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Abstract
Background Multiple sclerosis (MS) is characterized by a large spectrum of symptoms, involving all functional systems. 
Psychiatric symptoms are common in people with MS (pwMS) having an important impact on quality of life and on some 
features of MS (fatigue, sleep, disability, adherence to disease-modifying drugs). The main psychiatric disturbances in MS 
are depressive, bipolar, anxiety, schizophrenic and obsessive–compulsive syndromes.
Methods Literature search for original articles and review in the databases, including PubMed and Scopus from 1959 to 2019.
Results and conclusion Studies answering the aim of this review were selected and reported. Epidemiological and clinical 
aspects of psychiatric syndromes (PS) in MS as well as self-report diagnostic scales and radiological correlates of PS in MS 
are described. Moreover, some radiological studies about primary psychiatric disorders (PD) are reported to underline how 
gray matter atrophy, white matter abnormalities and corpus callosum involvement in these diseases, as features in common 
with MS, may explain the more frequent occurrence of PD in MS than in the general population.
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Introduction

Multiple sclerosis (MS) is a multifactorial demyelinating 
disease of the central nervous system [1], characterized by 
a large spectrum of symptoms and signs, involving several 
functional systems (pyramidal, cerebellar, sensory, brain-
stem, bowel and bladder, visual, mental, ambulation) [2].

Psychiatric symptoms are common in people with MS 
(pwMS) and were already described by Charcot [3] and 
investigated also in encephalomyelitis disseminate [4]. Over 
time, attention has been focused on epidemiological, clini-
cal and radiological aspects of psychiatric syndromes (PS) 
in MS.

Among PS, mood disturbances (MD) are the most com-
mon; they are more frequent in pwMS compared to the 
general population; indeed, pwMS have an higher annual 
prevalence ratio of depressive (1.77; 95% confidence inter-
val [CI] 1.64, 1.91), and anxiety (1.46; 95% CI 1.35, 1.58) 
symptoms, compared to people matched for socioeconomic 
status, age, sex, and region of residence [5]. Several factors, 
including disability [6], adjustment to illness [7], and social 
support [8] may influence the relationship between MD and 
MS.

Moreover, several studies investigated the correlation 
between MD and MS treatment, as adverse events [9, 10]. 
Indeed, some disease-modifying treatments (DMTs), espe-
cially interferon beta, had been blamed to unmask depressive 
symptomatology [11]. However, other studies demonstrated 
that previous treatment of depressed mood could be a pre-
dictor of subsequent development of depressive syndrome 
during treatment with DMTs [12, 13].

Because development of depression and anxiety under 
DMTs may reduce therapeutic adherence [14, 15], diagnosis 
and treatment of MD in pwMS are necessary to improve 
patient’s compliance [16].

Furthermore, in pwMS, MD as depression and anxiety 
are reported to be associated with a worsening of quality of 
life (QoL) [17, 18] and an increase of fatigue [19].
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PwMS have also a significant tendency to substance 
abuse ranging from 3.96% to 18.2% for alcohol abuse and 
dependence and from 2.5 to 7.4% for drugs abuse [20, 21].

Only few studies reported the prevalence of PS in pediat-
ric MS population; Goretti et al. [22] assessed psychosocial 
disorders in 56 Italian children and adolescents with MS 
(mean age: 17.2 ± 2.5). 30% of enrolled children and ado-
lescents with MS received a formal diagnosis of affective 
disorder: depressive (15%), anxiety (5%), panic (5%) and 
bipolar (5%) syndrome. The authors also investigated about 
the influence of MS on daily-life: MS affected school activi-
ties in 28% of cases, daily living activities in 41% and social 
relationships in 28%. In this study, one-third of the enrolled 
children and adolescents showed behavioral changes, par-
ticularly aggressiveness and tendency to isolation, with 
impairment of social relationship, poor school performances, 
often requiring a support teacher.

This review aims to examine epidemiological, clinical 
and radiological aspects of PS as part of MS (not as true 
comorbidity) and their impact on QoL of pwMS; further-
more, the main evaluation scales validated for PS in MS 
are reported.

Materials and methods

A literature search for articles from 1959 to 2019 was con-
ducted in the databases, including PubMed and Scopus using 
the following Medical Subject Headings (MeSH) terms 
and key words (also in combination): “multiple sclerosis”, 
“Encephalomyelitis disseminate” “psychiatric disorders”, 
“depression”, “anxiety”, “bipolar disorders”, “schizophre-
nia”, “obsessive–compulsive disorders”, “suicide” “Beck 
Depression Inventory-II”, “Chicago Multiscale Depres-
sion Inventory”, “Hospital Anxiety and Depression Scale”, 
“Center for Epidemiologic Studies-Depression scale”, 
“Patient Health Questionnaire nine-item”, “Patient Reported 
Outcome Measurement Information System”, “Hamilton 
Anxiety Rating Scale”, “Beck Anxiety Inventory”, “State-
Trait Anxiety Inventory”, “7-item Generalized Anxiety Dis-
order Scale”, “Mood Disorder Questionnaire”, “magnetic 
resonance imaging”, "quality of life". Relevant articles were 
identified and located individually in PubMed/MEDLINE to 
examine citing and cited-by articles. Studies answering the 
aim of this review were selected and reported.

Depressive syndrome

The most common MD in MS is the depressive syndrome 
with a prevalence ranging from 30.5% (95%, CI 26.3–35.1%) 
[23] to 31.7% (95% CI 29.8–33.5%) in pwMS compared 
to 20.5% (95% CI 19.8–21.2%) in the general population 

(PR 1.60; 95% CI 1.41–1.82) [24]. The prevalence peak is 
45–59 years both in pwMS and in general population [24].

Validated scales for MS‑related depression 
assessment

Some validated scale, including Beck Depression Inventory-
II (BDI-II) [25], Chicago Multiscale Depression Inven-
tory (CMDI) [26], Hospital Anxiety and Depression Scale 
(HADS) [27], Center for Epidemiologic Studies-Depression 
scale (CES-D) [28], Patient Health Questionnaire nine-item 
(PHQ-9) [29], Patient Reported Outcome Measurement 
Information System (PROMIS) [30, 31], Hamilton Depres-
sion Rating Scale (HDRS) [32] are used to evaluate depres-
sion in MS.

