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Abstract
Background Social cognition is impaired in Parkinson’s disease (PD). Whether social cognitive impairment (iSC) is a by-
product of the underlying cognitive deficits in PD or a process independent of cognitive status is unknown. To this end, the 
present study was designed to investigate the weight of specific cognitive deficits in social cognition, considering different 
mild cognitive impairment subtypes of PD (PD-MCI).
Methods Fifty-eight PD patients underwent a neuropsychological battery assessing executive functions, memory, language, 
and visuospatial domains, together with social cognitive tests focused on theory of mind (ToM). Patients were divided into 
subgroups according to their clinical cognitive status: amnestic PD-MCI (PD-aMCI, n = 18), non-amnestic PD-MCI (PD-
naMCI, n = 16), and cognitively unimpaired (PD-CU, n = 24). Composite scores for cognitive and social domains were 
computed to perform mediation analyses.
Results Memory and language impairments mediated the effect of executive functioning in social cognitive deficits in PD 
patients. Dividing by MCI subgroups, iSC occurred more frequently in PD-aMCI (77.8%) than in PD-naMCI (18.8%) and 
PD-CU (8.3%). Moreover, PD-aMCI performed worse than PD-CU in all social cognitive measures, whereas PD-naMCI 
performed worse than PD-CU in only one subtype of the affective and cognitive ToM tests.
Conclusions Our findings suggest that ToM impairment in PD can be explained by memory dysfunction that mediates execu-
tive control. ToM downsides in the amnesic forms of PD-MCI may suggest that subtle changes in social cognition could 
partly explain future transitions into dementia. Hence, the evaluation of social cognition in PD is critical to characterize a 
possible behavioral marker of cognitive decline.
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Introduction

Social cognition is a crucial neurocognitive capacity that 
determines how individuals recognize, understand, and 
respond to social cues (Henry et al., 2016). Failures of 
social cognition, such as poor empathy, impaired theory 
of mind (ToM), altered social perception, and abnormal 
social behavior, are prominent in several neurological 
disorders and represent critical predictors of functional 
outcomes and quality of life due to their impact on the 
ability to create and maintain successful interpersonal 
relationships (Henry et al., 2016). Indeed, this neurocogni-
tive domain encompasses four broad components: 1) ToM, 
which refers to the ability to understand the mental states 
of others; 2) empathy, defined as the capacity to engage 
with and share others’ emotions; 3) social perception, 
which refers to the ability to interpret and respond to social 
cues; and 4) social behaviour, described as the capacity 
to behave appropriately in social situations (Henry et al., 
2016; Michaelian et al., 2019).

More specifically, ToM is a multidimensional construct 
that can be differentiated into two subcomponents: a cog-
nitive subcomponent, defined as the capacity to under-
stand the intentions, beliefs, and desires of others, and an 
affective subcomponent that consists of understanding oth-
ers’ emotions, feelings, and affective states (Kalbe et al., 
2010a; Shamay-Tsoory et al., 2004; Shamay-Tsoory & 
Aharon-Peretz, 2007). Social perceptual deficits, such as 
problems in recognizing basic emotional cues may disrupt 
the ability to correctly understand others’ mental states; 
thus, the ability to recognize emotions seems to represent 
the first automatic level of intention attribution and min-
dreading (Coricelli, 2005; Phillips et al., 2002; Sagliano 
et al., 2020), needed across several social interactions. 
Hence, the correct use of social cognition determines 
successful adaptive behaviour to contextual demands to 
enhance interpersonal relationships at different levels.

Adaptive use of social cognition is supported by spe-
cific cognitive functions, such as executive function, lan-
guage, memory, and visuospatial abilities. Evidence of a 
close relationship between ToM abilities and executive 
functioning when evaluating false-belief and perspective-
taking tasks has been found in healthy subjects (Saltzman 
et al., 2000). Indeed, social cognition and language prob-
ably build an evolutionary cycle in which the develop-
ment of one feeds the other (Fitch et al., 2010), given that 
language skills support several key abilities needed for 
inter-individual communication (e.g., exchanging social 
information, reasoning about others’ mental states, and 
expressing and recognizing communicative intentions). 
Also, memory functions seem to contribute to social cog-
nition feeding a “social knowledge”—a type of semantic 

memory regarding information about the retrieval of 
appropriate social words, social behaviors, and social enti-
ties gained throughout experience (Olson et al., 2013). 
Importantly, correct retrieval of the needed social words 
(a language-related process) is frequently used to take oth-
ers’ perspectives and behave in a social manner (Olson 
et al., 2013). It has been argued that preserved episodic 
memory could be crucial for adaptive ToM mediated by 
the long-term recollection of relevant social information, 
a key mechanism in the understanding of others’ beliefs 
and feelings needed to interpret social situations (Laillier 
et al., 2019). Hence, adequate computation along various 
cognitive functions ultimately determines the quality of 
social cognition.

