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Purpose: Among other non-motor symptoms, theory of mind (ToM), the ability to recognize, understand and infer others’ mental states, beliefs, intents and wishes, has been shown
to deteriorate during the course of Parkinson’s disease (PD). It has been speculated that ToM
impairments could be related to cognitive deﬁcits in PD. However, the current state of
literature suggests that there is heterogeneity regarding the involvement of cognitive functioning in the relationship of PD and ToM. The study aimed to measure affective ToM
abilities and cognitive performance in a sample of PD patients, to explore the link between
affective ToM abilities and cognitive status, and to examine the impact of PD on affective
ToM through the mediator effect of cognitive performance.
Patients and methods: Sixty-ﬁve patients diagnosed with idiopathic PD and 51 healthy
controls matched for age, gender and educational level completed a visual affective ToM task
(Reading the Mind in the Eyes – RMET), cognitive performance was evaluated with
Montreal Cognitive Assessment, and psychiatric symptoms were measured with BPRS-E
(Brief Psychiatric Rating Scale).
Results: Affective ToM abilities were preserved in early PD patients, declining as the
disease progressed. Deﬁcits in cognitive functioning predicted deﬁciencies in affective
ToM. Although attention (AT), executive functions (EF) and visuospatial abilities
(VSA) together mediated the relationship between PD and affective ToM, only VSA
impairment had a speciﬁc negative impact on affective ToM. Moreover, 41% of the
total effect of attention and executive functions on affective ToM was mediated by
visuospatial skills.
Conclusion: Cognitive performance may have an impact on the relationship between PD
and affective ToM through the involvement of VSA. The inﬂuence of AT and EF in this
relationship appears to be also exerted by PD patients’ VSA.
Keywords: Parkinson’s disease, cognitive functions, social cognition, visuospatial abilities,
executive functions
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Parkinson’s disease (PD) is a progressive neurodegenerative disorder clinically
diagnosed due to the presence of several typical motor symptoms, such as resting
tremor, bradykinesia and rigidity. These symptoms appear as a result of the
degeneration of dopaminergic neurons in the substansia nigra.1 However, numerous
other non-motor symptoms are described in PD patients, including depression,
anxiety, sleep disturbances, and cognitive decline.2–4 Furthermore, the ability of
producing spontaneous emotional expressions,5 as well as recognizing facial emotions has been shown to deteriorate throughout PD progression.6,7 Deﬁcits in
identifying emotions from prosody also appear to be present in PD.8,9
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Theory of mind (ToM) refers to the ability to deduce
others’ mental states, their beliefs, intentions or desires, in
order to explain and foresee their behavior.10 As such, two
sub-components of ToM have been studied and deﬁned:
affective ToM (the ability to ascertain the emotional states
of another person: knowledge about emotions) and cognitive ToM (the ability to understand other people’s beliefs,
desires and intentions: knowledge about beliefs, intentions
and desires).11 Since ToM may be regarded as an essential
precondition for an effective human interaction,12 deﬁcits
in this area are extremely important, as they can lead to
social seclusion, thus impacting negatively on patients’
quality of life.13
ToM is considered to be a complex neuropsychological
ability, mediated by an elaborate neuroanatomical network, which includes the medial prefrontal cortex, the
temporal lobe (superior temporal sulcus region and
the temporal pole), the temporoparietal junction, and the
amygdala.10,12 ToM abilities have been investigated in
various neurodegenerative diseases, several studies showing impaired ToM performance in PD. Certain authors
reveal deﬁcits only regarding the cognitive aspect of
ToM,14 while others also suggest supplementary reduced
performance in the affective component of ToM.11,15
Studies investigating ToM performance in PD during the
early stages have also yielded contradictory results.15
Some authors report preserved affective and cognitive
ToM skills in the early stages of PD, deﬁciencies occurring
only in the more advanced stages and concerning the
cognitive aspects of ToM.14 At the same time, others
argue that affective ToM abilities,16 as well as ToM performance at large (both affective and cognitive)17 might be
impaired in early PD patients. These mixed results might
be consequences of the speciﬁc measurements that were
used, and of the differences in the severity of PD. A study
using a computerized Yoni task to assess cognitive and
affective dimensions of ToM in patients with mild cognitive impairment (MCI), PD and a healthy control (HC)
group showed a reduced ToM performance in patients with
PD (MCI<PD<HC).18 Studies of affective ToM utilizing
the Faux-Pas Test have, in general, offered consistent
results, PD patients showing impaired cognitive ToM abilities, but preserved performance regarding the affective
component of the Faux-Pas Test. Similar to controls, PD
patients could detect inappropriate remarks in the presented stories (the affective component of the task), only
having difﬁculties when trying to infer the reason as to
why the character from the story made the inappropriate
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remark.14,17,19 Certain studies using the Reading the Mind
in the Eyes test (RMET) have proposed that affective ToM
performance of medicated PD patients might be preserved
both in the early17,20,21 and in the more advanced stages of
the disease.14,22 Moreover, a sample of non-medicated PD
patients (de novo) appeared to have a similar performance
in the RMET to the medicated PD, and to the control
group.17 By contrast, other two studies using the RMET,
have reported impaired affective ToM abilities in PD
patients when compared to HCs.11,16 However, in both
studies, the control group was younger than the PD
group, a fact that must be taken into consideration, as
performance in RMET has been shown to decrease with
age.23
Psychiatric symptoms are part of the non-motor manifestations of PD.24 It has been reported that a large percentage of
PD individuals complained about at least one psychiatric
comorbidity such as depression, anxiety, or apathy.25 Even
newly diagnosed and untreated PD patients exhibit higher
rates of depression-anxiety symptoms and apathy than HCs
recruited from the general population.26 As it is well known
that ToM performance is deﬁcient in many psychiatric disorders, such as depression, anxiety, schizophrenia and other
related psychotic disorders,27–30 the inﬂuence of psychiatric
symptoms on ToM performance in PD was also tested. While
the severity of apathy seems to be related to affective ToM
impairments,16 data on the inﬂuence of depressive symptoms
on ToM in PD are inconsistent, ToM dysfunctions either
appearing to be independent,11 or to be accentuated by
depressive symptomatology.27
It has been proposed that ToM impairments may be
consequences of cognitive deﬁcits,31 which are also found
to appear early throughout the course of PD.2 Cognitive
domains generally affected in PD consist of executive
functions, visuospatial skills, attention, and memory. To
date, the relationship between cognitive functions and
ToM remains controversial, as certain authors report no
signiﬁcant correlations,11,13,17 whereas others regard affective and cognitive ToM as at least partially dependent on
other cognitive functions (particularly executive and
visuospatial abilities).14,15,31,32 These differences could
be partly explained by the varying degrees of difﬁculty
that each utilized test places upon executive processing.
Signiﬁcant associations were reported between ToM abilities and executive functions,13 and in a sample of
advanced PD patients, a signiﬁcant correlation has been
obtained between the Stroop Interference score and the
“explanation” sub-score of the Faux-Pas Test.14 By
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contrast, even if executive functions were signiﬁcantly
affected in their PD patients, some studies revealed no
signiﬁcant correlations between executive dysfunctions
and ToM performance (affective and cognitive).11,27
More recently, it has been demonstrated that visuospatial
dysfunctions might have a mediating role in the relationship between executive dysfunctions and affective ToM
impairments in PD patients, and that deﬁciencies in
visuospatial functioning may have a direct contribution
to the affective ToM difﬁculties observed in patients with
PD.32 Nevertheless, the link between cognition and affective ToM in PD needs further exploring.
The main objectives of this research are assessing
affective ToM abilities (using a visual ToM task) and
cognitive performance in a sample of PD patients (using
a HC group for comparison, and also analyzing performances taking into account the stage of PD), exploring the
relationship between affective ToM abilities and cognitive
status, and examining the role of PD on affective ToM
abilities, considering the mediator effect of cognitive performance (global cognitive status and speciﬁc cognitive
domains).

