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Theory of mind in chronic migraine
with medication overuse assessed
with the MASC
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Roberto De Icco™?, Tomaso Vecchil3, Cristina Tassorelli? & Elena Cavallini*

Theory of Mind (ToM) is the ability to infer one’s own and others’ mental states. Growing research
indicates that ToM is impaired in Chronic Migraine with Medication Overuse (CM + MO). However,
the research in this field has been conducted using static scenario-based tasks, often failing to test
mentalization in everyday situations and measuring only performance accuracy. We filled this gap
by administering the Movie for the Assessment of Social Cognition (MASC) to subjects with CM + MO
compared to episodic migraine (EM). This test allows us to assess both affective and cognitive ToM and
which, in addition to being accurate, also analyzes the type of error in attribution of mental states,
distinguishing between hypo-mentalization and hyper-mentalization. Thirty patients suffering from
CM + MO and 42 from EM were enrolled. Results showed that CM + MO patients were less accurate

in mental state attribution than EM. In addition, compared to EM, CM + MO individuals were more
impaired in the affective ToM dimensions and committed more errors of hypo-mentalization.

In conclusion, the application of MASC in patients with CM + MO allowed for the detection of an
alteration in their ability to correctly draw conclusions about other people’s mental states. This
latter contributes critically to appropriate social reactions and also, possibly, to satisfactory social
interactions.
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Migraine is known to represent one of the most disabling neurological disorders'. In most cases, attacks recur
episodically (episodic migraine, EM), however in a small but relevant portion of patients, migraine acquires
a chronic pattern (chronic migraine, CM) with at least 15 monthly headache days for at least 3 months, often
associated with overuse of acute medications (MO)?. Current evidence suggests that, in addition to socio-demo-
graphic/lifestyle habits and medical history factors?®, psychological aspects may also play a relevant role in the
transformation of EM into CM, in particular in the case of MO. CM/CM + MO is indeed strongly associated
with psychopathologies, including dependence, anxiety, depression, and personality disorders*'?, along with
childhood trauma, life events, and alexithymia''~**. Importantly, comorbid psychopathologies bear a negative
prognostic value in both the outcome of migraine and its response to treatments*'*'¢. In addition to the well-
known overlap between psychopathological comorbidities and CM + MO, scientific research interest is directed
toward identifying all factors related to this complex clinical condition. According to the biopsychosocial model,
there is a complex interrelationship between biological, psychological, and psychosocial vulnerabilities that
mutually influence each other'. In other words, diversity in the expression of migraine, including severity, dura-
tion, and impact, results not only from the patient’s biological characteristics, but also from the interaction with
psychological state and social context, which can shape perceptions and response to the disease's.

Regarding social context, evidence suggests that migraine is a burdensome disease associated with many
psychosocial difficulties—including social functioning'®. Recent studies involving this clinical population have
investigated those social cognitive abilities that underline social interactions, that is the mental operations that
allow one to decipher information about the intentions and affective states of social interlocutors®. Among
these social cognitive skills, Theory of Mind (ToM), the ability to infer one’s own and others’ mental states 2!, is
fundamental to guide social interactions as people’s mental states determine their actions??. ToM is characterized
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by two main aspects: cognitive and affective 2*?*. Cognitive ToM is the ability to make inferences on others’
thoughts and beliefs, whereas affective ToM is the individual’s ability to make inferences on emotions and feelings.

As far as we know, ToM is a component of social cognition which is of concern in CM/CM + MO, as recent
research in this area has shown mentalization deficits in this population. For instance, Bouteloup®, when com-
paring patients with severe EM and CM with healthy controls (HC), found difficulties in social and emotional
cognition in the clinical populations. Raimo®® explored the neuropsychological correlates of ToM and found
that CM patients had difficulties in the cognitive dimension involved in inferring the mental states of others.
Romozzi*” compared CM + MO, EM, and HC with regard to the recognition of complex emotions, knowledge
of one’s own and others’ mental states, and levels of alexithymia, and found impairment in all dimensions in
CM +MO. Bottiroli et al. *® have recently compared CM + MO patients to EM and HC in many aspects of social
cognition, including abilities, beliefs, traits, and social relationships. What they found was that the two migraine
groups performed similarly—and worse than HC—in terms of socio-cognitive abilities, but the CM + MO was
more impaired in the affective dimension of ToM.

