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Abstract

Introduction: Adverse childhood experiences (ACEs) are proposed to increase the risk
of developing multiple sclerosis (MS) later in life. This systematic review aimed to
explore the correlation between ACEs and MS development, age of onset, quality of
life in MS patients and MS relapse rates.

Methods: We searched a total of six databases in June 2022 and retrieved the rel-
evant studies. The population included adult (18+) individuals who either had been
diagnosed or were at risk for developing MS and also had exposure to ACEs. Our pri-
mary outcomes include the risks of MS development, age of MS onset, and MS relapse
rate in patients who were exposed to different types of ACEs.

Results: A total of 11 studies were included in our review. A study reported that among
300 women diagnosed with MS, 71 (24%) reported a history of childhood abuse; more-
over, with further research, it was concluded that ACEs were associated with the
development of MS. Abuse that occurred 2-3 times per week was associated with
an 18.81-fold increased risk of having MS when compared to the unexposed sample.
The relapse rate of MS was found to be substantially greater in severe cases of ACEs
compared to individuals who did not report any ACEs.

Conclusions: Results support a significant association between ACEs and the develop-
ment of MS; individuals with a positive history of ACEs develop MS symptoms earlier.

Moreover, the severity of ACEs is also linked with increased relapse rates of MS.
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1 | INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune disorder of the central
nervous system (CNS) characterized by T-cell-mediated autoinflam-
mation and demyelination of neurons with its typical presentation in
young adulthood (Stadelmann et al., 2011). In 2016, an estimated 2.2
million people worldwide had MS, corresponding to a prevalence of
30.1 cases per 100,000 population (Wallin et al., 2019). In recent years,
researchers have made significant progress in identifying the genetic
and environmental factors associated with increased vulnerability to
MS. However, the exact etiology of MS is yet to be identified (Han-
del et al., 2010; Shaw et al., 2017). Several early-life exposures, such
as pediatric optic neuritis (Waldman et al., 2011), low vitamin D sta-
tus (Taan et al., 2021), frequent migraine (Taan et al., 2021), smoking
(Taan et al., 2021), infections during childhood (Shaygannejad et al.,
2016), and childhood obesity (Gianfrancesco et al., 2014), are recorded
as predictors of late-life MS development or discerned to be linked with
several manifestations of adulthood MS (Figure 1).

Childhood trauma, abuse, neglect, and other forms of adverse child-
hood experiences (ACEs) lead to severe stress very early in a child’s life,
and individuals with these experiences are found to be at high risks
for MS development in later life (Spitzer et al., 2012). ACEs or early
childhood adversity refers to the wide variety of stressful situations
that anindividual may go through in childhood; these include childhood
abuse, parental loss or divorce, and other forms of family dysfunc-
tions (Kavanaugh et al., 2017; Nikulina & Widom, 2013; Ritchie et al.,

2011). ACEs are associated with episodes of depression and anxiety,
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which may worsen and precipitate poor cognitive function, contribut-
ing to several disorders in adulthood (Kavanaugh et al., 2017; Nikulina
& Widom, 2013; Ritchie et al., 2011).

Studies exploring the impact of stress on the brain have reported
structural and functional alterations in prefrontal and limbic areas
of the cerebrum in response to stress (McEwen, 2016; McEwen
& Gianaros, 2011). Investigations further linked physical and men-
tal stress to hyperactivation of the hypothalamic-pituitary-adrenal
(HPA) axis, which may lead to dysregulation of immune response
via increased secretion of corticotropin-releasing factor (Heim et al.,
2008). Several investigations also support a correlation between
adverse childhood experiences and poorer health outcomes in adults,
including the development of various heart diseases, stroke, and
increased proinflammatory cytokines (Hepgul et al., 2012; Yang et al.,
2013).

