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The relationship between neuropsychiatric symptoms and cognition in

multiple sclerosis: A systematic review

The results of previous research on the relationship between neuropsychiatric
symptoms and cognition in MS have been mixed. The aim of this systematic
review was to examine the evidence on the relationship between neuropsychiatric
symptoms and different cognitive domains in adult (> 18 years) MS patients. A
literature search was conducted in the Ovid Medline, PsyclInfo, Scopus and Web
of Science databases. A total of 4216 non-duplicate records were identified, and
after screening, 37 studies met the inclusion criteria and were included in the
systematic review. Higher levels of depressive symptoms were related to deficits
in processing speed, verbal memory, executive functions, visuospatial functions,
and attention in MS patients. Symptoms of anxiety were not consistently related
to any of the cognitive functions, but the relationship to deficits in visual memory
received a little support. Higher levels of apathy were most clearly associated
with impairment in executive functions, but the association with deficits in
visuospatial functions, visual memory, working memory, and processing speed
was also supported. The results indicate that more neuropsychiatric symptoms,
especially depressive symptoms and apathy, are associated with cognitive
dysfunction in MS patients. These results can be utilized in the clinical

examination and treatment planning of MS patients.
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Introduction

Multiple sclerosis (MS) is a neurodegenerative autoimmune disorder with diverse
symptoms (Dendrou et al., 2015). Common comorbidities often co-occurring in MS
patients include psychiatric disorders (Marrie et al., 2015) and cognitive impairment
(Chiaravalloti & DelLuca, 2008).

Cognitive dysfunction in MS is heterogeneous (Portaccio & Amato, 2022), but
is commonly characterized by deficits in information processing speed, attention,
executive functions, learning, and long-term memory (Chiaravalloti & DelLuca, 2008).

The estimated prevalence of cognitive dysfunction in MS patients ranges from 34% to



65% (Benedict et al., 2020). Cognitive impairment is relatively persistent and usually
progresses as the disease advances (Ouellette et al., 2018; Strober et al., 2014). In
addition to neuropsychiatric symptoms, other factors may influence the profile of
cognitive deficits in MS, such as disease subtype, older age, and increased physical
disability (Ruano et al., 2017; Johnen et al., 2017). Furthermore, disease-modifying
therapies might help preserve cognitive functions in MS patients (Preziosa et al., 2022).
Neuropsychiatric symptoms are more common in MS than in the general
population (Marrie et al., 2015; Rosti-Otajarvi & Hamaéléinen, 2013), and become more
prevalent during the course of the disease (Marrie et al., 2015). The prevalence rates of

most common neuropsychiatric symptoms in MS are presented in Table 1.

[Insert Table 1 here]

Neuropsychiatric symptoms may occur already before receiving the
MS diagnosis. Especially symptoms of depression and anxiety might precede the
diagnosis by up to 10 years (Disanto et al., 2018). Different neuropsychiatric symptoms
can also occur simultaneously, and for example, symptoms of anxiety and depression
correlate positively in MS patients (Butler et al., 2016). Psychiatric comorbidity is
associated with an increase in disability progression (McKay et al., 2018), and also with
pathological changes in the brain during the course of MS (Masuccio et al., 2021).

Differentiating psychiatric symptoms from MS-related somatic symptoms is
challenging. For example, symptoms of depression and anxiety overlap with symptoms
related to neurological changes in MS such as fatigue, changes in appetite, sleep
disturbances and concentration problems (Feinstein et al., 2014). Furthermore, many
self-reported measures of depression and anxiety include items measuring somatic
symptoms (Hind et al., 2016; Litster et al., 2016), why the use of these instruments in

MS patients may lead to overestimation of psychiatric symptoms. However, scales that



differentiate between somatic and non-somatic symptoms of depression have been
developed (Benedict et al., 2003; Nyenhuis & Luchetta, 1998), and also neuroimaging
study results support the different underpinnings of these symptoms (Colasanti et al.,
2016; Kiy etal., 2011).

There is some evidence on the association between neuropsychiatric symptoms
and cognition in MS. Research indicates an association between depressive symptoms
and subjective cognitive impairment (Julian & Arnett, 2009; Maor et al., 2001), but the
association between objective cognitive functioning and depression in MS patients is
still not clear. There are few previous reviews regarding the issue. Arnett and colleagues
(2008) found that studies with sufficient sample sizes tended to find a significant
association of moderate to large effect size between depression and cognitive
impairment in MS patients. Also, Feinstein (2006) suggested that studies failing to find
an association between depression and cognitive dysfunction in MS suffer from
methodological problems such as small sample size, cognitive tests with poor
sensitivity, and depression rating scales that include vegetative symptoms overlapping
with MS symptoms. Furthermore, meta-analysis by Altieri and colleagues (2023) found
higher levels of depressive symptoms to be significantly associated with impairment in
global cognition, attention, executive functions, memory processes, and processing
speed.

A few studies have addressed the association between anxiety or other
neuropsychiatric symptoms and cognition in MS. Butler and colleagues (2016) included
only a few studies examining the association between anxiety and objective cognitive
functioning in their systematic review, and the results were mixed. However, in
population-based samples, anxiety, bipolar disorder, and depression have been found to

be related to impaired cognition (Gualtieri & Morgan, 2008), and anxiety disorders



especially to deficits in episodic memory and executive functions (Airaksinen et al.,
2005).

The possible association between neuropsychiatric symptoms and cognitive
impairment in MS has also received support from other studies. For example,
neuropsychiatric symptoms and cognitive decline are associated with partly overlapping
structural changes in the brain (Silveira et al., 2019). Furthermore, treatment of
neuropsychiatric symptoms may have an effect on objective cognitive functioning in
MS. Yet, there have been only few studies regarding this issue in depressed MS patients
and the results have been mixed. One study suggested that treatment of depression
would be related to improvement of objective cognitive functioning in MS patients
(Julian et al., 2007), whereas another study found a significant association only with
subjective cognitive functioning (Kinsinger et al., 2010).

In light of the previous research, it is also important to note that sample selection
process can influence the results regarding the relationship between neuropsychiatric
symptoms and cognition. For example, Duquin and colleagues (2008) found the
significant relationship between depression and cognitive impairment to be present only
for volunteering MS patients receiving a compensation for their participation, but not
for patients referred for evaluation of a disease related problem. They suggested that
volunteering MS patients may have milder MS-related symptoms and comorbid
problems, why the relationship between depression and cognition could be easier
detected with statistical methods.

Neuropsychiatric symptoms and cognitive impairment have been found to be
risk factors for quality of life in MS (Gil-Gonzélez et al., 2020). For example, the
health-related quality of life of MS patients is negatively influenced by depression

(Biernacki et al., 2019), anxiety (Berrigan et al., 2016) and bipolar disorder (Jun-



O’Connell et al., 2017). This association seems to be present not only in the beginning
of the disease but also years later after the disease onset (Berrigan et al., 2016;
Nourbakhsh et al., 2016). Results considering the association between cognitive
impairment and health-related quality of life are inconsistent, but research indicates that
cognitive impairment affects especially the vocational status of MS patients (Benedict et
al., 2005; Biernacki et al., 2019; Nourbakhsh et al., 2016; Ruet et al., 2013). Depression
might mediate the influence of cognitive dysfunction on quality of life, especially when
referring to self-reported cognition (Crouch et al., 2022). Moreover, anxiety and mood
disorders as well as memory functions can influence the treatment adherence of

MS patients (Bruce et al., 2010).

To date there are no previous systematic reviews that would have synthesized
the evidence regarding the relationship between several neuropsychiatric symptoms and
specific cognitive domains in MS. In MS patients the relationship between depressive
symptoms and cognitive dysfunction has received support but the research on other
neuropsychiatric symptoms is scarce and the results are mixed. However, in non-MS
samples the relationship between neuropsychiatric symptoms and cognitive impairment
has received support (Airaksinen et al., 2005; Gualtieri & Morgan, 2008). Since both
neuropsychiatric symptoms and decline of cognitive functioning affect the quality of
life and functional capacity in MS patients, it is warranted to obtain more information
regarding the possible association between these comorbidities. The knowledge
regarding the relationship is important when planning the treatment of MS patients and
when considering the impact of MS on individual’s everyday life. The aim of this
systematic review was to examine the evidence on the association between different

neuropsychiatric symptoms and specific cognitive domains in MS.



Methods

This systematic review was conducted following the guidelines for Preferred reporting
items for systematic review and meta-analysis protocols (PRISMA-P 2015 statement)
(Moher et al., 2015). Full-text articles published in English between 1st of January 2000
and 2nd of February 2022 were searched in the Ovid Medline, Psycinfo, Scopus and
Web of Science. The search terms used were multiple sclerosis combined with
cognition or neuropsychological and depression or anxiety or mood disorder or bipolar
or euphoria or psychosis or psychotic or pseudobulbar affect or aggression or apathy or
adjustment disorder or lack of insight or anosognosia. The terms for neuropsychiatric
symptoms were chosen based on previous literature on the prevalence of
neuropsychiatric symptoms in MS (Feinstein, 2007; Marrie et al., 2015; Rosti-Otajarvi
& Haméléinen, 2013). The detailed search strategy is provided in the Supplemental
material.