Romosan et al

medication prescribed for PD); (g) illiteracy. Patients with
atypical parkinsonism and those with a history of stroke or
neurological disorders other than PD were also excluded
from the PD sample.
All subjects received information about the purpose of
the study and gave a written informed consent prior to
study inclusion. This research was conducted in accordance to the guidelines set by the Helsinki Declaration
for experiments involving human beings. The study was
approved by the Scientiﬁc Research Ethics Committee of
“Victor Babes” University of Medicine and Pharmacy,
Timisoara, Romania (Reference number 16/2017).

Measurements
Demographic and clinical data
Demographic characteristics such as age upon study entry,
gender, level of education, marital and professional status
were collected for each participant. For patients with PD,
we also documented disease duration (months) and disease
severity according to Hoehn & Yahr (H&Y) staging
criteria.

Affective theory of mind (ToM)

Materials and methods
Participants and procedure
The study was conducted between April 2017 and April
2019, and included 116 participants, of which 65 were
patients diagnosed with idiopathic PD (the PD sample)
and 51 were HCs matched for age, gender and educational
level (the HC sample). The diagnosis and progression
(Hoehn and Yahr [H&Y] staging) of idiopathic PD were
established by neurologists. As suggested by the
Movement Disorder Society Task Force report on the
H&Y staging criteria,33 the severity of PD was deﬁned
as follows: mild PD (stages 1, 1.5, and 2), moderate
(stages 2.5 and 3), and advanced (stages 4 and 5). All of
our PD patients were in mild or moderate stages of PD and
were receiving optimal doses of anti-Parkinsonian medication throughout the study.
Exclusion criteria for both samples were: (a) history of
a major somatic or psychiatric illness that could negatively
affect their cognitive performance; (b) history of severe
brain trauma; (c) dementia (deﬁned by a Mini-Mental
State Examination [MMSE] score <24, adjusted for age
and education level);34 (d) alcohol and/or other substance
abuse; (e) uncorrected hearing and visual impairments; (f)
chronic treatment with psychotropic substances (other than
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Affective ToM abilities were evaluated using the
Romanian revised version of the RMET.35 Participants
were presented with 36 photographs depicting the eye
region of a Caucasian actor/actress. Each photograph was
printed with four possible mental state descriptors around
it (eg, “suspicious,” “ashamed,” “frightened,” “serious”),
and only one of them was the correct portrayal of the
mental state of the person in the photograph. Subjects
were asked to choose from the four words the one that
best describes what the actor illustrated in the photograph
might be feeling or thinking. There was no time limit for
choosing, participants continuing to the next item when
feeling ready. Test performance was calculated by summing the correct responses offered by each participant.
The maximum score that could be obtained was 36.
RMET assesses not only the ability to process visual
information, but also the capacity to hypothesize mental
empathic conclusions about other peoples’ feelings/
thoughts. Literature data regarding RMET’s internal validity are heterogeneous. Whilst some authors may criticize
its validity and internal construct (reporting low alpha
coefﬁcients of 0.37,36 or ranging between 0.60 and
0.6337), others describe satisfactory reliability and internal
consistency (alpha coefﬁcients of 0.70 or above),38,39 good
test–retest reliability (0.74)36 and split-half reliability
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(0.55),40 concluding that RMET is a suitable instrument
for detecting subtle deﬁciencies in social awareness, both
in patients and in normal adults.
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Cognitive performance
Cognitive performance was examined with the Romanian
version of MoCA (Montreal Cognitive Assessment), a
30-item test, which can assess six different cognitive subdomains: executive functions, visuospatial abilities,
language, attention, memory, and orientation.41 MoCA measures executive functions using an adapted form of the Trail
Making B task (1 point), a verbal abstraction task (2 points)
and a phonemic ﬂuency test (1 point). Visuospatial abilities
are explored using a cube-drawing copy task (1 point) and a
clock-drawing test (3 points). Language is tested utilizing a
three-animal (lion, rhinoceros and camel) naming task (3
points), and repetition of two complex sentences (2 points).
Attention and working memory are evaluated using the
following: repeating a list of digits forwards and backward
(2 points), a ﬁnger tapping test (1 point) and a serial subtraction test (3 points). Short-term memory is assessed with
a delayed recall task of ﬁve nouns (after two trials of
hearing and repeating them). Lastly, time and place orientation are evaluated with 6 points. The maximum total score
that could be obtained by each patient was 30. As suggested
by previous studies, MCI was considered if MoCA total
score was under 26.42 Six MoCA sub-scores (executive
functions – EF, visuospatial abilities – VSA, attention –
AT, memory – MEM, language – L, and orientation – O)
and a MoCA total score were computed for each patient.
Literature shows that MoCA is extensively used as a
screening test for detecting MCIs in PD patients, having a
higher sensitivity than other neurocognitive assessment
scales (eg, MMSE – Mini Mental Status Examination34),
particularly for detecting milder cognitive symptoms.41
Studies examining the validity of MoCA revealed a good
internal consistency (a Cronbach alpha on the standardized
items of 0.83) and a high test–retest reliability (a correlation
coefﬁcient of 0.92).41