It is well established that an impaired immune system can lead to
serious health conditions, particularly autoimmune disorders, which
include MS, systemic lupus erythematosus, and rheumatoid arthritis.
Since ACEs are also associated with immune dysregulation, increas-
ing number of studies are supporting an association between ACEs
and some autoimmune diseases (DeQuattro et al., 2020; Dube et al.,
2009; Eilam-Stock et al., 2021; Luiz et al., 2018). Many of the studies
focus particularly on the association between ACEs and MS (Eilam-
Stock et al., 2021; Eid et al., 2022; Horton et al., 2022); however,
the evidence relies substantially on cross-sectional designs. Hence the
present review aims to get an overview of all the published studies that
interlink the ACEs to adult life MS.
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Considering the prevalence of ACEs and MS around the world
and their possible association, a systematic approach to review-
ing data from multiple sources is imperative, and our study aims
to address this knowledge gap. In this review, we aim to evalu-
ate the association of adverse childhood experiences with develop-
ment and relapse of MS. Further, we aim to observe the association
of adverse early-life events with the age of disease onset, quality
of life and other clinical manifestations in MS individuals. Results
from this review would help medical practitioners in identifying
individuals at risk for MS and would also help create awareness
among the general population regarding the long-term implications of
ACEs.

2 | METHODS

This systematic review has been reported in concordance with the
guidelines provided by Preferred Items for Systematic Review and
Meta-Analysis (PRISMA) (Liberati et al., 2009). The PRISMA checklist
is designed and presented in the Supplementary file. This system-
atic review has been registered with The International Prospective
Register of Systematic Reviews, PROSPERO (CRD42022344970).

2.1 | Data sources and search strategy

A comprehensive electronic search of MEDLINE (via PubMed),
Cochrane CENTRAL, ScienceDirect, ERIC, Google Scholar, and Embase
(via Ovid) was conducted from January, 1980 till June 18, 2022, by
using medical subject headings (MeSH): “childhood experience” OR
“adverse childhood experience” OR “childhood trauma” OR “child-
hood abuse” AND “multiple sclerosis” OR “autoimmune disorder” OR
“degenerative disorder” without any time, language or sample size
restrictions. The search string was modified and adapted for each
database. The complete search strategy used in each of the databases
is given in Supplementary Table S1. A relevant keyword network
map has been designed by using the software VOSviewer (Figure 2)
(www.vosviewer.com). Further, the gray literature, bibliographies, and

ancestry search was conducted to recruit additional articles.

2.2 | Study selection and eligibility criteria

We used the following eligibility criteria to include studies in our
review: (1) Population: Adult patients (> 18 years) diagnosed with mul-
tiple sclerosis or individuals who were exposed to ACEs and were at
the risk of developing MS. (2) Exposure: Individuals exposed to adverse
childhood experiences (ACEs), which include (a) emotional abuse, phys-
ical abuse, sexual abuse, verbal abuse, emotional neglect, and physical
neglect, (b) mental illness or substance abuse in the nuclear family, (c)
death, remarriage, divorce, or life-threatening illness of parents, (d)

household crowding, the family lost home or victim of a violent crime,

and (e) early-life stress, and sudden shock related to bad news. (3) Com-
parator: Participants who were not diagnosed with MS, individuals with
neurological disorders other than MS, or individuals not exposed to
ACEs or no comparators. (4) Outcomes: The primary outcomes of inter-
est are the risk of development of MS, age of disease onset, relapse of
disease inindividuals exposed to ACE, while the secondary outcomes of
interest were the progressive MS subtype, health quality of life, current
walking ability, disease severity (assessed via severity of symptoms or
premorbid 1Q), Fatigue, Coping processes, Alexithymia, Anxiety, per-
ceived social support, emotional well-being, and functional impairment
in patients diagnosed with MS. (5) Study design: Observational stud-
ies (cross-sectional, cohorts, and case controls). Articles that evaluated
the association between ACE and other nervous disorders duplicate
records and articles in languages other than English were excluded.
Case reports, commentaries, and editorials were also excluded. Proto-
cols and articles that were nor peer reviewed were also excluded from
our selection.

The articles retrieved from the systematic search were exported
to the EndNote Reference Manager (Version X7.5; Clarivate Analyt-
ics, Philadelphia, Pennsylvania), where duplicates were located and
removed. Two independent reviewers (SHS and ZK) evaluated the rest
of the articles based on the title and abstract. The full texts were then
evaluated to assess relevance. In case of any disagreement, a third

reviewer (STR) was consulted.

