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the odds of depression among adults with multiple
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Abstract

Background: Adverse childhood experiences are demonstrated risk factors for depression, a common co-
morbidity of multiple sclerosis, but are understudied among people with multiple sclerosis.

Objective: Estimate the association between adverse childhood experiences and depression among 1,990
adults with multiple sclerosis.

Methods: Participants were members of Kaiser Permanente Northern California from two studies between
2006 and 2021 and were diagnosed with multiple sclerosis by a neurologist. Adverse childhood experi-
ences were assessed using two instruments, including the Behavioral Risk Factor Surveillance System.
Participants self-reported ever experiencing a major depressive episode. Meta-analysis random effects
models and logistic regression were used to estimate odds ratios (ORs) and 95% confidence intervals
(Cls) to assess the relationship between adverse childhood experiences and a history of depression
across study samples. Adverse childhood experiences were expressed as any/none, individual events,
and counts. Models adjusted for sex, birth year, race, and ethnicity.

Results: Exposure to any adverse childhood experiences increased the odds of depression in people with mul-
tiple sclerosis (OR: 1.71, 95% CI: 1.21-2.42). Several individual adverse childhood experiences were also
strongly associated with depression, including “significant abuse or neglect” (OR: 2.79, 95% CI: 2.11-3.68).
Conclusion: Findings suggest that adverse childhood experiences are associated with depression among
people with multiple sclerosis. Screening for depression should be done regularly, especially among people
with multiple sclerosis with a history of adverse childhood experiences.

Keywords: Adverse childhood experiences, early childhood stress, depression, mental health, multiple
sclerosis
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Introduction of depression among PwMS is estimated to be

Depression is one of the strongest predictors of
quality of life and worse disability among people
with multiple sclerosis (PwMS).' 1t is associated
with multiple sclerosis (MS) outcomes such as
greater accumulation of physical disability, cognitive
dysfunction, worse self-care, and fatigue.'”
Additionally, PwWMS and depression are likely to
require more hospital services, rehabilitation, and
informal care from supporting family members than
those without depression.> The lifetime prevalence

37%—-54%, which is higher than the general popula-
tion’s (~ 18%).>~ Diagnosing depression among
PwMS is challenging given the overlap in disease
characteristics, such as changes in sleep, appetite,
memory, and fatigue."*® Importantly, evidence sug-
gests that depression is underdiagnosed and under-
treated in PwMS. 467

Childhood trauma, defined as notable distress or mal-
treatment, can increase the risk of developing a
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lifetime diagnosis of depression.®'® Childhood mal-
treatment is common among PwMS; 24%-64% of
PwMS self-report at least one form of childhood
trauma in recent observational studies.''”"
However, there is limited research on the impact of
childhood trauma on depression among PwMS.
Childhood trauma can be assessed by adverse child-
hood experiences (ACEs), potentially traumatic
events occurring before the age of 18 years including
abuse, neglect, and household dysfunction.g’14
Studies in the general population have identified indi-
vidual ACEs associated with an increased risk of
depression, such as abuse (emotional, sexual, and
physical), neglect, and domestic violence. A dose—
response relationship was also identified between
cumulative ACEs and the risk of depression.”!>~"”

To date, investigations of the relationship between
ACE:s and depression in PwMS have been inconsist-
ent. A cross-sectional study including 232 Canadian
PwMS found that emotional abuse was the only
ACE associated with psychiatric comorbidity.!' In
contrast, a study with 192 Canadians with MS
reported that sexual abuse was associated with depres-
sion.'® Similarly conflicting results exist for ACE
scores. The aforementioned cross-sectional study
identified a graded relationship between ACE scores
and depression, but a study with 31 PwMS reported
insignificant associations between depression and 0—
3 ACEs.'"" Inconsistencies may be attributed to
the limitations of small sample sizes and non-standard
collection of ACE data. Understanding these relation-
ships could improve diagnostic screening and treat-
ment outcomes for depression in PwMS.