Psychiatric symptoms
Both samples were assessed for the presence and severity
of psychiatric symptoms using the Romanian version of
BPRS-E (Brief Psychiatric Rating Scale, Expanded version 4.0), administered and interpreted by a trained psychiatrist during the clinical interview, following the
24-item BPRS administration manual.43 BPRS-E is a
semi-structured interview developed for the evaluation of
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overall psychopathology, comprised of 24 items that
address the following psychiatric symptoms: somatic concerns, anxiety, depression, suicidality, guilt, hostility, elated mood, grandiosity, suspiciousness, hallucinations,
unusual thought content, bizarre behavior, self-neglect,
disorientation, conceptual disorganization, blunted affect,
emotional withdrawal, motor retardation, tension, uncooperativeness, excitement, distractibility, motor hyperactivity, mannerisms and posturing. Each symptom is rated
on a 7-point Likert scale from 1 (symptom not present) to
7 (extremely severe symptom). The maximum score that
can be obtained is 168. The total score of BPRS-E is an
indicator of the subject’s overall symptom severity (high
scores indicating higher levels of severity). The separate
analysis of the 24 items may offer an insight as to the type
of psychopathology and symptom representation.44 The
BPRS-E has proven to be a sensitive and reliable instrument for gathering information about the possible presence
and severity of several psychiatric symptoms.45 To date,
there are several BPRS-E factor models available in the
literature, the majority ﬁnding 4 or 5 factor solutions
which refer to positive psychotic symptoms (thought disturbances, suspiciousness-hostility), negative symptoms
(apathy, anergia), agitation (animation, activation, disorganization) and affective symptomatology (depression-anxiety, affect, mood disturbances).44,46 Some authors reported
a moderate internal consistency for their four-factor
BPRS-E scale, with a Cronbach alpha ranging from 0.76
(for the depression factor) to 0.64 (for the mania – agitation factor).47 In another study, the internal consistency
(alpha coefﬁcient) of the BPRS-E total score was estimated at 0.75. For the factors underlying its structure,
the reported alpha coefﬁcients were 0.70 for “thought
disturbances,” 0.79 for “animation,” 0.80 for “mood disturbances” and 0.64 for “apathy.” These results reveal a
satisfactory internal consistency for the BPRS-E.48

Statistical analysis
Data analysis was performed using IBM SPSS Statistics
(version 20; IBM Corporation, Armonk, NY, USA) and the
PROCESS macro for SPSS.49 Because of the nonGaussian data distribution, as revealed by the ShapiroWilk normality test (Table 1), differences between groups
were assessed using non-parametric tests (the
Mann–Whitney U test with the Bonferonni correction,
the Kruskal–Wallis test and Dunn-Bonferonni’s post hoc
test). Spearman’s correlation coefﬁcient was used to examine associations between scale scores. Differences between
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Table 1 Shapiro–Wilk test results (testing for normality of distribution)
Assessment scales

Scale dimensions

Shapiro–Wilk test statistics

Level of signiﬁcance (P-value)

BPRS-E

Somatic concern
Anxiety

0.83
0.84

<0.0001***
<0.0001***

MoCA

Depression

0.83

<0.0001***

Suicidality
Guilt

0.29
0.69

<0.0001***
<0.0001***

Hostility

–

–

Elated mood
Grandiosity

–
–

–
–

Suspiciousness
Hallucinations

–
–

–
–

Unusual thought content

–

–

Bizarre behavior
Self-neglect

–
0.67

–
<0.0001***

Disorientation

–

–

Conceptual disorganization
Blunted affect

–
0.26

–
<0.0001***

Emotional withdrawal

0.17

<0.0001***

Motor retardation
Tension

0.91
0.87

<0.0001***
<0.0001***

Uncooperativeness

0.21

<0.0001***

Excitement
Distractibility

–
0.21

–
<0.0001***

Motor hyperactivity

–

–

Mannerisms and posturing
Total score

–
0.89

–
<0.0001***

Executive functions
Visuospatial functions

0.64
0.81

<0.0001***
<0.0001***

Language

0.16

<0.0001***

Attention
Memory

0.90
0.85

<0.0001***
<0.0001***

Orientation

0.38

<0.0001***

Total score

0.96

<0.0001***

Total score

0.96

0.03*

Age (years)

0.94

0.004**

Duration of the disease (months)

0.94

0.01*

RMET

Notes: *P<0.05; **P<0.01; ***P<0.0001. For constant values, the normality test was not computed.
Abbreviations: BPRS-E, brief psychiatric rating scale – expanded; MoCA, montreal cognitive assessment; RMET, Reading the Mind in the Eyes test.

categorical data were examined with the χ2 (chi-square)
test. The level of signiﬁcance was considered to be 0.05
and all the results were two-tailed.
The relationship between cognitive functions and affective ToM was assessed through a series of ordinary least
squares (OLS) regression analyses, for which we reported
values for: R2 (coefﬁcient of determination), F (F-test of
overall model signiﬁcance), p (level of signiﬁcance) and
β (unstandardized coefﬁcients). Notwithstanding the
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non-normality of data distribution, the main assumptions
needed for running regression analyses were otherwise
satisﬁed. The regressions were computed taking into
account the presence of disease (PD), which was introduced
as a covariate (where HC participants were coded as 0 and
PD patients were coded as 1), so that its impact on the
results might be controlled for.
To explore whether PD inﬂuences affective ToM abilities (assessed with a visual task – RMET) through its
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effect on cognitive performance (assessed using MoCA),
non-parametric bootstrapping analyses were performed,
following the procedures recommended by Hayes.49
Before computing the mediational analyses, the inﬂuence
of PD on affective ToM abilities and cognitive performance had to be also tested using a series of logistic
regressions, for which we reported β (unstandardized
coefﬁcients) and p (level of signiﬁcance). Next, a simple
mediation was conducted using global cognitive status
(MoCA total score) as the mediator. The OLS regression
analyses showed that three speciﬁc cognitive domains (as
examined with MoCA) had a signiﬁcant inﬂuence on
affective ToM performance: AT, EF and VSA.
Therefore, the effect of these cognitive domains on the
relationship of PD with affective ToM was also tested
using a serial mediation model (as literature data suggested that the three mediators might causally inﬂuence
each other). In both the simple and the serial mediation
models, the presence of disease (PD) constituted the
independent variable (where HC participants were
coded as 0, and PD patients were coded as 1), while the
dependent variable consisted of RMET scores (number of
correct answers). Model 4 of the PROCESS function was

used for the simple model, while model 6 was applied for
the serial mediation model.49 Mediation was considered
signiﬁcant if the 95% bias-corrected CI for the indirect
effects based on 10,000 bootstrap samples did not
include 0.50,51

