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Abstract

Obijective: Adverse Childhood Experiences (ACEs), such as physical, emotional, and sexual
abuse trigger inflammatory changes and have been associated with many causes of morbidity

and mortality, including autoimmune diseases. Although Multiple Sclerosis (MS) is a debilitating
neurological autoimmune disease, literature linking ACEs and MS is understudied. The aim of
this review was to examine the 1) state of the literature, and 2) relationships between childhood
adversity and the prevalence and physical clinical features of MS (e.g., age at onset, relapses, pain,
fatigue, disability).

Methods: A comprehensive search was preformed through five databases and by hand using the
ancestry and descendancy approach for connections to papers published through January 20th,
2022. Studies were screened by independent reviewers using Rayyan.ai, and critically appraised
for both quality and reporting transparency.

Results: Twelve studies examined relationships between any ACE(s) and the prevalence or
physical clinical features of MS. There was considerable variance in the measurement of
stressors, confounders, and categorization of MS; however most studies (/7= 10) demonstrated

an association between ACEs and MS (alone or grouped with other similar diagnoses), or physical
clinical features.

Conclusion: Although there are few studies in this area, it is of quickly growing interest.
These results should be cautiously interpreted, yet highlight the need for continued work to

disentangle and discern true associations.
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Adverse childhood experiences (ACESs), such as abuse or household dysfunction (e.g.,
parental substance abuse) are a public health crisis that affects about two thirds of the United
States (U.S.) population [1]. This crisis costs the U.S. $2 trillion dollars from short- and
long-term consequences, such as acute and chronic health care costs [2]. Traumatic stress
can drive individuals to develop maladaptive fight, flight, or freeze responses [3,4]. Within
the limbic system, which is responsible for emotion such as fear conditioning, the amygdala
can become enlarged and hypersensitive to perceiving threats [5,6]. When a real or perceived
threat is detected, the amygdala triggers the Hypothalamic Pituitary Adrenal (HPA) axis in
the brain which signals the release of stress hormones and pro-inflammatory cytokines [3,4].
This is the beginning of the inflammation cascade which creates wear and tear within the
body from repeated activation, or an inability of the body to shut off these functions once

the threat dissipates [7,8]. Due to this wear and tear, individuals living in a pro-inflammatory
state have increased risk of many leading causes of mortality, such as obesity, diabetes,
stroke, Alzheimer’s disease, and as the body’s cells turn against themselves, autoimmune
diseases can develop [9-11].

Multiple Sclerosis is an immune-modulated demyelinating inflammatory disease of the
central nervous system that affects between 2.5 and 2.8 million people globally [12,13]. A
disproportionate number of people with MS (PwMS), 1 million, reside in the U.S. [14]. The
U.S. has the second highest prevalence rate at 288 cases per 100,000 people, compared to
an average global rate of 36 cases per 100,000 people [14]. Globally, MS is most frequently
diagnosed in White females, yet when other races or men are diagnosed, they report higher
disease burden [15,16]. The average age at onset is 36, and in numerous countries MS is the
leading cause of non-traumatic neurologic disability in young adults [14,17].

Multiple Sclerosis symptoms and disability arise from demyelination, axonal injury, and
loss. In a healthy individual, the myelin sheath normally surrounds and protect neurons,
facilitating electrical impulse conduction [18]. With MS, the body’s inflammatory process
attacks the myelin sheath, damaging axons and inhibiting the communication between

the brain and body [18,19]. Common symptoms include discoordination, pain, fatigue,
and spasticity progressing to complete loss of function in the corresponding part of the
body (e.g., limb, bladder). Between 85 and 90% of individuals present with a relapsing
remitting form and can maintain a relatively stable functional level between relapses

(i.e., exacerbations characterized by new or worsening symptoms) [12]. During a relapse,
function can suddenly decline to the point of paralysis in different parts of the body

[20]. Progressive forms of MS are characterized by steadily worsening symptoms, higher
disease burden and few to no relapses. While there isn’t a cure, there are numerous Disease
Modifying Therapies (DMTSs) that may reduce relapses and delay MS progression.