Two main considerations could be drawn from these investigations. Firstly, most ToM studies in this field
have been conducted using static scenario-based tasks, such as stories grounded in false belief or faux pas
understanding®?%?., One or more characters are presented with limited contextual information and participants
must infer the mental states of the character presented. Photographs of the ocular region of the face were also
used®~?8. Although these tasks are very useful in understanding ToM functioning, they often fail to truly test
the ability to mentalize in a manner similar to that which occurs daily in real life. More specifically, these tasks
lack ecological validity in that they require participants to use their ToM skills in static situations that are over-
simplified, often unimodal (verbal or visual), based on few indicators or cues, and, finally, very different from
real-life situations. Secondly, typical ToM tasks are able to capture only the presence or absence of mentalizing
when evaluating right or wrong answers. However, beyond a complete lack of ToM, there are multiple ways in
which mentalizing can go awry. Hence, other categories of mentalizing should be considered: less ToM (hypo-
mentalizing) and excessive ToM (hyper-mentalizing). The relevance of this differentiation is supported by dif-
ferent patterns of difficulties which emerge in different clinical conditions*. For instance, autistic-spectrum
and psychotic-spectrum conditions such as schizophrenia represent two diametrically opposite phenotypes of
disorders of social cognition, which is underdeveloped in autistic-spectrum conditions and hyper-developed on
the psychotic spectrum?®. In particular, autism-spectrum disorder is characterized by poor ToM performance and
impairments in the reasoning of intentions and emotions that highlight social conventions®. By contrast, ToM
deficits increase in severity along the psychotic spectrum, with schizophrenia exhibiting impaired, inflexible, or
extreme inferences regarding social cues and over-attribution of mental states and intentions®.

With all these assumptions in mind, the present study aimed to evaluate ToM in CM + MO compared to EM
using the Movie for the Assessment of Social Cognition (MASC?), a task consisting of the presentation of a
15-min video clip of social interactions close to real life encounters in which participants are asked to identify and
attribute mental states online. The reason for choosing to use this task is threefold. First, it allows an ecologically
valid assessment of social interactions in everyday life, as it is a dynamic task that combines verbal and visual
content. Second, this ecological task assesses two different aspects of ToM, namely affective ToM and cognitive
ToM, thus assuring a more complete assessment. Cognitive ToM involves the representation of thoughts, inten-
tions or beliefs, whereas affective ToM is the representation of feelings***. Third, in addition to accuracy scores,
the MASC allows for the examination of the type of errors made in the misattribution of mental states to others,
distinguishing between hypo-mentalization (under-attribution of intentions to others) and hyper-mentalization
(over-attribution of intentions to others). According to our previous findings®, our hypothesis is that CM + MO
patients are characterized by a marked impairment in the affective component of the MASC that differentiate
them from EM. This hypothesis is also supported by previous evidence showing that affective ToM versus cogni-
tive ToM may be particularly impaired in unipolar depression®”*, a condition that is particularly recurrent in
CM +MO™. As error types, since no previous studies have been conducted on CM + MO, it is difficult to draw
definitive hypothesis in the field of this clinical population. However, if we consider that patients with CM/
CM + MO are typically characterized by alexithymia and difficulties in terms of emotional awareness''-"3, it could
be hypothesized that they are more prone to making errors characterized by reduced mental state attributions,
i.e., hypo-mentalization. Similarly, patients with depression assessed with this same task were also found to be
characterized by a tendency to hypo-mentalization®”. Because this is the first study using MASC in CM + MO,
we also administered a classic ToM task, widely used in previous research in this population®-%%, the Reading
the Mind in the Eyes (RMET*).