Results
Demographic and clinical characteristics are presented
separately for each sample in Table 2. As shown in
Table 2, PD and HC were matched for age, gender, educational level and marital status (no signiﬁcant differences
were observed between the two samples regarding the
aforementioned data). All PD patients were in mild-moderate stages of PD (stages 1–3, according to the modiﬁed
classiﬁcation of H&Y), with a mean duration of the disease of 76.43±38.04 months (range: 12–180 months).
Mean values and the results of the Mann–Whitney U test
comparing BPRS-E, MoCA total and sub-scores and
RMET scores between the two samples are presented in
Table 3. Of all subjects, 44 presented MCI (deﬁned as a
MoCA total score <2641): 43 (66.2%) PD patients and 1
(1.9%) HC participant. The HC participant with MCI was
excluded from the analysis.

Table 2 Sample characteristics
Sample characteristics

PD

HC

Chi square test (χ2) or Mann–Whitney U test (PD vs HC)

P-value

N=65

%

N=51

%

38
27

58.5
41.5

31
20

60.8
39.2

χ2: 0.064

0.800

4–8 years of study
9–12 years of study

13
40

20
61.5

9
29

17.6
56.9

χ2: 0.844

0.656

>12 years of study

12

18.5

13

25.5

Married
Unmarried
Divorced

45
10
10

69.2
15.4
15.4

36
7
8

70.6
13.7
15.7

χ2: 0.063

0.969

PD stage (H&Y)
Stage 1
Stage 1.5
Stage 2

7
17
13

6
14.7
11.2

–
–
–

–
–
–

–

–

Stage 2.5

14

12.1

–

–

Stage 3

14

12.1

–

–

Gender
Males
Females
Education

Marital status

Age (years): M, SD

58.07±5.25

56.49±6.04

U: 1416.0

0.178

PD duration (months): M, SD

76.43±38.04

–

–

–

Abbreviations: PD, Parkinson’s disease; HC, healthy controls; H&Y, Hoehn and Yahr; M, mean.
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Table 3 Results of the neuropsychiatric assessment (comparison between patients with Parkinson’s disease and healthy controls)
Scales
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BPRS-E

MoCA

RMET

Scale dimensions

PD sample (N=65)

HC sample (N=51)

M (SD)

M (SD)

Mann–Whitney U test

Somatic concern

2.15 (1.25)

1.17 (0.38)

U=861; P<0.0001***

Anxiety
Depression

2.58 (1.17)
2.52 (1.61)

1.17 (0.38)
1.09 (0.30)

U=676.5; P<0.0001***
U=709.5; P<0.0001***

Suicidality

1.10 (0.40)

1 (0)

U=1530; P=0.04*

Guilt
Hostility

1.75 (1.13)
1 (0)

1 (0)
1 (0)

U=969; P<0.0001***
–

Elated mood

1 (0)

1 (0)

–

Grandiosity
Suspiciousness

1 (0)
1 (0)

1 (0)
1 (0)

–
–

Hallucinations

1 (0)

1 (0)

–

Unusual thought content
Bizarre behavior

1 (0)
1 (0)

1 (0)
1 (0)

–
–

Self-neglect

1.98 (1.55)

1 (0)

U=1071; P<0.0001***

Disorientation
Conceptual disorganization

1 (0)
1 (0)

1 (0)
1 (0)

–
–

Blunted affect

1.06 (0.24)

1 (0)

U=1555.5; P=0.07

Emotional withdrawal
Motor retardation

1.03 (0.17)
3.18 (1.49)

1 (0)
1 (0)

U=1606.5; P=0.21
U=255; P<0.0001***

Tension

2.52 (1.34)

1.07 (0.27)

U=580; P<0.0001***

Uncooperativeness
Excitement

1.07 (0.36)
1 (0)

1 (0)
1 (0)

U=1581; P=0.12
–

Distractibility

1.04 (0.21)

1 (0)

U=1581; P=0.21

Motor hyperactivity
Mannerisms and posturing

1 (0)
1 (0)

1 (0)
1 (0)

–
–

Total score
Sub-score for depression-anxiety symptoms

33.23 (8.24)
8.53 (1.03)

24.53 (1.03)
17.02 (8.40)

U=349.5; P<0.0001***
U=511; P<0.0001***

Executive functions
Visuospatial functions

3.58 (0.66)
2.49 (1.55)

3.94 (0.24)
3.94 (0.24)

U=1210.5; P<0.0001***
U=742.5; P<0.0001***

Language

4.96 (0.17)

5 (0)

U=1606.5; P=0.21

Attention
Memory

3.87 (1.01)
3.76 (1.15)

4.56 (0.94)
4.82 (0.43)

U=1093.0; P=0.001**
U=761.5; P<0.0001***

Orientation

5.87 (0.33)

5.96 (0.19)

U=1518.5; P=0.11

Total score

24.56 (2.88)

28.23 (1.14)

U=372.0; P<0.0001***

Total score

21.54 (6.12)

24.94 (4.60)

U=1144.5; P=0.004**

Notes: *P<0.05; **P<0.01; ***P<0.0001. For constants, the Mann–Whitney U test was not computed.
Abbreviations: PD, Parkinson’s disease; HC, healthy controls; M, mean; BPRS-E, brief psychiatric rating scale – expanded; MoCA, montreal cognitive assessment; RMET,
Reading the Mind in the Eyes test.

