), overweight (pre-pregnancy BMI ≥ 25 kg/m2), low 

household income (<60% of cohort median in the given inclusion year), short 

education (≤9 years of elementary school), non-cohabiting mother, alcohol use during 

the first trimester (≥1 unit per month (Paper II and III)), illicit drug use (ecstasy, 

cocaine, cannabis, amphetamine, heroin) last month before or during pregnancy (Paper 

II), low educational level of partner  (≤9 years (Paper II)). Additional covariables 

associated with perinatal depression were included (Paper III): Parity (pregnancies ≥24 

gestation weeks), unplanned pregnancy, smoking during pregnancy (≥1 occasion per 

month), social security disability or work assessment allowance, adverse pregnancy 

events (prior history of stillbirth or miscarriage >12 weeks, first trimester vaginal 

bleeding, current or prior preeclampsia), comorbidities (asthma, pre-pregnancy 

hypertension, renal disease, rheumatoid arthritis, type 1 diabetes, epilepsy), adverse 

life events last 12 months reported as “difficult or painful” (work/study conflict, 

financial issues, divorce/separation/breakup, conflict with family/friends, severe injury 

or illness, severe traffic accident, death of close relative/friend, fire or robbery), 

lifetime history of sexual and physical abuse (Q1), pre-pregnancy history of major 
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depression (Lifetime major depression score)207, self-reported history of anxiety, self-

reported use of antidepressants during pregnancy, and a combined score of anxiety and 

depression in Q1 (5-item Hopkins Symptom Checklist). Early drop-out from school 

(≤9 years of elementary school) was used as a proxy for childhood social status in 

paper I. 

 

3.6 Statistical analysis 

We used IBM SPSS Statistics software version 26 (Paper I–III), Stata version 16 and 

version 17 (Paper I–III) to perform the statistical analyses. 

3.6.1 Paper I 

We performed Cox proportional hazards regression to calculate the hazard ratio for 

MS development comparing women in MoBa who were exposed to adverse childhood 

experiences to those without any such exposure. In the time-to-event analysis, we 

calculated time in years from MoBa enrolment (start of observation period) until time 

of MS diagnosis or censoring (end of study, December 31st, 2018). We analyzed 

incidence rates per 100,000 person-years and hazard ratios for the different abuse 

categories and for severity of abuse (number of categories), accounting for possible 

confounders (the women’s birth year and childhood social status) and possible 

mediators (smoking, overweight, adult socioeconomic status).  

We performed a sensitivity analysis excluding women that might have been in the 

prodromal period of MS when experiencing abuse to limit the influence of reverse 

causality, and a sensitivity analysis including both prevalent and incident MS cases to 

examine if the exclusion of women with prevalent MS affected our results. 

 

3.6.2 Paper II 

We compared women with established MS with all female participants in MoBa 

without MS. We examined odds ratios for experiencing abuse in adulthood, being 

revictimized, and experiencing abuse in pregnancy with logistic regression adjusted 

for possible confounders (age, smoking, overweight, and socioeconomic status). We 
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considered low education of the partner to be a potential mediator and adjusted for this 

in a secondary analysis. We included the interaction terms low socioeconomic status x 

MS and childhood abuse x MS in a secondary analysis of abuse risk as an adult, to 

examine whether the combination of MS and these factors increased the risk more than 

each factor alone (synergistic effects). 

We performed a sensitivity analysis comparing abuse risk as an adult in women with 

established MS to women who developed MS > 5 years after MoBa inclusion, as these 

women did not yet have the “vulnerability” of having a chronic condition. 

 

3.6.3 Paper III 

We compared different MS groups with all the female participants in MoBa without 

MS. We examined odds ratios for depression and anxiety in the perinatal period with 

logistic regression adjusted for possible confounders (age, parity, overweight, and 

socioeconomic status). Potential clustering for women with more than one 

participation in MoBa was accounted for with robust standard error estimations. 

We also examined risk factors associated with depression in pregnancy week 30 

among women with established MS with a backward stepwise elimination method. In 

this secondary analysis, we included relevant interaction terms in the multiple 

regression model. 

We performed sensitivity analysis with higher cutoff for depression on the SCL-4D 

score, and a sensitivity analysis to check whether depression occurred independent of 

fatigue. Fatigue is common in MS, and symptoms of fatigue could be similar to 

symptoms of depression.  

 

3.6.4 Missing data 

We included flowcharts of included and excluded participants in paper I–III, and 

specified numbers of missing respondents for table 1-variables in paper I and II. In 

paper III, we imputed missing answers to the depression and anxiety score variables 

with the expectation-maximization algorithm in SPSS, given certain requirements 
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(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  

| 47 

 

(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  

| 47 

 

(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  

| 47 

 

(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  

| 47 

 

(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  

| 47 

 

(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  

| 47 

 

(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  

| 47 

 

(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  

| 47 

 

(Paper III, Methods). We also compared dropout rates from Q3 to Q5 for women with 

depression in the various study groups (Paper III, Supplemental material). In paper I, 

we compared baseline characteristics of participants with missing data (non-

responders to Q3, and non-responders to the abuse-items in Q3) with the total study 

population (Paper I, Supplemental material). 

 

3.7 Ethics 

This research project was approved by The Regional Committee for Medical and 

Health Research Ethics with reference number 2016/906. The establishment of MoBa 

and initial data collection was based on a license from the Norwegian Data Protection 

Agency and approval from the Regional Committees for Medical and Health Research 

Ethics. The MoBa cohort is regulated by the Norwegian Health Registry Act. 

Participation in MoBa and registration in the MS Registry is voluntary. Written 

informed consent for use of information in research and for data linkage was acquired 

during enrolment in both MoBa and the MS Registry. 

The subject in this thesis is abuse and perinatal depression, which are sensitive topics 

that may be associated with stigma. Answering questions on abuse may provoke an 

emotional response among participants. When conducting research on abuse and 

mental health, researchers should provide an option for referral to appropriate services 

for victims of abuse or current depression. As far as we know, this was not provided in 

MoBa. 

Throughout the project, we have had user involvement for discussion of optimal 

presentation of the results, both scientifically and in the media. Having experienced 

abuse is often associated with guilt or the feeling of being responsible for the abuse. 

The findings from this thesis should not be misconstrued by people with multiple 

sclerosis and prior abuse so that they feel responsible for having MS or feel 

responsible for experiencing current abuse or depression. Rather, we hope that the 

findings from this thesis will lead the way for new opportunities in both MS research 

and managing MS in the clinical setting.  



48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 | 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



| 49 

 

4 Summary of results 

 

MoBa version 12 contains 95,129 women with 114,629 pregnancy registrations. At the 

time of MoBa inclusion, 125 women had an MS diagnosis (prevalent MS). There were 

363 new diagnoses of MS after MoBa inclusion (incident MS), with a median time to 

diagnosis of 7 years (range 0–17). Women with prevalent MS had a mean age of 26 

years (range 14–39) when receiving an MS diagnosis, whereas women with incident 

MS had a mean age of 36 years (range 21–52) at diagnosis. An overview of the 

different MS groups used in the papers of this thesis is shown in Table 2. 

 

Table 2. Overview of women with MS included in the main analyses 

 Prevalent MS women 

125 

Incident MS women 

363 

   
Paper I Sensitivity analysisa 300 women with MS after baseline 

 

   

Paper II 106 women with established MS Sensitivity analysisb 

 

   

Paper III 140 pregnanciesc in women with 

MS before pregnancy 

406 pregnanciesc in women with MS 

after pregnancy 

• 98 with symptom onset before 

pregnancy 

• 308 with symptom onset after 

pregnancy 

▪ ≤ 5 years (n = 136) 

▪ > 5 years (n = 172) 
The number of women varies between papers because of different construction of MS groups and 

due to different response rates to questions/questionnaires used to define exposures and outcomes. 

aA sensitivity analysis including all women with MS in MoBa was included in paper I.  
bA sensitivity analysis including women with first symptom of MS > 5 years after study inclusion was 

included in paper II. 
c Paper III comprised data from women in MoBa participating more than once, and we used 

pregnancies for cases. In paper I and II we used unique women. 26 additional MS cases were 

validated and included in paper I and II after paper III (which was the first project in this thesis). 
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50 | 

 

4.1 Adverse childhood experiences and the risk of adult-onset MS 

We found an association between exposure to abuse in childhood and the risk of 

developing MS as an adult, after accounting for birth year, early school dropout, 

adverse socioeconomic factors, overweight and smoking (Paper I). We found that the 

hazard rate for developing MS was 31% higher for those who had experienced any 

type of sexual, emotional, or physical abuse before the age of 18 years. The risk of MS 

was highest after sexual abuse, followed by emotional abuse, when examining the 

categories separately. The estimates were similar or became stronger when we 

excluded women that could have been in the MS prodromal phase before the age of 18 

years. 

We found that the risk of MS increased by the number of abuse categories the women 

had experienced, suggestive of a dose-response relationship. The hazard rate was 93% 

higher for those who had experienced all three categories of abuse, compared to those 

who had experienced no abuse. 

We found no effect of childhood abuse on age of MS symptom onset or MS diagnosis. 

 

4.2 Revictimization, abuse in adulthood and the perinatal period 

We found that women with MS had higher risk of experiencing revictimization, i.e., 

further abuse in adulthood after childhood abuse (Paper II). The odds was 61% higher 

for experiencing emotional abuse as an adult for women with MS, compared to women 

without MS. Women with MS had almost 2.4 times higher odds of experiencing rape 

as an adult after adjusting for age and adverse socioeconomic status. We found 

synergistic effects between adverse socioeconomic status and MS, and between history 

of childhood abuse and MS, on the risk of adult abuse. The risk of emotional abuse 

was attenuated when adjusting for low partner education in a mediation analysis. 

The risk of abuse in the perinatal period was similar for women with MS and without 

MS. For both groups, 1 in 3 women who had a history of abuse in adulthood also had 

experienced abuse close to, or during, pregnancy. 
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4.3 Perinatal depression and anxiety 

We found that women with established MS had 2.0 times higher odds of depression 

during the third trimester of pregnancy, compared to women without MS (Paper III). 

The risk of postpartum depression was not increased per se, but more women with MS 

and third trimester depression had continuous depression measured at 6 months 

postpartum, compared to women without MS who had third trimester depression. The 

prognosis at 18 months postpartum was similar for women with MS and women 

without MS. The risk of perinatal anxiety was not increased.  

We studied 17 risk factors for third trimester depression among women with 

established MS and found that previous sexual and/or physical abuse, adverse 

socioeconomic status, and previous depression and/or anxiety were predictors for 

depression. 

We found increased risk of postpartum depression among 35 women who were 

diagnosed with MS in the postpartum period. They had 3.0 times higher odds of 

depression 6 months postpartum and 5.0 times higher odds of depression 18 months 

postpartum, compared to women without MS.  

We divided women with incident MS into two main groups, defined by when they 

experienced their first MS symptoms in relation to MoBa inclusion and pregnancy: 

• 98 women already had experienced MS symptoms prior to MoBa 

inclusion/pregnancy but were diagnosed after pregnancy. They did not have 

increased risk of neither depression nor anxiety in the perinatal period. 

• 308 women experienced MS symptom onset after MoBa inclusion/pregnancy.  

We found that those who had symptom onset ≤5 years after pregnancy had 

increased risk of both depression and anxiety in the perinatal period, but those 

who had > 5 years until MS symptom onset did not. 
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5 Discussion 

 

5.1 Methodological considerations 

 

5.1.1 Validation of MS diagnoses 

We identified 478 unique women with MS in the MoBa cohort through linkage with 

NPR, the MS Registry and evaluation of hospital records (Table 3).  

Among the 125 women with MS diagnosis at the time of MoBa inclusion (prevalent 

cases), 4 women did not report an MS-diagnosis in the MoBa-questionnaire. 

Moreover, 10 women who reported an MS-diagnosis was not registered with MS in 

the NPR or MS Registry. The MS Registry was established in 2001 but did not have a 
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Table 3. 2x2 Cross-table of MS cases included in our study 

 MS diseasea 

Yes No 

 

 

NPRb 

 

Yes 

 

478 

True positive 

 

 

47 

False positive 

 

No 

 

10 

False negative 

 

94,574c 

True negative 

a Confirmed or refuted MS-diagnosis according to the MS Registry and hospital records. 10 women 

reported an MS diagnosis in the MoBa questionnaire but were not registered in NPR and thus not 

available for validation. We defined these 10 as true diagnoses. 
b Registered with an MS diagnosis in NPR. Of the 545 G.35 codes from NPR, 20 cases were not 

available for validation (Table 1) and are not included here. 
c The remaining women in MoBa who did not self-report an MS diagnosis in the MoBa questionnaires 

and were not registered with an MS diagnosis in NPR or in the MS Registry as of Dec 31st 2018. 

The validation process gave an overall positive predictive value of   
478

478+47
 = 0.91 for 

an MS diagnosis in NPR.  

When we assume that the 10 self-reported MS diagnoses are correct, this yields a 

sensitivity of 
478

478+10
 = 0.98 for MS diagnosis in NPR. 

This is similar to the previous validation study of MS cases in NPR, which found a 

positive predictive value of 0.92 and a sensitivity of 0.97.208 

A positive predictive value of 0.91─0.92 means that 8–9% of the MS-diagnoses 

registered in NPR is erroneous, i.e., false positives. An incorrect diagnosis in NPR 

could be due to reevaluation and refutation of an initial suspected MS diagnosis, or 

erroneous coding of another diagnosis.3 An incorrect NPR-diagnostic code will never 

be deleted. Some of the 47 “false positives” might have had suspected MS but was yet 

to fulfill diagnostic criteria at the time of validation. As the national coverage in the 

MS Registry was only 69% at the time of our data-linkage, it was necessary to use the 

NPR to detect additional MS cases. Ultimately, using the MS Registry and hospital 

records for validation of the NPR-diagnoses ensured a high percentage of confirmed 

MS cases in this thesis.  

| 53 

 

Table 3. 2x2 Cross-table of MS cases included in our study 

 MS diseasea 

Yes No 

 

 

NPRb 

 

Yes 

 

478 

True positive 

 

 

47 

False positive 

 

No 

 

10 

False negative 

 

94,574c 

True negative 

a Confirmed or refuted MS-diagnosis according to the MS Registry and hospital records. 10 women 

reported an MS diagnosis in the MoBa questionnaire but were not registered in NPR and thus not 

available for validation. We defined these 10 as true diagnoses. 
b Registered with an MS diagnosis in NPR. Of the 545 G.35 codes from NPR, 20 cases were not 

available for validation (Table 1) and are not included here. 
c The remaining women in MoBa who did not self-report an MS diagnosis in the MoBa questionnaires 

and were not registered with an MS diagnosis in NPR or in the MS Registry as of Dec 31st 2018. 

The validation process gave an overall positive predictive value of   
478

478+47
 = 0.91 for 

an MS diagnosis in NPR.  

When we assume that the 10 self-reported MS diagnoses are correct, this yields a 

sensitivity of 
478

478+10
 = 0.98 for MS diagnosis in NPR. 

This is similar to the previous validation study of MS cases in NPR, which found a 

positive predictive value of 0.92 and a sensitivity of 0.97.208 

A positive predictive value of 0.91─0.92 means that 8–9% of the MS-diagnoses 

registered in NPR is erroneous, i.e., false positives. An incorrect diagnosis in NPR 

could be due to reevaluation and refutation of an initial suspected MS diagnosis, or 

erroneous coding of another diagnosis.3 An incorrect NPR-diagnostic code will never 

be deleted. Some of the 47 “false positives” might have had suspected MS but was yet 

to fulfill diagnostic criteria at the time of validation. As the national coverage in the 

MS Registry was only 69% at the time of our data-linkage, it was necessary to use the 

NPR to detect additional MS cases. Ultimately, using the MS Registry and hospital 

records for validation of the NPR-diagnoses ensured a high percentage of confirmed 

MS cases in this thesis.  

| 53 

 

Table 3. 2x2 Cross-table of MS cases included in our study 

 MS diseasea 

Yes No 

 

 

NPRb 

 

Yes 

 

478 

True positive 

 

 

47 

False positive 

 

No 

 

10 

False negative 

 

94,574c 

True negative 

a Confirmed or refuted MS-diagnosis according to the MS Registry and hospital records. 10 women 

reported an MS diagnosis in the MoBa questionnaire but were not registered in NPR and thus not 

available for validation. We defined these 10 as true diagnoses. 
b Registered with an MS diagnosis in NPR. Of the 545 G.35 codes from NPR, 20 cases were not 

available for validation (Table 1) and are not included here. 
c The remaining women in MoBa who did not self-report an MS diagnosis in the MoBa questionnaires 

and were not registered with an MS diagnosis in NPR or in the MS Registry as of Dec 31st 2018. 

The validation process gave an overall positive predictive value of   
478

478+47
 = 0.91 for 

an MS diagnosis in NPR.  

When we assume that the 10 self-reported MS diagnoses are correct, this yields a 

sensitivity of 
478

478+10
 = 0.98 for MS diagnosis in NPR. 

This is similar to the previous validation study of MS cases in NPR, which found a 

positive predictive value of 0.92 and a sensitivity of 0.97.208 

A positive predictive value of 0.91─0.92 means that 8–9% of the MS-diagnoses 

registered in NPR is erroneous, i.e., false positives. An incorrect diagnosis in NPR 

could be due to reevaluation and refutation of an initial suspected MS diagnosis, or 

erroneous coding of another diagnosis.3 An incorrect NPR-diagnostic code will never 

be deleted. Some of the 47 “false positives” might have had suspected MS but was yet 

to fulfill diagnostic criteria at the time of validation. As the national coverage in the 

MS Registry was only 69% at the time of our data-linkage, it was necessary to use the 

NPR to detect additional MS cases. Ultimately, using the MS Registry and hospital 

records for validation of the NPR-diagnoses ensured a high percentage of confirmed 

MS cases in this thesis.  

| 53 

 

Table 3. 2x2 Cross-table of MS cases included in our study 

 MS disease
a 

Yes No 

 

 

NPR
b 

 

Yes 

 

478 

True positive 

 

 

47 

False positive 

 

No 

 

10 

False negative 

 

94,574
c
 

True negative
 

a
 Confirmed or refuted MS-diagnosis according to the MS Registry and hospital records. 10 women 

reported an MS diagnosis in the MoBa questionnaire but were not registered in NPR and thus not 

available for validation. We defined these 10 as true diagnoses. 
b
 Registered with an MS diagnosis in NPR. Of the 545 G.35 codes from NPR, 20 cases were not 

available for validation (Table 1) and are not included here. 
c 
The remaining women in MoBa who did not self-report an MS diagnosis in the MoBa questionnaires 

and were not registered with an MS diagnosis in NPR or in the MS Registry as of Dec 31
st

 2018. 

The validation process gave an overall positive predictive value of   
478

478+47
 = 0.91 for 

an MS diagnosis in NPR.  

When we assume that the 10 self-reported MS diagnoses are correct, this yields a 

sensitivity of 
478

478+10
 = 0.98 for MS diagnosis in NPR. 

This is similar to the previous validation study of MS cases in NPR, which found a 

positive predictive value of 0.92 and a sensitivity of 0.97.
208

 

A positive predictive value of 0.91─0.92 means that 8–9% of the MS-diagnoses 

registered in NPR is erroneous, i.e., false positives. An incorrect diagnosis in NPR 

could be due to reevaluation and refutation of an initial suspected MS diagnosis, or 

erroneous coding of another diagnosis.
3
 An incorrect NPR-diagnostic code will never 

be deleted. Some of the 47 “false positives” might have had suspected MS but was yet 

to fulfill diagnostic criteria at the time of validation. As the national coverage in the 

MS Registry was only 69% at the time of our data-linkage, it was necessary to use the 

NPR to detect additional MS cases. Ultimately, using the MS Registry and hospital 

records for validation of the NPR-diagnoses ensured a high percentage of confirmed 

MS cases in this thesis.  

| 53 

 

Table 3. 2x2 Cross-table of MS cases included in our study 

 MS disease
a 

Yes No 

 

 

NPR
b 

 

Yes 

 

478 

True positive 

 

 

47 

False positive 

 

No 

 

10 

False negative 

 

94,574
c
 

True negative
 

a
 Confirmed or refuted MS-diagnosis according to the MS Registry and hospital records. 10 women 

reported an MS diagnosis in the MoBa questionnaire but were not registered in NPR and thus not 

available for validation. We defined these 10 as true diagnoses. 
b
 Registered with an MS diagnosis in NPR. Of the 545 G.35 codes from NPR, 20 cases were not 

available for validation (Table 1) and are not included here. 
c 
The remaining women in MoBa who did not self-report an MS diagnosis in the MoBa questionnaires 

and were not registered with an MS diagnosis in NPR or in the MS Registry as of Dec 31
st

 2018. 

The validation process gave an overall positive predictive value of   
478

478+47
 = 0.91 for 

an MS diagnosis in NPR.  

When we assume that the 10 self-reported MS diagnoses are correct, this yields a 

sensitivity of 
478

478+10
 = 0.98 for MS diagnosis in NPR. 

This is similar to the previous validation study of MS cases in NPR, which found a 

positive predictive value of 0.92 and a sensitivity of 0.97.
208

 

A positive predictive value of 0.91─0.92 means that 8–9% of the MS-diagnoses 

registered in NPR is erroneous, i.e., false positives. An incorrect diagnosis in NPR 

could be due to reevaluation and refutation of an initial suspected MS diagnosis, or 

erroneous coding of another diagnosis.
3
 An incorrect NPR-diagnostic code will never 

be deleted. Some of the 47 “false positives” might have had suspected MS but was yet 

to fulfill diagnostic criteria at the time of validation. As the national coverage in the 

MS Registry was only 69% at the time of our data-linkage, it was necessary to use the 

NPR to detect additional MS cases. Ultimately, using the MS Registry and hospital 

records for validation of the NPR-diagnoses ensured a high percentage of confirmed 

MS cases in this thesis.  

| 53 

 

Table 3. 2x2 Cross-table of MS cases included in our study 

 MS disease
a 

Yes No 

 

 

NPR
b 

 

Yes 

 

478 

True positive 

 

 

47 

False positive 

 

No 

 

10 

False negative 

 

94,574
c
 

True negative
 

a
 Confirmed or refuted MS-diagnosis according to the MS Registry and hospital records. 10 women 

reported an MS diagnosis in the MoBa questionnaire but were not registered in NPR and thus not 

available for validation. We defined these 10 as true diagnoses. 
b
 Registered with an MS diagnosis in NPR. Of the 545 G.35 codes from NPR, 20 cases were not 

available for validation (Table 1) and are not included here. 
c 
The remaining women in MoBa who did not self-report an MS diagnosis in the MoBa questionnaires 

and were not registered with an MS diagnosis in NPR or in the MS Registry as of Dec 31
st

 2018. 

The validation process gave an overall positive predictive value of   
478

478+47
 = 0.91 for 

an MS diagnosis in NPR.  

When we assume that the 10 self-reported MS diagnoses are correct, this yields a 

sensitivity of 
478

478+10
 = 0.98 for MS diagnosis in NPR. 

This is similar to the previous validation study of MS cases in NPR, which found a 

positive predictive value of 0.92 and a sensitivity of 0.97.
208

 

A positive predictive value of 0.91─0.92 means that 8–9% of the MS-diagnoses 

registered in NPR is erroneous, i.e., false positives. An incorrect diagnosis in NPR 

could be due to reevaluation and refutation of an initial suspected MS diagnosis, or 

erroneous coding of another diagnosis.
3
 An incorrect NPR-diagnostic code will never 

be deleted. Some of the 47 “false positives” might have had suspected MS but was yet 

to fulfill diagnostic criteria at the time of validation. As the national coverage in the 

MS Registry was only 69% at the time of our data-linkage, it was necessary to use the 

NPR to detect additional MS cases. Ultimately, using the MS Registry and hospital 

records for validation of the NPR-diagnoses ensured a high percentage of confirmed 

MS cases in this thesis.  

| 53 

 

Table 3. 2x2 Cross-table of MS cases included in our study 

 MS disease
a 

Yes No 

 

 

NPR
b 

 

Yes 

 

478 

True positive 

 

 

47 

False positive 

 

No 

 

10 

False negative 

 

94,574
c
 

True negative
 

a
 Confirmed or refuted MS-diagnosis according to the MS Registry and hospital records. 10 women 

reported an MS diagnosis in the MoBa questionnaire but were not registered in NPR and thus not 

available for validation. We defined these 10 as true diagnoses. 
b
 Registered with an MS diagnosis in NPR. Of the 545 G.35 codes from NPR, 20 cases were not 

available for validation (Table 1) and are not included here. 
c 
The remaining women in MoBa who did not self-report an MS diagnosis in the MoBa questionnaires 

and were not registered with an MS diagnosis in NPR or in the MS Registry as of Dec 31
st

 2018. 

The validation process gave an overall positive predictive value of   
478

478+47
 = 0.91 for 

an MS diagnosis in NPR.  

When we assume that the 10 self-reported MS diagnoses are correct, this yields a 

sensitivity of 
478

478+10
 = 0.98 for MS diagnosis in NPR. 

This is similar to the previous validation study of MS cases in NPR, which found a 

positive predictive value of 0.92 and a sensitivity of 0.97.
208

 

A positive predictive value of 0.91─0.92 means that 8–9% of the MS-diagnoses 

registered in NPR is erroneous, i.e., false positives. An incorrect diagnosis in NPR 

could be due to reevaluation and refutation of an initial suspected MS diagnosis, or 

erroneous coding of another diagnosis.
3
 An incorrect NPR-diagnostic code will never 

be deleted. Some of the 47 “false positives” might have had suspected MS but was yet 

to fulfill diagnostic criteria at the time of validation. As the national coverage in the 

MS Registry was only 69% at the time of our data-linkage, it was necessary to use the 

NPR to detect additional MS cases. Ultimately, using the MS Registry and hospital 

records for validation of the NPR-diagnoses ensured a high percentage of confirmed 

MS cases in this thesis.  

| 53 

 

Table 3. 2x2 Cross-table of MS cases included in our study 

 MS disease
a 

Yes No 

 

 

NPR
b 

 

Yes 

 

478 

True positive 

 

 

47 

False positive 

 

No 

 

10 

False negative 

 

94,574
c
 

True negative
 

a
 Confirmed or refuted MS-diagnosis according to the MS Registry and hospital records. 10 women 

reported an MS diagnosis in the MoBa questionnaire but were not registered in NPR and thus not 

available for validation. We defined these 10 as true diagnoses. 
b
 Registered with an MS diagnosis in NPR. Of the 545 G.35 codes from NPR, 20 cases were not 

available for validation (Table 1) and are not included here. 
c 
The remaining women in MoBa who did not self-report an MS diagnosis in the MoBa questionnaires 

and were not registered with an MS diagnosis in NPR or in the MS Registry as of Dec 31
st

 2018. 

The validation process gave an overall positive predictive value of   
478

478+47
 = 0.91 for 

an MS diagnosis in NPR.  

When we assume that the 10 self-reported MS diagnoses are correct, this yields a 

sensitivity of 
478

478+10
 = 0.98 for MS diagnosis in NPR. 

This is similar to the previous validation study of MS cases in NPR, which found a 

positive predictive value of 0.92 and a sensitivity of 0.97.
208

 

A positive predictive value of 0.91─0.92 means that 8–9% of the MS-diagnoses 

registered in NPR is erroneous, i.e., false positives. An incorrect diagnosis in NPR 

could be due to reevaluation and refutation of an initial suspected MS diagnosis, or 

erroneous coding of another diagnosis.
3
 An incorrect NPR-diagnostic code will never 

be deleted. Some of the 47 “false positives” might have had suspected MS but was yet 

to fulfill diagnostic criteria at the time of validation. As the national coverage in the 

MS Registry was only 69% at the time of our data-linkage, it was necessary to use the 

NPR to detect additional MS cases. Ultimately, using the MS Registry and hospital 

records for validation of the NPR-diagnoses ensured a high percentage of confirmed 

MS cases in this thesis.  
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Some women in MoBa without MS might have developed or were diagnosed with MS 

after data linkage in 2018. However, as this group comprised more than 90,000 

women, we do not believe this would have affected our results by much. 

Twenty cases of MS from the NPR were not available for identification from hospital 

records, because we did not get a response form the corresponding neurology 

department. They were not registered in the MS registry. The incomplete registration 

of MS cases in the MS registry at the time of data linkage was due to limited resources 

or disregard of the registration process at different neurology departments.3 The 

missing registrations was unrelated to aspects of the disease, or to the exposures or 

outcomes in this study. It is in our opinion unlikely that exclusion of these cases 

should have affected our results by much. 

 

5.1.2 Sources of errors and bias in MoBa 

The results of this thesis are obtained from the information and data-collection of the 

population-based MoBa cohort study. Cohort studies are usually preferred over other 

observational study designs, such as case-control studies, as they are less prone to 

bias.209 

However, when studying rare diseases such as MS, it may be challenging to gain 

enough power to examine exposure-outcome associations if the exposure and 

outcomes if interest are rare. Moreover, a cohort study with a large range of collected 

information may lack necessary details of exposures and outcomes to make nuanced 

assessments of exposure-outcomes associations. On the other hand, the comprehensive 

collection of exposures and outcomes is a strength to the MoBa cohort and gives 

endless possibilities to study exposure-outcome associations. The prospective 

collection of data gives a unique possibility to study incident cases and clarify 

temporal relationships between exposures and outcomes.  

Observational studies are well suited when the exposure of interest is unfeasible or 

unethical to allocate in an interventional study, e.g., for studying consequences of 

childhood abuse. All observational studies are invariably subject to errors, which may 
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be random or systematic. Systematic errors lead to bias, i.e., the results or 

interpretation of the results are skewed or deviates from the truth. Bias in 

epidemiological studies can mainly be put into three categories: selection bias, 

information bias, and confounding.209 It is important to critically assess these biases to 

consider the validity of a study. Internal validity relates to how well a study can 

correctly measure the exposure, the outcome, and the relationship between them. Bias 

is a threat to internal validity. Internal validity is necessary for external validity, which 

relates to how well you can generalize your findings to the population you intended to 

find knowledge for (target population), or to populations in other contexts.  

In the previous section, I discussed the validity of the MS diagnoses uses in this thesis. 

Next, I will discuss the potential sources of errors in MoBa.  

 

Random errors 

Random errors are errors that happen by chance, and can occur during study inclusion, 

filling or reading of questionnaire data, and in the analyses. Random errors occur 

equally in both directions from the true value and reduce statistical precision. A large 

sample size will minimize the effect of random errors. MoBa has a large study 

population, but for some analyses, especially in subgroups of exposures, there is a 

possibility that random errors have influenced our results. One example is in the 

analyses of those who had experienced three categories of childhood abuse and later 

developed MS (n=10). The statistical imprecision is mirrored in the wide confidence 

interval: 1.02–3.67. 

 

Selection bias 

Selection bias occurs when the population in the study differs from the target 

population that the participants were selected from, and when this results in finding 

associations between exposures and outcomes, which, in reality, are not there.210 Non-

participation, non-response to questionnaire data, and loss-to-follow up may distort the 

study population and skew the effect of the exposure on the outcome. However, there 

is a distinction between selection bias and the process of selecting subjects that may 
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not be generalizable to the target population. This affects the external validity of the 

study, but not necessarily the internal validity. Thus, any error in selection needs to 

affect both the exposure and the outcome to cause selection bias.  

Non-participation in MoBa is an example of such a selection. Of all the invited 

women, 41% agreed to participate. There is an overrepresentation of participants with 

Norwegian ethnicity and high socioeconomic status compared to the general 

population, and an underrepresentation of women who smoke, are single, multiparous, 

and under 25 years.211 A study of self-selection bias in MoBa concluded that for eight 

examined associations, there was no biased exposure-outcome risk estimates, but 

biased prevalence of exposures, such as smoking.211 Similar results have been found 

for other population-based cohorts with lower participation rates than MoBa.212,213 

Healthy people are more likely to participate in research.214 Women with MS may 

have fatigue or other complaints in pregnancy that resulted in lower participation rates 

than the general population. On the other hand, women with MS may also be more 

willing to participate, as MoBa aimed to study risk factors of disease in the next 

generation. High risk genes for MS are potentially heritable, and this could result in a 

personal wish to participate in such a study. 

125 of 95,129 women in MoBa had established MS at inclusion during 1999–2008. 

This yields a prevalence of 0,13% or ≈130 per 100,000 pregnancies. It is unknown if 

this is similar to the prevalence of women with MS giving birth in the total population. 

Few studies have calculated prevalence of pregnant women with MS at comparable 

time periods. A population-based study in California found an MS prevalence of 27 

per 100,000 pregnancies between 2001–2009.178 This is much lower than the 

prevalence in MoBa. However, California has a completely different healthcare system 

than Norway. Having a chronic disease and giving birth is possibly costly and 

dependent on having insurance, which may yield a selected group of women with MS 

giving birth. Due to the lack of comparable prevalence studies, it is hard to determine 

if women with MS were more or less likely to participate in MoBa than the general 

population.  
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For women with pre-diagnostic MS (incident cases) the invitation to participate in 

MoBa was presented before they were diagnosed with MS, and the participation of this 

group should not be affected by selection bias. However, some women with early 

signs of MS might have declined participation due to unspecific symptoms or health 

complaints. 

Women with psychological distress or a history of abuse may have been less willing to 

participate in MoBa. This should apply to both women with and without MS and thus 

not cause bias in exposure-outcome associations but could have attenuated prevalence 

estimates. Women with MS have increased risk of depression and abuse. If women 

with (prevalent) MS are overrepresented in MoBa this could cause exaggerated risk 

estimates. Vice versa, if women with MS are underrepresented in MoBa this would 

cause bias towards the null. 

Loss-to-follow up is another type of selection bias that may affect internal validity. 

Women who did not respond to the questionnaire in the third trimester had similar 

demographic and socioeconomic characteristics as those who did respond (Paper I, 

supplement table 3) We found similar dropout rates for the subsequent questionnaires 

among women with and without MS who were depressed in the third trimester (Paper 

III, supplement table e-2). Thus, loss-to-follow up were not likely to affect the 

outcomes reported in this thesis. 

Incomplete response to questionnaire data may potentially lead to selection bias. 

Missing data for individual variables is a common challenge for questionnaire-based 

studies. Imputation is a way of handling missing data. In paper III, we used a single 

imputation method to missing answers on the screening tools for depression or anxiety 

if the number of missing values were under 20–38% (depending on the scale). During 

the recent years, there has been increasing focus on missing values in research and 

ways to handle these, including more sophisticated imputation methods such as 

multiple imputation.215 In paper III, we did not provide details on missing data for 

background variables, but we did so in the other (subsequent) papers. Such missing 

data gives loss of power and statistical precision, and in some cases, bias. Incomplete 

responses could be “missing completely at random” (e.g., overlooking a question) or 
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“missing at random” (e.g., not answering income-questions due to depression), or 

“missing not at random” (e.g., not answering depression-score due to depression).215 

The latter two could lead to bias. In paper I and II, missingness for covariables such as 

confounders was generally low (mostly <5%) and similar for exposed and unexposed. 

We thus believe that this did not make any notable impact on our analyses. In paper I 

we found that those who did not respond to the childhood abuse items (but did respond 

to the Q3 questionnaire) had a lower socioeconomic status than those with complete 

response (Paper I, supplemental table 3). They also had higher rates of missingness for 

smoking, BMI, and the depression items. This could be due to “missing at random”, 

i.e., women with low socioeconomic status tended to generally have incomplete 

responses, or due to “missing not at random”, i.e., that women who were exposed to 

abuse were more likely to skip the abuse items. Both may lead to a distorted selection 

of participants eligible for analysis, but most likely affected women with 

(undiagnosed) MS and the reference group in similar ways. Moreover, these missing 

responses comprised only 0,8% of respondents to Q3. 

Taken together, the analyses comprising women with prevalent MS may be vulnerable 

to selection bias through participation, but the analyses comprising women with 

incident MS should not be. Definite evidence on whether women with prevalent MS is 

under- or overrepresented in MoBa could be provided through a population-based 

study on the occurrence of MS among pregnancies in Norway 1999–2008.  

 

Information bias 

Information bias is distorted exposure-outcome associations originating from 

measurement errors of key study variables during data collection, or from systematic 

differences in acquired information from exposed and unexposed cases.209 Incorrectly 

defining an exposed case as unexposed, a case as a control, or vice versa, leads to 

misclassification bias.  

Recall bias is a type of misclassification bias, where cases of a disease tend to 

remember (and report) more details from a distant event than controls, and thus may 

exaggerate their exposure status. If this applies to cases more than controls, this bias is 
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termed as differential.210 In this thesis, we studied women who reported childhood 

abuse vs. women who did not, and the association to a future MS diagnosis. Questions 

on childhood abuse were collected years after exposure for all participants, but also 

years before the outcome (MS). Thus, potential errors in recall for childhood abuse 

affected all participants equally.  

Mood-congruent memory bias occurs when recall depends on current mood.216 For 

example, if depressed individuals tend to remember more negative childhood events 

than positive. However, longitudinal studies with repeated abuse-assessments have 

found that mental health have negligible effects on reporting or not reporting child 

abuse.217 We did not adjust for depression in paper I and II because depression would 

be a collider variable on the association-pathway between MS and abuse.218 

Limitations in sensitivity and specificity of screening tools may cause 

misclassification. Depression, anxiety, and abuse are measured in MoBa with only a 

few questionnaire items or short-form versions of larger screening tools. Although the 

short-form questionnaires for depression and anxiety have been validated previously, 

these are tools meant for screening and not diagnosis. The abuse questionnaires were 

adapted from other validated screening tools, but the overall scales used in MoBa were 
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Figure 5. Illustration of a confounder. Overweight (O) is a common cause (increases the risk) of both 

MS and depression (D). Overweight was one of the potential confounders in Paper III. 

Confounders can be considered in the analyses by stratifying or adjusting the 

regression model. All observational studies, including this thesis, will have residual 

confounding or unmeasured confounding, meaning that confounders are measured 

imperfectly or not measured at all. Yet, it is unlikely that this potential bias fully 

explains our results. The comprehensive questionnaires of MoBa yield detailed 

information on potential confounders and mediators, which we accounted for in all 

papers. A mediator is an intermediate variable between an exposure and an outcome 

and contributes to the total effect (Figure 6). An approach to measure the direct effect 

of an exposure on the outcome is to condition on mediators in regression analyses. 

 

Figure 6. Illustration of a mediator. Overweight (O) is a potential effect of Adverse Childhood 

Experiences (ACE) and a risk factor for MS. A mediator explains indirect mechanisms of how the 

exposure is related to the outcome. Overweight was regarded as a potential mediator in Paper I.  

In paper III, we adjusted for confounders such as age, parity, overweight, and 

socioeconomic status; all associated with increased risk for both MS and depression. 

In retrospect, we could also have adjusted for childhood abuse and smoking. However, 

we regarded our study to have too few depression events in the MS group to adjust for 

all possible relevant confounders, which can result in an overfitted and unstable 

regression model.219  

We did not have information on vitamin D status. Low vitamin D is associated with 

increased MS risk and with perinatal depression.56,220 Whether low vitamin D is a risk 

factor, or a consequence of depression is unknown. Moreover, low vitamin D interacts 

with childhood abuse experiences on the risk of adult depression; and gives even 
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higher risk of depression if exposure to both.221 Vitamin D might in theory be a 

mediator on the pathway between childhood abuse and MS risk (Paper I), since 

childhood abuse may alter an unfavorable diet in young adulthood.222 

 

We adjusted for low socioeconomic status (SES) as a potential confounder in paper II 

and III, and as a potential mediator in paper I, on the basis that low SES might be a 

risk factor for MS.145 The latter is, however, debated.223 Low SES might as well be a 

consequence of MS. Cognitive difficulties are common in MS and may appear years 

before MS symptom onset.37 Cognitive and physical impairment may limit work and 
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5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.196 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.211 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.174,180 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.13,171,176 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.225 For occurrence of abuse, 

it has been difficult to find comparable studies due to discrepancies in study design 

62 | 

 

5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.196 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.211 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.174,180 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.13,171,176 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.225 For occurrence of abuse, 

it has been difficult to find comparable studies due to discrepancies in study design 

62 | 

 

5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.196 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.211 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.174,180 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.13,171,176 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.225 For occurrence of abuse, 

it has been difficult to find comparable studies due to discrepancies in study design 

62 | 

 

5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.
196

 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.
211

 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.
174,180

 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.
13,171,176

 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.
225

 For occurrence of abuse, 

it has been difficult to find comparable studies due to discrepancies in study design 

62 | 

 

5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.
196

 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.
211

 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.
174,180

 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.
13,171,176

 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.
225

 For occurrence of abuse, 

it has been difficult to find comparable studies due to discrepancies in study design 

62 | 

 

5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.
196

 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.
211

 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.
174,180

 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.
13,171,176

 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.
225

 For occurrence of abuse, 

it has been difficult to find comparable studies due to discrepancies in study design 

62 | 

 

5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.
196

 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.
211

 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.
174,180

 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.
13,171,176

 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.
225

 For occurrence of abuse, 

it has been difficult to find comparable studies due to discrepancies in study design 

62 | 

 

5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.
196

 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.
211

 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.
174,180

 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.
13,171,176

 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.
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5.1.3 External validity 

As discussed in chapter 5.1.2, we did not identify any major sources of bias that could 

have limited the internal validity of our results. Overall, we also believe that our 

findings are generalizable to pregnant women with MS. However, there may be 

limitations in external validity if considering relevance for men or non-pregnant 

women with MS, and for people with MS of other ethnicities.  

MoBa is a population-based study, meaning that all pregnant women in Norway were 

eligible to be included. Population-based studies have high external validity as they 

have the potential to include the whole population of a geographical area. However, 

MoBa started recruiting in the city of Bergen in 1999 and gradually became 

nationwide by 2004.
196

 Consequently, 40% of pregnant women 1999–2008 were 

invited to the study, and of these, 41% accepted participation.
211

 The questionnaires 

were only available in Norwegian. It could therefore be debated whether MoBa really 

is, by a strict definition, population based. Nevertheless, a strength of MoBa is the 

large number of participating women from all parts of Norway. 

Women of high SES are overrepresented in the MoBa cohort, but pregnant women 

with and without MS had similar occurrence of adverse SES. Women with prevalent 

MS in MoBa may be different from pregnant women with MS who did not participate, 

or different from non-pregnant women with MS. Women with MS who are able or 

willing to get pregnant may be a subgroup of women with MS. Most pregnant women 

with MS have minimal disability.
174,180

 We did not have information about MS 

severity available for our cohort. The recruitment period was 1999–2008, which was a 

time when diagnostic criteria, treatment options and approaches to family planning 

was different from today.
13,171,176

 Thus, pregnant women with MS in MoBa might 

differ from pregnant women with MS today. 

Women with depression or abuse experiences might have been less motivated to 

participate in MoBa or answer questions about these subjects. However, we found 

similar overall occurrence of perinatal depression in MoBa as in other Norwegian 

population-based studies with over 90% participation rate.
225

 For occurrence of abuse, 

it has been difficult to find comparable studies due to discrepancies in study design 



| 63 

 

and abuse assessment. The 2023 prevalence study from the Norwegian Competence 

Centre for Violence and Traumatic Stress found higher prevalence of both childhood 

and adult abuse than reported by the participants in MoBa.226 For example, 28% of 

women reported any childhood abuse compared to 19% in MoBa, and 18% reported 

both childhood and adult abuse, compared to 9% in MoBa. This telephone survey 

included 4000 people and had lower response rates than MoBa (10% vs 41%) and it 

included digital sexual violence. Prevalence estimates of abuse might not be 

generalizable to other populations, but the association between exposure and outcomes 

should still be. 

 

5.1.4 Study design and temporality 

Paper I and III had a prospective design, which is a strength when assessing 

temporality between exposure and outcomes. Paper I assessed the association between 

childhood abuse and MS risk. Despite a prospective design, the questions regarding 

childhood abuse were retrospective. Adult recall of childhood abuse is the most 

common type of assessment for such exposures.119 Studies have found good test-retest 

reliability of maternal self-reported childhood abuse in perinatal settings.227 

Prospective assessment of childhood abuse may select only the severe types of 

abuse,228 e.g., when using registered contacts in health care or law systems. Thus, we 

believe retrospective reports of abuse are well suited to assess the full range of abuse 

experiences on a population-level.  

We used age at MS diagnosis instead of age at MS symptom onset as the endpoint in 

paper I to minimize the risk of recall bias and misclassification of “MS onset” as 

recorded in the MS Registry. Date of MS symptom onset is to a larger extent based on 

patient recall than date of MS diagnosis. For those patients not registered in the MS 

registry, information on symptom onset and date of diagnosis was obtained from 

hospital records which did not always contain details on symptom onset.  

Paper II had a cross-sectional design and explored the association between prevalent 

MS and exposure to abuse in adulthood. We did not have information on the exact 
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timing of adult abuse, which limited the possibility to address temporality between MS 

and adult abuse.  

 

5.2 Discussion of results  

 

5.2.1 Adverse childhood experiences and risk of adult-onset MS 

The findings from this thesis suggest that childhood stress, especially resulting from 

emotional and sexual abuse, increases the risk of adult-onset MS, and in a dose-

response relationship. Moreover, our results support that childhood and adolescence 

represent a susceptibility period for exposure to environmental factors that increase the 

risk for MS. The design and size of our study allowed us to examine the temporal 

relationship between childhood stress and MS with an approach which, to our 

knowledge, has not been done before. The large Nurses’ Health Study was able to 

prospectively study a subgroup of only 49 people with MS when investigating the 

relationship between childhood stressors and MS.121 We were able to adjust for 

relevant associated factors that could have confounded or mediated the relationship 

between childhood stress and MS risk. None of the previous studies accounted for 

BMI, and only three accounted for smoking history.121,129,229 

The association between early-life stress and MS was supported by an animal study 

that triggered early-life emotional and physical trauma in mice and found increased 

susceptibility and severity of experimental autoimmune encephalomyelitis,230 which is 

a standard animal model for MS. 

Several studies on ACEs and MS risk were published the same year as our study, but 

all were retrospective. A Canadian case-control study among people with immune 

mediated inflammatory diseases, including 232 with MS, found an increased risk of 

childhood maltreatment among those with disease compared to healthy controls.129 

The association was strongest for emotional abuse. A larger case-control study from 

California including 1422 MS cases did not find any increased risk of reporting 

ACEs.126 The ACEs included parental divorce, death or illness of core family, 
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risk for MS. The design and size of our study allowed us to examine the temporal 

relationship between childhood stress and MS with an approach which, to our 

knowledge, has not been done before. The large Nurses’ Health Study was able to 

prospectively study a subgroup of only 49 people with MS when investigating the 

relationship between childhood stressors and MS.
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disruption in living situation, and abuse (physical and verbal combined). A cross-

sectional study from the Icelandic Stress-And-Gene-Analysis cohort with 28,000 

women and including 214 women with MS, investigated 13 ACEs. The authors did not 

find any significant associations with MS.229 They found elevated risk estimates for 

bullying, physical neglect, parental separation, and severe sexual abuse; but the 

confidence intervals were wide and contained the null after adjustment for 

confounders.  

Among the available studies on childhood stress and MS risk, six found an association 

with MS risk120,122-124,129, including our study,231 whereas four did not.121,125,126,229 

Among the studies that did not find an association, two studies found slightly elevated 

risk estimates, especially for severe or repeated sexual abuse,121,229 but the associations 

were not significant. Although all studies included ACEs, the definition and number of 

ACEs differed substantially. The most studied ACE was abuse, but types and 

assessment of abuse varied. The cohort study from Nurses’ Health Study investigated 

physical and sexual abuse, but did not include emotional abuse.121 The largest case-

control study combined physical and verbal abuse into one abuse exposure, but did not 

study sexual abuse.126 All studies used self-reported measurements of abuse via 

different questionnaire screening tools, except for one that used computer-assisted 

telephone interview.126 Among the studies that used validated abuse questionnaires 

such as the Childhood Trauma Questionnaire,122,129 or Adverse Childhood Experiences 

Questionnaire124,229, all except one study found increased MS risk.229  

High number of ACEs have been associated with earlier age of MS onset in one 

study,124 but results are conflicting.122,126 We found no association between the number 

of ACEs and age of MS onset. However, we did not include this in paper I. We 

doubted that we could draw valid conclusions from this finding as we studied women 

in a pregnancy cohort where particularly women in younger age groups (below 30 

years) were underrepresented. 

The heterogeneity in studies investigating the effects of stress on MS highlights the 

difficulty to measure stress consistently and objectively across studies. We examined 
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three types of childhood abuse but did not have information on other types of ACEs 

such as neglect, parental illness, or bullying.  

The types of stress and combinations of stressors give a wide range of possible 

exposures. Stressors can differ in severity, chronicity, and they can co-occur and 

accumulate. Further, the reaction to similar stressors varies between individuals due to 

behavioral and emotional coping mechanisms. The reaction to stressors may also vary 

within individuals across the lifespan. Due to the overlap, heterogeneity, and 

individual response differences of ACEs, it has been proposed that researchers should 

measure perceived stress instead of defined events in future studies on childhood 

adversity.232 However, as most studies on childhood stressors are based on recall of 

distant events, one could argue that it could be hard for participants to evaluate and 

distinguish perceived stress in childhood from current stress related to past events. 

Further, we believe it is important to assess all three main types of abuse when 

examining exposure to abuse, and not omit one type of abuse, such as emotional 

abuse.  

  

5.2.2 Adult abuse, revictimization, and abuse in the perinatal period 

The findings from this thesis show that women with MS have an increased risk of 

experiencing abuse also as adults. We examined a cohort of relatively young and 

healthy women. Our findings extend previous knowledge on the occurrence of abuse 

in people with advanced MS at an older age.155 Moreover, we found that women with 

MS had higher risk of adult abuse if they had experienced abuse during childhood, this 

compared to those who had experienced childhood abuse in the reference group. To 

the best of our knowledge, no other study has investigated the occurrence of abuse in 

both childhood and adulthood in people with MS and thus the risk of revictimization. 

We found that 26% of women with MS had experienced abuse as adults, compared to 

20% of women without MS. Two other studies were published the same year as our 

study. An Iranian cross-sectional study found high occurrence of domestic abuse 

among 275 married women with MS, ranging from 20% to 63% for different 

categories of abuse.233 A US study among two cohorts of women with MS (200 and 
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121 cases, respectively), found that 35–38% reported lifetime abuse, and 15–17% of 

women with abuse experiences also had experienced abuse during the last 12 

months.234 The lifetime prevalence is comparable to women with prevalent MS in our 

MoBa cohort, where 38% (40 out of 106) either had experienced childhood or adult 

abuse.  

Taken together, available evidence shows that women with MS are at increased risk of 

experiencing abuse as adults across different ages, disability severity, and geographical 

areas. However, the existing studies, including ours, are limited by relatively small 

sample sizes. The other studies on abuse as adults lacked comparison groups. 

Emotional abuse was one of the most common types of abuse in all studies, including 

ours.155,233,234 We found that the risk of emotional abuse attenuated when adjusting for 

low partner education as a possible mediating factor. This suggests that some of the 

association between women with MS and emotional abuse was mediated through the 

partner. Caregivers and partners are the main perpetrators of abuse in women with 

disabilities.235 However, women with disabilities are also at increased risk of boundary 

violations and maltreatment by health care providers, friends, and colleagues. The US 

Study found that the intimate partner of the woman with MS was the most common 

perpetrator for emotional and physical abuse.234 The other studies exclusively 

investigated abuse by partners or caregivers.155,233 These findings highlight the need 

for targeted psychoeducation for caregivers of MS.236  

We found synergistic effects between adverse socioeconomic status and the risk of 

abuse in women with MS, illustrating that women with adverse socioeconomic status 

are at increased risk of abuse. The Iranian study also found that low income, short 

education, and unemployment in both the woman with MS and her husband were 

independent risk factors for domestic abuse.233 The other studies on adult abuse in MS 

found that physical disability, fatigue and cognitive impairment were risk factors for 

abuse.155,234 Particularly,  neurological disability was demonstrated as a risk factor for 

emotional abuse, but not for sexual or physical abuse.234 A possible explanation is that 

increased disability results in increased dependency on others in daily life activities, 
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which may result in increased vulnerability to humiliation, discrimination, and 

degradation from family, partners, and other people in the community. 

We did not find any increased risk of abuse in the pre-pregnancy period or during 

pregnancy for women with MS compared to women without MS. However, 8% of 

women with MS did report exposure to abuse in that period. That comprised 30% of 

those who had experienced abuse as adults. As far as we know, no other study has 

investigated the risk of abuse among people with MS in a perinatal setting. We did not 

have information on abuse postpartum, which is also a high-risk period for abuse.237  

 

5.2.3 Depression and anxiety in the perinatal period 

The findings from this thesis show that women with MS have increased risk of 

perinatal depression, and that women who are diagnosed with MS shortly after giving 

birth have particularly increased risk of postpartum depression. The use of prospective 

and repeated measurements of depression and anxiety extends previous knowledge on 

occurrence of perinatal mood disorders in parents with MS,182 where particularly 

fathers with MS had an increased risk. Moreover, we were able to adjust for important 

potential confounders such as age, parity, overweight, and socioeconomic factors. 

A US retrospective cohort study with 143 pregnancies in women with MS was 

published after our study and found a 13% period prevalence of perinatal 

depression.238 The study lacked a non-MS comparison group and was thus not able to 

provide any risk estimates for depression. The authors measured depression that was 

mentioned in the health records but were not able to include any validated assessment 

of depression such as screening-tools or diagnostic codes. Thus, depression prevalence 

was probably underestimated. 