Methods

Participants

This is a cross-sectional case—control study conducted at the Headache Science and Neurorehabilitation Center
(a tertiary referral center) of the C. Mondino Foundation in Pavia, Italy. We enrolled consecutive patients with
stable EM (duration > 10 years) and patients with CM + MO for at least one year. An expert neurologist verified
the eligibility criteria during the recruitment process based on history, headache diaries, and neurological evalu-
ation (see below for inclusion and exclusion criteria). Participants completed a vocabulary test (drawn by the
Primary Mental Abilities test)*! as a cognitive control variable of semantic knowledge. The study was approved
by the Ethics Committee of San Matteo Hospital (Pavia, Italy) and written informed consent was obtained from
all patients. The protocol followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines for cross-sectional investigations*.
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CM + MO patients
Inclusion criteria were: (a) age > 18, <65 years, (b) fulfillment of ICHD-III criteria for CM and for MO?, (c) onset
of CM before 50 years of age. Exclusion criteria were: (a) dementia, (b) psychosis, and (c) mental retardation.

EM patients

Inclusion criteria were: (a) age> 18, <65 years, (b) fulfillment of ICHD-III criteria for migraine with or without
aura?, (c) migraine duration > 10 years, (d) no previous history of CM. Exclusion criteria were: (a) dementia, (b)
psychosis, and (c) mental retardation.

Procedure

Each consultation was performed by a headache expert that diagnosed the headache type and collected socio-
demographic data and migraine characteristics. Participants also underwent an individual session of testing
with a psychologist, lasting about 90 min, during which they completed ToM tasks and filled out self-report
questionnaires, as reported below.

Measures

ToM abilities

The MASC® (Italian validated version*’) is a video-based test assessing ToM ability in a comprehensive and
more ecological way than traditional ToM tasks. It consists of a 15-min movie about four characters (two women
and two men) meeting together to cook, dine, and play. Participants are required to answer 45 multiple-choice
questions about the characters’ emotions, thoughts, and intentions. Of the 45 multiple-choice questions, 18
questions measure emotional and feelings states (i.e., affective ToM; e.g., “What is X feeling?”) and 27 questions
measure thoughts and intentions (i.e., cognitive ToM; e.g., “What is X thinking/intending?”). Participants were
provided with four response options: (1) an accurate ToM response, (2) an excessive-ToM response that refers
to a hyper-mentalizing error, (3) a reduced-ToM response that refers to a hypo-mentalizing error, and (4) a no-
ToM (no mentalizing) response. In addition, participants were provided with 6 control questions concerning
non-mental details depicted in the video to account for memory and general comprehension abilities (e.g., “How
was the weather on that evening?”).

Different scores were derived from this task. The MASC-Mental total score was calculated as the total number
of correct responses to all ToM questions. Moreover, following the purpose of the present study, we calculated
scores separately for the total number of correct responses for the affective items (MASC-Affective) and cognitive
items (MASC-Cognitive). Furthermore, for each affective and cognitive item, we calculated, respectively, three
error scores assessing inadequate mental state inferencing: (a) hyper-mentalizing; (b) hypo-mentalizing; (c) no
mentalizing. Finally, we calculated the MASC-control score assessing non-social inferencing as the total number
of correct responses to all control questions. All scores were transformed into percentages.

The RMET* consists of 36 black-and-white photographs of the eye-region of the face, depicting a specific
mental state. This test was employed to assess the ability to infer the affective mental states of other people (i.e.
affective components of ToM). Participants were required to choose which one among four adjectives best
described what the person in the photograph was feeling. The task also consists of a gender-recognition control
test, in which participants were asked to judge the gender of the person in each of the 36 photographs.

Psychological and quality of life assessment

Levels of depression and anxiety were evaluated using the Hospital Anxiety and Depression Scale (HADS)*,
whereas quality of life was assessed using the World Health Organization Quality of Life Brief Version
(WHOQOL-BREF)*.

Statistical analyses

Performance on the MASC was considered as the primary outcome. The sample size was calculated on this out-
come, showing that a total of 64 participants was needed to discover a medium-sized effect having an f-squared
of 0.15, with 0.80 statistical power and a=0.05 in Multivariate analysis of variance (MANOVA).

Data are presented as means + SD for continuous data and % for frequency data. One-way analysis of vari-
ance (ANOVA) and ? tests were conducted to compare groups on demographic variables. Multivariate analy-
sis of variance (MANOVA) was performed on ToM measures with MASC and RMET scores as dependent
variables and diagnosis (CM + MO vs. EM) as factor. When analyzing RMET and MASC scores, we took into
consideration semantic knowledge (measured by a vocabulary test) as a cognitive control variable. This has
been linked to improved performance in ToM abilities in previous studies **’. Additionally, we considered
depression (measured by HADS-D) as an affective-control variable, as it has been associated with poorer ToM
ability in prior research **. We then examined group differences on all other variables with one-way analysis of
variance (ANOVA).