The exact etiology of MS is unknown but considered to be an interaction of genetics and
environmental factors, such as vitamin-D, viral/bacterial exposure, smoking, and obesity
[12] [21]. Latitude of birth or long-term residence has been associated with risk of MS

in a gradient pattern that is lowest at the equator and increases with distance away from

the equator [22,23]. This pattern is thought to derive from the varying amounts of sunlight
available at different latitudes, therefore impacting the amount of circulating serum vitamin
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D in an individual [22]. Similarly, birth month has been associated with risk of MS through
the amount of sunlight available to the mother during pregnancy [24,25].

Adult stress has been associated with MS relapse rates [26—28]. One way stress is

thought to impact MS directly is through the HPA axis inflammatory response involving
many cytokines, which play an integral role in MS pathogenesis and disease course [27].
Traumatic stressors could also impact MS indirectly through maladaptive coping behaviors,
such as substance use or overeating. Smoking tobacco and obesity are known risk factors
for MS, and both involve inflammatory processes [29-31]. Albeit limited, researchers have
also begun to explore the longer-term effects of stressors during childhood, MS onset and
clinical features. In one small study, ACEs were significantly correlated with a younger age
at MS onset and decreased reading recognition [32]. Another study associated childhood
physical and emotional abuse and neglect with adult MS relapse rates [33]. There are similar
gender patterns in both the rates of some traumatic childhood stressors and MS. Girls are
disproportionately affected by sexual abuse at a rate of 1 in 7 compared to 1 in 25 boys
[34,35]. Similarly, MS disproportionately affects women two to three times more than men
[12].

Research exploring relationships between traumatic childhood stressors and MS onset or
physical clinical features is of growing interest. The objective of this review was to assess
the state of published research regarding relationships between childhood adversity and the
prevalence and/or physical clinical features (e.g., age at onset, relapse rates, pain, fatigue,
disability) of MS.

1. Methods

1.1. Search strategy

Five North American and European databases (PubMed, Embase, CINAHL, Scopus,
PsycINFO) were searched in accordance with best practice systematic processes [36] and
tracked using preferred reporting methods [37]. A comprehensive approach was used,

with over 50 terms in Boolean search logic. Examples include ACEs, child sexual abuse,
maltreatment, incarceration, foster, divorce, psychiatric trauma, teen, youth, adolescent,
Multiple Sclerosis, demyelinating autoimmune diseases of the CNS, disseminated sclerosis,
autoimmunity, neuroimmunomodulation (Appendix A)

1.2. Eligibility criteria
Two investigators used Rayyan.ai [38] to screen articles independently and blindly, first by
title and abstract followed by full text. Once complete, blinding was removed and the two
investigator’s results were compared. A third investigator consulted on any discrepancies.
Original search criteria approved original human research published in English in peer
reviewed journals any time before March 5th, 2020. The article must have included at
least one childhood traumatic stressor aligned with the widely recognized ACE tool (e.g.,
sexual/physical/emotional abuse, neglect, household mental illness/substance abuse, parental
separation/divorce/incarceration) [39], and an outcome of MS or a physical MS clinical
feature. Exclusion criteria was met if the article 1) reported only trauma >18 years old or
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lifetime trauma without also specifically evaluating childhood trauma, 2) was not a research
study, 3) was done on animals, 4) did not include MS (alone or grouped) or MS clinical
features as an outcome (e.g., biomarker, telomere length). Included studies were then entered
into ResearchRabbit.ai [40] to hand search using the ancestry and descendancy approach for
connections to any new papers published until January 20th, 2022.

1.3. Data extraction and critical appraisal

A detailed data extraction tool was used to evaluate and compare content. Examples include
the trauma survey instrument, number and types of stressors, results reported by gender,
confounding factors (e.g., education), and critical covariates (e.g., latitude) that could impact
relationships with MS. Google maps was used to acquire latitude ranges of sample locations
(maps.google.com). Two reviewers independently assessed quality with National Institutes
of Health (NIH) open access tools that guide assessment for the risk of bias [41]. Criteria
varied by the study design, for example, use of concurrent controls in a case control study,
or if loss to follow up is <20% for cohort studies. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) checklist was used to evaluate reporting
transparency [42]. Most of the combined STROBE tool is universal, while some items apply
per study design, such as stating the follow up time for cohort studies. Ratings from both
tools were categorized into good, fair, poor.

2. Results

2.1. Overview and characteristics

Of the 4068 records identified in the initial search, 1485 duplicates were removed. From
the remaining 2583 results, 34 articles progressed to full text review. Nine met all inclusion
criteria and were included in this review (Fig. 1). An additional three papers were identified
via handsearching. Critical appraisal revealed 11 articles of good quality and nine of high
transparency (Table 1).