We identified adverse socioeconomic status, previous physical or sexual abuse, and 

previous depression or anxiety as predictors for depression in women with MS. These 

are all well known risk factors for perinatal depression in the general population.239,240 

Of note, we found synergistic effects between adverse socioeconomic status and MS 

and between prior abuse and MS on the depression risk. This means that women with 
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MS and these risk factors had higher risk of depression compared to women without 

MS who also had these risk factors. We were not able to study the association between 

emotional abuse and depression, because emotional abuse was not included in the Q1 

baseline questionnaire, and we wanted to study risk factors prospectively from Q1 to 

the subsequent depression assessments in Q3─Q5. However, all types of abuse are 

associated with perinatal depression in the general population.241 Further, childhood 

abuse, adult abuse, and intimate partner violence are all independently associated with 

perinatal depression.239,242  

We did not have information on MS disease activity, but a recent MS diagnosis and 

receiving disability benefits were not predictors for depression. We did not have 

information on protective factors for depression, such as social support. Our dataset 

did not include information on breastfeeding. Breastfeeding is associated with reduced 

risk of depression and could have mediated the relationship between MS and 

postpartum depression.243 The US cohort study found that increased maternal age, 

primiparity, and prior depression were risk factors for perinatal depression among 

women with MS.238 They did not find that high disability status, gadolinium-

enhancing lesions on MRI, or perinatal relapses were predictors for depression. 

However, as the study might have been underpowered to find such associations, 

further research on specific MS risk factors and protective factors for perinatal 

depression is warranted.  

We found increased risk of both depression and anxiety in women with incident MS 

and less than 5 years until onset of MS symptoms, but not for those with more than 5 

years until MS onset. This supports previous findings that depression and anxiety is a 

part of the MS prodrome.33,36 A Canadian population-based cohort study found 

increased occurrence of psychiatric disorders during the last 5 years before diagnosis 

for a group of immune-mediated diseases; MS, inflammatory bowel disease and 

rheumatoid arthritis.244 A longitudinal Norwegian study measured microstructural 

brain changes on MRI in 45 newly diagnosed MS patients, and assessed depression 

and anxiety two years later.186 The authors found that increased free-water, a proxy for 

inflammation, predicted future depression. Together, this supports that depression in 
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MS can be caused by increased inflammatory activity in the brain.183,184 Studies have 

found that people with depression and a history of childhood abuse has higher levels of 

inflammatory markers in blood compared to people with depression without prior 

abuse,245 and that a dysregulated HPA-axis might be the link between childhood abuse 

and depression.246 

The Canadian cohort study on MS and other immune-mediated diseases found that the 

incidence of depression and anxiety peaks in the year of diagnosis and remains 

elevated during the years after diagnosis.244 We found that women who were newly 

diagnosed with MS or other chronic diseases postpartum had particularly increased 

risk of postpartum depression. The burden of having a chronic disease may cause 

emotional distress and depressive symptoms.188  

The potential mechanisms for perinatal depression in MS remain unknown. It is 

debated whether depression in the perinatal period is a unique entity with different 

mechanisms from non-perinatal depression.247,248 In addition to shared risk factors with 

non-perinatal depression, perinatal depression has some unique genetic, hormonal, and 

inflammatory characteristics.247,249 There might be different phenotypes of depression 

in the perinatal period.250 Moreover, genetic and epigenetic factors that are associated 

with perinatal depression are modified by stressful events and childhood adversity.251 

 

5.2.4 Implications for the clinical setting 

The available research on abuse experiences and perinatal depression in MS was 

scarce prior to this research project. Several papers were published shortly after or in 

parallel with our papers. Our results on ACEs and future MS risk have been reported 

by several media sources,252-254 and the results considering perinatal depression were 

highlighted in an editorial in Neurology.255 Together, this mirrors a growing awareness 

about the impact and the importance of addressing these topics in the MS setting.  

Having experienced prior or current abuse increases the risk of morbidity, mortality, 

and adverse perinatal health, including perinatal depression.156-158 Further, perinatal 

depression increases the risk of adverse maternal and neonatal outcomes.191-193 As 
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women with MS have increased risk of both, extra attention to signs of prior or current 

traumatic experiences in people with MS is warranted. Warning signs include chronic 

pain, unexplained somatic symptoms, and mood disorders.256 The vicious chain of 

childhood trauma on adverse health and repeated abuse experiences can be broken if 

properly addressed through trauma-informed care.257 Clinicians should be aware of the 

association between abuse and depression and ask for symptoms of depression when 

encountering a person with MS in the perinatal setting. 

The world health organization recommended screening for perinatal depression in their 

2022 guidelines.258 In Norway, there is currently no formal screening for abuse or 

depression with validated instruments in the perinatal period.259 Yet, most women are 

routinely asked for depression and abuse experiences during the assessments from the 

nurses at the local health centers, referred to as case finding. Although being addressed 

in primary health care, neurologists and neurologic nurses should address these 

adversities in the presence of warning signs. When needed, people with MS should be 

referred to appropriate management of depressive symptoms, traumatic experiences, or 

both. Interpersonal and cognitive behavior therapy is effective for both prevention and 

treatment of perinatal depression,260,261 and medical therapies such as selective 

serotonin reuptake inhibitors can be considered.176 

The results from this thesis highlight the need for prevention of childhood adversities.  

Optimally, no child should be exposed to adverse events such as abuse. However, 

eliminating childhood adversities may be unfeasible. Possible prevention include free 

educational courses and home visiting services to strengthen parenting skills.262 

Prevention at a society level could include strengthening of young families’ financial 

security and ensuring affordable childcare and after-school services.262 When children 

are exposed, intervention and treatment at an early age is crucial to avoid accumulation 

of ACEs and try to overcome its harmful effects. Routine screening of pediatric 

patients has been proposed,263 but the benefit of screening children is debated.264,265 

Increased awareness and action by family members, teachers, health personnel, and 

other caregivers in the child’s community is the key for early intervention. 
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6 Conclusions 

 

We have found that exposure to adverse childhood experiences is associated with 

increased risk of MS as an adult. The risk for MS was elevated after emotional and 

sexual abuse. We also found a dose-response relationship between the number of 

childhood abuse categories and elevated MS risk. Women with MS had increased risk 

of experiencing emotional abuse and sexual rape as adults, compared to women 

without MS. Moreover, women with MS who had experienced abuse during childhood 

had higher risk of revictimization, i.e., also experiencing abuse as an adult. The risk of 

abuse in the perinatal setting was not increased compared to women without MS, but 

as many as 8% of women with MS had experienced abuse close to, or during 

pregnancy. Women with established MS had increased risk of perinatal depression, but 

not perinatal anxiety. We found that women with MS and adverse socioeconomic 

status or childhood abuse experiences were particularly vulnerable to both perinatal 

depression and repeated abuse experiences. Taken together, the results from this thesis 

show that women with MS are at increased risk of experiencing a vicious cycle of 

multiple adversities after childhood abuse.  Women with less than five years to MS 

symptom onset had increased risk of both perinatal depression and anxiety, whereas 

women with more than five years to MS symptoms had no such increased risk. 

Women who were diagnosed with MS during the first 18 months after giving birth had 

increased risk of postpartum depression.  

The consequences of childhood abuse, adult abuse and perinatal depression are 

potentially severe and have long-term impact for mental and physical health across 

generations. The findings from this thesis stress the need for increased attention, 

intervention, and treatment of these multiple adversities in people with MS, as well as 

in the society in general. 
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7 Future perspectives 

 

This thesis contributes to novel knowledge concerning the association between 

childhood abuse and MS, and on the risk of adult abuse and perinatal depression in 

women with MS. These associations should be further examined in larger studies with 

more people with MS, including men, non-white individuals, and people in different 

age groups. Prospective population-based studies are preferred to avoid recall and 

selection bias. One ideal prospective study could be a Nordic Collaboration Pregnancy 

cohort, where the same exposures were measured in all five countries in both women 

and their partners. Since the Nordic countries have similar health registries, it would 

be possible to do the same data-linkage as in our study. However, pregnancy cohort 

studies require considerable resources and take decades to plan and conduct. Large 

case-control studies would provide important data on this subject.  

The first step in increasing the knowledge and replicate findings on childhood 

adversity in people with MS would be to use consistent measures of ACEs across 

studies, such as the ACE International Questionnaire developed by the World Health 

Organization.266 That questionnaire includes childhood stressors such as bullying and 

war trauma, which almost no studies have assessed in people with MS. Further, studies 

that examine interactions between genetic risk alleles and ACEs would provide 

important knowledge on gene-environment interactions. Interaction studies on other 

environmental risk factors and ACEs, such as markers of EBV infection, would 

provide insight in potential mechanisms for the increased susceptibility to MS. We 

have planned a postdoctoral project within the MoBa cohort, where we in one of the 

subprojects will examine whether adverse childhood experiences and EBV infection 

have synergistic effects on MS risk. 

Further studies on the occurrence, risk, and perpetrator of abuse in adulthood in people 

with MS would provide insight to better identify those with MS who are at risk and to 

help those in need.  

There is a need for studies on optimal prevention and treatment of perinatal depression 

in MS. That could include interventional studies that compared different types of drug 
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and their partners. Since the Nordic countries have similar health registries, it would 

be possible to do the same data-linkage as in our study. However, pregnancy cohort 

studies require considerable resources and take decades to plan and conduct. Large 

case-control studies would provide important data on this subject.  

The first step in increasing the knowledge and replicate findings on childhood 

adversity in people with MS would be to use consistent measures of ACEs across 
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Organization.
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 That questionnaire includes childhood stressors such as bullying and 

war trauma, which almost no studies have assessed in people with MS. Further, studies 

that examine interactions between genetic risk alleles and ACEs would provide 

important knowledge on gene-environment interactions. Interaction studies on other 

environmental risk factors and ACEs, such as markers of EBV infection, would 

provide insight in potential mechanisms for the increased susceptibility to MS. We 

have planned a postdoctoral project within the MoBa cohort, where we in one of the 

subprojects will examine whether adverse childhood experiences and EBV infection 

have synergistic effects on MS risk. 
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and non-drug psychotherapies. More studies to confirm the safety on breastfeeding 

while receiving DMTs would help support women with MS to breastfeed, and 

breastfeeding might reduce the risk of postpartum depression and postpartum disease 

activity. 
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8 Errata 

 

Paper I, Figure 2: 10,484 women are reported as excluded from the study population in 

the flowchart. This number includes those “pregnant 18 months postpartum”. 

However, this subgroup was only excluded from the analyses examining depression 

and anxiety 18 months after birth, and not from the main analysis. The correct number 

of excluded women from the study population should be 2456 individuals. 
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ABSTRACT
Objective  To study whether exposure to childhood 
emotional, sexual or physical abuse is associated with 
subsequent multiple sclerosis (MS) development.
Methods  A nationwide, prospective cohort study based 
on participants in the Norwegian Mother, Father and 
Child cohort study. Enrolment took place 1999–2008, 
with follow-up until 31 December 2018. Childhood 
abuse before age 18 years was obtained from self-
completed questionnaires. We identified MS diagnoses 
through data-linkage with national health registries and 
hospital records. The Cox model was used to estimate 
HRs for MS with 95% CIs, adjusting for confounders and 
mediators.
Results  In this prospective cohort study, 14 477 women 
were exposed to childhood abuse and 63 520 were 
unexposed. 300 women developed MS during the 
follow-up period. 71 of these (24%) reported a history 
of childhood abuse, compared with 14 406 of 77 697 
(19%) women that did not develop MS. Sexual abuse 
(HR 1.65, 95% CI 1.13 to 2.39) and emotional abuse 
(HR 1.40, 95% CI 1.03 to 1.90) in childhood were both 
associated with an increased risk of developing MS. 
The HR of MS after exposure to physical abuse was 
1.31 (95% CI 0.83 to 2.06). The risk of MS was further 
increased if exposed to two (HR 1.66, 95% CI 1.04 to 
2.67) or all three abuse categories (HR 1.93, 95% CI 
1.02 to 3.67).
Interpretation  Childhood sexual and emotional abuse 
were associated with an increased risk of developing 
MS. The risk was higher when exposed to several abuse 
categories, indicating a dose–response relationship. 
Further studies are needed to identify underlying 
mechanisms.

INTRODUCTION
Trauma and stressful life events have been associated 
with an increased risk of autoimmune disorders.1 
Any impact of stress on multiple sclerosis (MS) 
is debated,2 but a recent population-based study 
from Sweden with 2930 MS cases indicated a link 
between major stressors in adult life, such as loss of 
a loved one, divorce or personal conflict and subse-
quent MS disease.3 Adverse childhood experiences 
such as abuse, neglect and household dysfunction 
are extreme types of stress, and increase the risk 
of psychiatric and physical disorders in adulthood,4 

including cardiovascular disease, cancer and auto-
immune disease.5

Whether adverse events in childhood can have an 
impact on MS susceptibility is not known. A Danish 
population-based study found a 13% increased risk 
of developing MS if exposed to parental divorce,6 
but they were unable to adjust for associated life-
style changes such as smoking and obesity. Few have 
studied the association between childhood abuse 
and MS, and these studies were not prospective and 
arrived at different conclusions.7 8

Some of the most consistent environmental risk 
factors for MS, including low vitamin D levels, 
low sun exposure, Epstein-Barr virus infection and 
obesity seem to have critical periods of suscepti-
bility for MS in childhood and particularly, adoles-
cence.9–11 Exposure to tobacco smoke at a young age 
may also have an impact.12 13 Better understanding 
of risk factors and timing of risk exposures, may 
open doors for prevention and give further insight 
to disease mechanisms.

Our aim was to investigate whether adverse 
childhood experiences may contribute to the risk of 
MS. In this prospective and population-based study, 
we assessed the association between exposure to 
childhood emotional, sexual and physical abuse and 
the risk of developing MS, examining nationwide 

Key messages

What is already known on this topic
	⇒ Trauma in childhood and adolescence can alter 
the immune system and may increase the risk 
of autoimmune disorders. Whether stress and 
adverse events in childhood can have an impact 
on multiple sclerosis (MS) susceptibility is not 
known.

What this study adds
	⇒ Women with exposure to adverse childhood 
experiences had increased risk of developing 
MS. This association was most pronounced for 
sexual abuse and for the combination of several 
categories of abuse.

How this study might affect research, practice 
or policy

	⇒ These results open doors for prevention and 
insight to disease mechanisms.
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ABSTRACT
Objective To study whether exposure to childhood 
emotional, sexual or physical abuse is associated with 
subsequent multiple sclerosis (MS) development.
Methods A nationwide, prospective cohort study based 
on participants in the Norwegian Mother, Father and 
Child cohort study. Enrolment took place 1999–2008, 
with follow-up until 31 December 2018. Childhood 
abuse before age 18 years was obtained from self-
completed questionnaires. We identified MS diagnoses 
through data-linkage with national health registries and 
hospital records. The Cox model was used to estimate 
HRs for MS with 95% CIs, adjusting for confounders and 
mediators.
Results In this prospective cohort study, 14 477 women 
were exposed to childhood abuse and 63 520 were 
unexposed. 300 women developed MS during the 
follow-up period. 71 of these (24%) reported a history 
of childhood abuse, compared with 14 406 of 77 697 
(19%) women that did not develop MS. Sexual abuse 
(HR 1.65, 95% CI 1.13 to 2.39) and emotional abuse 
(HR 1.40, 95% CI 1.03 to 1.90) in childhood were both 
associated with an increased risk of developing MS. 
The HR of MS after exposure to physical abuse was 
1.31 (95% CI 0.83 to 2.06). The risk of MS was further 
increased if exposed to two (HR 1.66, 95% CI 1.04 to 
2.67) or all three abuse categories (HR 1.93, 95% CI 
1.02 to 3.67).
Interpretation Childhood sexual and emotional abuse 
were associated with an increased risk of developing 
MS. The risk was higher when exposed to several abuse 
categories, indicating a dose–response relationship. 
Further studies are needed to identify underlying 
mechanisms.

INTRODUCTION
Trauma and stressful life events have been associated 
with an increased risk of autoimmune disorders.1 
Any impact of stress on multiple sclerosis (MS) 
is debated,2 but a recent population-based study 
from Sweden with 2930 MS cases indicated a link 
between major stressors in adult life, such as loss of 
a loved one, divorce or personal conflict and subse-
quent MS disease.3 Adverse childhood experiences 
such as abuse, neglect and household dysfunction 
are extreme types of stress, and increase the risk 
of psychiatric and physical disorders in adulthood,4 

including cardiovascular disease, cancer and auto-
immune disease.5

Whether adverse events in childhood can have an 
impact on MS susceptibility is not known. A Danish 
population-based study found a 13% increased risk 
of developing MS if exposed to parental divorce,6 
but they were unable to adjust for associated life-
style changes such as smoking and obesity. Few have 
studied the association between childhood abuse 
and MS, and these studies were not prospective and 
arrived at different conclusions.7 8

Some of the most consistent environmental risk 
factors for MS, including low vitamin D levels, 
low sun exposure, Epstein-Barr virus infection and 
obesity seem to have critical periods of suscepti-
bility for MS in childhood and particularly, adoles-
cence.9–11 Exposure to tobacco smoke at a young age 
may also have an impact.12 13 Better understanding 
of risk factors and timing of risk exposures, may 
open doors for prevention and give further insight 
to disease mechanisms.

Our aim was to investigate whether adverse 
childhood experiences may contribute to the risk of 
MS. In this prospective and population-based study, 
we assessed the association between exposure to 
childhood emotional, sexual and physical abuse and 
the risk of developing MS, examining nationwide 
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	 ⇒Women with exposure to adverse childhood 
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Objective To study whether exposure to childhood 
emotional, sexual or physical abuse is associated with 
subsequent multiple sclerosis (MS) development.
Methods A nationwide, prospective cohort study based 
on participants in the Norwegian Mother, Father and 
Child cohort study. Enrolment took place 1999–2008, 
with follow-up until 31 December 2018. Childhood 
abuse before age 18 years was obtained from self-
completed questionnaires. We identified MS diagnoses 
through data-linkage with national health registries and 
hospital records. The Cox model was used to estimate 
HRs for MS with 95% CIs, adjusting for confounders and 
mediators.
Results In this prospective cohort study, 14 477 women 
were exposed to childhood abuse and 63 520 were 
unexposed. 300 women developed MS during the 
follow-up period. 71 of these (24%) reported a history 
of childhood abuse, compared with 14 406 of 77 697 
(19%) women that did not develop MS. Sexual abuse 
(HR 1.65, 95% CI 1.13 to 2.39) and emotional abuse 
(HR 1.40, 95% CI 1.03 to 1.90) in childhood were both 
associated with an increased risk of developing MS. 
The HR of MS after exposure to physical abuse was 
1.31 (95% CI 0.83 to 2.06). The risk of MS was further 
increased if exposed to two (HR 1.66, 95% CI 1.04 to 
2.67) or all three abuse categories (HR 1.93, 95% CI 
1.02 to 3.67).
Interpretation Childhood sexual and emotional abuse 
were associated with an increased risk of developing 
MS. The risk was higher when exposed to several abuse 
categories, indicating a dose–response relationship. 
Further studies are needed to identify underlying 
mechanisms.

INTRODUCTION
Trauma and stressful life events have been associated 
with an increased risk of autoimmune disorders.1 
Any impact of stress on multiple sclerosis (MS) 
is debated,2 but a recent population-based study 
from Sweden with 2930 MS cases indicated a link 
between major stressors in adult life, such as loss of 
a loved one, divorce or personal conflict and subse-
quent MS disease.3 Adverse childhood experiences 
such as abuse, neglect and household dysfunction 
are extreme types of stress, and increase the risk 
of psychiatric and physical disorders in adulthood,4 

including cardiovascular disease, cancer and auto-
immune disease.5

Whether adverse events in childhood can have an 
impact on MS susceptibility is not known. A Danish 
population-based study found a 13% increased risk 
of developing MS if exposed to parental divorce,6 
but they were unable to adjust for associated life-
style changes such as smoking and obesity. Few have 
studied the association between childhood abuse 
and MS, and these studies were not prospective and 
arrived at different conclusions.7 8

Some of the most consistent environmental risk 
factors for MS, including low vitamin D levels, 
low sun exposure, Epstein-Barr virus infection and 
obesity seem to have critical periods of suscepti-
bility for MS in childhood and particularly, adoles-
cence.9–11 Exposure to tobacco smoke at a young age 
may also have an impact.12 13 Better understanding 
of risk factors and timing of risk exposures, may 
open doors for prevention and give further insight 
to disease mechanisms.

Our aim was to investigate whether adverse 
childhood experiences may contribute to the risk of 
MS. In this prospective and population-based study, 
we assessed the association between exposure to 
childhood emotional, sexual and physical abuse and 
the risk of developing MS, examining nationwide 
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completed questionnaires. We identified MS diagnoses 
through data-linkage with national health registries and 
hospital records. The Cox model was used to estimate 
HRs for MS with 95% CIs, adjusting for confounders and 
mediators.
Results  In this prospective cohort study, 14 477 women 
were exposed to childhood abuse and 63 520 were 
unexposed. 300 women developed MS during the 
follow-up period. 71 of these (24%) reported a history 
of childhood abuse, compared with 14 406 of 77 697 
(19%) women that did not develop MS. Sexual abuse 
(HR 1.65, 95% CI 1.13 to 2.39) and emotional abuse 
(HR 1.40, 95% CI 1.03 to 1.90) in childhood were both 
associated with an increased risk of developing MS. 
The HR of MS after exposure to physical abuse was 
1.31 (95% CI 0.83 to 2.06). The risk of MS was further 
increased if exposed to two (HR 1.66, 95% CI 1.04 to 
2.67) or all three abuse categories (HR 1.93, 95% CI 
1.02 to 3.67).
Interpretation  Childhood sexual and emotional abuse 
were associated with an increased risk of developing 
MS. The risk was higher when exposed to several abuse 
categories, indicating a dose–response relationship. 
Further studies are needed to identify underlying 
mechanisms.

INTRODUCTION
Trauma and stressful life events have been associated 
with an increased risk of autoimmune disorders.

1
 

Any impact of stress on multiple sclerosis (MS) 
is debated,

2
 but a recent population-based study 

from Sweden with 2930 MS cases indicated a link 
between major stressors in adult life, such as loss of 
a loved one, divorce or personal conflict and subse-
quent MS disease.

3
 Adverse childhood experiences 

such as abuse, neglect and household dysfunction 
are extreme types of stress, and increase the risk 
of psychiatric and physical disorders in adulthood,

4
 

including cardiovascular disease, cancer and auto-
immune disease.

5

Whether adverse events in childhood can have an 
impact on MS susceptibility is not known. A Danish 
population-based study found a 13% increased risk 
of developing MS if exposed to parental divorce,

6
 

but they were unable to adjust for associated life-
style changes such as smoking and obesity. Few have 
studied the association between childhood abuse 
and MS, and these studies were not prospective and 
arrived at different conclusions.

7 8

Some of the most consistent environmental risk 
factors for MS, including low vitamin D levels, 
low sun exposure, Epstein-Barr virus infection and 
obesity seem to have critical periods of suscepti-
bility for MS in childhood and particularly, adoles-
cence.

9–11
 Exposure to tobacco smoke at a young age 

may also have an impact.
12 13

 Better understanding 
of risk factors and timing of risk exposures, may 
open doors for prevention and give further insight 
to disease mechanisms.

Our aim was to investigate whether adverse 
childhood experiences may contribute to the risk of 
MS. In this prospective and population-based study, 
we assessed the association between exposure to 
childhood emotional, sexual and physical abuse and 
the risk of developing MS, examining nationwide 

Key messages

What is already known on this topic
	⇒ Trauma in childhood and adolescence can alter 
the immune system and may increase the risk 
of autoimmune disorders. Whether stress and 
adverse events in childhood can have an impact 
on multiple sclerosis (MS) susceptibility is not 
known.

What this study adds
	⇒ Women with exposure to adverse childhood 
experiences had increased risk of developing 
MS. This association was most pronounced for 
sexual abuse and for the combination of several 
categories of abuse.

How this study might affect research, practice 
or policy

	⇒ These results open doors for prevention and 
insight to disease mechanisms.
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1.02 to 3.67).
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MS. The risk was higher when exposed to several abuse 
categories, indicating a dose–response relationship. 
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Methods A nationwide, prospective cohort study based 
on participants in the Norwegian Mother, Father and 
Child cohort study. Enrolment took place 1999–2008, 
with follow-up until 31 December 2018. Childhood 
abuse before age 18 years was obtained from self-
completed questionnaires. We identified MS diagnoses 
through data-linkage with national health registries and 
hospital records. The Cox model was used to estimate 
HRs for MS with 95% CIs, adjusting for confounders and 
mediators.
Results In this prospective cohort study, 14 477 women 
were exposed to childhood abuse and 63 520 were 
unexposed. 300 women developed MS during the 
follow-up period. 71 of these (24%) reported a history 
of childhood abuse, compared with 14 406 of 77 697 
(19%) women that did not develop MS. Sexual abuse 
(HR 1.65, 95% CI 1.13 to 2.39) and emotional abuse 
(HR 1.40, 95% CI 1.03 to 1.90) in childhood were both 
associated with an increased risk of developing MS. 
The HR of MS after exposure to physical abuse was 
1.31 (95% CI 0.83 to 2.06). The risk of MS was further 
increased if exposed to two (HR 1.66, 95% CI 1.04 to 
2.67) or all three abuse categories (HR 1.93, 95% CI 
1.02 to 3.67).
Interpretation Childhood sexual and emotional abuse 
were associated with an increased risk of developing 
MS. The risk was higher when exposed to several abuse 
categories, indicating a dose–response relationship. 
Further studies are needed to identify underlying 
mechanisms.
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are extreme types of stress, and increase the risk 
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impact on MS susceptibility is not known. A Danish 
population-based study found a 13% increased risk 
of developing MS if exposed to parental divorce,
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but they were unable to adjust for associated life-
style changes such as smoking and obesity. Few have 
studied the association between childhood abuse 
and MS, and these studies were not prospective and 
arrived at different conclusions.
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Some of the most consistent environmental risk 
factors for MS, including low vitamin D levels, 
low sun exposure, Epstein-Barr virus infection and 
obesity seem to have critical periods of suscepti-
bility for MS in childhood and particularly, adoles-
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9–11
 Exposure to tobacco smoke at a young age 

may also have an impact.
12 13

 Better understanding 
of risk factors and timing of risk exposures, may 
open doors for prevention and give further insight 
to disease mechanisms.

Our aim was to investigate whether adverse 
childhood experiences may contribute to the risk of 
MS. In this prospective and population-based study, 
we assessed the association between exposure to 
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the risk of developing MS, examining nationwide 
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subsequent multiple sclerosis (MS) development.
Methods A nationwide, prospective cohort study based 
on participants in the Norwegian Mother, Father and 
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abuse before age 18 years was obtained from self-
completed questionnaires. We identified MS diagnoses 
through data-linkage with national health registries and 
hospital records. The Cox model was used to estimate 
HRs for MS with 95% CIs, adjusting for confounders and 
mediators.
Results In this prospective cohort study, 14 477 women 
were exposed to childhood abuse and 63 520 were 
unexposed. 300 women developed MS during the 
follow-up period. 71 of these (24%) reported a history 
of childhood abuse, compared with 14 406 of 77 697 
(19%) women that did not develop MS. Sexual abuse 
(HR 1.65, 95% CI 1.13 to 2.39) and emotional abuse 
(HR 1.40, 95% CI 1.03 to 1.90) in childhood were both 
associated with an increased risk of developing MS. 
The HR of MS after exposure to physical abuse was 
1.31 (95% CI 0.83 to 2.06). The risk of MS was further 
increased if exposed to two (HR 1.66, 95% CI 1.04 to 
2.67) or all three abuse categories (HR 1.93, 95% CI 
1.02 to 3.67).
Interpretation Childhood sexual and emotional abuse 
were associated with an increased risk of developing 
MS. The risk was higher when exposed to several abuse 
categories, indicating a dose–response relationship. 
Further studies are needed to identify underlying 
mechanisms.
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cence.

9–11
 Exposure to tobacco smoke at a young age 

may also have an impact.
12 13

 Better understanding 
of risk factors and timing of risk exposures, may 
open doors for prevention and give further insight 
to disease mechanisms.

Our aim was to investigate whether adverse 
childhood experiences may contribute to the risk of 
MS. In this prospective and population-based study, 
we assessed the association between exposure to 
childhood emotional, sexual and physical abuse and 
the risk of developing MS, examining nationwide 

Key messages

What is already known on this topic
	 ⇒Trauma in childhood and adolescence can alter 
the immune system and may increase the risk 
of autoimmune disorders. Whether stress and 
adverse events in childhood can have an impact 
on multiple sclerosis (MS) susceptibility is not 
known.

What this study adds
	 ⇒Women with exposure to adverse childhood 
experiences had increased risk of developing 
MS. This association was most pronounced for 
sexual abuse and for the combination of several 
categories of abuse.

How this study might affect research, practice 
or policy

	 ⇒These results open doors for prevention and 
insight to disease mechanisms.
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ABSTRACT
Objective To study whether exposure to childhood 
emotional, sexual or physical abuse is associated with 
subsequent multiple sclerosis (MS) development.
Methods A nationwide, prospective cohort study based 
on participants in the Norwegian Mother, Father and 
Child cohort study. Enrolment took place 1999–2008, 
with follow-up until 31 December 2018. Childhood 
abuse before age 18 years was obtained from self-
completed questionnaires. We identified MS diagnoses 
through data-linkage with national health registries and 
hospital records. The Cox model was used to estimate 
HRs for MS with 95% CIs, adjusting for confounders and 
mediators.
Results In this prospective cohort study, 14 477 women 
were exposed to childhood abuse and 63 520 were 
unexposed. 300 women developed MS during the 
follow-up period. 71 of these (24%) reported a history 
of childhood abuse, compared with 14 406 of 77 697 
(19%) women that did not develop MS. Sexual abuse 
(HR 1.65, 95% CI 1.13 to 2.39) and emotional abuse 
(HR 1.40, 95% CI 1.03 to 1.90) in childhood were both 
associated with an increased risk of developing MS. 
The HR of MS after exposure to physical abuse was 
1.31 (95% CI 0.83 to 2.06). The risk of MS was further 
increased if exposed to two (HR 1.66, 95% CI 1.04 to 
2.67) or all three abuse categories (HR 1.93, 95% CI 
1.02 to 3.67).
Interpretation Childhood sexual and emotional abuse 
were associated with an increased risk of developing 
MS. The risk was higher when exposed to several abuse 
categories, indicating a dose–response relationship. 
Further studies are needed to identify underlying 
mechanisms.

INTRODUCTION
Trauma and stressful life events have been associated 
with an increased risk of autoimmune disorders.

1
 

Any impact of stress on multiple sclerosis (MS) 
is debated,

2
 but a recent population-based study 

from Sweden with 2930 MS cases indicated a link 
between major stressors in adult life, such as loss of 
a loved one, divorce or personal conflict and subse-
quent MS disease.

3
 Adverse childhood experiences 

such as abuse, neglect and household dysfunction 
are extreme types of stress, and increase the risk 
of psychiatric and physical disorders in adulthood,

4
 

including cardiovascular disease, cancer and auto-
immune disease.

5

Whether adverse events in childhood can have an 
impact on MS susceptibility is not known. A Danish 
population-based study found a 13% increased risk 
of developing MS if exposed to parental divorce,

6
 

but they were unable to adjust for associated life-
style changes such as smoking and obesity. Few have 
studied the association between childhood abuse 
and MS, and these studies were not prospective and 
arrived at different conclusions.

7 8

Some of the most consistent environmental risk 
factors for MS, including low vitamin D levels, 
low sun exposure, Epstein-Barr virus infection and 
obesity seem to have critical periods of suscepti-
bility for MS in childhood and particularly, adoles-
cence.

9–11
 Exposure to tobacco smoke at a young age 

may also have an impact.
12 13

 Better understanding 
of risk factors and timing of risk exposures, may 
open doors for prevention and give further insight 
to disease mechanisms.

Our aim was to investigate whether adverse 
childhood experiences may contribute to the risk of 
MS. In this prospective and population-based study, 
we assessed the association between exposure to 
childhood emotional, sexual and physical abuse and 
the risk of developing MS, examining nationwide 

Key messages

What is already known on this topic
	 ⇒Trauma in childhood and adolescence can alter 
the immune system and may increase the risk 
of autoimmune disorders. Whether stress and 
adverse events in childhood can have an impact 
on multiple sclerosis (MS) susceptibility is not 
known.

What this study adds
	 ⇒Women with exposure to adverse childhood 
experiences had increased risk of developing 
MS. This association was most pronounced for 
sexual abuse and for the combination of several 
categories of abuse.

How this study might affect research, practice 
or policy

	 ⇒These results open doors for prevention and 
insight to disease mechanisms.

T
id

ss
kr

ift
ko

nt
or

et
. P

ro
te

ct
ed

 b
y 

co
py

rig
ht

.
 o

n 
O

ct
ob

er
 2

7,
 2

02
3 

at
 U

ni
ve

rs
ite

ts
bi

bl
io

te
ke

t i
 B

er
ge

n
ht

tp
://

jn
np

.b
m

j.c
om

/
J 

N
eu

ro
l N

eu
ro

su
rg

 P
sy

ch
ia

tr
y:

 fi
rs

t p
ub

lis
he

d 
as

 1
0.

11
36

/jn
np

-2
02

1-
32

87
00

 o
n 

4 
A

pr
il 

20
22

. D
ow

nl
oa

de
d 

fr
om

 



646 Eid K, et al. J Neurol Neurosurg Psychiatry 2022;93:645–650. doi:10.1136/jnnp-2021-328700

Multiple sclerosis

data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,14 and 41% of the invited women 
consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure  1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).

Outcome measure
Our primary outcome was development of MS. On 31 December 
2018, we cross-linked the MoBa cohort with the Norwegian 

Multiple Sclerosis Registry and Biobank (MSR) and the Norwe-
gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.15 If the woman was 
registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.16 We were able to refute 
incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.

Exposure
A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
abuse?’) and sexual abuse (‘Have you been forced to do sexual 
actions?’). We merged the items on humiliation and threat into 
one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child  <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1  Flow chart of included and excluded study participants. aThe first questionnaire (Q1) in the MoBA study was sent out to participants in 
pregnancy week 18. bThe third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. cLost to follow-up from pregnancy 
week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. dA total of 
617 of the women who responded to Q3 did not answer the abuse items. eThese women were not eligible for the time-to-event analysis since they had 0 
observation years. MoBa, The Norwegian mother, father and Child cohort study; MS, multiple sclerosis; Q, Questionnaire.
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data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,14 and 41% of the invited women 
consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure 1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).

Outcome measure
Our primary outcome was development of MS. On 31 December 
2018, we cross-linked the MoBa cohort with the Norwegian 

Multiple Sclerosis Registry and Biobank (MSR) and the Norwe-
gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.15 If the woman was 
registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.16 We were able to refute 
incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.

Exposure
A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
abuse?’) and sexual abuse (‘Have you been forced to do sexual 
actions?’). We merged the items on humiliation and threat into 
one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1 Flow chart of included and excluded study participants. aThe first questionnaire (Q1) in the MoBA study was sent out to participants in 
pregnancy week 18. bThe third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. cLost to follow-up from pregnancy 
week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. dA total of 
617 of the women who responded to Q3 did not answer the abuse items. eThese women were not eligible for the time-to-event analysis since they had 0 
observation years. MoBa, The Norwegian mother, father and Child cohort study; MS, multiple sclerosis; Q, Questionnaire.
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data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,14 and 41% of the invited women 
consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure 1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).
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gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.15 If the woman was 
registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.16 We were able to refute 
incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.
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A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
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one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1 Flow chart of included and excluded study participants. aThe first questionnaire (Q1) in the MoBA study was sent out to participants in 
pregnancy week 18. bThe third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. cLost to follow-up from pregnancy 
week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. dA total of 
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data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,

14
 and 41% of the invited women 

consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure  1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).

Outcome measure
Our primary outcome was development of MS. On 31 December 
2018, we cross-linked the MoBa cohort with the Norwegian 

Multiple Sclerosis Registry and Biobank (MSR) and the Norwe-
gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.

15
 If the woman was 

registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.

16
 We were able to refute 

incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.

Exposure
A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
abuse?’) and sexual abuse (‘Have you been forced to do sexual 
actions?’). We merged the items on humiliation and threat into 
one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child  <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.

17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1  Flow chart of included and excluded study participants. 
a
The first questionnaire (Q1) in the MoBA study was sent out to participants in 

pregnancy week 18. 
b
The third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. 

c
Lost to follow-up from pregnancy 

week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. 
d
A total of 

617 of the women who responded to Q3 did not answer the abuse items. 
e
These women were not eligible for the time-to-event analysis since they had 0 

observation years. MoBa, The Norwegian mother, father and Child cohort study; MS, multiple sclerosis; Q, Questionnaire.
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data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,

14
 and 41% of the invited women 

consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure  1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).

Outcome measure
Our primary outcome was development of MS. On 31 December 
2018, we cross-linked the MoBa cohort with the Norwegian 

Multiple Sclerosis Registry and Biobank (MSR) and the Norwe-
gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.

15
 If the woman was 

registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.

16
 We were able to refute 

incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.

Exposure
A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
abuse?’) and sexual abuse (‘Have you been forced to do sexual 
actions?’). We merged the items on humiliation and threat into 
one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child  <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.

17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1  Flow chart of included and excluded study participants. 
a
The first questionnaire (Q1) in the MoBA study was sent out to participants in 

pregnancy week 18. 
b
The third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. 

c
Lost to follow-up from pregnancy 

week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. 
d
A total of 

617 of the women who responded to Q3 did not answer the abuse items. 
e
These women were not eligible for the time-to-event analysis since they had 0 

observation years. MoBa, The Norwegian mother, father and Child cohort study; MS, multiple sclerosis; Q, Questionnaire.
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data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,

14
 and 41% of the invited women 

consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure 1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).

Outcome measure
Our primary outcome was development of MS. On 31 December 
2018, we cross-linked the MoBa cohort with the Norwegian 

Multiple Sclerosis Registry and Biobank (MSR) and the Norwe-
gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.

15
 If the woman was 

registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.

16
 We were able to refute 

incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.

Exposure
A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
abuse?’) and sexual abuse (‘Have you been forced to do sexual 
actions?’). We merged the items on humiliation and threat into 
one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.

17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1 Flow chart of included and excluded study participants. 
a
The first questionnaire (Q1) in the MoBA study was sent out to participants in 

pregnancy week 18. 
b
The third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. 

c
Lost to follow-up from pregnancy 

week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. 
d
A total of 

617 of the women who responded to Q3 did not answer the abuse items. 
e
These women were not eligible for the time-to-event analysis since they had 0 

observation years. MoBa, The Norwegian mother, father and Child cohort study; MS, multiple sclerosis; Q, Questionnaire.
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data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,

14
 and 41% of the invited women 

consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure 1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).

Outcome measure
Our primary outcome was development of MS. On 31 December 
2018, we cross-linked the MoBa cohort with the Norwegian 

Multiple Sclerosis Registry and Biobank (MSR) and the Norwe-
gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.

15
 If the woman was 

registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.

16
 We were able to refute 

incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.

Exposure
A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
abuse?’) and sexual abuse (‘Have you been forced to do sexual 
actions?’). We merged the items on humiliation and threat into 
one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.

17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1 Flow chart of included and excluded study participants. 
a
The first questionnaire (Q1) in the MoBA study was sent out to participants in 

pregnancy week 18. 
b
The third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. 

c
Lost to follow-up from pregnancy 

week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. 
d
A total of 

617 of the women who responded to Q3 did not answer the abuse items. 
e
These women were not eligible for the time-to-event analysis since they had 0 

observation years. MoBa, The Norwegian mother, father and Child cohort study; MS, multiple sclerosis; Q, Questionnaire.
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data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,

14
 and 41% of the invited women 

consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure 1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).

Outcome measure
Our primary outcome was development of MS. On 31 December 
2018, we cross-linked the MoBa cohort with the Norwegian 

Multiple Sclerosis Registry and Biobank (MSR) and the Norwe-
gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.

15
 If the woman was 

registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.

16
 We were able to refute 

incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.

Exposure
A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
abuse?’) and sexual abuse (‘Have you been forced to do sexual 
actions?’). We merged the items on humiliation and threat into 
one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.

17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1 Flow chart of included and excluded study participants. 
a
The first questionnaire (Q1) in the MoBA study was sent out to participants in 

pregnancy week 18. 
b
The third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. 

c
Lost to follow-up from pregnancy 

week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. 
d
A total of 

617 of the women who responded to Q3 did not answer the abuse items. 
e
These women were not eligible for the time-to-event analysis since they had 0 

observation years. MoBa, The Norwegian mother, father and Child cohort study; MS, multiple sclerosis; Q, Questionnaire.
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data from a prospective cohort study in combination with health 
registries and hospital records.

METHODS
Study design and population
We conducted a national, prospective cohort study using the 
Norwegian Mother, Father and Child cohort (MoBa). The MoBa 
study included pregnant Norwegian-speaking women from all 
over Norway in 1999–2008,

14
 and 41% of the invited women 

consented to participation. There were no exclusion criteria, 
and the follow-up is ongoing. The MoBa cohort is linked to 
The Medical Birth Registry (MBRN), which is a national health 
registry containing information about all births in Norway. 
Information in the MBRN is registered by health personnel and 
registration is mandatory.

We acquired information on childhood adverse experiences 
and potential confounding and mediating factors at study base-
line, which we defined as the year the women were enrolled 
in the MoBa study. The women completed self-administered 
questionnaires which included information on demographic and 
socioeconomic factors (pregnancy weeks 17–20) and history of 
any previous abuse (pregnancy week 30).

This study is based on version 12 of the MoBa data files, 
covering 114 629 pregnancies. We excluded duplicate question-
naires due to multiple gestations (n=1983) and recurrent partic-
ipations in MoBa (n=17 436) to include only one observation 
per woman (figure 1). We also excluded women with refuted 
or unvalidated MS diagnosis (n=82), women who did not 
respond to the questionnaire in pregnancy week 30 including the 
abuse items, as well as women with missing year of childbirth. 
Women with an established MS diagnosis at study baseline were 
excluded to avoid a potential recall bias (n=125). Women who 
received the MS diagnosis the same year as they were enrolled 
in the study (observation time=0 years) were not eligible to be 
included in the time-to-event analysis and thus excluded (n=6).

Outcome measure
Our primary outcome was development of MS. On 31 December 
2018, we cross-linked the MoBa cohort with the Norwegian 

Multiple Sclerosis Registry and Biobank (MSR) and the Norwe-
gian Patient Registry (NPR) to identify all women in MoBa who 
developed MS after baseline and to ensure validated diagnoses. 
The MSR had 60% national coverage of MS cases at the time of 
data-linkage, and we further linked the data to NPR to identify 
the remaining MS cases. After every consultation in specialist 
care, registration of diagnoses in NPR is mandatory for health 
practitioners. The MS diagnosis in NPR have a sensitivity of 
97% and a positive predictive value 0.92.

15
 If the woman was 

registered in NPR with an MS diagnosis, but not in the MSR, 
we used hospital records to further validate the diagnosis using 
the 2017 diagnostic criteria for MS.

16
 We were able to refute 

incorrect MS diagnoses from the NPR based on the information 
from the hospital records. NPR-identified MS cases for whom 
we did not have access to the hospital records for validation, 
were excluded.

Exposure
A history of adverse childhood experiences before age 18 years 
was defined by four abuse items in the pregnancy week 30 ques-
tionnaire; humiliation (‘Has anyone over a long period of time 
systematically tried to subdue, degrade or humiliate you?’), 
threat (‘Has anyone threatened to hurt you or someone close 
to you?’), physical abuse (‘Have you been subjected to physical 
abuse?’) and sexual abuse (‘Have you been forced to do sexual 
actions?’). We merged the items on humiliation and threat into 
one category of emotional abuse. Exposure to either emotional, 
sexual, or physical abuse was defined as responding ‘yes, as a 
child <18 years’ to the respective category. We considered 
women who answered ‘no, never’ to the abuse items as non-
exposed. The abuse questions in MoBa are adapted from the 
NorVold Abuse Questionnaire and modified into four screening 
items. The NorVold Abuse Questionnaire has previously been 
shown to have good reliability and validity.

17

Covariables
MS-specific covariables were assessed from the Norwegian 
MS Registry and hospital records: Age at MS onset (defined as 
first clinical symptom), age at MS diagnosis and subtype of MS 

Figure 1 Flow chart of included and excluded study participants. 
a
The first questionnaire (Q1) in the MoBA study was sent out to participants in 

pregnancy week 18. 
b
The third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. 

c
Lost to follow-up from pregnancy 

week 18 to pregnancy week 30. A total of 896 women responded to Q3 without responding to Q1, hence the difference of 6737 from Q1 to Q3. 
d
A total of 

617 of the women who responded to Q3 did not answer the abuse items. 
e
These women were not eligible for the time-to-event analysis since they had 0 

observation years. MoBa, The Norwegian mother, father and Child cohort study; MS, multiple sclerosis; Q, Questionnaire.
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(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m2), drop-out before or during 
high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 2518 in pregnancy 
week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status19 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.20 Possible mediators 
were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse4 21 and 
MS.11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1  Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD) 29 (5) 30 (5)

Missing; n (%) 0 (0) 1 (<1)

Observation years;† median (IQR) 13 (4) 13 (4)

Adverse socioeconomic status‡; n (%) 2349 (16) 5787 (9)

Missing; n (%) 187 (1) 686 (1)

 � Low household income; n (%) 1578 (11) 3942 (6)

 � Maternal short education; n (%) 514 (4) 1036 (2)

 � Non-cohabiting mother; n (%) 582 (4) 1192 (2)

Ever smoker; n (%) 8785 (61) 30 745 (48)

Missing; n (%) 207 (1) 933 (2)

BMI ≥25; n (%) 4963 (34) 18 717 (30)

Missing; n (%) 561 (4) 2140 (3)

Depression at study baseline (pregnancy); n (%) 2573 (18) 4732 (8)

Missing; n (%) 105 (<1) 447 (<1)

Age at end of study§; mean (SD) 42 (6) 43 (5)

Missing; n (%) 0 (0) 1 (<1)

Age at MS diagnosis; mean (SD) 36 (6) 36 (5)

Missing; n (%) 0 (0) 0 (0)

Age at MS onset; mean (SD) 33 (7) 33 (6)

Missing; n (%) 0 (0) 0 (0)

Type of MS; n (%)

RRMS 71 (100) 219 (95)

PPMS 0 (0) 4 (2)

Uncertain 0 (0) 6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m2), drop-out before or during 
high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 2518 in pregnancy 
week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status19 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.20 Possible mediators 
were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse4 21 and 
MS.11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1 Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD)29 (5)30 (5)

Missing; n (%)0 (0)1 (<1)

Observation years;† median (IQR)13 (4)13 (4)

Adverse socioeconomic status‡; n (%)2349 (16)5787 (9)

Missing; n (%)187 (1)686 (1)

 �Low household income; n (%)1578 (11)3942 (6)

 �Maternal short education; n (%)514 (4)1036 (2)

 �Non-cohabiting mother; n (%)582 (4)1192 (2)

Ever smoker; n (%)8785 (61)30 745 (48)

Missing; n (%)207 (1)933 (2)

BMI ≥25; n (%)4963 (34)18 717 (30)

Missing; n (%)561 (4)2140 (3)

Depression at study baseline (pregnancy); n (%)2573 (18)4732 (8)

Missing; n (%)105 (<1)447 (<1)

Age at end of study§; mean (SD)42 (6)43 (5)

Missing; n (%)0 (0)1 (<1)

Age at MS diagnosis; mean (SD)36 (6)36 (5)

Missing; n (%)0 (0)0 (0)

Age at MS onset; mean (SD)33 (7)33 (6)

Missing; n (%)0 (0)0 (0)

Type of MS; n (%)

RRMS71 (100)219 (95)

PPMS0 (0)4 (2)

Uncertain0 (0)6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m2), drop-out before or during 
high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 2518 in pregnancy 
week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status19 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.20 Possible mediators 
were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse4 21 and 
MS.11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1 Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD)29 (5)30 (5)

Missing; n (%)0 (0)1 (<1)

Observation years;† median (IQR)13 (4)13 (4)

Adverse socioeconomic status‡; n (%)2349 (16)5787 (9)

Missing; n (%)187 (1)686 (1)

 �Low household income; n (%)1578 (11)3942 (6)

 �Maternal short education; n (%)514 (4)1036 (2)

 �Non-cohabiting mother; n (%)582 (4)1192 (2)

Ever smoker; n (%)8785 (61)30 745 (48)

Missing; n (%)207 (1)933 (2)

BMI ≥25; n (%)4963 (34)18 717 (30)

Missing; n (%)561 (4)2140 (3)

Depression at study baseline (pregnancy); n (%)2573 (18)4732 (8)

Missing; n (%)105 (<1)447 (<1)

Age at end of study§; mean (SD)42 (6)43 (5)

Missing; n (%)0 (0)1 (<1)

Age at MS diagnosis; mean (SD)36 (6)36 (5)

Missing; n (%)0 (0)0 (0)

Age at MS onset; mean (SD)33 (7)33 (6)

Missing; n (%)0 (0)0 (0)

Type of MS; n (%)

RRMS71 (100)219 (95)

PPMS0 (0)4 (2)

Uncertain0 (0)6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m

2
), drop-out before or during 

high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 25

18
 in pregnancy 

week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status
19

 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.

20
 Possible mediators 

were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse

4 21
 and 

MS.
11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1  Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD) 29 (5) 30 (5)

Missing; n (%) 0 (0) 1 (<1)

Observation years;† median (IQR) 13 (4) 13 (4)

Adverse socioeconomic status‡; n (%) 2349 (16) 5787 (9)

Missing; n (%) 187 (1) 686 (1)

 � Low household income; n (%) 1578 (11) 3942 (6)

 � Maternal short education; n (%) 514 (4) 1036 (2)

 � Non-cohabiting mother; n (%) 582 (4) 1192 (2)

Ever smoker; n (%) 8785 (61) 30 745 (48)

Missing; n (%) 207 (1) 933 (2)

BMI ≥25; n (%) 4963 (34) 18 717 (30)

Missing; n (%) 561 (4) 2140 (3)

Depression at study baseline (pregnancy); n (%) 2573 (18) 4732 (8)

Missing; n (%) 105 (<1) 447 (<1)

Age at end of study§; mean (SD) 42 (6) 43 (5)

Missing; n (%) 0 (0) 1 (<1)

Age at MS diagnosis; mean (SD) 36 (6) 36 (5)

Missing; n (%) 0 (0) 0 (0)

Age at MS onset; mean (SD) 33 (7) 33 (6)

Missing; n (%) 0 (0) 0 (0)

Type of MS; n (%)

RRMS 71 (100) 219 (95)

PPMS 0 (0) 4 (2)

Uncertain 0 (0) 6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m

2
), drop-out before or during 

high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 25

18
 in pregnancy 

week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status
19

 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.

20
 Possible mediators 

were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse

4 21
 and 

MS.
11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1  Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD) 29 (5) 30 (5)

Missing; n (%) 0 (0) 1 (<1)

Observation years;† median (IQR) 13 (4) 13 (4)

Adverse socioeconomic status‡; n (%) 2349 (16) 5787 (9)

Missing; n (%) 187 (1) 686 (1)

 � Low household income; n (%) 1578 (11) 3942 (6)

 � Maternal short education; n (%) 514 (4) 1036 (2)

 � Non-cohabiting mother; n (%) 582 (4) 1192 (2)

Ever smoker; n (%) 8785 (61) 30 745 (48)

Missing; n (%) 207 (1) 933 (2)

BMI ≥25; n (%) 4963 (34) 18 717 (30)

Missing; n (%) 561 (4) 2140 (3)

Depression at study baseline (pregnancy); n (%) 2573 (18) 4732 (8)

Missing; n (%) 105 (<1) 447 (<1)

Age at end of study§; mean (SD) 42 (6) 43 (5)

Missing; n (%) 0 (0) 1 (<1)

Age at MS diagnosis; mean (SD) 36 (6) 36 (5)

Missing; n (%) 0 (0) 0 (0)

Age at MS onset; mean (SD) 33 (7) 33 (6)

Missing; n (%) 0 (0) 0 (0)

Type of MS; n (%)

RRMS 71 (100) 219 (95)

PPMS 0 (0) 4 (2)

Uncertain 0 (0) 6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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Multiple sclerosis

(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m

2
), drop-out before or during 

high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 25

18
 in pregnancy 

week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status
19

 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.

20
 Possible mediators 

were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse

4 21
 and 

MS.
11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1 Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD)29 (5)30 (5)

Missing; n (%)0 (0)1 (<1)

Observation years;† median (IQR)13 (4)13 (4)

Adverse socioeconomic status‡; n (%)2349 (16)5787 (9)

Missing; n (%)187 (1)686 (1)

 �Low household income; n (%)1578 (11)3942 (6)

 �Maternal short education; n (%)514 (4)1036 (2)

 �Non-cohabiting mother; n (%)582 (4)1192 (2)

Ever smoker; n (%)8785 (61)30 745 (48)

Missing; n (%)207 (1)933 (2)

BMI ≥25; n (%)4963 (34)18 717 (30)

Missing; n (%)561 (4)2140 (3)

Depression at study baseline (pregnancy); n (%)2573 (18)4732 (8)

Missing; n (%)105 (<1)447 (<1)

Age at end of study§; mean (SD)42 (6)43 (5)

Missing; n (%)0 (0)1 (<1)

Age at MS diagnosis; mean (SD)36 (6)36 (5)

Missing; n (%)0 (0)0 (0)

Age at MS onset; mean (SD)33 (7)33 (6)

Missing; n (%)0 (0)0 (0)

Type of MS; n (%)

RRMS71 (100)219 (95)

PPMS0 (0)4 (2)

Uncertain0 (0)6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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Multiple sclerosis

(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m

2
), drop-out before or during 

high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 25

18
 in pregnancy 

week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status
19

 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.

20
 Possible mediators 

were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse

4 21
 and 

MS.
11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1 Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD)29 (5)30 (5)

Missing; n (%)0 (0)1 (<1)

Observation years;† median (IQR)13 (4)13 (4)

Adverse socioeconomic status‡; n (%)2349 (16)5787 (9)

Missing; n (%)187 (1)686 (1)

 �Low household income; n (%)1578 (11)3942 (6)

 �Maternal short education; n (%)514 (4)1036 (2)

 �Non-cohabiting mother; n (%)582 (4)1192 (2)

Ever smoker; n (%)8785 (61)30 745 (48)

Missing; n (%)207 (1)933 (2)

BMI ≥25; n (%)4963 (34)18 717 (30)

Missing; n (%)561 (4)2140 (3)

Depression at study baseline (pregnancy); n (%)2573 (18)4732 (8)

Missing; n (%)105 (<1)447 (<1)

Age at end of study§; mean (SD)42 (6)43 (5)

Missing; n (%)0 (0)1 (<1)

Age at MS diagnosis; mean (SD)36 (6)36 (5)

Missing; n (%)0 (0)0 (0)

Age at MS onset; mean (SD)33 (7)33 (6)

Missing; n (%)0 (0)0 (0)

Type of MS; n (%)

RRMS71 (100)219 (95)

PPMS0 (0)4 (2)

Uncertain0 (0)6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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Multiple sclerosis

(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m

2
), drop-out before or during 

high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 25

18
 in pregnancy 

week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status
19

 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.