Studies were selected according to the following inclusion criteria: 1) they were
observational studies published in English in peer-reviewed journals; 2) the study
population included only adult (> 18 years) patients diagnosed with clinically definite
MS; 3) the study’s objectives included assessment of the relationship between clinically
diagnosed or self-reported neuropsychiatric symptoms and objective cognitive
functioning; 4) the study results were based on primary data; and 5) the studies had
reported the relationship of neuropsychiatric symptoms to individual cognitive tests.
Studies investigating the relationship to only global cognitive z-score or to general
screening measures of cognitive functioning (such as the Mini Mental State
Examination), were excluded. Studies using samples that included patients with

clinically or radiologically isolated syndromes or possible MS were excluded. Case



reports, dissertations, editorials, randomized controlled clinical trials, and reviews as
well as theoretical and validation studies were excluded.

In the results section, the neuropsychological test results of the included studies
were classified into cognitive domains utilizing the classification by Lezak and
colleagues (2012) or according to the domains or latent variables defined by the study
authors. The cognitive domains used in the classification were attention, executive
functions, language, processing speed, verbal memory, visual memory, visuospatial
functions and working memory.

The quality of included cross-sectional studies (n = 31) was assessed with the
AXIS Scale (Downes et al., 2016), whereas the quality of included longitudinal studies
(n = 6) was appraised with the Newcastle-Ottawa Scale for cohort studies (Wells et al.,
n.d.). The quality assessment tables are provided in the Supplemental material (Table 1

and Table 2).

Results

The database search resulted in 7003 articles. After duplicates were removed, there
were 4216 articles left for screening based on abstract and title. Of those, 3892 articles
were excluded because they did not meet the inclusion criteria, resulting in 324 full-text
articles for the assessment of eligibility. In the full-text screening, 287 articles were
additionally excluded, and 37 articles were eventually included in this systematic
review. The reference lists of the included articles were screened but no additional
records were found. The number of excluded articles presented according to the reasons

for exclusion is presented in Figure 1.

[Insert Figure 1 here]



The following data were extracted from the included articles: authors, year of
publication, study design, sample size, MS type, age at examination, gender, measures
of neuropsychiatric and cognitive symptoms, and results on the relationship between
objective cognitive functioning and neuropsychiatric symptoms. The characteristics and
the main findings of the included articles are presented in Table 2. The Table 2 includes
only the objective cognitive tests which association with neuropsychiatric symptoms
was examined. The results were considered statistically significant and reported in the

main findings when the p value was .05 or less.

[Insert Table 2 here]

Study characteristics

Selected articles included a total of 5098 MS patients and the sample sizes of the
included studies ranged from 22 to 699 MS patients. Mean age at the examination in the
MS patient samples varied from 21.25 to 55.8 years and was not reported in three
studies (Beiske et al., 2008; Johansson et al., 2016; Mohammadyfar et al., 2018). Mean
disease duration ranged from 4.1 to 19 years and was not specified in six studies
(Christodoulou et al., 2009; Chruzander et al., 2013; Johansson et al., 2016;
Mohammadyfar et al., 2018; Nocentini et al., 2006; Ozkul et al., 2020). Twenty-nine
studies reported the mean disability quantified with Expanded Disability Status Scale
(EDSS) and the mean EDSS score ranged from 1.2 to 5.1, indicating mild to moderate
disability. One study included only adult patients with pediatric onset MS (Krysko &
O’Connor, 2016). In all included studies, except for one study (Pérez-Miralles et al.,
2021), the majority of MS participants were female. In studies reporting the sex ratio (n
= 33) the proportion of female participants was 70.7% and it varied from 43.6% to

90.9%.



To confirm the diagnosis of definite MS, 21 of the included studies used the
McDonald criteria and the Poser criteria was applied in 10 studies. Eizaguirre and
colleagues (2018) used both criteria and seven of the included studies did not specify
the diagnostic criteria (Borkowska et al. 2021; Golan et al. 2018; Hanssen et al., 2014;
Johansson et al., 2016; Krysko & O"Connor 2016; Leavitt et al., 2020; Mohammadyfar
et al., 2018). In studies reporting the distribution by MS type (n = 35), most of the
participants (82%) had RRMS.

Of the included studies, 31 were cross-sectional and six longitudinal. In the
longitudinal studies (Christodoulou et al., 2009; Chruzander et al., 2013; Hildebrandt &
Eling, 2014; Johansson et al., 2016; Pérez-Miralles et al., 2021; Raimo et al., 2020) the
follow-up period ranged from one year to 10.5 years. Two of the longitudinal studies
(Chruzander et al., 2013; Raimo et al., 2020) were follow-up studies of two cross-
sectional studies (Gottberg et al., 2007; Raimo et al., 2016).

The most common neuropsychiatric symptom investigated in association with
cognitive functioning in MS patients was depression, studied in 36 articles.
Additionally, there were nine studies on anxiety and four studies on apathy. Apart from
the study by Chiaravalloti and DelLuca (2003), all studies on anxiety and apathy also
assessed depression. All the studies used self-reported measures of neuropsychiatric
symptoms and only two studies confirmed the clinical diagnosis of neuropsychiatric
symptoms by a clinical interview (Raimo et al., 2016, 2020).

The most studied cognitive function was processing speed which was assessed
in 31 studies mainly using Symbol Digit Modalities Test (SDMT) or Paced Auditory
Serial Addition Test (PASAT). Also, verbal memory (n = 24) and executive functions (n
= 23) were studied in most of the included studies. A total of 65 different cognitive tests

were employed in the included studies when different versions of each test were
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counted once. Additionally, a cognitive test battery (CCTB) was used entirely in one
study (Golan et al., 2018).

The main results of the included articles on the significant relationship between
a specific cognitive domain and depression, anxiety and apathy are summarized and
provided in Supplemental material (Table 3, 4 and 5). For each article it was reported if
an association between a certain neuropsychiatric symptom and a cognitive function
was found or not. Following, the results on the association between neuropsychiatric
symptoms and cognition are discussed starting with depression, the most studied

psychiatric symptom across the included studies.

The relationship between depression and cognition

Significant associations between depressive symptoms and cognition were found in 23
studies (63.9%) whereas 13 studies did not find any significant relationship. The
included studies identified significant depressive symptoms using a variety of different
self-reported measures. The diagnosis of depression was confirmed through a clinical
interview only in the studies by Raimo and colleagues (2016, 2020). The most used
depression scale was Beck Depression Inventory (BDI), which was applied in 24 studies
of which three administered the fast screen of BDI (BDI-FS). The rest of the studies
used Center for Epidemiological Studies Depression Scale (CES-D), Hamilton
Depression Rating Scale (HAM-D) or Hospital Anxiety and Depression Scale (HADS)
to assess the occurrence of depressive symptoms. In addition, Chicago Multiscale
Depression Inventory (CMDI), 21-item Depression Anxiety Stress Scale (DASS-21),
Geriatric Depression Scale (GDS) and Hopkins Symptom Checklist (HSCL-25) were all
used once in a single study. Sundgren and colleagues (2013) distinguished nonsomatic
and somatic symptoms of depression measured with BDI and reported nonsomatic

symptoms to predict different cognitive functions stronger than somatic symptoms or
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BDI depression scores in total.

Most studied association was between depressive symptoms and processing
speed, which was studied by 30 studies of which 18 (60%) reported a significant
association. Twenty-five of the studies were cross-sectional and 15 (60%) of them
found a significant relationship between more depressive symptoms and lower
processing speed. Patel and colleagues (2016) discovered that depressive symptoms
predicted slower processing speed even more in the presence of auditory distractors.
Furthermore, Diamond and colleagues (2008) reported that although depressed MS
patients did not differ significantly from non-depressed MS group in processing speed,
the depressed group had significantly more impaired processing speed than the
subgroup of non-depressed MS patients with low scores on a depression scale.
Additionally, in the study by Mattioli and colleagues (2011) cognitive tests were
performed only by MS patients with significant depressive symptoms and no relation
between depression and processing speed was found. Three out of five (60%)
longitudinal studies reported a significant association between depressive symptoms and
processing speed. The longitudinal studies with one-year follow-up supported the
reciprocal association between more depressive symptoms and lower processing speed
(Christodoulou et al., 2009; Hildebrandt & Eling, 2014; Pérez-Miralles et al., 2021), but
this association was not present in 2- or 10-year follow-up studies (Chruzander et al.,
2013; Johansson et al., 2016).

Twenty-two studies assessed the relationship between symptoms of depression
and verbal memory and 12 (54.5%) of the studies reported a significant association
between more depressive symptoms and poorer verbal memory performance. Twenty of
the studies were cross-sectional and nine (45%) of the cross-sectional results indicated

higher levels of depression to be associated with poorer verbal memory, and Shawaryn
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and colleagues (2002) found MS patient’s perception of illness intrusiveness to mediate
this relationship. All three longitudinal studies investigating this relationship reported a
significant association. Depressive symptoms were found to be associated with a
decline in verbal memory over a period of one year (Christodoulou et al., 2009), and
lower verbal memory was found to predict depressive symptoms at one-year follow-up
(Hildebrandt & Eling, 2014; Pérez-Miralles et al., 2021).

