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ABSTRACT

Multiple sclerosis (MS) is a chronic neurode-
generative and autoimmune disease that affects
approximately 1 million adults in the US. Psy-
chologic disorders are typical comorbidities in
people with MS (pwMS), with depression being
the most common. Clinical depression in pwMS
can substantially impact quality of life and fac-
tor heavily in treatment adherence. Depression
can surface early in MS, becoming more preva-
lent as the disease progresses and the severity
of clinical disability increases. The etiology of
comorbid depression in pwMS is not completely
understood, but recent research has indicated
that structural and functional brain abnor-
malities, along with genetic and immunologic
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factors, may contribute to the pathogenesis of
depression in pwMS. Although depression has
a significant impact on pwMS, it is often under-
diagnosed and undertreated. Furthermore, the
efficacy of pharmacologic and non-pharma-
cologic approaches for treating depression in
pwMS has not been thoroughly investigated,
with most studies showing minimal or no ben-
eficial effect. Improved evaluation and diagnosis
of depression and a better understanding of its
pathophysiology may provide a stronger foun-
dation for treatment and management of pwMS
suffering from depression. This review discusses
recent research on the potential causes of depres-
sion, the risk factors associated with developing
depression, and the overall impact of depres-
sion in pwMS. It also reviews patient-reported
outcomes utilized to assess depression in pwMS
and the impact of disease-modifying therapies
on depression in pwMS. Consideration is also
given to management of depression in pwMS
(both pharmacologic and non-pharmacologic)
to better facilitate the patient journey.

Keywords: Depression; Disease-modifying
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Lifetime prevalence of depression in people
with multiple sclerosis (pwMS) may be more
than twice that of the general population,
but depression is frequently underdiagnosed
and undertreated in this population

While the etiology of comorbid depression
in multiple sclerosis (MS) is not fully undez-
stood, genetic and immunologic factors, in
addition to structural and functional brain
damage, may contribute to the pathogenesis
of depression in MS

Depression negatively impacts pwMS, leading
to reduced treatment adherence, increased
MS symptom severity, poorer quality of life,
and worse disability and functional outcomes

Potential strategies to manage depression in
patients with MS include pharmacologic and
non-pharmacologic interventions (such as
cognitive behavioral therapy), education for
medical providers who treat MS, and estab-
lishing multidisciplinary care teams

Further studies are necessary to clarify the
complex relationship between MS and neu-
ropsychiatric disorders such as depression

INTRODUCTION

Multiple sclerosis (MS) is a chronic neuro-
degenerative and autoimmune disease that
affects nearly 1 million adults in the US [1].
Psychologic disorders are common comorbidi-
ties in people with MS (pwMS), with depression
(including symptoms of and diagnosable clini-
cal depression) among the most common [2].
Clinically significant depressive symptoms are
common in people with newly diagnosed MS
(47.4% for depression) [3] and lifetime prev-
alence of depression in pwMS, which is esti-
mated at 50% [4, 5], may be more than twice
that of the general population, which is esti-
mated at 16-20% [6, 7]. Furthermore, pwMS
have a higher risk of developing common

psychologic comorbidities and mood disorders
compared with those without MS [8].

Despite being common, depression is fre-
quently underdiagnosed and undertreated
in pwMS [9-11]. Recent data from the UK-
wide Trajectories of Outcome in Neurological
Conditions-MS (TONiC-MS) study, involving
5633 pwMS, found nearly 30% of pwMS with
depression were untreated (with either phar-
macologic or non-pharmacologic therapies)
according to their medication list or patient
reporting of treatment for depression, even
though 26.1% of participants had a symp-
tom level consistent with a probable case of
depression [11]. Another study involving 742
participants with MS found that, in the 87
patients with diagnosed depression and high
depressive symptoms, only 19.5% reported
that they were prescribed antidepressants and
only 25.3% reported utilizing any psychologic
services [10]. Depression in pwMS, particularly
if undiagnosed and therefore untreated, can
adversely impact quality of life (QOL) [10] and
lead to decreased treatment adherence [12-14],
increased symptom severity [15], and worse
disability/functional outcomes [16, 17] and
may impact suicide risk [18]. These studies sug-
gest an unmet medical need exists for further
guidance on the management of depression in
pwMS. Indeed, there is no gold standard, single
treatment for the management of depression
in MS [19]. Current clinical practice guidelines
are considered inconsistent and contain recom-
mendations that are generally based on low-
quality evidence [20].

In this review article, we discuss recent
research on the potential causes of depression,
the risk factors associated with developing
depression, and the overall impact of depres-
sion in pwMS. We also discuss patient-reported
outcomes (PROs) utilized to assess depression
in pwMS and the impact of disease-modify-
ing therapies (DMT) on depression in pwMS.
Finally, we review recent findings on the treat-
ment and management of depression in pwMS
(both pharmacologic and non-pharmacologic)
and provide resources on depression in pwMS
for health care providers who treat MS as a
means of improving the patient journey.
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METHODS

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. PubMed searches were
used to find applicable articles for inclusion
in the review manuscript. Searches were ini-
tially limited to article title only, written in
the English language, and published within
the last S years; case-study type articles, letters,
commentaries, and editorials were excluded.
The following search terms (and limit terms
[i.e., “Title” or “Title/Abstract”]) were used:
(Prevalence[Title]) AND (depression|[Title])
AND (multiple sclerosis[Title]). This search
term was also modified to (depression[Title/
Abstract]). Additional search terms included:
(Multiple Sclerosis[Title]) AND (mental
health[Title]); (multiple sclerosis[Title])
AND (suicide[Title]); (disease-modify-
ing therapy name[title]) AND (multiple
sclerosis[Title]); (multiple sclerosis[Title]) AND
(depression|[Title]) AND (assessment); (mul-
tiple sclerosis[Title]) AND (Hospital Anxiety
and Depression Scale; Beck Depression Inven-
tory or BDI, Patient Health Questionnaire or
PHQ-9, Center for Epidemiological Studies
Depression Scale; SymptoMScreen[Title]; (mul-
tiple sclerosis[Title]) AND (cognitive behavio-
ral therapy OR cognitive behavioural therapy
[Title/Abstract]); (multiple sclerosis[Title]) AND
(care unit[Title]).

Additional references not included in the
original PubMed searches were also included if
recommended by the authors or were manually
accessed if considered relevant to a statement
in the review.

POTENTIAL CAUSES OF
DEPRESSION AMONG PATIENTS
WITH MS

The etiology of comorbid depression in MS
is not fully understood although the causes
are believed to be multifaceted because of the

complex nature of the disease. Additionally,
depression can be considered both a symptom
of and a reaction to MS. Recent research has
shown that genetic and immunologic factors,
in addition to structural and functional brain
damage, may contribute to the pathogenesis of
depression in MS.

STRUCTURAL AND FUNCTIONAL
BRAIN DAMAGE

White Matter Lesions/Disruption

MS is characterized by demyelinating white mat-
ter lesions present in the central nervous system
[21]. Recent studies have suggested that the bur-
den and location of these white matter lesions
may be associated with onset of depression in
MS [22, 23]. For example, people with MS with
a depression diagnosis have greater burden of
white matter lesions across the brain than those
without depression [22]. Compared with pwMS
without depression, those patients diagnosed
with depression and MS had greater lesion bur-
den in the white matter within a specific brain
network associated with depression in pwMS
(known as a “depression network”) and within
the fascicles inside the white matter depression
network [22]. Another study found functional
connectivity between MS white matter lesion
locations and an a priori brain depression cir-
cuit correlated with depression severity in MS
[23]. Although there are inconsistencies as to
specific brain regions, lesion burden can have a
strong effect on worsening depression symptoms
in MS.

White matter tract disruption and white mat-
ter integrity may also be risk factors for depres-
sion in pwMS [24, 25]. Specific areas of white
matter tract disruption in the conscientiousness-
associated frontal-parietal network were associ-
ated with progression to clinical depression over
5 years in pwMS, independent of age, sex, lat-
eral ventricular volume, disease-modifying treat-
ment, and lesion volume [24], suggesting that
new white matter development in this network
may be a risk factor for developing depression in
MS. In older adults with MS, lower white matter
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integrity from the dorsolateral prefrontal cor-
tex to the putamen nucleus was associated with
higher symptoms of depression compared with
older adults without MS, suggesting a possible
role of frontal-striatal white matter tract integ-
rity in developing depression in MS [25].

Microstructural Changes and MS-Related
Atrophy

Structural and functional brain damage that
occurs in MS, such as microstructural changes
and atrophy in specific brain regions, may be
implicated in the development of depression
in pwMS. Recent evidence suggests that brain
microstructural changes in subcortical struc-
tures and the left mesocorticolimbic pathway
may precede or contribute to the development
of comorbid depression in MS [26, 27]. For
example, a study involving 93 pwMS found
that those with sustained fatigue and depres-
sion (as measured by a Center for Epidemiologic
Studies Depression Scale [CES-D] score of216)
had significantly higher mean and radial dif-
tusivity of the superolateral medial forebrain
bundle (sIMFB; also known as the mesocorti-
colimbic reward pathway) than non-depressed
pwMS with sustained fatigue [26]. Depressed
patients with sustained fatigue also showed
higher left sSIMFB axial and mean diffusivity
than healthy controls, suggesting that micro-
structural changes to the left SIMFB may play
a role in the development of depression in MS
[26]. In another study involving 46 patients with
relapsing-remitting MS, microstructural changes
in subcortical structures were estimated using
the free water fraction diffusion-based magnetic
resonance imaging metric. Baseline free water
fraction correlated with depression score (as
measured by the Hospital Anxiety and Depres-
sion Scale [HADS]) in the thalamus, putamen,
pallidum, hippocampus, amygdala, and accum-
bens at the 2-year follow-up [27]. This may sug-
gest a relationship between higher levels of free
water in the subcortical structures in early MS
and the development of depression later in the
disease.