This study’s objective was to estimate the magnitude
of association, if any, between ACEs and a history of
depression among 1,990 adults with MS by testing the
effect of individual and cumulative ACEs on depres-
sion. We hypothesized that, among PwMS, ACEs
would be associated with increased odds of having a
history of depression.

Methods

Study population

Adults with MS were identified among members of
Kaiser Permanente Northern California (KPNC)
through electronic health records (EHR) as any
person aged 18—69 years with at least one outpatient
diagnosis of MS (ICD9 code 340.x) by a neurologist
at the time of recruitment. KPNC members account
for 25% of the service area’s population and are gen-
erally representative of the region’s population.*

Participants from two different research studies
under the KPNC MS Research Program (MSRP)
were included in this analysis, which we refer to as
“Study 1” and “Study 2.” Study 1 recruited PwMS
between 2006 and 2014 for a large genome-wide
and environment case-control study. To achieve suffi-
cient statistical power for those original genetic ana-
lyses, the sample was mostly limited to the largest
single racial group within KPNC, non-Hispanic
Whites. Full recruitment details are available else-
where.?! Study 2 recruited PWMS between 2019
and 2021 to investigate MS outcomes across a racially
and ethnically diverse sample. Recruitment proce-
dures were the same as in KPNC MSRP Study 1,
except without limitations on race or ethnicity.
Participants from both KPNC MSRP studies were
included in the analysis if MS onset occurred after
the age of 10 years. This criterion was set to
exclude individuals with onset of MS before or
during exposure to early life ACEs as defined in this
study. Age at MS diagnosis was determined using
comprehensive interview data.

The study protocol was approved by the Institutional
Review Boards of UC Berkeley and the Kaiser
Permanente Division of Research. Informed consent
was obtained for all study participants.

Exposure: Early life ACEs

Study participants from both studies were adminis-
tered a comprehensive computer-assisted telephone
interview (CATI) by trained staff at study entry.
The CATI consisted of self-reported demographic,
clinical, environmental, and lifestyle questions.
Details are described elsewhere.”' The CATI ACE
survey included nine ACE events (yes/no) during
ages 0-10 years which were adapted from
Coddington’s Life Event Record.”* These items
were parent or sibling death, parental divorce/separ-
ation, parental remarriage, foster care placement (or
late adoption), lived with extended family, the life-
threatening illness of parent or sibling (including psy-
chiatric illness or substance abuse), significant verbal
or physical abuse or neglect, the family lost home or
had to move, and violent crime victim. We refer to
these as “CATI ACEs.”

Several questions and assessments were updated in
the CATI before the start of Study 2. Consequently,
participants in Study 2 were administered the
Behavioral Risk Factor Surveillance System
(BRFSS) ACE survey in addition to the original
CATI ACE survey.”> The BRFSS ACE items
include physical abuse, sexual abuse, emotional
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abuse, mental illness in the household, substance
abuse in the household, intimate partner violence in
the household, parental divorce/separation, and incar-
cerated household member(s). For this analysis, items
were treated as yes/no during ages 0—18 years. We
refer to these as “BRFSS ACEs.”

Outcome: History of depression (ever/never)

The CATI included questions on symptoms of depres-
sion.?* For analysis, symptoms were organized into
DSM-5 diagnostic criteria categories: depressed
mood (or irritability), anhedonia, appetite or weight
changes, sleep difficulties, psychomotor changes,
fatigue, diminished concentration, feelings of worth-
lessness/guilt, and suicidality.>> History of depression
was classified as “ever” if the participant indicated
experiencing at least two weeks characterized by a
depressed mood or anhedonia and at least four other
depressive  symptoms  during that  period.
Participants were also classified as “ever” having
depression if they indicated feeling bothered/irritable
or anxious and at least five other depressive symp-
toms for a period of at least 2 weeks.