20
 Possible mediators 

were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse

4 21
 and 

MS.
11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1 Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD)29 (5)30 (5)

Missing; n (%)0 (0)1 (<1)

Observation years;† median (IQR)13 (4)13 (4)

Adverse socioeconomic status‡; n (%)2349 (16)5787 (9)

Missing; n (%)187 (1)686 (1)

 �Low household income; n (%)1578 (11)3942 (6)

 �Maternal short education; n (%)514 (4)1036 (2)

 �Non-cohabiting mother; n (%)582 (4)1192 (2)

Ever smoker; n (%)8785 (61)30 745 (48)

Missing; n (%)207 (1)933 (2)

BMI ≥25; n (%)4963 (34)18 717 (30)

Missing; n (%)561 (4)2140 (3)

Depression at study baseline (pregnancy); n (%)2573 (18)4732 (8)

Missing; n (%)105 (<1)447 (<1)

Age at end of study§; mean (SD)42 (6)43 (5)

Missing; n (%)0 (0)1 (<1)

Age at MS diagnosis; mean (SD)36 (6)36 (5)

Missing; n (%)0 (0)0 (0)

Age at MS onset; mean (SD)33 (7)33 (6)

Missing; n (%)0 (0)0 (0)

Type of MS; n (%)

RRMS71 (100)219 (95)

PPMS0 (0)4 (2)

Uncertain0 (0)6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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Multiple sclerosis

(relapsing-remitting, primary progressive or unspecified). Other 
covariables were acquired through the self-completed MoBa 
questionnaires or through linkage to the MBRN: Age at base-
line, birth year, smoking (ever/never), body mass index (BMI) 
prior to pregnancy (<25/≥25 kg/m

2
), drop-out before or during 

high school (completed ≤9 years of elementary school). Adverse 
socioeconomic status in adulthood was defined as either having 
low household income (<60% of the study population median 
income in year of study baseline), being a non-cohabiting mother 
or short education (≤9 years of school). Depression at study 
baseline (during pregnancy) was measured by a validated short 
version of the Hopkins Symptom Checklist 25

18
 in pregnancy 

week 30.

Statistical analysis
For the time-to-event analysis, the observation period began at 
enrolment in MoBa (online supplemental figure 1). Time was 
measured in years from start of the observation period until year 
of MS diagnosis or end of study period (31 December 2018).

We used Cox proportional-hazards models to measure the risk 
of MS after exposure to childhood abuse, estimating HRs and 
95% CIs. Confidence intervals not including 1 were considered 
statistically significant. In addition to examining any childhood 
abuse, we separately examined the HRs for subtypes of abuse 
(emotional, sexual, physical) and severity of abuse (exposure to 
one, two or three subtypes). The models were stratified by the 
women’s birth year in groups and adjusted in a two-step approach 
for (1) possible confounders and (2) possible confounders and 
mediators.

We considered birth year and childhood social status
19

 as 
possible confounders and used early drop-out from school as 
a proxy for the latter. Birth year was taken into account as the 
incidence of child maltreatment probably has decreased during 
the last decades prior to inclusion in MoBa.

20
 Possible mediators 

were smoking, high BMI, and adverse socioeconomic status as 
an adult—factors associated with both childhood abuse

4 21
 and 

MS.
11 22–24

The statistical models were checked for the proportional 
hazard assumption both by visual inspection and statistical test 
of the Schoenfeld residuals. We included birth year as a stratifi-
cation factor in the Cox model, but no other variables violated 
the proportional hazard assumption.

Statistical analyses were performed using IBM SPSS Statistics 
V.26 and Stata V.16 (StataCorp).

Sensitivity analysis
Adolescents with preclinical MS disease activity may theoreti-
cally be affected in ways that increase the susceptibility of being 
exposed to abuse. To limit the possibility of reverse causality, 
we performed a sensitivity analysis excluding women that might 
have been in the prodromal phase of MS when exposed to 
abuse, that is, women with their first clinical symptom of MS 
before and including age 22 years (within 5 years after the end 
of the exposure window) (n=15) (online supplemental figure 
2A).

To ensure that the exclusion of women that already had MS at 
the time of enrolment did not affect our results, we performed 
a sensitivity analysis comprising all women with MS in MoBa, 
both prevalent and incident cases (online supplemental figure 
2B). In this sensitivity analysis, the observation period was calcu-
lated from age 18 years.

RESULTS
We included 77 997 women from the MoBa cohort in our 
study and they contributed with a total of 1 010 926 person-
years at risk (mean follow-up 13 years, IQR 11–15). A total 
of 14 477 women (19%) were exposed to adverse childhood 
experiences and 63 520 (81%) were unexposed (table 1). The 
women exposed to childhood abuse more often had a history 
of smoking, were overweight and had more depression at study 
baseline. During follow-up, 300 women developed MS of whom 
71 (24%) reported a history of childhood abuse, compared with 
14 406 (19%) among the 77 697 women who did not develop 
MS.

The MS incidence rates were 41, 49 and 40 per 100 000 
person-years for women exposed to emotional, sexual, and 
physical abuse, respectively, and 28 per 100 000 person-years in 
women unexposed to childhood abuse (table 2).

We found an association between exposure to emotional or 
sexual abuse and subsequent MS development after adjustment 
for potential confounders and when accounting for possible 
mediators, HR 1.40 (95% CI 1.03 to 1.90) and HR 1.65 (95% 
CI 1.13 to 2.39), respectively (table 2). In the fully adjusted anal-
yses, the HR for MS after exposure to physical abuse was 1.31 

Table 1 Background characteristics of the study population exposed 
and unexposed to childhood abuse

Exposed
n=14 477

Unexposed
n=63 520

Age at study baseline;* mean (SD)29 (5)30 (5)

Missing; n (%)0 (0)1 (<1)

Observation years;† median (IQR)13 (4)13 (4)

Adverse socioeconomic status‡; n (%)2349 (16)5787 (9)

Missing; n (%)187 (1)686 (1)

 �Low household income; n (%)1578 (11)3942 (6)

 �Maternal short education; n (%)514 (4)1036 (2)

 �Non-cohabiting mother; n (%)582 (4)1192 (2)

Ever smoker; n (%)8785 (61)30 745 (48)

Missing; n (%)207 (1)933 (2)

BMI ≥25; n (%)4963 (34)18 717 (30)

Missing; n (%)561 (4)2140 (3)

Depression at study baseline (pregnancy); n (%)2573 (18)4732 (8)

Missing; n (%)105 (<1)447 (<1)

Age at end of study§; mean (SD)42 (6)43 (5)

Missing; n (%)0 (0)1 (<1)

Age at MS diagnosis; mean (SD)36 (6)36 (5)

Missing; n (%)0 (0)0 (0)

Age at MS onset; mean (SD)33 (7)33 (6)

Missing; n (%)0 (0)0 (0)

Type of MS; n (%)

RRMS71 (100)219 (95)

PPMS0 (0)4 (2)

Uncertain0 (0)6 (3)

*Study baseline is the year the women were enrolled in the MoBa study, and when 
the information on exposure were acquired.
†Observation years in the time-to-event analysis are calculated from enrollment in 
MoBa.
‡Adverse socioeconomic status is one of the following: non-cohabiting mother, 
short education <9 years or low household income (<60% of study population 
median in the given enrolment year).
§Age in 2018 among participants who did not experience the event (censored).
BMI, body mass index; MoBa, The Norwegian mother, father and Child cohort study; 
MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing remitting 
MS.
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(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.7 25 The increased risk of MS after exposure 
to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,26 lead to oxidative 
stress27 and induce a proinflammatory state decades into adult-
hood.28 Psychological stress has been shown to disrupt the 

blood–brain barrier29 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.30 Neonatal emotional and physical stress increased the 
susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse4 21 and the risk of devel-
oping MS.11 22–24 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.34 However, 
some suggest such bias is minor.35 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.36

Table 2  Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 Years IR* (95% CI)

Unadjusted HR
(95% CI) HR† (95% CI) HR‡ (95% CI)

No childhood abuse 63 520 (81) 229 (76) 8.2 28 (25 to 32) Ref Ref Ref

Any childhood abuse 14 477 (19) 71 (24) 1.9 38 (30 to 48) 1.36 (1.04 to 1.78) 1.34 (1.03 to 1.76) 1.31 (0.99 to 1.72)

Emotional abuse 10 702 (14) 56 (20) 1.4 41 (31 to 53) 1.46 (1.09 to 1.95) 1.43 (1.06 to 1.93) 1.40 (1.03 to 1.90)

 � Emotional abuse: Humiliation 9414 (13) 48 (17) 1.2 40 (30 to 53) 1.42 (1.04 to 1.94) 1.39 (1.01 to 1.90) 1.37 (0.99 to 1.89)

 � Emotional abuse: Threat 3406 (5) 20 (8) 0.4 46 (30 to 71) 1.64 (1.04 to 2.58) 1.59 (1.00 to 2.52) 1.42 (0.86 to 2.29)

Sexual abuse 5416 (8) 34 (13) 0.7 49 (35 to 68) 1.74 (1.21 to 2.49) 1.75 (1.21 to 2.51) 1.65 (1.13 to 2.39)

Physical abuse 4287 (6) 22 (9) 0.6 40 (26 to 61) 1.42 (0.92 to 2.20) 1.41 (0.91 to 2.19) 1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 � 1 9947 (13) 40 (13) 1.3 31 (23 to 43) 1.12 (0.80 to 1.56) 1.09 (0.78 to 1.54) 1.11 (0.79 to 1.56)

 � 2 3132 (4) 21 (7) 0.4 52 (34 to 80) 1.85 (1.19 to 2.90) 1.87 (1.19 to 2.92) 1.66 (1.04 to 2.67)

 � 3 1398 (2) 10 (3) 0.2 56 (30 to 104) 1.99 (1.06 to 3.75) 2.00 (1.05 to 3.77) 1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.7 25 The increased risk of MS after exposure 
to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,26 lead to oxidative 
stress27 and induce a proinflammatory state decades into adult-
hood.28 Psychological stress has been shown to disrupt the 

blood–brain barrier29 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.30 Neonatal emotional and physical stress increased the 
susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse4 21 and the risk of devel-
oping MS.11 22–24 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.34 However, 
some suggest such bias is minor.35 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.36

Table 2 Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 YearsIR* (95% CI)

Unadjusted HR
(95% CI)HR† (95% CI)HR‡ (95% CI)

No childhood abuse63 520 (81)229 (76)8.228 (25 to 32)RefRefRef

Any childhood abuse14 477 (19)71 (24)1.938 (30 to 48)1.36 (1.04 to 1.78)1.34 (1.03 to 1.76)1.31 (0.99 to 1.72)

Emotional abuse10 702 (14)56 (20)1.441 (31 to 53)1.46 (1.09 to 1.95)1.43 (1.06 to 1.93)1.40 (1.03 to 1.90)

 �Emotional abuse: Humiliation9414 (13)48 (17)1.240 (30 to 53)1.42 (1.04 to 1.94)1.39 (1.01 to 1.90)1.37 (0.99 to 1.89)

 �Emotional abuse: Threat3406 (5)20 (8)0.446 (30 to 71)1.64 (1.04 to 2.58)1.59 (1.00 to 2.52)1.42 (0.86 to 2.29)

Sexual abuse5416 (8)34 (13)0.749 (35 to 68)1.74 (1.21 to 2.49)1.75 (1.21 to 2.51)1.65 (1.13 to 2.39)

Physical abuse4287 (6)22 (9)0.640 (26 to 61)1.42 (0.92 to 2.20)1.41 (0.91 to 2.19)1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 �19947 (13)40 (13)1.331 (23 to 43)1.12 (0.80 to 1.56)1.09 (0.78 to 1.54)1.11 (0.79 to 1.56)

 �23132 (4)21 (7)0.452 (34 to 80)1.85 (1.19 to 2.90)1.87 (1.19 to 2.92)1.66 (1.04 to 2.67)

 �31398 (2)10 (3)0.256 (30 to 104)1.99 (1.06 to 3.75)2.00 (1.05 to 3.77)1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.7 25 The increased risk of MS after exposure 
to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,26 lead to oxidative 
stress27 and induce a proinflammatory state decades into adult-
hood.28 Psychological stress has been shown to disrupt the 

blood–brain barrier29 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.30 Neonatal emotional and physical stress increased the 
susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse4 21 and the risk of devel-
oping MS.11 22–24 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.34 However, 
some suggest such bias is minor.35 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.36

Table 2 Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 YearsIR* (95% CI)

Unadjusted HR
(95% CI)HR† (95% CI)HR‡ (95% CI)

No childhood abuse63 520 (81)229 (76)8.228 (25 to 32)RefRefRef

Any childhood abuse14 477 (19)71 (24)1.938 (30 to 48)1.36 (1.04 to 1.78)1.34 (1.03 to 1.76)1.31 (0.99 to 1.72)

Emotional abuse10 702 (14)56 (20)1.441 (31 to 53)1.46 (1.09 to 1.95)1.43 (1.06 to 1.93)1.40 (1.03 to 1.90)

 �Emotional abuse: Humiliation9414 (13)48 (17)1.240 (30 to 53)1.42 (1.04 to 1.94)1.39 (1.01 to 1.90)1.37 (0.99 to 1.89)

 �Emotional abuse: Threat3406 (5)20 (8)0.446 (30 to 71)1.64 (1.04 to 2.58)1.59 (1.00 to 2.52)1.42 (0.86 to 2.29)

Sexual abuse5416 (8)34 (13)0.749 (35 to 68)1.74 (1.21 to 2.49)1.75 (1.21 to 2.51)1.65 (1.13 to 2.39)

Physical abuse4287 (6)22 (9)0.640 (26 to 61)1.42 (0.92 to 2.20)1.41 (0.91 to 2.19)1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 �19947 (13)40 (13)1.331 (23 to 43)1.12 (0.80 to 1.56)1.09 (0.78 to 1.54)1.11 (0.79 to 1.56)

 �23132 (4)21 (7)0.452 (34 to 80)1.85 (1.19 to 2.90)1.87 (1.19 to 2.92)1.66 (1.04 to 2.67)

 �31398 (2)10 (3)0.256 (30 to 104)1.99 (1.06 to 3.75)2.00 (1.05 to 3.77)1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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Multiple sclerosis

(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.

7 25
 The increased risk of MS after exposure 

to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,

26
 lead to oxidative 

stress
27

 and induce a proinflammatory state decades into adult-
hood.

28
 Psychological stress has been shown to disrupt the 

blood–brain barrier
29

 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.

30
 Neonatal emotional and physical stress increased the 

susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.

31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.

5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.

3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse

4 21
 and the risk of devel-

oping MS.
11 22–24

 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.

34
 However, 

some suggest such bias is minor.
35

 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.

36

Table 2  Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 Years IR* (95% CI)

Unadjusted HR
(95% CI) HR† (95% CI) HR‡ (95% CI)

No childhood abuse 63 520 (81) 229 (76) 8.2 28 (25 to 32) Ref Ref Ref

Any childhood abuse 14 477 (19) 71 (24) 1.9 38 (30 to 48) 1.36 (1.04 to 1.78) 1.34 (1.03 to 1.76) 1.31 (0.99 to 1.72)

Emotional abuse 10 702 (14) 56 (20) 1.4 41 (31 to 53) 1.46 (1.09 to 1.95) 1.43 (1.06 to 1.93) 1.40 (1.03 to 1.90)

 � Emotional abuse: Humiliation 9414 (13) 48 (17) 1.2 40 (30 to 53) 1.42 (1.04 to 1.94) 1.39 (1.01 to 1.90) 1.37 (0.99 to 1.89)

 � Emotional abuse: Threat 3406 (5) 20 (8) 0.4 46 (30 to 71) 1.64 (1.04 to 2.58) 1.59 (1.00 to 2.52) 1.42 (0.86 to 2.29)

Sexual abuse 5416 (8) 34 (13) 0.7 49 (35 to 68) 1.74 (1.21 to 2.49) 1.75 (1.21 to 2.51) 1.65 (1.13 to 2.39)

Physical abuse 4287 (6) 22 (9) 0.6 40 (26 to 61) 1.42 (0.92 to 2.20) 1.41 (0.91 to 2.19) 1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 � 1 9947 (13) 40 (13) 1.3 31 (23 to 43) 1.12 (0.80 to 1.56) 1.09 (0.78 to 1.54) 1.11 (0.79 to 1.56)

 � 2 3132 (4) 21 (7) 0.4 52 (34 to 80) 1.85 (1.19 to 2.90) 1.87 (1.19 to 2.92) 1.66 (1.04 to 2.67)

 � 3 1398 (2) 10 (3) 0.2 56 (30 to 104) 1.99 (1.06 to 3.75) 2.00 (1.05 to 3.77) 1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.

7 25
 The increased risk of MS after exposure 

to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,

26
 lead to oxidative 

stress
27

 and induce a proinflammatory state decades into adult-
hood.

28
 Psychological stress has been shown to disrupt the 

blood–brain barrier
29

 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.

30
 Neonatal emotional and physical stress increased the 

susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.

31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.

5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.

3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse

4 21
 and the risk of devel-

oping MS.
11 22–24

 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.

34
 However, 

some suggest such bias is minor.
35

 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.

36

Table 2  Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 Years IR* (95% CI)

Unadjusted HR
(95% CI) HR† (95% CI) HR‡ (95% CI)

No childhood abuse 63 520 (81) 229 (76) 8.2 28 (25 to 32) Ref Ref Ref

Any childhood abuse 14 477 (19) 71 (24) 1.9 38 (30 to 48) 1.36 (1.04 to 1.78) 1.34 (1.03 to 1.76) 1.31 (0.99 to 1.72)

Emotional abuse 10 702 (14) 56 (20) 1.4 41 (31 to 53) 1.46 (1.09 to 1.95) 1.43 (1.06 to 1.93) 1.40 (1.03 to 1.90)

 � Emotional abuse: Humiliation 9414 (13) 48 (17) 1.2 40 (30 to 53) 1.42 (1.04 to 1.94) 1.39 (1.01 to 1.90) 1.37 (0.99 to 1.89)

 � Emotional abuse: Threat 3406 (5) 20 (8) 0.4 46 (30 to 71) 1.64 (1.04 to 2.58) 1.59 (1.00 to 2.52) 1.42 (0.86 to 2.29)

Sexual abuse 5416 (8) 34 (13) 0.7 49 (35 to 68) 1.74 (1.21 to 2.49) 1.75 (1.21 to 2.51) 1.65 (1.13 to 2.39)

Physical abuse 4287 (6) 22 (9) 0.6 40 (26 to 61) 1.42 (0.92 to 2.20) 1.41 (0.91 to 2.19) 1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 � 1 9947 (13) 40 (13) 1.3 31 (23 to 43) 1.12 (0.80 to 1.56) 1.09 (0.78 to 1.54) 1.11 (0.79 to 1.56)

 � 2 3132 (4) 21 (7) 0.4 52 (34 to 80) 1.85 (1.19 to 2.90) 1.87 (1.19 to 2.92) 1.66 (1.04 to 2.67)

 � 3 1398 (2) 10 (3) 0.2 56 (30 to 104) 1.99 (1.06 to 3.75) 2.00 (1.05 to 3.77) 1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.

7 25
 The increased risk of MS after exposure 

to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,

26
 lead to oxidative 

stress
27

 and induce a proinflammatory state decades into adult-
hood.

28
 Psychological stress has been shown to disrupt the 

blood–brain barrier
29

 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.

30
 Neonatal emotional and physical stress increased the 

susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.

31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.

5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.

3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse

4 21
 and the risk of devel-

oping MS.
11 22–24

 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.

34
 However, 

some suggest such bias is minor.
35

 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.

36

Table 2 Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 YearsIR* (95% CI)

Unadjusted HR
(95% CI)HR† (95% CI)HR‡ (95% CI)

No childhood abuse63 520 (81)229 (76)8.228 (25 to 32)RefRefRef

Any childhood abuse14 477 (19)71 (24)1.938 (30 to 48)1.36 (1.04 to 1.78)1.34 (1.03 to 1.76)1.31 (0.99 to 1.72)

Emotional abuse10 702 (14)56 (20)1.441 (31 to 53)1.46 (1.09 to 1.95)1.43 (1.06 to 1.93)1.40 (1.03 to 1.90)

 �Emotional abuse: Humiliation9414 (13)48 (17)1.240 (30 to 53)1.42 (1.04 to 1.94)1.39 (1.01 to 1.90)1.37 (0.99 to 1.89)

 �Emotional abuse: Threat3406 (5)20 (8)0.446 (30 to 71)1.64 (1.04 to 2.58)1.59 (1.00 to 2.52)1.42 (0.86 to 2.29)

Sexual abuse5416 (8)34 (13)0.749 (35 to 68)1.74 (1.21 to 2.49)1.75 (1.21 to 2.51)1.65 (1.13 to 2.39)

Physical abuse4287 (6)22 (9)0.640 (26 to 61)1.42 (0.92 to 2.20)1.41 (0.91 to 2.19)1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 �19947 (13)40 (13)1.331 (23 to 43)1.12 (0.80 to 1.56)1.09 (0.78 to 1.54)1.11 (0.79 to 1.56)

 �23132 (4)21 (7)0.452 (34 to 80)1.85 (1.19 to 2.90)1.87 (1.19 to 2.92)1.66 (1.04 to 2.67)

 �31398 (2)10 (3)0.256 (30 to 104)1.99 (1.06 to 3.75)2.00 (1.05 to 3.77)1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.

7 25
 The increased risk of MS after exposure 

to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,

26
 lead to oxidative 

stress
27

 and induce a proinflammatory state decades into adult-
hood.

28
 Psychological stress has been shown to disrupt the 

blood–brain barrier
29

 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.

30
 Neonatal emotional and physical stress increased the 

susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.

31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.

5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.

3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse

4 21
 and the risk of devel-

oping MS.
11 22–24

 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.

34
 However, 

some suggest such bias is minor.
35

 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.

36

Table 2 Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 YearsIR* (95% CI)

Unadjusted HR
(95% CI)HR† (95% CI)HR‡ (95% CI)

No childhood abuse63 520 (81)229 (76)8.228 (25 to 32)RefRefRef

Any childhood abuse14 477 (19)71 (24)1.938 (30 to 48)1.36 (1.04 to 1.78)1.34 (1.03 to 1.76)1.31 (0.99 to 1.72)

Emotional abuse10 702 (14)56 (20)1.441 (31 to 53)1.46 (1.09 to 1.95)1.43 (1.06 to 1.93)1.40 (1.03 to 1.90)

 �Emotional abuse: Humiliation9414 (13)48 (17)1.240 (30 to 53)1.42 (1.04 to 1.94)1.39 (1.01 to 1.90)1.37 (0.99 to 1.89)

 �Emotional abuse: Threat3406 (5)20 (8)0.446 (30 to 71)1.64 (1.04 to 2.58)1.59 (1.00 to 2.52)1.42 (0.86 to 2.29)

Sexual abuse5416 (8)34 (13)0.749 (35 to 68)1.74 (1.21 to 2.49)1.75 (1.21 to 2.51)1.65 (1.13 to 2.39)

Physical abuse4287 (6)22 (9)0.640 (26 to 61)1.42 (0.92 to 2.20)1.41 (0.91 to 2.19)1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 �19947 (13)40 (13)1.331 (23 to 43)1.12 (0.80 to 1.56)1.09 (0.78 to 1.54)1.11 (0.79 to 1.56)

 �23132 (4)21 (7)0.452 (34 to 80)1.85 (1.19 to 2.90)1.87 (1.19 to 2.92)1.66 (1.04 to 2.67)

 �31398 (2)10 (3)0.256 (30 to 104)1.99 (1.06 to 3.75)2.00 (1.05 to 3.77)1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.

7 25
 The increased risk of MS after exposure 

to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,

26
 lead to oxidative 

stress
27

 and induce a proinflammatory state decades into adult-
hood.

28
 Psychological stress has been shown to disrupt the 

blood–brain barrier
29

 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.

30
 Neonatal emotional and physical stress increased the 

susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.

31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.

5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.

3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse

4 21
 and the risk of devel-

oping MS.
11 22–24

 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.

34
 However, 

some suggest such bias is minor.
35

 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.

36

Table 2 Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 YearsIR* (95% CI)

Unadjusted HR
(95% CI)HR† (95% CI)HR‡ (95% CI)

No childhood abuse63 520 (81)229 (76)8.228 (25 to 32)RefRefRef

Any childhood abuse14 477 (19)71 (24)1.938 (30 to 48)1.36 (1.04 to 1.78)1.34 (1.03 to 1.76)1.31 (0.99 to 1.72)

Emotional abuse10 702 (14)56 (20)1.441 (31 to 53)1.46 (1.09 to 1.95)1.43 (1.06 to 1.93)1.40 (1.03 to 1.90)

 �Emotional abuse: Humiliation9414 (13)48 (17)1.240 (30 to 53)1.42 (1.04 to 1.94)1.39 (1.01 to 1.90)1.37 (0.99 to 1.89)

 �Emotional abuse: Threat3406 (5)20 (8)0.446 (30 to 71)1.64 (1.04 to 2.58)1.59 (1.00 to 2.52)1.42 (0.86 to 2.29)

Sexual abuse5416 (8)34 (13)0.749 (35 to 68)1.74 (1.21 to 2.49)1.75 (1.21 to 2.51)1.65 (1.13 to 2.39)

Physical abuse4287 (6)22 (9)0.640 (26 to 61)1.42 (0.92 to 2.20)1.41 (0.91 to 2.19)1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 �19947 (13)40 (13)1.331 (23 to 43)1.12 (0.80 to 1.56)1.09 (0.78 to 1.54)1.11 (0.79 to 1.56)

 �23132 (4)21 (7)0.452 (34 to 80)1.85 (1.19 to 2.90)1.87 (1.19 to 2.92)1.66 (1.04 to 2.67)

 �31398 (2)10 (3)0.256 (30 to 104)1.99 (1.06 to 3.75)2.00 (1.05 to 3.77)1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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(95% CI 0.83 to 2.06) and the HR for MS after exposure to any 
type of childhood abuse was 1.31 (95% CI 0.99 to 1.72).

The risk of MS was further increased in women exposed to 
two (HR 1.66, 95% CI 1.04 to 2.67), or all three categories of 
childhood abuse (HR 1.93, 95% CI 1.02 to 3.67).

Sensitivity analyses
We found similar or stronger associations between childhood 
abuse and MS in the sensitivity analysis after excluding women 
that could have been in a prodromal phase of MS when expe-
riencing abuse (online supplemental table 1). The HR was 1.77 
(95% CI 1.22 to 2.57) for sexual abuse and 1.40 (95% CI 1.01 
to 1.95) for emotional abuse.

The association between childhood emotional and sexual 
abuse and MS persisted when including women that already had 
an MS diagnosis at baseline (online supplemental table 2).

Missing data
A total of 7633 of 85 357 (9%) women who answered the ques-
tionnaire in pregnancy week 18 did not answer the question-
naire in week 30 that included the abuse items. Their baseline 
characteristics were similar to our included participants (online 
supplemental table 3). A total of 617 of 78 620 (0.8%) women 
who answered the questionnaire in week 30 did not complete 
the abuse items. These women had more often an adverse socio-
economic status (online supplemental table 3).

DISCUSSION
In this nationwide, prospective cohort study, women who 
were exposed to childhood sexual or emotional abuse had an 
increased risk of developing MS. There was a similar tendency 
for exposure to physical abuse. The risk estimates were higher 
when exposed to several abuse categories, indicating a dose–
response relationship.

Our results are supported by previously published retro-
spective studies.

7 25
 The increased risk of MS after exposure 

to childhood sexual and emotional abuse may have a biolog-
ical explanation. Childhood abuse can cause dysregulation of 
the hypothalamic–pituitary–adrenal axis,

26
 lead to oxidative 

stress
27

 and induce a proinflammatory state decades into adult-
hood.

28
 Psychological stress has been shown to disrupt the 

blood–brain barrier
29

 and cause epigenetic changes that may 
increase the risk of neurodegenerative disorders, including 
MS.

30
 Neonatal emotional and physical stress increased the 

susceptibility and severity of MS-like disease in mice, due to 
downregulation of adrenergic receptors in innate immune 
cells.

31

We found a higher risk of MS in women exposed to more than 
one type of abuse. A similar dose–response association has been 
observed between the risk of adult autoimmune disease hospital-
isations and the number of childhood adverse events.

5

This is the first fully prospective study that has assessed the 
association between childhood adverse events and subsequent 
MS. Previous studies on adverse events have mainly focused on 
adulthood and have found that most events happened during the 
last 1–5 years before MS onset.

3 32 33

The nationwide cohort design, long follow-up and the inclu-
sion of thoroughly validated MS cases through data-linkage 
with national health registries contribute to a high validity of 
our study. Sensitivity analyses minimised the possibility that our 
findings can be explained by reverse causality. We were able 
to adjust for important confounders and mediators, including 
childhood social status, adult socioeconomic factors, smoking 
and obesity. These environmental factors are associated with 
both exposure to childhood abuse

4 21
 and the risk of devel-

oping MS.
11 22–24

 The risk estimates for MS after exposure to 
emotional and sexual abuse slightly decreased after adjusting 
for these factors, but the associations remained significant. This 
suggests that childhood abuse may have an independent effect 
on MS susceptibility.

The sensitivity analysis showed consistent results also when 
including prevalent cases of MS, although the HR estimates were 
slightly reduced. The group of women with established MS did 
not report higher occurrence of childhood abuse than women 
with future MS as one might have expected from a recall bias 
perspective.

Women exposed to childhood abuse had higher depression 
rates when included during pregnancy. Retrospective reports of 
childhood trauma may be biased by current mood.

34
 However, 

some suggest such bias is minor.
35

 A more plausible explanation 
may be that exposure to childhood abuse gives increased risk of 
depression, in particular depression during pregnancy.

36

Table 2 Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse

Exposure
N (%)
total cohort

N (%)
women with MS

Person Time
100 000 YearsIR* (95% CI)

Unadjusted HR
(95% CI)HR† (95% CI)HR‡ (95% CI)

No childhood abuse63 520 (81)229 (76)8.228 (25 to 32)RefRefRef

Any childhood abuse14 477 (19)71 (24)1.938 (30 to 48)1.36 (1.04 to 1.78)1.34 (1.03 to 1.76)1.31 (0.99 to 1.72)

Emotional abuse10 702 (14)56 (20)1.441 (31 to 53)1.46 (1.09 to 1.95)1.43 (1.06 to 1.93)1.40 (1.03 to 1.90)

 �Emotional abuse: Humiliation9414 (13)48 (17)1.240 (30 to 53)1.42 (1.04 to 1.94)1.39 (1.01 to 1.90)1.37 (0.99 to 1.89)

 �Emotional abuse: Threat3406 (5)20 (8)0.446 (30 to 71)1.64 (1.04 to 2.58)1.59 (1.00 to 2.52)1.42 (0.86 to 2.29)

Sexual abuse5416 (8)34 (13)0.749 (35 to 68)1.74 (1.21 to 2.49)1.75 (1.21 to 2.51)1.65 (1.13 to 2.39)

Physical abuse4287 (6)22 (9)0.640 (26 to 61)1.42 (0.92 to 2.20)1.41 (0.91 to 2.19)1.31 (0.83 to 2.06)

No of abuse categories
(Ref: 0)

 �19947 (13)40 (13)1.331 (23 to 43)1.12 (0.80 to 1.56)1.09 (0.78 to 1.54)1.11 (0.79 to 1.56)

 �23132 (4)21 (7)0.452 (34 to 80)1.85 (1.19 to 2.90)1.87 (1.19 to 2.92)1.66 (1.04 to 2.67)

 �31398 (2)10 (3)0.256 (30 to 104)1.99 (1.06 to 3.75)2.00 (1.05 to 3.77)1.93 (1.02 to 3.67)

*Incidence rates per 100 000 person-years. The incidence rate is lower for ‘any childhood abuse’ than for the separate subcategories of abuse because of longer person-time (more individuals 
under observation in the total abuse group). IR = ‘Number of new cases’/‘Total person-time at risk’.
†HRs adjusted for school drop-out (≤9 years elementary school). Birth year was included as a stratification factor in the Cox model.
‡HRs adjusted for adverse socioeconomic factors (≤9 years elementary school, non-cohabiting mother or low household income), smoking (ever vs never) and BMI ≥25 before study baseline). 
Birth year was included as a stratification factor in the Cox model, but no other covariable violated the proportional hazard assumption.
BMI, body mass index; IR, incidence rate; MS, multiple sclerosis.
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Limitations
External validity represents a potential limitation of our study 
as we studied pregnant women and only 41% of the invited 
women consented to participation. Women with low socio-
economic status are underrepresented in the MoBa-cohort,37 
and women who skipped the abuse items in the questionnaire 
had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.

As in all observational studies, residual confounding may be 
another limitation. We had detailed information on behavioural 
risk factors in adulthood such as smoking and obesity, but child-
hood abuse may be associated with other environmental factors 
such as diet, nutrition, physical exercise, and parental smoking, 
which could be independent risk factors for MS.

We used a screening questionnaire to assess the three main 
categories of abuse. Childhood abuse tends to be under-reported 
rather than over-reported in adulthood.35 This could influ-
ence our prevalence rates but not affect exposure–outcome 
associations.

We did not have information on death or emigration which 
may bias observation time. Among Norwegian women in the 
age group 20–49 years,38 0.003% emigrate39 and 0.0005% die40 
each year. Thus, these events should have minimal effects on our 
results.

We lacked information on chronicity of abuse. Exposure 
to abuse as a one-time incident could have different impact 
compared with repetitive abuse. Nevertheless, our finding of a 
dose–response relationship probably represents higher level of 
abuse severity. We do not know the age at abuse, and there may 
exist vulnerable periods during childhood and adolescence for 
MS development. We had no information on potential protective 
mechanisms such as social network, caregivers, family/friends or 
therapeutic interventions. Future studies may be strengthened 
through more nuanced exposure assessment.

In conclusion, children exposed to adverse experiences had 
an increased risk of developing MS later in life, independent of 
known environmental risk factors for MS. The risk increased 
with number of abuse categories in a dose–response manner. The 
underlying mechanisms behind this association should be inves-
tigated further.
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Limitations
External validity represents a potential limitation of our study 
as we studied pregnant women and only 41% of the invited 
women consented to participation. Women with low socio-
economic status are underrepresented in the MoBa-cohort,37 
and women who skipped the abuse items in the questionnaire 
had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.

As in all observational studies, residual confounding may be 
another limitation. We had detailed information on behavioural 
risk factors in adulthood such as smoking and obesity, but child-
hood abuse may be associated with other environmental factors 
such as diet, nutrition, physical exercise, and parental smoking, 
which could be independent risk factors for MS.

We used a screening questionnaire to assess the three main 
categories of abuse. Childhood abuse tends to be under-reported 
rather than over-reported in adulthood.35 This could influ-
ence our prevalence rates but not affect exposure–outcome 
associations.

We did not have information on death or emigration which 
may bias observation time. Among Norwegian women in the 
age group 20–49 years,38 0.003% emigrate39 and 0.0005% die40 
each year. Thus, these events should have minimal effects on our 
results.

We lacked information on chronicity of abuse. Exposure 
to abuse as a one-time incident could have different impact 
compared with repetitive abuse. Nevertheless, our finding of a 
dose–response relationship probably represents higher level of 
abuse severity. We do not know the age at abuse, and there may 
exist vulnerable periods during childhood and adolescence for 
MS development. We had no information on potential protective 
mechanisms such as social network, caregivers, family/friends or 
therapeutic interventions. Future studies may be strengthened 
through more nuanced exposure assessment.

In conclusion, children exposed to adverse experiences had 
an increased risk of developing MS later in life, independent of 
known environmental risk factors for MS. The risk increased 
with number of abuse categories in a dose–response manner. The 
underlying mechanisms behind this association should be inves-
tigated further.
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Limitations
External validity represents a potential limitation of our study 
as we studied pregnant women and only 41% of the invited 
women consented to participation. Women with low socio-
economic status are underrepresented in the MoBa-cohort,37 
and women who skipped the abuse items in the questionnaire 
had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.

As in all observational studies, residual confounding may be 
another limitation. We had detailed information on behavioural 
risk factors in adulthood such as smoking and obesity, but child-
hood abuse may be associated with other environmental factors 
such as diet, nutrition, physical exercise, and parental smoking, 
which could be independent risk factors for MS.

We used a screening questionnaire to assess the three main 
categories of abuse. Childhood abuse tends to be under-reported 
rather than over-reported in adulthood.35 This could influ-
ence our prevalence rates but not affect exposure–outcome 
associations.

We did not have information on death or emigration which 
may bias observation time. Among Norwegian women in the 
age group 20–49 years,38 0.003% emigrate39 and 0.0005% die40 
each year. Thus, these events should have minimal effects on our 
results.

We lacked information on chronicity of abuse. Exposure 
to abuse as a one-time incident could have different impact 
compared with repetitive abuse. Nevertheless, our finding of a 
dose–response relationship probably represents higher level of 
abuse severity. We do not know the age at abuse, and there may 
exist vulnerable periods during childhood and adolescence for 
MS development. We had no information on potential protective 
mechanisms such as social network, caregivers, family/friends or 
therapeutic interventions. Future studies may be strengthened 
through more nuanced exposure assessment.

In conclusion, children exposed to adverse experiences had 
an increased risk of developing MS later in life, independent of 
known environmental risk factors for MS. The risk increased 
with number of abuse categories in a dose–response manner. The 
underlying mechanisms behind this association should be inves-
tigated further.
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Limitations
External validity represents a potential limitation of our study 
as we studied pregnant women and only 41% of the invited 
women consented to participation. Women with low socio-
economic status are underrepresented in the MoBa-cohort,

37
 

and women who skipped the abuse items in the questionnaire 
had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.

As in all observational studies, residual confounding may be 
another limitation. We had detailed information on behavioural 
risk factors in adulthood such as smoking and obesity, but child-
hood abuse may be associated with other environmental factors 
such as diet, nutrition, physical exercise, and parental smoking, 
which could be independent risk factors for MS.

We used a screening questionnaire to assess the three main 
categories of abuse. Childhood abuse tends to be under-reported 
rather than over-reported in adulthood.

35
 This could influ-

ence our prevalence rates but not affect exposure–outcome 
associations.

We did not have information on death or emigration which 
may bias observation time. Among Norwegian women in the 
age group 20–49 years,

38
 0.003% emigrate

39
 and 0.0005% die

40
 

each year. Thus, these events should have minimal effects on our 
results.

We lacked information on chronicity of abuse. Exposure 
to abuse as a one-time incident could have different impact 
compared with repetitive abuse. Nevertheless, our finding of a 
dose–response relationship probably represents higher level of 
abuse severity. We do not know the age at abuse, and there may 
exist vulnerable periods during childhood and adolescence for 
MS development. We had no information on potential protective 
mechanisms such as social network, caregivers, family/friends or 
therapeutic interventions. Future studies may be strengthened 
through more nuanced exposure assessment.

In conclusion, children exposed to adverse experiences had 
an increased risk of developing MS later in life, independent of 
known environmental risk factors for MS. The risk increased 
with number of abuse categories in a dose–response manner. The 
underlying mechanisms behind this association should be inves-
tigated further.
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Limitations
External validity represents a potential limitation of our study 
as we studied pregnant women and only 41% of the invited 
women consented to participation. Women with low socio-
economic status are underrepresented in the MoBa-cohort,
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and women who skipped the abuse items in the questionnaire 
had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.

As in all observational studies, residual confounding may be 
another limitation. We had detailed information on behavioural 
risk factors in adulthood such as smoking and obesity, but child-
hood abuse may be associated with other environmental factors 
such as diet, nutrition, physical exercise, and parental smoking, 
which could be independent risk factors for MS.

We used a screening questionnaire to assess the three main 
categories of abuse. Childhood abuse tends to be under-reported 
rather than over-reported in adulthood.
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ence our prevalence rates but not affect exposure–outcome 
associations.

We did not have information on death or emigration which 
may bias observation time. Among Norwegian women in the 
age group 20–49 years,
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 0.003% emigrate
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each year. Thus, these events should have minimal effects on our 
results.

We lacked information on chronicity of abuse. Exposure 
to abuse as a one-time incident could have different impact 
compared with repetitive abuse. Nevertheless, our finding of a 
dose–response relationship probably represents higher level of 
abuse severity. We do not know the age at abuse, and there may 
exist vulnerable periods during childhood and adolescence for 
MS development. We had no information on potential protective 
mechanisms such as social network, caregivers, family/friends or 
therapeutic interventions. Future studies may be strengthened 
through more nuanced exposure assessment.

In conclusion, children exposed to adverse experiences had 
an increased risk of developing MS later in life, independent of 
known environmental risk factors for MS. The risk increased 
with number of abuse categories in a dose–response manner. The 
underlying mechanisms behind this association should be inves-
tigated further.
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Limitations
External validity represents a potential limitation of our study 
as we studied pregnant women and only 41% of the invited 
women consented to participation. Women with low socio-
economic status are underrepresented in the MoBa-cohort,

37
 

and women who skipped the abuse items in the questionnaire 
had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.

As in all observational studies, residual confounding may be 
another limitation. We had detailed information on behavioural 
risk factors in adulthood such as smoking and obesity, but child-
hood abuse may be associated with other environmental factors 
such as diet, nutrition, physical exercise, and parental smoking, 
which could be independent risk factors for MS.

We used a screening questionnaire to assess the three main 
categories of abuse. Childhood abuse tends to be under-reported 
rather than over-reported in adulthood.

35
 This could influ-

ence our prevalence rates but not affect exposure–outcome 
associations.

We did not have information on death or emigration which 
may bias observation time. Among Norwegian women in the 
age group 20–49 years,

38
 0.003% emigrate

39
 and 0.0005% die

40
 

each year. Thus, these events should have minimal effects on our 
results.

We lacked information on chronicity of abuse. Exposure 
to abuse as a one-time incident could have different impact 
compared with repetitive abuse. Nevertheless, our finding of a 
dose–response relationship probably represents higher level of 
abuse severity. We do not know the age at abuse, and there may 
exist vulnerable periods during childhood and adolescence for 
MS development. We had no information on potential protective 
mechanisms such as social network, caregivers, family/friends or 
therapeutic interventions. Future studies may be strengthened 
through more nuanced exposure assessment.

In conclusion, children exposed to adverse experiences had 
an increased risk of developing MS later in life, independent of 
known environmental risk factors for MS. The risk increased 
with number of abuse categories in a dose–response manner. The 
underlying mechanisms behind this association should be inves-
tigated further.
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had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.
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each year. Thus, these events should have minimal effects on our 
results.

We lacked information on chronicity of abuse. Exposure 
to abuse as a one-time incident could have different impact 
compared with repetitive abuse. Nevertheless, our finding of a 
dose–response relationship probably represents higher level of 
abuse severity. We do not know the age at abuse, and there may 
exist vulnerable periods during childhood and adolescence for 
MS development. We had no information on potential protective 
mechanisms such as social network, caregivers, family/friends or 
therapeutic interventions. Future studies may be strengthened 
through more nuanced exposure assessment.

In conclusion, children exposed to adverse experiences had 
an increased risk of developing MS later in life, independent of 
known environmental risk factors for MS. The risk increased 
with number of abuse categories in a dose–response manner. The 
underlying mechanisms behind this association should be inves-
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had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.
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each year. Thus, these events should have minimal effects on our 
results.
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Limitations
External validity represents a potential limitation of our study 
as we studied pregnant women and only 41% of the invited 
women consented to participation. Women with low socio-
economic status are underrepresented in the MoBa-cohort,

37
 

and women who skipped the abuse items in the questionnaire 
had lower socioeconomic status than the included population. 
Further, these findings may not be generalisable to men or non-
white individuals.

As in all observational studies, residual confounding may be 
another limitation. We had detailed information on behavioural 
risk factors in adulthood such as smoking and obesity, but child-
hood abuse may be associated with other environmental factors 
such as diet, nutrition, physical exercise, and parental smoking, 
which could be independent risk factors for MS.

We used a screening questionnaire to assess the three main 
categories of abuse. Childhood abuse tends to be under-reported 
rather than over-reported in adulthood.

35
 This could influ-

ence our prevalence rates but not affect exposure–outcome 
associations.

We did not have information on death or emigration which 
may bias observation time. Among Norwegian women in the 
age group 20–49 years,

38
 0.003% emigrate

39
 and 0.0005% die

40
 

each year. Thus, these events should have minimal effects on our 
results.

We lacked information on chronicity of abuse. Exposure 
to abuse as a one-time incident could have different impact 
compared with repetitive abuse. Nevertheless, our finding of a 
dose–response relationship probably represents higher level of 
abuse severity. We do not know the age at abuse, and there may 
exist vulnerable periods during childhood and adolescence for 
MS development. We had no information on potential protective 
mechanisms such as social network, caregivers, family/friends or 
therapeutic interventions. Future studies may be strengthened 
through more nuanced exposure assessment.

In conclusion, children exposed to adverse experiences had 
an increased risk of developing MS later in life, independent of 
known environmental risk factors for MS. The risk increased 
with number of abuse categories in a dose–response manner. The 
underlying mechanisms behind this association should be inves-
tigated further.
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Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a Enrollment in MoBa took place in pregnancy weeks 15–18 
b Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 
c Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-
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d End of follow-up was December 31st, 2018 

Supplemental data: Paper I 

 

Supplementary figure 2: Study Design of the Sensitivity Analyses 

 

 

Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a Enrollment in MoBa took place in pregnancy weeks 15–18 
b Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 
c Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-

linkage with the Norwegian Medical Birth Registry 
d End of follow-up was December 31st, 2018 

Supplemental data: Paper I 

 

Supplementary figure 2: Study Design of the Sensitivity Analyses 

 

 

Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a Enrollment in MoBa took place in pregnancy weeks 15–18 
b Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 
c Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-

linkage with the Norwegian Medical Birth Registry 
d End of follow-up was December 31st, 2018 

Supplemental data: Paper I 

 

Supplementary figure 2: Study Design of the Sensitivity Analyses 

 

 

Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a 
Enrollment in MoBa took place in pregnancy weeks 15–18 

b 
Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 

c 
Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-

linkage with the Norwegian Medical Birth Registry 
d 
End of follow-up was December 31

st
, 2018 

Supplemental data: Paper I 

 

Supplementary figure 2: Study Design of the Sensitivity Analyses 

 

 

Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a 
Enrollment in MoBa took place in pregnancy weeks 15–18 

b 
Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 

c 
Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-

linkage with the Norwegian Medical Birth Registry 
d 
End of follow-up was December 31

st
, 2018 

Supplemental data: Paper I 

 

Supplementary figure 2: Study Design of the Sensitivity Analyses 

 

 

Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a 
Enrollment in MoBa took place in pregnancy weeks 15–18 

b 
Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 

c 
Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-

linkage with the Norwegian Medical Birth Registry 
d 
End of follow-up was December 31

st
, 2018 

Supplemental data: Paper I 

 

Supplementary figure 2: Study Design of the Sensitivity Analyses 

 

 

Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a 
Enrollment in MoBa took place in pregnancy weeks 15–18 

b 
Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 

c 
Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-

linkage with the Norwegian Medical Birth Registry 
d 
End of follow-up was December 31

st
, 2018 

Supplemental data: Paper I 

 

Supplementary figure 2: Study Design of the Sensitivity Analyses 

 

 

Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a 
Enrollment in MoBa took place in pregnancy weeks 15–18 

b 
Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 

c 
Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-

linkage with the Norwegian Medical Birth Registry 
d 
End of follow-up was December 31

st
, 2018 

Supplemental data: Paper I 

 

Supplementary figure 2: Study Design of the Sensitivity Analyses 

 

 

Abbreviations: MoBa = The Norwegian Mother, Father and Child cohort study; MS = Multiple sclerosis 

A:  Sensitivity analysis with exclusion of women that might have been in the prodromal phase of MS when 

exposed to abuse (< 18 years).   

B:  Sensitivity analysis with all women in MoBa with MS, both prevalent and incident diagnoses.  

a 
Enrollment in MoBa took place in pregnancy weeks 15–18 

b 
Exposure (childhood abuse) was assessed through self-completed questionnaires in pregnancy week 30 

c 
Covariables were assessed through self-completed questionnaires in pregnancy week 18 and through data-

linkage with the Norwegian Medical Birth Registry 
d 
End of follow-up was December 31

st
, 2018 



Supplemental data: Paper I 

Supplementary table 1. Hazard Ratios of Multiple Sclerosis by Type of Childhood 

Abuse: Excluding Women with First Clinical Symptom of MS Before Age 23 Years 

 

Exposure 

 

N (%) 

Total cohort 

N (%) 

Women 

with MS 

HRa HRb 

No childhood abuse: ref 63 508 (81) 217 (76) Ref Ref 

Any childhood abuse 14 474 (19) 68 (24) 1.39 (1.05–1.82) 1.35 (1.02–1.79) 

Emotional abuse 10 699 (14) 53 (20) 1.47 (1.08–1.98) 1.40 (1.01–1.95) 

Emotional abuse: 

Humiliation 

9412 (13) 46 (17) 1.44 (1.05–1.99) 1.42 (1.02–1.97) 

Emotional abuse: Threat 3405 (5) 19 (8) 1.62 (1.01–2.60) 1.52 (0.93–2.47) 

Sexual abuse 5415 (8) 33 (13) 1.80 (1.25–2.61) 1.77 (1.22–2.57) 

Physical abuse 4287 (6) 22 (9) 1.50 (0.97–2.34)  1.41 (0.90–2.23) 

     

Abbreviations: MS= Multiple sclerosis; HR = Hazard ratio 

Of the 300 women who developed MS during the follow-up period, 15 women had their first clinical symptom of MS up to 

the age of 22 years and were excluded in this sensitivity analysis. 
a Hazard ratios adjusted for school dropout (≤ 9 years elementary school). Birth year was included as a stratification factor in 

the Cox model. 
b Hazard ratios adjusted for adverse socioeconomic factors (≤ 9 years elementary school, single mother or low household 

income), smoking (ever vs. never) and BMI≥ 25 before study baseline). Birth year was included as a stratification factor in 
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Supplementary table 2. Hazard Ratios of Multiple Sclerosis by Type of Childhood 

Abuse: Including All Women with MS in the MoBa Study 

 

Exposure 

 

N (%) 

Total cohort 

N (%) 

Women 

with MS 

HRa HRb 

No childhood abuse: ref 63 596 (81) 306 (77) Ref Ref 

Any childhood abuse 14 497 (19) 91 (23) 1.33 (1.05–1.68) 1.29 (1.02–1.65) 

Emotional abuse 10 717 (14) 71 (19) 1.40 (1.08–1.82) 1.37 (1.05–1.79) 

Emotional abuse: 

Humiliation 

9426 (13) 60 (16) 1.34 (1.01–1.77)  1.32 (0.99–1.75) 

Emotional abuse: Threat 3412 (5) 26 (8) 1.64 (1.10–2.46) 1.49 (0.98–2.27) 

Sexual abuse 5421 (8) 39 (11) 1.55 (1.11–2.17) 1.46 (1.04–2.06) 

Physical abuse 4293 (6) 28 (8) 1.40 (0.95–2.06)  1.32 (0.88–1.96) 

     

Abbreviations: MS= Multiple sclerosis; MoBa = The Norwegian Mother, Father and Child cohort study; HR = Hazard ratio 

Sensitivity analysis with all the women with MS in the MoBa-study. Observation time calculated from age 18 years to event. 

Of the 125 women with current MS diagnosis at the time of enrollment in MoBa, 91 were eligible to be included in the cox 

regression analyses.  
a Hazard ratios adjusted for school dropout (≤ 9 years elementary school) and stratified by birthyear 
b Hazard ratios adjusted for adverse socioeconomic factors (≤ 9 years elementary school, single mother or low household 

income), smoking (ever vs. never) and BMI≥ 25 before study baseline) and stratified by birthyear 
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Emotional abuse: 

Humiliation 
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Sensitivity analysis with all the women with MS in the MoBa-study. Observation time calculated from age 18 years to event. 