MS-related atrophy may contribute to the
development of depression in MS [28]. A study

found that people with comorbid relapsing-
remitting MS and depression had greater selec-
tive cerebellar atrophy (lower vermis crus I vol-
ume) than people with relapsing-remitting MS
without depression [28].

PwMS with moderate-to-severe depression
also have greater structural and functional
changes in temporo-frontal regions, such as
decreased white matter volume, decreased frac-
tional anisotropy of the uncinate fasciculus,
and decreased functional connectivity between
the amygdala and frontal areas compared with
non-depressed pwMS. This potentially suggests
a fronto-limbic disconnection [29], which may
explain the difference in depressive symptoms
between the two groups. In summary, the white
matter lesions and disruptions as well as other
structural and functional changes in the brain
that occur with MS, including microstructural
changes and atrophy in specific brain regions,
may contribute to the development and severity
of depression in pwMS.

MONOAMINERGIC NETWORK
DYSFUNCTION

Dysfunction within monoaminergic networks
(particularly changes in resting-state functional
connectivity) have been linked to depression/
depressive symptoms in pwMS [30, 31]. The
dopaminergic system has a broad spectrum
of action and plays a role in functions such
as motor control, reward processing, memory
consolidation, and emotional regulation [32]. A
study by Mistri et al. involving 49 pwMS found
that those who developed depressive symptoms
(as measured by a score>9 on the Montgom-
ery—Asberg Depression Rating Scale [MADRS]
at follow-up [median follow-up of 1.6 years])
exhibited a widespread resting-state functional
connectivity decrease within the dopamine
network (mainly the orbitofrontal, occipital,
anterior cingulate, and precuneal cortices)
over time compared with patients who did not
develop depressive symptoms [31]. Furthermore,
decreased resting-state functional connectiv-
ity in dopamine and noradrenaline networks
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correlated with concomitant increased depres-
sion scores [31].

GENETIC BASIS

Research suggests there may be a genetic link
between MS and depression [33-35]. The
1s16944TT genotype was recently identified
as a susceptibility factor for the occurrence of
depression and the development of persistent
depression in pwMS [34]. The genetic variant
1s1432639, which has been associated with
depression in the general population, has also
been associated with the development of depres-
sion in pwMS post-MS diagnosis [33]. Individu-
als with MS may also have higher susceptibility
to developing depression due to having a higher
depression genetic burden. One study found
that individuals with MS and depression had
a higher depression polygenic score compared
with individuals with MS without depression as
well as healthy controls [35]. However, another
study found no causal association between
major depressive disorder genetic liability and
MS susceptibility, and vice versa [36].

IMMUNOLOGIC BASIS

The immune system plays a significant role in
MS. Neuro-immunologic/inflammatory path-
ways may also be connected to depression in MS
[37, 38]. One study revealed that CD4+T cen-
tral memory (TCM) cells expressing low levels of
CC chemokine receptor 7 (CCR7) cell frequency
in the peripheral circulation were decreased in
depressed pwMS compared to closely matched
non-depressed pwMS and healthy controls [37].
Another study showed that the anti-inflamma-
tory cytokine, interleukin 10, was significantly
(and negatively) associated with depression in
veterans with MS [38]. In addition, a separate
study found that higher C-reactive protein (an
inflammatory marker) levels positively corre-
lated with severe depression in pwMS [39].

RISK FACTORS FOR DEVELOPING
DEPRESSION IN MS

Several causes may increase the risk of develop-
ing depression, including biologic, psychologic,
and social factors (Fig. 1). For example, the stage

Potential risk factors for and protective factors against
developing depression in multiple sclerosis

Risk Factors

Comorbid conditions

such as excessive daytime sleepiness,
obstructive sleep apnea, urinary tract infections,
restless leg syndrome, and vitamin D deficiency

Personality traits
of agreement and conscientiousness

Modifiable lifestyle factors
such as such as smoking status, nutrition,
alcohol consumption, and dietary acid load

Stage of MS

Depression is higher in people with secondary
progressive MS than relapsingremitting MS
and higher in relapsing vs remitting MS

Fig. 1 Potential risk factors for and protective factors against developing depression in MS. MS multiple sclerosis
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of MS may influence the prevalence of depres-
sion, with the highest prevalence of depression
in secondary progressive MS (31.5%), followed
by primary progressive (25.8%) and relapsing-
remitting (23.2%) [11]. Similarly, a recent sys-
tematic review and meta-analysis found that the
prevalence of depression was higher in people
with progressive MS (19.13%) than in people
with relapsing-remitting MS (15.78%) [40]. A
study focusing on patients with relapsing-remit-
ting MS found that depression scores (as meas-
ured by Beck Depression Inventory-II [BDI-II])
were greater in patients experiencing a relapsing
phase than those who were remitting, possibly
suggesting a role of inflammation in depression
in MS [41].

Other conditions such as excessive daytime
sleepiness, obstructive sleep apnea, and symp-
toms of overactive bladder symptoms in female
patients are all associated with an elevated risk
of depression/depressive symptoms in pwMS
[42, 43]. Additionally, positive correlations
have been found between depression/depres-
sive symptoms and lower urinary tract infec-
tions [44] as well as the presence of restless leg
syndrome in pwMS [435]. Vitamin D deficiency is
considered a possible contributor to depression
in MS. A study involving 88 pwMS found that
serum vitamin D levels were inversely correlated
with depression risk score (Expanded Disability
Status Scale [EDSS]), with more robust correla-
tions in female than male patients [46]. Indeed,
the TONiC-MS study involving 5633 partici-
pants with MS found that depression risk was
increased with more comorbidities, which was
the greatest risk factor for depression, followed
by anxiety, fatigue, smoking, and disability [11].

Four modifiable lifestyle factors—smoking
status, nutrition, alcohol consumption, and
physical activity level—together constitute the
“SNAP” risk factors, a construct designed for
use in general practice to estimate prevalence
of lifestyle risk factors, including in pwMS [47].
To examine the relationship between depression
and modifiable lifestyle factors, a study by Gas-
coyne et al. utilized a “SNAP” score based on the
above-mentioned factors plus body mass index
[48]. This study found that healthier living (as

defined by a higher SNAP score) revealed a sig-
nificant and dose-dependent inverse relation-
ship with depression prevalence and severity in
pwMS [48]. Additionally, every unit increase in
SNAP score was associated with a 17% reduction
in prevalent depressive symptoms and a 0.44-
unit lower actual HADS-depression score [48].
Higher dietary acid load (i.e., a dietary imbal-
ance between acid-inducing foods such as meat,
fish, grains, and cheese as opposed to alkali-
inducing foods such as fruits, vegetables, milk,
and yogurt), because of poor nutrition and alco-
hol use, may also contribute long term to the
level of depression in pwMS [49]. At a 10-year
review of the data, the level of depression was
best determined by both the baseline dietary
acid scores and baseline-5-year changes in die-
tary acid scores [49]. In addition to nutrition
and alcohol consumption, smoking status is a
contributor to depression in pwMS. One system-
atic review found strong evidence of increased
prevalence of depression in pwMS who were
either current or former smokers [50]. Often,
poor nutrition, alcohol use, and smoking are
associated with a sedentary lifestyle, although
the impact of low physical activity on depres-
sion in pwMS is unclear [19, 51].

Recent research has shown that the personal-
ity traits of agreement (altruistic behavior, trust,
warmth, and friendliness) and conscientious-
ness (ability to control impulses, focus on tasks,
and follow rules) have been associated with
higher levels of depression in MS [52]. On the
other hand, trait mindfulness (which has been
described as a predisposition of being mindful
during activities of everyday life, as opposed to
state mindfulness that is achieved during the
practice of mindfulness meditation [53]) has
been associated with lower depression/depres-
sive symptoms in pwMS [54-56]. Trait mind-
fulness may mediate the relationship between
illness intrusiveness and depression in pwMS
[55]. Coping style may help moderate the effect
of pain on depressive symptoms in MS. A study
involving 54 pwMS found that in those patients
who utilized more avoidant and less active cop-
ing strategies, pain was predictive of those more
likely to have depressive symptoms [57].
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Some social determinants of health, such
as socioeconomic status, unemployment, and
history of verbal or physical abuse, can impact
depression in pwMS. One study found greater
odds of moderate-to-severe depression in pwMS
in the lowest socioeconomic status quartile,
independent of race [58]. Another study found
that, in a population of low-income minor-
ity patients with MS, the percentage of Latino
patients reporting depression was twice as high
as that of Black patients [59]. Unemployment
has been identified as a risk factor for depres-
sive symptoms [60]. History of verbal/physical
abuse during childhood is also significantly
associated with increased odds of depression in
pwMS [61]. The impact of other factors, such
as gender and sexuality/sexual orientation, on
depression in pwMS warrants additional study,
but it is important to note that, in the general
population, LGBTQ +individuals experience
higher rates of depression than heterosexual
individuals [62]. To summarize, biologic factors
including the stage of MS and the presence of
other conditions, modifiable lifestyle factors,
personality traits and coping mechanisms, socio-
economic status, unemployment, and/or history
of physical or mental abuse can all impact the
occurrence and severity of depression in pwMS.