2.3 | Data extraction

Data extraction was completed by two independent reviewers (STR,
ZK) by using a self-designed Microsoft Excel sheet, and discrepancies
were resolved through feedback from a third reviewer (SHS). Data on
study year, study design, place and duration of the study, sample size,
age, gender, type and mode of assessment of ACEs, and age of MS onset
were extracted from the eligible articles.

2.4 | Quality assessment

For cohort and case-control studies, two investigators (AS and SHS)
independently assessed the quality of included studies using the
Newcastle-Ottawa scale (NOS) (Wells et al. 2000). Disagreements on
the risk of bias assessments between the two review writers (AS and
SHS) were resolved via discussion with a third review author (STR).
This scale assigns grades to studies based on three factors (selection,
comparability of study groups, and the outcome of interest). A study
can receive the highest rating of 9 for cohort and case-control stud-
ies. For cohort and cross-sectional studies with a total score of 8 or 9
points were deemed to have a low risk of bias; studies with a score of
7 or 6 points were judged to have a moderate risk of bias, and stud-
ies with a score of 5 points or less were regarded to have a high risk of
bias. Regardless of the quality score, all the articles were included in the

review.
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FIGURE 2 PubMed keyword network map based on occurrence.

2.5 | Data synthesis

The studies included in this systematic review employed a variety of
different statistical methods for analyzing the outcomes. Hence, the
outcomes of these articles could not be pooled together for quanti-
tative analysis. We qualitatively synthesized the outcomes, and the
study findings are summarized in the results section and tabulated in
summary tables.

3 | RESULTS

3.1 | Literature review and Study characteristics

The PRISMA flow chart summarizes the search and study selection
process (Figure 3). The initial search yielded a total of 2631 potential
studies over 6 different electronic databases. After abstract screening
and full-text review, 80 articles were shortlisted. Further, 69 articles
were removed that did not meet the inclusion criteria of the review.
Eventually, a total of 11 studies were included for qualitative synthe-
sis, which included 6 case-control studies (Spitzer et al., 2012; Horton
et al., 2022; Briones-Buixassa et al., 2019; Eftekharian et al., 2016;

uveitis

early childrTood
parent

childhood diabete,

Gunnarsson et al., 2015; Warren et al.,, 1982), 3 retrospective cohort
studies (Shaw et al., 2017; Nielsen et al., 2014; Pust et al., 2020), and 2
prospective cohorts (Eilam-Stock et al., 2021; Eid et al., 2022). Study
characteristics and baseline characteristics of participants are pro-
vided in Tables 1 and 2, respectively. Figure 4 depicts the proportion of
exposure presented in included studies. A summary of primary and sec-
ondary outcomes extracted from each study is presented in Figure 5.

3.2 | Quality assessment

Five cohort studies and six case-control studies were examined for
bias; all 11 cohort and case-control studies had a low to medium risk of
bias. Shaw et al. (2017), Eilam-Stock et al. (2021), and Pust et al. (2020)
did not report the inclusion of an unexposed cohort. Pust et al. (2020)
did not mention a follow-up time for the outcomes to occur. Spitzer
etal.(2012) and Horton et al. (2022) did not provide sufficient informa-
tion about the case and control group response rates. Eftekharian et al.
(2016) did not demonstrate a viable method of determining patient
exposure. Warren et al. (1982) is the only case-control study that used
a hospital control group. Summary of quality assessment is present in

Supplementary Tables S2 and S3.
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(Continued)

TABLE 2

Age of onset of MS
years, mean (SD)

N/A

Control group population

(N) and selection

250

Age years; mean

(SD), sex

Number of participants

(N), sex
N

Types of ACEs

Author (year)

Physical child abuse, head trauma, stress and anxiety

=250

Eftekharian et al.

disorders, OCD, depression, sudden shock related to

bad news

Males (n = 69)

Males (n = 64)

(2016)

Females (n = 181)

100

Females (n = 186)

66% developed the

Emotional stress during childhood

100,
Males (n = 30)

N=

Warren et al.

initial symptoms in

20-39 years

Rheumatology patients

(n=30)

(1982)

Females (n = 70)

Patients with neurologic
conditions except for MS

(n

43)
Males (n = 6187)

Household crowding, parental occupation

628 Males

Gunnarsson et al.