Of the 125 women with current MS diagnosis at the time of enrollment in MoBa, 91 were eligible to be included in the cox 

regression analyses.  
a 
Hazard ratios adjusted for school dropout (≤ 9 years elementary school) and stratified by birthyear 

b 
Hazard ratios adjusted for adverse socioeconomic factors (≤ 9 years elementary school, single mother or low household 

income), smoking (ever vs. never) and BMI≥ 25 before study baseline) and stratified by birthyear 
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Supplementary table 3. Characteristics of Participants with Missing Data Compared to 

the Study Population 

 

Abbreviations: SD = Standard deviation; BMI = Body Mass Index; Q = Questionnaire 

a 7633 women who responded to the first questionnaire in pregnancy week 18 did not respond to the questionnaire in 

pregnancy week 30 (Q3) 
b 617 women responded to Q3, but did not complete the abuse-items 
c Study baseline is the year of enrollment in the MoBa-study 
d Low household income (< 60% of median income in the given year of study baseline), being a single mother, or completed 

≤ 9 years of school. 
e Depression was measured by a validated short version of the Hopkins Symptom Checklist in pregnancy week 30. Not 

available for those who did not respond to Q3. 
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n = 7633 
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n = 77 997 
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  Low household income; n (%) 847 (11) 88 (14) 5520 (7) 

  Maternal short education; n (%) 369 (5) 60 (10) 1551 (2) 

  Single mother; n (%) 367 (5) 32 (5) 1774 (2) 

Ever smoker; n (%) 4241 (56) 294 (48) 39 533 (51) 

Missing; n (%) 83 (1) 44 (7) 1140 (2) 

BMI ≥ 25; n (%) 2290 (30) 145 (24) 23 681 (30) 

Missing; n (%) 326 (4) 78 (13) 2701 (4) 

Depression at study baseline 

(pregnancy)e; n (%) 

n/a 49 (8) 7305 (9) 

Missing; n (%) n/a 
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Abstract
Background  Knowledge concerning exposure to abuse in adulthood and in pregnancy in people with multiple sclerosis 
(MS) is sparse.
Objective  To determine the occurrence of adult abuse and abuse in relation to pregnancy in women with MS and their risk 
of revictimization (repeated abuse as adults after childhood abuse).
Methods  This cross-sectional study comprised pregnant women from the Norwegian Mother, Father and Child Cohort study. 
Information on abuse was acquired through self-completed questionnaires. We used logistic regression to estimate adjusted 
odds ratios (aORs) with 95% confidence intervals (CIs).
Results  We identified 106 women with MS at enrollment through linkage with national health registries. The reference 
group consisted of 77,278 women without MS. Twenty-seven women (26%) with MS reported any adult abuse compared to 
15,491 women (20%) without MS, aOR 1.33 (0.85–2.09). Twenty-two (21%) women with MS reported systematic emotional 
abuse compared to 13% without MS, aOR 1.75 (1.08–2.83). Ten women (10%) with MS reported sexual abuse, compared 
to 6% without MS, aOR 1.72 (0.89–3.33). More women with MS reported rape as an adult, aOR 2.37 (1.02–5.49). Women 
with MS had higher risk of revictimization as adults, after childhood abuse, aOR 2.23 (1.22–4.10). The risk of abuse during 
pregnancy or 6 months preceding pregnancy was similar between the groups.
Conclusions  Women with MS had increased occurrence of systematic emotional abuse, rape, and revictimization as adults, 
compared to women without MS.
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Introduction

People with multiple sclerosis (MS) are more often 
exposed to abuse and neglect in childhood than the general 
population [1–4]. Mistreatment in childhood is a strong 
predictor of abuse later in life, known as revictimization 
[5]. It is not known whether abuse occurs more frequently 
in adulthood or during pregnancy for people with MS. 
However, people with physical impairment or activity lim-
itations are at increased risk of experiencing any forms of 
sexual, physical, or emotional mistreatment [6, 7], includ-
ing partner violence [8].

A US study found that 55% of people with advanced 
MS reported maltreatment by unpaid caregivers [9], most 
frequently emotional abuse. A focus group study found 
that people with advanced MS were reluctant to report 
being abused even though the caregiver admitted mistreat-
ment [10]. No previous study has examined the occurrence 
of abuse in adulthood or the relationship to the abuser in 
general MS populations. Moreover, no study has examined 
the risk of experiencing abuse during pregnancy in women 
with MS.

Experiencing abuse has long-term consequences for 
mental and physical health [11]. Women who have pre-
viously experienced abuse may be more vulnerable for 
abuse during pregnancy [12]. Abuse during pregnancy is 
of particular concern due to the increased risk of adverse 
maternal and neonatal outcomes [13]. We have previously 
found that a history of physical or sexual abuse was a risk 
factor for perinatal depression in women with MS [14]. 
There is a need for increased attention to this issue to pro-
tect people with MS at risk and to support and provide 
trauma-informed care [15] for those in need.

Our aim was to investigate the occurrence of abuse in 
adulthood in pregnant women with MS and their risk of 
experiencing revictimization after childhood abuse. Fur-
ther, we aimed to study their relationship to the abuser.

Materials and methods

Study design and data collection

We conducted a cross-sectional analysis based on ques-
tionnaire data from all women participating in the Nor-
wegian Mother, Father, and Child Cohort Study (MoBa). 
MoBa is a nationwide, prospective cohort study, which 
included Norwegian-speaking pregnant women from all 
over Norway between 1999 and 2008 [16]. There were 
no exclusion criteria, and 41% of the invited women con-
sented to participation. The MoBa cohort is linked to The 

Medical Birth Registry of Norway (MBRN), a nationwide 
medical registry containing information about all births 
in Norway. Registration of information in the MBRN is 
mandatory and performed by health personnel.

We acquired information on demographic and socioeco-
nomic factors, medical history, and any experience of abuse 
from questionnaires self-administered during pregnancy 
weeks 17–20 and 30.

Our study is based on version 12 of the MoBa data files, 
covering 114,629 pregnancies. We included women who 
completed both the questionnaire in pregnancy week 18 
and week 30, including the abuse items. To include only 
one observation per woman, we excluded duplicate ques-
tionnaires due to twin and triplet pregnancies and additional 
questionnaires from women with recurrent participations in 
MoBa (Fig. 1). We also excluded women who were under 
age 18 years at inclusion.

MS diagnosis

To validate the self-reported MS diagnosis from the ques-
tionnaires, we cross-linked the MoBa cohort with the Nor-
wegian Patient Registry (NPR) and the Norwegian Multi-
ple Sclerosis Registry and Biobank (The MS Registry). We 
also included information from hospital records. After every 
consultation in specialist care, registration of all relevant 
diagnoses in NPR is mandatory for health practitioners. The 
MS diagnosis in NPR has a sensitivity of 97% and a posi-
tive predictive value of 0.92 [17]. We considered the MS 
diagnosis as validated if registered both in the NPR and in 
the MS registry. The MS registry had 69% national cover-
age at the time of data linkage [18]. If an MS diagnosis 
was registered only in NPR but not in the MS registry, we 
reviewed hospital records to validate the diagnosis using 
the 2017 diagnostic criteria for MS [19]. The linkage made 
it possible to identify women with MS who failed to report 
a history of MS at inclusion in MoBa (n = 4). We were also 
able to refute incorrect MS diagnoses from the NPR based 
on the information from the hospital records. NPR-identified 
MS cases not included in the MS registry and without access 
to the hospital records for validation were excluded (Fig. 1). 
This data linkage also identified women who developed MS 
after inclusion in MoBa up until December 31, 2018 (date 
of data linkage). These women were excluded from the main 
analyses but included in a sensitivity analysis.

Abuse experience

Abuse categories

In pregnancy week 30, the women answered four ques-
tions concerning experiences of abuse (Questionnaire S1); 
emotional abuse—humiliation (“Has anyone over a long 
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tect people with MS at risk and to support and provide 
trauma-informed care [15] for those in need.
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ther, we aimed to study their relationship to the abuser.

Materials and methods

Study design and data collection
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mandatory and performed by health personnel.
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This data linkage also identified women who developed MS 
after inclusion in MoBa up until December 31, 2018 (date 
of data linkage). These women were excluded from the main 
analyses but included in a sensitivity analysis.

Abuse experience

Abuse categories

In pregnancy week 30, the women answered four ques-
tions concerning experiences of abuse (Questionnaire S1); 
emotional abuse—humiliation (“Has anyone over a long 
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Introduction
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being abused even though the caregiver admitted mistreat-
ment [10]. No previous study has examined the occurrence 
of abuse in adulthood or the relationship to the abuser in 
general MS populations. Moreover, no study has examined 
the risk of experiencing abuse during pregnancy in women 
with MS.

Experiencing abuse has long-term consequences for 
mental and physical health [11]. Women who have pre-
viously experienced abuse may be more vulnerable for 
abuse during pregnancy [12]. Abuse during pregnancy is 
of particular concern due to the increased risk of adverse 
maternal and neonatal outcomes [13]. We have previously 
found that a history of physical or sexual abuse was a risk 
factor for perinatal depression in women with MS [14]. 
There is a need for increased attention to this issue to pro-
tect people with MS at risk and to support and provide 
trauma-informed care [15] for those in need.

Our aim was to investigate the occurrence of abuse in 
adulthood in pregnant women with MS and their risk of 
experiencing revictimization after childhood abuse. Fur-
ther, we aimed to study their relationship to the abuser.

Materials and methods

Study design and data collection

We conducted a cross-sectional analysis based on ques-
tionnaire data from all women participating in the Nor-
wegian Mother, Father, and Child Cohort Study (MoBa). 
MoBa is a nationwide, prospective cohort study, which 
included Norwegian-speaking pregnant women from all 
over Norway between 1999 and 2008 [16]. There were 
no exclusion criteria, and 41% of the invited women con-
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able to refute incorrect MS diagnoses from the NPR based 
on the information from the hospital records. NPR-identified 
MS cases not included in the MS registry and without access 
to the hospital records for validation were excluded (Fig. 1). 
This data linkage also identified women who developed MS 
after inclusion in MoBa up until December 31, 2018 (date 
of data linkage). These women were excluded from the main 
analyses but included in a sensitivity analysis.

Abuse experience
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tions concerning experiences of abuse (Questionnaire S1); 
emotional abuse—humiliation (“Has anyone over a long 
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period of time systematically tried to subdue, degrade or 
humiliate you?”), emotional abuse—threat (“Has anyone 
threatened to hurt you or someone close to you?”), physi-
cal abuse (“Have you been subjected to physical abuse?”), 
and sexual abuse (“Have you been forced to do sexual 
actions?”). The question regarding humiliation was con-
sidered as systematic emotional abuse. The abuse ques-
tions in MoBa have been adapted from the NorVold Abuse 
Questionnaire showing good validity and reliability [20].

An experience of either emotional, sexual, or physical 
abuse as an adult was defined as responding “yes, as an 
adult > 18 years” to the respective categories.

Type and severity of sexual abuse in were assessed in 
the questionnaire in weeks 17–20; “Have you ever been 
pressured or forced to have sexual intercourse during this 
pregnancy, the last 6 months before pregnancy, or earlier?” 
The response options were “yes, pressured”, “yes, forced 
with violence” and “yes, raped.” We merged “forced with 
violence” and “rape” into one category of rape. This ques-
tion did not distinguish between childhood and adulthood. 
We considered an experience of rape > 18 years of age if 

the woman also had reported sexual abuse as an adult in 
the questionnaire in week 30. Women who answered “no, 
never” were categorized as not having experienced rape.

Childhood abuse and revictimization

An experience of childhood abuse was defined as respond-
ing “yes, as a child < 18 years” to any of the abuse catego-
ries in the questionnaire in week 30. Women were defined 
as revictimized if they reported either emotional, sexual, 
or physical abuse both as a child (< 18 years) and as an 
adult (> 18 years).

Perpetrator

The questionnaire in week 30 included a question regard-
ing the person responsible of abuse; “Who was responsible 
for this?”. The options were: “A stranger”, “Family or rela-
tive”, or “Another known person”.

Fig. 1   Flowchart of included 
and excluded study partici-
pants. MoBa The Norwegian 
Mother, Father and Child cohort 
study, MS multiple sclerosis, Q 
Questionnaire. aPregnancy week 
17–20 (Q1). bWomen who com-
pleted the abuse questions in 
either week 17–20 (Q1) or week 
30 (Q3) were included in our 
study. cWomen who developed 
MS after inclusion in MoBa 
until December 31, 2018 (date 
of data linkage) were excluded 
from the reference group
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as revictimized if they reported either emotional, sexual, 
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The questionnaire in week 30 included a question regard-
ing the person responsible of abuse; “Who was responsible 
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cal abuse (“Have you been subjected to physical abuse?”), 
and sexual abuse (“Have you been forced to do sexual 
actions?”). The question regarding humiliation was con-
sidered as systematic emotional abuse. The abuse ques-
tions in MoBa have been adapted from the NorVold Abuse 
Questionnaire showing good validity and reliability [20].

An experience of either emotional, sexual, or physical 
abuse as an adult was defined as responding “yes, as an 
adult > 18 years” to the respective categories.

Type and severity of sexual abuse in were assessed in 
the questionnaire in weeks 17–20; “Have you ever been 
pressured or forced to have sexual intercourse during this 
pregnancy, the last 6 months before pregnancy, or earlier?” 
The response options were “yes, pressured”, “yes, forced 
with violence” and “yes, raped.” We merged “forced with 
violence” and “rape” into one category of rape. This ques-
tion did not distinguish between childhood and adulthood. 
We considered an experience of rape > 18 years of age if 

the woman also had reported sexual abuse as an adult in 
the questionnaire in week 30. Women who answered “no, 
never” were categorized as not having experienced rape.

Childhood abuse and revictimization

An experience of childhood abuse was defined as respond-
ing “yes, as a child < 18 years” to any of the abuse catego-
ries in the questionnaire in week 30. Women were defined 
as revictimized if they reported either emotional, sexual, 
or physical abuse both as a child (< 18 years) and as an 
adult (> 18 years).

Perpetrator

The questionnaire in week 30 included a question regard-
ing the person responsible of abuse; “Who was responsible 
for this?”. The options were: “A stranger”, “Family or rela-
tive”, or “Another known person”.
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and sexual abuse (“Have you been forced to do sexual 
actions?”). The question regarding humiliation was con-
sidered as systematic emotional abuse. The abuse ques-
tions in MoBa have been adapted from the NorVold Abuse 
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pregnancy, the last 6 months before pregnancy, or earlier?” 
The response options were “yes, pressured”, “yes, forced 
with violence” and “yes, raped.” We merged “forced with 
violence” and “rape” into one category of rape. This ques-
tion did not distinguish between childhood and adulthood. 
We considered an experience of rape > 18 years of age if 

the woman also had reported sexual abuse as an adult in 
the questionnaire in week 30. Women who answered “no, 
never” were categorized as not having experienced rape.

Childhood abuse and revictimization

An experience of childhood abuse was defined as respond-
ing “yes, as a child < 18 years” to any of the abuse catego-
ries in the questionnaire in week 30. Women were defined 
as revictimized if they reported either emotional, sexual, 
or physical abuse both as a child (< 18 years) and as an 
adult (> 18 years).

Perpetrator

The questionnaire in week 30 included a question regard-
ing the person responsible of abuse; “Who was responsible 
for this?”. The options were: “A stranger”, “Family or rela-
tive”, or “Another known person”.
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humiliate you?”), emotional abuse—threat (“Has anyone 
threatened to hurt you or someone close to you?”), physi-
cal abuse (“Have you been subjected to physical abuse?”), 
and sexual abuse (“Have you been forced to do sexual 
actions?”). The question regarding humiliation was con-
sidered as systematic emotional abuse. The abuse ques-
tions in MoBa have been adapted from the NorVold Abuse 
Questionnaire showing good validity and reliability [20].

An experience of either emotional, sexual, or physical 
abuse as an adult was defined as responding “yes, as an 
adult > 18 years” to the respective categories.

Type and severity of sexual abuse in were assessed in 
the questionnaire in weeks 17–20; “Have you ever been 
pressured or forced to have sexual intercourse during this 
pregnancy, the last 6 months before pregnancy, or earlier?” 
The response options were “yes, pressured”, “yes, forced 
with violence” and “yes, raped.” We merged “forced with 
violence” and “rape” into one category of rape. This ques-
tion did not distinguish between childhood and adulthood. 
We considered an experience of rape > 18 years of age if 

the woman also had reported sexual abuse as an adult in 
the questionnaire in week 30. Women who answered “no, 
never” were categorized as not having experienced rape.

Childhood abuse and revictimization

An experience of childhood abuse was defined as respond-
ing “yes, as a child < 18 years” to any of the abuse catego-
ries in the questionnaire in week 30. Women were defined 
as revictimized if they reported either emotional, sexual, 
or physical abuse both as a child (< 18 years) and as an 
adult (> 18 years).

Perpetrator

The questionnaire in week 30 included a question regard-
ing the person responsible of abuse; “Who was responsible 
for this?”. The options were: “A stranger”, “Family or rela-
tive”, or “Another known person”.
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The response options were “yes, pressured”, “yes, forced 
with violence” and “yes, raped.” We merged “forced with 
violence” and “rape” into one category of rape. This ques-
tion did not distinguish between childhood and adulthood. 
We considered an experience of rape > 18 years of age if 

the woman also had reported sexual abuse as an adult in 
the questionnaire in week 30. Women who answered “no, 
never” were categorized as not having experienced rape.

Childhood abuse and revictimization

An experience of childhood abuse was defined as respond-
ing “yes, as a child < 18 years” to any of the abuse catego-
ries in the questionnaire in week 30. Women were defined 
as revictimized if they reported either emotional, sexual, 
or physical abuse both as a child (< 18 years) and as an 
adult (> 18 years).

Perpetrator

The questionnaire in week 30 included a question regard-
ing the person responsible of abuse; “Who was responsible 
for this?”. The options were: “A stranger”, “Family or rela-
tive”, or “Another known person”.
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The response options were “yes, pressured”, “yes, forced 
with violence” and “yes, raped.” We merged “forced with 
violence” and “rape” into one category of rape. This ques-
tion did not distinguish between childhood and adulthood. 
We considered an experience of rape > 18 years of age if 

the woman also had reported sexual abuse as an adult in 
the questionnaire in week 30. Women who answered “no, 
never” were categorized as not having experienced rape.

Childhood abuse and revictimization

An experience of childhood abuse was defined as respond-
ing “yes, as a child < 18 years” to any of the abuse catego-
ries in the questionnaire in week 30. Women were defined 
as revictimized if they reported either emotional, sexual, 
or physical abuse both as a child (< 18 years) and as an 
adult (> 18 years).

Perpetrator

The questionnaire in week 30 included a question regard-
ing the person responsible of abuse; “Who was responsible 
for this?”. The options were: “A stranger”, “Family or rela-
tive”, or “Another known person”.
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with violence” and “yes, raped.” We merged “forced with 
violence” and “rape” into one category of rape. This ques-
tion did not distinguish between childhood and adulthood. 
We considered an experience of rape > 18 years of age if 

the woman also had reported sexual abuse as an adult in 
the questionnaire in week 30. Women who answered “no, 
never” were categorized as not having experienced rape.

Childhood abuse and revictimization

An experience of childhood abuse was defined as respond-
ing “yes, as a child < 18 years” to any of the abuse catego-
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Abuse during pregnancy or in the 6 months preceding 
pregnancy

The questionnaire in weeks 17–20 included two questions 
regarding whether the woman had experienced physical 
or sexual abuse during the current pregnancy or the last 
6 months before pregnancy. These questions have been 
modified from the Abuse Assessment Screen, developed 
to detect abuse among pregnant women [21]. The women 
could also state in the week 30 questionnaire if the abuse 
had happened during the last 12 months. As the women were 
7 months pregnant at this assessment, this comprised abuse 
during pregnancy and up to 5 months before pregnancy. 
Women who answered “yes” to either of these questions 
were defined as having experienced abuse during the current 
pregnancy or in the last 6 months before pregnancy.

Covariables

MS-specific covariables were obtained from the MS regis-
try and hospital records: Age at MS onset (defined as first 
clinical symptom), age at MS diagnosis, and subtype of MS 
(relapsing–remitting, primary progressive, or unspecified). 
Other covariables were acquired through the self-completed 
MoBa questionnaires or through linkage to the MBRN: 
age, smoking (ever/never), body mass index (BMI) prior to 
pregnancy (< 25/ ≥ 25 kg/m2), alcohol use ≥ 1 occasion per 
month during the first trimester or substance use (cannabis, 
amphetamine, ecstasy, cocaine, heroin) the last month before 
or during pregnancy. Adverse socioeconomic status in adult-
hood was defined as either having low household income 
(< 60% of the study population median income in the year of 
participation), being a non-cohabiting mother, or having low 
level of education (≤ 9 years of school). Low education level 
of the partner was defined as ≤ 9 years of school. Depression 
during pregnancy was measured by a validated short version 
of the Hopkins Symptom Checklist 25 [22], included in the 
same questionnaire as the abuse questions.

Statistical analysis

The MS group was compared to a reference group of all 
women in MoBa without MS. We analyzed the risk for expe-
riencing abuse by logistic regression with estimated odds 
ratios (ORs) and 95% confidence intervals (CIs). We con-
sidered age, history of smoking, overweight, and socioeco-
nomic status (≥ 1 of the following: non-cohabiting mother, 
low level of education, low household income) as possible 
confounders and adjusted all models for these covariables. 
Low education of the woman’s partner was adjusted for in a 
secondary analysis when considering the person responsible 
of abuse, as this variable could potentially be a mediator 
for the association between MS and abuse. Depression was 

regarded as a collider and therefore not adjusted for [23]. 
Estimates with CIs not including 1 were considered statisti-
cally significant. Categorical variables were compared with 
the Pearson Chi-square test or Fisher exact test if any table 
cell count was expected to be < 5. Continuous variables were 
compared with t tests. We performed interaction analyses 
with logistic regression models by including interaction 
terms between the exposure (MS) and (1) low socioeco-
nomic status and (2) childhood abuse on the outcome (adult 
abuse), adjusted for potential confounders. This was done 
to investigate whether women with MS were more suscepti-
ble to abuse as adults if they had low socioeconomic status 
or had experienced abuse in childhood. Statistical analyses 
were performed using IBM SPSS Statistics version 26 and 
Stata version 17 (StataCorp LLC).

Sensitivity analysis

As the questionnaires did not specify the exact period for 
the abuse experience, we lacked data on the timing of adult 
abuse with respect to the date of MS diagnosis. We there-
fore performed a sensitivity analysis comparing abuse risk in 
women with established MS to women who developed MS 
after inclusion in MoBa. The aim was to explore the direc-
tion of the associations. As women with future MS did not 
have the vulnerability of having a chronic condition [6, 8], 
higher rates of abuse in this group could signify that adult 
abuse predating the diagnosis could be risk or trigger factor 
for MS [24, 25], or associated with unknown confounders, 
rather than being a consequence of MS. In this analysis, we 
excluded women who had their first symptom of MS within 
5 years after MoBa inclusion and could have been in a pro-
dromal phase of MS [26].

Results

We identified 106 eligible women with MS and 77,278 
women without MS in the cohort at baseline. Women with 
MS tended to be more depressed, overweight, and with a 
history of smoking at study baseline, and they more often 
had a partner with low level of education (Table 1).

Twenty-seven women (26%) with MS reported any cate-
gory of adult abuse compared to 15,491 women (20%) with-
out MS, adjusted OR (aOR) 1.33 (0.85–2.09) (Table 2). The 
interaction term between MS and adverse socioeconomic 
status on the risk of any adult abuse yielded a p value of 
0.041.

Twenty-two women (21%) with MS reported system-
atic emotional abuse in the form of humiliation compared 
to 9778 women (13%) without MS, aOR 1.75 (1.08–2.83). 
Ten women (10%) with MS reported sexual abuse, compared 
to 4280 women (6%) without MS, aOR 1.72 (0.89–3.33). 
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out MS, adjusted OR (aOR) 1.33 (0.85–2.09) (Table 2). The 
interaction term between MS and adverse socioeconomic 
status on the risk of any adult abuse yielded a p value of 
0.041.

Twenty-two women (21%) with MS reported system-
atic emotional abuse in the form of humiliation compared 
to 9778 women (13%) without MS, aOR 1.75 (1.08–2.83). 
Ten women (10%) with MS reported sexual abuse, compared 
to 4280 women (6%) without MS, aOR 1.72 (0.89–3.33). 
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Abuse during pregnancy or in the 6 months preceding 
pregnancy

The questionnaire in weeks 17–20 included two questions 
regarding whether the woman had experienced physical 
or sexual abuse during the current pregnancy or the last 
6 months before pregnancy. These questions have been 
modified from the Abuse Assessment Screen, developed 
to detect abuse among pregnant women [21]. The women 
could also state in the week 30 questionnaire if the abuse 
had happened during the last 12 months. As the women were 
7 months pregnant at this assessment, this comprised abuse 
during pregnancy and up to 5 months before pregnancy. 
Women who answered “yes” to either of these questions 
were defined as having experienced abuse during the current 
pregnancy or in the last 6 months before pregnancy.

Covariables

MS-specific covariables were obtained from the MS regis-
try and hospital records: Age at MS onset (defined as first 
clinical symptom), age at MS diagnosis, and subtype of MS 
(relapsing–remitting, primary progressive, or unspecified). 
Other covariables were acquired through the self-completed 
MoBa questionnaires or through linkage to the MBRN: 
age, smoking (ever/never), body mass index (BMI) prior to 
pregnancy (< 25/ ≥ 25 kg/m2), alcohol use ≥ 1 occasion per 
month during the first trimester or substance use (cannabis, 
amphetamine, ecstasy, cocaine, heroin) the last month before 
or during pregnancy. Adverse socioeconomic status in adult-
hood was defined as either having low household income 
(< 60% of the study population median income in the year of 
participation), being a non-cohabiting mother, or having low 
level of education (≤ 9 years of school). Low education level 
of the partner was defined as ≤ 9 years of school. Depression 
during pregnancy was measured by a validated short version 
of the Hopkins Symptom Checklist 25 [22], included in the 
same questionnaire as the abuse questions.

Statistical analysis

The MS group was compared to a reference group of all 
women in MoBa without MS. We analyzed the risk for expe-
riencing abuse by logistic regression with estimated odds 
ratios (ORs) and 95% confidence intervals (CIs). We con-
sidered age, history of smoking, overweight, and socioeco-
nomic status (≥ 1 of the following: non-cohabiting mother, 
low level of education, low household income) as possible 
confounders and adjusted all models for these covariables. 
Low education of the woman’s partner was adjusted for in a 
secondary analysis when considering the person responsible 
of abuse, as this variable could potentially be a mediator 
for the association between MS and abuse. Depression was 

regarded as a collider and therefore not adjusted for [23]. 
Estimates with CIs not including 1 were considered statisti-
cally significant. Categorical variables were compared with 
the Pearson Chi-square test or Fisher exact test if any table 
cell count was expected to be < 5. Continuous variables were 
compared with t tests. We performed interaction analyses 
with logistic regression models by including interaction 
terms between the exposure (MS) and (1) low socioeco-
nomic status and (2) childhood abuse on the outcome (adult 
abuse), adjusted for potential confounders. This was done 
to investigate whether women with MS were more suscepti-
ble to abuse as adults if they had low socioeconomic status 
or had experienced abuse in childhood. Statistical analyses 
were performed using IBM SPSS Statistics version 26 and 
Stata version 17 (StataCorp LLC).

Sensitivity analysis

As the questionnaires did not specify the exact period for 
the abuse experience, we lacked data on the timing of adult 
abuse with respect to the date of MS diagnosis. We there-
fore performed a sensitivity analysis comparing abuse risk in 
women with established MS to women who developed MS 
after inclusion in MoBa. The aim was to explore the direc-
tion of the associations. As women with future MS did not 
have the vulnerability of having a chronic condition [6, 8], 
higher rates of abuse in this group could signify that adult 
abuse predating the diagnosis could be risk or trigger factor 
for MS [24, 25], or associated with unknown confounders, 
rather than being a consequence of MS. In this analysis, we 
excluded women who had their first symptom of MS within 
5 years after MoBa inclusion and could have been in a pro-
dromal phase of MS [26].

Results

We identified 106 eligible women with MS and 77,278 
women without MS in the cohort at baseline. Women with 
MS tended to be more depressed, overweight, and with a 
history of smoking at study baseline, and they more often 
had a partner with low level of education (Table 1).

Twenty-seven women (26%) with MS reported any cate-
gory of adult abuse compared to 15,491 women (20%) with-
out MS, adjusted OR (aOR) 1.33 (0.85–2.09) (Table 2). The 
interaction term between MS and adverse socioeconomic 
status on the risk of any adult abuse yielded a p value of 
0.041.

Twenty-two women (21%) with MS reported system-
atic emotional abuse in the form of humiliation compared 
to 9778 women (13%) without MS, aOR 1.75 (1.08–2.83). 
Ten women (10%) with MS reported sexual abuse, compared 
to 4280 women (6%) without MS, aOR 1.72 (0.89–3.33). 
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for MS [24, 25], or associated with unknown confounders, 
rather than being a consequence of MS. In this analysis, we 
excluded women who had their first symptom of MS within 
5 years after MoBa inclusion and could have been in a pro-
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MS tended to be more depressed, overweight, and with a 
history of smoking at study baseline, and they more often 
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Twenty-seven women (26%) with MS reported any cate-
gory of adult abuse compared to 15,491 women (20%) with-
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confounders and adjusted all models for these covariables. 
Low education of the woman’s partner was adjusted for in a 
secondary analysis when considering the person responsible 
of abuse, as this variable could potentially be a mediator 
for the association between MS and abuse. Depression was 

regarded as a collider and therefore not adjusted for [23]. 
Estimates with CIs not including 1 were considered statisti-
cally significant. Categorical variables were compared with 
the Pearson Chi-square test or Fisher exact test if any table 
cell count was expected to be < 5. Continuous variables were 
compared with t tests. We performed interaction analyses 
with logistic regression models by including interaction 
terms between the exposure (MS) and (1) low socioeco-
nomic status and (2) childhood abuse on the outcome (adult 
abuse), adjusted for potential confounders. This was done 
to investigate whether women with MS were more suscepti-
ble to abuse as adults if they had low socioeconomic status 
or had experienced abuse in childhood. Statistical analyses 
were performed using IBM SPSS Statistics version 26 and 
Stata version 17 (StataCorp LLC).

Sensitivity analysis

As the questionnaires did not specify the exact period for 
the abuse experience, we lacked data on the timing of adult 
abuse with respect to the date of MS diagnosis. We there-
fore performed a sensitivity analysis comparing abuse risk in 
women with established MS to women who developed MS 
after inclusion in MoBa. The aim was to explore the direc-
tion of the associations. As women with future MS did not 
have the vulnerability of having a chronic condition [6, 8], 
higher rates of abuse in this group could signify that adult 
abuse predating the diagnosis could be risk or trigger factor 
for MS [24, 25], or associated with unknown confounders, 
rather than being a consequence of MS. In this analysis, we 
excluded women who had their first symptom of MS within 
5 years after MoBa inclusion and could have been in a pro-
dromal phase of MS [26].

Results

We identified 106 eligible women with MS and 77,278 
women without MS in the cohort at baseline. Women with 
MS tended to be more depressed, overweight, and with a 
history of smoking at study baseline, and they more often 
had a partner with low level of education (Table 1).

Twenty-seven women (26%) with MS reported any cate-
gory of adult abuse compared to 15,491 women (20%) with-
out MS, adjusted OR (aOR) 1.33 (0.85–2.09) (Table 2). The 
interaction term between MS and adverse socioeconomic 
status on the risk of any adult abuse yielded a p value of 
0.041.

Twenty-two women (21%) with MS reported system-
atic emotional abuse in the form of humiliation compared 
to 9778 women (13%) without MS, aOR 1.75 (1.08–2.83). 
Ten women (10%) with MS reported sexual abuse, compared 
to 4280 women (6%) without MS, aOR 1.72 (0.89–3.33). 
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Women with MS more often reported to have been raped 
as an adult (6% vs. 3%), aOR 2.37 (1.02–5.49). The risk 
of physical or emotional abuse in the form of threats was 
not increased. Nine women (8%) with MS reported that the 
abuse had happened during pregnancy or in the 6-month 
period before pregnancy, compared to 5006 (6%) women 
without MS, aOR 1.44 (0.72–2.86).

Twenty-two women (21%) with MS had experienced 
childhood abuse, compared to 14,164 women (19%) with-
out MS, aOR 1.24 (0.77–2.0). Women with MS had a higher 
risk of experiencing revictimization as adults (abuse both in 

childhood and adulthood), aOR 2.23 (1.22–4.10) (Table 2). 
Interaction analysis indicated a synergistic effect between 
MS and a history of childhood abuse on the risk of experi-
encing adult abuse (p = 0.054).

For all categories of abuse, the most common abuser was 
“another known person” for both women with and without 
MS (Table S1). For emotional abuse, 7 women with MS 
(27%) reported a family member or relative as responsible 
compared to 2474 women (19%) without MS. Very few 
women (n < 3) with MS reported a stranger as the abuser. 
The risk of emotional abuse attenuated when adjusting for 

Table 1   Background 
characteristics of women with 
and without MS in MoBa

P values are calculated from Pearson χ2 test or Fisher exact test for categorical variables, and t test of con-
tinuous variables
MoBa The Norwegian Mother, Father and Child cohort study, MS multiple sclerosis, SD standard devia-
tion, BMI body mass index, RRMS relapsing remitting multiple sclerosis, PPMS primary progressive multi-
ple sclerosis, n/a not applicable
a Adverse socioeconomic status is one of the following: non-cohabiting mother, low level of educa-
tion ≤ 9 years of school, low household income (< 60% of the study population median in the enrollment 
year)
b  ≤ 9 years of school
c Depression was measured through validated short versions of the Hopkins Symptom Checklist-25 during 
pregnancy week 30
d Alcohol use ≥ 1 occasion per month during the first trimester or substance use (cannabis, amphetamine, 
ecstasy, cocaine, heroin) the last month before or during pregnancy
e MS onset defined as the first clinical symptom of MS

Women with MS
n = 106

Women without MS
n = 77,278

p value

Age; mean (SD) [range] 31 (4) [21─42] 30 (5) [18─47] 0.02
 Missing; n (%) 0 (0) 0 (0)

Adverse socioeconomic statusa; n (%) 9 (9) 8123 (11) 0.42
 Missing; n (%) 1 (1) 15 (< 1)
  Low household income; n (%) 4 (4) 5492 (7)
  Low level of education; n (%)  < 3 1563 (2)
  Non-cohabiting mother; n (%) 4 (4) 1754 (2)

Low level of education partnerb; n (%) 10 (10) 3171 (4) 0.01
 Missing; n (%) 8 (8) 7033 (9)

Depression at study baselinec; n (%) 14 (13) 7162 (9) 0.15
 Missing; n (%) 2 (2) 795 (1)

Ever smoker; n (%) 57 (54) 39,357 (51) 0.61
 Missing; n (%) 0 (0) 459 (1)

BMI ≥ 25 kg/m2; n (%) 37 (35) 23,676 (31) 0.40
 Missing; n (%) 1 (1) 1911 (3)

Alcohol or substance use during pregnancyd; n (%) 4 (4) 2559 (3) 0.78
 Missing; n (%) 0 (0) 0 (0)

Age at MS diagnosis; mean (SD) [range] 26 (4) [14─36] n/a n/a
 Missing; n (%) 7 (7)

Age at MS onsete; mean (SD) [range] 24 (4) [14─36] n/a n/a
 Missing; n (%) 7 (7)

Type of MS n/a n/a
 RRMS 94 (89) 
 PPMS  < 3
 Uncertain 11 (10)
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ecstasy, cocaine, heroin) the last month before or during pregnancy
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Women with MS more often reported to have been raped 
as an adult (6% vs. 3%), aOR 2.37 (1.02–5.49). The risk 
of physical or emotional abuse in the form of threats was 
not increased. Nine women (8%) with MS reported that the 
abuse had happened during pregnancy or in the 6-month 
period before pregnancy, compared to 5006 (6%) women 
without MS, aOR 1.44 (0.72–2.86).

Twenty-two women (21%) with MS had experienced 
childhood abuse, compared to 14,164 women (19%) with-
out MS, aOR 1.24 (0.77–2.0). Women with MS had a higher 
risk of experiencing revictimization as adults (abuse both in 

childhood and adulthood), aOR 2.23 (1.22–4.10) (Table 2). 
Interaction analysis indicated a synergistic effect between 
MS and a history of childhood abuse on the risk of experi-
encing adult abuse (p = 0.054).

For all categories of abuse, the most common abuser was 
“another known person” for both women with and without 
MS (Table S1). For emotional abuse, 7 women with MS 
(27%) reported a family member or relative as responsible 
compared to 2474 women (19%) without MS. Very few 
women (n < 3) with MS reported a stranger as the abuser. 
The risk of emotional abuse attenuated when adjusting for 

Table 1  Background 
characteristics of women with 
and without MS in MoBa

P values are calculated from Pearson χ2 test or Fisher exact test for categorical variables, and t test of con-
tinuous variables
MoBa The Norwegian Mother, Father and Child cohort study, MS multiple sclerosis, SD standard devia-
tion, BMI body mass index, RRMS relapsing remitting multiple sclerosis, PPMS primary progressive multi-
ple sclerosis, n/a not applicable
a Adverse socioeconomic status is one of the following: non-cohabiting mother, low level of educa-
tion ≤ 9 years of school, low household income (< 60% of the study population median in the enrollment 
year)
b  ≤ 9 years of school
c Depression was measured through validated short versions of the Hopkins Symptom Checklist-25 during 
pregnancy week 30
d Alcohol use ≥ 1 occasion per month during the first trimester or substance use (cannabis, amphetamine, 
ecstasy, cocaine, heroin) the last month before or during pregnancy
e MS onset defined as the first clinical symptom of MS

Women with MS
n = 106

Women without MS
n = 77,278

p value

Age; mean (SD) [range]31 (4) [21─42]30 (5) [18─47]0.02
 Missing; n (%)0 (0)0 (0)
Adverse socioeconomic statusa; n (%)9 (9)8123 (11)0.42

 Missing; n (%)1 (1)15 (< 1)
  Low household income; n (%)4 (4)5492 (7)
  Low level of education; n (%) < 31563 (2)
  Non-cohabiting mother; n (%)4 (4)1754 (2)

Low level of education partnerb; n (%)10 (10)3171 (4)0.01
 Missing; n (%)8 (8)7033 (9)
Depression at study baselinec; n (%)14 (13)7162 (9)0.15

 Missing; n (%)2 (2)795 (1)
Ever smoker; n (%)57 (54)39,357 (51)0.61

 Missing; n (%)0 (0)459 (1)
BMI ≥ 25 kg/m2; n (%)37 (35)23,676 (31)0.40

 Missing; n (%)1 (1)1911 (3)
Alcohol or substance use during pregnancyd; n (%)4 (4)2559 (3)0.78
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 Missing; n (%)7 (7)
Type of MSn/an/a

 RRMS94 (89) 
 PPMS < 3
 Uncertain11 (10)
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Women with MS more often reported to have been raped 
as an adult (6% vs. 3%), aOR 2.37 (1.02–5.49). The risk 
of physical or emotional abuse in the form of threats was 
not increased. Nine women (8%) with MS reported that the 
abuse had happened during pregnancy or in the 6-month 
period before pregnancy, compared to 5006 (6%) women 
without MS, aOR 1.44 (0.72–2.86).

Twenty-two women (21%) with MS had experienced 
childhood abuse, compared to 14,164 women (19%) with-
out MS, aOR 1.24 (0.77–2.0). Women with MS had a higher 
risk of experiencing revictimization as adults (abuse both in 

childhood and adulthood), aOR 2.23 (1.22–4.10) (Table 2). 
Interaction analysis indicated a synergistic effect between 
MS and a history of childhood abuse on the risk of experi-
encing adult abuse (p = 0.054).

For all categories of abuse, the most common abuser was 
“another known person” for both women with and without 
MS (Table S1). For emotional abuse, 7 women with MS 
(27%) reported a family member or relative as responsible 
compared to 2474 women (19%) without MS. Very few 
women (n < 3) with MS reported a stranger as the abuser. 
The risk of emotional abuse attenuated when adjusting for 
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tinuous variables
MoBa The Norwegian Mother, Father and Child cohort study, MS multiple sclerosis, SD standard devia-
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 Missing; n (%) 1 (1) 15 (< 1)
  Low household income; n (%) 4 (4) 5492 (7)
  Low level of education; n (%)  < 3 1563 (2)
  Non-cohabiting mother; n (%) 4 (4) 1754 (2)

Low level of education partnerb; n (%) 10 (10) 3171 (4) 0.01
 Missing; n (%) 8 (8) 7033 (9)

Depression at study baselinec; n (%) 14 (13) 7162 (9) 0.15
 Missing; n (%) 2 (2) 795 (1)

Ever smoker; n (%) 57 (54) 39,357 (51) 0.61
 Missing; n (%) 0 (0) 459 (1)

BMI ≥ 25 kg/m2; n (%) 37 (35) 23,676 (31) 0.40
 Missing; n (%) 1 (1) 1911 (3)

Alcohol or substance use during pregnancyd; n (%) 4 (4) 2559 (3) 0.78
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 Missing; n (%) 7 (7)

Age at MS onsete; mean (SD) [range] 24 (4) [14─36] n/a n/a
 Missing; n (%) 7 (7)
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 RRMS 94 (89) 
 PPMS  < 3
 Uncertain 11 (10)
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of physical or emotional abuse in the form of threats was 
not increased. Nine women (8%) with MS reported that the 
abuse had happened during pregnancy or in the 6-month 
period before pregnancy, compared to 5006 (6%) women 
without MS, aOR 1.44 (0.72–2.86).

Twenty-two women (21%) with MS had experienced 
childhood abuse, compared to 14,164 women (19%) with-
out MS, aOR 1.24 (0.77–2.0). Women with MS had a higher 
risk of experiencing revictimization as adults (abuse both in 

childhood and adulthood), aOR 2.23 (1.22–4.10) (Table 2). 
Interaction analysis indicated a synergistic effect between 
MS and a history of childhood abuse on the risk of experi-
encing adult abuse (p = 0.054).

For all categories of abuse, the most common abuser was 
“another known person” for both women with and without 
MS (Table S1). For emotional abuse, 7 women with MS 
(27%) reported a family member or relative as responsible 
compared to 2474 women (19%) without MS. Very few 
women (n < 3) with MS reported a stranger as the abuser. 
The risk of emotional abuse attenuated when adjusting for 
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Women with MS more often reported to have been raped 
as an adult (6% vs. 3%), aOR 2.37 (1.02–5.49). The risk 
of physical or emotional abuse in the form of threats was 
not increased. Nine women (8%) with MS reported that the 
abuse had happened during pregnancy or in the 6-month 
period before pregnancy, compared to 5006 (6%) women 
without MS, aOR 1.44 (0.72–2.86).

Twenty-two women (21%) with MS had experienced 
childhood abuse, compared to 14,164 women (19%) with-
out MS, aOR 1.24 (0.77–2.0). Women with MS had a higher 
risk of experiencing revictimization as adults (abuse both in 

childhood and adulthood), aOR 2.23 (1.22–4.10) (Table 2). 
Interaction analysis indicated a synergistic effect between 
MS and a history of childhood abuse on the risk of experi-
encing adult abuse (p = 0.054).

For all categories of abuse, the most common abuser was 
“another known person” for both women with and without 
MS (Table S1). For emotional abuse, 7 women with MS 
(27%) reported a family member or relative as responsible 
compared to 2474 women (19%) without MS. Very few 
women (n < 3) with MS reported a stranger as the abuser. 
The risk of emotional abuse attenuated when adjusting for 
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  Low household income; n (%)4 (4)5492 (7)
  Low level of education; n (%) < 31563 (2)
  Non-cohabiting mother; n (%)4 (4)1754 (2)

Low level of education partnerb; n (%)10 (10)3171 (4)0.01
 Missing; n (%)8 (8)7033 (9)

Depression at study baselinec; n (%)14 (13)7162 (9)0.15
 Missing; n (%)2 (2)795 (1)

Ever smoker; n (%)57 (54)39,357 (51)0.61
 Missing; n (%)0 (0)459 (1)

BMI ≥ 25 kg/m2; n (%)37 (35)23,676 (31)0.40
 Missing; n (%)1 (1)1911 (3)
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Women with MS more often reported to have been raped 
as an adult (6% vs. 3%), aOR 2.37 (1.02–5.49). The risk 
of physical or emotional abuse in the form of threats was 
not increased. Nine women (8%) with MS reported that the 
abuse had happened during pregnancy or in the 6-month 
period before pregnancy, compared to 5006 (6%) women 
without MS, aOR 1.44 (0.72–2.86).

Twenty-two women (21%) with MS had experienced 
childhood abuse, compared to 14,164 women (19%) with-
out MS, aOR 1.24 (0.77–2.0). Women with MS had a higher 
risk of experiencing revictimization as adults (abuse both in 

childhood and adulthood), aOR 2.23 (1.22–4.10) (Table 2). 
Interaction analysis indicated a synergistic effect between 
MS and a history of childhood abuse on the risk of experi-
encing adult abuse (p = 0.054).

For all categories of abuse, the most common abuser was 
“another known person” for both women with and without 
MS (Table S1). For emotional abuse, 7 women with MS 
(27%) reported a family member or relative as responsible 
compared to 2474 women (19%) without MS. Very few 
women (n < 3) with MS reported a stranger as the abuser. 
The risk of emotional abuse attenuated when adjusting for 
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Women with MS more often reported to have been raped 
as an adult (6% vs. 3%), aOR 2.37 (1.02–5.49). The risk 
of physical or emotional abuse in the form of threats was 
not increased. Nine women (8%) with MS reported that the 
abuse had happened during pregnancy or in the 6-month 
period before pregnancy, compared to 5006 (6%) women 
without MS, aOR 1.44 (0.72–2.86).

Twenty-two women (21%) with MS had experienced 
childhood abuse, compared to 14,164 women (19%) with-
out MS, aOR 1.24 (0.77–2.0). Women with MS had a higher 
risk of experiencing revictimization as adults (abuse both in 

childhood and adulthood), aOR 2.23 (1.22–4.10) (Table 2). 
Interaction analysis indicated a synergistic effect between 
MS and a history of childhood abuse on the risk of experi-
encing adult abuse (p = 0.054).

For all categories of abuse, the most common abuser was 
“another known person” for both women with and without 
MS (Table S1). For emotional abuse, 7 women with MS 
(27%) reported a family member or relative as responsible 
compared to 2474 women (19%) without MS. Very few 
women (n < 3) with MS reported a stranger as the abuser. 
The risk of emotional abuse attenuated when adjusting for 
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Women with MS more often reported to have been raped 
as an adult (6% vs. 3%), aOR 2.37 (1.02–5.49). The risk 
of physical or emotional abuse in the form of threats was 
not increased. Nine women (8%) with MS reported that the 
abuse had happened during pregnancy or in the 6-month 
period before pregnancy, compared to 5006 (6%) women 
without MS, aOR 1.44 (0.72–2.86).

Twenty-two women (21%) with MS had experienced 
childhood abuse, compared to 14,164 women (19%) with-
out MS, aOR 1.24 (0.77–2.0). Women with MS had a higher 
risk of experiencing revictimization as adults (abuse both in 

childhood and adulthood), aOR 2.23 (1.22–4.10) (Table 2). 
Interaction analysis indicated a synergistic effect between 
MS and a history of childhood abuse on the risk of experi-
encing adult abuse (p = 0.054).

For all categories of abuse, the most common abuser was 
“another known person” for both women with and without 
MS (Table S1). For emotional abuse, 7 women with MS 
(27%) reported a family member or relative as responsible 
compared to 2474 women (19%) without MS. Very few 
women (n < 3) with MS reported a stranger as the abuser. 
The risk of emotional abuse attenuated when adjusting for 
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2   Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI) aORb (95% CI)

Any adult abuse 27 (26)/78 (74) 15,491 (20)/61,255 (80) 1.37 (0.88–2.12) 1.33 (0.85–2.09)
Emotional abuse 26 (25)/79 (75) 12,764 (17)/63,982 (83) 1.65 (1.06–2.57) 1.61 (1.03–2.53)
 Systematic humiliation 22 (21)/83 (79) 9778 (13)/66,968 (87) 1.81 (1.13–2.91) 1.75 (1.08–2.83)
 Threat 8 (8)/97 (92) 6065 (8)/70,681 (92) 0.96 (0.47–1.98) 0.93 (0.45–1.93)

Sexual abuse 10 (10)/95 (90) 4280 (6)/72,466 (94) 1.78 (0.93–3.42) 1.72 (0.89–3.33)
Rapec 6 (6)/86 (94) 1890 (3)/62,526 (97) 2.31 (1.01–5.29) 2.37 (1.02–5.49)
Physical abuse 3 (3)/102 (97) 4395 (6)/72,351 (94) 0.48 (0.15–1.52) 0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 

before pregnancyd
9 (8)/97 (92) 5006 (6)/72,271 (94) 1.34 (0.68–2.65) 1.44 (0.72–2.86)

Revictimization: adult and childhood abuse 13 (16)/69 (84) 4964 (9)/52,055 (91) 1.98 (1.09–3.58) 2.23 (1.22–4.10)
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2  Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI)aORb (95% CI)

Any adult abuse27 (26)/78 (74)15,491 (20)/61,255 (80)1.37 (0.88–2.12)1.33 (0.85–2.09)
Emotional abuse26 (25)/79 (75)12,764 (17)/63,982 (83)1.65 (1.06–2.57)1.61 (1.03–2.53)

 Systematic humiliation22 (21)/83 (79)9778 (13)/66,968 (87)1.81 (1.13–2.91)1.75 (1.08–2.83)
 Threat8 (8)/97 (92)6065 (8)/70,681 (92)0.96 (0.47–1.98)0.93 (0.45–1.93)
Sexual abuse10 (10)/95 (90)4280 (6)/72,466 (94)1.78 (0.93–3.42)1.72 (0.89–3.33)
Rapec6 (6)/86 (94)1890 (3)/62,526 (97)2.31 (1.01–5.29)2.37 (1.02–5.49)
Physical abuse3 (3)/102 (97)4395 (6)/72,351 (94)0.48 (0.15–1.52)0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 

before pregnancyd
9 (8)/97 (92)5006 (6)/72,271 (94)1.34 (0.68–2.65)1.44 (0.72–2.86)

Revictimization: adult and childhood abuse13 (16)/69 (84)4964 (9)/52,055 (91)1.98 (1.09–3.58)2.23 (1.22–4.10)
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2  Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI)aORb (95% CI)

Any adult abuse27 (26)/78 (74)15,491 (20)/61,255 (80)1.37 (0.88–2.12)1.33 (0.85–2.09)
Emotional abuse26 (25)/79 (75)12,764 (17)/63,982 (83)1.65 (1.06–2.57)1.61 (1.03–2.53)

 Systematic humiliation22 (21)/83 (79)9778 (13)/66,968 (87)1.81 (1.13–2.91)1.75 (1.08–2.83)
 Threat8 (8)/97 (92)6065 (8)/70,681 (92)0.96 (0.47–1.98)0.93 (0.45–1.93)
Sexual abuse10 (10)/95 (90)4280 (6)/72,466 (94)1.78 (0.93–3.42)1.72 (0.89–3.33)
Rapec6 (6)/86 (94)1890 (3)/62,526 (97)2.31 (1.01–5.29)2.37 (1.02–5.49)
Physical abuse3 (3)/102 (97)4395 (6)/72,351 (94)0.48 (0.15–1.52)0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 

before pregnancyd
9 (8)/97 (92)5006 (6)/72,271 (94)1.34 (0.68–2.65)1.44 (0.72–2.86)

Revictimization: adult and childhood abuse13 (16)/69 (84)4964 (9)/52,055 (91)1.98 (1.09–3.58)2.23 (1.22–4.10)
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2   Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI) aORb (95% CI)

Any adult abuse 27 (26)/78 (74) 15,491 (20)/61,255 (80) 1.37 (0.88–2.12) 1.33 (0.85–2.09)
Emotional abuse 26 (25)/79 (75) 12,764 (17)/63,982 (83) 1.65 (1.06–2.57) 1.61 (1.03–2.53)
 Systematic humiliation 22 (21)/83 (79) 9778 (13)/66,968 (87) 1.81 (1.13–2.91) 1.75 (1.08–2.83)
 Threat 8 (8)/97 (92) 6065 (8)/70,681 (92) 0.96 (0.47–1.98) 0.93 (0.45–1.93)

Sexual abuse 10 (10)/95 (90) 4280 (6)/72,466 (94) 1.78 (0.93–3.42) 1.72 (0.89–3.33)
Rapec 6 (6)/86 (94) 1890 (3)/62,526 (97) 2.31 (1.01–5.29) 2.37 (1.02–5.49)
Physical abuse 3 (3)/102 (97) 4395 (6)/72,351 (94) 0.48 (0.15–1.52) 0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 

before pregnancyd
9 (8)/97 (92) 5006 (6)/72,271 (94) 1.34 (0.68–2.65) 1.44 (0.72–2.86)

Revictimization: adult and childhood abuse 13 (16)/69 (84) 4964 (9)/52,055 (91) 1.98 (1.09–3.58) 2.23 (1.22–4.10)
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2   Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI) aORb (95% CI)

Any adult abuse 27 (26)/78 (74) 15,491 (20)/61,255 (80) 1.37 (0.88–2.12) 1.33 (0.85–2.09)
Emotional abuse 26 (25)/79 (75) 12,764 (17)/63,982 (83) 1.65 (1.06–2.57) 1.61 (1.03–2.53)
 Systematic humiliation 22 (21)/83 (79) 9778 (13)/66,968 (87) 1.81 (1.13–2.91) 1.75 (1.08–2.83)
 Threat 8 (8)/97 (92) 6065 (8)/70,681 (92) 0.96 (0.47–1.98) 0.93 (0.45–1.93)

Sexual abuse 10 (10)/95 (90) 4280 (6)/72,466 (94) 1.78 (0.93–3.42) 1.72 (0.89–3.33)
Rapec 6 (6)/86 (94) 1890 (3)/62,526 (97) 2.31 (1.01–5.29) 2.37 (1.02–5.49)
Physical abuse 3 (3)/102 (97) 4395 (6)/72,351 (94) 0.48 (0.15–1.52) 0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 

before pregnancyd
9 (8)/97 (92) 5006 (6)/72,271 (94) 1.34 (0.68–2.65) 1.44 (0.72–2.86)

Revictimization: adult and childhood abuse 13 (16)/69 (84) 4964 (9)/52,055 (91) 1.98 (1.09–3.58) 2.23 (1.22–4.10)
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2  Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI)aORb (95% CI)

Any adult abuse27 (26)/78 (74)15,491 (20)/61,255 (80)1.37 (0.88–2.12)1.33 (0.85–2.09)
Emotional abuse26 (25)/79 (75)12,764 (17)/63,982 (83)1.65 (1.06–2.57)1.61 (1.03–2.53)
 Systematic humiliation22 (21)/83 (79)9778 (13)/66,968 (87)1.81 (1.13–2.91)1.75 (1.08–2.83)
 Threat8 (8)/97 (92)6065 (8)/70,681 (92)0.96 (0.47–1.98)0.93 (0.45–1.93)

Sexual abuse10 (10)/95 (90)4280 (6)/72,466 (94)1.78 (0.93–3.42)1.72 (0.89–3.33)
Rapec6 (6)/86 (94)1890 (3)/62,526 (97)2.31 (1.01–5.29)2.37 (1.02–5.49)
Physical abuse3 (3)/102 (97)4395 (6)/72,351 (94)0.48 (0.15–1.52)0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 

before pregnancyd
9 (8)/97 (92)5006 (6)/72,271 (94)1.34 (0.68–2.65)1.44 (0.72–2.86)

Revictimization: adult and childhood abuse13 (16)/69 (84)4964 (9)/52,055 (91)1.98 (1.09–3.58)2.23 (1.22–4.10)
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2  Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI)aORb (95% CI)

Any adult abuse27 (26)/78 (74)15,491 (20)/61,255 (80)1.37 (0.88–2.12)1.33 (0.85–2.09)
Emotional abuse26 (25)/79 (75)12,764 (17)/63,982 (83)1.65 (1.06–2.57)1.61 (1.03–2.53)
 Systematic humiliation22 (21)/83 (79)9778 (13)/66,968 (87)1.81 (1.13–2.91)1.75 (1.08–2.83)
 Threat8 (8)/97 (92)6065 (8)/70,681 (92)0.96 (0.47–1.98)0.93 (0.45–1.93)

Sexual abuse10 (10)/95 (90)4280 (6)/72,466 (94)1.78 (0.93–3.42)1.72 (0.89–3.33)
Rapec6 (6)/86 (94)1890 (3)/62,526 (97)2.31 (1.01–5.29)2.37 (1.02–5.49)
Physical abuse3 (3)/102 (97)4395 (6)/72,351 (94)0.48 (0.15–1.52)0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 

before pregnancyd
9 (8)/97 (92)5006 (6)/72,271 (94)1.34 (0.68–2.65)1.44 (0.72–2.86)

Revictimization: adult and childhood abuse13 (16)/69 (84)4964 (9)/52,055 (91)1.98 (1.09–3.58)2.23 (1.22–4.10)
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2  Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI)aORb (95% CI)

Any adult abuse27 (26)/78 (74)15,491 (20)/61,255 (80)1.37 (0.88–2.12)1.33 (0.85–2.09)
Emotional abuse26 (25)/79 (75)12,764 (17)/63,982 (83)1.65 (1.06–2.57)1.61 (1.03–2.53)
 Systematic humiliation22 (21)/83 (79)9778 (13)/66,968 (87)1.81 (1.13–2.91)1.75 (1.08–2.83)
 Threat8 (8)/97 (92)6065 (8)/70,681 (92)0.96 (0.47–1.98)0.93 (0.45–1.93)

Sexual abuse10 (10)/95 (90)4280 (6)/72,466 (94)1.78 (0.93–3.42)1.72 (0.89–3.33)
Rapec6 (6)/86 (94)1890 (3)/62,526 (97)2.31 (1.01–5.29)2.37 (1.02–5.49)
Physical abuse3 (3)/102 (97)4395 (6)/72,351 (94)0.48 (0.15–1.52)0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 
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9 (8)/97 (92)5006 (6)/72,271 (94)1.34 (0.68–2.65)1.44 (0.72–2.86)
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partner education in addition to the potential confounders, 
aOR 1.39 (0.86–2.26). The risk of sexual abuse was slightly 
increased, aOR 1.84 (0.95–3.58), after this additional adjust-
ment. The risk of physical abuse remained unchanged.