Several of the above cognitive domains associated with 
social cognitive processes are impaired in Parkinson’s dis-
ease (PD), which may explain the more severe ToM dysfunc-
tion in PD patients in front of less severe deficits in empa-
thy and social perception, as revealed by the effect sizes of 
recent meta-analytic studies (Coundouris et al., 2019, 2020). 
Neuropathological grounds for executive impairments in PD 
include dopaminergic denervation, which initially affects 
caudal putamen (Pineda-Pardo et al., 2022), leading to fron-
tal changes in the dorsolateral prefrontal cortex (DLPFC) 
and impairments in set-shifting and inhibition (Obeso et al., 
2011; Sawada et al., 2012). As neurodegeneration spreads to 
other frontal areas, such as the orbitofrontal cortex (OFC) 
and medial frontal cortex (mPFC), as well as some portions 
of the limbic network (Díez-Cirarda et al., 2015; Ibarretxe-
Bilbao et al., 2009; Kalbe et al., 2010b; Péron et al., 2010), 
manifestations also involve affective processing, decision-
making, memory, and language difficulties (Banwinkler 
et al., 2022). Importantly, functional changes in DLPFC 
and ventromedial PFC contribute to social cognitive impair-
ments observed in PD (Díez-Cirarda et al., 2015; Ibarretxe-
Bilbao et al., 2009; Kalbe et al., 2010a; Péron et al., 2009), 
especially in emotion recognition (Coundouris et al., 2019) 
and ToM (Bora et al., 2015; Coundouris et al., 2020). Thus, 
PD represents an ideal model to test predictions on which 
cognitive subdomains may impact the adequate execution 
of social cognition differently. Notably, whether social cog-
nitive deficits in PD are a by-product of general cognitive 
difficulties rather than specific isolated deficits remains 
unknown.

In our recent meta-analysis, we found that ToM deficits 
in PD were related to executive and language impairments 
(Maggi et al., 2022a). Dissociated patterns of neuropsy-
chological correlates emerged between different ToM 
subcomponents: cognitive ToM abilities widely related to 
all executive functions, while affective ToM was specifi-
cally linked to some executive functions, such as cogni-
tive flexibility and decision-making (Maggi et al., 2022a, 
b). Other executive functions have been linked to ToM 
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deficits in PD, such as working memory (Enrici et al., 
2017; Kosutzka et al., 2019), flexibility (Díez-Cirarda 
et al., 2015; Kosutzka et al., 2019), and inhibition prob-
lems (Foley et al., 2019). Language processing, which is 
impaired in PD due to basal ganglia dysfunctions (Chen-
ery et al., 2008; MacOir et al., 2013), also might contrib-
ute to ToM alterations, because it provides a supporting 
structure, together with executive mechanisms, for rea-
soning about others’ emotional and mental states critical 
in some mentalizing operations during social cognitions, 
such as detection of emotional prosody, humor, and sar-
casm (Bodden et al., 2010; Maggi et al., 2022a, b). Also 
other neuropsychological domains may contribute to social 
cognition deficits in PD, such as memory (Alonso-Recio 
et al., 2021; Enrici et al., 2017) and visuospatial abilities 
(Kosutzka et al., 2019; McKinlay et al., 2013). In sum-
mary, an overall cognitive spectrum of interrelated func-
tions subserves adaptive social cognition, an impaired 
function in PD, with special emphasis on executive control 
(Maggi et al., 2022a, b).

The aforementioned studies included PD patients with-
out overt cognitive decline. However, the implication of 
mild cognitive impairment (MCI) as a confounding fac-
tor in ToM-related cognitive mechanisms in PD remains 
uncertain. Progressive impairment in social cognition 
abilities in advanced disease stages with concomitant 
presence of MCI has been reported (Alonso-Recio et al., 
2021; Anderson et al., 2013), whereas other studies have 
revealed social cognitive impairment in early PD patients 
with preserved cognitive abilities (Czernecki et al., 2021; 
Dodich et al., 2022), suggesting the existence of an iso-
lated social cognitive impairment. Thus, the exact nature 
of social cognitive impairment in PD, as well as the spe-
cific weight of each cognitive subdomain in its manifesta-
tion, remains unclear. Importantly, no study has explored 
the occurrence of social cognitive impairment in different 
clinical subtypes (i.e., amnestic and non-amnestic) of PD-
MCI, which may impact social cognitive processes in PD 
differently.