Ethics approval and consent to participate

The study was performed in accordance with the guidelines of the Declaration of Helsinki. Authors obtained
local ethics committee (San Matteo Hospital, Pavia, Italy) approval of the protocol. All patients provided written
informed consent in advance of study participation.
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Results

Study population and demographic variables

Seventy-two subjects were enrolled, of which 30 suffered from CM + MO and 42 from EM. No significant dif-
ferences between groups were observed in the demographic variables. Descriptive statistics about the sample
are reported in Table 1.

Psychological and Quality of Life assessment

Descriptive data and statistics for psychological and quality of life assessment are reported in Table 2. Regarding
the HADS, significant group differences were found in the depression subscale, where the CM + MO group had
significantly higher scores than the EM group, but not in the anxiety subscale. Concerning QoL, group differ-
ences emerged in the WHOQOL-BREEF, where the CM + MO group had significantly lower scores compared to
the EM group.

ToM abilities

Descriptive and statistics for ToM measures are reported in Table 2. For the MASC Mental vs. Control items,
no significant influence of diagnosis was observed (Wilks’ A =0.92; F[2,67] =2.96; p=0.059, 172p=0.081).
Regarding the MASC Cognitive vs. Affective items of the MASC, there was a significant influence of diagnosis
(Wilks’ A =0.91; F[2,67] =3.45; p=0.037, #%,=0.093), where the CM + MO group reported significantly poorer
performance on Affective items compared to the EM group, but not on Cognitive items. Finally, looking at
MASC analysis of error responses (hyper-mentalizing vs. hypo-mentalizing vs. no mentalizing) in the Affective
vs. Cognitive items, results showed a significant influence of diagnosis (Wilks’ A =0.80; F[2,63] =2.59; p=0.0
26, 1°,=0.198). The CM + MO group made significantly more hypo-mentalizing errors in the Affective items
compared to the EM group. We found no group differences in the other categories of errors.

Regarding the RMET Experimental vs. Control condition, there was a significant influence of diagnosis (Wi
lks' A =0.87; F[2,67] =4.82; p=0.011, #%,=0.126), where the CM + MO group displayed significantly poorer per-
formance on the Experimental condition compared to the EM group, but not group differences in the Control
condition. In all previous analyses, the covariates vocabulary and depression did not have any significant impact
on RMET and MASC scores (ps>0.099).

Moreover, given that the number of correct responses and of errors are count data, yet the error evaluation
cannot be converted into counts which remain meaningful, we also adopted a non-parametric approach, con-
sidering a quantile regression on the median in order to check the correctness of the results, and found that said
results did not change.

Discussion

The main goal of the present study was to examine ToM in CM + MO patients compared to EM by using an
ecologically valid and sensitive tool, that being the MASC*>*. This task offers a unique advantage for studying
individual differences in ToM performance, assessing aspects of both cognitive and affective components of
mentalization and providing an in-depth examination of correct and incorrect patterns of mentalization. Due to

CM +MO, n=30 (mean +SD) | EM, n=42 (mean +SD)

Age 43.67+9.08 42.55+9.94
Gender (female %) 83 84

Years of education 13.50+3.31 14.67+£2.63
Vocabulary 46.27+2.20 46.67+2.53
Age at onset (years) 14.93+9.80 16.78 +8.89
Duration of chronic headache (months) 71.31+£77.61 -

Days with headache per month 26.55+4.45 6.55+3.02
Average pain intensity (VAS) 7.36+0.90 7.42+0.70
MIDAS 70.25+52.52 28.45+10.03
HIT-6 65.62+£10.93 57.46+9.84

Acute treatment

NSAIDs 17%

Triptans 25%

Combination 49%

Multiple drug classes 9%

Prophylaxis

None ‘ 10% ‘

Table 1. Demographic and clinical characteristics of patients enrolled in the study. CM + MO chronic
migraine with medication overuse, EM episodic migraine, vocabulary range score 0-50, VAS Visual Analogue
Scale (range 0-10), MIDAS Migraine Disability Assessment Scale (range score 0-270), HIT-6headache impact
test (range score 36-78), NSAIDs nonsteroidal anti-inflammatory drugs.
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Statistic