Sensitivity analysis

We found an increased risk of emotional abuse for women 
with MS when comparing them to women who developed 
MS in the future (≥ 5 years after study inclusion), aOR 2.79 
(1.24–6.25) (Table S2). The aOR was 2.37 (0.76–7.46) for 
sexual abuse and 0.72 (0.15–3.55) for physical abuse.

Discussion

Our study found an increased risk of emotional abuse as 
well as rape in adulthood in women with MS. For emo-
tional abuse, the risk was highest for systematic humiliation. 
Furthermore, women with MS had a higher occurrence of 
revictimization compared to women without MS.

Our population-based study extends previous knowledge 
on abuse in women with MS. A previous cross-sectional 
study examined abuse by caregivers and found that this 
occurred in 55% of 206 people with MS who needed assis-
tance or care from family or friends; this compared to 26% 

in our population. The previous study selected MS patients 
with advanced disease and had a response rate of only 17%. 
Thus, their prevalence estimates are not directly comparable.

We found an increased risk of revictimization in women 
with MS. The interaction analysis indicated that having 
experienced abuse in childhood may increase the risk of 
abuse in adulthood to a larger extent in women with MS 
than in women without MS. Childhood abuse is a known 
risk factor for abuse as adults in the general population [5]. 
Factors associated with an increased risk of revictimization 
are exposure to multiple forms of childhood abuse [5, 27] 
and feeling shame [28].

Women with MS most often reported “another known 
person” as responsible for all the types of adult abuse. 
When adjusting the estimates for low partner education, 
the risk of emotional abuse decreased. In contrast, the risk 
of sexual abuse increased. This may indicate an association 
between emotional abuse and a low education in the cur-
rent partner, but not so for sexual abuse. Emotional abuse 
was the most common abuse category in our study, similar 
to the previous study on caregiver abuse [9]. Sexual abuse 
was the least reported type of abuse by the caregivers [9]. 
Caregivers of people with MS often experience high levels 
of stress [29]. Low level of education increased the risk for 
fatigue and mental health problems in caregivers of MS 
patients [30]. Caregiver mental health problems increased 

Table 2  Abuse as adults in women with and without MS

Total N may differ for some of the abuse categories because of different response rates to the different abuse items and different definitions of 
«no abuse». Of the 106 women with MS, 1 woman answered the abuse questions in Q1 but not in Q3. Of the 77,278 women without MS, 532 
women answered the Q1 abuse questions but not the Q3 abuse questions
MS multiple sclerosis, OR odds ratio, CI confidence interval
a «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For “rape”, «no» means no experi-
ence of sexual abuse. For “abused during pregnancy or last 6 months before pregnancy” «no» means either previous or no experience of abuse. 
For “Revictimization”, «no» means no exposure to neither childhood nor adult abuse
b Odds ratios are adjusted for age and adverse socioeconomic status
c Based on one question from the questionnaire in pregnancy weeks 17–20 (Q1) and combined with a report of sexual abuse as an adult in week 
30 (Q3)
d Based on questions from the questionnaire in weeks 17–20 (Q1) (“during this pregnancy” or “last 6 months before pregnancy”) and the ques-
tion in week 30 (Q3) (“have this occurred during the last 12 months”)

Women with MS 
n = 106
Yes/noa; n (%)

Women without MS 
n = 77,278
Yes/noa; n (%)

OR (95% CI)aORb (95% CI)

Any adult abuse27 (26)/78 (74)15,491 (20)/61,255 (80)1.37 (0.88–2.12)1.33 (0.85–2.09)
Emotional abuse26 (25)/79 (75)12,764 (17)/63,982 (83)1.65 (1.06–2.57)1.61 (1.03–2.53)
 Systematic humiliation22 (21)/83 (79)9778 (13)/66,968 (87)1.81 (1.13–2.91)1.75 (1.08–2.83)
 Threat8 (8)/97 (92)6065 (8)/70,681 (92)0.96 (0.47–1.98)0.93 (0.45–1.93)

Sexual abuse10 (10)/95 (90)4280 (6)/72,466 (94)1.78 (0.93–3.42)1.72 (0.89–3.33)
Rapec6 (6)/86 (94)1890 (3)/62,526 (97)2.31 (1.01–5.29)2.37 (1.02–5.49)
Physical abuse3 (3)/102 (97)4395 (6)/72,351 (94)0.48 (0.15–1.52)0.45 (0.14–1.42)
Abused during pregnancy or last 6 months 

before pregnancyd
9 (8)/97 (92)5006 (6)/72,271 (94)1.34 (0.68–2.65)1.44 (0.72–2.86)

Revictimization: adult and childhood abuse13 (16)/69 (84)4964 (9)/52,055 (91)1.98 (1.09–3.58)2.23 (1.22–4.10)
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the risk for caregiver abuse in people with advanced MS 
[9]. Increased focus on information, support, and the 
healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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the risk for caregiver abuse in people with advanced MS 
[9]. Increased focus on information, support, and the 
healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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the risk for caregiver abuse in people with advanced MS 
[9]. Increased focus on information, support, and the 
healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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the risk for caregiver abuse in people with advanced MS 
[9]. Increased focus on information, support, and the 
healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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the risk for caregiver abuse in people with advanced MS 
[9]. Increased focus on information, support, and the 
healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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the risk for caregiver abuse in people with advanced MS 
[9]. Increased focus on information, support, and the 
healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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the risk for caregiver abuse in people with advanced MS 
[9]. Increased focus on information, support, and the 
healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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the risk for caregiver abuse in people with advanced MS 
[9]. Increased focus on information, support, and the 
healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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healthcare needs of caregivers could therefore potentially 
reduce the abuse risk of women with MS.

We found an interactive effect between MS and an 
adverse socioeconomic status the risk of abuse, meaning 
that women with MS and adverse socioeconomic status 
were more susceptible to abuse compared to women with-
out MS who had the same socioeconomic status. Other 
risk factors for abuse among adults with disabilities are 
depression, anxiety, and impaired cognition [7, 31–33]. 
Neurologists should be aware of these associations, as 
these symptoms occur with increased frequency in MS 
[34–36].

The risk of abuse in the months preceding or during preg-
nancy was not increased in women with MS compared to 
women without MS. However, as many as 8% of women 
with MS had experienced abuse in close relation to preg-
nancy. Abuse during pregnancy is of particular concern 
because of the increased risk of physical and mental preg-
nancy complications [13], including perinatal depression 
[14].

Strengths of our study include the use of a population-
based dataset with a thorough validation of the MS diagno-
ses. We have detailed information regarding different cat-
egories of abuse, and we adjusted for relevant confounders. 
Our study has some limitations. We do not know the timing 
of the abuse in relation to the timing of the MS diagnosis. 
However, we found that women with established MS had 
higher risk of emotional abuse compared to women who got 
MS more than 5 years after our assessment. This suggests 
that women with MS may have experienced emotional abuse 
because of increased vulnerability due to a manifest disease 
[6–8]. Our study has a limited sample size, which resulted in 
few cases in some of the abuse subcategories. Women with 
MS in our study were young and had short disease duration, 
which may limit the generalizability to what people with MS 
experiences during the life and disease course. We had no 
information on MS severity. However, we studied pregnant 
women with MS, who constitute a physically healthy and 
less disabled part of the MS population with low Expanded 
Disability Status Scale scores [37–40]. Therefore, physi-
cal disability should not represent a major determinant for 
our findings. The MoBa cohort has a participation rate of 
41%, which may result in lower generalizability. However, 
similar response rates are considered acceptable for large 
prospective studies [41]. Women with Norwegian ethnicity 
and high socioeconomic status are overrepresented in the 
MoBa cohort [42], which may influence the generalizability 
to the whole maternal population. Nonparticipation and the 
underrepresentation of women with adverse socioeconomic 
status may underestimate the abuse prevalence but should 
not affect the exposure-outcome associations [41–44].

In conclusion, we found increased risk of systematic 
emotional abuse, rape, and revictimization in adulthood in 
women with MS compared to women without MS. Women 
with adverse socioeconomic status had a particularly 
increased risk. Clinicians should be aware of these associa-
tions when treating women with MS, as abuse experiences 
have severe and long-term impact on physical and mental 
health.
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Q1: Pregnancy weeks 17─20 

 

Have you ever in your adult life been slapped, hit, 

kicked, or bothered in any way physically?  

During this 

pregnancy 

Last 6 months 

before pregnancy 

Earlier 

Yes    

No    

Don’t remember    

 

Have you ever been pressured or forced to have 

sexual intercourse? 

During this 

pregnancy 

Last 6 months 

before pregnancy 

Earlier 

No, never    

Yes, pressured    

Yes, forced with violence    

Yes, raped    

 

 

Q3: Pregnancy week 30 

Have you ever experienced 

any of the following?  

No, 

never 

Yes, as a 

child 

(under 18) 

Yes, as an 

adult 

(over 18) 

Who was responsible for 

this? 

 

(A stranger/Family or 

relative/Another known 

person) 

Has this 

occurred 

during the 

last 12 

months? 

(No/Yes) 

Has anyone over a long 

period of time systematically 

tried to subdue, degrade, or 

humiliate you? 

     

Has anyone threatened to 

hurt you or someone close to 

you? 

     

Have you been subjected to 

physical abuse? 

     

Have you been forced to do 

sexual actions? 
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Table S1. Perpetrator of abuse in adulthood in women with and without MS  

 

 

Abuser 

Women with MS 

n (%) 

 

Women without MS  

n (%) 

P-valuea 

Emotional abuse 26 (100) 12,764 (100) 0.52 

Stranger < 3 906 (7)  

Family/relative 7 (27) 2474 (19)  

Another known person 16 (62) 9210 (72)  

Missing < 3 174 (1)  

    

Sexual abuse 10 (100) 4280 (100) 1.00 

Stranger < 3 708 (17)  

Family/relative < 3 384 (9)  

Another known person 8 (80) 3078 (72)  

Missing < 3 110 (3)  

    

Physical abuse 3 (100) 4395 (100) 1.00 
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Table S2. Abuse in adulthood in women with MS and women who developed MS more 

than 5 years after assessment (future MS) 

 Women with established 

MS 

n = 106 

Women with future 

MSa 

n = 119 

  

 Yes/no abuseb; n (%) Yes/no abuseb; n 

(%) 

OR (95% CI) aORc (95% CI) 

Any adult abuse 27 (26) / 78 (74) 22 (19) / 96 (81) 1.51 (0.80–2.86) 1.67 (0.82–3.40) 

Emotional abuse 26 (25) / 79 (75) 15 (13) / 103 (87) 2.26 (1.12–4.55) 2.79 (1.24–6.25) 

Systematic 

humiliation 

22 (21) / 83 (79) 11 (9) / 107 (91) 2.58 (1.18–5.62) 3.08 (1.23–7.68) 

Threat 8 (8) / 97 (92) 7 (6) / 111 (94) 1.31 (0.48–3.74) 2.26 (0.63–8.14) 

Sexual abuse 10 (10) / 95 (90) 6 (5) / 112 (95) 1.97 (0.69–5.61) 2.37 (0.76–7.46) 

Raped 6 (6) / 86 (94) 5 (5) / 93 (95) 1.30 (0.38–4.41) 1.44 (0.39–5.33) 

Physical abuse 3 (3) / 102 (97) 6 (5) / 112 (95) 0.55 (0.13–2.25) 0.72 (0.15–3.55) 

Abused during 

pregnancy or last 

6 months before 

pregnancye 

9 (8) / 97 (91) 8 (7) / 111 (93) 1.29 (0.48–3.47) 2.10 (0.65–6.81) 

Revictimization: 

Adult and 

childhood abuse 

13 (16) / 69 (84) 8 (10) / 76 (90) 1.79 (0.70–4.58) 2.60 (0.86–7.86) 

Abbreviations: MS = Multiple sclerosis; OR = Odds Ratio; CI = Confidence Interval 

Total N may differ for some of the abuse categories because of different response rates to the different abuse 

items and different definitions of «no abuse».  

a185 women in MoBa got their first symptom of MS > 5 years after study inclusion. 119 of them answered both 

the abuse items in pregnancy week 17–20 and week 30. 

b «No» means “no adult abuse” for the respective type of adult abuse category (emotional, sexual, physical). For 

“rape”, «no» means no experience of sexual abuse. For “abused during pregnancy or last 6 months before 

pregnancy” «no» means either previous or no experience of abuse. For “Revictimization”, «no» means no 

exposure to neither childhood nor adult abuse. 

c Odds ratios are adjusted for age and adverse socioeconomic status  

d Based on one question from the questionnaire in pregnancy weeks 17–20 and combined with a report of sexual 

abuse as an adult in week 30. 

e Based on questions from the questionnaire in weeks 17-20 (“during this pregnancy” or “last 6 months before 

pregnancy”) and the question in week 30 (“have this occurred during the last 12 months”). 
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Abstract
Objective
To assess the occurrence of perinatal depression and anxiety in women before and after
diagnosis of multiple sclerosis (MS).

Methods
A total of 114,629 pregnant women were included in the Norwegian Mother, Father and Child
Cohort study (1999–2008). We assessed depression and anxiety by questionnaires during and
after pregnancy. Women with MS were identified from national health registries and hospital
records and grouped into (1) MS diagnosed before pregnancy (n = 140) or MS diagnosed after
pregnancy with (2) symptom onset before pregnancy (n = 98) or (3) symptom onset after
pregnancy (n = 308). Thirty-five women were diagnosed with MS in the postpartum period.
The reference group (n = 111,627) consisted of women without MS.

Results
Women with MS diagnosed before pregnancy had an adjusted odds ratio of 2.0 (95% confi-
dence interval, 1.2–3.1) for depression in the third trimester. Risk factors were adverse so-
cioeconomic factors and history of psychiatric disease and physical/sexual abuse. The risk of
anxiety was not increased. Women diagnosed with MS in the postpartum period had especially
high risk of postpartum depression. Women with MS symptom onset within 5 years after
pregnancy had increased risk of both depression and anxiety during pregnancy, whereas women
with more than 5 years until symptom onset did not.

Conclusion
Women diagnosed with MS have increased risk of perinatal depression. Women with MS
symptom onset within 5 years after pregnancy have increased risk of both depression and
anxiety during pregnancy.
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Abstract
Objective
Toassesstheoccurrenceofperinataldepressionandanxietyinwomenbeforeandafter
diagnosisofmultiplesclerosis(MS).

Methods
Atotalof114,629pregnantwomenwereincludedintheNorwegianMother,FatherandChild
Cohortstudy(1999–2008).Weassesseddepressionandanxietybyquestionnairesduringand
afterpregnancy.WomenwithMSwereidentifiedfromnationalhealthregistriesandhospital
recordsandgroupedinto(1)MSdiagnosedbeforepregnancy(n=140)orMSdiagnosedafter
pregnancywith(2)symptomonsetbeforepregnancy(n=98)or(3)symptomonsetafter
pregnancy(n=308).Thirty-fivewomenwerediagnosedwithMSinthepostpartumperiod.
Thereferencegroup(n=111,627)consistedofwomenwithoutMS.

Results
WomenwithMSdiagnosedbeforepregnancyhadanadjustedoddsratioof2.0(95%confi-
denceinterval,1.2–3.1)fordepressioninthethirdtrimester.Riskfactorswereadverseso-
cioeconomicfactorsandhistoryofpsychiatricdiseaseandphysical/sexualabuse.Theriskof
anxietywasnotincreased.WomendiagnosedwithMSinthepostpartumperiodhadespecially
highriskofpostpartumdepression.WomenwithMSsymptomonsetwithin5yearsafter
pregnancyhadincreasedriskofbothdepressionandanxietyduringpregnancy,whereaswomen
withmorethan5yearsuntilsymptomonsetdidnot.

Conclusion
WomendiagnosedwithMShaveincreasedriskofperinataldepression.WomenwithMS
symptomonsetwithin5yearsafterpregnancyhaveincreasedriskofbothdepressionand
anxietyduringpregnancy.
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records and grouped into (1) MS diagnosed before pregnancy (n = 140) or MS diagnosed after
pregnancy with (2) symptom onset before pregnancy (n = 98) or (3) symptom onset after
pregnancy (n = 308). Thirty-five women were diagnosed with MS in the postpartum period.
The reference group (n = 111,627) consisted of women without MS.

Results
Women with MS diagnosed before pregnancy had an adjusted odds ratio of 2.0 (95% confi-
dence interval, 1.2–3.1) for depression in the third trimester. Risk factors were adverse so-
cioeconomic factors and history of psychiatric disease and physical/sexual abuse. The risk of
anxiety was not increased. Women diagnosed with MS in the postpartum period had especially
high risk of postpartum depression. Women with MS symptom onset within 5 years after
pregnancy had increased risk of both depression and anxiety during pregnancy, whereas women
with more than 5 years until symptom onset did not.

Conclusion
Women diagnosed with MS have increased risk of perinatal depression. Women with MS
symptom onset within 5 years after pregnancy have increased risk of both depression and
anxiety during pregnancy.
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Methods
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Cohortstudy(1999–2008).Weassesseddepressionandanxietybyquestionnairesduringand
afterpregnancy.WomenwithMSwereidentifiedfromnationalhealthregistriesandhospital
recordsandgroupedinto(1)MSdiagnosedbeforepregnancy(n=140)orMSdiagnosedafter
pregnancywith(2)symptomonsetbeforepregnancy(n=98)or(3)symptomonsetafter
pregnancy(n=308).Thirty-fivewomenwerediagnosedwithMSinthepostpartumperiod.
Thereferencegroup(n=111,627)consistedofwomenwithoutMS.

Results
WomenwithMSdiagnosedbeforepregnancyhadanadjustedoddsratioof2.0(95%confi-
denceinterval,1.2–3.1)fordepressioninthethirdtrimester.Riskfactorswereadverseso-
cioeconomicfactorsandhistoryofpsychiatricdiseaseandphysical/sexualabuse.Theriskof
anxietywasnotincreased.WomendiagnosedwithMSinthepostpartumperiodhadespecially
highriskofpostpartumdepression.WomenwithMSsymptomonsetwithin5yearsafter
pregnancyhadincreasedriskofbothdepressionandanxietyduringpregnancy,whereaswomen
withmorethan5yearsuntilsymptomonsetdidnot.

Conclusion
WomendiagnosedwithMShaveincreasedriskofperinataldepression.WomenwithMS
symptomonsetwithin5yearsafterpregnancyhaveincreasedriskofbothdepressionand
anxietyduringpregnancy.
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People with multiple sclerosis (MS) have an increased prev-
alence of depression and anxiety compared to the general
population.1 Several factors contribute, including pathobio-
logical mechanisms of MS itself.2,3 Perinatal depression is the
most common complication of pregnancy and is often
underrecognized. It is defined as depression during pregnancy
and up to 1 year after birth.4-6

There is limited knowledge of the occurrence of depression
and anxiety in the perinatal setting among women with MS.
One study found that 26% of mothers and fathers with MS
had depression or anxiety in relation to pregnancy,7 compared
to 19% of parents without MS. Psychiatric comorbidity in
mothers influence mental health and developmental vulner-
ability in children.8-10 Because mothers with MS are at in-
creased risk of depression and anxiety, it is important to
identify risk factors associated with these symptoms in the
perinatal setting to provide optimal prevention, treatment,
and follow-up for women at risk.

Our primary aim was to investigate the occurrence of de-
pression and anxiety during pregnancy and 6 months post-
partum. We studied (1) women with an established MS
diagnosis, (2) women who had experienced MS symptoms
but not yet received a diagnosis, and (3) women with clinical
MS symptom onset in the subsequent months or years after
giving birth. The last 2 groups were included as they might
have had subclinical or prodromal manifestations of MS
during the perinatal period.11-13 Our secondary aim was to
investigate to what degree MS-related factors and psychoso-
cial aspects influenced the occurrence of these symptoms.

Methods
Study Design and Population
This is a prospective, population-based cohort study that in-
cludes women participating in the Norwegian Mother, Father
and Child Cohort study (MoBa). The MoBa study is con-
ducted by the Norwegian Institute of Public Health and is
linked to the Medical Birth Registry of Norway (MBRN), to
which registration is mandatory for Norwegian health care
providers.14 Participants were recruited from all over Norway
from 1999 through 2008. All Norwegian-speaking women
were invited to the study after the routine ultrasound exam-
ination in pregnancy week 15–17. There were no exclusion

criteria. In total, 50 of 52 maternity units with over 100 births
per year participated, and 41% of the invited women con-
sented to participation. Follow-up of the cohort is ongoing.
Our current study is based on version 12 of the quality-
assured data files released for research on September 5, 2019.

We obtained information on demography, socioeconomic
factors, medical history, and symptoms of anxiety and de-
pression by self-completed questionnaires. We used the
questionnaires answered during pregnancy weeks 17–20 and
30, and 6 and 18 months postpartum.

The MS diagnoses reported in the questionnaires were vali-
dated through data linkage with the Norwegian Multiple
Sclerosis Registry and Biobank (MSR), which also provided
information on MS subtype and date of symptom onset and
diagnosis.15 The MSR had 60% coverage of MS cases in
Norway at the time of linkage. To validate cases not registered
in MSR, the cohort was linked to the Norwegian Patient
Registry (NPR). The registration of patients in NPR is man-
datory for health practitioners, and all consultations with anMS
diagnosis in Norwegian specialist care have been registered
since March 2007 (data available from Dryad, figure e-1, doi.
org/10.5061/dryad.g4f4qrfpkv). TheMS diagnosis in NPR has
previously been validated, with a sensitivity of 97% and positive
predictive value 0.92.16 MS diagnoses registered in NPR, but
not in the MSR, were validated with information from hospital
records using the 2017 diagnostic criteria for MS.17

The linkage between health registries made it possible to
identify women with MS who failed to report a history of MS
at inclusion in MoBa, as well as women diagnosed with MS
after pregnancy. We followed these women until December
31, 2018. To differentiate between women with early symp-
tomatic yet undiagnosed MS and women with inactive (pre-
clinical) disease during pregnancy, we divided those
diagnosed withMS after pregnancy according to the timing of
their first MS symptoms. Hence, we defined 3 main groups:
(1) MS diagnosed before pregnancy, (2) MS diagnosed after
pregnancy with symptom onset before pregnancy, (3) MS
diagnosed after pregnancy with symptom onset after preg-
nancy (figure 1). The reference group consisted of all women
in MoBa without MS.

We also defined a subgroup of women who were diagnosed
with MS during the first 18 months after pregnancy. In

Glossary
aOR = adjusted odds ratio; CI = confidence interval; EPDS = Edinburgh Postnatal Depression Scale; HPA = hypothalamic-
pituitary-adrenal axis; HSCL-25 = Hopkins Symptom Checklist 25; LTMD = lifetime history of major depression; MBRN =
Medical Birth Registry of Norway; MoBa = Norwegian Mother, Father and Child Cohort Study; MS = multiple sclerosis;
MSR = Norwegian Multiple Sclerosis Registry and Biobank; NPR = Norwegian Patient Registry; OR = odds ratio; REK =
Regional Committee for Medical and Health Research Ethics; SCL-4A = Symptom Checklist 4-item anxiety subscale; SCL-
4D = Symptom Checklist 4-item depression subscale.
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peryearparticipated,and41%oftheinvitedwomencon-
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People with multiple sclerosis (MS) have an increased prev-
alence of depression and anxiety compared to the general
population.

1
Several factors contribute, including pathobio-

logical mechanisms of MS itself.
2,3

Perinatal depression is the
most common complication of pregnancy and is often
underrecognized. It is defined as depression during pregnancy
and up to 1 year after birth.

4-6

There is limited knowledge of the occurrence of depression
and anxiety in the perinatal setting among women with MS.
One study found that 26% of mothers and fathers with MS
had depression or anxiety in relation to pregnancy,

7
compared

to 19% of parents without MS. Psychiatric comorbidity in
mothers influence mental health and developmental vulner-
ability in children.

8-10
Because mothers with MS are at in-

creased risk of depression and anxiety, it is important to
identify risk factors associated with these symptoms in the
perinatal setting to provide optimal prevention, treatment,
and follow-up for women at risk.

Our primary aim was to investigate the occurrence of de-
pression and anxiety during pregnancy and 6 months post-
partum. We studied (1) women with an established MS
diagnosis, (2) women who had experienced MS symptoms
but not yet received a diagnosis, and (3) women with clinical
MS symptom onset in the subsequent months or years after
giving birth. The last 2 groups were included as they might
have had subclinical or prodromal manifestations of MS
during the perinatal period.

11-13
Our secondary aim was to

investigate to what degree MS-related factors and psychoso-
cial aspects influenced the occurrence of these symptoms.

Methods
Study Design and Population
This is a prospective, population-based cohort study that in-
cludes women participating in the Norwegian Mother, Father
and Child Cohort study (MoBa). The MoBa study is con-
ducted by the Norwegian Institute of Public Health and is
linked to the Medical Birth Registry of Norway (MBRN), to
which registration is mandatory for Norwegian health care
providers.

14
Participants were recruited from all over Norway

from 1999 through 2008. All Norwegian-speaking women
were invited to the study after the routine ultrasound exam-
ination in pregnancy week 15–17. There were no exclusion

criteria. In total, 50 of 52 maternity units with over 100 births
per year participated, and 41% of the invited women con-
sented to participation. Follow-up of the cohort is ongoing.
Our current study is based on version 12 of the quality-
assured data files released for research on September 5, 2019.

We obtained information on demography, socioeconomic
factors, medical history, and symptoms of anxiety and de-
pression by self-completed questionnaires. We used the
questionnaires answered during pregnancy weeks 17–20 and
30, and 6 and 18 months postpartum.

The MS diagnoses reported in the questionnaires were vali-
dated through data linkage with the Norwegian Multiple
Sclerosis Registry and Biobank (MSR), which also provided
information on MS subtype and date of symptom onset and
diagnosis.

15
The MSR had 60% coverage of MS cases in

Norway at the time of linkage. To validate cases not registered
in MSR, the cohort was linked to the Norwegian Patient
Registry (NPR). The registration of patients in NPR is man-
datory for health practitioners, and all consultations with anMS
diagnosis in Norwegian specialist care have been registered
since March 2007 (data available from Dryad, figure e-1, doi.
org/10.5061/dryad.g4f4qrfpkv). TheMS diagnosis in NPR has
previously been validated, with a sensitivity of 97% and positive
predictive value 0.92.

16
MS diagnoses registered in NPR, but

not in the MSR, were validated with information from hospital
records using the 2017 diagnostic criteria for MS.

17

The linkage between health registries made it possible to
identify women with MS who failed to report a history of MS
at inclusion in MoBa, as well as women diagnosed with MS
after pregnancy. We followed these women until December
31, 2018. To differentiate between women with early symp-
tomatic yet undiagnosed MS and women with inactive (pre-
clinical) disease during pregnancy, we divided those
diagnosed withMS after pregnancy according to the timing of
their first MS symptoms. Hence, we defined 3 main groups:
(1) MS diagnosed before pregnancy, (2) MS diagnosed after
pregnancy with symptom onset before pregnancy, (3) MS
diagnosed after pregnancy with symptom onset after preg-
nancy (figure 1). The reference group consisted of all women
in MoBa without MS.

We also defined a subgroup of women who were diagnosed
with MS during the first 18 months after pregnancy. In

Glossary
aOR = adjusted odds ratio; CI = confidence interval; EPDS = Edinburgh Postnatal Depression Scale; HPA = hypothalamic-
pituitary-adrenal axis; HSCL-25 = Hopkins Symptom Checklist 25; LTMD = lifetime history of major depression; MBRN =
Medical Birth Registry of Norway; MoBa = Norwegian Mother, Father and Child Cohort Study; MS = multiple sclerosis;
MSR = Norwegian Multiple Sclerosis Registry and Biobank; NPR = Norwegian Patient Registry; OR = odds ratio; REK =
Regional Committee for Medical and Health Research Ethics; SCL-4A = Symptom Checklist 4-item anxiety subscale; SCL-
4D = Symptom Checklist 4-item depression subscale.

e2790 Neurology | Volume 96, Number 23 | June 8, 2021 Neurology.org/N

People with multiple sclerosis (MS) have an increased prev-
alence of depression and anxiety compared to the general
population.

1
Several factors contribute, including pathobio-

logical mechanisms of MS itself.
2,3

Perinatal depression is the
most common complication of pregnancy and is often
underrecognized. It is defined as depression during pregnancy
and up to 1 year after birth.

4-6

There is limited knowledge of the occurrence of depression
and anxiety in the perinatal setting among women with MS.
One study found that 26% of mothers and fathers with MS
had depression or anxiety in relation to pregnancy,

7
compared

to 19% of parents without MS. Psychiatric comorbidity in
mothers influence mental health and developmental vulner-
ability in children.

8-10
Because mothers with MS are at in-

creased risk of depression and anxiety, it is important to
identify risk factors associated with these symptoms in the
perinatal setting to provide optimal prevention, treatment,
and follow-up for women at risk.

Our primary aim was to investigate the occurrence of de-
pression and anxiety during pregnancy and 6 months post-
partum. We studied (1) women with an established MS
diagnosis, (2) women who had experienced MS symptoms
but not yet received a diagnosis, and (3) women with clinical
MS symptom onset in the subsequent months or years after
giving birth. The last 2 groups were included as they might
have had subclinical or prodromal manifestations of MS
during the perinatal period.

11-13
Our secondary aim was to

investigate to what degree MS-related factors and psychoso-
cial aspects influenced the occurrence of these symptoms.

Methods
Study Design and Population
This is a prospective, population-based cohort study that in-
cludes women participating in the Norwegian Mother, Father
and Child Cohort study (MoBa). The MoBa study is con-
ducted by the Norwegian Institute of Public Health and is
linked to the Medical Birth Registry of Norway (MBRN), to
which registration is mandatory for Norwegian health care
providers.

14
Participants were recruited from all over Norway

from 1999 through 2008. All Norwegian-speaking women
were invited to the study after the routine ultrasound exam-
ination in pregnancy week 15–17. There were no exclusion

criteria. In total, 50 of 52 maternity units with over 100 births
per year participated, and 41% of the invited women con-
sented to participation. Follow-up of the cohort is ongoing.
Our current study is based on version 12 of the quality-
assured data files released for research on September 5, 2019.

We obtained information on demography, socioeconomic
factors, medical history, and symptoms of anxiety and de-
pression by self-completed questionnaires. We used the
questionnaires answered during pregnancy weeks 17–20 and
30, and 6 and 18 months postpartum.

The MS diagnoses reported in the questionnaires were vali-
dated through data linkage with the Norwegian Multiple
Sclerosis Registry and Biobank (MSR), which also provided
information on MS subtype and date of symptom onset and
diagnosis.

15
The MSR had 60% coverage of MS cases in

Norway at the time of linkage. To validate cases not registered
in MSR, the cohort was linked to the Norwegian Patient
Registry (NPR). The registration of patients in NPR is man-
datory for health practitioners, and all consultations with anMS
diagnosis in Norwegian specialist care have been registered
since March 2007 (data available from Dryad, figure e-1, doi.
org/10.5061/dryad.g4f4qrfpkv). TheMS diagnosis in NPR has
previously been validated, with a sensitivity of 97% and positive
predictive value 0.92.

16
MS diagnoses registered in NPR, but

not in the MSR, were validated with information from hospital
records using the 2017 diagnostic criteria for MS.

17

The linkage between health registries made it possible to
identify women with MS who failed to report a history of MS
at inclusion in MoBa, as well as women diagnosed with MS
after pregnancy. We followed these women until December
31, 2018. To differentiate between women with early symp-
tomatic yet undiagnosed MS and women with inactive (pre-
clinical) disease during pregnancy, we divided those
diagnosed withMS after pregnancy according to the timing of
their first MS symptoms. Hence, we defined 3 main groups:
(1) MS diagnosed before pregnancy, (2) MS diagnosed after
pregnancy with symptom onset before pregnancy, (3) MS
diagnosed after pregnancy with symptom onset after preg-
nancy (figure 1). The reference group consisted of all women
in MoBa without MS.

We also defined a subgroup of women who were diagnosed
with MS during the first 18 months after pregnancy. In

Glossary
aOR = adjusted odds ratio; CI = confidence interval; EPDS = Edinburgh Postnatal Depression Scale; HPA = hypothalamic-
pituitary-adrenal axis; HSCL-25 = Hopkins Symptom Checklist 25; LTMD = lifetime history of major depression; MBRN =
Medical Birth Registry of Norway; MoBa = Norwegian Mother, Father and Child Cohort Study; MS = multiple sclerosis;
MSR = Norwegian Multiple Sclerosis Registry and Biobank; NPR = Norwegian Patient Registry; OR = odds ratio; REK =
Regional Committee for Medical and Health Research Ethics; SCL-4A = Symptom Checklist 4-item anxiety subscale; SCL-
4D = Symptom Checklist 4-item depression subscale.

e2790 Neurology | Volume 96, Number 23 | June 8, 2021 Neurology.org/N

Peoplewithmultiplesclerosis(MS)haveanincreasedprev-
alenceofdepressionandanxietycomparedtothegeneral
population.

1
Severalfactorscontribute,includingpathobio-

logicalmechanismsofMSitself.
2,3

Perinataldepressionisthe
mostcommoncomplicationofpregnancyandisoften
underrecognized.Itisdefinedasdepressionduringpregnancy
andupto1yearafterbirth.

4-6

Thereislimitedknowledgeoftheoccurrenceofdepression
andanxietyintheperinatalsettingamongwomenwithMS.
Onestudyfoundthat26%ofmothersandfatherswithMS
haddepressionoranxietyinrelationtopregnancy,

7
compared

to19%ofparentswithoutMS.Psychiatriccomorbidityin
mothersinfluencementalhealthanddevelopmentalvulner-
abilityinchildren.

8-10
BecausemotherswithMSareatin-

creasedriskofdepressionandanxiety,itisimportantto
identifyriskfactorsassociatedwiththesesymptomsinthe
perinatalsettingtoprovideoptimalprevention,treatment,
andfollow-upforwomenatrisk.

Ourprimaryaimwastoinvestigatetheoccurrenceofde-
pressionandanxietyduringpregnancyand6monthspost-
partum.Westudied(1)womenwithanestablishedMS
diagnosis,(2)womenwhohadexperiencedMSsymptoms
butnotyetreceivedadiagnosis,and(3)womenwithclinical
MSsymptomonsetinthesubsequentmonthsoryearsafter
givingbirth.Thelast2groupswereincludedastheymight
havehadsubclinicalorprodromalmanifestationsofMS
duringtheperinatalperiod.

11-13
Oursecondaryaimwasto

investigatetowhatdegreeMS-relatedfactorsandpsychoso-
cialaspectsinfluencedtheoccurrenceofthesesymptoms.

Methods
StudyDesignandPopulation
Thisisaprospective,population-basedcohortstudythatin-
cludeswomenparticipatingintheNorwegianMother,Father
andChildCohortstudy(MoBa).TheMoBastudyiscon-
ductedbytheNorwegianInstituteofPublicHealthandis
linkedtotheMedicalBirthRegistryofNorway(MBRN),to
whichregistrationismandatoryforNorwegianhealthcare
providers.

14
ParticipantswererecruitedfromalloverNorway

from1999through2008.AllNorwegian-speakingwomen
wereinvitedtothestudyaftertheroutineultrasoundexam-
inationinpregnancyweek15–17.Therewerenoexclusion

criteria.Intotal,50of52maternityunitswithover100births
peryearparticipated,and41%oftheinvitedwomencon-
sentedtoparticipation.Follow-upofthecohortisongoing.
Ourcurrentstudyisbasedonversion12ofthequality-
assureddatafilesreleasedforresearchonSeptember5,2019.

Weobtainedinformationondemography,socioeconomic
factors,medicalhistory,andsymptomsofanxietyandde-
pressionbyself-completedquestionnaires.Weusedthe
questionnairesansweredduringpregnancyweeks17–20and
30,and6and18monthspostpartum.

TheMSdiagnosesreportedinthequestionnaireswerevali-
datedthroughdatalinkagewiththeNorwegianMultiple
SclerosisRegistryandBiobank(MSR),whichalsoprovided
informationonMSsubtypeanddateofsymptomonsetand
diagnosis.

15
TheMSRhad60%coverageofMScasesin

Norwayatthetimeoflinkage.Tovalidatecasesnotregistered
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diagnosisinNorwegianspecialistcarehavebeenregistered
sinceMarch2007(dataavailablefromDryad,figuree-1,doi.
org/10.5061/dryad.g4f4qrfpkv).TheMSdiagnosisinNPRhas
previouslybeenvalidated,withasensitivityof97%andpositive
predictivevalue0.92.

16
MSdiagnosesregisteredinNPR,but

notintheMSR,werevalidatedwithinformationfromhospital
recordsusingthe2017diagnosticcriteriaforMS.

17

Thelinkagebetweenhealthregistriesmadeitpossibleto
identifywomenwithMSwhofailedtoreportahistoryofMS
atinclusioninMoBa,aswellaswomendiagnosedwithMS
afterpregnancy.WefollowedthesewomenuntilDecember
31,2018.Todifferentiatebetweenwomenwithearlysymp-
tomaticyetundiagnosedMSandwomenwithinactive(pre-
clinical)diseaseduringpregnancy,wedividedthose
diagnosedwithMSafterpregnancyaccordingtothetimingof
theirfirstMSsymptoms.Hence,wedefined3maingroups:
(1)MSdiagnosedbeforepregnancy,(2)MSdiagnosedafter
pregnancywithsymptomonsetbeforepregnancy,(3)MS
diagnosedafterpregnancywithsymptomonsetafterpreg-
nancy(figure1).Thereferencegroupconsistedofallwomen
inMoBawithoutMS.

Wealsodefinedasubgroupofwomenwhowerediagnosed
withMSduringthefirst18monthsafterpregnancy.In
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population.
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Severalfactorscontribute,includingpathobio-

logicalmechanismsofMSitself.
2,3

Perinataldepressionisthe
mostcommoncomplicationofpregnancyandisoften
underrecognized.Itisdefinedasdepressionduringpregnancy
andupto1yearafterbirth.

4-6

Thereislimitedknowledgeoftheoccurrenceofdepression
andanxietyintheperinatalsettingamongwomenwithMS.
Onestudyfoundthat26%ofmothersandfatherswithMS
haddepressionoranxietyinrelationtopregnancy,

7
compared

to19%ofparentswithoutMS.Psychiatriccomorbidityin
mothersinfluencementalhealthanddevelopmentalvulner-
abilityinchildren.

8-10
BecausemotherswithMSareatin-

creasedriskofdepressionandanxiety,itisimportantto
identifyriskfactorsassociatedwiththesesymptomsinthe
perinatalsettingtoprovideoptimalprevention,treatment,
andfollow-upforwomenatrisk.

Ourprimaryaimwastoinvestigatetheoccurrenceofde-
pressionandanxietyduringpregnancyand6monthspost-
partum.Westudied(1)womenwithanestablishedMS
diagnosis,(2)womenwhohadexperiencedMSsymptoms
butnotyetreceivedadiagnosis,and(3)womenwithclinical
MSsymptomonsetinthesubsequentmonthsoryearsafter
givingbirth.Thelast2groupswereincludedastheymight
havehadsubclinicalorprodromalmanifestationsofMS
duringtheperinatalperiod.

11-13
Oursecondaryaimwasto

investigatetowhatdegreeMS-relatedfactorsandpsychoso-
cialaspectsinfluencedtheoccurrenceofthesesymptoms.

Methods
StudyDesignandPopulation
Thisisaprospective,population-basedcohortstudythatin-
cludeswomenparticipatingintheNorwegianMother,Father
andChildCohortstudy(MoBa).TheMoBastudyiscon-
ductedbytheNorwegianInstituteofPublicHealthandis
linkedtotheMedicalBirthRegistryofNorway(MBRN),to
whichregistrationismandatoryforNorwegianhealthcare
providers.

14
ParticipantswererecruitedfromalloverNorway

from1999through2008.AllNorwegian-speakingwomen
wereinvitedtothestudyaftertheroutineultrasoundexam-
inationinpregnancyweek15–17.Therewerenoexclusion

criteria.Intotal,50of52maternityunitswithover100births
peryearparticipated,and41%oftheinvitedwomencon-
sentedtoparticipation.Follow-upofthecohortisongoing.
Ourcurrentstudyisbasedonversion12ofthequality-
assureddatafilesreleasedforresearchonSeptember5,2019.

Weobtainedinformationondemography,socioeconomic
factors,medicalhistory,andsymptomsofanxietyandde-
pressionbyself-completedquestionnaires.Weusedthe
questionnairesansweredduringpregnancyweeks17–20and
30,and6and18monthspostpartum.

TheMSdiagnosesreportedinthequestionnaireswerevali-
datedthroughdatalinkagewiththeNorwegianMultiple
SclerosisRegistryandBiobank(MSR),whichalsoprovided
informationonMSsubtypeanddateofsymptomonsetand
diagnosis.

15
TheMSRhad60%coverageofMScasesin

Norwayatthetimeoflinkage.Tovalidatecasesnotregistered
inMSR,thecohortwaslinkedtotheNorwegianPatient
Registry(NPR).TheregistrationofpatientsinNPRisman-
datoryforhealthpractitioners,andallconsultationswithanMS
diagnosisinNorwegianspecialistcarehavebeenregistered
sinceMarch2007(dataavailablefromDryad,figuree-1,doi.
org/10.5061/dryad.g4f4qrfpkv).TheMSdiagnosisinNPRhas
previouslybeenvalidated,withasensitivityof97%andpositive
predictivevalue0.92.

16
MSdiagnosesregisteredinNPR,but

notintheMSR,werevalidatedwithinformationfromhospital
recordsusingthe2017diagnosticcriteriaforMS.

17

Thelinkagebetweenhealthregistriesmadeitpossibleto
identifywomenwithMSwhofailedtoreportahistoryofMS
atinclusioninMoBa,aswellaswomendiagnosedwithMS
afterpregnancy.WefollowedthesewomenuntilDecember
31,2018.Todifferentiatebetweenwomenwithearlysymp-
tomaticyetundiagnosedMSandwomenwithinactive(pre-
clinical)diseaseduringpregnancy,wedividedthose
diagnosedwithMSafterpregnancyaccordingtothetimingof
theirfirstMSsymptoms.Hence,wedefined3maingroups:
(1)MSdiagnosedbeforepregnancy,(2)MSdiagnosedafter
pregnancywithsymptomonsetbeforepregnancy,(3)MS
diagnosedafterpregnancywithsymptomonsetafterpreg-
nancy(figure1).Thereferencegroupconsistedofallwomen
inMoBawithoutMS.

Wealsodefinedasubgroupofwomenwhowerediagnosed
withMSduringthefirst18monthsafterpregnancy.In
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addition to being compared with the reference group, these
women were also compared with a subgroup of the reference
group that reported, at the 18-month assessment, that they
had been diagnosed with a chronic disease other than MS
during the last 12 months.

We excluded women with uncertain or refuted MS diagnosis,
pregnancies with missing child number, and duplicate ques-
tionnaires from multiple gestations to include only one

observation per pregnancy (figure 2). Women who were
pregnant 18 months postpartum were excluded from the
analysis at 18 months after birth.

Primary Outcome Measure
Depression and anxiety were measured separately by vali-
dated short versions of the Hopkins Symptom Checklist 25
(HSCL-25).18-20 These are widely used screening tools
designed to detect depression and anxiety. The subscale SCL-

Figure 2 Flowchart of Excluded and Included Cases

Pregnancies included in the Norwegian Mother, Father and Child Cohort (MoBa) study version 12. MS = multiple sclerosis; Q = questionnaire.

Figure 1 Multiple Sclerosis (MS) Diagnosis and Symptom Onset in Relation to Pregnancy and Childbirth

We identified 546womenwithMS from theNorwegianMother, Father andChild Cohort (MoBa).Womenwere divided into 3 groups defined by theirMS status
on inclusion. The periods of establishedMS diagnosis are illustrated by colored arrows. Periods of symptomonset are shownwith dotted lines for the groups
with MS diagnosed after pregnancy. We also studied a subgroup of women who were diagnosed with MS in the postpartum period (0–18 months). aMS
diagnosed up to pregnancy weeks 18–20.
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8 includes 4 items capturing symptoms of depression (SCL-
4D) and 4 capturing symptoms of anxiety (SCL-4A),
screening for symptoms during the last 2 weeks before as-
sessment (data available from Dryad, e-Questionnaire, doi.
org/10.5061/dryad.g4f4qrfpkv). Items were scored on a
Likert scale ranging from 1 (“not at all bothered”) to 4 (“very
much bothered”). We used a validated mean score of >1.75 as
cutoff for presence of depression or anxiety, respectively.18,21

SCL-8 was used in pregnancy week 30 and 6 and 18 months
postpartum. We defined perinatal depression or anxiety as
symptoms occurring during pregnancy or in the postpartum
period up to 6 months after birth. The proportion of women
with symptoms was interpreted as the point prevalence of
either depression or anxiety. Scores from the 18-month as-
sessment were used as a prognostic measure for women with
MS before pregnancy (group 1) and as point prevalence for
those diagnosed with MS 0–18 months after birth.

Postpartum depression based on SCL-4D scores 6 months
after birth was validated with a 6-item version of the Edin-
burgh Postnatal Depression Scale (EPDS-6)22 with a
threshold score of ≥7/18 defining postpartum depression.23

The kappa agreement between SCL-4D and EPDS-6 was 88%
within the MS groups in this study, with a coefficient of 0.52.
A prior validation of the entire MoBa cohort showed 91%
overall agreement of SCL-4D and EPDS-6 at 6 months
postpartum.24

Covariates
MS-specific covariates were assessed from the MSR and
hospital records: time of MS onset, defined as first clinical
symptom; time of MS diagnosis; and subtype of MS
(relapsing-remitting MS, primary progressive MS, or un-
specified) at disease onset. Relevant covariates that have been
identified as possible risk factors for perinatal depression25,26

were selected from the MoBa questionnaires and the MBRN:
maternal age at inclusion, parity (pregnancies >24 gestational
weeks), low household income (<60% of median income in
the given year), short education (≤9 years), single mother,
unplanned pregnancy, overweight (prepregnancy body mass
index >25), smoking and alcohol use during pregnancy (≥1
consumption per month for each), and disability benefits such
as social security disability or work assessment allowance.
Comorbidities included asthma, prepregnancy hypertension,
renal disease, rheumatoid arthritis, type 1 diabetes, and epi-
lepsy, which are the available diagnoses in the MBRN and
registered by health personnel. Adverse pregnancy events
were defined as a prior history of stillbirth or miscarriage past
12 weeks, prior or current preeclampsia, and first trimester
vaginal bleeding. Adverse life events were defined as having
experienced one of the following and defining it as “painful or
difficult” during the last 12 months: conflict at work or study,
financial problems, divorce/separation/partnership breakup,
conflict with family or friends, severe injury or illness in the
woman herself or a loved one, severe traffic accident, fire or
robbery, or death of a close relative or friend. Lifetime physical
and sexual abuse was evaluated by questions adapted from the

Abuse Assessment Screen.27 A history of major depression
was assessed by the lifetime major depression score
(LTMD).28 Previous history of anxiety was self-reported in
the questionnaire in pregnancy week 18. Use of antidepres-
sants during pregnancy was self-reported in pregnancy weeks
18 and 30. A combined score of anxiety and depression (SCL-
5) was used in pregnancy week 18 to evaluate early pregnancy
psychiatric symptoms.

Statistical Analysis
IBM SPSS Statistics software version 26 was used to make
variables and imputations. Stata version 16 was used in the
remaining analyses.

The different MS groups were compared to a reference group
of all women without MS in MoBa. Matching was not per-
formed. Continuous variables were analyzed with Student t
test when normally distributed and skewed data with the
Mann-Whitney U test. Categorical variables were compared
with the Pearson χ2 test or with Fisher exact test if any cross-
table cell had an expected count <5. We analyzed the risk of
depression and anxiety by logistic regression with estimated
odds ratios (ORs) and 95% confidence intervals (CIs). OR
estimates were adjusted for the possible confounders age,
parity, overweight, and adverse socioeconomic factors (≥1 of
the following: single mother, low household income, or short
education). We accounted for clustering among women with
more than 1 pregnancy (n = 14,379) with robust standard
error estimations. Estimates with CIs not including 1 were
considered statistically significant.

Secondary Outcome
For women with diagnosed MS before pregnancy and women
in the reference group, we manually performed a backward
stepwise logistic regression analysis with third trimester de-
pression as the dependent variable and a list of 17 independent
variables as potential predictors (data available from Dryad,
table e-1, doi.org/10.5061/dryad.g4f4qrfpkv). The alpha to
enter the multivariate model was ≤0.1 and alpha for variable
removal was ≥0.05. To evaluate whether the predictors differed
between women with MS and the reference group we included
relevant interaction terms in the model.

Imputation of Missing Values
The missing values analysis procedure in SPSS with the
expectation-maximization algorithm was used to impute
missing values when some of the SCL or LTMD items were
not completed. Our requirements for imputation were that
maximum 1 in 5 items (20%) was missing in SCL-5 and
maximum 3 of the 8 (38%) in SCL-8. In LTMD, the first and
sixth item had to be completed, and maximum 2 of 6 items
(33%) missing to allow for imputation. If these requirements
were exceeded, the cases were set as missing.

Sensitivity Analyses
Various cutoff points for the subscales of HSCL-25 have been
suggested.19 We therefore did a sensitivity analysis of severe
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8includes4itemscapturingsymptomsofdepression(SCL-
4D)and4capturingsymptomsofanxiety(SCL-4A),
screeningforsymptomsduringthelast2weeksbeforeas-
sessment(dataavailablefromDryad,e-Questionnaire,doi.
org/10.5061/dryad.g4f4qrfpkv).Itemswerescoredona
Likertscalerangingfrom1(“notatallbothered”)to4(“very
muchbothered”).Weusedavalidatedmeanscoreof>1.75as
cutoffforpresenceofdepressionoranxiety,respectively.18,21

SCL-8wasusedinpregnancyweek30and6and18months
postpartum.Wedefinedperinataldepressionoranxietyas
symptomsoccurringduringpregnancyorinthepostpartum
periodupto6monthsafterbirth.Theproportionofwomen
withsymptomswasinterpretedasthepointprevalenceof
eitherdepressionoranxiety.Scoresfromthe18-monthas-
sessmentwereusedasaprognosticmeasureforwomenwith
MSbeforepregnancy(group1)andaspointprevalencefor
thosediagnosedwithMS0–18monthsafterbirth.