BDI-II is a 21-item self-report scale of depressive symp-
toms, including somatic and cognitive-affective symptoms 
[25]. Each item is rated on 4-point, ranging from 0 to 3. The 
total score is obtained by summing the ratings for the 21 
items: 0–13 indicates no depression, 14–19 mild depression, 
20–28: moderate depression, 29–63: severe depression. This 
scale has been validated either in pwMS since several years 
[33] or in people with recent diagnosis of MS (BDI cut-off 
score of 13 had sensitivity = 0.71, specificity = 0.79) [34].

CMDI is a 42-item self-reporting questionnaire with three 
subscales: mood, evaluative, and vegetative symptoms [26]. 
Nyenhuis et al. suggested that only mood subscale may be 
recommended for assessing depression in pwMS, because 
it may be considered the best one to estimate prevalence 
rates rather than total CMDI score (no-mood subscales in 
total CMDI score could overestimate both the prevalence 
and severity of MS related depression) [35]. Comparing the 
three most used self-report scales of depressive symptoms 
(BDI–II; BDI-Fast Screen; CMDI) in pwMS and also inter-
viewing patients with the Structured Clinical Interview for 
DSM-IV disorders, Strober et al. [36] suggested for CMDI 
mood a cut off of 23 (100% of sensitivity and 81% of speci-
ficity), and for CMDI evaluative a cut off of 22 (73% of 
sensitivity and 90% of specificity).

HADS is a 14-item self-report scale to evaluate anxi-
ety and depression symptoms [27]. It has two subscales: 
HADS–A for anxiety and HADS–D for depression [37]. 
HADS-D is the 7 item subscale of HADS, and each item is 
rated on 4 point Likert scale. For HADS-D, higher scores 
indicate worse self-reported depression. Honarmand et al. 
[38], validated HADS in pwMS and identified a cut-off score 
of 8 for the HADS-D subscales with a 90% sensitivity and 
87.3% specificity (all pwMS were also interviewed with the 
Structured Clinical Interview for DSM-IV disorders).

CES-D [28] is a 20-item scale of depressive symptoms 
that has also been validated in pwMS [39]. Each item is 
rated on 4-point, ranging from 0 (rarely or none of the 
time) to 3 (most of or all the time). It is based on the 
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evaluation of four factors (positive affect, negative affect, 
somatic complaints and retarded activity, interpersonal 
relationships). CES-D 10 is a short version of the 20-item 
CES-D, with good predictive accuracy. Andersen et al. 
[40] identified a cut-off score of 16 for CES-D 20, and of 
10 for the short version.

PHQ-9 [29] is a 9-item self-report scale that investigates 
depressive symptoms in the last 2 weeks. The answer for 
each item ranges from 0 (not at all) to 3 (nearly every day), 
and the total score can range from 0 to 27. Overall accu-
racy is 85%, sensitivity 75% and specificity 90%. Kroenke 
et al. [41] identified PHQ-9 score ≥ 10 to diagnose major 
depression (with 88% of sensitivity and 88% of specificity). 
In the same study, the authors suggested PHQ-9 scores of 
5, 10, 15, and 20 to identify, respectively, mild, moderate, 
moderately severe, and severe depression. PHQ-2 is a short 
form of PHQ-9, including only the first two items. It could 
be used to screen for depression briefly. In the validation 
study, Koencke et al. [42] proposed a cut-off of 3 (sensitivity 
of 83% and specificity of 92%) to identify major depression.

PROMIS [30, 31] is a scale to investigate depressive and 
anxiety symptoms “in the past seven days”. PROMIS-D is 
a 28 items questionnaire for depression, each item has 5 
answer options ranging from 1 to 5 (1 = Never; 2 = Rarely; 
3 = Sometimes; 4 = Often; 5 = Always). 17 items investigate 
symptoms related to cognitive aspects, 9 explore the affec-
tive aspects, 1 the behavioral ones, and 1 item reflects pas-
sive suicidal ideation. The PROMIS-D-8 is the short form 
with eight items of the cognitive and affective categories; the 
total score ranges from 8 to 40. The raw scores on each item 
should be summed to obtain a total raw score. On T-score 
conversion table, the total raw score is associated with the 
total T-score used to evaluate severity of depression. Higher 
scores indicate worse depression.

The HDRS scale [32] contains 17 variables (depressed 
mood, guilt, suicide, initial, middle and delayed insomnia, 
work and interests, retardation, agitation, anxiety psychic, 
anxiety somatic, somatic general symptoms, somatic gas-
trointestinal symptoms, genital symptoms, hypochondriasis, 
loss of insight, loss of weight). Some are defined in terms 
of a series of categories of increasing intensity, while others 
are defined by a number of equal-valued terms. The form on 
which ratings are recorded also includes four additional vari-
ables: diurnal variation, derealization, paranoid symptoms, 
obsessional symptoms; however, although the HDRS lists 
21 items, the scoring is based on the first 17. Eight items 
are scored on a 5-point scale, ranging from 0 = not present to 
4 = severe. Nine are scored from 0–2. A score of ≤ 7 is con-
sidered to be normal (sensitivity 86.4%; specificity 92.2%).

Raimo et al. [43] assessed psychometric properties of 
the HDRS in a sample of non-demented italian pwMS to 
validate a screening instrument for grading the severity of 
depressive symptomatology in these patients.

The agreement between the detection of clinically rel-
evant depressive symptoms according to cut-off score 14.5 
of HDRS and diagnosis based on clinical criteria was high 
(overall agreement 95.7%); therefore, 14.5 is the HDRS total 
score with the best balance between specificity and sensi-
tivity, and with high positive predictive value, i.e. it is the 
value best suited to identify pwMS with clinically relevant 
depressive symptoms.

Amtamann et al. [44] evaluated psychometric properties 
of the CES-D-10, PHQ-9, and PROMIS-D-8 in pwMS The 
results of this study do not support the superiority of one 
instrument over the others in terms of psychometric proper-
ties. Scores on all scales showed similar characteristics and 
their correlations were high.

Clinical features of MS‑related depression

Jones et al. [45] demonstrated that depressive syndrome in 
MS is related to clinical phenotype (people with secondary 
and primary progressive MS are more depressed than relaps-
ing remitting pwMS) and age (pwMS with age between 45 
and 64 years have higher levels of depression). Depressive 
syndrome has an important impact on cognitive perfor-
mances, fatigue, QoL, physical disability and sleep quality, 
therefore, treating depression in pwMS is recommended to 
improve these aspects [46–54].

Bakshi et al. [52] found that depression severity was sig-
nificantly correlated with fatigue severity even after adjust-
ing for disability status (at Expanded disability status scale, 
EDSS).