Symptom
severity

QoL

IMPACT OF DEPRESSION ON
PEOPLE LIVING WITH MS

Depression has a profound impact on pwMS
(Fig. 2) as it can negatively affect areas such as
treatment adherence, symptom severity, QOL,
disability, and functional outcomes. Addition-
ally, it can be a strong suicide risk factor.
Treatment adherence in MS is crucial, as poor
treatment adherence can, in turn, lead to worse
clinical outcomes. A systematic review of 24
studies found that adherence to DMT in pwMS
ranged from 52 to 92.8% [14]. In five of these
studies, a diagnosis of depression, depressive
symptoms, or at least one psychiatric disorder
was associated with poorer rates of adherence
to therapy [14]. Additionally, a retrospective
administrative claims analysis of a large com-
mercial US database between 2011 and 2017
involving 10,248 pwMS found that 42% met
non-adherence criteria [63]. Individuals with
MS who adhered to treatment had significantly
longer time to first relapse, a lower annualized
relapse rate, and longer lag times to cane/walker
and wheelchair use than individuals with MS
who did not adhere to treatment [63]. Together,
these findings may indicate that depression
can negatively affect health outcomes in pwMS
through reduced treatment adherence.

Medication
adherence

Disability
outcomes

Functional
outcomes

Fig.2 Potential areas impacted by depression in pwMS. DMT disease-modifying therapies, HRQoL health-related quality
of life, MS multiple sclerosis, pwMS people with multiple sclerosis
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Furthermore, depression has been associ-
ated with reduced QOL in pwMS [10, 64, 65].
One study found that pwMS who reported hav-
ing high depressive symptoms (based on self-
reported depression diagnosis and scores on the
HADS) also reported the poorest health-related
QOL (HRQoL) [10]. In contrast, the group that
reported receiving adequate treatment for
depression was more likely to exercise, consume
a healthy diet, and have high levels of partici-
pation in household, leisure, and out-of-home
activities, thus reporting a higher HRQoL. The
findings from this study suggest that treating
depression can potentially improve HRQoL
in pwMS. In a cross-sectional study involving
150 pwMS, depression scores (measured using
the BDI-II) were significantly correlated with
reduced mental and physical QOL, highlight-
ing the impact of depression on mental and
physical well-being in pwMS [64]. Finally, while
anxiety and MS is beyond the scope of this arti-
cle, comorbid anxiety in addition to depression
may worsen the impact of depression on QOL
in those with MS. A study involving 183 pwMS
found that those with comorbid depression and
anxiety reported worse QOL than those with MS
and depression alone, possibly suggesting that
anxiety may be an exacerbating factor [65].

Depression may worsen the impact of MS
symptoms, such as fatigue and pain [15], as
well as disability/functional outcomes in pwMS
[16, 17, 66, 67]. Early reduction in depressive
symptoms has been associated with an overall
reduction in pain interference and fatigue symp-
tom impact in pwMS [15]. PWMS and comorbid
depression have an increased risk for disabil-
ity worsening compared with pwMS without
depression [16]. Additionally, pwMS who report
higher depressive symptoms have a higher risk
of falls than pwMS who report lower depressive
symptoms [66]. Depression may also negatively
impact cognitive performance in pwMS, with
one study finding that increased depression
score (HADS-D) was positively associated with
fatigue (Fatigue Severity Scale), disability (EDSS),
and cognitive impairment (Symbol Digit Modal-
ities Test [SDMT]) [17]. Management of depres-
sion may be beneficial in reducing the negative
impact of depression on treatment adherence,

symptom severity, QOL, and disability and func-
tional outcomes in pwMS.

Lastly, some studies have suggested an
increased risk of suicide and suicide attempt in
pwMS. A meta-analysis of 16 studies found a
positive association between MS and suicide risk
and suggested that suicide risk was higher at MS
diagnosis than MS symptom onset [18]. The risk
of attempted and completed suicide has been
found to be higher in pwMS compared with the
general population (hazard ratios of 2.18 and
1.87, respectively) [68]. Women were found to
be at higher risk of attempting suicide, although
men were at higher risk for completing suicide
[68]. The global prevalence of suicidal ideation
in the MS population has been estimated at
13% [69], although research on suicidal idea-
tion (thoughts of suicide) in people with MS,
may not reflect the true risk/rate of suicide in the
MS population. Taken together, depression can
affect patient treatment adherence, symptom
severity and QOL, as well as disability, fatigue,
pain, and functional outcomes in pwMS.

ASSESSMENT OF DEPRESSION IN
MS

Assessing depression in pwMS is challenging; MS
and depression often have overlapping symp-
toms, such as fatigue and sleep difficulties [67],
which makes measurement of depression diffi-
cult. Thus, it poses a diagnostic challenge for
health care professionals [70]. In addition, many
of the clinical practice guidelines for pwMS are
older (e.g., the American Academy of Neurology
[AAN] guidelines for the assessment and man-
agement of psychiatric disorders in individuals
with MS [71] were published in 2014, and the
Goldman Consensus group statement on depres-
sion in multiple sclerosis [72] was published
in 2005) and may not reflect current clinical
practice.

PROs can play an important role in assessing
depression in pwMS. Multiple scales for assess-
ing depression exist, with the most common
PROs for assessing depression in pwMS includ-
ing HADS [73], the BDI-I and BDI-II [74, 75], MS-
specific BDI (MS-BDI) [76], the Patient Health
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Questionnaire (PHQ-9) [77], the CES-D [78], the
SymptoMScreen [79], and the Quality of Life in
Neurological Disorders (Neuro-QoL) [80].

HADS is commonly used to measure depres-
sion and anxiety in pwMS. It includes 14 ques-
tions, 7 to measure anxiety (HADS-A) and 7 to
measure depression (HADS-D). Items are rated
on a 4-point severity scale [73]. The BDI-II is
the most recently revised version of the BDI. It
includes 21 statements that reflect symptoms
and attitudes of clinically depressed people.
Items are rated on a 4-point severity scale (0.3)
[74, 75]. The BDI has since been modified to
include only the items found to be most related
to depression in MS, creating an MS-BDI meas-
ure [76]. A cutoff of 8 on the MS-BDI was found
to have high specificity, suggesting it can be
used to assess depression in pwMS [76]. Guide-
lines from the AAN for the assessment and man-
agement of psychiatric disorders in individuals
with MS [71] recommends the BDI and a two-
question tool to screen for depressive disorders
in pwMS [81].

The PHQ-9 is a self-administered question-
naire consisting of nine questions to assess
depression [77]. The PHQ-9 can be administered
by any provider who knows how to interpret
and score and can be administered as needed
but not more frequently than every 2 weeks
[82]. The PHQ-9 has been found to exhibit high
internal reliability and test-retest agreement to
demonstrate validity of measurement and to
have high acceptability as a screening tool for
depressive symptoms in pwMS [83]. In prac-
tice, many clinicians have moved to using the
PHQ-9 to screen pwMS for depression because
of its brevity and focus on depressive symptoms
and suicidality.

A study evaluating the validity and reliabil-
ity of six commonly used PROs for depression
in MS found that the PHQ-9 had the highest
sensitivity (84%), whereas HADS-D had the
highest specificity (95%) [84]. Furthermore,
a study evaluating the validity and reliability
of six commonly used screening measures for
anxiety and depression in pwMS (including
HADS, PHQ-9, and Patient-Reported Outcomes
Measurement Information System [PROMIS]
Emotional Distress Depression Short-Form
8a) found that performance of the depression

screening measures was similar, with reason-
able psychometric properties for the MS popu-
lation [84].

The CES-D is a measure assessing symptoms
of depression including 20 statements phrased
as self-statements (e.g., “I felt that I could not
shake off the blues even with help from my fam-
ily and friends”) [85]. A study involving 493 par-
ticipants with MS found that the CES-D demon-
strated factorial validity in pwMS and therefore
a coherent structure for examining depression
in pwMS [78].

SymptoMScreen is a self-assessment tool for
measuring symptom severity across 12 distinct
domains commonly affected by MS, including
depression. The SymptoMScreen consists of 12
items that are assessed on a 7-point Likert scale
that ranges from O (not at all affected) to 6 (total
limitation) [79]. A study involving 218 clini-
cally stable patients with relapsing-remitting MS
found that the SymptoMScreen exhibited high
internal consistency and was a robust unidimen-
sional scale. SymptoMScreen also showed appro-
priate convergent validity with the EDSS and
total number of relapses [86]. SymptoMScreen
is a valid tool for assessment of performance-
based and clinician-assessed measures among
pwMS [87].

