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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% Cls, 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% Cl 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% C1 0.83 to 2.06). The risk of MS was further
increased if exposed to two (HR 1.66, 95% Cl 1.04 to
2.67) or all three abuse categories (HR 1.93, 95% Cl
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."
Any impact of stress on multiple sclerosis (MS)
is debated,” 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.” 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,*

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.

including cardiovascular disease, cancer and auto-
immune disease.’

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,®
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.”®

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.”™ Exposure to tobacco smoke at a young age
may also have an impact.'* ** 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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114 629 Pregnancies in the MoBa study

A

19 991 Excluded
82 Uncertain or refuted MS

Y

1983 Duplicate questionnaires ’

from twin/triplet pregnancies

94 638 First pregnancies in the MoBa study |

365 Missing year of childbirth |

17 436 Pregnancies with previous

85 357 Women responding to Q12 |

participation in MoBa

7633 Loss to follow-up®

617 Missing abuse-items?

125 Women with established

MS diagnosis at MoBa enroliment

78 620 Women responding to Q3P

78 003 Answered abuse-items

6 Women diagnosed with MS the

[ >

I
14 477 Exposed women

Figure 1

63 520 Unexposed women

same year as the enrollment year®

Flow chart of included and excluded study participants. °The first questionnaire (Q1) in the MoBA study was sent out to participants in

pregnancy week 18. °The third questionnaire (Q3) in the MobA study was sent out to participants in pregnancy week 30. “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. °A total of
617 of the women who responded to Q3 did not answer the abuse items. “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.

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,"* 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."° 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.'® 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."”

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
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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/=25kg/m?), 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'® 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% Cls. 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' 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.?’ Possible mediators
were smoking, high BMI, and adverse socioeconomic status as
an adult—factors associated with both childhood abuse* ?' and
M, 112224

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.

Multiple sclerosis

Table 1 Background characteristics of the study population exposed
and unexposed to childhood abuse
Exposed Unexposed
n=14 477 n=63 520

Age at study baseline;* mean (SD) 29 (5) 30 (5)
Missing; n (%) 0(0) 1(<1)
Observation years;t 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.

tObservation years in the time-to-event analysis are calculated from enrollment in
MoBa.

tAdverse 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.

RESULTS

We included 77 997women 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
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Table 2 Incidence rates and HRs for Multiple Sclerosis among women exposed to childhood abuse
N (%) N (%) Person Time Unadjusted HR
Exposure total cohort women with MS 100 000 Years IR* (95% CI) (95% CI) HRt (95% Cl) HR# (95% Cl)
No childhood abuse 63 520 (81) 229 (76) 8.2 28 (25 to 32) Ref Ref Ref
Any childhood abuse 14477 (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 t0 1.72)
Emotional abuse 10702 (14) 56 (20) 14 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 t0 2.29)
Sexual abuse 5416 (8) 34 (13) 0.7 49 (35 to 68) 1.74 (1.21 t0 2.49) 1.75 (1.21 to 2.51) 1.65 (1.13 t0 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 t0 2.19) 1.31 (0.83 to 2.06)
No of abuse categories
(Ref: 0)
1 9947 (13) 40 (13) 13 31 (23t0 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 10 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 to0 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’.

tHRs 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.

(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.” ** 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,”® lead to oxidative
stress*” and induce a proinflammatory state decades into adult-
hood.?® Psychological stress has been shown to disrupt the

blood-brain barrier” and cause epigenetic changes that may
increase the risk of neurodegenerative disorders, including
MS.*° 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.?!

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.’

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?

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* *' and the risk of devel-
oping MS." #22* 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.>* However,
some suggest such bias is minor.*> A more plausible explanation
may be that exposure to childhood abuse gives increased risk of
depression, in particular depression during pregnancy.*®
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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,*”
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.* 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,*® 0.003% emigrate®” and 0.0005% die**
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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