Twenty-one studies investigated the relationship between depressive symptoms
and executive functions of which nine (42.9%) reported a significant relationship. Most
studies found depressive symptoms to be associated with poorer executive functions,
but Grech and colleagues (2015) reported that when time penalty was removed, a better
performance on an executive test assessing planning predicted more depressive
symptoms. Denney and colleagues (2005) did not find significant differences in
executive functions between depressed and non-depressed MS patients but discovered
that depressed MS patients, in contrast to non-depressed, scored significantly lower than
healthy controls in an executive task. Furthermore, one longitudinal study found
impaired executive functions to predict more depressive symptoms after one year
(Pérez-Miralles et al., 2021), while another longitudinal study did not find support for
this relationship in the opposite direction, that is, depressive symptoms did not predict
one year change in tasks of executive functions (Christodoulou et al., 2009). Studies
finding significant relationship between depressive symptoms and executive functions
had considerably bigger sample sizes (mean 210) compared to studies with non-
significant results (mean 88.8).

Relationship between depressive symptoms and attention was examined in
seven studies of which five (71.4%) reported depressive symptoms to be associated with

impaired performance in attention tasks. One of these studies was longitudinal and
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found worse performance on an attentional task to be associated with increase in
depressive symptoms over one year (Hildebrandt & Eling, 2014). Sundgren and
colleagues (2013) found support for this association only with nonsomatic symptoms of
depression. Furthermore, of the studies finding significant association, two studies also
controlled for the influence of psychotropic medications (Golan et al., 2018; Sundgren
et al., 2013), and one study controlled for the influence of hand motor function (Heesen
etal., 2010).

There were seven studies appraising the association between symptoms of
depression and visuospatial functions, and five (71.4%) of these studies found more
depressive symptoms to be associated with poorer visuospatial functions (Golan et al.,
2018; Nocentini et al., 2006; Raimo et al., 2016, 2020; Sundgren et al., 2013). Two of
the studies assessed depression independently from comorbid apathy (Raimo et al.,
2016, 2020). In the baseline study, depression was not independently associated with
visuospatial functions but patients who had comorbid depression and apathy had
significantly lower performance on tasks tapping visuospatial functions when compared
to patients with only apathy (Raimo et al., 2016). At the two-year follow-up of the
same sample, the depressed MS patients performed worse than MS patients without
depression or apathy on clock drawing task but had better performance on drawing a
complex figure (Raimo et al., 2020).

There was little evidence for the association between depressive symptoms and
language or visual and working memory. Six (37.5%) out of 16 studies assessing the
relationship between depressive symptoms and visual memory found higher levels of
depression to be associated with poorer visual memory. The association between
language and depressive symptoms was assessed in six studies of which only two

studies (33.3%), which had substantially bigger sample sizes than the other four studies,
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reported more depressive symptoms to be related to worse language performance
(Golan et al., 2018; Nocentini et al., 2006). Lastly, out of five studies investigating the
association between depression and working memory, only one found depressed MS
patients to have poorer visuospatial working memory than patients without depression

or apathy (Raimo et al., 2020).

The relationship between anxiety and cognition

Out of nine studies examining the association between anxiety and cognition in MS,
five studies (55.6%) found at least one significant association between more anxiety
symptoms and worse performance in one cognitive domain. Anxiety was assessed with
six different scales across the included studies. State-Trait Anxiety Inventory

(STAI) was the most used self-reported measure and was applied in three studies.
Hospital Anxiety and Depression Scale (HADS) was administered in two studies and
Hamilton Anxiety Rating Scale (HAM-A), DASS-21, Hopkins Symptom Checklist
(HSCL-25) and NEO Five Factor Inventory, Neuroticism scale (NEO-N) were all used
once in a single study.

The most studied cognitive function in relation to anxiety was processing speed,
but support for this relationship was weak. Out of eight studies, only Goretti and
colleagues (2014) found a significant relationship between more symptoms of state
anxiety and lower processing speed. Furthermore, Patel and colleagues (2016) did not
find symptoms of anxiety to affect the processing speed of MS patients even when
auditory distracters were present.

Results regarding the association of anxiety symptoms with verbal and visual
memory were conflicting. The only longitudinal study on anxiety found more symptoms
of state anxiety to be correlated with decline in verbal and visuospatial long-term

memory as well as visuospatial learning over one year (Christodoulou et al., 2009). One
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cross-sectional study also reported a significant association between symptoms of
anxiety and verbal long-term memory, but in the opposite direction, that is higher levels
of anxiety was associated with better verbal long-term memory (Borghi et al., 2013).
The relationship between anxiety and verbal memory was not supported by other cross-
sectional studies (Goretti et al., 2014; Karadayi et al., 2014; Leavitt et al., 2020). In
addition to the longitudinal relationship between anxiety and visual memory
(Christodoulou et al., 2009), the symptoms of anxiety were found to be associated with
lower nonverbal memory performance in one cross-sectional study (Leavitt et al.,
2020). However, another cross-sectional study did not find any significant relationship
between anxiety and visual memory (Goretti et al., 2014).

Only Grech and colleagues (2015) found a significant relationship between
symptoms of state anxiety and executive functions, whereas rest of the studies assessing
this relationship did not find any significant results (Christodoulou et al., 2009; Goretti
et al., 2014; Karadayi et al., 2014). None of the studies reported anxiety to be
significantly associated with attention, language, visuospatial functions or working

memory.

The relationship between apathy and cognition

All four studies appraising the relationship between apathy and cognition found
significant associations. One study (Chiaravalloti & DelL.uca, 2003) had a considerably
smaller sample size (N = 26) than the other three studies which sample sizes ranged
from 100 to 184 MS patients (Niino et al., 2014; Raimo et al., 2016, 2020). Four
different assessment methods for apathy were used in the included studies. All the
studies used self-reported questionnaires to identify apathetic MS patients (Chiaravalloti
& DelL.uca, 2003; Niino et al., 2014; Raimo et al., 2016, 2020), but only Raimo and

colleagues (2016, 2020) confirmed the diagnosis of apathy with a clinical interview
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based on proposed diagnostic criteria for apathy (Robert et al., 2009). The self-reported
questionnaires used were self-report version of Apathy Evaluation Scale (AES-S),
Apathy Scale (AS), and apathy scale of the Frontal Systems Behavior Scale (FrSBe).
Most consistent result, reported across all four studies (Chiaravalloti & Del uca,
2003; Niino et al., 2014; Raimo et al., 2016, 2020), was the significant relationship
between higher levels of apathy and poorer executive functions. Only two studies
(Raimo et al., 2016, 2020) examined MS patients with “pure apathy”, i.e., apathy
without depression, and found this group to perform poorer than non-apathetic patients
(with or without depression) on test of executive functions tapping on inhibitory control.
Raimo and colleagues (2020) found also in their follow-up study that MS patients with
stable apathy over two years had lower performance than MS patients whose apathy
remitted over two years on a task demanding inhibitory control. Furthermore, they
found apathy in comorbidity with depression to be associated with even poorer
executive functions than in non-apathetic MS patients with or without depression.
Studies finding a significant association between higher levels of apathy and
lower processing speed used PASAT and SDMT as assessment methods (Chiaravalloti
& Del.uca, 2003; Niino et al., 2014), whereas studies not finding a significant
relationship between apathy and processing speed used Trail Making Test A (Raimo et
al., 2016, 2020). Only studies by Raimo and colleagues (2016, 2020) examined apathy’s
association with visuospatial functions and reported a relationship between higher levels
of apathy and poorer visuospatial performance. Higher levels of apathy were also
related to worse visual memory in two studies (Niino et al., 2014; Raimo et al., 2020) as
well as to worse working memory in another two studies (Chiaravalloti & DeL.uca,
2003; Raimo et al., 2020). However, in their baseline study, Raimo and colleagues

(2016) did not find a significant relationship between apathy and neither visual nor
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working memory. Relationship between apathy and verbal memory was studied in each
four studies, but a significant relationship between higher levels of apathy and poorer
verbal memory was only found in the study by Niino and colleagues (2014). Only one
study investigated the association between apathy and language and reported no
significant results (Chiaravalloti & DeLuca, 2003). None of the studies investigated the

relationship between apathy and attention.

Discussion

This is the first systematic review to summarize the evidence regarding the association
between several neuropsychiatric symptoms and different cognitive domains among
people with MS. The systematic literature search identified 37 studies on depression,
anxiety and apathy, and the results suggested that symptoms of depression and apathy
are associated with cognitive dysfunction in MS patients. Evidence on the association

between anxiety and cognitive function was weak.