The Neuro-QolL is a system of PRO measures
that target neurologic disorders by using item
banks across 13 domains and specific associated
short forms of 6-10 items used for measuring
HRQoL in specific neurologic disorders, includ-
ing MS [80, 88]. Each short form has eight or
nine items, and patients can complete the
Neuro-QoL more quickly than many other QOL
instruments [88]. In a study to examine discri-
minant validity (reliability, validity, and factor
structure) of the Neuro-QoL in pwMS, records
from 902 pwMS receiving any type of DMT
who completed a core set of PROs, including
the Neuro-QoL short-form scales, were analyzed
[80]. Neuro-QoL demonstrated acceptable reli-
ability and convergent validity compared with
other measures of QOL, disease severity, and
symptoms in pwMS, but a confirmatory factor
analysis suggested most of the 12 domains tested
had poor model fit, and additional research is
needed to strengthen these measures for use in
pwMS [80].
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Emotional thermometers (a visual analog
screening tool) may represent a new methodol-
ogy for rapid screening of depression in pwMS. A
study involving 190 participants with MS found
that emotional thermometer performance was
comparable to HADS-D without needing clini-
cian scoring [89]. Furthermore, the brief version
of the emotional thermometer (ET-4), performed
as well as the full version (ET-7) [89].

An in-progress clinical study (NCT04979546)
is currently examining the impact of more
frequent PRO measures (every 6 months) on
patient depression and anxiety outcomes in clin-
ical practice; this study was completed in April
2024, although no results have been posted to
date [90].

An important consideration for assessing
depression in pwMS is the transition from in-
person attendance to virtual care and how this
may also influence depression outcomes in
pwMS. Since the COVID-19 pandemic, many
mental health providers, as well as MS providers,
have transitioned their practice to telemedicine
[91, 92]. Transition to telemedicine services may
enhance accessibility to psychosocial support to
pwMS by overcoming geographic and physical
disability barriers, which are common in the
MS population [93]. Furthermore, pwMS may
prefer virtual care, as one study found that sat-
isfaction scores provided by pwMS of telemedi-
cine encounters remained stable compared to
the results from traditional in-office evaluations
[93]. However, one study reported that 84.6%
of MS health care providers found it difficult to
perform a full examination of a patient using
telemedicine services [91]. Thus, while several
PROs and screening tools for depression exist to
assess depression in pwMS, many clinical prac-
tice guidelines may not reflect current clinical
practice and use of screening tools.

IMPACT OF DMTS ON
DEPRESSION IN MS

The impact of DMTs on depression in pwMS,
whether positive or negative, is unclear
(Table 1). While it is beyond the scope of this
article, the efficacy of DMTs (lower, moderate,

or high efficacy) may be correlated with depres-
sion in MS, although further clinical research
and real-world experience are needed for fur-
ther elucidation. Some studies suggest that
choice of DMT may affect depression risk in
MS [94, 95]. For example, one study found
that pwMS treated with rituximab had a lower
risk of being diagnosed with depression or ini-
tiating antidepressants compared with pwMS
treated with interferons [94]. A systematic
review of 78 studies found that no DMTs (natal-
izumab, fingolimod, dimethyl fumarate, terif-
lunomide, and alemtuzumab) were associated
with an increased risk of adverse psychiatric
effects; however, a beneficial effect on symp-
toms of depression by fingolimod was observed
[96]. Similarly, a cohort study involving 440
participants with relapsing-remitting MS found
that DMTs (including dimethyl fumarate,
glatiramer acetate, interferons, alemtuzumab,
natalizumab, cladribine, teriflunomide, and
fingolimod) had no substantial impact on hid-
den disability, including depression based on
the PHQ-9 [97].

Furthermore, it is difficult to characterize the
impact of high-efficacy DMTs (referred to as
high-efficacy treatment or HET) compared with
moderate- or low-efficacy DMTs (referred to as
low-efficacy treatment or LET) on depression in
clinical practice. A cross-sectional study found
that pwMS who were untreated had more fatigue
and anxiety than pwMS treated with a DMT
and greater depression than those treated with
a DMT characterized as an LET (interferon beta-
la, interferon beta-1b, peginterferon beta-1a,
and glatiramer acetate) [98]. Additionally, pwMS
who were taking a DMT considered as an LET
had lower fatigue and depression scores com-
pared with those who were taking a DMT con-
sidered as an HET (alemtuzumab, ocrelizumab,
rituximab, natalizumab, and cladribine) [98].
However, the greater depression seen in pwMS
taking a DMT considered to be an HET should
be interpreted with caution as these patients
may have a greater number of white matter
lesions or longer disease duration with disability
accrual, hence the need for an HET. Conversely,
pwMS on LET may experience less depression
and fatigue because of having few white matter
lesions as opposed to any treatment effects.

A\ Adis



691

Neurol Ther (2025) 14:681-710

suOI2JI23UT JUIPN]OXd (2183908 JoweIne(3)
sjusunIean) LI03e[NpOoTWOUNUIWT KIeIFo-MmO] YITam
Pa38211 399(qnNs © 03 2ATIE[AT (SUIqUIPE ‘qewnz
-I[2100 ‘qEWIXNILI ‘qeuwnzniwoaye) s1039[dap 92
Koeoryo-ySry Yarm parean 105[qns € 10§ $83] 946°GT
(powruodis ‘powrjouy ‘qewnzi[eIeu) $103111821
T[22 Koeora-ySiy yarm paiean 153(qns & 01 JANE[AI
SUOIDJI2IUT (AIM PaIeall 302[qns € 10 $S3] 94 7%
(surqupep
‘qEWNZI[2100 ‘qEWIXNILI ‘qeunzniwaye) s1039]dop
1192 “4oeo1yo-ySry Yars parean 105[qns € 01 2A1E[2I
SUOIDJIOIUT (1M PaIeall 100[qns © J0J 3] 9" CF
(oreIRWINg [OWIXOIIP pUE derewny [AyIdwWIp
Surpnpour sajerewng pue sprwrounyLl) s1a3a1dop
T[22 Koeo1yo-MO] 1M PaIeall 102(qns € 01 JAIIE[DI
SUOIDJIZNUT (AIM P1eall 102(qns © J0J $S3] 049 /¢
Adexoyn Surkjipow-oseasip € yamm parean 10u
95013 03 2AnE[aT (uordjinuidad pue qT /e1-e39q)

SUOIDJIANUT (AIM PaTeax) 102[qns © 105 $S3] 90" F¥

1219/ 21098 [€301 6-O'H( 12YyS1Yy € Jo sppo oy,

snae1s L1078[NquUe

pue asn juessordoprue Topuad
‘wonemp aseasip 9e Kderoya Suiky
-Ipouw-aseastp :s1reyd Jusned woiy
P210BIIX3 EIE(] PIST DIIM SII0DS
6-OHJ 32231 150W SIUINEJ

"Apnas MITADT 11T 9A1302d50130Y]

0207107 21u1D
£Sojou

-NUWIOINAN] pue s1so1a]d§ aydnmp
UI2ISIMYINOG SEXIT JO AISIFATUN) IE
SN 1w sauedionred 1197 's1so1ads
ofdnnuw ur $21095 6-OHJ U0 pastq
sa1e1 uorssaxdop pue T A U22M12q

UOIIBIDOSSE UE ST I3 JI SUTWINIP O], [S6] 'Te 32 OpIe],

SUOI9}121U]

wu—ﬁmom

JUIWISSISSY

ssuedonaed /0A1159(q0 Jo MOTATIAQ  20USIRJAT ApTag LINA

uorssardop Suneneas sofess uo 1edwr 1oy pue STINQ T 2[qEL

A\ Adis



Neurol Ther (2025) 14:681-710

692

STVS paouatiadxo syuarred oa1yT,
UONENIUI 19)e s183K 7 9478 PaYdeal

souerpdwos pue o4/ / sem soumisisiod Jusuresly,
Apnas Suump
anoxdwr 01 panunuod pue (9°66 5 ¢) sanyea ySiy
paruasoxd (1000 > ¢) s9109s uondeysiyes [eqo[3 pue

(200°0 = @) $$9U2A1I222 (100" = &) PIUITUIAUOY)
A2a150ds01 (100" > ¢) 3uoUnEdII jO s18k 7 pue
(10°0=¢) T 193¢ pasea1dap 21095 GV H PUE 23e1
asde[ar pazienuuy GV H Y2 Sursn passasse se
syauow 7 19yt uorssardop 1ou 1nq s2103s L1o1XUE

uesawr uo quDEu\/OuQEM Hvuuﬁuumﬁoauﬁ UTMEOQSMEU@L

PaAI19sqo a1om (uorssardap 1arxue Jon

-U0SAp POOW) SIIPIOSIP [EUOLIOWD PIIE[dI-g-N[I]

Jofewr ou nq ‘vonentur snip Juikjipouwr-aseasip

Jo swm a1 e uoniendod Sy a1 T s1opIOSIP

[euonowd o wnndads peoiq e s1ydydry Apnas
o1 ‘dn-mof[oj aandadsoid jo syruow g uo paseq

s1e9£ 7 1040 SW T JO
SpIWOUN}LIN 1M parean syuoned
WOIJ STUDAD ISIPAPE PUE ‘SO
‘sonsLIEIeyd [edrul]d pue sryderd
-owodp Pa1da[[od 3ey3 Apnis 11040

aAndadsoxd ‘feuonusaour-uou

T21u2on[NUW € sem OO -FATTHAL

(@-sa0) are2s
uorssaxda(y sarpmig o18ojorwoprdy
10§ 103U27) Y1 Jursn painseour
sem pue Jutodpud A1epu0d2s & sem
uorssaxda(J *sI1s1A JudUIRIN-1s0d
0 Je pUE dUI[AsEq 1B SOWN ¢ J[edS
(@y3) 2amssardpmawmg p
a[oYo7,, 92 Sursn pansesur [on
-Uod [euonIowd Jo yoe| sem utod
-pud ATRWII "dUT[ASE] I JUSWILIT)
g-NAT p237e3s SN
Y sauane ] Kpnas aandadsord

ae.ﬁm-ﬁwﬁ\:m Quucuu_u_zg ;\TEOE‘VN

JATRU

-1USUIESI] d19M 947 ‘syuedonred
6630 “£19yes pue ouerdwods ‘uon
-JBJSIIES ‘SSIUIATIINPD TUIWILIII 531
-IpIqIowod o1 yo A1renb jo swrraa ur
[e8na1oq ur sonoexd esrurpd sunnol