Amato et al. [53] identified depressive syndrome, fatigue 
and disability as significant and independent predictors 
of QoL in pwMS.

In a recent study, Marrie et al. [54] confirmed that depres-
sive syndrome was associated with worse QoL, even after 
adjusting for age, sex, education, disability status, and physi-
cal comorbidity.

Attention has been focused on the relationship between 
depressive syndrome and cognitive function in MS. Cogni-
tive impairment is frequent in MS occurring in 40–65% of 
pwMS [55]. It could be present early in the disease and it 
might be independent of physical disability [55]. Processing 
speed, working memory, new learning, and visual and ver-
bal memory are the most compromised cognitive domains 
in pwMS [56]. Depressive syndrome could be responsible 
for influencing cognitive performance in pwMS, especially 
in worsening attention, working memory, executive func-
tions and information processing speed [57–60]. PwMS with 
depression (pwMS-D) have worse cognitive measures not 
only compared to non-depressed healthy controls (HCs) but 
also to non-depressed pwMS [54–56]. In pwMS-D, com-
pared to non-depressed pwMS and HCs, Arnett et al. [57] 
found significantly worse performance on a task of working 
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memory (reading span) (p < 0.001), but not on a short-term 
memory task (word span). Further evidence in support of 
this relationship comes from Diamond et al. [60] that under-
lined the influence of depression on processing speed, espe-
cially for more effortful tasks.

Suicide is a relevant consequence of a depressive syn-
drome in pwMS; epidemiological data on suicide change 
among different geographical area, and this variation may 
depend on cultural bias [61]. The standardized mortality 
ratio (SMR) is the most correct method to analyze suicide 
in MS. In pwMS, SMR for suicide is twice that of the gen-
eral population [62].

Risk factors for the development of suicidal ideation 
include current depressive symptoms, gender (women 
attempt suicide more often than men, but men complete 
suicide more often than women [63]), young age at onset of 
MS, previous history of depression, social isolation, recent 

functional deterioration and abuse of illicit substance [64, 
65].

Turner et  al. [66] investigated suicidal ideation with 
PHQ and reported that, among 445 pwMS, 29.4% (95% CI 
25.4–33.9%) reported suicide ideation and 7.9% (95% CI 
5.7–10.8%) persistent suicidal ideation during the previous 
2 weeks.

Strupp et al. [67] reported suicide ideation in 22.1% of 
573 pwMS: of these 48.4% had a secondary progressive MS, 
24.7% relapsing–remitting MS and 21.9% primary progres-
sive MS.

Magnetic resonance imaging of MS‑related 
depression

Many studies investigated MRI findings in pwMS with 
depression (pwMS-D) [68–78] (Table 1).

Table 1  Magnetic resonance imaging findings on MS-related depressive syndrome

*Except for Di Legge et al. [73], that considered clinically isolated syndrome (CIS) suggestive of MS
MRI magnetic resonance imaging, D depression, pwMS-D people with multiple sclerosis with depression, LL lesion load, NAWM normal appear-
ing white matter, NAGM normal appearing gray matter, FA fractional anisotropy, FC functional connectivity, WM white matter, CIS clinically 
isolated syndrome, DMN default mode network, BDI seck depression inventory

MRI changes in pwMS-D (compared to pwMS without 
depression)

Correlation between MRI findings and clinical aspects in 
pwMS-D*

Pujol et al. [69] T2-LL of the arcuate fasciculus region of the left “verbal” 
hemisphere and BDI score

Feinstein et al. [70] ↑ T2- and T1- LL in the left inferior medial prefrontal 
regions

↑ atrophy of the left anterior temporal regions
Bakshi et al. [71]  Superior frontal and superior parietal TI-LL and the pres-

ence and severity of D;
 lateral and third ventricular enlargement, and frontal 

atrophy and the severity of D
Zorzon et al. [72] right frontal LL and right temporal brain volume and pres-

ence and severity of D
Di Legge et al. [73] T2-LL in the right temporal region and BDI score
Feinstein et al. [74]  ↓ NAWM volume in the left superior frontal region,

 ↑ T1-LL in the right medial inferior frontal region,
 ↑mean diffusivity in the NAGM of the left anterior tempo-

ral lobe region,
 ↓ FA in the NAWM of the left anterior temporal lobe

Bonavita et al. [75]  ↑ FC in the anterior cingulate cortex
 ↓ FC in posterior cingulate cortex

Rocca et al. [76] ↓ FC between the hippocampi and:
 right middle temporal gyrus,
 left precuneus
 right superior orbitofrontal gyrus

Pravatà et al. [77] ↓ cortical thickness in fronto-temporal regions  ↓ thickness in frontal cortex and presence of D,
 ↓ thickness of right entorhinal cortex and the severity of 

D
van Geest et al. [78]  ↓ WM volume of the uncinate fasciculus,

 ↓ FA of the uncinate fasciculus,
 ↓ FC between the amygdala and frontal regions
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Pujol et al. [69] reported a significant correlation between 
BDI scores and T2-lesion load (LL) of the arcuate fasciculus 
region of the left “verbal” hemisphere.

Feinstein et al. [70] detected higher T2- and T1-LL in the 
left inferior medial prefrontal regions and greater atrophy of 
the left anterior temporal regions, in pwMS-D compared to 
pwMS without depression. Using a logistic regression analy-
sis, they identified two independent predictors of depression 
in pwMS: left medial inferior prefrontal cortex T2-LL and 
left anterior temporal cerebrospinal fluid volume.

Bakshi et al. [71] speculated that superior frontal and 
superior parietal LL and atrophy, with consequent cortical-
subcortical disconnection, might play a role in determining 
depressive syndrome in MS.

Zorzon et al. [72] reported that the presence and severity 
of a depressive syndrome in pwMS were related with right 
frontal LL and right temporal brain volume; moreover, the 
severity of the depressive syndrome was correlated with total 
temporal brain volume and right hemisphere brain volume.

Di Legge et al. [73] showed, in patients with clinically 
isolated syndrome (CIS) suggestive of MS, a positive cor-
relation between severity of depressive scores (at BDI) and 
T2-LL in the right temporal region.

Using diffusion tensor imaging (DTI), Feinstein et al. [74] 
identified, in pwMS-D, a smaller normal appearing white 
matter (NAWM) volume in the left superior frontal region, 
a greater T1-LL in the right medial inferior frontal region, a 
higher mean diffusivity in the normal appearing gray matter 
(NAGM) of the left anterior temporal lobe region, a reduced 
fractional anisotropy (FA) in the NAWM of the left anterior 
temporal lobe.