(1:10 ratio between
cases and healthy

controls)

(2015)

MS: multiple sclerosis; E: exposed; NE: not exposed; OCD: obsessive-compulsive disorder.

3.3 | Study characteristics

The 11 included studies of a total of 86,671 participants were con-
ducted from December 1956 to June 2022, assessing the association
between adverse childhood experiences and multiple sclerosis. The
scale which assessed the ACEs varied from study to study. The Child-
hood Trauma Questionnaire (CTQ) measures adversity in childhood
including physical and emotional neglect, emotional and physical abuse
and sexual abuse. Spitzer et al. (2012), Briones-Buixassa et al. (2019),
and Pust et al. (2020) employed the CTQ to evaluate the severity of
ACEs in the patient population. Shaw et al. (2017) and Eilam-Stock
et al.(2021) employed the 10-item Childhood Adversity Scale to assess
adverse childhood experiences. Eid et al. (2022), Horton et al. (2022),
Eftekharian et al. (2016), and Warren et al. (1982) evaluated ACEs
using interview questionnaires. Gunnarsson et al. (2015) and Nielsen
et al. (2014) did not mention a specific assessment tool in the study

methods.

3.4 | Association of adverse childhood experiences
with risk of developing multiple sclerosis

Eid et al. (2022) used an interview form that included questions about
humiliation, physical abuse, and sexual abuse to assess the relationship
between ACEs and the development of MS in pregnant women. When
the exposed cohort was compared to the control group, which did not
report any kind of childhood abuse, the findings of the cohort study
demonstrated a prevalent relationship between childhood maltreat-
ment and the development of MS 23. Following the follow-up period,
300 women acquired MS, with 71 (24%) reporting a history of child-
hood abuse (Eid et al., 2022). Further research revealed a strong link
between ACEs and the development of MS [Hazards Ratio (HR): 1.31;
95% Cl: 0.99, 1.72] (Eid et al., 2022). Emotional and sexual maltreat-
ment were also highly related to an MS diagnosis, with HRs of 1.40
(95% Cl:1.03, 1.90) and 1.65 respectively (95% Cl: 1.13,2.39) (Eid et al.,
2022). Horton et al. employed the 10-item CTQ with exposure to each
ACE contributing to the total ACEs score. A score of 4 or more indi-
cated severe childhood experiences (Horton et al., 2022). This cohort
study found no significant connection between having ACEs before the
onset of MS when comparing the patient cohort to a control group that
had no ACEs (OR: 1.01; 95% Cl: 0.87, 1.18) (Horton et al., 2022). Abuse
and home loss were the only two unfavorable childhood experiences
linked to the development of MS (OR: 0.66; 95% Cl: 0.52, 0.84) and
(OR: 0.61; 95% Cl: 0.45, 0.82), respectively (Horton et al., 2022). Only
the age group of 0-10 years was determined to be statistically signif-
icant (False Discovery Rate) (FDR g < .05) (Horton et al., 2022). Using
the ACE tool, Shaw et al. (2017) discovered a strong inverse connection
between the age of onset of MS and ACEs (r = 0.30, p = .04), indi-
cating a link between childhood abuse and early onset of MS. Spitzer
et al. (2012) employed the 28-item CTQ for the assessment of adverse
childhood experiences, which are rated on a 5-point scale with a higher

score being indicative of greater adverse experiences during childhood
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FIGURE 3 Prisma flow chart of literature search.

to assess the outcome. When compared to the unexposed general pop-
ulation, MS patients had a significantly higher overall CTQ score in this
cohort research (p = .001) (Spitzer et al., 2012). Further CTQ analysis
revealed that emotional abuse (p = .001), sexual abuse (p = .003), and
emotional neglect (p = .001) were all substantially related to an MS
diagnosis (Spitzer et al., 2012). MS relapse rates were strongly linked
with physical maltreatment (8 = 0.22, p = .033) and emotional neglect
(B=—0.31, p =.048), respectively (Spitzer et al., 2012).