The present study aimed to investigate whether social cog-
nitive deficits, especially ToM impairment, in PD are a by-
product of several cognitive domains, and how they relate to 
different PD-MCI profiles (i.e., amnestic and non-amnestic). 
Given that impairments in executive control seem to explain 
ToM impairment in PD (Maggi et al., 2022a, b), we first 
explored the role of cognitive impairments (i.e., memory, 
language, and visuospatial abilities) as mediators of the rela-
tionship between executive dysfunctions and social cognition 
in PD. We then examined whether and how the occurrence 
and extent of social cognitive impairment are associated with 
specific PD-MCI profiles (i.e., amnestic and non-amnestic) 
compared with patients with preserved cognition.

Methods

Participants

We screened consecutive PD outpatients referred to the 
Movement Disorders Unit of the IDC-Hermitage Capo-
dimonte (Naples, Italy). Fifty-eight PD patients (38 
males and 20 females; mean age = 64.57, standard devi-
ation [SD] = 8.68) were included in the present study. 
PD patients were included in the study if the following 
inclusion criteria were met: 1) diagnosis of idiopathic 
PD according to the UK Brain Bank diagnostic criteria 
(Hughes et al., 1992); 2) absence of dementia, evaluated 
by both MDS criteria (Emre et al., 2007) and means of 
the Italian version of the Montreal Cognitive Assessment 
(MoCA > 15.5 (Santangelo et al., 2015)]); 3) absence of 
neurological conditions other than PD; and 4) absence of 
major depressive symptomatology according to the clini-
cal diagnostic criteria of DSM-V after an initial screen-
ing based on the Italian cutoff of the Beck Depression 
Inventory-II (BDI-II) (Maggi et al., 2023).

We collected demographic (i.e., age, sex, educational 
level) and clinical data as the disease duration (years from 
diagnosis), medication (Levodopa Equivalent Daily Dose; 
LEDD), stage of the disease and severity of motor symp-
toms assessed by Hoehn & Yahr staging system (H&Y) 
and part III of Unified Parkinson’s Disease Rating Scale 
(UPDRS-III), respectively, and neuropsychiatric symp-
toms using the BDI-II (Maggi et al., 2023)—the Parkinson 
Anxiety Scale and the Dimensional Apathy Scale (Aiello 
et al., 2022). All participants provided their informed writ-
ten consent to participate before starting the study, which 
was approved by the Local Ethics Committee and per-
formed according to the ethical standards laid down in the 
Declaration of Helsinki and its later amendments.

Neuropsychological evaluation

Social cognition

Social cognition assessment consisted of the evaluation of 
both the cognitive and emotional domains of theory of mind 
processes. The Reading the Mind in the Eyes Test (RMET) is 
a widely used assessment tool for social cognitive functions, 
because it evaluates how individuals recognize complex emo-
tional expressions from the eye region of adult faces. Although 
some evidence has demonstrated that it is more specific for the 
evaluation of more automatic and implicit processes, such as 
emotion recognition (Baron-Cohen et al., 1997; Oakley et al., 
2016; Quesque & Rossetti, 2020), the RMET was conceived 
and currently employed as an Affective ToM measure. The 
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Italian version of the RMET consists of 36 photographs of 
the eye part of the face, accompanied by four words depict-
ing emotional states placed around the pictures. Subjects are 
asked to choose the word that best describes the emotional 
state of each photograph. For this test, we calculated the sum 
of the correct responses.

To assess the affective component of ToM, we also used 
the modified Italian version of the Emotion Attribution Task 
(EAT; Blair & Cipolotti, 2000), which consists of 35 short sto-
ries eliciting the attribution of several emotions (i.e., sadness, 
fear, embarrassment, disgust, happiness, anger, and envy). 
Subjects must understand how the characters may feel in a 
particular situation and choose the closest feeling. The total 
score reflects the number of emotions correctly attributed.