Resting-state (RS) functional-MRI (fMRI) has detected 
functional connectivity (FC) changes of the default mode 
network (DMN) in pwMS-D, both in the anterior cingu-
late cortex (increased FC) and posterior cingulate cortex 
(reduced FC). These results suggested specific features of 
depression in MS. Moreover, reduced FC in the posterior 
cingulate cortex in pwMS-D, as a similar finding in pwMS 
with cognitive impairment but not depressed, suggested a 
possible functional link between depression and cognitive 
impairment in MS [75].

Rocca et al. [76] using RS-fMRI identified a reduced FC 
between the hippocampi and cortical-subcortical regions 
of DMN (right middle temporal gyrus, left precuneus and 
right superior orbitofrontal gyrus), that strongly correlated 
with the severity of depression. The authors concluded that 
the disruption of RS-FC between hippocampal and specific 
region of DMN might be related to depressive syndrome 
occurrence.

Pravatà et al. [77] focused attention on cortical gray mat-
ter (GM) and detected in pwMS-D a reduced cortical thick-
ness in fronto-temporal regions. The decrease of thickness in 
frontal cortex was the best predictor of depressive syndrome, 

while the reduced thickness of right entorhinal cortex was 
correlated with the severity of depression.

In a recent study, van Geest et al. [78] found reduced 
white matter (WM) volume and reduced FA of the uncinate 
fasciculus, decreased FC between the amygdala and frontal 
regions in pwMS-D compared to pwMS without depres-
sion. Because pwMS-D had a shorter disease duration than 
pwMS without depression, they also demonstrated that dis-
ease duration, FA of the uncinate fasciculus, and FC of the 
amygdala could explain 48% of variance in the severity of 
depression.

In conclusion, MRI studies support a structural and func-
tional link between MS pathology and occurrence of depres-
sive symptoms in pwMS.

Anxiety syndrome

In MS, the prevalence of an anxiety syndrome is 35.6% (95% 
CI 33.7–37.7%) compared to 29.6% (95% CI 28.8–30.5%) 
in the general population (PR 1.24; 95% CI 1.12–1.38). 
45–59 years is the prevalence peak both in pwMS and in 
the general population [24]. Recently, Boeschoten et al. [23] 
reported in pwMS an anxiety prevalence of 22.1% (95% CI 
15.2–31.0%).

Validated scales of MS‑related anxiety

Validated scales to evaluate anxiety in MS include Ham-
ilton Anxiety Rating Scale (HAM-A) [79], HADS [27], 
Beck Anxiety Inventory (BAI) [80], and State-Trait Anxiety 
Inventory (STAI) [81], 7-item Generalized Anxiety Disorder 
Scale (GAD-7) [82], PROMIS-A [30, 31].

HAM-A is a14 items scale that measures both psychic 
anxiety (mental agitation and psychological distress) and 
somatic anxiety (physical complaints related to anxiety) 
[79]. Each item has a score between 0 (not present) and 4 
(severe), with a total score range of 0–56. A cut off < 17 indi-
cates mild severity, 18–24 mild to moderate and ≥ 25 severe 
anxiety. However, it should be kept in mind that HAM-A is 
not sensitive to distinguish between anxiolytic and antide-
pressant effects and between somatic anxiety and somatic 
side effects [83].

HADS-A [27] is a part of HADS that evaluates anxiety 
symptoms. It is a 7-item subscale, and each item is rated on 
4 point Likert scale. Higher total scores indicate worse self-
reported anxiety. Honarmand et al. [38], validated HADS in 
pwMS and identified a cut-off score of 8 for the HADS-A 
subscales with 88.5% sensitivity and 80.7% specificity.

BAI is a 21-item self-report scale of anxiety symptoms 
[80]. Each item is rated on 4-point. Total score is obtained 
by summing the ratings for the 21 items, high score indicates 
severe anxiety. A score of 0–21 indicates low anxiety, 22–35 
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indicates moderate anxiety, ≥ 36 potentially concerning lev-
els of anxiety.

STAI consists of two scales with 20 items each. The first 
scale investigates the state anxiety, while the second one 
explores the trait anxiety [81]. This scale has been validated 
in pwMS and can be a useful tool to measure the severity of 
anxiety. To identify high levels of state and trait anxiety in 
pwMS, Santangelo et al. [84] proposed three screening cut-
off values (1, 1.5 and 2 standard deviations above the mean 
for both scales), that can be differently used depending on 
the aim. In this study, STAI showed good internal consist-
ency, with Cronbach’s alpha values > 0.9 (similar to previous 
validation studies, 0.86 for high school students).

GAD-7 is 7-items self-report scale to screen for general-
ized anxiety disorder. Each item is scored from 0 to 3, so the 
total score ranges from 0 to 21 [82]. To identify generalized 
anxiety disorder, Spitzer et al. [82] proposed a score of 10 
as a reasonable cut-off (89% sensitivity and 82% specificity). 
In the same study, 5, 10, and 15 were considered as scores to 
indicate mild, moderate, and severe levels of anxiety. Terrill 
et al. [85] demonstrated good reliability and internal validity 
(Cronbach alpha 0.75) of the GAD-7 in MS.

PROMIS-A [30, 31] is a self-report scale to investigate 
anxiety symptoms “in the past seven days”. Each item has 
5 answer options ranging from 1 (never) to 5 (always). The 
raw scores on each item should be summed to obtain a total 
raw score. On T-score conversion table, the total raw score 
is associated with the total T-score used to evaluate sever-
ity of anxiety. In pwMS, Senders et al. [86] evaluated the 
feasibility and validity of PROMIS in detecting an anxiety 
syndrome and compared this scale to BDI, STAI, Modified 
Fatigue Impact Scale (MFIS) and Medical Outcomes Study 
Pain Effects Scale (PES), referring to the anxiety subscales. 
Good validity of PROMIS was shown for anxiety (p = 0.09) 
but also for depression (p = 0.08). Marrie et al. [87], inves-
tigated the validity and reliability of some anxiety scales in 
pwMS (HADS, PROMIS, GAD-7, OASIS). They identified 
that HADS-A was the test with highest sensitivity (82% with 
a cut-off of 8). In the above reported anxiety scales, specific-
ity ranged from 83 to 86% (except for 68% of the HADS-A).