When the CTQ’s short form questionnaire, which includes a score
of 0-108; with a higher score indicating greater childhood adversities,
was employed to assess our primary outcome, Briones-Buixassa et al.
(2019) found no significant association between early-life stressful
experiences and an MS diagnosis (p = .40).

Nielsen et al. (2014) analyzed the association between stressful life
experiences (SFLEs) and the onset of MS. SFLEs are characterized as
exposure to parental divorce, parental death, or the death of a sibling
before the age of 18 years. This study did not use an evaluation method
to quantify ACEs, but the study found that having SFLEs before the age
of 18 increased the probability of developing MS (RR: 1.11; 95% Cl:

S
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1.03, 1.20) (Nielsen et al., 2014). Gunnarsson et al. (2015) used no eval-
uation tool and found a significant link between higher house crowding
and a lower probability of having MS between the ages of 4 and 8 years
(p=.007).

Warren et al. (1982) did not employ any assessment tool to evaluate
the relation between the development of MS and childhood adversi-
ties. The participants reported that 17% of them had unhappy home
lives in their childhood and adolescence, with 46% of them experienc-
ing moderately happy childhood lives and 35% experiencing very happy
home lives during their childhood (Warren et al., 1982).

3.5 | Association of ACEs with parameters of
multiple sclerosis

Eilam-Stock et al. (2021) investigated the relationship between health-
related quality of life and emotional well-being in people with MS
who had ACEs. A 10-item validated questionnaire was used to assess

the exposure to childhood adversities, including verbal, physical, or
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FIGURE 4 Pie chart depicting percentages of studies assessing different exposures for developing multiple sclerosis.
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FIGURE 5 Bar chartrepresenting primary and secondary outcomes assessed by included studies.
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emotional abuse (Eilam-Stock et al, 2021). The Self-Management
Screening (SeMa$S) method was used to assess emotional well-being in
MS patients, and the results revealed a strong correlation with ACEs
(r =0.39, p = .025) (Eilam-Stock et al., 2021). The higher the preva-
lence of ACEs, the higher the SeMaS anxiety score. The SF-36 scale
(Study Short Form-36 Items) (Adjusted R2 =0.02, F = 0.38,p = .54) and
SeMaS Depression scale (Adjusted R2 = 0.01, F = 0.79, p = .38) were
not significantly linked with ACEs in the MS cohort (Eilam-Stock et al.,
2021).Shaw et al. (2017) discovered a significant relationship between
the Wide Range Achievement Test-third edition (WRAT-premorbid
1Q3 reading recognition) and ACE scores (r = 0.25, p = .04), which is
indicative of premorbid IQ.

Pust et al. (2020) evaluated fatigue symptoms in persons with MS by
employing the CTQ assessment tool. The CTQ is a self-reported assess-
ment tool that assesses emotional, physical, sexual abuse, emotional
and physical neglect experienced by children 12 years or older (Pust
et al., 2020). The analysis revealed a significant association between
emotional abuse (p < .001), physical abuse (p < .01), physical neglect (p
<.001), emotional neglect (p <.001), and fatigue symptoms which were
assessed using the Fatigue Scale for Motor and Cognitive Functions
(FSMC) (Pust et al., 2020). Fatigue symptoms were further analyzed
by Chalder Fatigue Questionnaire (CFQ) and similar significant cor-
relations were found between emotional abuse (p < .001), emotional
neglect (p <.001), and physical neglect (p <.001) (Pust et al., 2020).