Covariates

Participants’ sex, birth year, race, and Hispanic ethni-
city were included as covariates in this analysis. Race
was categorized as White or non-White in Study 1,
where 97% of the non-White group identified as
African American/Black. In Study 2, race was cate-
gorized as African American/Black, American
Indian/Alaskan Native, Asian/Pacific Islander, or
White. Race and Hispanic ethnicity were controlled
to account for the different selection criteria in the
KPNC MSREP studies.

Statistical analysis

Logistic regression was used to estimate odds ratios
(ORs) with 95% confidence intervals (CIs) for a
history of depression according to exposure to
CATI ACEs. In separate models, CATI ACEs were
expressed as (a) any/none; (b) individual events
(yes/no); (c) scores 0, 1, 2, 3, or 4 +; or d) continuous
count. The associations between individual ACEs and
a history of depression were not estimated for rare
ACEs (< 3% prevalence in the sample). Due to
sample differences, ORs were estimated separately
for Study 1 and Study 2. Models for Study | adjusted
for race as a binary variable while models for Study 2
adjusted for race as a four-level categorical variable
plus a covariate for Hispanic ethnicity. All models
adjusted for sex and birth year. Results were averaged
across studies using meta-analysis random effects
statistical models.”® The random-effects model

accounts for effect heterogeneity between studies by
applying random-effect weights to each estimate
when pooling results. This is necessary to account
for the differences in study populations which may
create a variance in effect sizes that cannot be attrib-
uted to sampling error alone. False discovery rate
(FDR) was used to correct for multiple testing
across all meta-analysis random effects models.’
After adjustments, FDR ¢ values < 0.05 were consid-
ered statistically significant.

In a secondary analysis, we sought to identify consist-
encies in findings from CATI ACEs and BRFSS
ACEs. Logistic regression models estimated ORs
with 95% ClIs for history of depression given expos-
ure to BRFSS ACEs in Study 2 (not available for
Study 1). In separate models, BRFSS ACEs were
expressed as (a) any/none; (b) individual events
(yes/no); (c) scores 0, 1, 2, 3, or 4 +; or (d) continuous
count. These models adjusted for sex, birth year, race,
and Hispanic ethnicity. We estimated the correlation
between CATI ACE counts and BRFSS ACE
counts using the Pearson correlation coefficient. All
analyses were performed using R Version 4.0.2.%%

Results

Demographic characteristics are shown in Table 1.
Overall, the mean age of participants was 47.5 years
(SD 9.9) at the time of the interview. The sample
was 77.4% female. More than three-fourths of the par-
ticipants identified as White (83.4%), with African
American/Black being the second largest racial sub-
group (9.4%). There were clear differences between
the two studies regarding age, birth year, race, ethni-
city, and age at MS onset. Notably, Study 2 had
higher proportions of American Indian/Alaska
Native, Asian/Pacific Islander, and Hispanic partici-
pants. On average, participants in Study 2 were
nearly nine years younger and born two decades
later than those in Study 1. Overall, 38.8% of partici-
pants reported a history of depression. Depression
was more prevalent among participants in Study 2
compared to Study 1 (56.1% and 32.8%, respect-
ively), as well as in American Indian/Alaskan
Natives (58.7%) and Asian/Pacific Islanders (51.1%)
(Supplemental Table 1). More than half of the
Hispanic PwMS reported a history of depression
(52.6%).

Overall, 40.8% of participants reported experiencing
any CATI ACEs between the ages of 0-10 years
(Table 2). The most common CATI ACEs were
“serious illness of a parent or sibling” (14.8%) and
“significant verbal or physical abuse or neglect”
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Table 1. Baseline characteristics of people with MS (n=1990) in the Kaiser Permanente Northern California

MS Research Program (2006-2021), stratified by study.