Eight studies collected and presented primary data [32,33,43-48] and four studies utilized
existing datasets [49-52]. Data was collected through a wide range of years from 1982
until 2019, with three studies using prospective longitudinal data (Table 1). Half focused
on MS by specifically using MS patients as their sample [32,33,44,46,51,52], while five
had MS on a list of 3—-21 possible autoimmune or neurological diseases grouped together
[43,45,47,49,50]. One study focused on patients with fibromyalgia but used rheumatoid
arthritis and PwMS as a control group [48].

2.2. Traumatic stressor measurement tools

The most prevalent tool used was the Childhood Trauma Questionnaire - Short Form (CTQ)
(n=15) [33,43,45-47], followed by the ACE tool [32,49]. However, two of the three

studies that used the CTQ used it to validate the Stress and Adversity Inventory (STRAIN)
[43,47]. Remaining four studies modified their own questions or used criteria available in
databases, such as divorce from a national registry [44,50-52]. Four studies reported adult
or adolescent specific stressors in addition to childhood stressors [43,47,48,52]. All studies
have a binary (yes/no) or count indicating trauma exposure, while five included details of
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frequency and severity [33,43,47,48,52]. Two studies that used the STRAIN also reported
duration [43,47].

2.3. Traumatic stressor typology

The types of traumas reported ranged from two to nine, with physical and sexual

abuse being the most prevalent across studies (Table 1). The two studies that used the
STRAIN [43,47] were the most comprehensive regarding number of stressors and additional
descriptive variables (e.g., frequency, duration), followed by the studies that used the ACE or
modified ACEs from another tool [32,44,49]. For example, in addition to other stressors
outside the scope of this review, the STRAIN tool included emotional abuse/neglect,
household substance use, parental mental illness, parental separation, physical abuse/neglect,
sexual abuse, witnessed violence. The ACE tool captured eight closely aligned types of
stressors (e.g., emational abuse, household substance use). The CTQ included five traumatic
stressors (e.g., emotional abuse/neglect, physical abuse/neglect), as did the Questionnaire on
Burdening Experiences (e.g., emotional abuse/neglect, sexual abuse/harassment) [48]. All
remaining studies developed their own items and assessed a range of two to four traumatic
stressors [50-52]

2.4, Life stages

Most studies (n7=9) used the traditional age threshold of 18 years old to differentiate
between childhood and adulthood. Some studies assessed only the childhood period, some
made a specific distinction for adolescence, and others additionally assessed stressors

into adulthood (Table 1). There were further inconsistencies between the three studies

that deviated from the traditional threshold. Riise et al., (2011) defined childhood trauma
under 11 years old, and adolescence was deemed between 11 and 17 years old [52]. Van
Houdinhove et al., (2001) defined childhood as under 14 years old, and traumatic stressors
that occurred after that were classified into the adult category [48]. Horton et al., (2022)
captured stressors from ages 0-20, and further compared ages 0-10 and 11-20 in some
analyses [44].

2.5. Critical MS covariates reported

There was wide variation in number and type of covariates specific to MS (e.g., gender, age,
Body Mass Index [BMI], smoking) included in the 9 studies. Number of covariates ranged
from zero [32,46] to nine [51]. Most studies reported controlling for demographics such as
age (n=10), and race/ethnicity (n7=8). Only one study accounted for latitude of birth or
long-term residence [52]. Likewise, only one study reported the calendar period or otherwise
accounting for sunlight differences based on seasonality [51]. Latitude and seasonality were
more commonly included in studies examining MS risk compared to studies examining
disease features. Riise et al., (2011) was the only study that reported controlling for BMI and
was one of only two studies that reported accounting for substance use or smoking [50,52].
None of the studies accounted for DMTs which may have reduced relapses or disability and
thus may have impacted findings.
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2.6. Gender

Half the articles reported results by gender [33,43,45,47,49,50]. One sample was comprised
solely of women and therefore could not report results by gender [52]. One study tested for
homogeneity and after finding no significant differences, reported results together [51]. Only
two studies reported any non-binary gender [43,47].