3.6 | Association of the severity of ACEs with
multiple sclerosis

Eftekharian et al.’s (2016) study investigated multiple ACEs for a link to
the onset of MS. Physical childhood abuse was graded according to the
intensity and frequency of the abuse (Eftekharian et al., 2016). Abuse
that occurred 2-3 times per week was associated with an 18.81-fold
increased risk of having MS when compared to the unexposed sam-
ple (OR: 18.81; 95% Cl: 4.46, 79.38) (Eftekharian et al., 2016). Similar
patterns were detected for abuse occurring 2-3 times per month and
2-3 times per year (OR: 1.80; 95% Cl: 0.30, 2.14) and OR: 1.27; 95%
Cl:0.50, 3.18, respectively), but these findings were not significant (OR
<1<) (Eftekharian et al., 2016). Similar tendencies in the intensity of
ACEs were studied by measuring negative thoughts (Eftekharian et al.,
2016). Negative thoughts experienced during childhood frequently
increased the likelihood of getting MS compared to negative thoughts
occasionally encountered (OR: 4.83; 95% Cl: 3.03, 7.71, and OR: 1.74;
95% Cl: 1.08, 2.80), respectively (Eftekharian et al., 2016). Eilam-Stock
et al. (2021) investigated the severity of ACEs further. Severe ACEs
were linked with higher SeMaS depression scores at follow-up [F(2,
28) = 5.05, p = .02]. When compared to low ACEs, high ACEs were
substantially associated with greater depressive symptoms (p = .02)
(Eilam-Stock et al., 2021). At follow-up, the SF-36 score was likewise
found to be substantially associated with increased ACEs [t(11) = 2.28,
p =.04] (Eilam-Stock et al., 2021). Horton et al. (2022) discovered a link
between having at least four ACEs and having MS at a younger age (r =
—1.99,95% Cl: —3.62,-0.37,p = .02). Spitzer et al. (2012) investigated

the relationship between the mean relapse rate of MS and the severity
of ACEs, which was found to be substantially greater in severe cases of
ACEs than in MS patients who did not report any history of misuse (F =
5.4,p=.022,d=0.44).

4 | DISCUSSION

In this systematic review, we studied the association between ACEs
with the development of MS, age of onset, relapse rates, and quality of
life in MS patients by using different parameters described previously
in the result section. A total of 11 observational studies with 86,671
participants were included in this systematic review. Of the 11 studies,
9 assessed the association between ACEs and the risk of developing
MS (Shaw et al., 2017; Spitzer et al.,, 2012; Eid et al., 2022; Horton
et al., 2022; Briones-Buixassa et al., 2019; Eftekharian et al., 2016;
Gunnarsson et al., 2015; Warren et al., 1982; Nielsen et al., 2014). Four
studies found a significant association between the development of
MS and ACEs (Spitzer et al., 2012; Eid et al., 2022; Eftekharian et al.,
2016; Nielsen et al., 2014), as shown in Figure 8, whereas three stud-
ies found no significant association between the risk for development
of MS and ACEs (Horton et al., 2022; Briones-Buixassa et al., 2019;
Warren et al., 1982). Higher household crowding reduces the risk of
the development of MS (Gunnarsson et al., 2015). A study identified an
inverse relationship between ACEs and the age of onset of MS (Shaw
et al., 2017). Studies included in this review also evaluated the asso-
ciation between ACEs and different clinical parameters of MS. There
is a significant association between ACEs with anxiety, use of walking
aid, premorbid IQ, and fatigue symptoms in MS patients (Shaw et al.,
2017; Eilam-Stock et al., 2021; Horton et al., 2022; Pust et al., 2020).
Four studies assessed the relationship between MS and the severity
of ACEs. Increased frequency of physical childhood abuse and nega-
tive thoughts are associated with an increased risk of MS. Multiple
ACEs are linked with early-onset MS, whereas the severity of ACEs was
found to be proportional to mean relapse rates of MS (Spitzer et al.,
2012; Eilam-Stock et al., 2021; Horton et al., 2022; Eftekharian et al.,
2016).