PostpartumdepressionbasedonSCL-4Dscores6months
afterbirthwasvalidatedwitha6-itemversionoftheEdin-
burghPostnatalDepressionScale(EPDS-6)22witha
thresholdscoreof≥7/18definingpostpartumdepression.23

ThekappaagreementbetweenSCL-4DandEPDS-6was88%
withintheMSgroupsinthisstudy,withacoefficientof0.52.
ApriorvalidationoftheentireMoBacohortshowed91%
overallagreementofSCL-4DandEPDS-6at6months
postpartum.24

Covariates
MS-specificcovariateswereassessedfromtheMSRand
hospitalrecords:timeofMSonset,definedasfirstclinical
symptom;timeofMSdiagnosis;andsubtypeofMS
(relapsing-remittingMS,primaryprogressiveMS,orun-
specified)atdiseaseonset.Relevantcovariatesthathavebeen
identifiedaspossibleriskfactorsforperinataldepression25,26

wereselectedfromtheMoBaquestionnairesandtheMBRN:
maternalageatinclusion,parity(pregnancies>24gestational
weeks),lowhouseholdincome(<60%ofmedianincomein
thegivenyear),shorteducation(≤9years),singlemother,
unplannedpregnancy,overweight(prepregnancybodymass
index>25),smokingandalcoholuseduringpregnancy(≥1
consumptionpermonthforeach),anddisabilitybenefitssuch
associalsecuritydisabilityorworkassessmentallowance.
Comorbiditiesincludedasthma,prepregnancyhypertension,
renaldisease,rheumatoidarthritis,type1diabetes,andepi-
lepsy,whicharetheavailablediagnosesintheMBRNand
registeredbyhealthpersonnel.Adversepregnancyevents
weredefinedasapriorhistoryofstillbirthormiscarriagepast
12weeks,priororcurrentpreeclampsia,andfirsttrimester
vaginalbleeding.Adverselifeeventsweredefinedashaving
experiencedoneofthefollowinganddefiningitas“painfulor
difficult”duringthelast12months:conflictatworkorstudy,
financialproblems,divorce/separation/partnershipbreakup,
conflictwithfamilyorfriends,severeinjuryorillnessinthe
womanherselforalovedone,severetrafficaccident,fireor
robbery,ordeathofacloserelativeorfriend.Lifetimephysical
andsexualabusewasevaluatedbyquestionsadaptedfromthe

AbuseAssessmentScreen.27Ahistoryofmajordepression
wasassessedbythelifetimemajordepressionscore
(LTMD).28Previoushistoryofanxietywasself-reportedin
thequestionnaireinpregnancyweek18.Useofantidepres-
santsduringpregnancywasself-reportedinpregnancyweeks
18and30.Acombinedscoreofanxietyanddepression(SCL-
5)wasusedinpregnancyweek18toevaluateearlypregnancy
psychiatricsymptoms.

StatisticalAnalysis
IBMSPSSStatisticssoftwareversion26wasusedtomake
variablesandimputations.Stataversion16wasusedinthe
remaininganalyses.

ThedifferentMSgroupswerecomparedtoareferencegroup
ofallwomenwithoutMSinMoBa.Matchingwasnotper-
formed.ContinuousvariableswereanalyzedwithStudentt
testwhennormallydistributedandskeweddatawiththe
Mann-WhitneyUtest.Categoricalvariableswerecompared
withthePearsonχ2testorwithFisherexacttestifanycross-
tablecellhadanexpectedcount<5.Weanalyzedtheriskof
depressionandanxietybylogisticregressionwithestimated
oddsratios(ORs)and95%confidenceintervals(CIs).OR
estimateswereadjustedforthepossibleconfoundersage,
parity,overweight,andadversesocioeconomicfactors(≥1of
thefollowing:singlemother,lowhouseholdincome,orshort
education).Weaccountedforclusteringamongwomenwith
morethan1pregnancy(n=14,379)withrobuststandard
errorestimations.EstimateswithCIsnotincluding1were
consideredstatisticallysignificant.

SecondaryOutcome
ForwomenwithdiagnosedMSbeforepregnancyandwomen
inthereferencegroup,wemanuallyperformedabackward
stepwiselogisticregressionanalysiswiththirdtrimesterde-
pressionasthedependentvariableandalistof17independent
variablesaspotentialpredictors(dataavailablefromDryad,
tablee-1,doi.org/10.5061/dryad.g4f4qrfpkv).Thealphato
enterthemultivariatemodelwas≤0.1andalphaforvariable
removalwas≥0.05.Toevaluatewhetherthepredictorsdiffered
betweenwomenwithMSandthereferencegroupweincluded
relevantinteractiontermsinthemodel.

ImputationofMissingValues
ThemissingvaluesanalysisprocedureinSPSSwiththe
expectation-maximizationalgorithmwasusedtoimpute
missingvalueswhensomeoftheSCLorLTMDitemswere
notcompleted.Ourrequirementsforimputationwerethat
maximum1in5items(20%)wasmissinginSCL-5and
maximum3ofthe8(38%)inSCL-8.InLTMD,thefirstand
sixthitemhadtobecompleted,andmaximum2of6items
(33%)missingtoallowforimputation.Iftheserequirements
wereexceeded,thecasesweresetasmissing.

SensitivityAnalyses
VariouscutoffpointsforthesubscalesofHSCL-25havebeen
suggested.19Wethereforedidasensitivityanalysisofsevere
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8 includes 4 items capturing symptoms of depression (SCL-
4D) and 4 capturing symptoms of anxiety (SCL-4A),
screening for symptoms during the last 2 weeks before as-
sessment (data available from Dryad, e-Questionnaire, doi.
org/10.5061/dryad.g4f4qrfpkv). Items were scored on a
Likert scale ranging from 1 (“not at all bothered”) to 4 (“very
much bothered”). We used a validated mean score of >1.75 as
cutoff for presence of depression or anxiety, respectively.

18,21

SCL-8 was used in pregnancy week 30 and 6 and 18 months
postpartum. We defined perinatal depression or anxiety as
symptoms occurring during pregnancy or in the postpartum
period up to 6 months after birth. The proportion of women
with symptoms was interpreted as the point prevalence of
either depression or anxiety. Scores from the 18-month as-
sessment were used as a prognostic measure for women with
MS before pregnancy (group 1) and as point prevalence for
those diagnosed with MS 0–18 months after birth.

Postpartum depression based on SCL-4D scores 6 months
after birth was validated with a 6-item version of the Edin-
burgh Postnatal Depression Scale (EPDS-6)

22
with a

threshold score of ≥7/18 defining postpartum depression.
23

The kappa agreement between SCL-4D and EPDS-6 was 88%
within the MS groups in this study, with a coefficient of 0.52.
A prior validation of the entire MoBa cohort showed 91%
overall agreement of SCL-4D and EPDS-6 at 6 months
postpartum.

24

Covariates
MS-specific covariates were assessed from the MSR and
hospital records: time of MS onset, defined as first clinical
symptom; time of MS diagnosis; and subtype of MS
(relapsing-remitting MS, primary progressive MS, or un-
specified) at disease onset. Relevant covariates that have been
identified as possible risk factors for perinatal depression

25,26

were selected from the MoBa questionnaires and the MBRN:
maternal age at inclusion, parity (pregnancies >24 gestational
weeks), low household income (<60% of median income in
the given year), short education (≤9 years), single mother,
unplanned pregnancy, overweight (prepregnancy body mass
index >25), smoking and alcohol use during pregnancy (≥1
consumption per month for each), and disability benefits such
as social security disability or work assessment allowance.
Comorbidities included asthma, prepregnancy hypertension,
renal disease, rheumatoid arthritis, type 1 diabetes, and epi-
lepsy, which are the available diagnoses in the MBRN and
registered by health personnel. Adverse pregnancy events
were defined as a prior history of stillbirth or miscarriage past
12 weeks, prior or current preeclampsia, and first trimester
vaginal bleeding. Adverse life events were defined as having
experienced one of the following and defining it as “painful or
difficult” during the last 12 months: conflict at work or study,
financial problems, divorce/separation/partnership breakup,
conflict with family or friends, severe injury or illness in the
woman herself or a loved one, severe traffic accident, fire or
robbery, or death of a close relative or friend. Lifetime physical
and sexual abuse was evaluated by questions adapted from the

Abuse Assessment Screen.
27

A history of major depression
was assessed by the lifetime major depression score
(LTMD).

28
Previous history of anxiety was self-reported in

the questionnaire in pregnancy week 18. Use of antidepres-
sants during pregnancy was self-reported in pregnancy weeks
18 and 30. A combined score of anxiety and depression (SCL-
5) was used in pregnancy week 18 to evaluate early pregnancy
psychiatric symptoms.

Statistical Analysis
IBM SPSS Statistics software version 26 was used to make
variables and imputations. Stata version 16 was used in the
remaining analyses.

The different MS groups were compared to a reference group
of all women without MS in MoBa. Matching was not per-
formed. Continuous variables were analyzed with Student t
test when normally distributed and skewed data with the
Mann-Whitney U test. Categorical variables were compared
with the Pearson χ

2
test or with Fisher exact test if any cross-

table cell had an expected count <5. We analyzed the risk of
depression and anxiety by logistic regression with estimated
odds ratios (ORs) and 95% confidence intervals (CIs). OR
estimates were adjusted for the possible confounders age,
parity, overweight, and adverse socioeconomic factors (≥1 of
the following: single mother, low household income, or short
education). We accounted for clustering among women with
more than 1 pregnancy (n = 14,379) with robust standard
error estimations. Estimates with CIs not including 1 were
considered statistically significant.

Secondary Outcome
For women with diagnosed MS before pregnancy and women
in the reference group, we manually performed a backward
stepwise logistic regression analysis with third trimester de-
pression as the dependent variable and a list of 17 independent
variables as potential predictors (data available from Dryad,
table e-1, doi.org/10.5061/dryad.g4f4qrfpkv). The alpha to
enter the multivariate model was ≤0.1 and alpha for variable
removal was ≥0.05. To evaluate whether the predictors differed
between women with MS and the reference group we included
relevant interaction terms in the model.

Imputation of Missing Values
The missing values analysis procedure in SPSS with the
expectation-maximization algorithm was used to impute
missing values when some of the SCL or LTMD items were
not completed. Our requirements for imputation were that
maximum 1 in 5 items (20%) was missing in SCL-5 and
maximum 3 of the 8 (38%) in SCL-8. In LTMD, the first and
sixth item had to be completed, and maximum 2 of 6 items
(33%) missing to allow for imputation. If these requirements
were exceeded, the cases were set as missing.

Sensitivity Analyses
Various cutoff points for the subscales of HSCL-25 have been
suggested.

19
We therefore did a sensitivity analysis of severe
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notcompleted.Ourrequirementsforimputationwerethat
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maximum3ofthe8(38%)inSCL-8.InLTMD,thefirstand
sixthitemhadtobecompleted,andmaximum2of6items
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wereexceeded,thecasesweresetasmissing.
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depression with a high cutoff for depression in the third tri-
mester, defined as SCL-4D score greater than the population
mean +2 SD.

One of the items in SCL-4D, “Have you been bothered by…
feeling everything is an effort?” can be interpreted as a proxy
of fatigue, which is a common symptom in MS.29 As MS-
related fatigue could influence this part of the depression
score, the distribution of the answers to this question was
analyzed with the χ2 and Fisher exact test, comparing the MS
groups with the reference group. The answers to this question
did not differ between women with MS diagnosis before
pregnancy and women without MS.

Standard Protocol Approvals, Registrations,
and Patient Consents
The establishment and initial data collection in MoBa were
based on a license from the Norwegian Data Protection
Agency and approval from the Regional Committees for
Medical and Health Research Ethics (REK). The MoBa co-
hort is regulated by the Norwegian Health Registry act.

The current study was approved by REK (reference 2016/
906). Written informed consent for use of the information in
research and for data linkage was obtained during enrollment
from all participants in MoBa and MSR.

Data Availability
Enquiries regarding access to data fromMoBa and theMBRN
can be directed to the Norwegian Institute of Public Health.
Data from the MSR are accessible for researchers by appli-
cation (norskmsregister.no).

Results
Cohort
The cohort consisted of 114,629 pregnant women (figure 2).
Of these women, 546 were diagnosed with MS and divided
into 3 groups:

1. One hundred forty women were diagnosed with MS
before pregnancy
2. Ninety eight women were diagnosed with MS after
pregnancy and had symptom onset before pregnancy
3. Three hundred eight women were diagnosed with MS
after pregnancy and had symptom onset after pregnancy

Women who did not develop MS during the follow-up period
(n = 111,627) served as the reference group and had a median
follow-up time of 13 years (range 9–19).

Women in group 2 had experienced their first MS symptom
years or months before pregnancy (figure 1). However, they
were undiagnosed at inclusion and had a median time of 4
years to MS diagnosis after pregnancy (table 1). Women in
group 3 experienced their first MS symptom up to 17 years

after pregnancy, with a median of 6 years until symptom
onset. Median follow up-time for women with MS diagnosed
after pregnancy was 7 years (range 0–17).

The characteristics of women diagnosed with MS before
pregnancy and the reference group were similar for socio-
economic and lifestyle factors and previous anxiety and de-
pression (table 1). However, women diagnosed with MS
before pregnancy were older and more likely to receive dis-
ability benefits. Compared to the reference group, women
who had experienced MS symptoms but were not yet di-
agnosed with MS (group 2) more often had planned preg-
nancies and were more likely to smoke during pregnancy.
Women who had their first MS symptom after pregnancy
(group 3) were younger, more often overweight, more fre-
quently smoked during pregnancy, and had experienced more
physical or sexual abuse compared to the reference group.

Dropout rates in MoBa at 6 and 18 months postpartum
among the women who screened positive for depression in
the third trimester were similar for all examined groups (data
available from Dryad, table e-2, doi.org/10.5061/dryad.
g4f4qrfpkv).

Women Diagnosed With MS Before Pregnancy
A total of 15% of women diagnosed with MS before preg-
nancy had depression in the third trimester compared to 9%
in the reference group without MS (table 2). The crude OR
was 1.8 (95%CI, 1.1–2.9). The OR was 2.0 (95%CI, 1.2–3.1)
after adjusting for age, parity, overweight, and socioeconomic
factors.

The increased risk was confirmed in the sensitivity analysis
when we used a higher cutoff for depression: 8% of women
with diagnosed MS had severe depression compared to 4% in
the reference group, with adjusted OR (aOR) 2.2 (95% CI,
1.2–4.2).

There was no difference in depression point prevalence 6
months after birth between women diagnosed with MS and
the reference group. However, among the women with MS
who were depressed in the third trimester, 77% of those
responding to both questionnaires (n = 13) were still de-
pressed 6 months postpartum compared to 38% in the ref-
erence group (aOR, 5.2; 95% CI, 1.4–18.8). Nevertheless, the
proportion of women who had recovered from perinatal de-
pression 18 months postpartum was similar; 52% recovery for
women with MS diagnosis before pregnancy and 61% for
women in the reference group (aOR, 1.3; 95% CI, 0.5–2.9).

Among the women with perinatal depression, this repre-
sented their first-ever episode of depression in 50% with di-
agnosed MS and in 51% of the reference group (aOR, 1.3;
95% CI, 0.6–3.2).

Self-reported use of antidepressants during pregnancy did not
differ between the groups. Among the women diagnosed with
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depressionwithahighcutofffordepressioninthethirdtri-
mester,definedasSCL-4Dscoregreaterthanthepopulation
mean+2SD.

OneoftheitemsinSCL-4D,“Haveyoubeenbotheredby…
feelingeverythingisaneffort?”canbeinterpretedasaproxy
offatigue,whichisacommonsymptominMS.29AsMS-
relatedfatiguecouldinfluencethispartofthedepression
score,thedistributionoftheanswerstothisquestionwas
analyzedwiththeχ2andFisherexacttest,comparingtheMS
groupswiththereferencegroup.Theanswerstothisquestion
didnotdifferbetweenwomenwithMSdiagnosisbefore
pregnancyandwomenwithoutMS.

StandardProtocolApprovals,Registrations,
andPatientConsents
TheestablishmentandinitialdatacollectioninMoBawere
basedonalicensefromtheNorwegianDataProtection
AgencyandapprovalfromtheRegionalCommitteesfor
MedicalandHealthResearchEthics(REK).TheMoBaco-
hortisregulatedbytheNorwegianHealthRegistryact.

ThecurrentstudywasapprovedbyREK(reference2016/
906).Writteninformedconsentforuseoftheinformationin
researchandfordatalinkagewasobtainedduringenrollment
fromallparticipantsinMoBaandMSR.

DataAvailability
EnquiriesregardingaccesstodatafromMoBaandtheMBRN
canbedirectedtotheNorwegianInstituteofPublicHealth.
DatafromtheMSRareaccessibleforresearchersbyappli-
cation(norskmsregister.no).

Results
Cohort
Thecohortconsistedof114,629pregnantwomen(figure2).
Ofthesewomen,546werediagnosedwithMSanddivided
into3groups:

1.OnehundredfortywomenwerediagnosedwithMS
beforepregnancy
2.NinetyeightwomenwerediagnosedwithMSafter
pregnancyandhadsymptomonsetbeforepregnancy
3.ThreehundredeightwomenwerediagnosedwithMS
afterpregnancyandhadsymptomonsetafterpregnancy

WomenwhodidnotdevelopMSduringthefollow-upperiod
(n=111,627)servedasthereferencegroupandhadamedian
follow-uptimeof13years(range9–19).

Womeningroup2hadexperiencedtheirfirstMSsymptom
yearsormonthsbeforepregnancy(figure1).However,they
wereundiagnosedatinclusionandhadamediantimeof4
yearstoMSdiagnosisafterpregnancy(table1).Womenin
group3experiencedtheirfirstMSsymptomupto17years

afterpregnancy,withamedianof6yearsuntilsymptom
onset.Medianfollowup-timeforwomenwithMSdiagnosed
afterpregnancywas7years(range0–17).

ThecharacteristicsofwomendiagnosedwithMSbefore
pregnancyandthereferencegroupweresimilarforsocio-
economicandlifestylefactorsandpreviousanxietyandde-
pression(table1).However,womendiagnosedwithMS
beforepregnancywereolderandmorelikelytoreceivedis-
abilitybenefits.Comparedtothereferencegroup,women
whohadexperiencedMSsymptomsbutwerenotyetdi-
agnosedwithMS(group2)moreoftenhadplannedpreg-
nanciesandweremorelikelytosmokeduringpregnancy.
WomenwhohadtheirfirstMSsymptomafterpregnancy
(group3)wereyounger,moreoftenoverweight,morefre-
quentlysmokedduringpregnancy,andhadexperiencedmore
physicalorsexualabusecomparedtothereferencegroup.

DropoutratesinMoBaat6and18monthspostpartum
amongthewomenwhoscreenedpositivefordepressionin
thethirdtrimesterweresimilarforallexaminedgroups(data
availablefromDryad,tablee-2,doi.org/10.5061/dryad.
g4f4qrfpkv).

WomenDiagnosedWithMSBeforePregnancy
Atotalof15%ofwomendiagnosedwithMSbeforepreg-
nancyhaddepressioninthethirdtrimestercomparedto9%
inthereferencegroupwithoutMS(table2).ThecrudeOR
was1.8(95%CI,1.1–2.9).TheORwas2.0(95%CI,1.2–3.1)
afteradjustingforage,parity,overweight,andsocioeconomic
factors.

Theincreasedriskwasconfirmedinthesensitivityanalysis
whenweusedahighercutofffordepression:8%ofwomen
withdiagnosedMShadseveredepressioncomparedto4%in
thereferencegroup,withadjustedOR(aOR)2.2(95%CI,
1.2–4.2).

Therewasnodifferenceindepressionpointprevalence6
monthsafterbirthbetweenwomendiagnosedwithMSand
thereferencegroup.However,amongthewomenwithMS
whoweredepressedinthethirdtrimester,77%ofthose
respondingtobothquestionnaires(n=13)werestillde-
pressed6monthspostpartumcomparedto38%intheref-
erencegroup(aOR,5.2;95%CI,1.4–18.8).Nevertheless,the
proportionofwomenwhohadrecoveredfromperinatalde-
pression18monthspostpartumwassimilar;52%recoveryfor
womenwithMSdiagnosisbeforepregnancyand61%for
womeninthereferencegroup(aOR,1.3;95%CI,0.5–2.9).

Amongthewomenwithperinataldepression,thisrepre-
sentedtheirfirst-everepisodeofdepressionin50%withdi-
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95%CI,0.6–3.2).

Self-reporteduseofantidepressantsduringpregnancydidnot
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womeninthereferencegroup(aOR,1.3;95%CI,0.5–2.9).

Amongthewomenwithperinataldepression,thisrepre-
sentedtheirfirst-everepisodeofdepressionin50%withdi-
agnosedMSandin51%ofthereferencegroup(aOR,1.3;
95%CI,0.6–3.2).

Self-reporteduseofantidepressantsduringpregnancydidnot
differbetweenthegroups.Amongthewomendiagnosedwith
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depression with a high cutoff for depression in the third tri-
mester, defined as SCL-4D score greater than the population
mean +2 SD.

One of the items in SCL-4D, “Have you been bothered by…
feeling everything is an effort?” can be interpreted as a proxy
of fatigue, which is a common symptom in MS.

29
As MS-

related fatigue could influence this part of the depression
score, the distribution of the answers to this question was
analyzed with the χ

2
and Fisher exact test, comparing the MS

groups with the reference group. The answers to this question
did not differ between women with MS diagnosis before
pregnancy and women without MS.

Standard Protocol Approvals, Registrations,
and Patient Consents
The establishment and initial data collection in MoBa were
based on a license from the Norwegian Data Protection
Agency and approval from the Regional Committees for
Medical and Health Research Ethics (REK). The MoBa co-
hort is regulated by the Norwegian Health Registry act.

The current study was approved by REK (reference 2016/
906). Written informed consent for use of the information in
research and for data linkage was obtained during enrollment
from all participants in MoBa and MSR.

Data Availability
Enquiries regarding access to data fromMoBa and theMBRN
can be directed to the Norwegian Institute of Public Health.
Data from the MSR are accessible for researchers by appli-
cation (norskmsregister.no).

Results
Cohort
The cohort consisted of 114,629 pregnant women (figure 2).
Of these women, 546 were diagnosed with MS and divided
into 3 groups:

1. One hundred forty women were diagnosed with MS
before pregnancy
2. Ninety eight women were diagnosed with MS after
pregnancy and had symptom onset before pregnancy
3. Three hundred eight women were diagnosed with MS
after pregnancy and had symptom onset after pregnancy

Women who did not develop MS during the follow-up period
(n = 111,627) served as the reference group and had a median
follow-up time of 13 years (range 9–19).

Women in group 2 had experienced their first MS symptom
years or months before pregnancy (figure 1). However, they
were undiagnosed at inclusion and had a median time of 4
years to MS diagnosis after pregnancy (table 1). Women in
group 3 experienced their first MS symptom up to 17 years

after pregnancy, with a median of 6 years until symptom
onset. Median follow up-time for women with MS diagnosed
after pregnancy was 7 years (range 0–17).

The characteristics of women diagnosed with MS before
pregnancy and the reference group were similar for socio-
economic and lifestyle factors and previous anxiety and de-
pression (table 1). However, women diagnosed with MS
before pregnancy were older and more likely to receive dis-
ability benefits. Compared to the reference group, women
who had experienced MS symptoms but were not yet di-
agnosed with MS (group 2) more often had planned preg-
nancies and were more likely to smoke during pregnancy.
Women who had their first MS symptom after pregnancy
(group 3) were younger, more often overweight, more fre-
quently smoked during pregnancy, and had experienced more
physical or sexual abuse compared to the reference group.

Dropout rates in MoBa at 6 and 18 months postpartum
among the women who screened positive for depression in
the third trimester were similar for all examined groups (data
available from Dryad, table e-2, doi.org/10.5061/dryad.
g4f4qrfpkv).

Women Diagnosed With MS Before Pregnancy
A total of 15% of women diagnosed with MS before preg-
nancy had depression in the third trimester compared to 9%
in the reference group without MS (table 2). The crude OR
was 1.8 (95%CI, 1.1–2.9). The OR was 2.0 (95%CI, 1.2–3.1)
after adjusting for age, parity, overweight, and socioeconomic
factors.

The increased risk was confirmed in the sensitivity analysis
when we used a higher cutoff for depression: 8% of women
with diagnosed MS had severe depression compared to 4% in
the reference group, with adjusted OR (aOR) 2.2 (95% CI,
1.2–4.2).

There was no difference in depression point prevalence 6
months after birth between women diagnosed with MS and
the reference group. However, among the women with MS
who were depressed in the third trimester, 77% of those
responding to both questionnaires (n = 13) were still de-
pressed 6 months postpartum compared to 38% in the ref-
erence group (aOR, 5.2; 95% CI, 1.4–18.8). Nevertheless, the
proportion of women who had recovered from perinatal de-
pression 18 months postpartum was similar; 52% recovery for
women with MS diagnosis before pregnancy and 61% for
women in the reference group (aOR, 1.3; 95% CI, 0.5–2.9).

Among the women with perinatal depression, this repre-
sented their first-ever episode of depression in 50% with di-
agnosed MS and in 51% of the reference group (aOR, 1.3;
95% CI, 0.6–3.2).

Self-reported use of antidepressants during pregnancy did not
differ between the groups. Among the women diagnosed with
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inthereferencegroupwithoutMS(table2).ThecrudeOR
was1.8(95%CI,1.1–2.9).TheORwas2.0(95%CI,1.2–3.1)
afteradjustingforage,parity,overweight,andsocioeconomic
factors.

Theincreasedriskwasconfirmedinthesensitivityanalysis
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withdiagnosedMShadseveredepressioncomparedto4%in
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Table 1 Characteristics of Participants at Inclusion in the Mother, Father, and Child Cohort Study

Demographic characteristics

Group 1: MS
diagnosed before
pregnancy, n = 140

MS diagnosed after pregnancy

Reference group,
n = 111,627

Group 2: Symptom
onset before pregnancy,
n = 98

Group 3: Symptom
onset after pregnancy,
n = 308

Age at inclusion, y 31 (4)n 30 (4) 28 (5)n 30 (5)

Paritya 1 (0–4) 1 (0–4) 1 (0–3) 1 (0–4)

Low household incomeb 5 (4) 5 (6) 22 (9) 7,402 (8)

Maternal short educationc 3 (2) 2 (2) 8 (3) 2,751 (3)

Single mother 5 (4) 3 (4) 5 (2) 2,371 (2)

Unplanned pregnancy 17 (13) 8 (9)m 57 (20) 19,486 (20)

Comorbidityd 5 (4) 9 (10) 21 (7) 7,452 (7)

Social security disabilitye 22 (17)n 0 (0) 8 (3) 1,653 (2)

Adverse life eventsf 49 (41) 30 (37) 87 (33) 30,462 (33)

Adverse pregnancy eventsg 40 (31) 28 (31) 77 (26) 28,702 (28)

Previous anxiety/depressionh 37 (26) 20 (20) 69 (22) 24,912 (22)

Physical/sexual abusei 20 (17) 17 (21) 58 (22)m 15,484 (17)

Smoking in pregnancy 13 (11) 14 (18)m 38 (15)m 8,405 (9)

Alcohol in pregnancyj 5 (4) 2 (2) 5 (2) 2,643 (3)

Prepregnancy BMI >25 43 (34) 30 (35) 101 (37)m 30,803 (31)

Depression/anxiety week 18k 20 (16) 6 (7) 38 (14) 10,682 (11)

MS characteristic

Age at diagnosis, y 26 (5) 34 (6) 37 (6) NA

Years with/until MS diagnosis 5 (0 to 21) −4 (−13 to 0) −8 (−17 to −1) NA

Years since/until onsetl of MS 7 (1 to 21) 2 (0 to 15) −6 (−17 to −1) NA

Years from onsetl to diagnosis 1 (0 to 16) 8 (0 to 22) 1 (0 to 11) NA

Type of MS NA

RRMS 115 (82) 91 (93) 298 (97)

PPMS 1 (<1) 4 (4) 4 (1)

Unspecified 24 (17) 3 (3) 6 (2)

Abbreviations: BMI = body mass index; MS = multiple sclerosis; NA = not applicable; PPMS = primary progressive multiple sclerosis; RRMS = relapsing-
remitting multiple sclerosis.
Women were divided into 3 groups defined by their MS status in pregnancy. The reference group consisted of all women without MS diagnosis during the
follow-up period. The number may vary within the columns due to missing data. Categorical variables were compared with Pearson χ2 test or Fisher exact
test. Continuous variables were analyzedwith Student t test when normally distributed and skewed datawith theMann-WhitneyU test. Values aremean (SD),
median (range), or n (%).
a Number of all prior pregnancies >24 gestational weeks. Maximum value is 4, representing 4 or more.
b Total household income <60% of the cohort median income in the given measurement year.
c Maternal short education ≤9 years.
d Prepregnancy chronic diseases registered by health personnel in the Medical Birth Registry of Norway: asthma, prepregnancy hypertension, renal disease,
rheumatoid arthritis, type 1 diabetes, or epilepsy.
e Permanent social security disability or work assessment allowance funded by the government.
f ≥1 of the following: problems at work/study, financial problems, divorce/separation/breakup, conflict with family or friends, severe injury or illness to the
womanor a loved one, involvement in a severe traffic accident, fire or robbery, or death of a close relative or friend during the last 12months anddefining it as
“painful or difficult.”
g Prior history of stillbirth or miscarriages >12 weeks, prior or current preeclampsia, or first trimester vaginal bleeding.
h Self-reported history of anxiety or positive screening on the lifetime history of major depression score.
i Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen.
j Alcohol consumption ≥1 occasion per month during pregnancy.
k A combined score of depression and anxiety (Symptom Checklist 5) was used in pregnancy weeks 17–20.
l First MS symptom.
m Level of significance compared to the reference group p < 0.05.
n Level of significance compared to the reference group p < 0.001.
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Table1CharacteristicsofParticipantsatInclusionintheMother,Father,andChildCohortStudy

Demographiccharacteristics

Group1:MS
diagnosedbefore
pregnancy,n=140

MSdiagnosedafterpregnancy

Referencegroup,
n=111,627

Group2:Symptom
onsetbeforepregnancy,
n=98

Group3:Symptom
onsetafterpregnancy,
n=308

Ageatinclusion,y31(4)n30(4)28(5)n30(5)

Paritya1(0–4)1(0–4)1(0–3)1(0–4)

Lowhouseholdincomeb5(4)5(6)22(9)7,402(8)

Maternalshorteducationc3(2)2(2)8(3)2,751(3)

Singlemother5(4)3(4)5(2)2,371(2)

Unplannedpregnancy17(13)8(9)m57(20)19,486(20)

Comorbidityd5(4)9(10)21(7)7,452(7)

Socialsecuritydisabilitye22(17)n0(0)8(3)1,653(2)

Adverselifeeventsf49(41)30(37)87(33)30,462(33)

Adversepregnancyeventsg40(31)28(31)77(26)28,702(28)

Previousanxiety/depressionh37(26)20(20)69(22)24,912(22)

Physical/sexualabusei20(17)17(21)58(22)m15,484(17)

Smokinginpregnancy13(11)14(18)m38(15)m8,405(9)

Alcoholinpregnancyj5(4)2(2)5(2)2,643(3)

PrepregnancyBMI>2543(34)30(35)101(37)m30,803(31)

Depression/anxietyweek18k20(16)6(7)38(14)10,682(11)

MScharacteristic

Ageatdiagnosis,y26(5)34(6)37(6)NA

Yearswith/untilMSdiagnosis5(0to21)−4(−13to0)−8(−17to−1)NA

Yearssince/untilonsetlofMS7(1to21)2(0to15)−6(−17to−1)NA

Yearsfromonsetltodiagnosis1(0to16)8(0to22)1(0to11)NA

TypeofMSNA

RRMS115(82)91(93)298(97)

PPMS1(<1)4(4)4(1)

Unspecified24(17)3(3)6(2)

Abbreviations:BMI=bodymassindex;MS=multiplesclerosis;NA=notapplicable;PPMS=primaryprogressivemultiplesclerosis;RRMS=relapsing-
remittingmultiplesclerosis.
Womenweredividedinto3groupsdefinedbytheirMSstatusinpregnancy.ThereferencegroupconsistedofallwomenwithoutMSdiagnosisduringthe
follow-upperiod.Thenumbermayvarywithinthecolumnsduetomissingdata.CategoricalvariableswerecomparedwithPearsonχ2testorFisherexact
test.ContinuousvariableswereanalyzedwithStudentttestwhennormallydistributedandskeweddatawiththeMann-WhitneyUtest.Valuesaremean(SD),
median(range),orn(%).
aNumberofallpriorpregnancies>24gestationalweeks.Maximumvalueis4,representing4ormore.
bTotalhouseholdincome<60%ofthecohortmedianincomeinthegivenmeasurementyear.
cMaternalshorteducation≤9years.
dPrepregnancychronicdiseasesregisteredbyhealthpersonnelintheMedicalBirthRegistryofNorway:asthma,prepregnancyhypertension,renaldisease,
rheumatoidarthritis,type1diabetes,orepilepsy.
ePermanentsocialsecuritydisabilityorworkassessmentallowancefundedbythegovernment.
f≥1ofthefollowing:problemsatwork/study,financialproblems,divorce/separation/breakup,conflictwithfamilyorfriends,severeinjuryorillnesstothe
womanoralovedone,involvementinaseveretrafficaccident,fireorrobbery,ordeathofacloserelativeorfriendduringthelast12monthsanddefiningitas
“painfulordifficult.”
gPriorhistoryofstillbirthormiscarriages>12weeks,priororcurrentpreeclampsia,orfirsttrimestervaginalbleeding.
hSelf-reportedhistoryofanxietyorpositivescreeningonthelifetimehistoryofmajordepressionscore.
iPhysicalorsexualabuseduringchildhoodoradulthood.QuestionsadaptedfromtheAbuseAssessmentScreen.
jAlcoholconsumption≥1occasionpermonthduringpregnancy.
kAcombinedscoreofdepressionandanxiety(SymptomChecklist5)wasusedinpregnancyweeks17–20.
lFirstMSsymptom.
mLevelofsignificancecomparedtothereferencegroupp<0.05.
nLevelofsignificancecomparedtothereferencegroupp<0.001.
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Table 1 Characteristics of Participants at Inclusion in the Mother, Father, and Child Cohort Study

Demographic characteristics

Group 1: MS
diagnosed before
pregnancy, n = 140

MS diagnosed after pregnancy

Reference group,
n = 111,627

Group 2: Symptom
onset before pregnancy,
n = 98

Group 3: Symptom
onset after pregnancy,
n = 308

Age at inclusion, y 31 (4)
n

30 (4) 28 (5)
n

30 (5)

Parity
a

1 (0–4) 1 (0–4) 1 (0–3) 1 (0–4)

Low household income
b

5 (4) 5 (6) 22 (9) 7,402 (8)

Maternal short education
c

3 (2) 2 (2) 8 (3) 2,751 (3)

Single mother 5 (4) 3 (4) 5 (2) 2,371 (2)

Unplanned pregnancy 17 (13) 8 (9)
m

57 (20) 19,486 (20)

Comorbidity
d

5 (4) 9 (10) 21 (7) 7,452 (7)

Social security disability
e

22 (17)
n

0 (0) 8 (3) 1,653 (2)

Adverse life events
f

49 (41) 30 (37) 87 (33) 30,462 (33)

Adverse pregnancy events
g

40 (31) 28 (31) 77 (26) 28,702 (28)

Previous anxiety/depression
h

37 (26) 20 (20) 69 (22) 24,912 (22)

Physical/sexual abuse
i

20 (17) 17 (21) 58 (22)
m

15,484 (17)

Smoking in pregnancy 13 (11) 14 (18)
m

38 (15)
m

8,405 (9)

Alcohol in pregnancy
j

5 (4) 2 (2) 5 (2) 2,643 (3)

Prepregnancy BMI >25 43 (34) 30 (35) 101 (37)
m

30,803 (31)

Depression/anxiety week 18
k

20 (16) 6 (7) 38 (14) 10,682 (11)

MS characteristic

Age at diagnosis, y 26 (5) 34 (6) 37 (6) NA

Years with/until MS diagnosis 5 (0 to 21) −4 (−13 to 0) −8 (−17 to −1) NA

Years since/until onset
l
of MS 7 (1 to 21) 2 (0 to 15) −6 (−17 to −1) NA

Years from onset
l
to diagnosis 1 (0 to 16) 8 (0 to 22) 1 (0 to 11) NA

Type of MS NA

RRMS 115 (82) 91 (93) 298 (97)

PPMS 1 (<1) 4 (4) 4 (1)

Unspecified 24 (17) 3 (3) 6 (2)

Abbreviations: BMI = body mass index; MS = multiple sclerosis; NA = not applicable; PPMS = primary progressive multiple sclerosis; RRMS = relapsing-
remitting multiple sclerosis.
Women were divided into 3 groups defined by their MS status in pregnancy. The reference group consisted of all women without MS diagnosis during the
follow-up period. The number may vary within the columns due to missing data. Categorical variables were compared with Pearson χ

2
test or Fisher exact

test. Continuous variables were analyzedwith Student t test when normally distributed and skewed datawith theMann-WhitneyU test. Values aremean (SD),
median (range), or n (%).
a
Number of all prior pregnancies >24 gestational weeks. Maximum value is 4, representing 4 or more.

b
Total household income <60% of the cohort median income in the given measurement year.

c
Maternal short education ≤9 years.

d
Prepregnancy chronic diseases registered by health personnel in the Medical Birth Registry of Norway: asthma, prepregnancy hypertension, renal disease,

rheumatoid arthritis, type 1 diabetes, or epilepsy.
e
Permanent social security disability or work assessment allowance funded by the government.

f
≥1 of the following: problems at work/study, financial problems, divorce/separation/breakup, conflict with family or friends, severe injury or illness to the
womanor a loved one, involvement in a severe traffic accident, fire or robbery, or death of a close relative or friend during the last 12months anddefining it as
“painful or difficult.”
g
Prior history of stillbirth or miscarriages >12 weeks, prior or current preeclampsia, or first trimester vaginal bleeding.

h
Self-reported history of anxiety or positive screening on the lifetime history of major depression score.

i
Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen.

j
Alcohol consumption ≥1 occasion per month during pregnancy.

k
A combined score of depression and anxiety (Symptom Checklist 5) was used in pregnancy weeks 17–20.

l
First MS symptom.

m
Level of significance compared to the reference group p < 0.05.

n
Level of significance compared to the reference group p < 0.001.
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“painful or difficult.”
g
Prior history of stillbirth or miscarriages >12 weeks, prior or current preeclampsia, or first trimester vaginal bleeding.

h
Self-reported history of anxiety or positive screening on the lifetime history of major depression score.

i
Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen.

j
Alcohol consumption ≥1 occasion per month during pregnancy.

k
A combined score of depression and anxiety (Symptom Checklist 5) was used in pregnancy weeks 17–20.

l
First MS symptom.

m
Level of significance compared to the reference group p < 0.05.

n
Level of significance compared to the reference group p < 0.001.
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Table1CharacteristicsofParticipantsatInclusionintheMother,Father,andChildCohortStudy

Demographiccharacteristics

Group1:MS
diagnosedbefore
pregnancy,n=140

MSdiagnosedafterpregnancy

Referencegroup,
n=111,627

Group2:Symptom
onsetbeforepregnancy,
n=98

Group3:Symptom
onsetafterpregnancy,
n=308

Ageatinclusion,y31(4)
n

30(4)28(5)
n

30(5)

Parity
a

1(0–4)1(0–4)1(0–3)1(0–4)

Lowhouseholdincome
b

5(4)5(6)22(9)7,402(8)

Maternalshorteducation
c

3(2)2(2)8(3)2,751(3)

Singlemother5(4)3(4)5(2)2,371(2)

Unplannedpregnancy17(13)8(9)
m

57(20)19,486(20)

Comorbidity
d

5(4)9(10)21(7)7,452(7)

Socialsecuritydisability
e

22(17)
n

0(0)8(3)1,653(2)

Adverselifeevents
f

49(41)30(37)87(33)30,462(33)

Adversepregnancyevents
g

40(31)28(31)77(26)28,702(28)

Previousanxiety/depression
h

37(26)20(20)69(22)24,912(22)

Physical/sexualabuse
i

20(17)17(21)58(22)
m

15,484(17)

Smokinginpregnancy13(11)14(18)
m

38(15)
m

8,405(9)

Alcoholinpregnancy
j

5(4)2(2)5(2)2,643(3)

PrepregnancyBMI>2543(34)30(35)101(37)
m

30,803(31)

Depression/anxietyweek18
k

20(16)6(7)38(14)10,682(11)

MScharacteristic

Ageatdiagnosis,y26(5)34(6)37(6)NA

Yearswith/untilMSdiagnosis5(0to21)−4(−13to0)−8(−17to−1)NA

Yearssince/untilonset
l
ofMS7(1to21)2(0to15)−6(−17to−1)NA

Yearsfromonset
l
todiagnosis1(0to16)8(0to22)1(0to11)NA

TypeofMSNA

RRMS115(82)91(93)298(97)

PPMS1(<1)4(4)4(1)

Unspecified24(17)3(3)6(2)

Abbreviations:BMI=bodymassindex;MS=multiplesclerosis;NA=notapplicable;PPMS=primaryprogressivemultiplesclerosis;RRMS=relapsing-
remittingmultiplesclerosis.
Womenweredividedinto3groupsdefinedbytheirMSstatusinpregnancy.ThereferencegroupconsistedofallwomenwithoutMSdiagnosisduringthe
follow-upperiod.Thenumbermayvarywithinthecolumnsduetomissingdata.CategoricalvariableswerecomparedwithPearsonχ

2
testorFisherexact

test.ContinuousvariableswereanalyzedwithStudentttestwhennormallydistributedandskeweddatawiththeMann-WhitneyUtest.Valuesaremean(SD),
median(range),orn(%).
a
Numberofallpriorpregnancies>24gestationalweeks.Maximumvalueis4,representing4ormore.

b
Totalhouseholdincome<60%ofthecohortmedianincomeinthegivenmeasurementyear.

c
Maternalshorteducation≤9years.

d
PrepregnancychronicdiseasesregisteredbyhealthpersonnelintheMedicalBirthRegistryofNorway:asthma,prepregnancyhypertension,renaldisease,

rheumatoidarthritis,type1diabetes,orepilepsy.
e
Permanentsocialsecuritydisabilityorworkassessmentallowancefundedbythegovernment.

f
≥1ofthefollowing:problemsatwork/study,financialproblems,divorce/separation/breakup,conflictwithfamilyorfriends,severeinjuryorillnesstothe
womanoralovedone,involvementinaseveretrafficaccident,fireorrobbery,ordeathofacloserelativeorfriendduringthelast12monthsanddefiningitas
“painfulordifficult.”
g
Priorhistoryofstillbirthormiscarriages>12weeks,priororcurrentpreeclampsia,orfirsttrimestervaginalbleeding.

h
Self-reportedhistoryofanxietyorpositivescreeningonthelifetimehistoryofmajordepressionscore.

i
Physicalorsexualabuseduringchildhoodoradulthood.QuestionsadaptedfromtheAbuseAssessmentScreen.

j
Alcoholconsumption≥1occasionpermonthduringpregnancy.

k
Acombinedscoreofdepressionandanxiety(SymptomChecklist5)wasusedinpregnancyweeks17–20.

l
FirstMSsymptom.

m
Levelofsignificancecomparedtothereferencegroupp<0.05.

n
Levelofsignificancecomparedtothereferencegroupp<0.001.
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MS and depression in the third trimester, 17% had used an-
tidepressants up to this time in pregnancy, compared to 12%
of the depressed women in the reference group (aOR, 1.2;
95% CI, 0.4–4.5).

There were no differences in point prevalence of anxiety be-
tween women with diagnosed MS and the reference group
during and after pregnancy.

Secondary Outcome
The backward stepwise logistic regression analysis identified
several predictors for depression in the third trimester in
women diagnosed with MS before pregnancy (table 3). In-
teraction analyses indicated a synergistic effect between MS

and adverse socioeconomic factors and MS and history of
sexual or physical abuse on the risk of depression. Previous
depression or anxiety did not modify the effect of MS on
depression. Recent MS diagnosis, MS type, and receiving
disability benefits were not predictors for depression (data
available from Dryad, table e-1, doi.org/10.5061/dryad.
g4f4qrfpkv).

Women Diagnosed With MS After Pregnancy
Women diagnosed with MS after pregnancy with symptom
onset before pregnancy (group 2) did not have increased
frequency of depression or anxiety in the perinatal period
(table 4).

Table 2 Depression and Anxiety in Women With Multiple Sclerosis (MS) Diagnosed Before Pregnancy and During the
Postpartum Period

MS diagnosed before pregnancy, n = 140 MS diagnosed postpartum, n = 35

Reference group, n = 111,627, n (%)N (%) OR (95% CI) p Value N (%) OR (95% CI) p Value

Depression

Third trimestera 18 (15)b 2.0 (1.2–3.1)b 0.006b 0 (0)b — 0.043b 8,410 (9)

6 months postpartum 16 (14) 1.5 (0.8–2.5) 0.182 7 (23)b 3.1 (1.3–7.2)b 0.010b 8,246 (10)

18 months postpartum 15 (17) 1.4 (0.8–2.5) 0.279 10 (42)b 5.0 (2.1–11.9)b <0.001b 8,333 (13)

Anxiety

Third trimestera 5 (4) 0.8 (0.4–2.0) 0.705 1 (3) 0.5 (0.1–4.1) 0.552 5,089 (6)

6 months postpartum 4 (4) 0.8 (0.3–2.2) 0.692 3 (10) 2.4 (0.7–7.7) 0.149 4,058 (5)

18 months postpartum 6 (7) 1.4 (0.6–3.2) 0.419 0 (0) — 0.640 3,591 (6)

Point prevalence of depression and anxiety from pregnancy until 18 months postpartum is shown. Adjusted p values and odds ratios (ORs) with 95%
confidence intervals (CIs) for depression and anxiety in women diagnosed with MS before pregnancy and in the postpartum period compared to women
without MS are shown. The number (n) may vary within the columns because of missing data. Depression and anxiety are defined as Hopkins Symptom
Checklist (SCL-4D and SCL-4A, respectively)mean >1.75. Estimates are adjusted for age, parity, overweight (bodymass index >25), and adverse socioeconomic
factors (single mother, low household income <60% of median, and short education ≤9 years).
a Pregnancy week 30.
b Statistically significant.

Table 3 Predictors for Third Trimester Depression in Women With Multiple Sclerosis (MS) Diagnosed Before Pregnancy
and Women Without MS

Predictor

MS (n = 140) Reference group (n = 111,627) Interaction term
MS × predictor,
p valuep Value OR (95% CI) (multivariable) p Value OR (95% CI) (multivariable)

Adverse socioeconomic factorsa 0.006 6.0 (1.7–28.0) <0.001 1.9 (1.7–2.0) 0.061

Sexual/physical abuseb 0.003 5.5 (1.8–17.5) <0.001 1.8 (1.7–1.9) 0.068

Previous depression/anxietyc 0.009 4.6 (1.5–14.6) <0.001 3.6 (3.4–3.8) 0.692

Odds ratios (ORs) with 95% confidence intervals (CIs) for predictors of depression in the third trimester in women with MS diagnosis before pregnancy and
women in the reference group are shown. We manually performed a backward stepwise logistic regression analysis within the group of women with MS
diagnosed before pregnancy, with third trimester depression as the dependent variable and 17 independent variables as potential predictors (data available
from Dryad, table e-1, doi.org/10.5061/dryad.g4f4qrfpkv). The alpha to enter the multivariate model was ≤0.1 and ≥0.05 for variable removal. Predictors
remaining in themodel are shown here. The final model was subsequently run on the reference group to compare estimates of ORs.We performed separate
backward stepwise logistic regression analyses on the reference group (data available from Dryad, figure e-1). The remaining predictors for the MS
population were included as interaction terms in logistic regression analyses on the entire population with third trimester depression as the dependent
variable with adjustment for age, parity, socioeconomic factors, and prepregnancy body mass index >25.
a Single mother, low household income <60% of median, or short education ≤9 years.
b Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen.
c Self-reported history of anxiety or positive screening on the lifetime history of major depression score.

Neurology.org/N Neurology | Volume 96, Number 23 | June 8, 2021 e2795

MSanddepressioninthethirdtrimester,17%hadusedan-
tidepressantsuptothistimeinpregnancy,comparedto12%
ofthedepressedwomeninthereferencegroup(aOR,1.2;
95%CI,0.4–4.5).

Therewerenodifferencesinpointprevalenceofanxietybe-
tweenwomenwithdiagnosedMSandthereferencegroup
duringandafterpregnancy.

SecondaryOutcome
Thebackwardstepwiselogisticregressionanalysisidentified
severalpredictorsfordepressioninthethirdtrimesterin
womendiagnosedwithMSbeforepregnancy(table3).In-
teractionanalysesindicatedasynergisticeffectbetweenMS

andadversesocioeconomicfactorsandMSandhistoryof
sexualorphysicalabuseontheriskofdepression.Previous
depressionoranxietydidnotmodifytheeffectofMSon
depression.RecentMSdiagnosis,MStype,andreceiving
disabilitybenefitswerenotpredictorsfordepression(data
availablefromDryad,tablee-1,doi.org/10.5061/dryad.
g4f4qrfpkv).

WomenDiagnosedWithMSAfterPregnancy
WomendiagnosedwithMSafterpregnancywithsymptom
onsetbeforepregnancy(group2)didnothaveincreased
frequencyofdepressionoranxietyintheperinatalperiod
(table4).

Table2DepressionandAnxietyinWomenWithMultipleSclerosis(MS)DiagnosedBeforePregnancyandDuringthe
PostpartumPeriod

MSdiagnosedbeforepregnancy,n=140MSdiagnosedpostpartum,n=35

Referencegroup,n=111,627,n(%) N(%)OR(95%CI)pValueN(%)OR(95%CI)pValue

Depression

Thirdtrimestera18(15)b2.0(1.2–3.1)b0.006b0(0)b—0.043b8,410(9)

6monthspostpartum16(14)1.5(0.8–2.5)0.1827(23)b3.1(1.3–7.2)b0.010b8,246(10)

18monthspostpartum15(17)1.4(0.8–2.5)0.27910(42)b5.0(2.1–11.9)b<0.001b8,333(13)

Anxiety

Thirdtrimestera5(4)0.8(0.4–2.0)0.7051(3)0.5(0.1–4.1)0.5525,089(6)

6monthspostpartum4(4)0.8(0.3–2.2)0.6923(10)2.4(0.7–7.7)0.1494,058(5)

18monthspostpartum6(7)1.4(0.6–3.2)0.4190(0)—0.6403,591(6)

Pointprevalenceofdepressionandanxietyfrompregnancyuntil18monthspostpartumisshown.Adjustedpvaluesandoddsratios(ORs)with95%
confidenceintervals(CIs)fordepressionandanxietyinwomendiagnosedwithMSbeforepregnancyandinthepostpartumperiodcomparedtowomen
withoutMSareshown.Thenumber(n)mayvarywithinthecolumnsbecauseofmissingdata.DepressionandanxietyaredefinedasHopkinsSymptom
Checklist(SCL-4DandSCL-4A,respectively)mean>1.75.Estimatesareadjustedforage,parity,overweight(bodymassindex>25),andadversesocioeconomic
factors(singlemother,lowhouseholdincome<60%ofmedian,andshorteducation≤9years).
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bStatisticallysignificant.

Table3PredictorsforThirdTrimesterDepressioninWomenWithMultipleSclerosis(MS)DiagnosedBeforePregnancy
andWomenWithoutMS

Predictor
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MS×predictor,
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Previousdepression/anxietyc0.0094.6(1.5–14.6)<0.0013.6(3.4–3.8)0.692
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populationwereincludedasinteractiontermsinlogisticregressionanalysesontheentirepopulationwiththirdtrimesterdepressionasthedependent
variablewithadjustmentforage,parity,socioeconomicfactors,andprepregnancybodymassindex>25.
aSinglemother,lowhouseholdincome<60%ofmedian,orshorteducation≤9years.
bPhysicalorsexualabuseduringchildhoodoradulthood.QuestionsadaptedfromtheAbuseAssessmentScreen.
cSelf-reportedhistoryofanxietyorpositivescreeningonthelifetimehistoryofmajordepressionscore.
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MSanddepressioninthethirdtrimester,17%hadusedan-
tidepressantsuptothistimeinpregnancy,comparedto12%
ofthedepressedwomeninthereferencegroup(aOR,1.2;
95%CI,0.4–4.5).

Therewerenodifferencesinpointprevalenceofanxietybe-
tweenwomenwithdiagnosedMSandthereferencegroup
duringandafterpregnancy.

SecondaryOutcome
Thebackwardstepwiselogisticregressionanalysisidentified
severalpredictorsfordepressioninthethirdtrimesterin
womendiagnosedwithMSbeforepregnancy(table3).In-
teractionanalysesindicatedasynergisticeffectbetweenMS

andadversesocioeconomicfactorsandMSandhistoryof
sexualorphysicalabuseontheriskofdepression.Previous
depressionoranxietydidnotmodifytheeffectofMSon
depression.RecentMSdiagnosis,MStype,andreceiving
disabilitybenefitswerenotpredictorsfordepression(data
availablefromDryad,tablee-1,doi.org/10.5061/dryad.
g4f4qrfpkv).

WomenDiagnosedWithMSAfterPregnancy
WomendiagnosedwithMSafterpregnancywithsymptom
onsetbeforepregnancy(group2)didnothaveincreased
frequencyofdepressionoranxietyintheperinatalperiod
(table4).
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factors(singlemother,lowhouseholdincome<60%ofmedian,andshorteducation≤9years).
aPregnancyweek30.
bStatisticallysignificant.
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MS and depression in the third trimester, 17% had used an-
tidepressants up to this time in pregnancy, compared to 12%
of the depressed women in the reference group (aOR, 1.2;
95% CI, 0.4–4.5).

There were no differences in point prevalence of anxiety be-
tween women with diagnosed MS and the reference group
during and after pregnancy.

Secondary Outcome
The backward stepwise logistic regression analysis identified
several predictors for depression in the third trimester in
women diagnosed with MS before pregnancy (table 3). In-
teraction analyses indicated a synergistic effect between MS

and adverse socioeconomic factors and MS and history of
sexual or physical abuse on the risk of depression. Previous
depression or anxiety did not modify the effect of MS on
depression. Recent MS diagnosis, MS type, and receiving
disability benefits were not predictors for depression (data
available from Dryad, table e-1, doi.org/10.5061/dryad.
g4f4qrfpkv).

Women Diagnosed With MS After Pregnancy
Women diagnosed with MS after pregnancy with symptom
onset before pregnancy (group 2) did not have increased
frequency of depression or anxiety in the perinatal period
(table 4).