2.7. Relevant MS health outcomes

There were inconsistencies of categorizing MS in some studies that did not use an MS
specific sample, but had MS mixed with other diagnoses. For example, MS was classified
under a neurological category when there was also an autoimmune category that may
have also been applicable [50]. Most studies reported MS prevalence or risk, while five
assessed physical clinical features such as age at onset, disability/walking ability, pain
catastrophizing, and fatigue [32,33,44-46].

2.8. Key findings on the relationship of traumatic stressors and MS

The majority of studies included in this review cautiously support a relationship between
childhood trauma and MS or its clinical features. Regarding MS prevalence, the significant
risks ranged from 3.8% increase per each stressor experienced (from a list of 55 stressors)
for having any autoimmune disease [47], to a 17% increased risk of developing MS after at
least one stressful life event [51] (Table 1). The significant odds-ratios ranged from 2.0, or
twice the odds of MS after emotional neglect, to 3.4, or nearly three and a half times the
odds of MS after emotional abuse [33].

Regarding clinical features, PwMS who reported higher rates of traumatic stressors had
earlier onset (r=-0.25, p=.04) [32]. Survivors of severe abuse had higher relapse rates (F =
5.4, p=.022, d = 0.44) [33]. There were 2.55 greater odds of pain catastrophizing for PwMS
with exposure to at least one type of trauma (p=.002) [45]. In a path model, emotional
abuse and neglect both indirectly impacted MS fatigue via emotional disturbances (i.e.,
maladaptive schemas) in childhood and current severity of anxiety, depression, and disability
[46]. Horton et al., 2022 found that PwMS that experienced four or more modified ACEs
had an earlier onset and greater odds of needing walking aids, however both associations lost
significance when adjusting for multiple testing comparisons [44].

Two other studies found non-significant results when assessing physical and sexual abuse
and MS prevalence in a sample of female nurses [52], and while assessing ACE score and
hospitalizations for the category of autoimmune disease inclusive of MS [49]. However,
Dube et al., (2009) did find that every additional ACE significantly increased the likelihood
for being admitted for any autoimmune disease by 10-20% depending on age [49].

3. Discussion

Studies examining the relationship between traumatic childhood stressors and adult health
outcomes continue to garner much interest. This review contributes to the field by examining
the state of the peer reviewed literature linking these stressors and Multiple Sclerosis and its
disease features. Although there were few studies, most were high quality, utilizing national
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and/or large samples. However, there was considerable heterogeneity in methodology,
including inconsistencies in traumatic stressor measurement and MS classification. This
issue, compounded by the scarcity of the literature, makes comparison across studies
difficult. Yet, most studies cautiously support a significant relationship between traumatic
childhood stressors and either MS prevalence or clinical outcomes, which warrants further
investigation. The emerging state of the science leaves much room to build upon the
reviewed work. As researchers move to advance this field, it is crucial to be aware of and
address gaps left in the literature.

Even though the landmark ACE study was published in 1998 [9], a comprehensive
assessment of adversity or traumatic stressors is a relatively new trend in the field. This

is demonstrated by variation of assessment over time. For example, the two oldest studies
assessed fewer traumatic stressors [48,50], while newer studies assessed more [43,44].
Notably, even comparisons between studies using the same trauma measurement tool can be
challenging because of the evolving nature of what is considered a traumatic stressor. For
example, the ACE tool used by Dube et al., (2009) [49] and Shaw et al., (2017) [32], asks

if someone at least five years older than the participant sexually abused them, which could
have missed traumatized individuals. Of all familial sexual abuse, sibling sexual abuse is the
most common form [53]. Additionally, Kreinert and Walsh (2011) found that of the police
reports of sibling sexual abuse in their study, over 25% involved siblings that were only one
to four years apart [53].

Overall, many of the studies in this review examined a limited number of traumatic stressors
and did not capture additional information such as the severity, duration, or frequency.

Thus, they are likely under-estimating relationships between childhood trauma and MS.
More recently there has been a shift to broaden the criteria of what is considered a
significant enough stressor to elicit the stress response and possible malfunctions of the HPA
axis. Some researchers have included discrimination, poverty, and witnessing community
violence [54]. Researchers should be careful to include a comprehensive assessment of
traumatic stressors in future studies and be mindful of exclusion criteria.

The proportion of MS cases within study samples was an additional barrier to clear results.
Of the studies that had MS in a mixed diagnoses group or as a control group, only two
reported the number of MS cases which comprised only 0.01% and 10% of the total samples
[48,49]. Perhaps the small number of PwMS simply means the analyses were under-powered
to detect truly meaningful relationships to MS. Reports of non-significant results should
therefore not be disregarded or deemed unworthy of further investigation in an MS focused
sample.