As revealed by Table 3, compared to the HC group, PD
patients presented signiﬁcantly lower RMET scores,
MoCA total scores, MoCA sub-scores for EF, VSA, AT
and MEM, and signiﬁcantly higher BPRS-E total scores.
Further analysis regarding the BPRS-E scores revealed
that signiﬁcant differences were present between PD and
HC subjects regarding the following BPRS-E speciﬁc
items: somatic concerns, anxiety, depression, guilt, suicidality, self-neglect, motor retardation, and tension. These
symptoms are usually found in depression-anxiety

Neuropsychiatric Disease and Treatment 2019:15

syndromes (depression, guilt, suicidality as symptoms of
depression, and somatic concerns, anxiety and tension as
symptoms of anxiety). Although self-neglect and motor
retardation can be classiﬁed as negative symptoms, they
can also be categorized as part of the depressive syndrome.
Therefore, considering the structure of BPRS-E, a subscore for depression-anxiety symptoms (affective symptoms) was calculated for both samples by summing the
scores for somatic concerns, anxiety, depression, guilt,
suicidality, self-neglect, motor retardation, and tension
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(Table 3). Symptoms of depression-anxiety were present in
58 (89.2%) of PD patients and in 12 (23.5%) of HC
subjects. BPRS-E sub-scores for depression-anxiety symptoms correlated signiﬁcantly with MoCA total scores
(Spearman’s rho [r]=−0.29, P=0.001), but not with
RMET scores (P=0.57).
Based on the severity (stage), PD patients were divided
into two categories: mild PD patients (H&Y stages 1 and
2) and moderate PD patients (H&Y stages 2.5 and 3). The
Kruskal–Wallis test showed signiﬁcant differences
between HC participants, mild PD patients and moderate
PD patients regarding the following scale scores: BPRS-E
total scores (H=57.0, P<0.0001), BPRS-E sub-scores for
depression-anxiety symptoms (H=45.29, P<0.0001),
RMET scores (H=36.57, P<0.0001), MoCA total scores
(H=64.71, P<0.0001), MoCA sub-scores for EF (H=15.59,
P<0.0001), VSA (H=52.66, P<0.0001), AT (H=15.05,
P=0.001), and MEM (H=32.35, P<0.0001). Therefore,
multiple post hoc comparisons were used to further assess
these differences. The results are presented in Table 4.
The inﬂuence of demographic and clinical characteristics on all the main assessment scales (BPRS-E, MoCA,
RMET) is shown in Table 5.
Because of the signiﬁcant differences between PD and
HC regarding BPRS-E sub-scores for depression-anxiety
(Table 3), the signiﬁcant interaction between MoCA total
scores and BPRS-E sub-scores for depression-anxiety, the
signiﬁcant differences between males and females regarding
RMET scores (females > males, Table 5), and also the
signiﬁcant association between age and RMET/MoCA

scores (Table 5), BPRS-E sub-scores for depression-anxiety,
age and gender were introduced as covariates for all main
statistical procedures.

Relationship between cognitive functions
and affective theory of mind
To assess the relationship between cognitive functions and
affective ToM, a series of OLS regressions was performed.
To see if global cognitive status may be predictive of
affective ToM, independent of PD presence, MoCA total
scores were regressed on RMET scores, independent of
PD presence, and also controlling for depression-anxiety
symptomatology (BPRS-E scores for depression-anxiety),
age, and gender. The results showed that MoCA total
scores were signiﬁcant predictors of affective ToM
(R2=0.50, F=28.07, β=1.004, P<0.0001), deﬁcits in cognitive functioning predicting deﬁciencies in affective ToM.
Next, multiple OLS regressions were conducted to investigate whether the six cognitive domains of MoCA (EF,
VSA, AT, MEM, L, and O) could signiﬁcantly predict
affective ToM, independent of PD presence, and controlling for depression-anxiety symptoms, age and gender as
well. While EF (R2=0.37, F=16.08, β=3.18, P<0.0001),
VSA (R2=0.63, F=47.31, β=2.59, P<0.0001), and AT
(R2=0.35, F=15.14, β=1.58, P=0.001) appeared to be signiﬁcant predictors of affective ToM abilities, MEM, L and
O did not (P>0.05). A multiple regression model containing all of three cognitive domains (AT, EF and VSA)
explained 64% of the variance and was a signiﬁcant predictor of RMET scores (F=32.004, P<0.0001). However,

Table 4 Results of Dunn’s post hoc test for multiple comparisons of scale scores (HC – mild PD – moderate PD)
Scales

Scale dimensions

Level of signiﬁcance (P) for the Dunn post hoc procedure
HC vs mild PD

HC vs moderate PD

Mild PD vs moderate PD

BPRS-E

Total score
Depression-anxiety sub-score

<0.0001***
<0.0001***

<0.0001***
<0.0001***

0.65
0.96

MoCA

Executive functions
Visuospatial functions

0.09
0.006**

<0.0001***
<0.0001***

0.23
0.0001***

Language

–

–

–

Attention
Memory

0.14
<0.0001***

<0.0001***
<0.0001***

0.16
0.67

Total score

<0.0001***

<0.0001***

0.002**

Total score

0.85

<0.0001***

<0.0001***

–

Orientation

RMET

Notes: **P<0.01; ***P<0.0001. Pairwise comparisons were not computed for variables for which the overall Kruskal–Wallis test showed no signiﬁcant differences (MoCA
sub-scores for language and orientation).
Abbreviations: PD, Parkinson’s disease; HC, healthy controls; BPRS-E, brief psychiatric rating scale – expanded; MoCA, montreal cognitive assessment; RMET, Reading the
Mind in the Eyes test.
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only VSA scores remained signiﬁcant predictors of affective ToM when the other two variables were controlled for
(β=2.48, P<0.0001 for VSA; β=0.19, P=0.83 for EF;
β=0.59, P=0.22 for AT). Moreover, when MoCA total
scores and VSA abilities were regressed together on
RMET scores, global cognitive performance also lost its
predictive value (R2=0.63, F=37.88; β=0.15, P=0.41 for
MoCA total scores, β=2.36, P<0.0001 for VSA scores).

Mediational analysis
Notes: *P<0.05; **P<0.01; ***P<0.0001.
Abbreviations: PD, Parkinson’s disease; BPRS-E, Brief Psychiatric Rating Scale – Expanded; MoCA, Montreal Cognitive Assessment; RMET, Reading the Mind in the Eyes test.