Table 2 Depression and Anxiety in Women With Multiple Sclerosis (MS) Diagnosed Before Pregnancy and During the
Postpartum Period

MS diagnosed before pregnancy, n = 140 MS diagnosed postpartum, n = 35

Reference group, n = 111,627, n (%)N (%) OR (95% CI) p Value N (%) OR (95% CI) p Value

Depression

Third trimester
a

18 (15)
b

2.0 (1.2–3.1)
b

0.006
b

0 (0)
b

— 0.043
b

8,410 (9)

6 months postpartum 16 (14) 1.5 (0.8–2.5) 0.182 7 (23)
b

3.1 (1.3–7.2)
b

0.010
b

8,246 (10)

18 months postpartum 15 (17) 1.4 (0.8–2.5) 0.279 10 (42)
b

5.0 (2.1–11.9)
b

<0.001
b

8,333 (13)

Anxiety

Third trimester
a

5 (4) 0.8 (0.4–2.0) 0.705 1 (3) 0.5 (0.1–4.1) 0.552 5,089 (6)

6 months postpartum 4 (4) 0.8 (0.3–2.2) 0.692 3 (10) 2.4 (0.7–7.7) 0.149 4,058 (5)

18 months postpartum 6 (7) 1.4 (0.6–3.2) 0.419 0 (0) — 0.640 3,591 (6)

Point prevalence of depression and anxiety from pregnancy until 18 months postpartum is shown. Adjusted p values and odds ratios (ORs) with 95%
confidence intervals (CIs) for depression and anxiety in women diagnosed with MS before pregnancy and in the postpartum period compared to women
without MS are shown. The number (n) may vary within the columns because of missing data. Depression and anxiety are defined as Hopkins Symptom
Checklist (SCL-4D and SCL-4A, respectively)mean >1.75. Estimates are adjusted for age, parity, overweight (bodymass index >25), and adverse socioeconomic
factors (single mother, low household income <60% of median, and short education ≤9 years).
a
Pregnancy week 30.

b
Statistically significant.

Table 3 Predictors for Third Trimester Depression in Women With Multiple Sclerosis (MS) Diagnosed Before Pregnancy
and Women Without MS

Predictor

MS (n = 140) Reference group (n = 111,627) Interaction term
MS × predictor,
p valuep Value OR (95% CI) (multivariable) p Value OR (95% CI) (multivariable)

Adverse socioeconomic factors
a

0.006 6.0 (1.7–28.0) <0.001 1.9 (1.7–2.0) 0.061

Sexual/physical abuse
b

0.003 5.5 (1.8–17.5) <0.001 1.8 (1.7–1.9) 0.068

Previous depression/anxiety
c

0.009 4.6 (1.5–14.6) <0.001 3.6 (3.4–3.8) 0.692

Odds ratios (ORs) with 95% confidence intervals (CIs) for predictors of depression in the third trimester in women with MS diagnosis before pregnancy and
women in the reference group are shown. We manually performed a backward stepwise logistic regression analysis within the group of women with MS
diagnosed before pregnancy, with third trimester depression as the dependent variable and 17 independent variables as potential predictors (data available
from Dryad, table e-1, doi.org/10.5061/dryad.g4f4qrfpkv). The alpha to enter the multivariate model was ≤0.1 and ≥0.05 for variable removal. Predictors
remaining in themodel are shown here. The final model was subsequently run on the reference group to compare estimates of ORs.We performed separate
backward stepwise logistic regression analyses on the reference group (data available from Dryad, figure e-1). The remaining predictors for the MS
population were included as interaction terms in logistic regression analyses on the entire population with third trimester depression as the dependent
variable with adjustment for age, parity, socioeconomic factors, and prepregnancy body mass index >25.
a
Single mother, low household income <60% of median, or short education ≤9 years.

b
Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen.

c
Self-reported history of anxiety or positive screening on the lifetime history of major depression score.
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Point prevalence of depression and anxiety from pregnancy until 18 months postpartum is shown. Adjusted p values and odds ratios (ORs) with 95%
confidence intervals (CIs) for depression and anxiety in women diagnosed with MS before pregnancy and in the postpartum period compared to women
without MS are shown. The number (n) may vary within the columns because of missing data. Depression and anxiety are defined as Hopkins Symptom
Checklist (SCL-4D and SCL-4A, respectively)mean >1.75. Estimates are adjusted for age, parity, overweight (bodymass index >25), and adverse socioeconomic
factors (single mother, low household income <60% of median, and short education ≤9 years).
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Pregnancy week 30.

b
Statistically significant.
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and Women Without MS

Predictor

MS (n = 140) Reference group (n = 111,627) Interaction term
MS × predictor,
p valuep Value OR (95% CI) (multivariable) p Value OR (95% CI) (multivariable)

Adverse socioeconomic factors
a

0.006 6.0 (1.7–28.0) <0.001 1.9 (1.7–2.0) 0.061

Sexual/physical abuse
b

0.003 5.5 (1.8–17.5) <0.001 1.8 (1.7–1.9) 0.068

Previous depression/anxiety
c

0.009 4.6 (1.5–14.6) <0.001 3.6 (3.4–3.8) 0.692

Odds ratios (ORs) with 95% confidence intervals (CIs) for predictors of depression in the third trimester in women with MS diagnosis before pregnancy and
women in the reference group are shown. We manually performed a backward stepwise logistic regression analysis within the group of women with MS
diagnosed before pregnancy, with third trimester depression as the dependent variable and 17 independent variables as potential predictors (data available
from Dryad, table e-1, doi.org/10.5061/dryad.g4f4qrfpkv). The alpha to enter the multivariate model was ≤0.1 and ≥0.05 for variable removal. Predictors
remaining in themodel are shown here. The final model was subsequently run on the reference group to compare estimates of ORs.We performed separate
backward stepwise logistic regression analyses on the reference group (data available from Dryad, figure e-1). The remaining predictors for the MS
population were included as interaction terms in logistic regression analyses on the entire population with third trimester depression as the dependent
variable with adjustment for age, parity, socioeconomic factors, and prepregnancy body mass index >25.
a
Single mother, low household income <60% of median, or short education ≤9 years.

b
Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen.

c
Self-reported history of anxiety or positive screening on the lifetime history of major depression score.
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MSanddepressioninthethirdtrimester,17%hadusedan-
tidepressantsuptothistimeinpregnancy,comparedto12%
ofthedepressedwomeninthereferencegroup(aOR,1.2;
95%CI,0.4–4.5).

Therewerenodifferencesinpointprevalenceofanxietybe-
tweenwomenwithdiagnosedMSandthereferencegroup
duringandafterpregnancy.

SecondaryOutcome
Thebackwardstepwiselogisticregressionanalysisidentified
severalpredictorsfordepressioninthethirdtrimesterin
womendiagnosedwithMSbeforepregnancy(table3).In-
teractionanalysesindicatedasynergisticeffectbetweenMS

andadversesocioeconomicfactorsandMSandhistoryof
sexualorphysicalabuseontheriskofdepression.Previous
depressionoranxietydidnotmodifytheeffectofMSon
depression.RecentMSdiagnosis,MStype,andreceiving
disabilitybenefitswerenotpredictorsfordepression(data
availablefromDryad,tablee-1,doi.org/10.5061/dryad.
g4f4qrfpkv).

WomenDiagnosedWithMSAfterPregnancy
WomendiagnosedwithMSafterpregnancywithsymptom
onsetbeforepregnancy(group2)didnothaveincreased
frequencyofdepressionoranxietyintheperinatalperiod
(table4).

Table2DepressionandAnxietyinWomenWithMultipleSclerosis(MS)DiagnosedBeforePregnancyandDuringthe
PostpartumPeriod

MSdiagnosedbeforepregnancy,n=140MSdiagnosedpostpartum,n=35

Referencegroup,n=111,627,n(%) N(%)OR(95%CI)pValueN(%)OR(95%CI)pValue

Depression

Thirdtrimester
a

18(15)
b

2.0(1.2–3.1)
b

0.006
b

0(0)
b

—0.043
b

8,410(9)

6monthspostpartum16(14)1.5(0.8–2.5)0.1827(23)
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b

8,333(13)

Anxiety

Thirdtrimester
a

5(4)0.8(0.4–2.0)0.7051(3)0.5(0.1–4.1)0.5525,089(6)

6monthspostpartum4(4)0.8(0.3–2.2)0.6923(10)2.4(0.7–7.7)0.1494,058(5)

18monthspostpartum6(7)1.4(0.6–3.2)0.4190(0)—0.6403,591(6)

Pointprevalenceofdepressionandanxietyfrompregnancyuntil18monthspostpartumisshown.Adjustedpvaluesandoddsratios(ORs)with95%
confidenceintervals(CIs)fordepressionandanxietyinwomendiagnosedwithMSbeforepregnancyandinthepostpartumperiodcomparedtowomen
withoutMSareshown.Thenumber(n)mayvarywithinthecolumnsbecauseofmissingdata.DepressionandanxietyaredefinedasHopkinsSymptom
Checklist(SCL-4DandSCL-4A,respectively)mean>1.75.Estimatesareadjustedforage,parity,overweight(bodymassindex>25),andadversesocioeconomic
factors(singlemother,lowhouseholdincome<60%ofmedian,andshorteducation≤9years).
a
Pregnancyweek30.

b
Statisticallysignificant.

Table3PredictorsforThirdTrimesterDepressioninWomenWithMultipleSclerosis(MS)DiagnosedBeforePregnancy
andWomenWithoutMS

Predictor

MS(n=140)Referencegroup(n=111,627)Interactionterm
MS×predictor,
pvalue pValueOR(95%CI)(multivariable)pValueOR(95%CI)(multivariable)

Adversesocioeconomicfactors
a

0.0066.0(1.7–28.0)<0.0011.9(1.7–2.0)0.061

Sexual/physicalabuse
b

0.0035.5(1.8–17.5)<0.0011.8(1.7–1.9)0.068

Previousdepression/anxiety
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Oddsratios(ORs)with95%confidenceintervals(CIs)forpredictorsofdepressioninthethirdtrimesterinwomenwithMSdiagnosisbeforepregnancyand
womeninthereferencegroupareshown.WemanuallyperformedabackwardstepwiselogisticregressionanalysiswithinthegroupofwomenwithMS
diagnosedbeforepregnancy,withthirdtrimesterdepressionasthedependentvariableand17independentvariablesaspotentialpredictors(dataavailable
fromDryad,tablee-1,doi.org/10.5061/dryad.g4f4qrfpkv).Thealphatoenterthemultivariatemodelwas≤0.1and≥0.05forvariableremoval.Predictors
remaininginthemodelareshownhere.ThefinalmodelwassubsequentlyrunonthereferencegrouptocompareestimatesofORs.Weperformedseparate
backwardstepwiselogisticregressionanalysesonthereferencegroup(dataavailablefromDryad,figuree-1).TheremainingpredictorsfortheMS
populationwereincludedasinteractiontermsinlogisticregressionanalysesontheentirepopulationwiththirdtrimesterdepressionasthedependent
variablewithadjustmentforage,parity,socioeconomicfactors,andprepregnancybodymassindex>25.
a
Singlemother,lowhouseholdincome<60%ofmedian,orshorteducation≤9years.

b
Physicalorsexualabuseduringchildhoodoradulthood.QuestionsadaptedfromtheAbuseAssessmentScreen.

c
Self-reportedhistoryofanxietyorpositivescreeningonthelifetimehistoryofmajordepressionscore.
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backwardstepwiselogisticregressionanalysesonthereferencegroup(dataavailablefromDryad,figuree-1).TheremainingpredictorsfortheMS
populationwereincludedasinteractiontermsinlogisticregressionanalysesontheentirepopulationwiththirdtrimesterdepressionasthedependent
variablewithadjustmentforage,parity,socioeconomicfactors,andprepregnancybodymassindex>25.
a
Singlemother,lowhouseholdincome<60%ofmedian,orshorteducation≤9years.

b
Physicalorsexualabuseduringchildhoodoradulthood.QuestionsadaptedfromtheAbuseAssessmentScreen.

c
Self-reportedhistoryofanxietyorpositivescreeningonthelifetimehistoryofmajordepressionscore.
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MSanddepressioninthethirdtrimester,17%hadusedan-
tidepressantsuptothistimeinpregnancy,comparedto12%
ofthedepressedwomeninthereferencegroup(aOR,1.2;
95%CI,0.4–4.5).

Therewerenodifferencesinpointprevalenceofanxietybe-
tweenwomenwithdiagnosedMSandthereferencegroup
duringandafterpregnancy.

SecondaryOutcome
Thebackwardstepwiselogisticregressionanalysisidentified
severalpredictorsfordepressioninthethirdtrimesterin
womendiagnosedwithMSbeforepregnancy(table3).In-
teractionanalysesindicatedasynergisticeffectbetweenMS

andadversesocioeconomicfactorsandMSandhistoryof
sexualorphysicalabuseontheriskofdepression.Previous
depressionoranxietydidnotmodifytheeffectofMSon
depression.RecentMSdiagnosis,MStype,andreceiving
disabilitybenefitswerenotpredictorsfordepression(data
availablefromDryad,tablee-1,doi.org/10.5061/dryad.
g4f4qrfpkv).

WomenDiagnosedWithMSAfterPregnancy
WomendiagnosedwithMSafterpregnancywithsymptom
onsetbeforepregnancy(group2)didnothaveincreased
frequencyofdepressionoranxietyintheperinatalperiod
(table4).

Table2DepressionandAnxietyinWomenWithMultipleSclerosis(MS)DiagnosedBeforePregnancyandDuringthe
PostpartumPeriod

MSdiagnosedbeforepregnancy,n=140MSdiagnosedpostpartum,n=35

Referencegroup,n=111,627,n(%) N(%)OR(95%CI)pValueN(%)OR(95%CI)pValue
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a
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b

2.0(1.2–3.1)
b

0.006
b

0(0)
b

—0.043
b
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6monthspostpartum16(14)1.5(0.8–2.5)0.1827(23)
b
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b
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b
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b
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6monthspostpartum4(4)0.8(0.3–2.2)0.6923(10)2.4(0.7–7.7)0.1494,058(5)

18monthspostpartum6(7)1.4(0.6–3.2)0.4190(0)—0.6403,591(6)

Pointprevalenceofdepressionandanxietyfrompregnancyuntil18monthspostpartumisshown.Adjustedpvaluesandoddsratios(ORs)with95%
confidenceintervals(CIs)fordepressionandanxietyinwomendiagnosedwithMSbeforepregnancyandinthepostpartumperiodcomparedtowomen
withoutMSareshown.Thenumber(n)mayvarywithinthecolumnsbecauseofmissingdata.DepressionandanxietyaredefinedasHopkinsSymptom
Checklist(SCL-4DandSCL-4A,respectively)mean>1.75.Estimatesareadjustedforage,parity,overweight(bodymassindex>25),andadversesocioeconomic
factors(singlemother,lowhouseholdincome<60%ofmedian,andshorteducation≤9years).
a
Pregnancyweek30.

b
Statisticallysignificant.

Table3PredictorsforThirdTrimesterDepressioninWomenWithMultipleSclerosis(MS)DiagnosedBeforePregnancy
andWomenWithoutMS
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Adversesocioeconomicfactors
a
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b
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0.0094.6(1.5–14.6)<0.0013.6(3.4–3.8)0.692

Oddsratios(ORs)with95%confidenceintervals(CIs)forpredictorsofdepressioninthethirdtrimesterinwomenwithMSdiagnosisbeforepregnancyand
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diagnosedbeforepregnancy,withthirdtrimesterdepressionasthedependentvariableand17independentvariablesaspotentialpredictors(dataavailable
fromDryad,tablee-1,doi.org/10.5061/dryad.g4f4qrfpkv).Thealphatoenterthemultivariatemodelwas≤0.1and≥0.05forvariableremoval.Predictors
remaininginthemodelareshownhere.ThefinalmodelwassubsequentlyrunonthereferencegrouptocompareestimatesofORs.Weperformedseparate
backwardstepwiselogisticregressionanalysesonthereferencegroup(dataavailablefromDryad,figuree-1).TheremainingpredictorsfortheMS
populationwereincludedasinteractiontermsinlogisticregressionanalysesontheentirepopulationwiththirdtrimesterdepressionasthedependent
variablewithadjustmentforage,parity,socioeconomicfactors,andprepregnancybodymassindex>25.
a
Singlemother,lowhouseholdincome<60%ofmedian,orshorteducation≤9years.

b
Physicalorsexualabuseduringchildhoodoradulthood.QuestionsadaptedfromtheAbuseAssessmentScreen.

c
Self-reportedhistoryofanxietyorpositivescreeningonthelifetimehistoryofmajordepressionscore.
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Among women with symptom onset after pregnancy
(group 3), those with their first MS symptom within 5 years
after pregnancy (n = 136) had higher frequency of de-
pression and anxiety in the third trimester compared to the
reference group (depression: 14% vs 9%, anxiety: 9% vs
6%) (table 4). In contrast, women with more than 5 years
to onset of symptoms (n = 172) did not have higher fre-
quency of depression or anxiety at any assessment in the
perinatal period.

Women Diagnosed With MS Postpartum
Thirty-five women were diagnosed with MS during the 18-
month postpartum period (figure 1). Although none of these
was depressed at the assessment in the third trimester, they
had a higher frequency of depression compared to the refer-
ence group both at 6 months (23% vs 10%) and at 18 months
postpartum (42% vs 13%) (table 2). There were no differ-
ences in point prevalences of anxiety between women with
postpartum MS diagnosis and the reference group. Median
time from symptom onset to diagnosis was 2 years (range
0–12) in women with postpartum depression in this group,
compared to 1 year (range 0–12) for this MS group as a
whole.

Women in the reference group who were diagnosed with
other chronic diseases in the postpartum period (n = 2,640)
more often had postpartum depression compared to the
remaining “healthy” proportion of the reference group, but
numerically lower than for women with postpartum MS di-
agnosis (figure 3). The aORs of postpartum depression in
women diagnosed with MS postpartum compared to women
diagnosed with other chronic diseases in the same period was
1.5 (95% CI, 0.6–3.4) at 6 months and 1.9 (95% CI, 0.8–4.2)
18 months postpartum.

Discussion
Our study found increased risk of depression during preg-
nancy in women with an established MS diagnosis. Fur-
thermore, women with MS and depression in pregnancy had
more prolonged depressive symptoms, lasting into the
postpartum period. However, the prognosis for recovery was
similar 18 months postpartum. Women who were diagnosed
with MS in the postpartum period had a high risk of post-
partum depression.

Table 4 Perinatal Depression and Anxiety in Women Diagnosed With Multiple Sclerosis (MS) After Pregnancy

Symptom onset before pregnancy, n = 98 Symptom onset after pregnancy, n = 308

Reference group,
n = 111,627, n (%)N (%) OR (95% CI)

≤5 years after
pregnancy, n = 136

>5 years after
pregnancy,a n = 172

N (%) OR (95% CI) N (%) OR (95% CI)

Depression

Third trimesterb 5 (6) 0.5 (0.2–1.4) 17 (14)c 1.9 (1.1–3.1)c 16 (11) 1.2 (0.7–2.0) 8,410 (9)

6 months postpartum 9 (11) 1.3 (0.6–2.6) 16 (14) 1.8 (0.99–3.1) 17 (12) 1.2 (0.7–2.0) 8,246 (10)

Anxiety

Third trimesterb 3 (4) 0.7 (0.2–2.2) 11 (9)c 2.0 (1.1–3.7)c 8 (6) 0.7 (0.3–1.6) 5,089 (6)

6 months postpartum 4 (5) 1.1 (0.4–3.1) 7 (6) 1.3 (0.6–3.0) 11 (8) 1.8 (0.9–3.2) 4,058 (5)

The number (n) may vary within the columns due to missing data.
Point prevalence of depression and anxiety from pregnancy until 6 months postpartum is shown. Adjusted p values and odds ratios (ORs) with 95%
confidence intervals (CIs) for depression and anxiety in women diagnosed withMS after pregnancy compared to a reference group of womenwithoutMS are
shown. Depression and anxiety are defined as Hopkins Symptom Checklist (SCL-4D and SCL-4A, respectively) mean >1.75. Estimates are adjusted for age,
parity, overweight (body mass index >25), and adverse socioeconomic factors (single mother, low income <60% of median, and short education ≤9 years).
a 6–17 years after pregnancy.
b Pregnancy week 30.
c Statistically significant.

Figure 3 Perinatal Depression in Women Diagnosed With
Multiple Sclerosis (MS) or Other Chronic Disease
in the Postpartum Period

Point prevalence of depression from pregnancy week 30 until 18 months
postpartum in women who were diagnosed with MS (n = 35) or another
chronic disease (n = 2,640) in the 18-month postpartum period. Women
without MS or another postpartum chronic diagnosis (n = 108,987) repre-
sents the reference group. Depression is defined as Hopkins Symptom
Checklist 4Dmean >1.75. N values are given for the first assessment and are
later lower due to missing data. Women who were pregnant 18 months
postpartum were excluded (figure 2).
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Amongwomenwithsymptomonsetafterpregnancy
(group3),thosewiththeirfirstMSsymptomwithin5years
afterpregnancy(n=136)hadhigherfrequencyofde-
pressionandanxietyinthethirdtrimestercomparedtothe
referencegroup(depression:14%vs9%,anxiety:9%vs
6%)(table4).Incontrast,womenwithmorethan5years
toonsetofsymptoms(n=172)didnothavehigherfre-
quencyofdepressionoranxietyatanyassessmentinthe
perinatalperiod.

WomenDiagnosedWithMSPostpartum
Thirty-fivewomenwerediagnosedwithMSduringthe18-
monthpostpartumperiod(figure1).Althoughnoneofthese
wasdepressedattheassessmentinthethirdtrimester,they
hadahigherfrequencyofdepressioncomparedtotherefer-
encegroupbothat6months(23%vs10%)andat18months
postpartum(42%vs13%)(table2).Therewerenodiffer-
encesinpointprevalencesofanxietybetweenwomenwith
postpartumMSdiagnosisandthereferencegroup.Median
timefromsymptomonsettodiagnosiswas2years(range
0–12)inwomenwithpostpartumdepressioninthisgroup,
comparedto1year(range0–12)forthisMSgroupasa
whole.

Womeninthereferencegroupwhowerediagnosedwith
otherchronicdiseasesinthepostpartumperiod(n=2,640)
moreoftenhadpostpartumdepressioncomparedtothe
remaining“healthy”proportionofthereferencegroup,but
numericallylowerthanforwomenwithpostpartumMSdi-
agnosis(figure3).TheaORsofpostpartumdepressionin
womendiagnosedwithMSpostpartumcomparedtowomen
diagnosedwithotherchronicdiseasesinthesameperiodwas
1.5(95%CI,0.6–3.4)at6monthsand1.9(95%CI,0.8–4.2)
18monthspostpartum.

Discussion
Ourstudyfoundincreasedriskofdepressionduringpreg-
nancyinwomenwithanestablishedMSdiagnosis.Fur-
thermore,womenwithMSanddepressioninpregnancyhad
moreprolongeddepressivesymptoms,lastingintothe
postpartumperiod.However,theprognosisforrecoverywas
similar18monthspostpartum.Womenwhowerediagnosed
withMSinthepostpartumperiodhadahighriskofpost-
partumdepression.

Table4PerinatalDepressionandAnxietyinWomenDiagnosedWithMultipleSclerosis(MS)AfterPregnancy

Symptomonsetbeforepregnancy,n=98Symptomonsetafterpregnancy,n=308

Referencegroup,
n=111,627,n(%) N(%)OR(95%CI)

≤5yearsafter
pregnancy,n=136

>5yearsafter
pregnancy,an=172

N(%)OR(95%CI)N(%)OR(95%CI)

Depression

Thirdtrimesterb5(6)0.5(0.2–1.4)17(14)c1.9(1.1–3.1)c16(11)1.2(0.7–2.0)8,410(9)

6monthspostpartum9(11)1.3(0.6–2.6)16(14)1.8(0.99–3.1)17(12)1.2(0.7–2.0)8,246(10)

Anxiety

Thirdtrimesterb3(4)0.7(0.2–2.2)11(9)c2.0(1.1–3.7)c8(6)0.7(0.3–1.6)5,089(6)

6monthspostpartum4(5)1.1(0.4–3.1)7(6)1.3(0.6–3.0)11(8)1.8(0.9–3.2)4,058(5)

Thenumber(n)mayvarywithinthecolumnsduetomissingdata.
Pointprevalenceofdepressionandanxietyfrompregnancyuntil6monthspostpartumisshown.Adjustedpvaluesandoddsratios(ORs)with95%
confidenceintervals(CIs)fordepressionandanxietyinwomendiagnosedwithMSafterpregnancycomparedtoareferencegroupofwomenwithoutMSare
shown.DepressionandanxietyaredefinedasHopkinsSymptomChecklist(SCL-4DandSCL-4A,respectively)mean>1.75.Estimatesareadjustedforage,
parity,overweight(bodymassindex>25),andadversesocioeconomicfactors(singlemother,lowincome<60%ofmedian,andshorteducation≤9years).
a6–17yearsafterpregnancy.
bPregnancyweek30.
cStatisticallysignificant.

Figure3PerinatalDepressioninWomenDiagnosedWith
MultipleSclerosis(MS)orOtherChronicDisease
inthePostpartumPeriod

Pointprevalenceofdepressionfrompregnancyweek30until18months
postpartuminwomenwhowerediagnosedwithMS(n=35)oranother
chronicdisease(n=2,640)inthe18-monthpostpartumperiod.Women
withoutMSoranotherpostpartumchronicdiagnosis(n=108,987)repre-
sentsthereferencegroup.DepressionisdefinedasHopkinsSymptom
Checklist4Dmean>1.75.Nvaluesaregivenforthefirstassessmentandare
laterlowerduetomissingdata.Womenwhowerepregnant18months
postpartumwereexcluded(figure2).
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Among women with symptom onset after pregnancy
(group 3), those with their first MS symptom within 5 years
after pregnancy (n = 136) had higher frequency of de-
pression and anxiety in the third trimester compared to the
reference group (depression: 14% vs 9%, anxiety: 9% vs
6%) (table 4). In contrast, women with more than 5 years
to onset of symptoms (n = 172) did not have higher fre-
quency of depression or anxiety at any assessment in the
perinatal period.

Women Diagnosed With MS Postpartum
Thirty-five women were diagnosed with MS during the 18-
month postpartum period (figure 1). Although none of these
was depressed at the assessment in the third trimester, they
had a higher frequency of depression compared to the refer-
ence group both at 6 months (23% vs 10%) and at 18 months
postpartum (42% vs 13%) (table 2). There were no differ-
ences in point prevalences of anxiety between women with
postpartum MS diagnosis and the reference group. Median
time from symptom onset to diagnosis was 2 years (range
0–12) in women with postpartum depression in this group,
compared to 1 year (range 0–12) for this MS group as a
whole.

Women in the reference group who were diagnosed with
other chronic diseases in the postpartum period (n = 2,640)
more often had postpartum depression compared to the
remaining “healthy” proportion of the reference group, but
numerically lower than for women with postpartum MS di-
agnosis (figure 3). The aORs of postpartum depression in
women diagnosed with MS postpartum compared to women
diagnosed with other chronic diseases in the same period was
1.5 (95% CI, 0.6–3.4) at 6 months and 1.9 (95% CI, 0.8–4.2)
18 months postpartum.

Discussion
Our study found increased risk of depression during preg-
nancy in women with an established MS diagnosis. Fur-
thermore, women with MS and depression in pregnancy had
more prolonged depressive symptoms, lasting into the
postpartum period. However, the prognosis for recovery was
similar 18 months postpartum. Women who were diagnosed
with MS in the postpartum period had a high risk of post-
partum depression.

Table 4 Perinatal Depression and Anxiety in Women Diagnosed With Multiple Sclerosis (MS) After Pregnancy

Symptom onset before pregnancy, n = 98 Symptom onset after pregnancy, n = 308

Reference group,
n = 111,627, n (%)N (%) OR (95% CI)

≤5 years after
pregnancy, n = 136

>5 years after
pregnancy,

a
n = 172

N (%) OR (95% CI) N (%) OR (95% CI)

Depression

Third trimester
b

5 (6) 0.5 (0.2–1.4) 17 (14)
c

1.9 (1.1–3.1)
c

16 (11) 1.2 (0.7–2.0) 8,410 (9)

6 months postpartum 9 (11) 1.3 (0.6–2.6) 16 (14) 1.8 (0.99–3.1) 17 (12) 1.2 (0.7–2.0) 8,246 (10)
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Third trimester
b

3 (4) 0.7 (0.2–2.2) 11 (9)
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c
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The number (n) may vary within the columns due to missing data.
Point prevalence of depression and anxiety from pregnancy until 6 months postpartum is shown. Adjusted p values and odds ratios (ORs) with 95%
confidence intervals (CIs) for depression and anxiety in women diagnosed withMS after pregnancy compared to a reference group of womenwithoutMS are
shown. Depression and anxiety are defined as Hopkins Symptom Checklist (SCL-4D and SCL-4A, respectively) mean >1.75. Estimates are adjusted for age,
parity, overweight (body mass index >25), and adverse socioeconomic factors (single mother, low income <60% of median, and short education ≤9 years).
a
6–17 years after pregnancy.

b
Pregnancy week 30.

c
Statistically significant.

Figure 3 Perinatal Depression in Women Diagnosed With
Multiple Sclerosis (MS) or Other Chronic Disease
in the Postpartum Period

Point prevalence of depression from pregnancy week 30 until 18 months
postpartum in women who were diagnosed with MS (n = 35) or another
chronic disease (n = 2,640) in the 18-month postpartum period. Women
without MS or another postpartum chronic diagnosis (n = 108,987) repre-
sents the reference group. Depression is defined as Hopkins Symptom
Checklist 4Dmean >1.75. N values are given for the first assessment and are
later lower due to missing data. Women who were pregnant 18 months
postpartum were excluded (figure 2).
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Amongwomenwithsymptomonsetafterpregnancy
(group3),thosewiththeirfirstMSsymptomwithin5years
afterpregnancy(n=136)hadhigherfrequencyofde-
pressionandanxietyinthethirdtrimestercomparedtothe
referencegroup(depression:14%vs9%,anxiety:9%vs
6%)(table4).Incontrast,womenwithmorethan5years
toonsetofsymptoms(n=172)didnothavehigherfre-
quencyofdepressionoranxietyatanyassessmentinthe
perinatalperiod.

WomenDiagnosedWithMSPostpartum
Thirty-fivewomenwerediagnosedwithMSduringthe18-
monthpostpartumperiod(figure1).Althoughnoneofthese
wasdepressedattheassessmentinthethirdtrimester,they
hadahigherfrequencyofdepressioncomparedtotherefer-
encegroupbothat6months(23%vs10%)andat18months
postpartum(42%vs13%)(table2).Therewerenodiffer-
encesinpointprevalencesofanxietybetweenwomenwith
postpartumMSdiagnosisandthereferencegroup.Median
timefromsymptomonsettodiagnosiswas2years(range
0–12)inwomenwithpostpartumdepressioninthisgroup,
comparedto1year(range0–12)forthisMSgroupasa
whole.

Womeninthereferencegroupwhowerediagnosedwith
otherchronicdiseasesinthepostpartumperiod(n=2,640)
moreoftenhadpostpartumdepressioncomparedtothe
remaining“healthy”proportionofthereferencegroup,but
numericallylowerthanforwomenwithpostpartumMSdi-
agnosis(figure3).TheaORsofpostpartumdepressionin
womendiagnosedwithMSpostpartumcomparedtowomen
diagnosedwithotherchronicdiseasesinthesameperiodwas
1.5(95%CI,0.6–3.4)at6monthsand1.9(95%CI,0.8–4.2)
18monthspostpartum.

Discussion
Ourstudyfoundincreasedriskofdepressionduringpreg-
nancyinwomenwithanestablishedMSdiagnosis.Fur-
thermore,womenwithMSanddepressioninpregnancyhad
moreprolongeddepressivesymptoms,lastingintothe
postpartumperiod.However,theprognosisforrecoverywas
similar18monthspostpartum.Womenwhowerediagnosed
withMSinthepostpartumperiodhadahighriskofpost-
partumdepression.

Table4PerinatalDepressionandAnxietyinWomenDiagnosedWithMultipleSclerosis(MS)AfterPregnancy

Symptomonsetbeforepregnancy,n=98Symptomonsetafterpregnancy,n=308

Referencegroup,
n=111,627,n(%) N(%)OR(95%CI)

≤5yearsafter
pregnancy,n=136

>5yearsafter
pregnancy,

a
n=172

N(%)OR(95%CI)N(%)OR(95%CI)

Depression

Thirdtrimester
b

5(6)0.5(0.2–1.4)17(14)
c

1.9(1.1–3.1)
c

16(11)1.2(0.7–2.0)8,410(9)

6monthspostpartum9(11)1.3(0.6–2.6)16(14)1.8(0.99–3.1)17(12)1.2(0.7–2.0)8,246(10)

Anxiety

Thirdtrimester
b

3(4)0.7(0.2–2.2)11(9)
c

2.0(1.1–3.7)
c

8(6)0.7(0.3–1.6)5,089(6)

6monthspostpartum4(5)1.1(0.4–3.1)7(6)1.3(0.6–3.0)11(8)1.8(0.9–3.2)4,058(5)

Thenumber(n)mayvarywithinthecolumnsduetomissingdata.
Pointprevalenceofdepressionandanxietyfrompregnancyuntil6monthspostpartumisshown.Adjustedpvaluesandoddsratios(ORs)with95%
confidenceintervals(CIs)fordepressionandanxietyinwomendiagnosedwithMSafterpregnancycomparedtoareferencegroupofwomenwithoutMSare
shown.DepressionandanxietyaredefinedasHopkinsSymptomChecklist(SCL-4DandSCL-4A,respectively)mean>1.75.Estimatesareadjustedforage,
parity,overweight(bodymassindex>25),andadversesocioeconomicfactors(singlemother,lowincome<60%ofmedian,andshorteducation≤9years).
a
6–17yearsafterpregnancy.

b
Pregnancyweek30.

c
Statisticallysignificant.

Figure3PerinatalDepressioninWomenDiagnosedWith
MultipleSclerosis(MS)orOtherChronicDisease
inthePostpartumPeriod

Pointprevalenceofdepressionfrompregnancyweek30until18months
postpartuminwomenwhowerediagnosedwithMS(n=35)oranother
chronicdisease(n=2,640)inthe18-monthpostpartumperiod.Women
withoutMSoranotherpostpartumchronicdiagnosis(n=108,987)repre-
sentsthereferencegroup.DepressionisdefinedasHopkinsSymptom
Checklist4Dmean>1.75.Nvaluesaregivenforthefirstassessmentandare
laterlowerduetomissingdata.Womenwhowerepregnant18months
postpartumwereexcluded(figure2).
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The use of validated questionnaires and a population-based
design in the current study extends previous knowledge on
perinatal depression in MS. We have identified one other
study on prevalence and risk estimations of perinatal de-
pression in people with MS. This other population-based
study found a 26% prevalence of perinatal depression or
anxiety in 255 women with MS, compared to 21% in 904
women without MS (OR, 1.28; 95% CI, 0.99–1.65).7 Our
point prevalence figures were lower (15% vs 9%), whereas the
risk estimate for depression in the third trimester for women
withMSwas higher in our study. The estimates are not strictly
comparable due to different methodology. We evaluated de-
pressive and anxiety symptoms separately and used several
assessments of point prevalence instead of period prevalence.
The previous study used diagnostic codes in addition to an-
tidepressant and anxiolytic prescriptions as proxies for de-
pression and anxiety.

The increased occurrence of depression during pregnancy in
women with an established MS diagnosis could be explained
by several factors. Perinatal depression is linked to dysregu-
lation of the maternal hypothalamic-pituitary-adrenal (HPA)
axis.30,31 The HPA axis is also involved in the mechanisms of
MS.32 The knowledge of having a severe and potentially
progressive disease may cause psychological distress. Un-
certainty and lack of hope are shown to be independent
predictors for depression in MS, regardless of disability sta-
tus.33 In addition, depression might be caused by in-
flammation3 or manifest lesions in the brain.34 All these
mechanisms can interact or have reciprocal effects.

In contrast to women with an establishedMS diagnosis before
pregnancy, women who were diagnosed with MS postpartum
had a substantially increased risk of postpartum depression.
Depressive symptoms in these women could be triggered by
disease awareness in a vulnerable period when caring for a
newborn baby. Women who were diagnosed with other
chronic diseases in the postpartum period also had higher
occurrence of depression, but not as marked as for women
diagnosed with MS. Many of these women with a recent MS
diagnosis probably had ongoing disease activity and in-
flammation, which may have contributed to the depressive
symptoms.3,35

We found low risk estimates for perinatal anxiety for women
with established MS. Previous studies have shown that de-
pression and anxiety probably have diverse attributable factors
and mechanisms in MS, which may explain why the risk esti-
mates differed. One study found correlation between in-
flammation and social and state anxiety, while trait anxiety was
associated with disease duration.3 Depression, but not anxiety,
has been associated with subsequent disability progression.36

Another study found an association between depression and
brain atrophy, but no association between anxiety and atrophy.34

Key predictors for pregnancy-related depression in women
with established MS in our study were adverse socioeconomic

factors, a history of sexual or physical abuse, and depression or
anxiety prior to pregnancy. The same predictors for perinatal
depression have previously been found in women with epi-
lepsy,24 and are also known predictors for perinatal de-
pression in the general maternal population.25,26 However,
the interaction analyses indicated a synergistic effect between
MS and adverse socioeconomic status and between MS and a
history of sexual or physical abuse. This means that having
experienced abuse or having adverse socioeconomic status
seemed to increase the risk of depression substantially more in
women with MS than in women without MS. Accordingly,
women with these risk factors need special attention and
follow-up.

Perinatal depression in womenwithMS requires intervention,
as it reduces quality of life, often leads to paternal de-
pression,37 and reduces adherence to MS treatment.38 It may
also influence the mother–infant bond negatively,39 and is
associated with higher risk of psychiatric disorders in
children.7,8

We found that women withMS symptom onset within 5 years
after pregnancy had increased risk of both depression and
anxiety during pregnancy. Conversely, women with more
than 5 years until onset of MS symptoms did not have any
increased risk. Depression and anxiety are recognized as parts
of MS prodromal syndrome.11,12 Previous studies in non-
pregnantMS populations have shown increased occurrence of
depression and anxiety 2 years before MS diagnosis40 and up
to 5–10 years before the first demyelinating event.12,13 The
risk gradually increased closer to the year of the first event.

Women who were yet to be diagnosed with MS who had
already experienced their first MS-associated symptom did not
show any increased frequencies of depression or anxiety in
pregnancy. Of note, they had the lowest rate of unplanned
pregnancies, which may protect against perinatal depression.41

Their median time from MS onset to diagnosis was 8 years
compared to only 1 year in the other 2 MS groups. This sug-
gests that this group had a different disease course with milder
onset symptoms, and thus later diagnostic attention.

Strengths of our study include a large and detailed population-
based dataset. Our database linkage resulted in a unique study
design that gave the opportunity to compare pregnant women
withMS in different stages of the disease both with the general
population and with women who contracted other chronic
diseases postpartum. The MS diagnosis was thoroughly vali-
dated in a nationwide collaboration with local neurology de-
partments. The data were prospectively collected with
longitudinal measurements of depression and anxiety with
validated screening tools.42 Sensitivity analyses confirmed
that depression in women with established MS was in-
dependent of fatigue, and our findings were valid with higher
cutoff for depression.The dropout rates among the depressed
women in the different MS groups and the reference group
were similar, which limits the possibility of attrition bias.
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Theuseofvalidatedquestionnairesandapopulation-based
designinthecurrentstudyextendspreviousknowledgeon
perinataldepressioninMS.Wehaveidentifiedoneother
studyonprevalenceandriskestimationsofperinatalde-
pressioninpeoplewithMS.Thisotherpopulation-based
studyfounda26%prevalenceofperinataldepressionor
anxietyin255womenwithMS,comparedto21%in904
womenwithoutMS(OR,1.28;95%CI,0.99–1.65).7Our
pointprevalencefigureswerelower(15%vs9%),whereasthe
riskestimatefordepressioninthethirdtrimesterforwomen
withMSwashigherinourstudy.Theestimatesarenotstrictly
comparableduetodifferentmethodology.Weevaluatedde-
pressiveandanxietysymptomsseparatelyandusedseveral
assessmentsofpointprevalenceinsteadofperiodprevalence.
Thepreviousstudyuseddiagnosticcodesinadditiontoan-
tidepressantandanxiolyticprescriptionsasproxiesforde-
pressionandanxiety.

Theincreasedoccurrenceofdepressionduringpregnancyin
womenwithanestablishedMSdiagnosiscouldbeexplained
byseveralfactors.Perinataldepressionislinkedtodysregu-
lationofthematernalhypothalamic-pituitary-adrenal(HPA)
axis.30,31TheHPAaxisisalsoinvolvedinthemechanismsof
MS.32Theknowledgeofhavingasevereandpotentially
progressivediseasemaycausepsychologicaldistress.Un-
certaintyandlackofhopeareshowntobeindependent
predictorsfordepressioninMS,regardlessofdisabilitysta-
tus.33Inaddition,depressionmightbecausedbyin-
flammation3ormanifestlesionsinthebrain.34Allthese
mechanismscaninteractorhavereciprocaleffects.

IncontrasttowomenwithanestablishedMSdiagnosisbefore
pregnancy,womenwhowerediagnosedwithMSpostpartum
hadasubstantiallyincreasedriskofpostpartumdepression.
Depressivesymptomsinthesewomencouldbetriggeredby
diseaseawarenessinavulnerableperiodwhencaringfora
newbornbaby.Womenwhowerediagnosedwithother
chronicdiseasesinthepostpartumperiodalsohadhigher
occurrenceofdepression,butnotasmarkedasforwomen
diagnosedwithMS.ManyofthesewomenwitharecentMS
diagnosisprobablyhadongoingdiseaseactivityandin-
flammation,whichmayhavecontributedtothedepressive
symptoms.3,35

Wefoundlowriskestimatesforperinatalanxietyforwomen
withestablishedMS.Previousstudieshaveshownthatde-
pressionandanxietyprobablyhavediverseattributablefactors
andmechanismsinMS,whichmayexplainwhytheriskesti-
matesdiffered.Onestudyfoundcorrelationbetweenin-
flammationandsocialandstateanxiety,whiletraitanxietywas
associatedwithdiseaseduration.3Depression,butnotanxiety,
hasbeenassociatedwithsubsequentdisabilityprogression.36

Anotherstudyfoundanassociationbetweendepressionand
brainatrophy,butnoassociationbetweenanxietyandatrophy.34

Keypredictorsforpregnancy-relateddepressioninwomen
withestablishedMSinourstudywereadversesocioeconomic

factors,ahistoryofsexualorphysicalabuse,anddepressionor
anxietypriortopregnancy.Thesamepredictorsforperinatal
depressionhavepreviouslybeenfoundinwomenwithepi-
lepsy,24andarealsoknownpredictorsforperinatalde-
pressioninthegeneralmaternalpopulation.25,26However,
theinteractionanalysesindicatedasynergisticeffectbetween
MSandadversesocioeconomicstatusandbetweenMSanda
historyofsexualorphysicalabuse.Thismeansthathaving
experiencedabuseorhavingadversesocioeconomicstatus
seemedtoincreasetheriskofdepressionsubstantiallymorein
womenwithMSthaninwomenwithoutMS.Accordingly,
womenwiththeseriskfactorsneedspecialattentionand
follow-up.

PerinataldepressioninwomenwithMSrequiresintervention,
asitreducesqualityoflife,oftenleadstopaternalde-
pression,37andreducesadherencetoMStreatment.38Itmay
alsoinfluencethemother–infantbondnegatively,39andis
associatedwithhigherriskofpsychiatricdisordersin
children.7,8

WefoundthatwomenwithMSsymptomonsetwithin5years
afterpregnancyhadincreasedriskofbothdepressionand
anxietyduringpregnancy.Conversely,womenwithmore
than5yearsuntilonsetofMSsymptomsdidnothaveany
increasedrisk.Depressionandanxietyarerecognizedasparts
ofMSprodromalsyndrome.11,12Previousstudiesinnon-
pregnantMSpopulationshaveshownincreasedoccurrenceof
depressionandanxiety2yearsbeforeMSdiagnosis40andup
to5–10yearsbeforethefirstdemyelinatingevent.12,13The
riskgraduallyincreasedclosertotheyearofthefirstevent.

WomenwhowereyettobediagnosedwithMSwhohad
alreadyexperiencedtheirfirstMS-associatedsymptomdidnot
showanyincreasedfrequenciesofdepressionoranxietyin
pregnancy.Ofnote,theyhadthelowestrateofunplanned
pregnancies,whichmayprotectagainstperinataldepression.41

TheirmediantimefromMSonsettodiagnosiswas8years
comparedtoonly1yearintheother2MSgroups.Thissug-
geststhatthisgrouphadadifferentdiseasecoursewithmilder
onsetsymptoms,andthuslaterdiagnosticattention.

Strengthsofourstudyincludealargeanddetailedpopulation-
baseddataset.Ourdatabaselinkageresultedinauniquestudy
designthatgavetheopportunitytocomparepregnantwomen
withMSindifferentstagesofthediseasebothwiththegeneral
populationandwithwomenwhocontractedotherchronic
diseasespostpartum.TheMSdiagnosiswasthoroughlyvali-
datedinanationwidecollaborationwithlocalneurologyde-
partments.Thedatawereprospectivelycollectedwith
longitudinalmeasurementsofdepressionandanxietywith
validatedscreeningtools.42Sensitivityanalysesconfirmed
thatdepressioninwomenwithestablishedMSwasin-
dependentoffatigue,andourfindingswerevalidwithhigher
cutofffordepression.Thedropoutratesamongthedepressed
womeninthedifferentMSgroupsandthereferencegroup
weresimilar,whichlimitsthepossibilityofattritionbias.
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The use of validated questionnaires and a population-based
design in the current study extends previous knowledge on
perinatal depression in MS. We have identified one other
study on prevalence and risk estimations of perinatal de-
pression in people with MS. This other population-based
study found a 26% prevalence of perinatal depression or
anxiety in 255 women with MS, compared to 21% in 904
women without MS (OR, 1.28; 95% CI, 0.99–1.65).

7
Our

point prevalence figures were lower (15% vs 9%), whereas the
risk estimate for depression in the third trimester for women
withMSwas higher in our study. The estimates are not strictly
comparable due to different methodology. We evaluated de-
pressive and anxiety symptoms separately and used several
assessments of point prevalence instead of period prevalence.
The previous study used diagnostic codes in addition to an-
tidepressant and anxiolytic prescriptions as proxies for de-
pression and anxiety.

The increased occurrence of depression during pregnancy in
women with an established MS diagnosis could be explained
by several factors. Perinatal depression is linked to dysregu-
lation of the maternal hypothalamic-pituitary-adrenal (HPA)
axis.

30,31
The HPA axis is also involved in the mechanisms of

MS.
32

The knowledge of having a severe and potentially
progressive disease may cause psychological distress. Un-
certainty and lack of hope are shown to be independent
predictors for depression in MS, regardless of disability sta-
tus.

33
In addition, depression might be caused by in-

flammation
3
or manifest lesions in the brain.

34
All these

mechanisms can interact or have reciprocal effects.

In contrast to women with an establishedMS diagnosis before
pregnancy, women who were diagnosed with MS postpartum
had a substantially increased risk of postpartum depression.
Depressive symptoms in these women could be triggered by
disease awareness in a vulnerable period when caring for a
newborn baby. Women who were diagnosed with other
chronic diseases in the postpartum period also had higher
occurrence of depression, but not as marked as for women
diagnosed with MS. Many of these women with a recent MS
diagnosis probably had ongoing disease activity and in-
flammation, which may have contributed to the depressive
symptoms.

3,35

We found low risk estimates for perinatal anxiety for women
with established MS. Previous studies have shown that de-
pression and anxiety probably have diverse attributable factors
and mechanisms in MS, which may explain why the risk esti-
mates differed. One study found correlation between in-
flammation and social and state anxiety, while trait anxiety was
associated with disease duration.

3
Depression, but not anxiety,

has been associated with subsequent disability progression.
36

Another study found an association between depression and
brain atrophy, but no association between anxiety and atrophy.

34

Key predictors for pregnancy-related depression in women
with established MS in our study were adverse socioeconomic

factors, a history of sexual or physical abuse, and depression or
anxiety prior to pregnancy. The same predictors for perinatal
depression have previously been found in women with epi-
lepsy,

24
and are also known predictors for perinatal de-

pression in the general maternal population.
25,26

However,
the interaction analyses indicated a synergistic effect between
MS and adverse socioeconomic status and between MS and a
history of sexual or physical abuse. This means that having
experienced abuse or having adverse socioeconomic status
seemed to increase the risk of depression substantially more in
women with MS than in women without MS. Accordingly,
women with these risk factors need special attention and
follow-up.

Perinatal depression in womenwithMS requires intervention,
as it reduces quality of life, often leads to paternal de-
pression,

37
and reduces adherence to MS treatment.

38
It may

also influence the mother–infant bond negatively,
39

and is
associated with higher risk of psychiatric disorders in
children.

7,8

We found that women withMS symptom onset within 5 years
after pregnancy had increased risk of both depression and
anxiety during pregnancy. Conversely, women with more
than 5 years until onset of MS symptoms did not have any
increased risk. Depression and anxiety are recognized as parts
of MS prodromal syndrome.

11,12
Previous studies in non-

pregnantMS populations have shown increased occurrence of
depression and anxiety 2 years before MS diagnosis

40
and up

to 5–10 years before the first demyelinating event.
12,13

The
risk gradually increased closer to the year of the first event.

Women who were yet to be diagnosed with MS who had
already experienced their first MS-associated symptom did not
show any increased frequencies of depression or anxiety in
pregnancy. Of note, they had the lowest rate of unplanned
pregnancies, which may protect against perinatal depression.

41

Their median time from MS onset to diagnosis was 8 years
compared to only 1 year in the other 2 MS groups. This sug-
gests that this group had a different disease course with milder
onset symptoms, and thus later diagnostic attention.

Strengths of our study include a large and detailed population-
based dataset. Our database linkage resulted in a unique study
design that gave the opportunity to compare pregnant women
withMS in different stages of the disease both with the general
population and with women who contracted other chronic
diseases postpartum. The MS diagnosis was thoroughly vali-
dated in a nationwide collaboration with local neurology de-
partments. The data were prospectively collected with
longitudinal measurements of depression and anxiety with
validated screening tools.

42
Sensitivity analyses confirmed

that depression in women with established MS was in-
dependent of fatigue, and our findings were valid with higher
cutoff for depression.The dropout rates among the depressed
women in the different MS groups and the reference group
were similar, which limits the possibility of attrition bias.

Neurology.org/N Neurology | Volume 96, Number 23 | June 8, 2021 e2797

The use of validated questionnaires and a population-based
design in the current study extends previous knowledge on
perinatal depression in MS. We have identified one other
study on prevalence and risk estimations of perinatal de-
pression in people with MS. This other population-based
study found a 26% prevalence of perinatal depression or
anxiety in 255 women with MS, compared to 21% in 904
women without MS (OR, 1.28; 95% CI, 0.99–1.65).

7
Our

point prevalence figures were lower (15% vs 9%), whereas the
risk estimate for depression in the third trimester for women
withMSwas higher in our study. The estimates are not strictly
comparable due to different methodology. We evaluated de-
pressive and anxiety symptoms separately and used several
assessments of point prevalence instead of period prevalence.
The previous study used diagnostic codes in addition to an-
tidepressant and anxiolytic prescriptions as proxies for de-
pression and anxiety.

The increased occurrence of depression during pregnancy in
women with an established MS diagnosis could be explained
by several factors. Perinatal depression is linked to dysregu-
lation of the maternal hypothalamic-pituitary-adrenal (HPA)
axis.

30,31
The HPA axis is also involved in the mechanisms of

MS.
32

The knowledge of having a severe and potentially
progressive disease may cause psychological distress. Un-
certainty and lack of hope are shown to be independent
predictors for depression in MS, regardless of disability sta-
tus.

33
In addition, depression might be caused by in-

flammation
3
or manifest lesions in the brain.

34
All these

mechanisms can interact or have reciprocal effects.

In contrast to women with an establishedMS diagnosis before
pregnancy, women who were diagnosed with MS postpartum
had a substantially increased risk of postpartum depression.
Depressive symptoms in these women could be triggered by
disease awareness in a vulnerable period when caring for a
newborn baby. Women who were diagnosed with other
chronic diseases in the postpartum period also had higher
occurrence of depression, but not as marked as for women
diagnosed with MS. Many of these women with a recent MS
diagnosis probably had ongoing disease activity and in-
flammation, which may have contributed to the depressive
symptoms.

3,35

We found low risk estimates for perinatal anxiety for women
with established MS. Previous studies have shown that de-
pression and anxiety probably have diverse attributable factors
and mechanisms in MS, which may explain why the risk esti-
mates differed. One study found correlation between in-
flammation and social and state anxiety, while trait anxiety was
associated with disease duration.

3
Depression, but not anxiety,

has been associated with subsequent disability progression.
36

Another study found an association between depression and
brain atrophy, but no association between anxiety and atrophy.

34

Key predictors for pregnancy-related depression in women
with established MS in our study were adverse socioeconomic

factors, a history of sexual or physical abuse, and depression or
anxiety prior to pregnancy. The same predictors for perinatal
depression have previously been found in women with epi-
lepsy,

24
and are also known predictors for perinatal de-

pression in the general maternal population.
25,26

However,
the interaction analyses indicated a synergistic effect between
MS and adverse socioeconomic status and between MS and a
history of sexual or physical abuse. This means that having
experienced abuse or having adverse socioeconomic status
seemed to increase the risk of depression substantially more in
women with MS than in women without MS. Accordingly,
women with these risk factors need special attention and
follow-up.

Perinatal depression in womenwithMS requires intervention,
as it reduces quality of life, often leads to paternal de-
pression,

37
and reduces adherence to MS treatment.

38
It may

also influence the mother–infant bond negatively,
39

and is
associated with higher risk of psychiatric disorders in
children.

7,8

We found that women withMS symptom onset within 5 years
after pregnancy had increased risk of both depression and
anxiety during pregnancy. Conversely, women with more
than 5 years until onset of MS symptoms did not have any
increased risk. Depression and anxiety are recognized as parts
of MS prodromal syndrome.