Main results

Relationship between higher levels of depressive symptoms and increased cognitive
impairment in MS received support from the included studies and was the most
frequently studied association: A total of 36 studies investigated the relationship and 23
studies found a significant result. These findings are also in line with previous reviews.
Arnett and colleagues (2008) reported in their review that 10 out of 22 studies found
depressive symptoms to be significantly associated with cognitive impairment in

MS patients. However, they did not separately summarize the association of depression
with different cognitive domains, and sample sizes of the included studies were smaller

than in the studies of the current review.
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Studies included in the current review provided most support for the relationship
between higher levels of depressive symptoms and deficits in processing speed and
verbal memory. Furthermore, studies with adequate sample sizes found consistent
support for the association between more depressive symptoms and worse performance
in executive functions. These three cognitive functions were also most investigated in
the studies included in this review. The association of higher depression levels with
deficits in attention and visuospatial functions received also support but was examined
only in a few studies. These results are mostly in line with a recent meta-analysis which
suggested higher levels of depressive symptoms in MS to have a significant relationship
to impairment in working memory, attention, processing speed, verbal and spatial
memory, verbal fluency, inhibitory control, and set-shifting (Altieri et al., 2023). In the
current review, evidence regarding the association between symptoms of depression and
visual memory was weak, but in contrast the results supported the relationship between
depressive symptoms and visuospatial functions which was not studied in the meta-
analysis by Altieri and colleagues (2023).

Relationship between more depressive symptoms and deficits in processing
speed or verbal memory was supported by most of the studies examining this
association and received also support from longitudinal studies. All studies finding
significant relationship between depression and processing speed had taken into account
the motor functions. By contrast, five of the 12 studies not finding a significant
relationship primarily used written responses without controlling for motor abilities
which may have influenced the results.

A few studies attempted to separate nonsomatic symptoms from somatic
symptoms of depression which overlap with other MS-related symptoms. One study

found nonsomatic symptoms of depression to predict different cognitive domains
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stronger than somatic or total symptoms of depression (Sundgren et al., 2013) which is
in line with a study by Barwick and Arnett (2011) which reported global cognitive
decline to be significantly associated with nonsomatic but not with somatic symptoms
of depression. However, because both psychiatric symptoms as well as MS related
disability may underlie somatic symptoms, it is problematic to simply separate
nonsomatic symptoms of depression from somatic symptoms.

Some of the studies excluded MS patients with major depression or had a
sample with mostly patients with mild levels of depressive symptoms which might have
influenced the results. The relationship between depressive symptoms and cognitive
impairment might become prevalent first when greater difference in depression scores is
present (Diamond et al., 2008; Golan et al., 2018). This conclusion received also
support from one study reporting no significant associations between depressive
symptoms and cognition when only MS patients with significant depressive symptoms
were included (Mattioli et al., 2011). However, there was also contradictory evidence,
and some studies found the relationship between depressive symptoms and cognition to
be prevalent also in mild symptoms of depression (Borghi et al., 2013; Sundgren et al.,
2013).

Results on the relationship between symptoms of anxiety and cognition are in
line with a previous review reporting mixed results (Butler et al., 2016). Most of the
studies included in the current review found symptoms of anxiety to have a significant
association with one or two cognitive domains. However, the results were inconsistent.
Results suggested that there might be a relationship between higher anxiety levels and
deficits in visual memory, but further studies are needed to replicate the results. Studies
differentiating state and trait anxiety found no significant association between trait

anxiety and cognition but reported higher levels of state anxiety to be associated with
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lower performance on tasks assessing verbal and visual memory, processing speed, as
well as executive functions. Yet, when relevant demographic and clinical variables were
taken into account, the significant relationship to executive functions disappeared
(Grech et al., 2015).

Most consistent results were found regarding the association between apathy and
cognition, but this relationship was studied only in four studies. Higher levels of apathy
were most clearly associated with executive dysfunction. MS patients with apathy
seemed to have difficulties with tasks demanding considerable effort and cognitive
flexibility as well as inhibitory control. Studies showed some support for the
relationship between higher levels of apathy and impaired visual memory, visuospatial
functions and working memory. Additionally, higher levels of apathy were associated
with impaired performance in processing speed tasks not depending on hand motor
functioning, but not with a task demanding motor functions. The difference in these
measures of processing speed may explain the discrepancy between the study results.

Variety of different self-reported measures were used to assess neuropsychiatric
symptoms. Particularly, symptoms of anxiety were assessed with five different scales
across nine different studies. Assessment methods of depression were less variable, but
still 10 different depression scales were used. Content overlap of different anxiety and
depression scales is low, and they seem to measure different aspects of anxiety and
depression (Fried et al., 2017; Wall & Lee, 2022). Consequently, the heterogeneity of
psychiatric scales used in the included studies can partly explain the inconsistency in the
results.

Included studies used heterogenous sample selection processes which may have
influenced the results regarding the relationship between neuropsychiatric symptoms

and cognition in MS (Duquin et al., 2008). Additionally, studies varied in terms of age,
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disability level, and the disease duration of the included participants, which might
influence the severity of cognitive impairment and psychiatric symptoms in MS (Butler
etal., 2016; Ruano et al., 2017).

Based on the results of the current review, the causal direction of the
relationship between neuropsychiatric symptoms and cognition in MS cannot be
determined. Both neuropsychiatric symptoms and cognitive impairment seem to be
associated with quality of life in MS patients (Gil-Gonzélez et al., 2020), and it might
be possible that cognitive impairment predisposes MS patients to different
neuropsychiatric symptoms via its influence on quality of life. Also, simply the
awareness of impaired cognitive capacities might increase the susceptibility to
psychiatric reactions.

The relationship between neuropsychiatric symptoms and cognition is not only
specific for MS. For example, the relationship between higher levels of apathy and
cognitive impairment has also received support in Parkinson’s disease (Martin et al.,
2020). Furthermore, in the general population, research indicates a relationship between
depression and cognitive functioning, and both currently depressed and remitted
depression patients show cognitive deficits in executive functions, attention and

memory (Rock et al., 2014).

Limitations and strengths

This systematic review has several limitations which should be acknowledged. First, the
included studies used variety of different assessment methods for neuropsychiatric
symptoms and cognitive functions which limits the comparability of the study results to
each other. In the future it would be beneficial to have consensus among researchers on
assessment methods and associated cut-off values to be used in MS studies.

Furthermore, psychiatric symptoms were mainly assessed with self-reported
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guestionnaires, so the patients in the included studies, except in the studies by Raimo
and colleagues (2016, 2020), suffered from psychiatric symptoms, not from clinically
defined psychiatric disorders. Additionally, it should be noted that several cognitive
functions can affect the performance on a single neuropsychological test so the
classification of cognitive functions is rather artificial.

Second, stringent inclusion criteria were used resulting in an exclusion of many
studies on the subject. Several studies were excluded because the samples included
patients who had CIS or possible MS. Furthermore, the only study on pseudobulbar
affect was excluded because it was a retrospective chart review (Hanna et al., 2016).
Third, most of the included studies were cross-sectional and used correlational analysis,
therefore no causal inferences about the direction of the association can be drawn.
Fourth, a broad timeframe was used for the literature search, during which there were
multiple revisions to the diagnostic criteria for MS, which might have caused
heterogeneity between the samples of the included studies (Thompson et al., 2018).
Lastly, all the included studies did not control for the relevant demographic and disease
related variables, such as age, disability level, and psychotropic medications, or exclude
participants in relapse. Additionally, the influence of the aforementioned variables, total
lesion load or the use of disease modifying treatments on the relationship between
cognition and psychiatric symptoms was not analyzed. Furthermore, many studies did
not control for the presence of other psychiatric symptoms which would have been
justified since psychiatric symptoms can occur comorbidly in MS (Butler et al., 2016).

A strength of this review is that it focused solely on the relationship between
different neuropsychiatric symptoms and objectively measured cognition in MS patients
whose diagnoses were clinically confirmed. In contrast to previous reviews (Altieri et

al., 2023; Arnett et al., 2008; Butler et al., 2016), only studies with samples composed
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of patients with clinically definite MS were included, as not all patients with CIS
receive later definite MS diagnosis (Miller et al., 2012). Furthermore, the inclusion of
studies using only objective measures of cognition increases the validity of the results
because self-reported cognition seems to be more correlated with anxiety and depressive
symptoms than objective cognitive functioning in MS patients (Akbar et al., 2011,
O’Brien et al., 2007). A further strength of the current review is the inclusion of six
different longitudinal studies that offer insight into the relationship between
neuropsychiatric symptoms and cognition over time in MS. A previous review on
anxiety and cognition in MS (Butler et al., 2016) includes one longitudinal study, but
the reviews on the relationship between depression and cognition do not include

longitudinal data (Altieri et al., 2023; Arnett et al., 2008).