Ul SPIWOUNIId] YaIam paresnd SN izl

&ug? muﬁuﬁuwﬁw uT\;um UN_HUHUNHdLU o7, :—N 19 sounNy

aprur

-ounpLoT,

pazAJeue a1om (), ‘s1uatred paarnidax
6.0 "$1010¢] [euonows Jo syuauod
-Wod-qns d122ds 10§ 51521 1LY IUSW
-$5955€ [EDT10527D [IIM [EIS JANISUIS
HA parepiyea Apussar Juisn SN
am sauonied ur sogueyo [euonown
JO 92UDIIND0 PUE ¢-N[;{] U9am1aq
uone[a110d pue uonentur $nip gur
-AJIpOW-9seaSIP JO W I8 SIOPIOSIP [¢¥1]

[euonows a1e8nsaaut A[2an2dsoxd oy, Te 1939[[eNnQ

wu—ﬁmom

JUIWISSISSY

ssuednaed /0A1129(q0 Jo MOTATIAQ  20UAIRJAT ApTIg LINA

panunuod 1 9[qe],

A\ Adis



693

Neurol Ther (2025) 14:681-710

A NVH 2y Sursn

epeue)) put SN o

ur 2onoe1d [edturpd ur qewnzniwoye
Y31 PaIedIl a1om oym (194 ¢G—-G7
paSe) SIANY Y3 d1doag "qeumz
-NIWTE YIIm PIILIdOSSE £19Jes pue

TN “onSnej ‘uorssardap uo s199)0

0529'0=9(70°C uorssoxdop papnpur syutodpus  Aue surwexs 01 3y3nos os[e Apnas oyT,
- 20 —) 00T — seam ourpseq woiy oFueyp ur  Arepuosag 91095 Mrsodwod sanTu *£10118q 2an1US05 2ATSUSYAIdWOD
-puodsariod oy sqauow £7 38 H600°0=¢ (S0~  -DOD-SI UI (¥7/CT Y3uow) sur| Sursn (d>uanp [eqioa pue ‘paads
F8°C —) 61°C — SeM (1D 9%56) durseq woyy dueyd  -dseq-1s0d 03 durppseq woiy aFueyd Surssasoid Krowow “§-9) surewop
uedw ‘syauow 71 3y ‘J-JNVH Ul 3uswosordurr seam qurodpus Arewrtr Apnis 9an Jo o8uex 19pIm sso1de uontudod [9%1]
(AIM PIILIDOSSE SEA qEWINZNIWODE (Am Judunieal],  ->adsord wire-s[Surs ‘eurpmirduoy U0 eWNZNIWAE JO 1992 $5ISSE O Te 32 u[I A\
qewnz
-nIway
([10°8°0 —] €0 — sem g 1eak 32 [1D 9%S6]
surpaseq woly agueyd uesur ¢z 1eak 18 97 F 77 pue
UI[aseq I8 /7 F 9°C SeM 21035 JOQ)-S I, F ueaw) sV pue £1anoe [ed
sTe94 7 1940 9]qe3s paurewnI osfe JoOYH  -1s4yd pairodai-fpes (01 TOO-STL
(€0°CT =) 90 — sem g 12k 3w (1D 9$6) dutpseq d[ea$ rT-oM1,) TOOYH (1A 9)
wo1y 33ueyd UBdW £(()'G F (0°G) IUSWILAL JO ST8L T uo1ssa1dop Jo uonEn eAd papnouI
I01Je UdsIoM 10U PIp ey uorssaxdop 1ydiys Sur sautodpud £1EpU029g "JUSUIIEIT
-1eDIPUI ‘9°C F 4°G SeM JUTISEq 1B 21008 (T F UL\ JO 1K 7 101Je 21008 JHS-J[JNT Ul UAUWIELIN SA] SNO
:9311 Jo Larpenb 1o vorssoxdop  surpaseq woiy adueyd sem yurodpud -1501d ou pey sausnred Jo 94 7¢ Uty
pa310dai-gpas ur sadueyd auesyruSis AJpesturp oN  Arewrti (JIS-IIAF) Te0S eduwy -oseq 18 ¢H'] F9/'T JO 21035 §S(IT
o[qeas paurewar  anSne] PIYIPOUT JO UOISIOA YOUL] (S F ueaw yaim s1eak 1Y sem oFe
on3ney 1eya SunedIpul ($6°0 “°0% — 1D %S6) ¥S'T Sursn passasse sem andneg -adueL] ueapA s1eak 7 10§ Sw | apruwrounyr
— sem 7 1834 38 21008 JHS-IJJAT Ul 28ueyd uesw ur £pnis [euoneAIssqo [pqe[-uado  -101 Yarm paieant SIANTY Y sauaned ksad
1514 dn-mo[|oJ 1 2 parojdwoo oym syuoned ¢y up  “0anoadsord reak-z e sem T SyJ-119T, 017 SurajoAut Apnis plrom-Teay] Te 19 923G 9p
sinsay wpwssassy  syuedonred /5a1n159(qo Jo MaTAIAQ  99U219)01 Apnag LINA

ponunuos 1 9[qey,

A\ Adis



Neurol Ther (2025) 14:681-710

694

qewnz
I[e3EN
audwssasse dr3ojoya4sdormnau
dn-moyjo3 T 2 pey g1 pue 3uow
-ssasse a13o[oydLsdomnau auraseq
€ Py /] ‘0S92 JO {SPI0IAI [EdIPIW
WO PAYIIUIPI 210M qeNZNIWa[e
s pareany SIARDY aim sauanred
uerqunjo)) ¢z “potad dn-mo[og
auow-G | a8eroae ue 115e sworduwis
aarssaxdop pue ondnej ‘wontudos ur
ct=p9¢s0=4L0-=(11)7dn saSueyp STy pue ‘SS(I ur a8ueyd
-MO[[0] Ie [23] uoIssardop ur saueyd ou a19M 213 sye[npour sa[qerrea [esturp 1o drydeid
‘SIUDWISSISSE UDIMIIq dFUBYD ULIW SSISSE 01 515917 1I-1ag 2y jo uoneadepe -OWdP YOIYM PUE ‘UOTSIUT qetnz
paared Buis) ‘swordwiAs Suruasiom parodar (940¢) ULIUNUaSIy Ue YIIM paInsesw -nawae 19y dn-mof[oj Jauow-77
9 pue a3ueyd ou parrodar syusned ¥ ‘sworduwds arom swoadwiLs aarssarda(q Apnis a8eroae ue ur Lariqestp [esrsAyd
uorssardop Sursordunr paarediad syuaned (949'97) 7 [RUOEATIISQO 110709 9a1Id2ds01INY ur sogueyo paurelsns oqudSIp o], 8% 1] 01ruog
JUDUIIEDI] JO 1TEIS TOE
$7 Pue ‘71 ‘9 °¢ sqauour 1e urede SN i sauaned /1 Ut sOYd
dn-morjo3 pue uonentur usunesn o1 Joud  pue uonouny aantuSod pue ‘Tesrsdyd
JIuow-§7 3 $awW021no uorssardop o[qeas pakerdsip Passasse a1om $3100s STYH Apnas “o13o7o1s4yd o s1eaf 7 103 qewunzm
QeWNZNIWS[E YIM PAILd1 SIANY 2IM SIUSLIE] Te2£-7 [eUOTIRAIISqO DATIDAdSOI]  -WIAE YIIM JUIWILIII JO 109JJ0 $595Se O], [/F1] Te 30 PIAH
sInsay wowssassy  syuedpnred/2a1109(qo Jo MATATOAQ  9oUDIRJRI ApMIS LINA

panunuod 1 9[qe],

A\ Adis



695

Neurol Ther (2025) 14:681-710

dn-morjo3

1€ G8°0T 03 dUI[AsEq e ()¢'C T JO 10D ULIUT & WOy
(100°0 = @) saurod ¢z £4q pasoxrdur 21098 [[-1qg

(c00=9[€T0-€TT-] €90~

:[1D] 23e1) uorssaxdap pue {(L1'0=4 (/70 TO'T -]

87°0 — :[ID] d3e1) L391XUE SUIDG-[[oM PUE 109t 2AT3

-1sod ur usas syuswaAoxdur 1531€213 YaIM ‘surewop

TOQ-0IMdN] 7T JO % UI PaAIasqo seam Judwasordu
aueoyrudis A[Teonsness ‘sausnred qewnzip1oo uy