Only one study assessing MS risk reported considerations for latitude of birth or long-term
residence in study design or statistical analysis. This is a major gap in the literature as one
of the few consistent facts about the etiology of MS is that the prevalence rate increases
with the distance away from the equator [23,55]. It is therefore difficult to determine if the
statistical risks of MS differ between studies due to a latitude discrepancy, for example,
between Denmark at approximately 54-57 degrees [51] and Brazil at approximately -5

to —33 degrees [43], or if differences are due to other confounding factors. Latitude
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naturally causes variability of results in the literature and should therefore be considered

in sampling design and be controlled for in statistical analyses to provide the most valuable
and comparable information between studies. Similarly, other covariates that impact MS like
treatment type/potency, BMI, and substance use (e.g., smoking tobacco, using cannabis for
symptom management), were not well accounted for.

While a narrow majority of studies did report results by gender, there was still a lack of
careful analysis by gender. Nearly half of the studies either did not assess both genders or
report an analysis of each gender. Analyzing the sample as a whole could lead to significant
results in one gender being disguised by nonsignificant results of other gender(s). Further, a
large majority of the studies did not give a non-binary gender option. This could introduce
more variability if the most accurate gender option is not available for participants select.
Considering that rates of both MS and traumatic stressors vary by gender, it should be
expected that gender data be collected with a non-binary option, and when sample size
allows for it, all genders should be evaluated separately in sub-analyses to give more
granular information.

The relationships found in this review may be underestimated by issues surrounding
disclosure. Items on any traumatic stressor questionnaire are extremely sensitive and not
all participants may feel comfortable revealing this information. A wealth of literature
supports that research participants are likely to underreport child abuse and neglect due

to stigma [56,57]. Non-disclosure could also stem from a social desirability bias, memory
issues, coping through denial, or from the events not being seen as trauma due to how the
question is asked. Since the data collection ranges as far back as 1982, there could also be
variability in rates of disclosure. More contemporary media coverage and evolving culture
has potentially made study participants in the newer studies more likely to reveal their
sensitive information. This could help explain why the newer studies are finding significant
results. Despite different criteria, classifications, sample composition, and potential bias,
over 83% of studies found significant associations to MS or its physical clinical features.
Although this seems encouraging, it must also be interpreted within the context of a
relatively small number of studies which contain diverse methodological limitations.

This review revealed that five studies have assessed relationships between traumatic
childhood stressors and physical clinical features of MS. Four of these studies found
significant results despite using different measurement tools, covariates, and being
conducted at different latitudes. Although they did not meet inclusion criteria for this
review, additional recent studies demonstrate increasing interest in the relationships between
childhood trauma and mental health features of MS. Eliam-Stock et al., (2021) found that
ACEs predicted the initial reaction to, and increased anxiety over the first year following
MS diagnosis [58]. Wan et al., (2022) found that childhood emotional abuse more than
doubled the odds for women to have an immune mediated inflammatory disease (IMID),
which included MS, Rheumatoid Arthritis, and Inflammatory Bowel Disease [59].

These findings suggest that there may be significant relationships between childhood trauma
and MS risk and physical clinical features. Yet, additional rigorous studies are needed to
support these preliminary findings, address the gaps, and expand to other features such as
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sleep, BMI, conversion time from first MS attack to MS onset, coping mechanisms, and
comorbidities. There may be factors associated with both childhood trauma and MS that
may have confounding, indirect, or cumulative effects. For example, a child may attempt

to cope with trauma by smoking or eating, and smoking tobacco and obesity relate to

MS and clinical features. Similarly, an adult with a history of trauma may have a lower
stress tolerance or poorer coping skills at the time of MS diagnosis. The additional stress
burden may then impact their disease management and clinical features such as medication
adherence, pain catastrophizing or fatigue. Trauma informed clinical care, stressor screening
at diagnosis, and referral to support services may enhance the clinician-patient therapeutic
alliance and allow for better MS management (58,60).