Otherwise, the Strange Stories (ATT) developed by 
Happé (1994) was used as a measure of cognitive ToM. The 
test comprises several short stories depicting naturalistic 
situations in which two or more characters interact in famil-
iar or social contexts. These interactions include white lies, 
double bluff, mistakes, and persuasion. The subject is asked 
to explain why the characters say something or behave as 
they do (Maggi et al., 2022a, b). We calculated the sum of 
stories correctly understood and interpreted.

The Theory of Mind Picture Stories Task (TMPS) devel-
oped by Brüne (2003) evaluates the ability to infer others’ 
mental states (cognitive ToM) and predict their behavior 
on different levels of intentionality. Using a series of six 
cartoon picture stories, different scenarios are presented 
that show reciprocity, deception, and cheating. Participants 
are then asked to order the four cartoon cards in a logical 
sequence of events and describe the overall story shown 
in the pictures. Finally, they are asked questions to exam-
ine their comprehension of several aspects of the stories 
regarding reciprocity, deception, cheating, and reality. We 
calculated the total accuracy score as a result of general 
story comprehension and several subscores reflecting the 
comprehension of first-order, second-order, and third-order 
false beliefs and other comprehension variables regarding 
reciprocity, deception, cheating detection, and reality. We 
transformed the raw scores of above tests into z-scores (cal-
culated on sample data) and computed the sum of these 
scores to create a social cognition composite score. Based 
on general neuropsychological standards in PD (Goldman 
et al., 2015), patients reporting a composite score in social 
cognition tests <1.5 SD of the group average were classified 
as presenting social cognitive impairment (PD-iSC). Mean-
while, patients reporting a score >1.5 SD were classified as 
unimpaired social cognitive impairment (PD-uSC).

Derivation of composite domain scores

We calculated the composite score for each neuropsycho-
logical domain by summing the z-scores (obtained from 

normative adjusted scores) of each cognitive domain. Par-
ticularly, we categorized a memory composite score by 
integrating the delayed recall of RAVLT together with the 
delayed recall of a short story; the visuospatial and construc-
tional abilities composite score was created with BJLOT 
and the Constructional Apraxia test; language composite 
score was calculated by using the Nouns and Verb Nam-
ing tasks; the executive control composite score consisted 
of tests evaluating both executive functions and attention/
working memory (i.e., the Color reading task and Color-
word Interference task of the Stroop test, the phonological 
verbal fluency task, and part A and B-A scores of the Trail 
Making Test [TMT]). We employed this relatively broad and 
inclusive measure of executive control based on previous 
literature supporting the multifactorial nature of executive 
functions (Diamond, 2013; Enticott & Ogloff, 2006; Fried-
man & Miyake, 2004) and demonstrating the involvement 
of this wide domain in ToM processes (Maggi et al., 2022a, 
b). Furthermore, these four cognitive composite measures 
(i.e., Memory, Visuospatial and constructional abilities, Lan-
guage, and Executive control) were validated by proposing 
and testing a factor model. The references for the cognitive 
tests employed in this study are reported in Supplemental 
Material 1.

MCI subtypes classification

To detect the occurrence of PD-MCI using Level II cri-
teria (Litvan et al., 2012), patients underwent a complete 
neuropsychological assessment exploring five cognitive 
domains (using at least two tests in each domain) including: 
1) Attention/working memory/processing speed, evaluated 
using the Color task of the Stroop test and part A of the 
Trail Making Test (TMT); 2) Executive functions assessed 
by the Color-word Interference task of the Stroop test, pho-
nological verbal fluency task, and part B-A of the TMT; 3) 
Visuospatial and constructional abilities evaluated by the 
Benton Judgment of Line Orientation (BJLOT) and Con-
structional Apraxia test; 4) Memory assessed by the delayed 
recall of the Rey Auditory Verbal Learning Test (RAVLT) 
and the delayed recall of a short story “Anna Pesenti”; and 
5) language assessed by the Nouns and Verb Naming tasks 
(Neuropsychological Exam for Aphasia).

To evaluate whether patients’ performance significantly 
diverged from normal performance, we converted the 
adjusted scores of each neuropsychological measure into 
z-scores using available normative data. Patients report-
ing performance 1.5 SDs below the appropriate norms on 
at least two tests were classified as PD-MCI following the 
criteria proposed by Litvan et al. (2012). Subsequently, PD-
MCI patients were classified as amnestic and non-amnestic 
based on the presence of memory impairment, following 
a subdivision reported in previous studies (Chung et al., 
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2019; Devignes et al., 2022): participants with MCI who 
demonstrated a non-amnesic cognitive profile (PD-naMCI) 
and those showing an amnesic profile in at least one of the 
abovementioned memory tests (PD-aMCI).