Conclusions

The findings of this systematic review suggest that among MS patients higher levels of
depressive symptoms are associated with impairment in processing speed, verbal
memory, executive functions, attention, and visuospatial functions, whereas higher
levels of apathy seem to be associated with deficits in executive functions, processing
speed, visuospatial functions as well as visual and working memory. Little support for
the relationship between symptoms of anxiety and cognition was found, but more
research is needed, especially regarding association between anxiety and visual
memory. Further research, especially longitudinal studies, is needed to gain more
detailed information on the nature of the relationship between neuropsychiatric
symptoms and cognition in MS. Additionally, research on the association between
cognition and other common neuropsychiatric symptoms in MS, such as pseudobulbar
affect and euphoria, is still scarce. Both neuropsychiatric symptoms and cognitive

impairment influence treatment adherence as well as quality of life among MS patients
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which highlights the importance of taken these symptoms and their relationship into
account in future studies as well as in treatment planning and rehabilitation of

MS patients.
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Figure 1. PRISMA flow diagram of systematic review. CIS = Clinically isolated syndrome, MMSE

= Mini Mental State Examination.



Supplemental material

The detailed literature search strategy for each database (p. 1), the quality assessment of the included
studies (pp. 2—4), and summary of the main results of the included studies (pp. 5-6) are provided in

this supplemental material.

Supplementary material 1:

Search strategy in Ovid Medline & Psyclinfo

1. (multiple sclerosis and (cogniti* or neuropsychol*) and (depressi* or anxi* or mood disorder*
or bipolar or euphori* or psychosis or psychotic or pseudobulbar affect or aggressi* or apath*
or adjustment disorder or lack of insight or anosognosia)).mp. [mp=ti, ab, ot, nm, hw, fx, kf,
0X, pX, X, ui, sy, tc, id, tm, mf]

2. limit 1 to yr="2000 -Current"
limit 2 to English language

4, remove duplicates from 3
Results n = 2009

Search strategy in Scopus

TITLE-ABS-KEY ( ( "multiple sclerosis”) AND ( cogniti* OR neuropsychol*) AND (depressi*
OR anxi* OR "mood disorder*" OR bipolar OR euphori* OR psychosis OR psychotic OR
"pseudobulbar affect” OR aggressi* OR apath* OR "adjustment disorder” OR “lack of insight” OR
anosognosia) AND PUBYEAR > 1999 AND (LIMIT-TO ( LANGUAGE , “English"))
Results n = 2833

Search strategy in Web of Science

TS=(( "multiple sclerosis” ) AND (cogniti* OR neuropsychol*) AND (depressi* OR anxi* OR
"mood disorder*" OR bipolar OR euphori* OR psychosis OR psychotic OR "pseudobulbar affect"
OR aggressi* OR apath* OR "adjustment disorder” OR “lack of insight” OR anosognosia))
Refined by: Languages: English

Timespan: 2000-01-01 to 2022-01-25

Results n = 2161



Supplement Table 1. Quality of cross-sectional studies evaluated with AXIS Scale (Downes et al., 2016).

[
Study QL Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QL0 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 E
Beiske et al. (2008) 1 1 1 1 1 1 0 1 1 1 1 1 0 1 0 1 1 0 1 1 16
Birnboim & Miller (2004) 1 1 0 1 1 1 0 1 1 1 1 1 ? 0 1 1 1 0 ? 1 14
Borghi et al. (2013) 1 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 17
Borkowska et al. (2021) 1 1 0 1 1 o0 0 1 1 1 1 1 ? 0 1 1 1 0 1 1 14
Botchorishvili et al. (2021) 1 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 17
Chiaravalloti & DeLuca (2003) 1 1 0 1 1 o0 0 1 1 1 1 1 ? 0 1 1 1 1 ? 1 14
Cotter et al. (2018) 1 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 0 16
Denney et al. (2005) 1 1 0 1 1 1 0 1 1 0 0 1 1 0 1 na 1 0 ? 1 12
Diamond et al. (2008) 1 1 0 1 1 1 0 1 1 1 1 1 ? 0 0 1 1 0 ? ? 12
Eizaguirre et al. (2018) 1 1 0 1 1 1 0 1 1 1 1 1 ? 0 1 1 1 0 1 1 15
Golan et al. (2018) 1 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 17
Goretti et al. (2014) 1 1 0 1 1 1 0 1 1 1 1 1 ? 0 1 1 0 0 ? 1 13
Gottberg et al. (2007) 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 19
Grech et al. (2015) 1 1 0 1 1 o0 0 1 1 1 1 1 ? 0 1 1 1 1 1 1 15
Hanssen et al. (2014) 1 1 0 1 o0 O 0 1 1 1 1 1 1 0 1 1 1 1 1 1 15
Heesen et al. (2010) 1 1 0 1 1 1 0 1 1 1 1 1 0 0 1 1 1 0 1 1 15
Karadayi et al. (2014) 1 1 1 1 1 ? 0 1 1 1 1 1 1 na 1 1 1 1 1 1 17
Krysko & O"Connor (2016) 1 1 0 1 o0 1 0 1 1 1 1 1 ? 0 1 1 1 1 1 1 15
Leavitt et al. (2020) 1 1 0 1 2 ? 0 1 1 1 1 1 ? 0 1 1 1 1 1 1 14
Mattioli et al. (2011) 1 1 0 1 1 1 0 1 1 1 1 1 0 0 1 1 1 1 ? 1 15
Mohammadyfar et al. (2018) 1 1 0 1 1 1 0 1 1 0 1 0 ? 0 1 n.a. 0 1 1 1 12
Niino et al. (2014) 1 1 0 1 1 ? 0 1 1 1 1 1 ? 0 1 1 1 0 1 1 14
Nocentini et al. (2006) 1 1 0 1 1 o0 0 1 1 1 1 1 ? 0 1 1 1 1 ? 1 14
Nunnari et al. (2015) 1 1 0 1 1 1 0 1 1 1 1 1 ? 0 1 1 1 1 1 1 16
Ozakbas et al. (2018) 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 0 1 1 17
Ozkul et al. (2020) 1 1 0 1 1 1 0 1 1 1 1 1 ? 0 1 1 1 1 1 1 16

(Continued.)



Supplement Table 1. (Continued.)

[
Article QL Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 E
Patel et al. (2016) 1 1 0 1 ? ? 0 1 1 1 1 1 ? 0 1 1 1 1 1 1 14
Raimo et al. (2016) 1 1 0 1 1 1 0 1 1 1 1 1 1 n.a. 1 1 1 1 1 1 17
Shawaryn et al. (2002) 1 1 0 1 1 1 0 1 1 1 1 1 ? 0 1 1 1 0 1 1 15
Sundgren et al. (2013) 1 1 0 1 1 1 0 1 1 1 1 1 ? 0 1 1 1 0 1 1 15
Yigit et al. (2021) 1 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 17

Methods and results evaluated for psychiatric symptoms and cognition assessment. 1 = the study fulfills the criterion; 0 = the study does not fulfill the criterion; ? = the report
does not enable evaluation of the criterion; n.a. = not applicable. Note that more points in the total column correspond to a higher quality of the study.

Q1. Were the aims/objectives of the study clear? Q2. Was the study design appropriate for the stated aim(s)? Q3. Was the sample size justified? Q4. Was the target/reference
population clearly defined? (Is it clear who the research was about?) Q5. Was the sample frame taken from an appropriate population base so that it closely represented the
target/reference population under investigation? Q6. Was the selection process likely to select subjects/participants that were representative of the target/reference population
under investigation? Q7. Were measures undertaken to address and categorize non-responders? Q8. Were the risk factor and outcome variables measured appropriate to the
aims of the study? Q9. Were the risk factor and outcome variables measured correctly using instruments/ measurements that had been trialled, piloted or published previously?
Q10. Is it clear what was used to determined statistical significance and/or precision estimates? (e.g., p values, Cls) Q11. Were the methods (including statistical methods)
sufficiently described to enable them to be repeated? Q12. Were the basic data adequately described? Q13. Does the response rate raise concerns about non-response bias?
Q14. If appropriate, was information about non-responders described? Q15. Were the results internally consistent? Q16. Were the results for the analyses described in the
methods, presented? Q17. Were the authors’ discussions and conclusions justified by the results? Q18. Were the limitations of the study discussed? Q19. Were there any
funding sources or conflicts of interest that may affect the authors’ interpretation of the results? Q20. Was ethical approval or consent of participants attained?



Supplement Table 2. Quality of cohort studies evaluated with Newcastle-Ottawa Scale (NOS) (Wells et al., n.d.).

Selection Comparability Outcome
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Total
Christodoulou et al. (2009) - - + + + + + 6
Chruzander et al. (2013) + ? + + - + - 5
Hildebrandt & Eling (2014) + ? + + - - + + 5
Johansson et al. (2016) + ? + + + - + + 6
Pérez-Miralles et al. (2021) + ? + + - - + + 5
Raimo et al. (2020) + ? + + ++ + + + 8

‘exposure’” = Multiple sclerosis; + = the study fulfills the criterion; - the study does not fulfill the criterion; ? = the report does not enable evaluation of the criterion. Note that
more points in the total column correspond to a higher quality of the study.

Q1. Representativeness of the exposed cohort Q2. Selection of the non-exposed cohort Q3. Ascertainment of exposure Q4. Demonstration that outcome of interest was not
present at start of study Q5. Comparability of cohorts on the basis of the design or analysis Q6. Assessment of outcome Q7. Was follow-up long enough for outcomes to
occur Q8. Adequacy of follow up of cohort.