4. Limitations

Despite a strong search strategy, relatively few papers were identified. Studies had much
heterogeneity in methods and measurement, including mixed diagnoses categories where
MS was a small portion, so interpretations must be cautious. The result was a global sample
of studies from Germany, U.S., Brazil, Denmark, Canada, and Belgium. However, cultural
differences of stressor experience and coping may be confounding factors. Some studies
were cross sectional which limits inference about causality. However, MS typically onsets
between the ages of 30-50 and childhood trauma occurs before age 18, increasing the
likelihood of assumed temporal ordering. Most studies relied on retrospective self-reporting
of sensitive stressors, thus were limited by recall and social desirability bias. A related
concern is the impact of “effort after meaning” where some PwWMS may report trauma to
give meaning or find explanation for their disease [46]. However, significant results were
found when using a prospective longitudinal registry-based design with objective adversity
measures which would not be as susceptible to recall or reporting bias [51]. This review was
limited by excluding gray literature or publications in languages other than English.

5. Implications and future directions

Although this review cannot fully tease out all factors impacting the relationships between
childhood trauma and MS, it does highlight gaps to inform future studies to promote
efficient growth in this area. More studies are needed that focus on samples of PwMS, and
that comprehensively measure stressors (e.g., cumulative, severity). Researchers should be
careful to analyze data by gender, especially if assessing correlations to specific traumatic
stressors. Potential confounders that may interact with both childhood adversity and MS
such as gender or education should be carefully considered when designing analytic
strategies and including covariates. Further, latitude, seasonality, BMI, DMTSs, and substance
use should be included when appropriate to enhance understanding of true risk and impacts
on clinical features.

Regarding outcomes, previous research has shown those with childhood trauma have
increased sensitivity to pain, a symptom that burdens MS patients [61,62]. Anxiety,
depression, and fatigue are closely intertwined and have been widely recognized as results
of trauma [46,62]; PWMS experience high rates of these symptoms [63]. Underlying factors
like mental health may mediate the relationship between childhood trauma and MS clinical
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features [46]. Similarly, whether stemming from emaotional or physical pain, or an imbalance
of neurotransmitters in the brain, those with trauma are more likely to use and abuse various
substances [4,62,64]. PWMS are often prescribed pain medication and may use marijuana for
multi-symptom relief [61]. Pain and substance use should be explored in future research to
tease out the relationship that trauma has on the symptomatology and coping styles of those
with MS.

Regarding design, additional longitudinal data is needed. It can be difficult and expensive to
prospectively research participants before and/or after MS onset and still capture a sample
size substantial enough to investigate intricate longitudinal relationships. Technological
advancements can help address this. Patient Centered Outcomes Research Institute (PCORI)
is a nonprofit that started creating a large network of clinical data in 2013, PCORnet,

by connecting health systems and providers [65]. Electronic health record data can be
aggregated from the 68 million patients throughout the 348 health systems to create a
nationally representative longitudinal data [65]. Other organizations have started building
MS specific databases as resources for MS research, such as the iConquerMS database,
which also participates in PCORnet [66]. Data sharing networks have potential to improve
researcher access, producing impactful, national and timely results, decreasing in person
recruitment burden typically localized to one health system.

The American Academy of Neurology’s (AAN) position statement in 2012 supports
screening patients for past and present abuse [67,68]). Although screening for past and
present abuse may not offer a comprehensive assessment of an individual’s complete

ACE history, abuse screening is recommended to help survivors understand how their
stressor history may impact their health and behaviors, and because resources such as
safety planning, counseling, or advocacy may be beneficial for their health and wellbeing
[68]. However, evidence suggests that formal screening practices for abuse are inconsistent
[60,67]. The findings from this review align with the AAN’s position and support screening
practices for not only abuse but other adverse experiences as well. This review and future
work that expands upon it may help facilitate future adoption of screening/referral practices
in neurology settings. More sensitive, rigorous, quality research may also help facilitate
widespread policy changes that support screening and referral practices. For example, Medi-
Cal insurance in California recently created ACE specific billing codes and incentivized
screening by reimbursing $29 for child and adult ACE screening [69,70]. Increases in
population health and economic savings as a result, may motivate other insurance providers
to similarly incentivize stressor screening.