(F00=¢

T01°0 - 66T —-]1%ST —:[1D] 3e1) fiorxue pue

oueqrnastp doafs ‘Suraq-[om pue 10ape santsod

ur u2ds syuswasoxduwr 1531e213 aIM ‘surewop

TOQ-0IMAN] 7T JO 6 UT PaAIasqo seam Judwasordu
aueoyrudis A[Teonsiels ‘sausned qewnzijereu uy

a8ueyp 2102s- Jo sxe1 pazijenuue paisn(pe

£q pamseawr ‘qewnZI[2150 puE qEWNZI[EIey YAIm

parean SN Y sauedionred ur uorssaxdop ur

syuswasoxdwr auedyTudis A[[esnsnels 21oM 219YT,

Passasse 210m 91028 [[-[(T¢ UT
sagueyD) aurposeq Yarm paredwod
2I0M $1[N1ST JUDWIIEII-ISOJ ‘qRWNZ
-I[eIBU YITM JUDWIEII JO SYIUOW
aJ0W 10 9 I9)E pUE 210Joq SINMd
10J pauSIsop 51521 G Jo L1013Eq
s13ooyp4sdomou e uo pazen[ead

aTom syuanre] Kpnas aandadsor

-121 ADQN_-:U&O ﬁuuCuuluﬁwEMm A\

uonoeraur 1eak-3nip pue eak
‘SUOTIEDIPIW-0D JUBAI[DI 10§ IUIW
-snipe pue SunySrom s100s Larsuad
-01d 1013% pardonpuU0d 210M syudTIEd
Ppa18o1-qRWNZI[210 Yaim suostred
-Wo7) "UOLENTUT qewnZI[eleu

I9)JE UTEWOP JOQ)-OININ] YdEd 10]
PAIR[MO[ED 219M DUI[ISE] IIAO TUIW

-aaoxdut 3utod-¢ < Jo pooyI[ayT|

pue sa100s-7 Ut @w:dﬂu pazijenuuy

(sauoryed

o[ewdy 946"/ / ‘s1eak ¢ @Y “9Fe urowr)
STAmd 0% Jo [e101 7 IUdWIEIN
qewnzipereu 01 1otxd 3Yap o130]
-oypAsdomou sjqeinseaw € pey oym

SIANY Y31M S[ENpPIAIPUT UT UOKdUNy

s13o[oya4sdomnau uo Jusunesn

qewnzijeieu JO 1399 93 93B1[eAS OF,

sIs&[eue 93 10§ BLIDILID UON
-29[9s oY1 10w s3udred paresn-qewnz
-I[eaeu 91 “urewop uorssaidop e

Surpnyour 621095 TO)-0ININ] UO

qewnzijeieu jo uummeﬂ 93 $S9sSE OF,

ANESN

PO

[0sT]
.Tw il mﬁumgﬁm

[6¥1]
.ﬁm 12 Jmuuz

mu—ﬁwoﬂm

JUIWISSISSY

ssuednaed /0A1129(q0 Jo MITATIAQ  20USIDJAT ApMIg INd

ponunuos 1 9[qey,

A\ Adis



Neurol Ther (2025) 14:681-710

696

(16£0=4*80-“0'T~) I'0~ TOO-0maN

sem uorssaxdop 105 pue (810°0=4 70~ ‘S'7-) ' 1— pue 9¢-3§ Apmag sawoonQ [ed

sem £391XUE J0J qRWNZI[PID0 JO UOHRNIUT 1)E (1D -IPIJA] A3 PIPN[OUT SIINSEIW
956) Teak 10d 98ueyd patewniss oY, "qEWNZIPIO0 Oy "SYIUOW 7] PUE 9 I& SUOISHFUL pa[oIud a19M G 2A1ss21501d Yarm
(2IM Pa1eaIl SIA] YT S[ENPIAIPUT UT SUT[dstq WO PUE ‘UOISNJUI qEWNZI[2100 351y ¢ pue Sursde[a1 yaim s[enpIaIpur g6
(urewop uorssardop ToQ)-01modN]) 521028 uoissardop IOY2 28 soInseaw O J JO A1013eq "SIA] YA S[ENPIATPUT UT OO H U0

ur o3ueyp [eurpnarduof 3uedyTuSis ou sem 219y, © paroIsturupe a1om syuedionre  qewnzi[p1oo jo 1vedwr a1 surwexs o,

(80°57) 840~ 3uowredu (JHS: VA
Yrom [[e12A0 JHS TVAM (9T°TT) 9L'T + TOOBNA put “TOOINA “1S-AS-OF ‘SIIN
“(TL1) €% + 21025 2335 Yaeay 7S-dS-OF (9°€T) .cuubwzoumzimv I Jo E:wzv
T€— SIAN (€6°0) ¥6°0— waa1gA03dwLg s1uaned jo s10adse qustoy1p Surssosse
:smo[[oj se a1om uonendod [e101 105 8% A\ pUE sarreuuonsanb Oy J parejdwos oym
auTsEq U22M32q $21028 UI ((JS) 23ureyd UedN SINS 10 ST Y 2A1o¢ aim sauedon
SIALJo 2d4a ot jo ssappaedar -red 77# ‘Sumss opewSerd e ur GIATY
‘g% [29M 01 SUI[sq WOIJ A[qe1s A[PLOIq PIUTEUIaT yam syuaned ur samseawr Y J pue
9[e2s yoea Jo uorsuswp 12d pue 21035 [£101 O3 Kaayes £oed170 qEWINZIPID0 UO EIEP

{2140 PUSLY TR[IWIS B PIMOYS 8 JHS TV PUe Apmas youai] % aseyd wire-o3urs [euonippe apiaoxd 01 pauSisop sem
“TOOIIN “TS-AS-OT ‘SIIN ‘Uaatogordwdg  pqe[-uado Gorusonnur euoneuy  4pnis AT aseyd e ‘GATIDVSIA-OUJ

II-1agd
Y2 UT SYIUOW 7] 03 SUI[ISEq WOIJ SINYY
a3ueyd papnpur sask[euy *070T Py %8/ s1eah (GTT) 87T sem

£reniqag 67 pue 107 Y2TeN 8¢ 93e ((S) UedwW O[RWI) AIIM 96 T L
U20M19q qewnzI[p1oo paqudsord  ‘paqjorus syusnred ¢o¢ JO Apras YOI

[e<T]
‘Te 39 Zue[D)

[zsT]
.ﬂm 19 EOLUG«E

F0=4[9LF] 190—2u  pue YO 2y2 ur pasedonred oym o ut ‘vonerndod S paseq-£aru
-IO[Ip [(IS] UesW {8Q = #) syauow 7| 031 dUI[aseq siuoned woiy paido[[od eaep pasn -NWWO) & UT qEWNZI[120 JO SIU0D [1571]
wolj [J-[({ U S2UIIIPIP IUEdYIuSIs OU dI9m 219U, ey3 Apnas 3110yod 0andadsord v -1no 3uowireon pue £19Jes 91eN[eAd O ‘e 12 200wIg
sInsay wowssassy  syuedpnred/2a1109(qo Jo MATATOAQ  9oUDIRJRI ApMIS LINA

panunuod 1 9[qe],

A\ Adis



697

Neurol Ther (2025) 14:681-710

wo[qoI Y[R 2y1adg apeas auswnrredwr] L31A10Y pue LIANINPOI] Y10 JHS TFIM ‘8% Y221 8F 41 O[edS I -0M] ST
‘s1s0192s a[dnynu 2A1ss21301d LIEPUOIIS G/ J§ VUIAD ISIDAPE SNOLIIS TS “UONBIAIP pIepueas (7§ ‘sisoxd[ds sjdnynw Junrwai-gursdepar gy sisoxapds aydnnur Sur
-sdepax gy g1 yo Larpenb 7o¢y “sisoxaps spdnnuw yam sidoad gpymd £nsiSay qeunzIPIdQ) 9IUIPIACI] YO ‘6-2ITEUUONSINY) YI[EdL] 1N 6-OHJ Lydeidowon
uorsstwd uonisod 777 ‘qeuwnzIp1d0o ¥ S19pIosi(] [ed10[onaN ur 1] Jo AIend) 700-o4naN woarew aym Sureadde-fewrzou py 1\ Orreuuonsanb a1y jo
Karpend) euoneursuyy sisoxdppg spdnmyy 7ogmspy sisoraps sidnnuw gpy SuiSewn ssuruosar snauSews fy gy Oedg wedwy ondne] paYIPON ST €12q UOIJINUI
g-NAT oy 3o Lupenb pasepr-yareay 700y oreds Suney uorssaxda uoafiwer] (A 9eds uoissaxda(q pue Lvrxuy eadsor] SGFH “1¢-dS-OF ToOomy
TS-(7S-04 oreas 1edwy andne] payrpour Jo UOISISA YDUIL] JFS-{[JVA PAlssa1da (] mawmng] p a[pydq (A7 2[e2S snaeag Lifiqesiq papuedxy §977 “deray Suidy
-IPOWI-3SE3SIP 7 JY(] ‘[eAISIUT 25U3pYUod 1) o[edg Suney uorssarda(y sarpmag s1Sojorwaprdy 10§ 11us)) (7-§77) A101U2AU] UOISsaIda(] Jo9g [(7F VUIAD ISIIAPE Fp~

(S000=4°0T'TF#8°0

SACTTF LO'T) 9% YoM 01 9¢ oom woiy pasoiduwr
7 9[24> uorsnyur ur 2102 uorssardop usa1dgN0IdwWAg