ACEs are characterized by neglect, household dysfunction, physical
abuse, emotional abuse, and sexual abuse during childhood. The num-
ber of ACEs during childhood is associated with adverse outcomes in
MS in a dose-response relationship. Individuals with ACEs are more
likely to experience obesity and tobacco use, indirectly contributing
to the development and progression of MS (Polick et al., 2022). Expo-
sure to ACEs manifests as functional and structural changes in the
brain, such as changes in the cortical volumes, the activation pattern
of the brain during stress, and connectivity of white matter (Wan et al.,
2022). ACEs also alter glucocorticoid signaling and the hypothalamic-
pituitary-adrenal axis function, leading to a chronic inflammatory state
(Wan et al., 2022). Owing to these functional and structural changes
in the brain, ACEs are associated with other neurological disorders,
including dementia, Alzheimer’s disease, epilepsy, memory impairment,
and attention-deficit/hyperactivity disorder (ADHD) (Corney et al.,
2022; Ortiz et al., 2022; Roberts et al., 2022).
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According to the literature review, the prevalence of ACEs was vari-
able across different regions of the world. A meta-analysis conducted
by Zhang et al. (2020) revealed that North America accounts for the
highest prevalence rates for physical neglect, emotional neglect, physi-
cal abuse, and sexual abuse. Sexual abuse, emotional abuse, and neglect
are more common among North American girls. A higher prevalence
of physical abuse is also observed in Africa (Moody et al., 2018). On
the same side, the prevalence of MS is noticed as high as the afore-
mentioned forms of abuse in developed countries, with approximately
5.5 times higher rate of incidence of MS development in developed
countries as compared to developing countries (Moghaddam et al.,
2021). North America and Europe have the highest prevalence rates
for MS, accounting for 140/100,000 and 108/100,000 cases, respec-
tively (Gokege et al.,, 2019). The relatively low prevalence rate of MS
in Africa can be attributed to a lack of improvement in diagnosis of
cases with a mild clinical presentation, decreased awareness of MS,
and poor healthcare services 42. The prevalence map of ACEs is pre-
sented in Figures 6 and 7 show the prevalence of MS in developed and
underdeveloped regions of the world.

ACEs have long-term effects on physical, mental, and brain health,
functioning as major negative stressors. ACEs contribute to higher
risks of developing somatic and mental disorders during different
stages of life. Disruption in the affective and cognitive processing
pathways including increased attention in response to threatening
stimuli leads to the development of mental disorders. Depression has
the highest risk followed by borderline personality disorder and sub-

stance abuse dose-dependently. The somatic consequences of ACEs

Pattern of Neurological Changes

Effects on Multiple Sclerosis

+Earlier onset of disease
*Higher level of anxiety and stress
*Low perceived social support
*Increased Avoidance coping
mechanism
4 *Alexithymia

+Higher relapse rate

.. +Frequent Fatigue
Demyelination

of Neurons

Created in BioRender.com bio

Effects of adverse childhood experiences on multiple sclerosis (BioRender).

include diabetes, abnormal pain perception, obesity, and inflamma-
tory bowel disease. The potential biological mediator between somatic
disorders in adulthood and ACEs is innate immune system dysregula-
tion. The profound impact of ACEs on the different aspects of health
necessitates the development and implementation of preventive mea-
sures from reducing exposure to ACEs and adulthood diseases in the
long-term. (Herzog & Schmahl, 2018)

In addition to the association between the development and param-
eters of MS and ACEs, prior systematic reviews and meta-analyses also
assessed the relationship between the onset of MS and other childhood
experiences. Edwards and Tench (2021) conducted a systematic review
and meta-analysis to investigate the relationship between MS and
childhood pet ownership. Factors relevant to the onset of MS include
exposure to microorganisms and lack of increased physical activity, and
decreased obesity during childhood. However, the authors did not find
any significant association between MS and pet ownership or expo-
sure (Edwards & Tench, 2021). In addition to ACEs, physical childhood
trauma, premorbid head trauma, in particular, is significantly associ-
ated with the risk of developing MS, as demonstrated by Lunny et al.
(2014) in their systematic review and meta-analysis. However, there is
no significant association between the onset of MS and spinal injuries,
fractures, and burns (Lunny et al., 2014). Another systematic review
and meta-analysis conducted by Lunny et al. (2014) investigated the
association between surgery during childhood and the development
of MS. The authors found a significant association between childhood
appendectomy, tonsillectomy, and the onset of MS. Individuals under-

gone these surgical procedures were at a greater risk for diagnosis of
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MS as compared to the control group. The authors did not find any
significant relationship between MS diagnosis and other forms of surg-
eries occurring in childhood (Lunny et al., 2013). A systematic review
similar to our study was conducted by Polick et al. (2022) who assessed
the relationship between ACEs and MS physical clinical features. Most
of the studies included in this review describe the association between
ACEs, the prevalence of MS, and the physical clinical features of the
disease, including fatigue, pain, disability, age at onset, and relapses
. In contrast, we primarily focused on the ACEs and the risk of the
development of MS.