6. Conclusions

This review evaluated the state of the literature surrounding traumatic childhood stressors
and MS including its clinical features. Despite limitations, there is some evidence to
support that childhood trauma may impact neuro-immune disease such as MS. More
research, especially with prospective longitudinal designs, is needed to better understand
these relationships. Future work should consider confounders, covariates, and other
biopsychosocial clinical features such as sleep, substance use, and comprehensive mental
health comorbidity. By expanding upon this foundation of knowledge, preventative and
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mitigating efforts, such as implementing trauma informed clinical care and screening/
referrals to support services, could help promote health across the lifespan.
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Appendix A

PubM ed search strategy

“Child of Impaired Parents”[Mesh] OR “Adverse Childhood Experiences”[Mesh] OR “Adult Survivors of Child
Adverse Events”[Mesh] OR “Child Abuse”[Mesh] OR “Child Abuse, Sexual”’[Mesh] OR “Child, Foster”[Mesh]
OR *“adverse childhood”[tiab] OR “Childhood Trauma”[tiab] OR ((child[tiab] OR children[tiab] OR childhood[tiab]
OR youth[tiab] OR teen[tiab] OR teenager[tiab] OR adolescent[tiab] OR adolescence[tiab]) AND (stressor[tiab] OR
stressors[tiab] OR violence[tiab] OR foster[tiab] OR neglect[tiab] OR neglected[tiab] OR maltreatment[tiab] OR
maltreated[tiab] OR abuse[tiab] OR abused[tiab] OR molestation[tiab] OR “adverse experience”[tiab] OR “adverse
experiences”[tiab] OR divorce[tiab] OR incarceration[tiab] OR incarcerated[tiab] OR “psychiatric trauma”[tiab] OR
“parent child conflict”[tiab] OR “serious life events”[tiab] OR “stressful life events”[tiab]))

“Autoimmune Diseases”[Mesh] OR “Neuroimmunomodulation”[Mesh] OR “Immune System”[Mesh] OR
“Demyelinating Autoimmune Diseases, CNS”[Mesh] OR “Multiple Sclerosis”[Mesh] OR “Disseminated
Sclerosis”[tiab] OR Autoimmune[tiab] OR “Multiple Sclerosis”[tiab] OR Autoimmunity [tiab] OR Diabetes[tiab] OR
lupus[tiab] OR “Rheumatoid Arthritis”[tiab]

NOT (animals[mesh] NOT humans[mesh])

CINAHL search strategy

(MH “Children of Impaired Parents+”) OR (MH “Adverse Childhood Experiences”) OR (MH “Child Abuse+”) OR
(MH “Child Abuse Survivors™”) OR (MH “Child, Foster”) OR TI(“adverse childhood” OR “Childhood Trauma™”) OR
AB (“adverse childhood” OR “Childhood Trauma”) OR TI((child OR children OR childhood OR youth OR teen
OR teenager OR adolescent OR adolescence) AND (stressor OR stressors OR violence OR foster OR neglect OR
neglected OR maltreatment OR maltreated OR abuse OR abused OR molestation OR “adverse experience” OR “adverse
experiences” OR divorce OR incarceration OR incarcerated OR “psychiatric trauma” OR “parent child conflict”

OR “serious life events” OR “stressful life events”)) OR AB((child OR children OR childhood OR youth OR teen
OR teenager OR adolescent OR adolescence) AND (stressor OR stressors OR violence OR foster OR neglect OR
neglected OR maltreatment OR maltreated OR abuse OR abused OR molestation OR “adverse experience” OR “adverse
experiences” OR divorce OR incarceration OR incarcerated OR “psychiatric trauma” OR “parent child conflict” OR
“serious life events” OR “stressful life events™))

(MH “Autoimmune Diseases+”) OR (MH “Immune System+”) OR (MH “Multiple Sclerosis”) OR TI(“Disseminated
Sclerosis” OR Autoimmune OR “Multiple Sclerosis” OR Autoimmunity OR Diabetes OR lupus OR “Rheumatoid
Arthritis”) OR AB(“Disseminated Sclerosis” OR Autoimmune OR “Multiple Sclerosis” OR Autoimmunity OR
Diabetes OR lupus OR “Rheumatoid Arthritis”)