Supplement Table 3. The results on the relationship between depression and cognition.

Atrticle

Attention

Executive
functions

Language

Processing
speed

Verbal
memory

Visual
memory

Visuospatial
functions

Working
memory

Beiske et al. (2008)
Birnboim & Miller (2004)
Borghi et al. (2013)
Borkowska et al. (2021)
Botchorishvili et al. (2021)
Christodoulou et al. (2009)
Chruzander et al. (2013)
Cotter et al. (2018)

Denney et al. (2005)
Diamond et al. (2008)
Eizaguirre et al. (2018)
Golan et al. (2018)

Goretti et al. (2014)
Gottberg et al. (2007)
Grech et al. (2015)
Hanssen et al. (2014)
Heesen et al. (2010)
Hildebrandt & Eling (2014)
Johansson et al. (2016)
Karadayi et al. (2014)
Krysko & O"Connor (2016)
Leavitt et al. (2020)
Mattioli et al. (2011)
Mohammadyfar et al. (2018)
Niino et al. (2014)
Nocentini et al. (2006)
Nunnari et al. (2015)
Ozakbas et al. (2018)
Ozkul et al. (2020)

Patel et al. (2016)
Pérez-Miralles et al. (2021)
Raimo et al. (2016)

Raimo et al. (2020)
Shawaryn et al. (2002)
Sundgren et al. (2013)
Yigit et al. (2021)

+

I+ +

+ 4+ + 4+

I+ + 1 + + + +

+

+ 4+ + +

+ + +

+ = association; — = no association.



Supplement Table 4. The results on the relationship between anxiety and cognition.

) . Executive Processing Verbal Visual Visuospatial Working

Article Attention . Language I
functions speed memory memory functions memory

Beiske et al. (2008) -
Borghi et al. (2013) -
Christodoulou et al. (2009) - -
Goretti et al. (2014) - +
Grech et al. (2015) - + - -

Karadayi et al. (2014)
Leavitt et al. (2020)
Mohammadyfar et al. (2018)
Patel et al. (2016)

+ = association; — = no association.



Supplement Table 5. The results on the relationship between apathy and cognition.

Article Attention I]Execqtive Language Processing Verbal Visual Visuo-spatial Working
unctions speed memory memory functions memory

Chiaravalloti & DeLuca (2003) + - + - +

Niino et al. (2014) + + + +

Raimo et al. (2016) + - - - + -

Raimo et al. (2020) + - - + + +

+ = association; — = no association.



Table 1. Most common neuropsychiatric symptoms in multiple sclerosis presented in descending

order of prevalence.

Neuropsychiatric symptom Prevalence in MS

Depression 23.7% - 30.5% (Boeschoten et al., 2016; Marrie et al., 2015; Peres et al., 2022)
Anxiety 21.9% — 35.19% (Boeschoten et al., 2016; Marrie et al., 2015; Peres et al., 2022)
Pseudobulbar affect 23.3% (Nabizadeh et al., 2022)

Aggression 23% (Rosti-Otajarvi & Hamaldinen, 2013)

Apathy 22% (Rosti-Otajarvi & Hamaldinen, 2013)

Euphoria 12% (Rosti-Otajarvi & Hamalainen, 2013)

Lack of insight 11% (Rosti-Otajarvi & Hamalainen, 2013)

Bipolar disorder 5.8% (Marrie et al., 2015)

Psychosis 4.3% (Marrie et al., 2015)




Table 2. Characteristics of the reviewed studies and the results on the relationship between neuropsychiatric symptoms and objective cognitive

functioning in multiple sclerosis patients.

Study Study MS population: Measure(s)  Measure(s) Significant results (p < .05)on the relationship between neuropsychiatric
design N (% female), of of cognitive symptoms and objective cognitive functioning

type of MS, psychiatric ~ functions

age (mean + SD)  Symptoms
Beiske et al. Cross- N =140 (67.1%) HSCL-25 PASAT No significant association between PASAT and HSCL-25 anxiety or depression
(2008) sectional 74% RRMS, scores.

26% PPMS

age: N/A
Birnboim & Cross- N =76 (65.8%) BDI SAT BDI depression scores were not significantly correlated with SAT.
Miller (2004)  sectional 53 % RRMS,

47% SPMS

age: 42.6 £ 8.
Borghi et al. Cross- N =303 (70%) HADS BRB-N (PASAT, Higher HADS depression scores significantly predicted lower performance on
(2013) sectional 88% RRMS, SDMT, SRT) SRT-LTS, SRT-CLTR, SRT-D and SDMT. Higher HADS anxiety scores

7% SPMS, significantly predicted better performance on SRT-D.

3% PPMS,

2% RPMS

age: 43.1+10.8
Borkowska Cross- N =22 (90.9%) BDI-1I COWAT, HCT, BDI-11 depression scores were positively correlated with the number of errors in
etal. (2021) sectional 100% RRMS Semantic fluency, the HCT.

age: 37.7+7.1 PMT, SCWT
Botchorishvili ~ Cross- N =68 (70.6%) BDI BICAMS BDI depression scores were negatively correlated with SDMT.
et al. (2021) sectional 76% RRMS, (SDMT,

18% SPMS, CVLT-I,

6% PPMS BVMT-R)

age: 39.2+9.9
Chiaravalloti Cross- N =26 (N/A) FrSBe BNT, WAIS-R FrSBe self-ratings of apathy were negatively correlated with Semantic Fluency,
& Del.uca sectional type of MS N/A (self- (DS), WMS-R DS backward and PASAT and positively correlated with WCST perseverative
(2003) age: 46.0+£ 8.0 ratings of (LM &), errors.

apathy) PASAT, COWAT,

Semantic Fluency,
SCWT, TMT,
WCST

(Continued.)



Table 2. (Continued.)

Study Study MS population: Measure(s)  Measure(s) Significant results (p <.05) on the relationship between neuropsychiatric symptoms
design N (% female), of of cognitive and objective cognitive functioning
type of MS, psychiatric ~ functions
age (mean + SD)  Symptoms
Christodoulou  Longitudinal N =38 (57.9%) CES-D, BRB-N (SRT, Baseline CMDI Mood scores were negatively correlated with 1 year change in SRT-
et al. (2009) study 74% RRMS, CMDI, SPART), CLTR, SRT-D and SPART. Baseline CMDI Evaluative scores were negatively
26% SPMS, STAI COWAT, correlated with 1 year change in SRT-D. Baseline CMDI Vegetative scores were
age at baseline: State, MACFIMS negatively correlated with 1 year change in SRT-D and SDMT. Baseline CES-D
455+ 8.4 PANAS (JOLO, D- scores were negatively correlated with 1 year change in SPART-D. Baseline
KEFS Card STAI state anxiety scores were negatively correlated with 1 year change in SRT-
Sorting Test), CLTR, SPART and SPART Delay. Baseline PANAS Negative scores were
PASAT, SDMT  negatively correlated 1 year change in SPART.
Chruzander Longitudinal N =118 (72%) BDI-II SDMT Baseline BDI-1I depression scores did not predict SDMT at the 10-year follow-up
et al. (2013) study Baseline: and baseline SDMT scores did not predict BDI-11 depression scores at the 10-year
47% RRMS, follow-up.
53% CPMS
age: 49 +11
Follow-up:
20% RRMS,
80% CPMS
Cotter et al. Cross- N =90 (75.6%) GDS CANTAB Depressed MS patients showed more impaired processing speed than non-
(2018) sectional 72% RRMS, (Match to depressed MS patients. 2
17% SPMS, Sample, Paired
11% PPMS Associates
age: 44.5+10.9 Learning, Spatial
Working
Memory)
Denney et al. Cross- N =60 (66.7%) CES-D TOL, SCWT No significant differences between depressed MS patients and non-depressed MS
(2005) sectional 33% RRMS, patients on any of the cognitive measures. However, depressed MS patients, but not
33% PPMS, non-depressed MS patients, had significantly lower TOL point score than healthy
33% SPMS controls.

age: 48.4 £ N/A
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Table 2. (Continued.)