H=1.62, P=0.44
H=25.69, P<0.0001***
U=1184.5, P=0.01*
r=−0.77, P<0.0001***
r=−0.47, P<0.0001***
Total score
RMET

H=0.30, P=0.86

H=0.04, P=0.97

H=1.89, P=0.37

H=1.91, P=0.38
U=1439.5, P=0.29

U=1618.5, P=0.97

Total score

r=−0.51, P<0.0001***

r=−0.02, P=0.79

r=−0.29, P=0.001**

Orientation

r=−0.09, P=0.46

H=0.26, P=0.87
H=1.17, P=0.55

H=2.14, P=0.34
H=1.49, P=0.47

H=1.01, P=0.60
H=1.68, P=0.43
U=1436.0, P=0.26
U=1607.0, P=0.92

U=1574.5, P=0.24

r=−0.25, P=0.006**
r=−0.12, P=0.17
Attention
Memory

r=−0.25, P=0.04*
r=−0.09, P=0.47

r=−0.07, P=0.41
Language

r=−0.08, P=0.52

H=2.75, P=0.25
H=2.21, P=0.33
H=1.40, P=0.49
H=4.22, P=0.12
U=1454.5, P=0.18
U=1421.5, P=0.19
r=−0.15, P=0.11
r=−0.21, P=0.03*
Executive functions
Visuospatial functions
MoCA

r=0.18, P=0.05
r=0.17, P=0.06
Total score
Depression-anxiety sub-score
BPRS-E

r=−0.25, P=0.04*
r=−0.63, P<0.0001***

H=2.45, P=0.29
H=3.02, P=0.22
H=1.16, P=0.55
H=0.63, P=0.72
U=1550.5, P=0.67
U=1532.5, P=0.59

Education level
PD duration (only the PD sample)

Scale dimensions

r=0.03, P=0.80
r=0.04, P=0.97

Gender
Age

Marital status

Mann–Whitney U test (U)/Kruskal-Wallis test (H), level of signiﬁcance (P)
Spearman’s correlation coefﬁcient, level of signiﬁcance (P)

Romosan et al

Scales

Table 5 Inﬂuence of demographic and clinical characteristics on participants’ neuropsychiatric assessment
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Logistic regression showed that the presence of PD was an
independent predictor of deﬁcits in affective ToM
(β=−0.27, P<0.0001), but also in global cognitive functioning (β=−1.88, P=0.001). Disease (PD) was also a signiﬁcant predictor of VSA (β=−2.77, P<0.0001), EF
(β=−2.89, P<0.0001), AT (β=−1.31, P<0.0001), and
MEM (β=−1.52, P<0.0001), but not of L and O
(P>0.05). Since MEM, L and O were not predictive of
affective ToM abilities, they were not included in the next
analyses.
To begin with, a simple mediation analysis was conducted to test the impact of disease (PD) on affective ToM
abilities (assessed with a visual affective ToM task –
RMET) through the mediator effect of global cognitive
status (MoCA total scores). The number of correct
answers in RMET was entered as the dependent variable
(Y), the presence of PD as the independent variable (X),
MoCA total score as the mediator (M) and the BPRS-E
sub-score for depression-anxiety symptoms, age and gender as covariates. As shown in Figure 1, lower MoCA total
scores were signiﬁcantly related to the presence of PD (a=
−4.07; P<0.0001), and deﬁcits in MoCA total scores were
subsequently related to lower RMET scores (b=1.08;
P<0.0001). The 95% bias-corrected CI based on 10,000
bootstrap samples revealed that the indirect effect of PD
on ToM through cognitive status was signiﬁcant (effect
estimate: −4.38, 95% CI: −6.28; −2.67). The total effect of
PD on ToM (c=−3.63; P=0.001, 95% CI: −5.74; −1.51)
turned statistically non-signiﬁcant when MoCA total score
was entered into the model (total direct effect: c’=0.75;
P=0.53, 95% CI: −1.60; 3.11) and thus, full mediation can
be assumed.
Questioning which cognitive domain might be driving
this mediation, another model was constructed, this time
using the three cognitive domains that had a signiﬁcant
inﬂuence on affective ToM performance in PD patients (as
shown by the regression analyses): VSA, AT and EF.
Because it has been suggested that causality might exist
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a: -4.07***

b: 1.08***

c’: 0.75

PD
(X)

RMET
(Y)

c: -3.63**

Figure 1 The mediating effect of global cognitive status on affective theory of mind
in Parkinson’s disease, controlling for depression-anxiety symptomatology and
gender.
Notes: All numbers represent unstandardized coefﬁcients; X is the dependent
variable (Parkinson’s disease); Y is the independent variable (affective theory of
mind); M is the mediator (global cognitive performance); a represents the effect of
Parkinson’s disease on global cognitive status, b represents the effect of global
cognitive status on affective theory of mind, c’ is the direct effect of Parkinson’s
disease of affective theory of mind, c is the total effect of Parkinson’s disease on
affective theory of mind. **P<0.01; ***P<0.001.
Abbreviations: PD, Parkinson’s disease; MoCA, montreal cognitive assessment;
RMET, Reading the Mind in the Eyes test.

between these potential mediators, a serial model was
deployed. The mediators were entered as follows: AT
was considered as ﬁrst mediator (M1), exerting an inﬂuence on EF (second mediator, M2), which in turn affected
VSA (third mediator, M3). Similar to the simple mediation
model, the number of correct answers in RMET was
introduced as the dependent variable (Y), the presence of
PD as the independent variable (X), BPRS-E scores for
depression-anxiety, age and gender as covariates. As indicated in Figure 2, the long-way mediation (PD → AT
scores → EF scores → VSA scores → RMET scores)
was signiﬁcant (indirect effect: −0.66, 95% CI: −1.41;
−0.12), as was the speciﬁc path PD → VSA scores →
RMET scores (indirect effect: −3.88, 95% CI: −5.77;
−2.19). However, the speciﬁc indirect effects through AT

(indirect effect: −0.62; 95% CI: −1.56; 0.14) and EF
(indirect effect: 0.03; 95% CI: −0.29; 0.31) were not signiﬁcant, as they contained 0. The speciﬁc indirect effect of
PD on affective ToM through both AT and EF (PD → AT
scores → EF scores → RMET scores) was also insignificant (indirect effect: 0.06; 95% CI: −0.54; 0.64), as were
the speciﬁc paths PD → AT scores → VSA scores →
RMET scores (indirect effect: −0.20; 95% CI: −0.28;
0.82), and PD → EF scores → VSA scores → RMET
scores (indirect effect: −0.28; 95% CI: −0.74; 0.04). The
total effect of the model was signiﬁcant (total effect:
c=−3.63; P=0.001, 95% CI: −5.74; −1.51). As for the
simple mediation model, the direct effect of PD on affective ToM also became statistically insigniﬁcant (direct
effect: c’=1.53, P=0.12, 95% CI: −0.39; 3.44) when AT,
EF and VSA scores were introduced into de model (hence,
full mediation can be inferred). Furthermore, 41% of the
total effect of attention and executive functions on affective ToM was mediated by visuospatial abilities (R2=0.41,
F=12.74, P<0.0001).