PsychINFO search strategy

DE “Childhood Adversity” OR DE “Foster Care” OR DE “Foster Children” OR DE “Child Abuse” OR DE “Battered
Child Syndrome” OR DE “Child Neglect” OR ((DE “Early Experience” OR DE “Early Childhood Development”) AND
(DE “Exposure to Violence” OR DE “Violence” OR DE “Dating Violence” OR DE “Domestic Violence” OR DE “Gun
Violence” OR DE “Intimate Partner Violence” OR DE “Patient Violence” OR DE “Political Violence” OR DE “School
Violence” OR DE “Violent Crime” OR DE “Workplace Violence” OR DE “Verbal Abuse” OR DE “Sexual Abuse” OR
DE “Physical Abuse” OR DE “Divorce” OR DE “Incarceration” OR DE “Family Conflict” OR DE “Marital Conflict™))
OR TI(*“adverse childhood” OR “Childhood Trauma™) OR AB(“adverse childhood” OR “Childhood Trauma™”) OR
TI((child OR children OR childhood OR youth OR teen OR teenager OR adolescent OR adolescence) AND (stressor
OR stressors OR violence OR foster OR neglect OR neglected OR maltreatment OR maltreated OR abuse OR abused
OR molestation OR “adverse experience” OR “adverse experiences” OR divorce OR incarceration OR incarcerated OR
“psychiatric trauma” OR “parent child conflict” OR “serious life events” OR “stressful life events”)) OR AB((child

OR children OR childhood OR youth OR teen OR teenager OR adolescent OR adolescence) AND (stressor OR
stressors OR violence OR foster OR neglect OR neglected OR maltreatment OR maltreated OR abuse OR abused OR
molestation OR “adverse experience” OR “adverse experiences” OR divorce OR incarceration OR incarcerated OR
“psychiatric trauma” OR “parent child conflict” OR “serious life events” OR “stressful life events™)) DE “Immunologic
Disorders” OR DE “Celiac Disease” OR DE “Guillain-Barre Syndrome” OR DE “Immune System” OR DE “Bone
Marrow” OR DE “Spleen” OR DE “Multiple Sclerosis” OR TI (“Disseminated Sclerosis” OR Autoimmune OR
“Multiple Sclerosis” OR Autoimmunity OR Diabetes OR lupus OR “Rheumatoid Arthritis”) OR AB(“Disseminated
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Sclerosis” OR Autoimmune OR “Multiple Sclerosis” OR Autoimmunity OR Diabetes OR lupus OR “Rheumatoid
Arthritis”)

Embase search strategy

‘child of impaired parents’/exp. OR “childhood adversity’/exp. OR ‘childhood trauma survivor’/de OR “child abuse
survivor’/exp. OR “child abuse’/exp. OR “foster child’/exp. OR (“adverse childhood” OR “Childhood Trauma” OR
((child OR children OR childhood OR youth OR teen OR teenager OR adolescent OR adolescence) AND (stressor
OR stressors OR violence OR foster OR neglect OR neglected OR maltreatment OR maltreated OR abuse OR abused
OR molestation OR “adverse experience” OR “adverse experiences” OR divorce OR incarceration OR incarcerated
OR “psychiatric trauma” OR “parent child conflict” OR “serious life events” OR “stressful life events™))):ti,ab
‘autoimmune disease’/exp. OR ‘immunomodulation’/exp. OR ‘immune system’/exp. OR ‘multiple sclerosis’/exp.
OR ‘demyelinating disease’/de OR ‘demyelination’/exp. OR “chronic inflammatory demyelinating polyneuropathy’/
exp. OR ‘acute disseminated encephalomyelitis’/exp. OR (“Disseminated Sclerosis” OR Autoimmune OR “Multiple
Sclerosis” OR Autoimmunity OR Diabetes OR lupus OR “Rheumatoid Arthritis”):ti,ab

Scopus sear ch strategy

(((*adverse childhood” OR “Childhood Trauma” OR ((child OR children OR childhood OR youth OR teen OR teenager
OR adolescent OR adolescence) AND (stressor OR stressors OR violence OR foster OR neglect OR neglected OR
maltreatment OR maltreated OR abuse OR abused OR molestation OR “adverse experience” OR “adverse experiences”
OR divorce OR incarceration OR incarcerated OR “psychiatric trauma” OR “parent child conflict” OR “serious life
events” OR “stressful life events™))) AND (“Disseminated Sclerosis” OR autoimmune OR “Multiple Sclerosis” OR
autoimmunity OR diabetes OR lupus OR “Rheumatoid Arthritis”))) AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-
TO (DOCTYPE, “sh”) OR LIMIT-TO (DOCTYPE, “Undefined”)) AND (LIMIT-TO (LANGUAGE, “English™))
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