(Apanadso1 £00°0 = 4 pue ‘8100 =¢

70°0 = ¢ 1591 UBWIPALL] ) 7 9[24D UT 21025 uossardop

pue ‘7 91245 Jo urewop £1111%p ‘T 241 Jo uTeWwop

K30suas o1 10§ 3doox0 7 9[945 10 T 924> 101210 SS0IDE

Apueoyrudis a3uey> 20u prp $2109s UIIGA0IdWAG

(€0'0=4¢) 1 91245 ur urewop daa[g

$3[24> uorsnyur

0M1 91 Jo yoed ut syutod awm 94>
-pud pue O[Ad-prur 9[£>-11e3s

oy 1e passasse o1om sworduwig
“arreuuonsang) Juswreduwy L1
-ATDY pue A1AONPOIT SIOM

pue ‘usangNoIdwg ‘swrog a10ys
TOO-0INdN] PAPN[AUIL S2INSEIW
O ‘SYIuoW 7T < J0J qewnzZI[2150
SUIA1229 210 1O qEUINZI[DID0 UO

parenrur a1om oym syuanred parean

sI1e24 GG sem

uoneINp 25eISIP UedwW s1e24 (7°71)
L'9% sem 98¢ ((JS) UedW ¢ < 21008
SSF Ut PeY 9% 9 X\-UOU d1oM
04 €€ $I[BWJ AIIM 0489 ‘PI[[OIUD

SIAmd €T JO 94> uorsnyur

a2 10§ 3doo%0 7 9[245 10 T 9o Toatd ssoxde Appued DO SIAM o1qes A[peordojomou qEWNZI[2I00 JATINIISUOD T SSOIIE [%<T1]
-yruds s8ueyd 10U PIP $21008 UTEWOP JOO)-0ININ] €0 T JO Apnas 11u2d-7 9andadsord vy uspinq woadwks ur sadueypd ssasse of Te 30 1931y
symsay owssassy  syuedpnred /2a1155(qo Jo MaTATIAQ  9oURIRJRI ApMIS I1Nd

ponunuos 1 9[qe],

A\ Adis



698

Neurol Ther (2025) 14:681-710

The separation of treatment efficacy and
induction of depression/fatigue in pwMS is fur-
ther supported by a retrospective chart review
involving 2611 pwMS taking interferons (beta-
la/1b and peginterferon), low-efficacy immu-
nomodulators (glatiramer acetate), low-efficacy
cell depleters (teriflunomide, dimethyl fuma-
rate, and diroximel fumarate), high-efficacy
cell depleters (alemtuzumab, rituximab, ocre-
lizumab, and cladribine), or high-efficacy, cell
restrictors (natalizumab, fingolimod, and siponi-
mod). In this study, no significant differences
in the odds of being diagnosed with depression
were found between treatments [95]. Another
study determined that there was no associa-
tion between treatment with moderate-efficacy
(interferons, glatiramer acetate, dimethyl fuma-
rate, and teriflunomide) or high-efficacy DMTs
(fingolimod, natalizumab, ocrelizumab, rituxi-
mab, alemtuzumab, daclizumab, and autolo-
gous hematopoietic stem cell transplantation)
and fatigue in people with relapsing MS [99]. It
is important to note that classification of DMTs
as low-, moderate-, or high-efficacy treatments
may be subjective, and classifications can differ
depending on the study and the practitioner’s
real-world experience in clinical practice.

Depression is listed as a side effect in the
prescribing information for several DMTs
approved for MS (Table 1). Depression is listed
as an adverse reaction for natalizumab [100]
and as a warning/precaution for Avonex (inter-
feron beta-1a) [101]. The prescribing informa-
tion for Avonex states to consider discontinu-
ation in depression occurs (Avonex, US Food
and Drug Administration, 1996). Depression
is not listed as a side effect, adverse reaction,
or warning in US prescribing information for
teriflunomide [102], alemtuzumab [103], ocre-
lizumab [104], ofatumumab [105], ublituxi-
mab [106], fingolimod [107], siponimod [108],
ozanimod [109], ponesimod [110], cladribine
[111], diroximel fumarate [112], dimethyl
fumarate [113], or glatiramer acetate [114].
Nevertheless, these data should be cautiously
interpreted since most randomized controlled
trials in MS have not included depression as

a primary, secondary, or tertiary endpoint.
The impact of DMTs on depression in pwMS,
whether positive or negative, is unclear and
beyond the scope of this article; further clinical
research and real-world experience are needed.

MANAGEMENT OF DEPRESSION IN
MS IN CLINICAL PRACTICE

Early screening for depression and interven-
tion is important, as depression can become
persistent in pwMS [115]. PWMS experience
barriers to identifying and managing symp-
toms of depression in clinical practice. For
example, MS providers have reported not
regularly screening for depression [116], and
standardized tools are not frequently used to
screen for depression in clinical practice [117].
In one study involving 260 participants with
MS, only 24% were screened with a depres-
sion tool, with MS providers preferring to rely
on subjective assessment [117]. MS providers
reported that lack of screening was, in part,
due to lack of support staff and a perception of
limited treatment options [117]. MS providers
have reported lacking the time and expertise to
manage depression once identified and often
opt to leave mental health management to the
patient’s primary care provider [116]. As men-
tioned earlier, if depression is not addressed in
pwMS it is likely disease will worsen because
of adverse effects on QOL [10], decreased treat-
ment adherence [14-16], increased symptom
severity [17], and worse disability/functional
outcomes [18, 19] and may impact suicide risk
[20]. For treating depression in pwMS, the AAN
guidelines suggest clinicians consider using a
telephone-administered cognitive behavioral
therapy (CBT) program as evidence supporting
or refuting use of antidepressants and individ-
ual and group therapies was lacking at the time
the guidelines were developed [71].
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STRATEGIES TO MANAGE
DEPRESSION IN PATIENTS WITH
MS

Pharmacologic and non-pharmacologic ther-
apies are widely used to treat depression in
pwMS. However, further research is needed
to support or refute the effectiveness of many
treatments in the MS population [81]. Cur-
rently, there is no gold standard, single treat-
ment for the management of depression in MS
[19]. Combination therapy may be beneficial;
however, further research is needed to deter-
mine efficacy, safety, and feasibility [19].

Potential strategies to manage depression in
patients with MS include pharmacologic and
non-pharmacologic interventions, education
for medical providers who treat MS, and estab-
lishing multidisciplinary care teams. These
multifaceted approaches are discussed in more
detail below.

Non-pharmacologic Interventions

Several non-pharmacologic interventions for
depression in pwMS have been studied (Table 2),
with generally mixed findings. CBT is com-
monly used and may be an effective strategy to
treat depressive symptoms in the MS popula-
tion. CBT is usually delivered by a mental health
specialist as part of the MS care team, such as
a psychologist or psychiatrist (either virtually
or in person), and can take place in either an
individual or group setting [118]. CBT interven-
tions reduce symptoms of depression, anxiety,
pain, and fatigue in pwMS [119-125]. The AAN
Evidence-Based Guidelines for the Assessment
and Management of Psychiatric Disorders in
Individuals for MS states a 16-week program of
individual CBT administered on the telephone
is possibly effective and may be considered in
treating depressive symptoms in pwMS [71].
Notably, the AAN guidelines were published in
2014; thus, more up-to-date guidelines for the
management of depression in pwMS are needed.

Recently, an MS-specific internet-based
CBT (iCBT) tool has demonstrated efficacy
in reducing depressive symptoms in pwMS
[119]. A phase 111, randomized, controlled trial
involving 279 pwMS and depressive symp-
toms evaluated the safety and efficacy of an
MS-specific, iCBT program for the treatment
of depressive symptoms associated with MS.
The study revealed that the iCBT program (on
top of usual treatment) significantly reduced
depressive symptoms compared with the con-
trol group who received the usual treatment
[119]. In addition, the ongoing ACTION-MS
study, a phase II randomized controlled trial,
is currently assessing the effectiveness of a tai-
lored CBT intervention for newly diagnosed
MS compared to a supportive listening inter-
vention in pwMS and depression (ISRCTN trials
registry, ISRCTN63987586) [126]. In contrast,
another study indicated that CBT was ineffec-
tive in reducing depressive symptoms in pwMS
experiencing pain [120], which may suggest
that efficacy of CBT therapy to treat depres-
sion in MS may depend upon the individual’s
MS symptoms.

Emerging evidence suggests that mobile/
digital apps may be beneficial tools in manag-
ing depression in pwMS. A systematic review
of 13 randomized controlled trials that studied
mobile health interventions for pwMS suggest
that mobile self-guided digital health applica-
tions may have utility in improving depression
in pwMS [127]. The MS CATCH (Care technol-
ogy to Ascertain, Treat and engage the Commu-
nity to Heal depression in patients with MS) is a
single-site, randomized, phase II study examin-
ing the clinical impact of a novel smartphone-
based depression management tool on depres-
sive symptoms in pwMS [128]. The tool aims
to help bridge the communication gap between
patients and their clinician by having patients
complete monthly questionnaires, the results
of which are made available to the clinician via
their electronic medical record.