Study Study MS population: Measure(s)  Measure(s) Significant results (p < .05) on the relationship between neuropsychiatric symptoms
design N (% female), of of cognitive and objective cognitive functioning
type of MS, psychiatric  functions
age (mean + SD)  Symptoms
Diamond Cross- N =48 (72.9%) CES-D CVLT, No significant differences between depressed MS patients and non-depressed MS
et al. (2008) sectional 58% RRMS, COWAT, patients on any of the cognitive measures. However, non-depressed subgroup of
25% SSPM, VTSAT individuals with very low CES-D scores performed better than individuals with higher
15% PPMS, CES-D scores on VTSAT.
2% PRMS
age: 48.3+ N/A
Eizaguirre Cross- N =47 (66%) BDI-1I PASAT, BDI-11 depression scores were negatively correlated with SDMT. Lower SDMT scores
et al. (2018) sectional 100% RRMS SDMT significantly predicted higher BDI-II scores.
age: 39.0+13.2
Golan et al. Cross- N =699 (75.3%) BDI CCTB BDI depression scores were negatively correlated with memory, executive functions,
(2018) sectional 86% RRMS, visual-spatial processing, verbal function, information processing speed, and attention
13% SPMS, index scores. Higher BDI scores significantly predicted lower performance on
1% PPMS memory, executive functions, visual-spatial processing, information processing speed,
age: 46.1 £10.5 and attention index scores.
Goretti et al. Cross- N =190 (73.7%) BDI, BRB-N In the univariate analysis STAI state anxiety score was significantly associated with
(2014) sectional 100% RRMS STAI (PASAT, SDMT,  failure on the SDMT and BDI depression scores were significantly associated with
age: 37.5+ 9.9 SPART, SRT impairment on the SCWT. In the multivariate analysis STAI state anxiety score was
WLG), SCWT associated with poorer performance on the SDMT.
Gottberg Cross- N =166°(71.1%) BDI Free recall portion  Depressed MS patients performed poorer than non-depressed MS patients on Free
et al. (2007) sectional 48% SPMS, of the Free Recall  Recall and Recognition of 12 Random Words Test.
42% RRMS, and Recognition
10% PPMS of 12 Random
age:51+12 Words Test,
SDMT
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Table 2. (Continued.)

Study Study design  MS population: Measure(s)  Measure(s) Significant results (p < .05) on the relationship between neuropsychiatric symptoms
N (% female), of of cognitive and objective cognitive functioning
type of MS, psychiatric  functions
age (mean + SD)  Symptoms
Grechetal.  Cross- N =107 (77.6%) BDI-II, BADS (Action BDI-FS depression scores were significantly correlated with Zoo Map and Zoo Map
(2015) sectional 78% RRMS, BDI-FS, Program, Zoo without time penalty. Better performance on Zoo Map without the time penalty
22% SPMS STAI Map, MSET), predicted higher BDI-FS scores. IGT Deck D was significantly correlated with
age: 48.8+11.1 Hayling Sentence  STAI state anxiety, but it did not significantly predict state anxiety. BDI-II depression
Completion, IGT,  scores or STAI trait anxiety scores correlated with none of the objective cognitive tests.
Reading Span
task, SDMT, TEA
(ECD, Visual
Elevator), TMT,
WLG
Hanssen Cross- N =120 (72.5%) BDI-II COWAT, No significant association between BDI-1I scores of moderate or more severe
etal. (2014)  sectional 49% RRMS, D-KEFS depression and Executive Deficit Index.?
28% SPMS, (SCWT), SDMT
23% PPM
age: 53.2+8.1
Heesenetal. Cross- N =50 (58%) CES-D PASAT, RAVLT, CES-D depression scores were negatively correlated with SDMT®, RAVLT total,
(2010) sectional 54% RRMS, RWT, SDMT?, RAVLT-DR, TAP alertness and TAP shift.
46% SPMS TAP (alertness,
age: 43.7+10 divided attention,
shift), WST
Hildebrandt  Longitudinal N =40 (65%) BDI WAIS-R (BDT, Increase of depression over one year was related to errors on the OAT at baseline.
& Eling study 100% RRMS IN, PCT, SI), MS patients with depressed mood at Visit 2 had significantly lower scores than MS
(2014) age: 38.2+ N/A CVLT, TAP patients without depressive mood at Visit 2 on PASAT, CVLT total learning, CVLT
(Alertness, OAT), short-term cued recall, CVLT long-term free recall and CVLT long-term cued recall
PASAT as well as more errors and longer response time on the OAT at Visit 1.
Johansson Longitudinal N =199* (67.8%) BDI SDMT SDMT scores at baseline did not predict the occurrence of depressive symptoms
etal. (2016)  study 61% RRMS, (BDI Total) or mood symptoms (BDI Mood) during two years (at baseline, 12 and 24
39% PPMS/SPMS months).
age: N/A
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Table 2. (Continued.)

Study Study MS population: Measure(s)  Measure(s) Significant results (p < .05) on the relationship between neuropsychiatric symptoms
design N (% female), of of cognitive and objective cognitive functioning
type of MS, psychiatric  functions
age (mean + SD)  Symptoms
Karadayi Cross- N =31 (67.7%) HAM-D, CT, SCWT, There were no significant correlations between cognitive variables and HAM-A
etal. (2014) sectional  90% RRMS, HAM-A, SDLT, RAVLT anxiety or HAM-D depression scores. Cognitive variables were neither predicted by
7% SPMS, depression or anxiety scores.
3% PPMS
age: 38.3+£9.9
Krysko & Cross- N =34 (55.9%) BDI-II SDMT BDI depression scores were not significantly correlated with SDMT.
O"Connor sectional  100% RRMS
(2016) age:21.3+26
Leavitt et al. Cross- MEM CONNECT BDI-II, BRB-N NEO-N anxiety scores were negatively correlated with nonverbal memory.? BDI-
(2020) sectional  cohort: NEO-N (BVMT-R), Il depression scores were negatively correlated with attention and processing speed.?
N =70 (75.7%) COWAT, Semantic
100% RRMS Fluency, SCWT,
age: 40.7+11.1 SDMT, SRT,
WAIS-IV (DS)
Mattioli et al. Cross- N = 255% (66.7%) BDI-FS BRN-N (PASAT, BDI-FS depression scores were not correlated with individual cognitive test scores.
(2011) sectional  88% RRMS, SDMT, SRT), BDI-FS scores of MS patients with significant depressive symptoms were not
12% CPMS COWAT, Semantic  significantly different between impaired versus unimpaired MS patients in executive
age:40+11.3 Fluency function domain, attention domain or memory domain.?
Mohammadyfar  Cross- N =54 (N/A) DASS-21 WAIS (DS) No significant differences were reported between MS patients with and without
et al. (2018) sectional  100% RRMS depression or with and without anxiety on auditory short-term memory, visual short-
age: N/A term memory, auditory active memory, or visual active memory.
for MS only
Niino et al. Cross- N =184 (73.4%) AS, BRB-N (PASAT, AS apathy scores were negatively correlated with SRT-LTS, SRT-CLTR, SRT-
(2014) sectional  919% RRMS, BDI-1I SDMT, SPART, D, SPART, SPART-D, SDMT, PASAT-3, PASAT-2 and WLG. BDI depression
8% SPMS, SRT, WLG) scores were negatively correlated with SRT-LTS, SPART, SPART-D, SDMT,
1% PPMS PASAT-3, PASAT-2 and WLG.
age: 39.3+10.1
Nocentini Cross- N =461 (N/A) BDI CD, CDL, BDI depression scores were negatively correlated with RAVLT-IR, RAVLT-
et al. (2006) sectional  100% RRMS COWAT, IVM, DR, IVM, CD, CDL, RCPM, PC, COWAT and SDMT. BDI scores were positively
age: 3569+ 8.4 MCST, PC, RCPM, correlated with MCST-PR. BDI scores were not significantly correlated with MCST-
RAVLT, SDMT NPE.
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Study Study design  MS population: Measure(s)  Measure(s) Significant results (p < .05) on the relationship between neuropsychiatric symptoms
N (% female), of of cognitive and objective cognitive functioning
type of MS, psychiatric  functions
age (mean + SD)  Symptoms
Nunnarietal.  Cross- N= 60 (66.7%) BDI-1I BRB-N (PASAT, BDI-II depression scores were negatively correlated with PASAT-3, PASAT-2,
(2015) sectional 87% RRMS, SDMT, SPART, SDMT and SPART. Depressed MS-patients performed significantly worse than non-
13% PPMS SRT, WLG) depressed MS patients on PASAT-3, PASAT-2, SDMT, SPART, SPART-D and SRT-
age: 39.4+10.6 CLTR. In a multiple regression analysis BDI-II scores significantly predicted lower
performance on PASAT-3, PASAT-2, SDMT, SPART, SPART-D and SRT-CLTR.
Ozakbas Cross- N =487 (68.6%)  BDI BRB-N (PASAT, BDI depression scores were negatively correlated with PASAT, SDMT and SRT-
et al. (2018) sectional 100% RRMS SDMT, SPART, Instant memory.
age: 35.3£9.39 SRT)
Ozkul et al. Cross- N =112 (77.7%) BDI-II BRB-N (PASAT, BDI-II depression scores were not significantly correlated with any of the cognitive
(2020) sectional 86% RRMS, SDMT, SPART, tests.
14% PPMS SRT, WLG)
age 34 £ N/A
Patel et al. Cross- N =101(69.3%) HADS SDMT with and Depressed MS patients were significantly slower than non-depressed MS patients on
(2016) sectional 70% RRMS, without distracters  the distracter SDMT and non-distracter SDMT. Significantly more depressed than
22% SPMS, non-depressed MS patients were impaired on the distracter SDMT, but this difference
8% PPMS was not significant on the non-distracter c-SDMT. Additionally, HADS
age: 44.6 £ N/A depression score was a more significant predictor of slower performance on the
distracter SDMT (p =.034) than on the non-distracter SDMT (p = .053). There were
no significant associations between anxiety and cognition.
Pérez-Miralles  Longitudinal N =55 (43.6%) BDI-FS BRB-N (PASAT, Lower baseline SDMT scores were associated with higher risk of depressive
et al. (2021) study 100% PPMS SDMT, SPART, symptoms at month 12 and predicted depressive symptoms at month 12. Lower SRT-
age at baseline: SRT, WLG) LTS, SRT-CLTR, SRT-D and WLG scores at baseline predicted moderate-to-severe
55.8+9.5 depression at month 12.
Raimo et al. Cross- N =125(79.2%)  AES-S, CAT, Corsi's test,  "Pure™ apathetic (apathetic without depression) MS patients had poorer performance
(2016) sectional 86% RRMS, HAM-D, CDT, IML, than non-apathetic (with or without depression) MS patients on SCWT and IML.
8% SPMS, Diagnostic  COWAT, Patients with both apathy and depression had lower scores than patients with
6% PPMS interviews  Semantic Fluency, depression only on CDT, IML and SCWT. Patients with both apathy and depression
age: 42.4 +10.6 RAVLT, RCPM, had lower scores than patients without apathy or depression on CDT, IML, RCPM,
ROCF, SCWT, and SCWT as well as lower scores than patients with "pure” apathy on CDT and
TMT, RCPM.
Verbal Span
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Study Study design  MS population: Measure(s) Measure(s) Significant results (p < .05)on the relationship between neuropsychiatric
N (% female), of of cognitive symptoms and objective cognitive functioning
type of MS, psychiatric functions
age (mean £ SD) ~ Symptoms
Raimo et al. Longitudinal N =100 (N/A) AES-S, CAT, Corsi's test, MS patients with stable apathy during 2 years had significantly lower scores than
(2020) study type of MS N/A HAM-D, CDT, IML, MS patients whose apathy remitted during 2 years on SCWT both at baseline as
(follow-up age: 42.9+10.3 Diagnostic COWAT, Semantic  well as at follow-up.
to Raimo et interviews Fluency, RAVLT, At 2-year follow-up: Patients with “pure” apathy had poorer performance than
al. 2016) RCPM, patients without apathy or depression on Corsi's test, ROCF delayed recall and
ROCF, SCWT, SCWT, but they performed better than patients with both apathy and depression
TMT, Verbal Span  and patients with depression only on IML. Patients with depression only had lower
scores than patients without apathy or depression on CDT, Corsi's test,
IML, RCPM, and semantic fluency, but they performed better than patients
without apathy or depression on ROCF copy. Patients with both apathy and
depression had lower scores than patients without apathy or depression on CDT,
Corsi's test, IML, RCPM, ROCF copy, SCWT, and semantic fluency.
Shawaryn Cross- N =90 (64.4%) BDI CVLT, BDI depression scores were negatively correlated with CVLT and PASAT. Poor
et al. (2002) sectional 51% RRMS, PASAT performance on the PASAT predicted higher BDI scores. Perception of illness
17% SPMS, intrusiveness mediated the relationship between CVLT and BDI depression
14% PPMS, scores.
12% PRMS
6% Unclassified
age:42.1+9.2
Sundgren Cross- N =72 (70.8%) BDI D-KEFS BDI-NS depression scores were negatively correlated with processing speed,
etal. (2013) sectional 100% RRMS (COWAT, executive functions, visual perception/organization, and attention. BDI-
age: 37.9+10.0 SCWT, TMT), S depression scores were negatively correlated with processing speed, executive
WAIS-III (BDT, functions, visual perception/organization, and visual memory. In multiple
DSCT, DS, SST), regression analysis BDI-NS was a stronger predictor than BDI-S and BDI Total of
BVRT-5, SRB:1 impairment in all cognitive domains (apart from verbal ability which was not
significantly predicted by any of the depression measures). BDI-NS predicted most
strongly executive functions and visual perception/organization.?
Yigit et al. Cross- N =200 (70%) BDI BICAMS BDI depression scores were not significantly correlated with or neither predicted
(2021) sectional 95% RRMS, (SDMT, CVLT- performance on any of the BICAMS subtests. There were no significant
3% SPMS, I, BVMT-R) differences between depressed MS patients and non-depressed MS patients on any
2% PPMS of the BICAMS subtests.
age: 36.5+9.7
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Table 2. (Continued.)