Study 2 (n=513)  Overall (n= 1990)

Characteristic Study 1 (n=1477)
Age (mean, SD) 49.7 (9.2)
Birth year (mean, SD) 1958 (9.1)
Sex (n, %)
Female 1171 (79.3)
Male 306 (20.7)
Race (n, %)
African American/Black 137 (9.3)
American Indian/Alaskan Native 3(0.2)
Asian/Pacific Islander 0 (0.0)
White 1337 (90.5)
Latino/Hispanic ethnicity (n, %) 2 (0.1)
Age at MS onset (mean, SD) 36.9 (9.4)
MS subtype (n, %)
Relapsing remitting 978 (66.2)
Primary progressive 114 (7.7)
Secondary progressive 227 (15.4)
Relapsing progressive 53 (3.6)
Unknown 105 (7.1)
History of depression (ever) (n, %) 485 (32.8)

41.1 9.1) 47.5 (9.9)
1979 (9.2) 1964 (12.8)
370 (72.1) 1541 (77.4)
143 (27.9) 449 (22.6)
49 (10.0) 186 (9.4)
72 (14.7) 75 (3.8)
47 (9.6) 47 2.4)
323 (65.8) 1660 (83.4)
114 (22.2) 116 (5.8)
33.3 (9.4) 36.0 (9.5)
372 (72.5) 1350 (67.8)
30 (5.8) 144 (7.2)
48 (9.4) 275 (13.8)
19 (3.7) 72 (3.6)
44 (8.6) 149 (7.5)
288 (56.1) 773 (38.8)

ACEs: adverse childhood experiences; MS: multiple sclerosis; SD: standard deviation.

(13.7%). Participants in Study 2 consistently reported
a higher prevalence of CATI ACEs than those in
Study 1 for all ACEs, except for “death of a parent
or sibling.” Across both studies and surveys, partici-
pants with a history of depression generally reported
ACEs more frequently than those without (CATI,
BRFSS). Notably, CATI ACE “significant verbal or
physical abuse, or neglect” was reported more than
twice as often among those with a history of depres-
sion. Over three times as many participants reported
experiencing 4 + ACEs on the BRFSS survey com-
pared to the CATI survey (23.0% vs. 7.4%, respect-
ively) in Study 2.

Results of random-effects meta-analysis showed that
participants who reported any CATI ACEs between
ages 0-10 years had increased odds of having a
history of depression compared to those who experi-
enced no ACEs (OR: 1.71, 95% CI: 1.21-2.42)
(Table 3). Several CATI ACEs were significantly
associated with a history of depression: ‘“significant
verbal/physical abuse or neglect” (OR: 2.79, 95%
CI: 2.11-3.68), “victim of a violent crime” (OR:
2.08, 95% CI: 1.22-3.56), “family lost their home
or had to move” (OR: 2.02, 95% CI: 1.47-2.76),
and “serious (life-threatening) illness of parent or
sibling (including psychiatric illness or substance

abuse problem)” (OR:1.56, 95% CI. 1.20-2.04).
CATI ACE scores of 2, 3, or 4 + (vs. 0) were all stat-
istically significant after FDR adjustment and demon-
strated a dose-response trend (p<0.001). When
expressed continuously, each additional CATI ACE
count was associated with increased odds of depres-
sion (OR: 1.28, 95% CI: 1.17-1.39).

Several BRFSS ACEs were strongly associated with
depression: “mental illness in the household” (OR:
3.25, 95% CI: 2.14-5.01), “incarcerated household
member” (OR: 2.86, 95% CI: 1.43-6.28), “emotional
abuse” (OR: 2.85, 95% CI. 1.94-4.22), “physical
abuse” (OR: 2.20, 95% CI: 1.37-3.61), and “‘sexual
abuse” (OR: 1.86, 95% CI: 1.13-3.14) (Table 4).
Continuous BRFSS ACE counts and ACE scores
were also associated with increased odds of depres-
sion. ACE counts from the CATI and BRFSS
survey responses in Study 2 were moderately corre-
lated (Pearson correlation coefficient =0.52, p-value
<0.001) (Supplemental Figure 1).