Newer, efficacious cognitive behavioral
therapies, including acceptance and commit-
ment therapy (ACT), dialectical behavior ther-
apy, mindfulness-based stress reduction, and
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mindfulness-based cognitive therapy, may be
effective to treat depression in pwMS, but cur-
rently available evidence of their benefit is
mixed [129]. ACT has demonstrated promis-
ing effects in long-term conditions including
chronic pain and chronic disease [130, 131],
which may translate to MS. We believe that the
type of language used in ACT (such as allowing,
flexibility, etc.) may be better suited to pwMS
and generalizable across chronic health condi-
tions compared with the type of language used
in CBT (such as challenge and rationalize).

Behavioral factors that may have a protective
effect against depression in MS have also been
identified (Fig. 1). Disease “mastery” (greater
perceived disease control) may reduce the risk
of developing depression in pwMS [132, 133].
A longitudinal study analyzing data from the
Health Outcomes and Lifestyle in a Sample of
People With Multiple Sclerosis (HOLISM) study
involving 839 participants found that those
who reported the highest disease mastery (as
measured by the Pearlin Mastery scale) had
a>60% reduced risk for developing depression
(as measured by PHQ-9) [132]. Moreover, receiv-
ing higher levels of social support has been asso-
ciated with lower depression (as assessed using
CES-D) in pwMS [133]. Other factors including
having higher levels of self-efficacy, self-esteem,
and being married have been associated with a
reduced risk of depression in pwMS, which may
suggest that improving self-esteem and self-
efficacy are possible targets for intervention to
reduce depression in MS [11].

Providing mental health training and educa-
tion to health care providers who treat MS may
be an effective strategy to improve management
of depression in MS. MS clinicians (including
nurses and neurologists) have reported a need
for evidence-based guidance and more educa-
tion and training to improve practices, includ-
ing screening for depression and collaborative
management [116]. To improve collaborative
management of patients, adopting a multidis-
ciplinary care approach may be an effective
strategy in managing depression in pwMS. A
multidisciplinary MS Care Unit is comprised
of different health care professionals, such as
MS neurologists and nurses, neuropsycholo-
gists, clinical psychologists, physiotherapists,

occupational therapists, speech therapists,
social workers, and administrative personnel,
who work together as well as work with the
patient [134]. Cross-team collaboration/co-
management of patients between neurologists
and mental health professionals may help to
overcome reported barriers to depression man-
agement (e.g., lack of time/lack of expertise in
managing depression reported by neurologists/
MS nurses) [116]. However, many countries do
not provide pwMS adequate access to or cover-
age/reimbursement for a multidisciplinary care
approach [135], suggesting the need for systemic
change.

Adequate nutrition is another factor for con-
sideration in treatment of pwMS and depression.
This is highlighted by data indicating that serum
vitamin D deficiency may be a risk factor for
depression in pwMS [46]. Furthermore, vitamin
D supplementation may be effective in reducing
depressive symptoms in pwMS, though evidence
is mixed [136, 137]. More evidence is needed to
determine whether vitamin D supplementation
is of actual benefit to pwMS and depression.

Pharmacologic Intervention: Antidepressants

Antidepressants are commonly prescribed to
treat depression, including in pwMS [71]. How-
ever, few clinical studies have been conducted
using antidepressants to treat depression in
pwMS, making comparisons across agents diffi-
cult [138]. Recently, a small observational study
found that 6 months of treatment with vortiox-
etine significantly reduced depression (as meas-
ured by BDI-II) in a population of 17 pwMS and
depression [139].

When selecting an antidepressant for a per-
son living with MS, it is important to consider
the whole patient as an individual and consider
which side effects they can tolerate [138]. The
AAN Evidence-Based Practice Guideline for the
Assessment and Management of Psychiatric
Disorders in Individuals with Multiple Sclerosis
states that “there is insufficient evidence to sup-
port or refute the efficacy and use of sertraline,
desipramine, and paroxetine in the MS popula-
tion” [71].
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Table 2 Summary of non-pharmacologic interventions to treat symptoms of depression in pwMS

Intervention

Administration

Summary of evidence

CBT

Internet-based CBT

Newer, efficacious

CBT,eg.,

Acceptance and com-

mitment therapy

(ACT)
Dialectical behavior

therapy
Mindfulness-based

stress reduction

Mindfulness cognitive

therapy
Vitamin D

Mental health specialist, e.g., psychologist or
psychiatrist

Internet-based, self-administered by the patient

Usually via mental health specialist, e.g., psycho-
therapist

Oral supplement

A meta-analysis of 15 clinical trials found that
CBT is effective in managing depression in
pwMS [122]

CBT administered on the telephone has led to
improvements in depression [123]

No significant difference between CBT + SOC
vs MS-related education + SOC in reducing
depressive symptoms in patients experiencing
pain [120]

CBT has demonstrated positive effects for other
MS symptoms including pain and fatigue
[120, 125]

Internet-based CBT + SOC significantly
reduced depressive symptoms vs SOC alone
in a phase 3 study [119]

Significant effect in favor of internet-based
CBT vs control group in a randomized con-
trolled trial [155]

Numerically favorable results for CBT + SOC
vs SOC alone in a small pilot study [156]

May be effective, although current evidence
is mixed; more rigorous and conclusive evi-
dence is needed [129]

ACT has demonstrated promising effects in
other chronic conditions [130, 131]

Evidence is mixed: a small study indicated that
symptoms improved with vitamin D replace-
ment (10,000 IU daily for 12 months) [136],
while a randomized, placebo-controlled study
found no significant difference (14,000 IU
daily for 48 weeks) [137]

CBT cognitive behavioral therapy, HADS-D Hospital Anxiety Depression scale-Depression Subscale, IU international unit,
MS multiple sclerosis, SOC standard of care, pwMS people with multiple sclerosis
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Several clinical studies have been conducted
to determine whether there are any beneficial
effects of cannabinoids for relieving MS symp-
toms in pwMS, including QOL and depression
[140]. Most of these studies demonstrated posi-
tive effects of cannabinoids in reducing many
MS symptoms, including pain and spastic-
ity, although the evidence for QOL, including
depression, proved inconsistent [141, 142]. Since
no single treatment exists for management of
depression in pwMS, a combination of pharma-
cologic and non-pharmacologic interventions,
education for medical providers, and multidis-
ciplinary care teams may be beneficial.

RESOURCES FOR HEALTH CARE
PROVIDERS TREATING PWMS

The following resources are available to health
care providers who treat MS for further infor-
mation on MS and the role that depression and
other mental health factors play in this debilitat-
ing illness:

e UpToDate resource:

o Symptom management of multiple scle-
rosis in adults. (Includes module on
depression.) Link: https://www.uptodate.
com/contents/symptom-management-of-
multiple-sclerosis-in-adults?search=depre
ssion%20multiple%20sclerosis&source=
search_result&selectedTitle=1~150&
usage_type=default&display_rank=1

e National MS Society resources:

o Resources and tools for clinicians. Link:
https://www.nationalmssociety.org/for-
professionals/for-healthcare-profession
als/clinical-practice-tools/resources-and-
tools

o Publications for clinicians on mental
health: Link: https://www.nationalms
society.org/For-Professionals/Clinical-
Care/Resources-for-You-and-Your-Pract
ice/Publications#section-2

CONCLUSIONS

Although it is frequently unrecognized, under-
diagnosed, and undertreated, depression is a
prevalent comorbidity in pwMS. Depression
negatively impacts pwMS, leading to reduced
treatment adherence, increased MS symptom
severity, poorer QOL, and worse disability
and functional outcomes. The pathogenesis of
depression in pwMS is complex and may involve
factors such as brain abnormalities, genetics, and
immune pathways as well as personality traits,
presence of comorbid conditions, and lifestyle
factors.

Assessing depression in pwMS is challenging,
as symptoms of MS and depression overlap.
There are multiple PROs for evaluating depres-
sion and some have been specifically adapted
for use in pwMS, such as the MS-BDI. However,
much work is still needed in standardizing
assessment methodologies for pwMS and depres-
sion across the clinical landscape.

In addition to evaluating depression in pwMS,
the impact of DMTs on depression outcomes in
this population has been examined in some
clinical studies, although recent studies have
been ambiguous at best, ranging from therapies
having “no impact” to having “some improve-
ment.” Furthermore, strategies for depression
management in pwMS, such as pharmacologic
and non-pharmacologic interventions, have
seen some advancements. CBT-based interven-
tions appear effective for managing depression
in pwMS. Providing mental health training
and education to health care providers who
treat pwMS and establishing multidisciplinary
care teams have emerged as positive ways for-
ward to improve management of depression in
pwMS, although these approaches are still in
development.

Despite positive developments in this dis-
ease area, further studies are necessary to clar-
ify the complex relationship between MS and
neuropsychiatric disorders such as depression.
To improve the overall patient experience and
QOL for pwMS, there is a clear and critical need
for a greater understanding of and insight into
the how factors such as functional and structural
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brain abnormalities, genetics, immunology,
and side effects related to DMTs ultimately may
influence depression in MS. Standardized evalu-
ation tools and consistent management strate-
gies for MS providers are also an integral part of
diagnosing and treating depression in MS. Many
of these issues can potentially be explored as
important endpoints within the framework of
larger randomized controlled trials that assess
the effectiveness of pharmacologic therapies and
psychotherapy in pwMS and with depression. In
addition, updated guidelines integrating up-to-
date information about screening tools and rec-
ommendations for managing depression would
greatly improve outcomes in pwMS.
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