Clinical aspects of MS‑related anxiety

Anxiety syndrome in MS is related to female gender (among 
people with relasping remitting MS, women are more anx-
ious than men), younger age (pwMS with age between 15 
and 24 years have higher levels of anxiety while pwMS 
older than 65 years have lower levels of anxiety) [45], time 
since MS onset (in particular, there is a significant correla-
tion between non-somatic symptoms of anxiety and recent 
diagnosis of MS and between somatic symptoms and longer 
time since MS onset) [88].

MS diagnosis could be a risk factor to develop anxiety, 
indeed the prevalence of self-reported anxiety symptoms at 
time of MS onset is 2.7%, while it becomes 6.2% by the time 
of MS diagnosis [89].

There is a possible correlation between anxiety syndrome 
and cognitive impairment in MS, and several studies inves-
tigated this aspect [89–92]. Anxiety is associated to worse 
performance on objective cognitive evaluation, in particu-
lar, executive functioning, visual memory, and information 
processing speed could be hampered by anxiety [90–93].

Although several study investigated anxiety symptoms in 
pwMS, few studies on MS underlined a distinction between 
state and trait anxiety [84–93]. As already mentioned, STAI 
is the scale that distinguishes these types of anxiety in MS 
[84]. Goretti et al. [93] underlined a correlation between 
state anxiety (measured with STAI) and failure at the Sym-
bol Digit Modalities Test (p = 0.042), and at the Paced Audi-
tory Serial Auditory Test-3 (p = 0.068); therefore, in pwMS 
state anxiety may worsen performance on attention and 
information processing speed tasks.

Magnetic resonance imaging of MS‑related anxiety

In pwMS, MRI features of anxiety have not been studied so 
extensively as those of depression (Table 2).

In a study on 95 pwMS, 97 people with chronic rheuma-
toid disease and 110 HCs, Zorzon et al. [72] did not find 
any correlation neither between anxiety and LL nor between 
anxiety and brain volume.

In a study on 37 people with CIS suggestive of MS, Di 
Legge et al. [73] showed no correlation neither between 
baseline scores for anxiety and T1- and T2-LL nor between 
anxiety and volume and number of Gadolinium enhancing 
lesions detected at monthly brain MRI during the first six 
months of follow-up.

The anatomic substrate of anxiety in the general popula-
tion was investigated with non-conventional MRI to cor-
relate anxiety with the involvement of several brain regions.

In people with generalized anxiety disorder (GAD), 
Zhang et al. detected by DTI an increased FA in the amyg-
dala [94] and in the postcentral gyrus [95], while other 
authors identified a reduced FA bilaterally in the uncinate 
fasciculus, inferior fronto-occipital fasciculus, inferior lon-
gitudinal fasciculus, anterior thalamic radiation and corona 
radiate, in the body of corpus callosum [96, 97].

In people with GAD, a RS-fMRI study identified an intra-
amygdala connectivity abnormality (basolateral and centro-
medial subregions connectivity patterns were significantly 
less distinct compared to HCs) and altered frontoparietal 
executive control network (significantly increased connec-
tivity between dorsolateral prefrontal cortex and amygdala, 
compared to HCs) [98].
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Table 2  Magnetic resonance imaging of MS-related anxiety syndrome and in generalized anxiety

*Except for Di Legge et al. [73], that considered clinically isolated syndrome (CIS) suggestive of MS
Magnetic resonance imaging (MRI); anxiety (A); anxiety syndrome (As); people with generalized anxiety disorder (pwGAD); people with panic 
disorder (pwPD); lesion load (LL); gray matter (GM); fractional anisotropy (FA); functional connectivity (FC); white matter (WM); Hamilton 
Anxiety Rating Scale (HAM-A); Beck Anxiety Inventory (BAI)

MRI changes in pwMS-As Correlation between MRI findings and clinical aspects in pwMS-As*

Zorzon et al. [72] No correlation between A and LL
No correlation between A and brain volume

Di Legge et al. [73] No correlation between baseline scores for A and T1- and T2-LL
No correlation between A and volume and number of Gd + lesions detected at 

monthly brain MRI during the first six months of follow-up
MRI changes in pwGAD Correlation between MRI findings and clinical aspects in pwGAD

Zhang et al. [95]
Zhang et al. [94]

↑FA in
 amygdala
 postcentral gyrus,

Liao et al. [96]
Wang et al. [97]

↓ FA bilaterally in
 uncinate fasciculus,
 inferior fronto-occipital fasciculus,
 inferior longitudinal fasciculus,
 anterior thalamic radiation
 corona radiate,
 in the body of corpus callosum

Etkin et al. [98] Intra-amygdala connectivity abnormality:
↓ FC in basolateral and centromedial 

subregions
Frontoparietal executive control network 

abnormality:
↑ connectivity between dorsolateral 

prefrontal cortex and amygdala
Qiao et al. [99] ↑ FC in

 left amygdala,
 right insula,
 right putamen,
 right posterior cingulate cortex,
 right thalamus,
↓ FC in
 left middle frontal gyrus,
 right superior frontal gyrus,
 left middle temporal gyrus,
↓ FC
Between the middle frontal gyrus and 

amygdala and putamen,
between the putamen and right superior 

frontal gyrus (via the thalamus)

FC in the left amygdala and the anxiety severity (measured with HAM-A)

s MRI changes in pwPD Correlation between MRI finding and clinical aspects in pwPD
Sobanski, et al. [100]
Asami et al. [101]
Lai et al. [102]

↓ GM volume in:
 medial prefrontal,
 inferior frontal
 orbitofrontal cortex

Han et al. [103] ↑ FA in
 left anterior cingulate regions
 right posterior cingulate regions

Clinical severity of PD (at PD Severity Scale) and WM connectivity in the 
left anterior and right posterior cingulate regions

Lai et al. [104] ↓ FA in
 right inferior fronto-occipital fasciculus,
 left superior longitudinal fasciculus,
 left body of the corpus callosum

Kim et al. [105] ↓ FA in
 frontal WM
 corpus callosum

FA in the frontal WM and corpus callosum and clinical severity at BAI
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Qiao et  al. [99] pointed out in people with GAD, 
increased FC in the left amygdala, right insula, right puta-
men, right posterior cingulate cortex, right thalamus, and 
decreased FC in the left middle frontal gyrus, right supe-
rior frontal gyrus, and left middle temporal gyrus, a weaker 
connectivity between the middle frontal gyrus and amyg-
dala and putamen, between the putamen and right superior 
frontal gyrus (via the thalamus). Moreover, in people with 
GAD, there is a significant positive correlation between the 
anxiety severity (measured with HAM-A) and the FC in the 
left amygdala (r = 0.80, p < 0.001).