Discussion

The goal of this study was to examine the association
between ACEs and a history of depression among
PwMS wusing multiple measures of ACEs. Our
results showed that ACEs were strongly associated
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Table 2. Distribution of ACEs from the CATI and BRFSS surveys among people with MS, stratified by study
and history of depression.

with increased odds of depression among PwMS. demonstrated a strong dose-response relationship
Several individual ACEs more than doubled the between an increasing number of ACEs and the
odds of depression among PwMS, including abuse  odds of depression. We found that a history of depres-
or neglect, family losing home/moving, and being a  sion was high among PwMS (39% of the total
victim of a violent crime. Moreover, our results sample), as was the prevalence of ACEs (1 + CATI
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Table 4. Associations between BRFSS ACEs and history of depression among people with MS in Study 2 (n =

513) of the KPNC MS Research Program (2019-2021).

Model OR 95% CI p-value
Any ACE (yes) 2.83 1.88-4.29 7.73%x 1077
Individual events
Parent divorce 1.04 0.70-1.54 8.65x 107"
Domestic violence 1.60 1.00-2.61 5.30x 1072
Household substance abuse 1.29 0.87-1.91 2.02%x107"
Household mental illness 3.25 2.14-5.01 5.46x 1078
Household incarceration 2.86 1.43-6.28 497%107°
Physical abuse 2.20 1.37-3.61 1.38%x1073
Emotional abuse 2.85 1.94-4.22 1.28%x1077
Sexual abuse 1.86 1.13-3.14 1.71 %1072
ACE score
0 ACE:s (reference) 1.00 - -
1 ACE 1.77 1.02-3.10 448 %1072
2 ACEs 2.77 1.54-5.06 7.47x107*
3 ACEs 3.14 1.65-6.14 6.29x107*
4+ ACEs 4.01 2.35-6.97 5.43x 1077
ACE count 1.31 1.18-1.46 3.47%x1077

All models adjusted for birth year, sex, race as a 4-level categorical variable, and Hispanic ethnicity.
ACEs: adverse childhood experiences; BRFSS: Behavioral Risk Factor Surveillance System; CI: confidence interval,
KPNC: Kaiser Permanente Northern California; MS: multiple sclerosis; OR: odds ratio.

ACE: 41% of the total sample; 1 + BRFSS ACE: 69%
of Study 2). Consequently, depression should be
regularly screened for in PwMS, especially among
those with a history of ACEs.

Individual CATI ACEs during ages 0-10 years
demonstrated varying strengths of association with a
history of depression. Primary results suggest that
exposure to emotional or physical abuse or neglect
had the strongest effect on the prevalence of depres-
sion. This agrees with the results from studies in the
MS and general populations which found that emo-
tional abuse had the strongest association with depres-
sion.'""'>?? Being a victim of a violent crime or losing
a home more than doubled the odds of depression in
our study. This aligns with previous studies in the
general population that identified income hardships
and proximal violence as depression risk
factors.">'® Our null finding for “parental divorce or
separation” differed from others which found it
increased the risk of depression.'®

Recognizing the burden of experiencing several types
of childhood trauma is important. Our findings
suggest that PWMS are commonly exposed to mul-
tiple ACEs, with nearly 20% of the total sample
reporting two or more CATI ACEs, and 50% of

Study 2 reporting two or more BRFSS ACEs.
Results from both ACE surveys (CATI and BRFSS)
demonstrated a dose-response relationship between
increasing ACEs and odds of depression among
PwMS. This relationship is most obvious in the
BRFSS ACE scores where four or more ACEs quad-
rupled the odds of depression compared to fewer
ACEs. These findings agree with several previous
studies that show accumulating exposure to ACEs is
associated with higher depression prevalence.®!'%!"-16
These findings are striking given their consistency
across KPNC MSRP studies, even when considering
different ACE assessments, exposure windows, and
possible cultural norms surrounding experiencing
ACEs and reporting of depression.