Range | CM+MO,n=30 (mean+SD) |EM,n=42(meanSD) [F  [p  [r,
Movie for the Assessment of Social Cognition (MASC)*
Accuracy scores
MASC—mental 0-100 | 59.70 £9.92 66.14 + 8.89 594 |0.017 |0.080
MASC—control 0-100 | 81.67 +22.04 84.92 +£5.53 0.06 | 0.800 |0.001
MASC—affective 0-100 | 48.52 +12.20 57.27 £12.96 6.36 | 0.014 | 0.085
MASC—cognitive 0-100 | 67.16 £ 11.50 72.05+9.89 237 10.128 |0.034
Error scores
MASC—affective hyper-mentalizing 0-100 | 14.26 +7.67 14.55 + 11.77 0.19 |0.662 |0.003
MASC—affective hypo-mentalizing 0-100 | 28.37 £8.56 20.37 + 8.56 12.62 | 0.001 | 0.157
MASC—affective no-mentalizing 0-100 | 8.89 £7.66 7.67 £7.15 0.48 |0.493 |0.007
MASC—cognitive hyper-mentalizing 0-100 | 17.41£8.97 14.64 +7.17 1.27 |0.263 |0.018
MASC—cognitive hypo-mentalizing 0-100 |9.51+7.94 7.16 £ 6.16 1.68 |0.199 |0.024
MASC—cognitive no-mentalizing 0-100 |593+5.11 5.55+4.99 0.13 |0.723 |0.002
Reading the Mind in the Eyes Test (RMET)*
RMET experimental 0-36 21.00 + 3.46 23.81 +£4.09 9.58 |0.003 |0.123
RMET control 0-36 35.50+1.01 35.29+£0.86 0.43 | 0.514 |0.006
Hospital Anxiety and Depression Scale (HADS)"
HADS anxiety 0-21 7.50 +4.59 5.71+4.33 0.57 | 0.452 | 0.008
HADS depression 0-21 7.03 +£4.54 4.83+3.83 494 |0.030 | 0.066
E‘ilvf\e’ "(rvls‘,ilfganghL(_)élg{E“‘;)z.f‘ﬁ"“ Quality | ¢ 4 | 25974523 29.46 + 4.49 742 10.009 |0.117

Table 2. Means and standard deviations of ToM tasks and psychological characteristics for each diagnostic
groups. CM + MO chronic migraine with medication overuse, EM episodic migraine: *df (1,68); °df (1,70).

the video-based format which allows for a multimodal presentation of the task, MASC may be more ecologically
valid® than conventional ToM tasks or other purely verbal tasks.

Similarly to previous studies**-?, we confirm impaired ToM performances in CM + MO with respect to EM
when using the RMET. This finding supports the existence of socio-cognitive deficits in this population char-
acterized by chronic and recurrent pain, which may have diminished or impaired natural engagement with the
mental and emotional states of others. The interesting and completely new aspect of the present study is that we
extended and deepened this topic with a more ecological task, the MASC. Thanks to this instrument, we were
able to not only identify differences in the mental condition between the two clinical groups but also to pinpoint
the dimension (affective or cognitive) in which CM + MO patients were most impaired. In addition, we managed
to gather information about the type of errors (hyper-mentalizing, hypo-mentalizing, or no mentalizing) made
in misattributing mental states to others. Our findings revealed that individuals with CM + MO had more pro-
nounced impairments in the affective ToM dimension than in the cognitive ToM dimension, when compared to
subjects with EM. Tasks designed to assess affective ToM require decoding mental states from perceivable social
information (e.g., tone of voice, body posture, or facial expression), while those designed to assess cognitive ToM
require reasoning about mental states by integrating contextual and historical information about a person (e.g.,
idiosyncratic experiences, knowledge, attitudes) in order to understand behavior™. Hence, it could be argued
that CM + MO is associated to specific difficulties in decoding processes. Two explanations can be advanced in
order to comment on this result. First, these affective difficulties should be considered as being associated to
alexithymic characteristics which usually feature in these patients. There is indeed a robust body of research
showing that alexithymia is an important feature of CM/CM + MO, being reported in nearly 70% of patients
with this diagnosis®'. According to this interpretation, research in other areas showed an association between
difficulty in identifying and describing feelings and responding atypically to emotional cues in others®*~>. Second,
this impairment could also be associated to the greater depressive symptomatology found in CM + MO patients,
which may have made them less sensitive to depict others’ nonverbal information and emotional contents. As
previously mentioned, there is indeed evidence®” demonstrating deficits in the affective dimension of the MASC
in unipolar depressive patients, as well as existing associations between depression and deficits in ToM affec-
tive performance®. Our results did not fully support this interpretation, as depressive symptomatology did not
explain diagnosis-related differences in ToM abilities, although CM + MO patients were characterized by more
pronounced symptoms. However, we believe that the HADS did not allow us to fully depict the existing associa-
tion between depression and affective impairment in ToM. Indeed, those*” who found such an association used
preexisting depressive diagnoses and not the self-report questionnaires which we employed. Future research
is therefore needed, using clinical instruments, to further explore the association between affective difficulties
in ToM and depression (and also alexithymia), to determine whether this impairment in CM + MO is a stable,
trait-like phenomenon, or whether this impairment is state-dependent.