In people with panic disorder, some authors reported the 
reduction of GM volume in the medial prefrontal, inferior 
frontal and orbitofrontal cortex [100–102].

In people with panic disorder, compared to HCs, Han 
et al. [103] identified by DTI, significantly increased FA in 
the left anterior and right posterior cingulate regions, and 
a positive correlation between clinical severity (measured 
with Panic Disorder Severity Scale) and WM connectivity of 
these regions; Lai et al. [104] reported a decreased FA in the 
WM tracts of the right inferior fronto-occipital fasciculus, 
left superior longitudinal fasciculus, and left body of the 
corpus callosum. Furthermore, tract-based spatial statistics 
analysis showed decreased FA (positively correlated with 
clinical severity at BAI) in the frontal WM and corpus cal-
losum [105].

The link between anxiety occurrence in pwMS and 
WM pathology, either focal or diffuse, should be further 
investigated.

Bipolar syndrome

In pwMS, the prevalence of bipolar syndrome (BS) ranges 
from 0% to 16.2% [20]; Marrie et al. estimated an age-stand-
ardized prevalence of 5.83% (95% CI 5.01–6.65%) for BD 
in pwMS and of 3.45% (95% CI 3.17–3.73%) in the general 
population (PR 1.70; 95% CI 1.55–1.87) [24].

The Mood Disorder Questionnaire (MDQ) is widely 
used to screen patients most likely to have bipolar disor-
ders and, although not validated in MS, based on clinical 
experience, it may also be used to evaluate BS in pwMS. 
It is a self-report questionnaire to screen a lifetime history 
of bipolar spectrum disorder symptoms, derived from the 
DSM-IV criteria. The first question (with 13 items) asks 
the presence of symptoms or behaviors of bipolar disorders 
in a period of time, the second question asks if some of the 
symptoms occurred together during the same period of time, 
the third evaluates the impact of bipolar behaviors on daily 
life. Screen for Bipolar Spectrum Disorder is considered 
positive when patients answer “Yes” to ≥ 7 items of the first 
question; “Yes” to the second question; and “Moderate” or 
“Serious” to the third question. This screening score was 

chosen for its good sensitivity (0.73, 95% CI 0.65–0.81) and 
good specificity (0.90, 95% CI 0.84–0.96) [106, 107].

As bipolar mood symptoms in pwMS may be subtle, the 
Hypomania Checklist (HCL-32) [108] might be the more 
reliable instrument (although not yet validated in MS); 
indeed, recent meta-analyses [109, 110] found that HCL-32 
is one of the most accurate assessments available for detect-
ing hypomania, The scale includes a checklist of 32 possible 
symptoms of hypomania, each rated yes or no. The rating 
"yes" would mean the symptom is present or this trait is 
"typical of me," and "no" would mean that the symptom is 
not present or "not typical" for the person. In the validation 
study, the cut-off value of 14 distinguished between unipo-
lar and bipolar conditions with a sensitivity of 80.1% and a 
specificity of 51.4%.

Correlation between BS and MS is not clear, but there is 
a possible link between MS diagnosis and risk of BS onset. 
The topic about bipolar disorder association with some auto-
immune diseases is discussed, and not clear [111].

There are some hypotheses concerning the comorbid-
ity of MS and bipolar disorders; one hypothesis is that the 
disease itself may cause psychiatric manifestations, while 
another hypothesis suggests that both diseases have a com-
mon underlying pathophysiological process [112]. Increased 
oxidative stress plays an important role in the pathogenesis 
of both MS [113]) and bipolar disorders [114], furthermore, 
demyelinating lesions of pwMS occur in areas of the brain 
that regulate the affective functioning, emotions, and pleas-
ure involved in bipolar disorders [115].

Marrie et al. reported a prevalence of 0.5% of BS at time 
of MS onset and a 1% at the time of MS diagnosis [87].

PwMS with family history of bipolar disorders have 
major probability of BS development, and some authors 
suggested a possible genetic susceptibility for both diseases 
[116–118]. Some drugs used for acute relapse and some 
symptomatic treatments in MS (corticosteroid, baclofen and 
psychoactive substances) may trigger the onset of bipolar 
symptoms [109–121]. Therefore, it becomes mandatory to 
identify pwMS at potential risk of developing BS, to cor-
rectly associate the symptomatic treatment to DMT.

Magnetic resonance imaging of bipolar disorders 
in the general population

Many studies investigated the anatomic substrate of bipolar 
disorders in the general population with Positron Emission 
Tomography [122], post-mortem identification of inflamma-
tory biomarkers [123] and MRI [124–129], but only a few 
compared MRI abnormalities between bipolar disorders and 
MS [130] (Table 3).

At conventional brain MRI, people with bipolar disorders 
(pwBD) show no-specific abnormalities such as ventricular 
enlargement, sulcal prominence and T2 signal hyperintensities. 
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Several MRI studies investigated about hyperintensities loca-
tion in pwBD identifying these signal abnormalities especially 
in deep WM and subcortical GM, in particular in the fron-
tal region; other ones investigated only periventricular WM 
[124–126].

In pwBD, using DTI, some authors identified specific 
WM abnormalities, especially in the fronto-temporal regions 
(increased mean diffusivity in the right posterior frontal and 
bilateral prefrontal regions), and increased FA in the inferior, 
middle—temporal and middle—occipital regions [127].

In pwBD (compared to HCs) Bruno et al. [128] reported 
by magnetization transfer imaging (MTI) a reduced MT ratio 
in the anterior cingulate and subgyral WM without significant 
volumetric differences at voxel-based morphometry (VBM). In 
the corpus callosum of pwBD, other authors found a decreased 
FA in the genu, body and splenium and in the superior and 
anterior corona radiata, compared to HCs [129].

Using DTI, Piaggio et al. [130] reported WM changes in 
the corpus callosum both in pwBD and in pwMS without 
BS, with an opposite pattern in spatial distribution: a greater 
involvement of the anterior region in pwBD and of the pos-
terior region in pwMS without BS.

In pwMS with BS, WM abnormalities, functional changes 
and microstructural damage should be investigated with MRI 
advanced techniques to evaluate the morpho-structural cor-
relations between BS and MS. Ventricular enlargement, WM 
abnormalities, corpus callosum involvement demonstrated in 
pwBD without MS suggest that brain atrophy, WM plaques, 
and corpus callosum pathology occurring in pwMS may be 
considered as a pathological substrate triggering BS onset.