11,12
Previous studies in non-

pregnantMS populations have shown increased occurrence of
depression and anxiety 2 years before MS diagnosis

40
and up

to 5–10 years before the first demyelinating event.
12,13

The
risk gradually increased closer to the year of the first event.

Women who were yet to be diagnosed with MS who had
already experienced their first MS-associated symptom did not
show any increased frequencies of depression or anxiety in
pregnancy. Of note, they had the lowest rate of unplanned
pregnancies, which may protect against perinatal depression.

41

Their median time from MS onset to diagnosis was 8 years
compared to only 1 year in the other 2 MS groups. This sug-
gests that this group had a different disease course with milder
onset symptoms, and thus later diagnostic attention.

Strengths of our study include a large and detailed population-
based dataset. Our database linkage resulted in a unique study
design that gave the opportunity to compare pregnant women
withMS in different stages of the disease both with the general
population and with women who contracted other chronic
diseases postpartum. The MS diagnosis was thoroughly vali-
dated in a nationwide collaboration with local neurology de-
partments. The data were prospectively collected with
longitudinal measurements of depression and anxiety with
validated screening tools.

42
Sensitivity analyses confirmed

that depression in women with established MS was in-
dependent of fatigue, and our findings were valid with higher
cutoff for depression.The dropout rates among the depressed
women in the different MS groups and the reference group
were similar, which limits the possibility of attrition bias.

Neurology.org/N Neurology | Volume 96, Number 23 | June 8, 2021 e2797

Theuseofvalidatedquestionnairesandapopulation-based
designinthecurrentstudyextendspreviousknowledgeon
perinataldepressioninMS.Wehaveidentifiedoneother
studyonprevalenceandriskestimationsofperinatalde-
pressioninpeoplewithMS.Thisotherpopulation-based
studyfounda26%prevalenceofperinataldepressionor
anxietyin255womenwithMS,comparedto21%in904
womenwithoutMS(OR,1.28;95%CI,0.99–1.65).

7
Our

pointprevalencefigureswerelower(15%vs9%),whereasthe
riskestimatefordepressioninthethirdtrimesterforwomen
withMSwashigherinourstudy.Theestimatesarenotstrictly
comparableduetodifferentmethodology.Weevaluatedde-
pressiveandanxietysymptomsseparatelyandusedseveral
assessmentsofpointprevalenceinsteadofperiodprevalence.
Thepreviousstudyuseddiagnosticcodesinadditiontoan-
tidepressantandanxiolyticprescriptionsasproxiesforde-
pressionandanxiety.

Theincreasedoccurrenceofdepressionduringpregnancyin
womenwithanestablishedMSdiagnosiscouldbeexplained
byseveralfactors.Perinataldepressionislinkedtodysregu-
lationofthematernalhypothalamic-pituitary-adrenal(HPA)
axis.

30,31
TheHPAaxisisalsoinvolvedinthemechanismsof

MS.
32

Theknowledgeofhavingasevereandpotentially
progressivediseasemaycausepsychologicaldistress.Un-
certaintyandlackofhopeareshowntobeindependent
predictorsfordepressioninMS,regardlessofdisabilitysta-
tus.

33
Inaddition,depressionmightbecausedbyin-

flammation
3
ormanifestlesionsinthebrain.

34
Allthese

mechanismscaninteractorhavereciprocaleffects.

IncontrasttowomenwithanestablishedMSdiagnosisbefore
pregnancy,womenwhowerediagnosedwithMSpostpartum
hadasubstantiallyincreasedriskofpostpartumdepression.
Depressivesymptomsinthesewomencouldbetriggeredby
diseaseawarenessinavulnerableperiodwhencaringfora
newbornbaby.Womenwhowerediagnosedwithother
chronicdiseasesinthepostpartumperiodalsohadhigher
occurrenceofdepression,butnotasmarkedasforwomen
diagnosedwithMS.ManyofthesewomenwitharecentMS
diagnosisprobablyhadongoingdiseaseactivityandin-
flammation,whichmayhavecontributedtothedepressive
symptoms.

3,35

Wefoundlowriskestimatesforperinatalanxietyforwomen
withestablishedMS.Previousstudieshaveshownthatde-
pressionandanxietyprobablyhavediverseattributablefactors
andmechanismsinMS,whichmayexplainwhytheriskesti-
matesdiffered.Onestudyfoundcorrelationbetweenin-
flammationandsocialandstateanxiety,whiletraitanxietywas
associatedwithdiseaseduration.

3
Depression,butnotanxiety,

hasbeenassociatedwithsubsequentdisabilityprogression.
36

Anotherstudyfoundanassociationbetweendepressionand
brainatrophy,butnoassociationbetweenanxietyandatrophy.

34

Keypredictorsforpregnancy-relateddepressioninwomen
withestablishedMSinourstudywereadversesocioeconomic

factors,ahistoryofsexualorphysicalabuse,anddepressionor
anxietypriortopregnancy.Thesamepredictorsforperinatal
depressionhavepreviouslybeenfoundinwomenwithepi-
lepsy,

24
andarealsoknownpredictorsforperinatalde-

pressioninthegeneralmaternalpopulation.
25,26

However,
theinteractionanalysesindicatedasynergisticeffectbetween
MSandadversesocioeconomicstatusandbetweenMSanda
historyofsexualorphysicalabuse.Thismeansthathaving
experiencedabuseorhavingadversesocioeconomicstatus
seemedtoincreasetheriskofdepressionsubstantiallymorein
womenwithMSthaninwomenwithoutMS.Accordingly,
womenwiththeseriskfactorsneedspecialattentionand
follow-up.

PerinataldepressioninwomenwithMSrequiresintervention,
asitreducesqualityoflife,oftenleadstopaternalde-
pression,

37
andreducesadherencetoMStreatment.

38
Itmay

alsoinfluencethemother–infantbondnegatively,
39

andis
associatedwithhigherriskofpsychiatricdisordersin
children.

7,8

WefoundthatwomenwithMSsymptomonsetwithin5years
afterpregnancyhadincreasedriskofbothdepressionand
anxietyduringpregnancy.Conversely,womenwithmore
than5yearsuntilonsetofMSsymptomsdidnothaveany
increasedrisk.Depressionandanxietyarerecognizedasparts
ofMSprodromalsyndrome.

11,12
Previousstudiesinnon-

pregnantMSpopulationshaveshownincreasedoccurrenceof
depressionandanxiety2yearsbeforeMSdiagnosis

40
andup

to5–10yearsbeforethefirstdemyelinatingevent.
12,13

The
riskgraduallyincreasedclosertotheyearofthefirstevent.

WomenwhowereyettobediagnosedwithMSwhohad
alreadyexperiencedtheirfirstMS-associatedsymptomdidnot
showanyincreasedfrequenciesofdepressionoranxietyin
pregnancy.Ofnote,theyhadthelowestrateofunplanned
pregnancies,whichmayprotectagainstperinataldepression.

41

TheirmediantimefromMSonsettodiagnosiswas8years
comparedtoonly1yearintheother2MSgroups.Thissug-
geststhatthisgrouphadadifferentdiseasecoursewithmilder
onsetsymptoms,andthuslaterdiagnosticattention.

Strengthsofourstudyincludealargeanddetailedpopulation-
baseddataset.Ourdatabaselinkageresultedinauniquestudy
designthatgavetheopportunitytocomparepregnantwomen
withMSindifferentstagesofthediseasebothwiththegeneral
populationandwithwomenwhocontractedotherchronic
diseasespostpartum.TheMSdiagnosiswasthoroughlyvali-
datedinanationwidecollaborationwithlocalneurologyde-
partments.Thedatawereprospectivelycollectedwith
longitudinalmeasurementsofdepressionandanxietywith
validatedscreeningtools.

42
Sensitivityanalysesconfirmed

thatdepressioninwomenwithestablishedMSwasin-
dependentoffatigue,andourfindingswerevalidwithhigher
cutofffordepression.Thedropoutratesamongthedepressed
womeninthedifferentMSgroupsandthereferencegroup
weresimilar,whichlimitsthepossibilityofattritionbias.

Neurology.org/NNeurology|Volume96,Number23|June8,2021e2797

Theuseofvalidatedquestionnairesandapopulation-based
designinthecurrentstudyextendspreviousknowledgeon
perinataldepressioninMS.Wehaveidentifiedoneother
studyonprevalenceandriskestimationsofperinatalde-
pressioninpeoplewithMS.Thisotherpopulation-based
studyfounda26%prevalenceofperinataldepressionor
anxietyin255womenwithMS,comparedto21%in904
womenwithoutMS(OR,1.28;95%CI,0.99–1.65).

7
Our

pointprevalencefigureswerelower(15%vs9%),whereasthe
riskestimatefordepressioninthethirdtrimesterforwomen
withMSwashigherinourstudy.Theestimatesarenotstrictly
comparableduetodifferentmethodology.Weevaluatedde-
pressiveandanxietysymptomsseparatelyandusedseveral
assessmentsofpointprevalenceinsteadofperiodprevalence.
Thepreviousstudyuseddiagnosticcodesinadditiontoan-
tidepressantandanxiolyticprescriptionsasproxiesforde-
pressionandanxiety.

Theincreasedoccurrenceofdepressionduringpregnancyin
womenwithanestablishedMSdiagnosiscouldbeexplained
byseveralfactors.Perinataldepressionislinkedtodysregu-
lationofthematernalhypothalamic-pituitary-adrenal(HPA)
axis.

30,31
TheHPAaxisisalsoinvolvedinthemechanismsof

MS.
32

Theknowledgeofhavingasevereandpotentially
progressivediseasemaycausepsychologicaldistress.Un-
certaintyandlackofhopeareshowntobeindependent
predictorsfordepressioninMS,regardlessofdisabilitysta-
tus.

33
Inaddition,depressionmightbecausedbyin-

flammation
3
ormanifestlesionsinthebrain.

34
Allthese

mechanismscaninteractorhavereciprocaleffects.

IncontrasttowomenwithanestablishedMSdiagnosisbefore
pregnancy,womenwhowerediagnosedwithMSpostpartum
hadasubstantiallyincreasedriskofpostpartumdepression.
Depressivesymptomsinthesewomencouldbetriggeredby
diseaseawarenessinavulnerableperiodwhencaringfora
newbornbaby.Womenwhowerediagnosedwithother
chronicdiseasesinthepostpartumperiodalsohadhigher
occurrenceofdepression,butnotasmarkedasforwomen
diagnosedwithMS.ManyofthesewomenwitharecentMS
diagnosisprobablyhadongoingdiseaseactivityandin-
flammation,whichmayhavecontributedtothedepressive
symptoms.

3,35

Wefoundlowriskestimatesforperinatalanxietyforwomen
withestablishedMS.Previousstudieshaveshownthatde-
pressionandanxietyprobablyhavediverseattributablefactors
andmechanismsinMS,whichmayexplainwhytheriskesti-
matesdiffered.Onestudyfoundcorrelationbetweenin-
flammationandsocialandstateanxiety,whiletraitanxietywas
associatedwithdiseaseduration.

3
Depression,butnotanxiety,

hasbeenassociatedwithsubsequentdisabilityprogression.
36

Anotherstudyfoundanassociationbetweendepressionand
brainatrophy,butnoassociationbetweenanxietyandatrophy.

34

Keypredictorsforpregnancy-relateddepressioninwomen
withestablishedMSinourstudywereadversesocioeconomic

factors,ahistoryofsexualorphysicalabuse,anddepressionor
anxietypriortopregnancy.Thesamepredictorsforperinatal
depressionhavepreviouslybeenfoundinwomenwithepi-
lepsy,

24
andarealsoknownpredictorsforperinatalde-

pressioninthegeneralmaternalpopulation.
25,26

However,
theinteractionanalysesindicatedasynergisticeffectbetween
MSandadversesocioeconomicstatusandbetweenMSanda
historyofsexualorphysicalabuse.Thismeansthathaving
experiencedabuseorhavingadversesocioeconomicstatus
seemedtoincreasetheriskofdepressionsubstantiallymorein
womenwithMSthaninwomenwithoutMS.Accordingly,
womenwiththeseriskfactorsneedspecialattentionand
follow-up.

PerinataldepressioninwomenwithMSrequiresintervention,
asitreducesqualityoflife,oftenleadstopaternalde-
pression,

37
andreducesadherencetoMStreatment.

38
Itmay

alsoinfluencethemother–infantbondnegatively,
39

andis
associatedwithhigherriskofpsychiatricdisordersin
children.

7,8

WefoundthatwomenwithMSsymptomonsetwithin5years
afterpregnancyhadincreasedriskofbothdepressionand
anxietyduringpregnancy.Conversely,womenwithmore
than5yearsuntilonsetofMSsymptomsdidnothaveany
increasedrisk.Depressionandanxietyarerecognizedasparts
ofMSprodromalsyndrome.

11,12
Previousstudiesinnon-

pregnantMSpopulationshaveshownincreasedoccurrenceof
depressionandanxiety2yearsbeforeMSdiagnosis

40
andup

to5–10yearsbeforethefirstdemyelinatingevent.
12,13

The
riskgraduallyincreasedclosertotheyearofthefirstevent.

WomenwhowereyettobediagnosedwithMSwhohad
alreadyexperiencedtheirfirstMS-associatedsymptomdidnot
showanyincreasedfrequenciesofdepressionoranxietyin
pregnancy.Ofnote,theyhadthelowestrateofunplanned
pregnancies,whichmayprotectagainstperinataldepression.

41

TheirmediantimefromMSonsettodiagnosiswas8years
comparedtoonly1yearintheother2MSgroups.Thissug-
geststhatthisgrouphadadifferentdiseasecoursewithmilder
onsetsymptoms,andthuslaterdiagnosticattention.

Strengthsofourstudyincludealargeanddetailedpopulation-
baseddataset.Ourdatabaselinkageresultedinauniquestudy
designthatgavetheopportunitytocomparepregnantwomen
withMSindifferentstagesofthediseasebothwiththegeneral
populationandwithwomenwhocontractedotherchronic
diseasespostpartum.TheMSdiagnosiswasthoroughlyvali-
datedinanationwidecollaborationwithlocalneurologyde-
partments.Thedatawereprospectivelycollectedwith
longitudinalmeasurementsofdepressionandanxietywith
validatedscreeningtools.

42
Sensitivityanalysesconfirmed

thatdepressioninwomenwithestablishedMSwasin-
dependentoffatigue,andourfindingswerevalidwithhigher
cutofffordepression.Thedropoutratesamongthedepressed
womeninthedifferentMSgroupsandthereferencegroup
weresimilar,whichlimitsthepossibilityofattritionbias.

Neurology.org/NNeurology|Volume96,Number23|June8,2021e2797

Theuseofvalidatedquestionnairesandapopulation-based
designinthecurrentstudyextendspreviousknowledgeon
perinataldepressioninMS.Wehaveidentifiedoneother
studyonprevalenceandriskestimationsofperinatalde-
pressioninpeoplewithMS.Thisotherpopulation-based
studyfounda26%prevalenceofperinataldepressionor
anxietyin255womenwithMS,comparedto21%in904
womenwithoutMS(OR,1.28;95%CI,0.99–1.65).

7
Our

pointprevalencefigureswerelower(15%vs9%),whereasthe
riskestimatefordepressioninthethirdtrimesterforwomen
withMSwashigherinourstudy.Theestimatesarenotstrictly
comparableduetodifferentmethodology.Weevaluatedde-
pressiveandanxietysymptomsseparatelyandusedseveral
assessmentsofpointprevalenceinsteadofperiodprevalence.
Thepreviousstudyuseddiagnosticcodesinadditiontoan-
tidepressantandanxiolyticprescriptionsasproxiesforde-
pressionandanxiety.

Theincreasedoccurrenceofdepressionduringpregnancyin
womenwithanestablishedMSdiagnosiscouldbeexplained
byseveralfactors.Perinataldepressionislinkedtodysregu-
lationofthematernalhypothalamic-pituitary-adrenal(HPA)
axis.

30,31
TheHPAaxisisalsoinvolvedinthemechanismsof

MS.
32

Theknowledgeofhavingasevereandpotentially
progressivediseasemaycausepsychologicaldistress.Un-
certaintyandlackofhopeareshowntobeindependent
predictorsfordepressioninMS,regardlessofdisabilitysta-
tus.

33
Inaddition,depressionmightbecausedbyin-

flammation
3
ormanifestlesionsinthebrain.

34
Allthese

mechanismscaninteractorhavereciprocaleffects.

IncontrasttowomenwithanestablishedMSdiagnosisbefore
pregnancy,womenwhowerediagnosedwithMSpostpartum
hadasubstantiallyincreasedriskofpostpartumdepression.
Depressivesymptomsinthesewomencouldbetriggeredby
diseaseawarenessinavulnerableperiodwhencaringfora
newbornbaby.Womenwhowerediagnosedwithother
chronicdiseasesinthepostpartumperiodalsohadhigher
occurrenceofdepression,butnotasmarkedasforwomen
diagnosedwithMS.ManyofthesewomenwitharecentMS
diagnosisprobablyhadongoingdiseaseactivityandin-
flammation,whichmayhavecontributedtothedepressive
symptoms.

3,35

Wefoundlowriskestimatesforperinatalanxietyforwomen
withestablishedMS.Previousstudieshaveshownthatde-
pressionandanxietyprobablyhavediverseattributablefactors
andmechanismsinMS,whichmayexplainwhytheriskesti-
matesdiffered.Onestudyfoundcorrelationbetweenin-
flammationandsocialandstateanxiety,whiletraitanxietywas
associatedwithdiseaseduration.

3
Depression,butnotanxiety,

hasbeenassociatedwithsubsequentdisabilityprogression.
36

Anotherstudyfoundanassociationbetweendepressionand
brainatrophy,butnoassociationbetweenanxietyandatrophy.

34

Keypredictorsforpregnancy-relateddepressioninwomen
withestablishedMSinourstudywereadversesocioeconomic

factors,ahistoryofsexualorphysicalabuse,anddepressionor
anxietypriortopregnancy.Thesamepredictorsforperinatal
depressionhavepreviouslybeenfoundinwomenwithepi-
lepsy,

24
andarealsoknownpredictorsforperinatalde-

pressioninthegeneralmaternalpopulation.
25,26

However,
theinteractionanalysesindicatedasynergisticeffectbetween
MSandadversesocioeconomicstatusandbetweenMSanda
historyofsexualorphysicalabuse.Thismeansthathaving
experiencedabuseorhavingadversesocioeconomicstatus
seemedtoincreasetheriskofdepressionsubstantiallymorein
womenwithMSthaninwomenwithoutMS.Accordingly,
womenwiththeseriskfactorsneedspecialattentionand
follow-up.

PerinataldepressioninwomenwithMSrequiresintervention,
asitreducesqualityoflife,oftenleadstopaternalde-
pression,

37
andreducesadherencetoMStreatment.

38
Itmay

alsoinfluencethemother–infantbondnegatively,
39

andis
associatedwithhigherriskofpsychiatricdisordersin
children.

7,8

WefoundthatwomenwithMSsymptomonsetwithin5years
afterpregnancyhadincreasedriskofbothdepressionand
anxietyduringpregnancy.Conversely,womenwithmore
than5yearsuntilonsetofMSsymptomsdidnothaveany
increasedrisk.Depressionandanxietyarerecognizedasparts
ofMSprodromalsyndrome.

11,12
Previousstudiesinnon-

pregnantMSpopulationshaveshownincreasedoccurrenceof
depressionandanxiety2yearsbeforeMSdiagnosis

40
andup

to5–10yearsbeforethefirstdemyelinatingevent.
12,13

The
riskgraduallyincreasedclosertotheyearofthefirstevent.

WomenwhowereyettobediagnosedwithMSwhohad
alreadyexperiencedtheirfirstMS-associatedsymptomdidnot
showanyincreasedfrequenciesofdepressionoranxietyin
pregnancy.Ofnote,theyhadthelowestrateofunplanned
pregnancies,whichmayprotectagainstperinataldepression.

41

TheirmediantimefromMSonsettodiagnosiswas8years
comparedtoonly1yearintheother2MSgroups.Thissug-
geststhatthisgrouphadadifferentdiseasecoursewithmilder
onsetsymptoms,andthuslaterdiagnosticattention.

Strengthsofourstudyincludealargeanddetailedpopulation-
baseddataset.Ourdatabaselinkageresultedinauniquestudy
designthatgavetheopportunitytocomparepregnantwomen
withMSindifferentstagesofthediseasebothwiththegeneral
populationandwithwomenwhocontractedotherchronic
diseasespostpartum.TheMSdiagnosiswasthoroughlyvali-
datedinanationwidecollaborationwithlocalneurologyde-
partments.Thedatawereprospectivelycollectedwith
longitudinalmeasurementsofdepressionandanxietywith
validatedscreeningtools.

42
Sensitivityanalysesconfirmed

thatdepressioninwomenwithestablishedMSwasin-
dependentoffatigue,andourfindingswerevalidwithhigher
cutofffordepression.Thedropoutratesamongthedepressed
womeninthedifferentMSgroupsandthereferencegroup
weresimilar,whichlimitsthepossibilityofattritionbias.

Neurology.org/NNeurology|Volume96,Number23|June8,2021e2797

Theuseofvalidatedquestionnairesandapopulation-based
designinthecurrentstudyextendspreviousknowledgeon
perinataldepressioninMS.Wehaveidentifiedoneother
studyonprevalenceandriskestimationsofperinatalde-
pressioninpeoplewithMS.Thisotherpopulation-based
studyfounda26%prevalenceofperinataldepressionor
anxietyin255womenwithMS,comparedto21%in904
womenwithoutMS(OR,1.28;95%CI,0.99–1.65).

7
Our

pointprevalencefigureswerelower(15%vs9%),whereasthe
riskestimatefordepressioninthethirdtrimesterforwomen
withMSwashigherinourstudy.Theestimatesarenotstrictly
comparableduetodifferentmethodology.Weevaluatedde-
pressiveandanxietysymptomsseparatelyandusedseveral
assessmentsofpointprevalenceinsteadofperiodprevalence.
Thepreviousstudyuseddiagnosticcodesinadditiontoan-
tidepressantandanxiolyticprescriptionsasproxiesforde-
pressionandanxiety.

Theincreasedoccurrenceofdepressionduringpregnancyin
womenwithanestablishedMSdiagnosiscouldbeexplained
byseveralfactors.Perinataldepressionislinkedtodysregu-
lationofthematernalhypothalamic-pituitary-adrenal(HPA)
axis.

30,31
TheHPAaxisisalsoinvolvedinthemechanismsof

MS.
32

Theknowledgeofhavingasevereandpotentially
progressivediseasemaycausepsychologicaldistress.Un-
certaintyandlackofhopeareshowntobeindependent
predictorsfordepressioninMS,regardlessofdisabilitysta-
tus.

33
Inaddition,depressionmightbecausedbyin-

flammation
3
ormanifestlesionsinthebrain.

34
Allthese

mechanismscaninteractorhavereciprocaleffects.

IncontrasttowomenwithanestablishedMSdiagnosisbefore
pregnancy,womenwhowerediagnosedwithMSpostpartum
hadasubstantiallyincreasedriskofpostpartumdepression.
Depressivesymptomsinthesewomencouldbetriggeredby
diseaseawarenessinavulnerableperiodwhencaringfora
newbornbaby.Womenwhowerediagnosedwithother
chronicdiseasesinthepostpartumperiodalsohadhigher
occurrenceofdepression,butnotasmarkedasforwomen
diagnosedwithMS.ManyofthesewomenwitharecentMS
diagnosisprobablyhadongoingdiseaseactivityandin-
flammation,whichmayhavecontributedtothedepressive
symptoms.

3,35

Wefoundlowriskestimatesforperinatalanxietyforwomen
withestablishedMS.Previousstudieshaveshownthatde-
pressionandanxietyprobablyhavediverseattributablefactors
andmechanismsinMS,whichmayexplainwhytheriskesti-
matesdiffered.Onestudyfoundcorrelationbetweenin-
flammationandsocialandstateanxiety,whiletraitanxietywas
associatedwithdiseaseduration.

3
Depression,butnotanxiety,

hasbeenassociatedwithsubsequentdisabilityprogression.
36

Anotherstudyfoundanassociationbetweendepressionand
brainatrophy,butnoassociationbetweenanxietyandatrophy.

34

Keypredictorsforpregnancy-relateddepressioninwomen
withestablishedMSinourstudywereadversesocioeconomic

factors,ahistoryofsexualorphysicalabuse,anddepressionor
anxietypriortopregnancy.Thesamepredictorsforperinatal
depressionhavepreviouslybeenfoundinwomenwithepi-
lepsy,

24
andarealsoknownpredictorsforperinatalde-

pressioninthegeneralmaternalpopulation.
25,26

However,
theinteractionanalysesindicatedasynergisticeffectbetween
MSandadversesocioeconomicstatusandbetweenMSanda
historyofsexualorphysicalabuse.Thismeansthathaving
experiencedabuseorhavingadversesocioeconomicstatus
seemedtoincreasetheriskofdepressionsubstantiallymorein
womenwithMSthaninwomenwithoutMS.Accordingly,
womenwiththeseriskfactorsneedspecialattentionand
follow-up.

PerinataldepressioninwomenwithMSrequiresintervention,
asitreducesqualityoflife,oftenleadstopaternalde-
pression,

37
andreducesadherencetoMStreatment.

38
Itmay

alsoinfluencethemother–infantbondnegatively,
39

andis
associatedwithhigherriskofpsychiatricdisordersin
children.

7,8

WefoundthatwomenwithMSsymptomonsetwithin5years
afterpregnancyhadincreasedriskofbothdepressionand
anxietyduringpregnancy.Conversely,womenwithmore
than5yearsuntilonsetofMSsymptomsdidnothaveany
increasedrisk.Depressionandanxietyarerecognizedasparts
ofMSprodromalsyndrome.

11,12
Previousstudiesinnon-

pregnantMSpopulationshaveshownincreasedoccurrenceof
depressionandanxiety2yearsbeforeMSdiagnosis

40
andup

to5–10yearsbeforethefirstdemyelinatingevent.
12,13

The
riskgraduallyincreasedclosertotheyearofthefirstevent.

WomenwhowereyettobediagnosedwithMSwhohad
alreadyexperiencedtheirfirstMS-associatedsymptomdidnot
showanyincreasedfrequenciesofdepressionoranxietyin
pregnancy.Ofnote,theyhadthelowestrateofunplanned
pregnancies,whichmayprotectagainstperinataldepression.

41

TheirmediantimefromMSonsettodiagnosiswas8years
comparedtoonly1yearintheother2MSgroups.Thissug-
geststhatthisgrouphadadifferentdiseasecoursewithmilder
onsetsymptoms,andthuslaterdiagnosticattention.

Strengthsofourstudyincludealargeanddetailedpopulation-
baseddataset.Ourdatabaselinkageresultedinauniquestudy
designthatgavetheopportunitytocomparepregnantwomen
withMSindifferentstagesofthediseasebothwiththegeneral
populationandwithwomenwhocontractedotherchronic
diseasespostpartum.TheMSdiagnosiswasthoroughlyvali-
datedinanationwidecollaborationwithlocalneurologyde-
partments.Thedatawereprospectivelycollectedwith
longitudinalmeasurementsofdepressionandanxietywith
validatedscreeningtools.

42
Sensitivityanalysesconfirmed

thatdepressioninwomenwithestablishedMSwasin-
dependentoffatigue,andourfindingswerevalidwithhigher
cutofffordepression.Thedropoutratesamongthedepressed
womeninthedifferentMSgroupsandthereferencegroup
weresimilar,whichlimitsthepossibilityofattritionbias.

Neurology.org/NNeurology|Volume96,Number23|June8,2021e2797



There are some limitations to our study. Depression and
anxiety were not diagnosed by a physician. However, anon-
ymous questionnaires using the SCL screening tools have
previously been shown to more accurately capture psychiatric
symptoms than interviews.43 Screening positive on SCL
subscales has been predictive of subsequent hospitalization
with depression and dispensation of antidepressants.44

Women with psychological distress may have been less mo-
tivated to participate in the MoBa study. This potential bias
could underestimate the depression prevalence, but should
not influence the risk differences between women with and
without MS. Hence, the exposure–outcome associations
found in our study are generalizable to the maternal pop-
ulation. A moderate participation rate of 41% can result in a
slightly selected sample, but is as expected from population-
based cohorts.45 A study on selection bias in the MoBa cohort
found an underrepresentation of adverse socioeconomic ex-
posure variables in the participating women, which may give
biased estimates of exposure and outcome prevalence.46

Previous population-based studies in Norway with 90% par-
ticipation rates have found 9%–11% prevalence of perinatal
depression, scored with EPDS, from the second trimester in
pregnancy into the postpartum period.47-49 We found the
same prevalence in our reference group. Thus, a potential
selection bias seems to have minimal effect on the outcomes
in our study. Due to personal data protection regulations, we
received date of MS onset/diagnosis as well as birth year, but
we did not know date of birth. Hence, we could not estimate
the exact relation between MS onset and diagnosis to child-
birth for a subgroup of patients. A few women may have been
misclassified into the group “MS diagnosed after pregnancy
with symptom onset before pregnancy.”A total of 3–6 women
in this group could have been diagnosed with MS in late
pregnancy and a maximum of 25 women could have had their
symptom onset during pregnancy. We had no information on
MS severity such as the Expanded Disability Status Scale.
Furthermore, our material lacks MRI data and clinical in-
formation on MS disease activity to assess effect on de-
pression and its influence by inflammation. Breastfeeding may
influence postpartum depression,50 but information on
breastfeeding was not available in our dataset. We had limited
information on medication, both antidepressants and MS-
specific disease-modifying drugs. Further research that in-
cludes potential effects of these variables is necessary for the
understanding of pathobiologic mechanisms in perinatal de-
pression in MS.

The increased risk and prolonged duration of perinatal
depression in women with MS shown in this study should
lead to special attention with timely prevention and treat-
ment. Clinicians should be especially aware of signs of
depression in women diagnosed with MS in the postpartum
period.
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Therearesomelimitationstoourstudy.Depressionand
anxietywerenotdiagnosedbyaphysician.However,anon-
ymousquestionnairesusingtheSCLscreeningtoolshave
previouslybeenshowntomoreaccuratelycapturepsychiatric
symptomsthaninterviews.43ScreeningpositiveonSCL
subscaleshasbeenpredictiveofsubsequenthospitalization
withdepressionanddispensationofantidepressants.44

Womenwithpsychologicaldistressmayhavebeenlessmo-
tivatedtoparticipateintheMoBastudy.Thispotentialbias
couldunderestimatethedepressionprevalence,butshould
notinfluencetheriskdifferencesbetweenwomenwithand
withoutMS.Hence,theexposure–outcomeassociations
foundinourstudyaregeneralizabletothematernalpop-
ulation.Amoderateparticipationrateof41%canresultina
slightlyselectedsample,butisasexpectedfrompopulation-
basedcohorts.45AstudyonselectionbiasintheMoBacohort
foundanunderrepresentationofadversesocioeconomicex-
posurevariablesintheparticipatingwomen,whichmaygive
biasedestimatesofexposureandoutcomeprevalence.46

Previouspopulation-basedstudiesinNorwaywith90%par-
ticipationrateshavefound9%–11%prevalenceofperinatal
depression,scoredwithEPDS,fromthesecondtrimesterin
pregnancyintothepostpartumperiod.47-49Wefoundthe
sameprevalenceinourreferencegroup.Thus,apotential
selectionbiasseemstohaveminimaleffectontheoutcomes
inourstudy.Duetopersonaldataprotectionregulations,we
receiveddateofMSonset/diagnosisaswellasbirthyear,but
wedidnotknowdateofbirth.Hence,wecouldnotestimate
theexactrelationbetweenMSonsetanddiagnosistochild-
birthforasubgroupofpatients.Afewwomenmayhavebeen
misclassifiedintothegroup“MSdiagnosedafterpregnancy
withsymptomonsetbeforepregnancy.”Atotalof3–6women
inthisgroupcouldhavebeendiagnosedwithMSinlate
pregnancyandamaximumof25womencouldhavehadtheir
symptomonsetduringpregnancy.Wehadnoinformationon
MSseveritysuchastheExpandedDisabilityStatusScale.
Furthermore,ourmateriallacksMRIdataandclinicalin-
formationonMSdiseaseactivitytoassesseffectonde-
pressionanditsinfluencebyinflammation.Breastfeedingmay
influencepostpartumdepression,50butinformationon
breastfeedingwasnotavailableinourdataset.Wehadlimited
informationonmedication,bothantidepressantsandMS-
specificdisease-modifyingdrugs.Furtherresearchthatin-
cludespotentialeffectsofthesevariablesisnecessaryforthe
understandingofpathobiologicmechanismsinperinatalde-
pressioninMS.

Theincreasedriskandprolongeddurationofperinatal
depressioninwomenwithMSshowninthisstudyshould
leadtospecialattentionwithtimelypreventionandtreat-
ment.Cliniciansshouldbeespeciallyawareofsignsof
depressioninwomendiagnosedwithMSinthepostpartum
period.
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selectionbiasseemstohaveminimaleffectontheoutcomes
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informationonmedication,bothantidepressantsandMS-
specificdisease-modifyingdrugs.Furtherresearchthatin-
cludespotentialeffectsofthesevariablesisnecessaryforthe
understandingofpathobiologicmechanismsinperinatalde-
pressioninMS.

Theincreasedriskandprolongeddurationofperinatal
depressioninwomenwithMSshowninthisstudyshould
leadtospecialattentionwithtimelypreventionandtreat-
ment.Cliniciansshouldbeespeciallyawareofsignsof
depressioninwomendiagnosedwithMSinthepostpartum
period.
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There are some limitations to our study. Depression and
anxiety were not diagnosed by a physician. However, anon-
ymous questionnaires using the SCL screening tools have
previously been shown to more accurately capture psychiatric
symptoms than interviews.

43
Screening positive on SCL

subscales has been predictive of subsequent hospitalization
with depression and dispensation of antidepressants.

44

Women with psychological distress may have been less mo-
tivated to participate in the MoBa study. This potential bias
could underestimate the depression prevalence, but should
not influence the risk differences between women with and
without MS. Hence, the exposure–outcome associations
found in our study are generalizable to the maternal pop-
ulation. A moderate participation rate of 41% can result in a
slightly selected sample, but is as expected from population-
based cohorts.

45
A study on selection bias in the MoBa cohort

found an underrepresentation of adverse socioeconomic ex-
posure variables in the participating women, which may give
biased estimates of exposure and outcome prevalence.

46

Previous population-based studies in Norway with 90% par-
ticipation rates have found 9%–11% prevalence of perinatal
depression, scored with EPDS, from the second trimester in
pregnancy into the postpartum period.

47-49
We found the

same prevalence in our reference group. Thus, a potential
selection bias seems to have minimal effect on the outcomes
in our study. Due to personal data protection regulations, we
received date of MS onset/diagnosis as well as birth year, but
we did not know date of birth. Hence, we could not estimate
the exact relation between MS onset and diagnosis to child-
birth for a subgroup of patients. A few women may have been
misclassified into the group “MS diagnosed after pregnancy
with symptom onset before pregnancy.”A total of 3–6 women
in this group could have been diagnosed with MS in late
pregnancy and a maximum of 25 women could have had their
symptom onset during pregnancy. We had no information on
MS severity such as the Expanded Disability Status Scale.
Furthermore, our material lacks MRI data and clinical in-
formation on MS disease activity to assess effect on de-
pression and its influence by inflammation. Breastfeeding may
influence postpartum depression,

50
but information on

breastfeeding was not available in our dataset. We had limited
information on medication, both antidepressants and MS-
specific disease-modifying drugs. Further research that in-
cludes potential effects of these variables is necessary for the
understanding of pathobiologic mechanisms in perinatal de-
pression in MS.

The increased risk and prolonged duration of perinatal
depression in women with MS shown in this study should
lead to special attention with timely prevention and treat-
ment. Clinicians should be especially aware of signs of
depression in women diagnosed with MS in the postpartum
period.
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Therearesomelimitationstoourstudy.Depressionand
anxietywerenotdiagnosedbyaphysician.However,anon-
ymousquestionnairesusingtheSCLscreeningtoolshave
previouslybeenshowntomoreaccuratelycapturepsychiatric
symptomsthaninterviews.

43
ScreeningpositiveonSCL

subscaleshasbeenpredictiveofsubsequenthospitalization
withdepressionanddispensationofantidepressants.

44

Womenwithpsychologicaldistressmayhavebeenlessmo-
tivatedtoparticipateintheMoBastudy.Thispotentialbias
couldunderestimatethedepressionprevalence,butshould
notinfluencetheriskdifferencesbetweenwomenwithand
withoutMS.Hence,theexposure–outcomeassociations
foundinourstudyaregeneralizabletothematernalpop-
ulation.Amoderateparticipationrateof41%canresultina
slightlyselectedsample,butisasexpectedfrompopulation-
basedcohorts.

45
AstudyonselectionbiasintheMoBacohort

foundanunderrepresentationofadversesocioeconomicex-
posurevariablesintheparticipatingwomen,whichmaygive
biasedestimatesofexposureandoutcomeprevalence.

46

Previouspopulation-basedstudiesinNorwaywith90%par-
ticipationrateshavefound9%–11%prevalenceofperinatal
depression,scoredwithEPDS,fromthesecondtrimesterin
pregnancyintothepostpartumperiod.

47-49
Wefoundthe

sameprevalenceinourreferencegroup.Thus,apotential
selectionbiasseemstohaveminimaleffectontheoutcomes
inourstudy.Duetopersonaldataprotectionregulations,we
receiveddateofMSonset/diagnosisaswellasbirthyear,but
wedidnotknowdateofbirth.Hence,wecouldnotestimate
theexactrelationbetweenMSonsetanddiagnosistochild-
birthforasubgroupofpatients.Afewwomenmayhavebeen
misclassifiedintothegroup“MSdiagnosedafterpregnancy
withsymptomonsetbeforepregnancy.”Atotalof3–6women
inthisgroupcouldhavebeendiagnosedwithMSinlate
pregnancyandamaximumof25womencouldhavehadtheir
symptomonsetduringpregnancy.Wehadnoinformationon
MSseveritysuchastheExpandedDisabilityStatusScale.
Furthermore,ourmateriallacksMRIdataandclinicalin-
formationonMSdiseaseactivitytoassesseffectonde-
pressionanditsinfluencebyinflammation.Breastfeedingmay
influencepostpartumdepression,

50
butinformationon

breastfeedingwasnotavailableinourdataset.Wehadlimited
informationonmedication,bothantidepressantsandMS-
specificdisease-modifyingdrugs.Furtherresearchthatin-
cludespotentialeffectsofthesevariablesisnecessaryforthe
understandingofpathobiologicmechanismsinperinatalde-
pressioninMS.

Theincreasedriskandprolongeddurationofperinatal
depressioninwomenwithMSshowninthisstudyshould
leadtospecialattentionwithtimelypreventionandtreat-
ment.Cliniciansshouldbeespeciallyawareofsignsof
depressioninwomendiagnosedwithMSinthepostpartum
period.
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Table e-1: Backward stepwise logistic regression: Predictors for third trimester depression 

 Women with MS diagnosed before pregnancy (n = 140) 

  

Reference group (n = 111,627) 

 Univariable analyses 

 

Final model (multivariable) 

  

Univariable analyses 

 

Final model (multivariable) 

 

Predictor Crude p-value OR (95% CI) 

 

p-value 

 

OR (95% CI) 

 

Crude p-value OR (95% CI) 

 

p-value 

 

OR (95% CI) 

Adverse socioeconomic 

statusa 0.004 7.4 (1.9–29.0) 0.006 6.0 (1.7–21.8) 

 

<0.001 2.3 (2.2–2.4) <0.001 1.2 (1.2–1.3) 

Disability benefitsb 0.582 1.4 (0.4–4.8) - -  <0.001 3.4 (3.0–3.9) 0.012 1.2 (1.1–1.4) 

Comorbidityc 0.016 9.9 (1.5–64.2) - -  <0.001 1.3 (1.2–1.4) - - 

Sexual/physical abused <0.001 8.2 (2.7–25) 0.003 5.5 (1.8–17.5)  <0.001 2.7 (2.5–2.8) <0.001 1.3 (1.3–1.4) 

Adverse pregnancy 

eventse 0.936 0.95 (0.3–2.9) 

- -  

<0.001 1.1 (1.1–1.2) 

- - 

Adverse life eventsf 0.006 4.7 (1.5–14.2) - -  <0.001 3.1 (3.0–3.2) <0.001 2.0 (1.9–2.1) 

Smoking in pregnancy 0.055 3.7 (0.97–14.3) - -  <0.001 2.3 (2.2–2.5) <0.001 1.3 (1.2–1.5) 

Alcohol in pregnancy - - - -  0.019 1.2 (1.0–1.3) - - 

Early pregnancy 

anxiety/depressiong <0.001 6.4 (2.1–19.7) - - 

 

<0.001 

11.6 (11.0–

12.2) 

 

 <0.001 

 

6.8 (6.4–7.3) 

Previous 

anxiety/depressionh <0.001 5.6 (2.0–16.3) 

 

0.009 4.6 (1.5–14.6) 

 

<0.001 4.2 (4.0–4.4) <0.001 2.2 (2.1–2.4) 

Unplanned pregnancy 0.311 1.9 (0.5–6.7) - -  <0.001 2.1 (2.0–2.2) <0.001 1.4 (1.3–1.5) 

Recent MS diagnosisi 0.460 0.6 (0.2–2.2) - -  - - - - 

Relapsing-remitting MS 0.931 0.9 (0.1–8.2) - -  - - - - 

Unspecified MS type 0.931 1.1 (0.1–9.9) - -  - - - - 

Pre-pregnancy BMI > 25  0.154 2.1 (0.8–5.8) - -  <0.001 1.2 (1.1–1.2) 0.012 1.1 (1.0–1.1) 

 ≥ 4 previous childbirths 0.185 2.2 (0.7–7.1) - -  <0.001 1.1 (1.1–1.2) 0.012 1.1 (1.0–1.2) 

Maternal age > 38 years 0.581 1.9 (0.2–19.5) - -  0.466 1.1 (0.9–1.2) - - 

Abbreviations: MS = Multiple sclerosis; RRMS = Relapsing Remitting MS; BMI = Body Mass Index. 

Odds ratios (ORs) with 95% confidence intervals (CIs) for predictors of depression in the third trimester in women with MS 

diagnosed before pregnancy (n = 140) and the reference group (n = 111,627). Backward stepwise logistic regression analysis was 

manually performed with third trimester depression as the dependent variable and 17 independent variables as potential 

predictors. The alpha to enter the multivariable model was ≤ 0.1 and alpha ≥ 0.05 for variable removal. Estimates that reached 

significance for entering and remaining in the model for each group are highlighted in bold.  
a Single mother, low household income < 60% of median and/or short education ≤ 9 years. 
b Permanent social security disability or work assessment allowance funded by the government. 
c Pre-pregnancy chronic diseases registered by health personnel in the MBRN: Asthma, pre-pregnancy hypertension, renal disease, 

rheumatoid arthritis, type 1 diabetes and/or epilepsy. 
d Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen. 
e Prior history of stillbirth or miscarriages > 12 weeks, prior or current preeclampsia and/or first trimester vaginal bleeding. 
f  ≥ 1 of the following: Conflict at work/study, financial problems, divorce/separation/partnership breakup, conflict with family or 

friends, severe injury or illness to the woman or a loved one, involvement in a severe traffic accident, fire or robbery, or death of a 

close relative or friend - during the last 12 months and defining it as “painful or difficult”. 
g Maternal depression/anxiety in pregnancy week 17–20 (mean > 1.75 on Hopkins symptom checklist-5).  
h Self-reported history of anxiety or positive screening on the LTMD score. 
i Last 2 years. Correlation analysis and linear regression analysis with depression score as the dependent variable and disease 

duration as the independent variable showed no association or linear relationship between the two variables (not included in the 

paper). We chose this cutoff because higher depression scores were seemingly accumulated among the women diagnosed in the 

years closest to pregnancy in the scatter plot. 
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a Single mother, low household income < 60% of median and/or short education ≤ 9 years. 
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c Pre-pregnancy chronic diseases registered by health personnel in the MBRN: Asthma, pre-pregnancy hypertension, renal disease, 

rheumatoid arthritis, type 1 diabetes and/or epilepsy. 
d Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen. 
e Prior history of stillbirth or miscarriages > 12 weeks, prior or current preeclampsia and/or first trimester vaginal bleeding. 
f  ≥ 1 of the following: Conflict at work/study, financial problems, divorce/separation/partnership breakup, conflict with family or 

friends, severe injury or illness to the woman or a loved one, involvement in a severe traffic accident, fire or robbery, or death of a 

close relative or friend - during the last 12 months and defining it as “painful or difficult”. 
g Maternal depression/anxiety in pregnancy week 17–20 (mean > 1.75 on Hopkins symptom checklist-5).  
h Self-reported history of anxiety or positive screening on the LTMD score. 
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paper). We chose this cutoff because higher depression scores were seemingly accumulated among the women diagnosed in the 

years closest to pregnancy in the scatter plot. 
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 ≥ 4 previous childbirths 0.185 2.2 (0.7–7.1) - -  <0.001 1.1 (1.1–1.2) 0.012 1.1 (1.0–1.2) 

Maternal age > 38 years 0.581 1.9 (0.2–19.5) - -  0.466 1.1 (0.9–1.2) - - 

Abbreviations: MS = Multiple sclerosis; RRMS = Relapsing Remitting MS; BMI = Body Mass Index. 

Odds ratios (ORs) with 95% confidence intervals (CIs) for predictors of depression in the third trimester in women with MS 

diagnosed before pregnancy (n = 140) and the reference group (n = 111,627). Backward stepwise logistic regression analysis was 

manually performed with third trimester depression as the dependent variable and 17 independent variables as potential 

predictors. The alpha to enter the multivariable model was ≤ 0.1 and alpha ≥ 0.05 for variable removal. Estimates that reached 

significance for entering and remaining in the model for each group are highlighted in bold.  
a Single mother, low household income < 60% of median and/or short education ≤ 9 years. 
b Permanent social security disability or work assessment allowance funded by the government. 
c Pre-pregnancy chronic diseases registered by health personnel in the MBRN: Asthma, pre-pregnancy hypertension, renal disease, 

rheumatoid arthritis, type 1 diabetes and/or epilepsy. 
d Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen. 
e Prior history of stillbirth or miscarriages > 12 weeks, prior or current preeclampsia and/or first trimester vaginal bleeding. 
f  ≥ 1 of the following: Conflict at work/study, financial problems, divorce/separation/partnership breakup, conflict with family or 

friends, severe injury or illness to the woman or a loved one, involvement in a severe traffic accident, fire or robbery, or death of a 

close relative or friend - during the last 12 months and defining it as “painful or difficult”. 
g Maternal depression/anxiety in pregnancy week 17–20 (mean > 1.75 on Hopkins symptom checklist-5).  
h Self-reported history of anxiety or positive screening on the LTMD score. 
i Last 2 years. Correlation analysis and linear regression analysis with depression score as the dependent variable and disease 

duration as the independent variable showed no association or linear relationship between the two variables (not included in the 

paper). We chose this cutoff because higher depression scores were seemingly accumulated among the women diagnosed in the 

years closest to pregnancy in the scatter plot. 
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Odds ratios (ORs) with 95% confidence intervals (CIs) for predictors of depression in the third trimester in women with MS 

diagnosed before pregnancy (n = 140) and the reference group (n = 111,627). Backward stepwise logistic regression analysis was 

manually performed with third trimester depression as the dependent variable and 17 independent variables as potential 

predictors. The alpha to enter the multivariable model was ≤ 0.1 and alpha ≥ 0.05 for variable removal. Estimates that reached 

significance for entering and remaining in the model for each group are highlighted in bold.  
a Single mother, low household income < 60% of median and/or short education ≤ 9 years. 
b Permanent social security disability or work assessment allowance funded by the government. 
c Pre-pregnancy chronic diseases registered by health personnel in the MBRN: Asthma, pre-pregnancy hypertension, renal disease, 

rheumatoid arthritis, type 1 diabetes and/or epilepsy. 
d Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen. 
e Prior history of stillbirth or miscarriages > 12 weeks, prior or current preeclampsia and/or first trimester vaginal bleeding. 
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h Self-reported history of anxiety or positive screening on the LTMD score. 
i Last 2 years. Correlation analysis and linear regression analysis with depression score as the dependent variable and disease 

duration as the independent variable showed no association or linear relationship between the two variables (not included in the 

paper). We chose this cutoff because higher depression scores were seemingly accumulated among the women diagnosed in the 

years closest to pregnancy in the scatter plot. 

Supplemental data: Paper III 
 

 

Table e-1: Backward stepwise logistic regression: Predictors for third trimester depression 

 Women with MS diagnosed before pregnancy (n = 140) 

  

Reference group (n = 111,627) 

 Univariable analyses 

 

Final model (multivariable) 

  

Univariable analyses 

 

Final model (multivariable) 

 

Predictor Crude p-value OR (95% CI) 

 

p-value 

 

OR (95% CI) 

 

Crude p-value OR (95% CI) 

 

p-value 

 

OR (95% CI) 

Adverse socioeconomic 

statusa 0.004 7.4 (1.9–29.0) 0.006 6.0 (1.7–21.8) 

 

<0.001 2.3 (2.2–2.4) <0.001 1.2 (1.2–1.3) 

Disability benefitsb 0.582 1.4 (0.4–4.8) - -  <0.001 3.4 (3.0–3.9) 0.012 1.2 (1.1–1.4) 

Comorbidityc 0.016 9.9 (1.5–64.2) - -  <0.001 1.3 (1.2–1.4) - - 

Sexual/physical abused <0.001 8.2 (2.7–25) 0.003 5.5 (1.8–17.5)  <0.001 2.7 (2.5–2.8) <0.001 1.3 (1.3–1.4) 

Adverse pregnancy 

eventse 0.936 0.95 (0.3–2.9) 

- -  

<0.001 1.1 (1.1–1.2) 

- - 

Adverse life eventsf 0.006 4.7 (1.5–14.2) - -  <0.001 3.1 (3.0–3.2) <0.001 2.0 (1.9–2.1) 

Smoking in pregnancy 0.055 3.7 (0.97–14.3) - -  <0.001 2.3 (2.2–2.5) <0.001 1.3 (1.2–1.5) 

Alcohol in pregnancy - - - -  0.019 1.2 (1.0–1.3) - - 

Early pregnancy 

anxiety/depressiong <0.001 6.4 (2.1–19.7) - - 

 

<0.001 

11.6 (11.0–

12.2) 

 

 <0.001 

 

6.8 (6.4–7.3) 

Previous 

anxiety/depressionh <0.001 5.6 (2.0–16.3) 

 

0.009 4.6 (1.5–14.6) 

 

<0.001 4.2 (4.0–4.4) <0.001 2.2 (2.1–2.4) 

Unplanned pregnancy 0.311 1.9 (0.5–6.7) - -  <0.001 2.1 (2.0–2.2) <0.001 1.4 (1.3–1.5) 

Recent MS diagnosisi 0.460 0.6 (0.2–2.2) - -  - - - - 

Relapsing-remitting MS 0.931 0.9 (0.1–8.2) - -  - - - - 

Unspecified MS type 0.931 1.1 (0.1–9.9) - -  - - - - 

Pre-pregnancy BMI > 25  0.154 2.1 (0.8–5.8) - -  <0.001 1.2 (1.1–1.2) 0.012 1.1 (1.0–1.1) 

 ≥ 4 previous childbirths 0.185 2.2 (0.7–7.1) - -  <0.001 1.1 (1.1–1.2) 0.012 1.1 (1.0–1.2) 

Maternal age > 38 years 0.581 1.9 (0.2–19.5) - -  0.466 1.1 (0.9–1.2) - - 

Abbreviations: MS = Multiple sclerosis; RRMS = Relapsing Remitting MS; BMI = Body Mass Index. 

Odds ratios (ORs) with 95% confidence intervals (CIs) for predictors of depression in the third trimester in women with MS 

diagnosed before pregnancy (n = 140) and the reference group (n = 111,627). Backward stepwise logistic regression analysis was 

manually performed with third trimester depression as the dependent variable and 17 independent variables as potential 

predictors. The alpha to enter the multivariable model was ≤ 0.1 and alpha ≥ 0.05 for variable removal. Estimates that reached 

significance for entering and remaining in the model for each group are highlighted in bold.  
a Single mother, low household income < 60% of median and/or short education ≤ 9 years. 
b Permanent social security disability or work assessment allowance funded by the government. 
c Pre-pregnancy chronic diseases registered by health personnel in the MBRN: Asthma, pre-pregnancy hypertension, renal disease, 

rheumatoid arthritis, type 1 diabetes and/or epilepsy. 
d Physical or sexual abuse during childhood or adulthood. Questions adapted from the Abuse Assessment Screen. 
e Prior history of stillbirth or miscarriages > 12 weeks, prior or current preeclampsia and/or first trimester vaginal bleeding. 
f  ≥ 1 of the following: Conflict at work/study, financial problems, divorce/separation/partnership breakup, conflict with family or 

friends, severe injury or illness to the woman or a loved one, involvement in a severe traffic accident, fire or robbery, or death of a 

close relative or friend - during the last 12 months and defining it as “painful or difficult”. 
g Maternal depression/anxiety in pregnancy week 17–20 (mean > 1.75 on Hopkins symptom checklist-5).  
h Self-reported history of anxiety or positive screening on the LTMD score. 
i Last 2 years. Correlation analysis and linear regression analysis with depression score as the dependent variable and disease 

duration as the independent variable showed no association or linear relationship between the two variables (not included in the 

paper). We chose this cutoff because higher depression scores were seemingly accumulated among the women diagnosed in the 

years closest to pregnancy in the scatter plot. 
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Table e-2. Dropout rates among the depressed women in the third trimester 

  MS diagnosed after pregnancy  

 

Questionnaire 

MS diagnosed before 

pregnancy 

Symptom onset 

before pregnancy 

Symptom onset 

after pregnancy 

Reference group 

Pregnancy week 30; n (%) 18 (100) 5 (100) 33 (100) 8410 (100) 

6 months postpartum; n (%) 16 (89) 5 (100) 31 (94) 7226 (86) 

18 months postpartum; n (%) 14 (78) 5 (100) 25 (76) 5975 (71) 

Dropout rates were compared with X2 test and Fisher exact test. P-values not shown. 
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