Discussion
This study had three main objectives. The ﬁrst one was to
assess affective ToM abilities (using a visual ToM task)
and cognitive performance in a sample of PD patients
(using a HC group for comparison, and also analyzing
performances taking into account the stage of PD). The
second objective focused on exploring the relationship
between affective ToM abilities and cognitive status (independent of PD presence), whereas the third objective centered on examining the role of PD on affective ToM

-0.09
AT score
(M1)

0.37***

-0.85**

EF score
(M2)

VSA score
(M3)

0.78**

2.71***

-0.13

-0.19
-1.43***

PD
(X)

0.73
1.53

RMET
(Y)

-3.63**

Figure 2 The mediating effect of three cognitive domains (attention, executive functions and visuospatial abilities) in the relationship between Parkinson’s disease and
affective theory of mind.
Notes: All numbers are unstandardized coefﬁcients; Parkinson’s disease is the dependent variable (X); affective theory of mind is the independent variable – RMET scores
(Y); M1 (attention), M3 (executive functions) and M3 (visuospatial abilities) are the mediators. The two unstandardized coefﬁcients between PD and RMET scores represent
the direct effect of Parkinson’s disease of affective theory of mind (above the arrow), and the total effect of Parkinson’s disease on affective theory of mind (below the
arrow). **P<0.01; ***P<0.001.
Abbreviations: PD, Parkinson’s disease; AT, attention; EF, executive functions; VSA, visuospatial abilities; RMET, Reading the Mind in the Eyes test.
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abilities, considering the mediator effect of cognitive performance (global cognitive status and speciﬁc cognitive
domains).
Consistent with previous research,17,21 our results
revealed that affective ToM abilities were preserved in
mild PD (patients in stages 1, 1.5 and 2 according to
H&Y criteria having a similar performance to HC). By
contrast, moderate PD patients (stages 2.5 and 3) presented
signiﬁcantly worse affective ToM skills than participants
from both the HC and the early (mild) PD sample, affective ToM impairment in PD appearing to develop as the
disease progressed (a fact also suggested by the signiﬁcant
negative correlation between RMET scores and PD duration). Since only patients with mild-moderate motor symptomatology (according to H&Y staging criteria) were
included in this study, it is probable that additional decline
in affective ToM abilities may ensue, along with patients’
motor and cognitive progressive deterioration. These ﬁndings are in accordance to other studies suggesting that
affective ToM deﬁcits appear during the later stages of
PD and seem to worsen throughout the progression of
PD.14,15,53 It must be noted that impaired affective ToM
abilities (as assessed with a visual affective ToM task)
were not consequences of pure visual deﬁcits, as all participants had a satisfactory or corrected vision.
Similar to other studies,2,13,23 we found that PD was
associated with abnormalities in visuospatial perception,
which appeared early during the course of the disease
(mild and moderate PD patients), followed by executive
dysfunctions and attention/memory deﬁcits (moderate PD
patients). As expected, cognitive performance appeared to
deteriorate throughout PD progression, moderate PD
patients revealing signiﬁcantly lower MoCA total scores
than both mild PD patients and HC.
While some authors mentioned the inﬂuence of psychiatric symptoms, particularly those related to emotional
disturbances (depression and anxiety) on ToM performance in PD patients,27 others suggested that ToM abilities are not related to affective symptomatology in PD.11
More recent data proposed that affective ToM dysfunctions in PD patients could be related to severity of apathy
(assessed with the Apathy Evaluation Scale) and disturbances in behavior (assessed with the Frontal behavioral
inventory).15 The inﬂuence of psychosis on ToM has been
also demonstrated in patients suffering from schizophrenia
and other related psychotic disorders (during the acute
state and also during remission).28 The BPRS was used
in this study to assess all possible psychiatric symptoms