Critically, we observed that the burden of ACEs and
depression varied across race and ethnicity. A
BRFSS study with 214,157 respondents found that
exposure to ACEs was highest among multiracial,
Hispanic, and African American/Black individuals
(respective mean ACE counts: 2.52, 1.80, and
1.69).>° The CDC similarly reports varying preva-
lences of depression across demographics, with men
and non-Hispanic Asians reporting significantly
lower frequencies than other groups.®! These findings
suggest that women and certain racial groups may be
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disproportionately burdened with exposure to ACEs,
depression, and MS. Our analysis lacked sufficient
statistical power to assess the association between
ACEs and depression among different racial and
ethnic groups of PwMS, which is a limitation of this
article. Future studies should aim to explore this rela-
tionship across demographics to understand the
effects of cumulative adversity on PWMS through cul-
turally sensitive perspectives of trauma.

To date, the relationship between ACEs and the onset
of MS is unclear. A Norwegian prospective study
including 77,997 women found that the risk of MS
was increased if women were exposed to abuse as a
child.'? Interestingly, a previous study using MS
cases and controls from Study 1 did not find an asso-
ciation between ACEs (individual or cumulative) and
the risk of MS.*? This suggests that the effect of ACEs
on depression among PwMS in this analysis is not
simply because of confounding between MS, ACEs,
and depression, as is possible in case-only studies.
Our results indicate there may be an independent
effect of ACEs on depression within PwMS. The bio-
logical and psychosocial pathways contributing to
this mechanism should be investigated further.

This study had several strengths. Since participants in
Study 2 received both ACE surveys (CATI and
BRFSS), we compared the CATI ACE survey
results with those from a standardized instrument.
Although the CATI and BRFSS ACE surveys
notably differ, we did not observe contradicting
results when both surveys were administered to the
same sample. This improves our confidence in the
CATI’s ability to estimate the relationship between
ACEs and a history of depression. Additionally,
Study 2 appreciably increased the representation of
racially and ethnically diverse PwMS. This is particu-
larly important for the assessment of ACEs and
depression given the varying prevalences of both vari-
ables across race and ethnic groups.®*!

This study had several limitations. Reporting of ACEs
is vulnerable to inaccurate recall as participants may
not remember exposure to ACEs or may only remem-
ber the most traumatic type of ACEs, thus under-
reporting. Additionally, all ACE items were binary
(yes/no) which does not consider the duration, fre-
quency, or intensity of the exposure. This limits our
ability to thoroughly study the cumulative effects of
ACEs. Similarly vulnerable to poor recall, a history
of depression was measured using self-reported
data. However, the lifetime prevalence of depression
in our study was like those reported in other MS

studies, reducing the concern for bias.'”*’ We
were also unable to determine the onset of the first
depressive episode, so establishing the temporality
of depression and MS diagnosis was not possible.
Future work should determine whether the effects of
ACEs on depression are specific to pre- or post-MS
diagnosis depression, which could either represent
the MS prodrome or a period before underlying MS
biological processes start occurring.*>** Despite
these limitations, our findings were consistent with
the findings of most prior studies on the effects of
ACEs in the general population.

In summary, our findings suggest that experiencing
multiple forms of adversity or notable abuse during
childhood can have long-term consequences for
PwMS. We observed a high prevalence of ACEs
and depression among PwMS. Therefore, caregivers
and clinicians should not only screen for depression
but also consider a patient’s history of ACEs. This
awareness can help guide trauma-informed care,
improving patient outcomes.'' Our results underscore
the importance of early diagnosis and treatment of
depression among PwMS, as this may mitigate the
negative impact on their quality of life. Future
studies should thoroughly examine the relationship
between ACEs and depression among PwMS. These
investigations should explore how ACEs interact
with MS symptoms to modify the risk of depression.
Furthermore, it is essential to examine how these rela-
tionships vary among diverse populations.
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