Our results also highlighted that the patients with CM + MO not only showed fewer responses from the
"correct ToM" category within the MASC for the affective dimension, but also that their errors predominantly
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fell into the hypo-mentalizing category. As explained earlier in this paper, hypo-mentalizing errors suggest
that participants make assumptions about mental states, but these assumptions are not sufficient, unlike no-
mentalizing errors. Hypo-mentalization is indeed defined as the inability or unwillingness to reflect on complex
patterns of one’s own mind or the minds of others. It is characterized by concrete thinking and the inability to
consider mental states as motivations behind people’s actions™. This means that CM + MO patients may be more
prone to under-interpret and misunderstand intended social interaction from another human being than the
EM group. The present finding is totally new for the existing literature on this topic in CM + MO. As already
highlighted®*, alexithymic and autism-spectrum disorders are characterized by deficits in social-emotional
reciprocity, nonverbal communicative behaviors, and developing and maintaining relationships, including hypo-
mentalizing impairments. Since migraine and autism share common pathophysiological changes®~*’, it could
be argued that these features may also be involved in determining similar socio-cognitive impairments as those
we found in the context of the present study. Future research should explore this argument in greater depth by
collecting ad-hoc measures of these aspects.

Our study is not without limitations. First, we did not collect a complete psychopathological assessment of
the patients, which could be helpful in better interpreting our results, and we have not included a screening test
to assess their cognitive status. However, we assessed patients’ semantic knowledge as a cognitive control vari-
able that was previously associated with better performance in socio-cognitive abilities*>*’. Second, an assess-
ment of the occurrence of migraine attacks in patients with CM + MO during test administration was omitted.
Therefore, we cannot rule out the potential impact of pain, which may lead to a reduction in inherent interest in
the mental state of others. Third, the data collection procedure did not reflect the general migraine population
because participants were recruited from a tertiary referral center. Fourth, although calculated correctly from
a statistical point of view, the sample size was relatively small, which may have limited the interpretation of
our results. Therefore, the transferability of these results to general practice will require confirmation on larger
subgroups of patients.

Despite these limitations, the present study reports the novel application of the MASC, an ecologically valid
video-based ToM task, in patients with CM + MO. If one considers that intact decoding of mental states sup-
ports everyday social interactions, it could be argued that the disruption of the ability to pick up on all nonverbal
signals from others is involved in explaining the social difficulties experienced by patients with CM + MQ'96%61,
Therefore, this impaired ability may lead these patients to respond inappropriately in social situations, eliciting
negative reactions from others.

Hence, our results are doubly useful. From one side, they add a further element in the deep phenotyping of
a disabling condition, which may prove to be a risk factor. From the other, they underscore the importance of
optimizing the management of patients through adequate psychosocial- and social-skills interventions to be
integrated into standard treatment protocols in order to prevent the evolution of EM into CM + MOH.

Data availability
The datasets presented in this study can be found in online repositories. The names of the repository/repositories
and accession number(s) can be found below: [Zenodo; https://zenodo.org/records/8160066].
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