Schizophrenic syndrome

The prevalence of a schizophrenic syndrome (SCZ) in MS 
ranges from 0 to 7.4% [20]; it has been reported in 0.06% 
of pwMS at MS onset and in 0.08% at MS diagnosis [89].

Etiological and pathogenic mechanisms remain unclear 
for both MS and schizophrenia in the general population, 
and the correlation between these two diseases need to be 
clarified. However, some authors identified many similarities 
between these diseases: the age of onset (in young adults), 
clinical course (with periods of remission and exacerbation), 
immunological variations (proinflammatory immune state) 
[131, 132].

Magnetic resonance imaging in schizophrenia 
(Table 4)

Although no MRI specific studies in pwMS with SCZ are 
reported, the occurrence of psychotic symptoms in MS, has 
been reported in patients with the involvement of periven-
tricular WM, around the temporal horn [133].

A meta-analysis underlined the association between 
schizophrenia and abnormalities of GM (reduced volume 
of bilateral insula/inferior frontal cortex, superior tempo-
ral gyrus, anterior cingulate gyrus/medial frontal cortex, 
thalamus and left amygdala), and WM (decreased FA in 
interhemispheric fibers, anterior thalamic radiation, infe-
rior longitudinal fasciculi, inferior frontal occipital fasciculi, 
cingulum and fornix). The authors, considering epidemio-
logical and clinic feature of schizophrenia, underlined that 
chronic illness was associated with both severe GM and WM 
abnormalities, male gender and negative symptoms only 
with more severe GM loss [134].

Bagary et al. [135] performed an MTI study in patients 
with first-episode of schizophrenia and detected (when com-
pared to HCs) a reduced MT ratio bilaterally in the medial 
prefrontal cortex (right greater than left), insula (left greater 
than right), and WM incorporating the fasciculus uncinatus 
(left greater than right).

In addition, Watson et al. [136] studied patients with 
first-episode of schizophrenia, with VBM methods, and 

Table 3  Comparison of 
magnetic resonance imaging 
findings in people with bipolar 
disorders

MRI magnetic resonance imaging, pwBD people with bipolar disorders, HCs healthy controls, pwMS peo-
ple with multiple sclerosis, FA fractional anisotropy, MD mean diffusivity, RD radial diffusivity, WM white 
matter, MT magnetization transfer, VBM voxel-based morphometry

MRI changes in pwBD (compared to HCs)

Bruno et al. [128] ↑ MD in the right posterior frontal and bilateral prefrontal regions,
↑ FA in the inferior, middle-temporal and middle–occipital regions

Bruno et al. [128] ↓ MT ratio in the anterior cingulate and subgyral WM
without significant volumetric differences at VBM

Lagopoulos et al. [129] ↓ FA in the genu, body and splenium of corpus callosum
↓ FA in the superior and anterior corona radiata
MRI changes in pwBD (manic phase) and in pwMS (compared to HCs)

Piaggio et al. [130] In pwBD → ↓FA, ↑MD and RD in corpus callosum, decreasing trend of 
DTI alterations from the genu to the body and to the splenium

In pwMS → ↓FA, ↑MD and RD in corpus callosum, increasing trend of 
DTI alterations from the genu to the body and to the splenium
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identified cortical GM reduction in hippocampus, thala-
mus and striatum and cerebellum.

A recent study of tractography investigated WM abnor-
malities in the brain of 122 patients with schizophrenia, 
compared to 129 HCs, using public neuroimaging data 
from SchizConnect. The authors identified significant 
radial diffusivity (RD) and trace increases in left thalamo-
occipital tracts and the right uncinate fascicle, and a sig-
nificant RD increase in the right middle longitudinal fas-
cicle and the right superior longitudinal fascicle in patient 
with schizophrenia [137].

Using the blood-oxygenation-level-dependent (BOLD) 
fMRI at 7 Tesla, Hua et  al. identified FC alterations 
between thalamus and some brain areas (impaired con-
nectivity to the prefrontal cortex and the cerebellum, and 
enhanced connectivity to the motor/sensory cortex), sig-
nificantly correlated with the disease duration [138].

Although schizophrenia is not characterized by focal 
abnormalities of WM such as in MS, some studies under-
lined the possible role of WM in schizophrenia: e.g. a 
dysregulation of myelin-associated gene expression, 
reduction in oligodendrocyte numbers, and ultrastructural 
abnormalities of myelin sheaths [139].

Future studies considering these findings may be 
important to explain a possible link between schizophre-
nia and MS.

Obsessive–compulsive syndrome

The prevalence of obsessive–compulsive syndrome (OCS) 
in MS is 8.6%, compared to 2.5% in the general popula-
tion [140].

The pathogenesis of the obsessive–compulsive disorder 
is unknown, though some authors speculated that, in addi-
tion to genetic factors, autoimmune mechanisms may play 
an important role in the development of this disease [141], 
thus making possible a pathogenetic link between the two.

Magnetic resonance imaging in obsessive–
compulsive disorder (Table 5)

In primary obsessive–compulsive disorder patients, MRI 
studies revealed structural and functional abnormalities in 
the fronto-striato-thalamic circuitry [142].

Using DTI, a significantly increased FA in the genu 
and body of corpus callosum and WM of right superior 
frontal gyrus and corpus callosum was detected in obses-
sive–compulsive disorder patients, compared to HCs 
[143].

Moreover, significant decreased FA in orbitofrontal and 
dorsolateral prefrontal projections of the corpus callosum 

Table 4  Magnetic resonance imaging findings in people with schizophrenia

MRI magnetic resonance imaging, pwS people with schizophrenia, HCs healthy controls, GM gray matter, FC functional connectivity, WM white 
matter, MT magnetization transfer, RD radial diffusivity

MRI changes in pwS (compared to HCs) Correlation between MRI finding and clinical aspects in pwS

Bagary et al. [135] ↓ MT ratio bilaterally in:
 medial prefrontal cortex (right > left),
 insula (left > right),
↓ MT ratio WM in the fasciculus uncinatus 

(left > right)
Watson et al. [136] ↓ cortical GM in:

 hippocampus,
 thalamus,
 striatum,
 cerebellum

Joo et al. [137] ↑ RD in
 left thalamo-occipital tracts,
 right uncinate fascicle,
 right middle longitudinal fascicle,
 right superior longitudinal fascicle

Hua et al. [138] ↓ FC between thalamus and prefrontal cortex 
and the cerebellum,

↑ connectivity between thalamus and motor/
sensory cortex

FC alterations between thalamus and some brain areas (prefrontal 
cortex, cerebellum, motor/sensory cortex) significantly correlated 
with the disease duration
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has been reported in obsessive–compulsive disorder 
patients, compared to HCs [144].