Abbreviations in alphabetical order: AES-S = Self-reported version of Apathy Evaluation Scale; AS = Apathy Scale; BADS = Behavioral Assessment of the Dysexecutive
Syndrome; BDI = Beck Depression Inventory; BDI-11 = BDI-2nd Edition; BDI-FS = BDI-Fast Screen; BDI-NS = BDI nonsomatic component (items 1-13); BDI-S = BDI
somatic component (items 14-21); BDT = Block Design Test; BICAMS = Brief International Cognitive Assessment for MS; BNT = Boston Naming Test; BRB-N = Rao's
Brief Repeatable Battery of Neuropsychological Tests; BVMT-R= Brief Visuospatial Memory Test-Revised; BVRT-5 = Benton Visual Retention Test-5th Edition;
CANTAB = Cambridge Neuropsychological Test Automated Battery; CAT = Constructional Apraxia Task; CCTB = Comprehensive Computerized Cognitive Testing Battery
(NeuroTrax Corporation, Madiin, Israel); CD = freehand Copy of Drawings; CDL = Copying Drawings with Landmarks; CDT = Clock Drawing Test; CES-D = Center for
Epidemiological Studies Depression Scale; CMDI = Chicago Multiscale Depression Inventory; COWAT = Controlled Oral Word Association Test; CPMS = Chronic
Progressive Multiple Sclerosis; CT = Verbal and Nonverbal Cancellation Test; CVLT = California Verbal Learning Test; CVLT-1l = CVLT-2nd Edition; D-KEFS = Delis-
Kaplan Executive Function System; DASS = 21-item Depression Anxiety Stress Scale; DSCT = Digit Symbol Coding Test; DS = Digit Span; ECD = Elevator Counting with
Distraction; F = Female; FAB = Frontal Assessment Battery; FrSBe = Frontal Systems Behavior Scale; GDS = Geriatric Depression Scale; HADS = Hospital Anxiety and
Depression Scale; HAM-A = Hamilton Anxiety Rating Scale; HAM-D = Hamilton Depression Rating Scale; HCT = Halstead Category Test; HSCL-25 = Hopkins Symptom
Checklist; IGT = lowa Gambling Task; IML = Inverse Motor Learning Test; IN = Information; IVM = Immediate Visual Memory Test; JOLO = Judgment of Line Orientation;
LM = Logical Memory; M = Male; MACFIMS = Minimal Assessment of Cognitive Function in MS; MCST = Modified Card Sorting Test; MCST-NPE = MCST-Non-
Perseverative Errors; MCST-PR = MCST- Perseverative Responses; MS= Multiple sclerosis; MSET = Modified Six Elements Task; N/A = Not available; NEO-N = NEO Five
Factor Inventory, Neuroticism scale; OAT = Object Alternation Test; PANAS = Positive and Negative Affect Scale; PASAT = Paced Auditory Serial Addition
Task; PASAT2 = 2 s version of PASAT; PASAT3 = 3 s version of PASAT; PC = Phrase Construction; PC = Picture Completion Test; PMT = Porteus Maze Test; PPMS =
Primary Progressive MS; PRMS = Progressive Relapsing MS; RAVLT = Rey Auditory Verbal Learning Test; RAVLT-DR= RAVLT Delayed Recall; RAVLT-IR =
RAVLT Immediate Recall; RCPM = Raven's Progressive colored Matrices; ROCF = Rey-Osterreith Complex Figure; RPMS = Relapsing Progressive MS; RRMS =
Relapsing Remitting MS; RWT = Regensburger Wortfllssigkeitstest; SAT = Strategy Application Test; SCWT = Stroop Color-Word Interference Test; SDLT = Serial Digit
Learning Test; SDMT = Symbol Digit Modality Test; SI = Similarities; SPART = 10/36 Spatial Recall Test total recall over three trials; SPART-D = SPART Delayed recall;
SPMS = Secondary Progressive MS; SRB:1 = Vocabulary Test; SRT = Selective Reminding Test; SRT-CLRT = SRT-Consistent Long Term Retrieval; SRT-D = SRT-
Delayed recall; SRT-LTS = SRT-Long Term Storage; SST = Symbol Search Test; STAI = State-Trait Anxiety Inventory; TAP = Testbattery for Attentional
Performance; TEA = Test of Everyday Attention; TMT = Trail Making Test; TOL = Tower of London; VTSAT = Visual Threshold Serial Addition Test; WAIS = Wechsler
Adult Intelligence Scale; WAIS-1V = WAIS-4th Edition; WAIS-R = WAIS-Revised; WCST = Wisconsin Card Sorting Test; WLG = Word List Generation; WMS-R =
Wechsler Memory Scale—Revised; WST = Wortschatztest.

aSee the classifications for cognitive domains in each article. °Secondary data. ©149 MS patients completed the BDI. “Cognitive tests were performed only by 46 MS patients
with significant depressive levels (BDI-FS > 4).
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