Statistical analysis

A power estimation was carried out to determine the sample 
size required for our analyses, establishing an alpha level of 
0.05, and a large effect size of η2 = 0.50 (Faul et al., 2007).

We conducted confirmatory factor analysis (CFA) in 
AMOS to test the hypothesized factor model for cognitive 
composite scores. Model fit was evaluated by the Confirm-
atory Fit Index (CFI) and the Tucker-Lewis index (TLI), 
where values >0.95 for both indicate an excellent fit. In 
addition, the Root Mean Square Error of Approximation 
(RMSEA) was used with values <0.08 showing adequate 
fit, and values <0.05 were an excellent fit to the data.

Subsequently, to examine whether and how cognitive 
domains mediated the relationship between Executive con-
trol and ToM processes in the whole sample, we performed 
several parallel mediation analyses, entering ToM scores as 
dependent variables, Executive control composite score as 
predictor, and Memory, Visuospatial, and constructional abili-
ties, and Language composite scores as parallel mediators. 
Further mediation models were performed with single execu-
tive tests as predictors to explore the differential contributions 
of executive subdomains. We used a bootstrapping procedure 
with 5000 samples and replacement from the full sample to 
construct bias-corrected 95% confidence intervals (CI) (LL = 
lower level of confidence interval, UL = upper level of confi-
dence interval). Mediation models were performed by using 
SPSS Macro PROCESS (Preacher & Hayes, 2008).

Moreover, the main variables of interest were compared 
between the three different types of cognitive subgroups: PD 
controls (PD-CU), PD-aMCI, and PD-naMCI. Then, a sub-
division based on social cognition compared those patients 
with impairments (PD-iSC) against those with unimpaired 
social cognition (PD-uSC). We evaluated the association 
between the co-occurrence of MCI and iSC using the chi-
squared (χ2) test to compare proportions in a two-by-three 
contingency table. Pairwise comparisons using Kruskal-
Wallis tests and Bonferroni corrections were performed to 
determine the statistically significant differences between 
the three MCI groups.

To control for the possible effect of clinical variables 
on social cognitive tests and cognitive composite scores, 
we performed several multiple regression analyses, enter-
ing scores on social cognitive tests as dependent variables 
and clinical variables, such as disease duration, UPDRS-III 
scores, LEDD, and BDI-II scores, as predictors.

The significance level was set at α = .05, and all statistical 
analyses were performed by using SPSS Statistic 26.0 (IBM, 

2019). Power analysis was performed by using G*Power 3.1 
(Faul et al., 2007).

Results

Power analysis indicated that a total sample size of 42 
patients was required to reach statistical significance 
with power (1−β) set at 0.80, an estimated medium 
effect size of 0.5, and a p value of 0.05 (two-tailed). The 
final sample comprised of 58 patients. Our participants 
reported an average level of education (mean = 11.64, 
SD = 4.44) and a mean disease duration of 10.22 years 
(SD = 5.98).

Mediation analysis: Cognitive subdomains links 
with executive dysfunction and social cognition

Four mediation models were designed to test the possible 
mediation effects of Memory, Visuospatial and construc-
tional abilities, and Language scores on the relationship 
between Executive control and the SC tests. An excellent 
model fit (CFI = 0.981, TLI = 0.967, RMSEA = 0.035) 
for the proposed model solution of cognitive composite 
scores (i.e., Executive control, Memory, Visuospatial and 
constructional abilities, and Language) was demonstrated 
by the CFA.

Altered Executive control was associated with worse 
scores on Language (B = 0.093; p = 0.050), Memory (B = 
0.162; p = 0.001), and Visuospatial and constructional abili-
ties (B = 0.259; p < 0.001) domains. Subsequently, poorer 
performance on Executive control (B = 0.426; p = 0.012) 
and Language (B = 1.229; p = 0.006) were associated with 
worse scores on the RMET (emotion recognition/affective 
ToM). Examination of the indirect effects using the boot-
strap-generated bias-corrected CI approach demonstrated the 
indirect effect of Executive control on RMET performance 
through Language domain (Estimate effect: 0.114; 95% CI 
0.002–0.282) (Fig. 1a).