A meta-analysis underlined that obsessive–compulsive 
disorder patients have increased WM volume and FA in 
the parallel right thalamic radiation and cortico-spinal 
tract through the internal capsule; increased WM volume 
but decreased FA in anterior body of corpus callosum and 
cingulum bundle, middle longitudinal fasciculus, inferior 
fronto-occipital fasciculus, forceps major of the corpus 
callosum, arcuate fasciculus and superior longitudinal fas-
ciculus; decreased WM volume but increased FA in the 
crossing of right superior longitudinal fasciculus, cortico-
spinal tract, frontal aslant tract and anterior body of the 
corpus callosum; and decreased WM volume and FA in 
right superior longitudinal fasciculus [145].

Christopher et  al., with a VBM method, showed a 
significant increase of more GM in the thalami, left 
orbitofrontal and right dorsolateral prefrontal cortex in 
obsessive–compulsive disorder patients without major 
depression, compared to HCs. The involvement of the 
latter two areas was related to worse symptoms severity 
[146].

Dysfunctional brain network interactions during work-
ing memory task have been recently demonstrated in 
young patients (mean age is 17.3) with obsessive–com-
pulsive disorder, compared to age-matched HCs; increased 
dorsal anterior cingulate cortex (dACC) modulation of 
cortical, striatal, and thalamic regions was evident during 
working memory and maintained regardless of working 

memory demand suggesting that these interactions may 
be related to a combination of network inefficiencies and 
dACC hyper-activity [147].

In a meta- and mega-analyses comprising the larg-
est study of cortical morphometry in about 1900 obses-
sive–compulsive disorder patients compared to HCs, 
Boedhoe et al. showed that the parietal cortex is consist-
ently implicated in both adults and children with obses-
sive–compulsive disorder. Particularly, widespread corti-
cal thickness abnormalities (mainly temporal and inferior 
parietal cortices) were found in medicated adult obses-
sive–compulsive disorder patients, and more pronounced 
reduction surface area (mainly in frontal regions) were 
found in medicated pediatric obsessive–compulsive disor-
der patients, thus showing distinct morphological features 
in different stages of development and illness, that may be 
moderated by medication [148].

Using a VBM analysis, Tinelli et al. [149] demonstrated 
a reduced GM volume in the right inferior temporal gyrus, 
in the middle temporal gyrus and in the inferior frontal 
gyrus in pwMS with OCS, compared to pwMS without 
any psychiatric disturbance; contrariwise, at tract-based 
spatial statistics, they did not identify any difference in FA 
between these two groups.

The widespread involvement of WM in primary obses-
sive–compulsive disorder let suppose that WM pathology 
in pwMS may be the pathological substrate of such psy-
chiatric disturbance.

Table 5  Magnetic resonance imaging findings in people with of obsessive–compulsive disorder

MRI magnetic resonance imaging, pwOCD people with obsessive–compulsive disorder, OCS obsessive–compulsive syndrome, HCs healthy 
controls, GM gray matter, WM white matter, dACC  dorsal anterior cingulate cortex, FA fractional anisotropy

MRI changes in pwOCD (compared to HCs)
 Christopher et al. [146] ↑ GM in

 thalami,
 left orbitofrontal cortex
 right dorsolateral prefrontal cortex

 Li et al. [143] ↑ FA in the genu and body of corpus callosum and WM of right superior frontal gyrus and 
corpus callosum

 Oh et al. [144] ↓ FA in orbitofrontal and dorsolateral prefrontal projections of the corpus callosum
 Diwadkar et al. [147] ↑ dACC modulation of cortical, striatal, and thalamic regions, during working memory tasks
 Boedhoe et al. [148] In adult pwOCD:

↓ transverse temporal cortical surface area
↓ inferior parietal cortical thickness
In pediatric pwOCD:
↓ inferior and superior parietal cortices

MRI changes in pwMS with OCS (compared to pwMS without any psychiatric disturbance)
 Tinelli et al. [149] ↓ GM volume in

 right inferior temporal gyrus,
 middle temporal gyrus
 inferior frontal gyrus;
No difference in FA between these two groups
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Temperament and association with mood 
disorders

Recently, Özkan et al. [150] investigated the affective tem-
peraments of pwMS by the Temperament Evaluation of 
Memphis, Pisa, Paris, and San Diego-Autoquestionnaire 
(TEMPS-A) tests; they also explored pwMS for hypomanic 
and bipolar disorders, respectively, with the HCL-32 
[108], the MDQ and evaluated possible association with 
clinical and demographic characteristics. Higher MDQ 
and TEMPS-A hyperthymic scores were found in relaps-
ing remitting versus secondary progressive pwMS. They 
suggested that, because previous studies reported a higher 
hyperthymic temperament in pwBD [151], considering the 
episodic course of illness in bipolar disorders, rather than 
chronic progressive symptoms, and that temperament is a 
subclinical liability in mood disorders, bipolarity might be 
specifically related to relapsing remitting MS rather than 
progressive MS.

Conclusion

This review reports epidemiological, clinical evaluation 
tools and neuroradiological features of PS in pwMS (as 
part of the disease) and in people with primary psychiatric 
disorders. Considering the relevant influence of psychiat-
ric symptoms in worsening cognitive performance, QoL, 
physical disability, fatigue, sleep quality and adherence to 
DMTs, early diagnosis and treatment of PS in pwMS are 
beneficial to improve the QoL of pwMS and their care-
givers, the adherence to therapy and, as a consequence, 
the outcome of both MS and PS.

Depressive and anxiety syndrome are the most com-
mon PS in MS playing an important role in pwMS life, 
therefore, they have been more extensively investigated. 
However, other PS, even more impacting on QoL, such as 
OCS, SCZ and BS may affect pwMS.

Some radiological studies about primary psychiatric 
disorders are reported to underline how GM atrophy, WM 
abnormalities and corpus callosum involvement in these 
diseases, as features in common with MS, might possibly 
explain the more frequent occurrence of PS in MS.

In pwMS MRI aspects of OCS, SCZ and BS have not 
been studied so extensively as those of the depressive syn-
drome; future investigations should point to detect the pos-
sible causative role of MS in triggering PS.
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