Neuropsychiatric Disease and Treatment 2019:15
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that could have a negative impact on affective ToM abilities. However, our participants scored higher only in
items related to depression-anxiety symptomatology and
therefore, a BPRS-E sub-score for depression-anxiety was
calculated for each sample. Although this score did not
correlate signiﬁcantly with RMET scores, which is consistent with other ﬁndings,27 BPRS-E scores for depressionanxiety correlated negatively with MoCA total scores.
Because it has been demonstrated that depression-anxiety
symptoms may have a negative impact on cognitive functions in PD,52 the regression and mediational analyses
were conducted while controlling for the presence and
severity of these symptoms, so they cannot inﬂuence the
results of our study.
Certain affective ToM tasks depend more heavily on
the visual processing of information (eg, attributing emotions to faces), other tasks that assess affective mental
states rely on written stories, whereas the ones that explore
the higher-order ToM abilities appear to rely mostly on
executive processing (eg, story-based tasks, tasks involving inferring and associating information and also
hypothesizing).54 Some authors suggest that impairments
in mindreading tasks are associated to executive dysfunctions, such as difﬁculties in understanding and taking
others’ perspective, or deﬁciencies in merging different
sources of information (past events and knowledge about
others), arguing for shared mechanisms between ToM and
executive functions.55 Functional neuroimaging studies
indicate that the frontal lobes, along with several other
brain regions, might be involved in ToM impairments.
The frontal lobes are involved in many cognitive and
non-cognitive processes, such as executive functions,
attention, memory, language, motor functionality, processes underlying affect, personality, social and moral
perception and reasoning.56 It has been suggested that
damage occurring in the frontal lobes not only affects
cognitive and motor functions, but also social behavior,
self-awareness, personality.57 Lesions in the orbitofrontal
and ventromedial areas were observed to be responsible
personality disturbances, appearance of indifferent behavior, deﬁciencies in social judgment, self-regulation deﬁcits, impaired affective response, impaired pragmatics,
incapacity of associating social circumstances with personal affective indicators.58 Therefore, the orbitofrontal cortex and the dorsomedial prefrontal cortex have been
connected to ToM abilities and behavioral self-awareness.
Studies have revealed that while damages of the orbitofrontal cortex appear to associate with impairments in
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affective ToM, injuries/lesions of the dorsomedial prefrontal cortex have been associated with the cognitive feature
of self-reference, as well as with a reliable assessment of
one’s personal behavior.59 Since cognitive deﬁcits
observed in PD patients were also found to associate
with frontal lobe dysfunction,60 the possibility that cognitive deﬁcits might explain ToM impairments in these
patients appears plausible. The ability to ascribe emotions
to facial expressions is considered to be an elaborate
cognitive process, relying on the functional integrity
of several cognitive domains, such as executive
functions, visuospatial perception, attention, memory, and
language.61 As cognitive decline appears to be frequently
associated with PD, occurring even during the early stages
of the disease,2,16,41 the role of cognitive impairment in
affective and cognitive ToM processing in PD has been
brought into question. Data on the relationship between
cognitive deﬁcits and impaired ToM in PD are heterogeneous, certain authors arguing that no connection has been
found between these processes,11,13,17 whereas others supporting the hypothesis that cognitive decline (especially
executive and visuospatial dysfunctions) might be related
to affective and cognitive ToM abilities.14,15,31 Complex
assessments of ToM abilities, concerning both the affective and the cognitive facets of ToM, revealed signiﬁcant
associations between ToM performance and executive
functions in PD (using the Faux pas detection test,62 the
Advanced Test of Theory of Mind,15 the intention attribution test,63 and other story-based tasks). However, studies
using less cognitive demanding tests, such as the RMET,
have provided mixed results, showing signiﬁcant correlations between ToM abilities and executive functions only
in the more advanced stages of PD.63–65 Impaired RMET
performance has been also associated with dysfunctions in
visuospatial abilities and deﬁcient non-verbal reasoning.32,66
The results of this research support the theory that in
patients with PD cognitive deﬁcits are predictive of affective ToM impairments. However, it must be taken into
account that the whole sample of PD was considered in
the mediational analysis, and that the impact of PD severity on affective ToM impairments through cognitive performance was not examined.
In our study, three of the six cognitive domains that
were examined with MoCA had a signiﬁcant inﬂuence on
affective ToM performance: visuospatial abilities, attention, and executive functions. Theories that associate cognitive impairments with abnormalities of the frontal-basal
ganglia neural circuits (central to executive functions),
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suggest that perceptual and visual impairments (visuospatial deﬁcits) can be attributed to slow processing of information, which can affect executive functions in PD.67,68
More precisely, previous studies opine that attention and
executive dysfunctions should be considered primary
impairments that will eventually lead to other cognitive
deﬁcits, such as memory, learning, verbal ﬂuency, and
visuospatial deﬁciencies. However, in order to properly
function, executive processes require, among other cognitive domains, the integrity of attention.69,70 To test their
potential mediator effect in the relationship of PD and
affective ToM, MoCA sub-scores for attention, executive
functions and visuospatial abilities were entered simultaneously in a serial mediation model (in that order, as was
suggested by the above-mentioned literature data). These
three cognitive domains working combined fully mediated
the relationship between PD and affective ToM in our
study: PD was responsible for attention decline, which
consequently led to executive dysfunctions, which in turn
generated visuospatial impairments, which ultimately
impacted affective ToM abilities in a negative manner.
Moreover, PD seemed to have a direct negative impact
on affective ToM via visuospatial impairments, without
attention and executive functions being involved.
Attention and executive functions did not act as independent mediators, but rather appeared to remain part of an
extended causal sequence that ultimately involved visuospatial capacities. RMET is considered to be an advanced
affective ToM task that involves the attribution of mental
states to facial expressions and complex facial emotion
representation from photographs,71 thus requiring the correct perception of the picture for the processing of this
information. Hence, it was to be expected that visuospatial
abilities should play the most important mediating role in
the relationship between PD and affective ToM. However,
neither attention, nor executive functions remained significant predictors of affective ToM deﬁcits when visuospatial abilities were controlled for. Furthermore, global
cognitive performance lost its predictive value for affective ToM deﬁcits when visuospatial abilities were
accounted for in the regression analysis. This indicates
that affective ToM, which is a complex process, should
not be considered only a cognitive deﬁcit and that there
might be other factors that could inﬂuence affective ToM
performance in PD, other than cognition alone. The contribution of global cognitive status and visuospatial abilities on affective ToM performance in PD was speculated
in previous studies (using MMSE as a scale for measuring
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cognitive performance, the line orientation test for examining visuospatial abilities and RMET for evaluating affective ToM).32 Using another assessment scale for cognitive
performance, our results also support the theory that
visuospatial deﬁciencies might play a direct role in affective ToM decline (when assessed using a visual affective
ToM task) in PD, also having an important contribution in
the relationship between executive dysfunctions and affective ToM impairments (assessed with a visual ToM task) in
PD patients.
Another point that must be considered refers to our
study limitations. First of all, only the affective component
of ToM was assessed using a visual ToM task. This limits
our ability to generalize the conclusions to affective ToM
performance at large. Utilizing more complex tasks that
examine both the affective and cognitive aspects of ToM
might have enabled us to explore the role of cognitive
performance and of speciﬁc cognitive domains in ToM
performance. The cross-sectional design of our study limits the sustenance of a deﬁnite model; longitudinal data
could have conﬁrmed if the associations revealed by this
study remained stable across time. The relatively small
sample size and the use of only one cognitive assessment
scale also restrict us to generalize these results. Moreover,
the results must be interpreted taking into account the large
presence of MCI in the PD sample and the fact that the
mean performance of the PD sample in RMET was near
the ﬂoor effect. Because cognitive functions were assessed
in our study with MoCA, which is a screening tool, in
order to provide more robust conclusions, the connection
between cognitive deﬁcits and ToM impairments should
be further explored in future studies using other tests that
assess in detail speciﬁc cognitive domains (eg, batteries of
speciﬁc tests for examining visuospatial abilities, executive functions, attention and memory) and also using classical ToM tasks, for which the construct validity is more
well established.

Conclusion
The results of our study suggest that affective ToM performance is preserved in the early stages of PD, appearing
to decline with the progression of the disease. Patients
with moderate PD exhibit impaired affective ToM abilities. These deﬁciencies are not inﬂuenced by the presence
of psychiatric symptomatology, such as anxiety-depression
symptoms.
Cognitive performance appears to mediate the relationship between PD and affective ToM through the combined
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effect of attention, executive functions and visuospatial
abilities. Attention deﬁcits negatively impact on executive
functions, which adversely inﬂuence visuospatial abilities,
which in turn lead to affective ToM deﬁciencies. Although
attention and executive functions do not act as individual
mediators, they are part of an extended causal chain that
ultimately involves visuospatial abilities. Visuospatial
skills may have a direct involvement in affective ToM
impairments displayed by PD patients, as assessed with a
visual task.
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