There is variability in the relationship between different ACEs and
parameters associated with MS. For instance, household crowding has
reduced risk for MS (Gunnarsson et al., 2015), as compared to different
forms of childhood abuse (Eid et al., 2022). Moreover, in the context of
the number of ACEs, children exposed to greater than one SFLEs are at
a greater risk for MS. (Nielsen et al., 2014)

This systematic review included 2 prospective cohort studies
(Eilam-Stock et al., 2021; Eid et al., 2022), 3 retrospective studies (Shaw
et al.,, 2017; Nielsen et al., 2014; Pust et al., 2020), and 6 case-control
studies (Spitzer et al.,2012; Horton et al., 2022; Briones-Buixassa et al.,
2019; Eftekharian et al., 2016; Gunnarsson et al., 2015; Warren et al.,
1982). In contrast to case-control studies that identify the study sub-
jects based on the outcome status, prospective cohort studies identify
exposure prior to the outcome and comprise the framework for assess-
ing causality. This allows prospective cohort studies to produce the
strongest scientific evidence. However, some of the challenges associ-
ated with conducting prospective cohort studies include long follow-up
periods, high rates of loss to follow-up, and increased expenses. (Song
& Chung, 2010) In addition to study design, sample size also influences
the study outcomes. While very small samples affect the validity of a
research study, large samples may cause clinically insignificant find-
ings to appear as statistically significant differences (Faber & Fonseca,
2014). Even in smaller sample sizes, the precision of study outcomes
may improve with longer study durations. Decreased sample size has
negative effects on the accuracy of estimated changes and the statis-
tical power of the study. (Feely et al., 2020) Of the studies with known
duration of the study, 4 studies had a duration of < 5 years (Shaw et al.,
2017; Briones-Buixassaetal.,2019; Gunnarssonetal.,2015; Pustetal.,
2020) and 3 studies had a duration of > 5 years (Eid et al., 2022; Horton
et al,, 2022; Nielsen et al., 2014). Small sample size associated with the
included studies may limit the generalizability of the study outcomes,

and ultimately this systematic review (Jiang et al., 2022).

4.1 | Strengths and limitations

The included studies investigated the association between ACEs,
development of MS, and other parameters of MS, which are from
diverse regions around the globe. The participants were followed for
long periods of time in some studies. Except for a few studies which did
not specify specific assessment tools for the measurement of ACEs, the
included studies used established questionnaires and assessment tools

for measuring ACEs and related outcomes.

There are a few limitations to this review. The first limitation is
the observational nature of the studies. There is inconsistency among
the included studies concerning the use of assessment tools and the
outcomes measured. Few of the included studies fail to report the
assessment tool used for reporting ACEs. In addition, the authors
registered the study protocol on July 18, 2022, after the literature
search was conducted in June 2022, creating the potential for post
hoc changes. However, the authors have disclosed in the protocol
registration that they already initiated the process of screening the

articles

4.2 | Future implications

There is an imperative need for prospective studies to assess the rela-
tionship between ACEs and MS. Future studies may also investigate the
differences in the severity, age-related onset, and clinical parameters
of MS in relation to factors other than childhood adversities as well as

compare the outcomes with those of ACEs.

5 | CONCLUSIONS

In this systematic review of observational studies, the results sup-
ported a significant association between ACEs and the development
of MS. ACEs also influence the quality of life of MS patients and are
associated with the use of walking aid, anxiety, fatigue symptoms, and
premorbid IQ. This review also demonstrates that multiple ACEs lead
to early-onset MS and that the severity of ACEs is linked to mean
relapse rates of MS. Future studies, preferably randomized controlled
trials, shall be conducted to investigate the association between ACEs
and MS in large sample sizes. Offering mental health support and
appropriate resources to pwMS may contribute to improved treatment
outcomes and health-related quality of life.
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