This result was confirmed when using Inhibition (evalu-
ated by the Interference task of the Stroop test) as predictor, 
both Memory and Language emerged as mediators entering 
Processing speed (measured by part A of the TMT) as the 
independent variable, whereas no significant mediation 
effect was found by using other executive tests as predictors 
(Supplementary Material 2).

In addition, impaired Executive control (B = 0.482; p = 
0.001) and Memory (B = 0.796; p = 0.027) were associ-
ated with poorer performance on the EAT (affective ToM). 
The examination of the indirect effects showed a significant 
mediation effect of Memory domain (Estimate effect, 0.127; 
95% CI 0.029–0.236) on the relationship between Executive 
control and EAT (Fig. 1b). The same result was confirmed 
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when single executive tests were used as predictors (Sup-
plementary Material 3).

Conversely, no association between cognitive domains 
and Strange Stories scores emerged. We did not find any 
indirect effect, but the total effect, the sum of indirect and 
direct effects, of Executive control on Strange Stories was 
significant (Estimate effect, 0.207; 95% CI 0.051–0.363) 
(Fig. 1c). The absence of significant mediation effects was 
confirmed by entering single executive tests as predictors 
(Supplementary Material 4).

Finally, worse cognitive TOM scores (TMPS) were 
related to poorer Executive control (B = 1.030; p < 0.001), 
altered Memory abilities (B = 3.259; p < 0.001), and 
impaired Language (B = 2.435; p = 0.003). The exami-
nation of the indirect effects showed two parallel indi-
rect effects of Executive control on TMPS through both 
Memory (Estimate effect, 0.528; 95% CI 0.195–0.947) and 
Language (Estimate effect, 0.227; 95% CI 0.017–0.541) 
domains (Fig. 1d). The mediation effect of Memory was 
confirmed when using single executive tests as predictors, 
whereas Language contribution was significant when enter-
ing part A and B-A scores of the TMT and Interference 
task of the Stroop test (Supplementary Material 5).

Clinical and neuropsychological results in mci 
subtypes

According to the MDS task-force criteria (Litvan et al., 
2012), 18 PD patients were classified as PD-aMCI (all mul-
tiple-domain MCI patients), 16 as PD-naMCI (six single-
domain MCI patients), and 24 as cognitively unimpaired 
PD. Demographic and clinical details of the amnesic and 
non-amnesic PD patients are reported in Table 1.

The PD-naMCI patients were older than PD-CU (p = 
0.009) and PD-aMCI (p = 0.026) patients, whereas no sig-
nificant difference emerged on education level (Table 1). 
The clinical variables showed that groups differed on dis-
ease stage (based on H&Y scores), with PD-aMCI and 
PD-naMCI groups reporting more advanced PD stage than 
PD-CU (Table 1). As for UPDRS-III score, we found that 
PD-naMCI patients reported worse motor disabilities than 
PD-CU patients (p = 0.001). Conversely, no significant 
differences were observed on disease duration and LEDD 
between groups.

The neuropsychiatric condition revealed group differ-
ences on depressive symptoms with PD-aMCI scoring 
higher on the BDI-II compared to PD-naMCI group (p 

Fig. 1  Mediation effects (represented by bold lines) of neurocognitive domains in the relationship between Executive control and performance 
on social cognitive tests. *p < 0.05
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Table 1  Comparison between PD groups on socio-demographical, clinical, neuropsychiatric and neuropsychological variables

PD= Parkinson’s Disease; MCI= Mild Cognitive Impairment; PD-aMCI= PD patients with amnestic MCI; PD-naMCI= PD patients with non-
amnestic MCI; SD= Standard Deviation; ys= years; M= Male; F= Female; H&Y= Hoehn and Yahr staging system; UPDRS= Unified Parkin-
son’s Disease Rating Scale; LEDD= Levodopa Equivalent Daily Dose; BDI-II= Beck Depression Inventory-II; PAS= Parkinson Anxiety Scale; 
DAS= Dimensional Apathy Scale; MoCA= Montreal Cognitive Assessment; RAVLT= Rey Auditory Verbal Learning Test; BJLOT= Benton 
Judgement of Line Orientation; TMT= Trail Making Test
Bold p values represent the statistically significant results

PD-CU 
(n=24)
A

PD-aMCI 
(n=18)
B

PD-naMCI 
(n=16)
C

Mean ± SD Mean ± SD Mean ± SD χ2 p

Age 62.08 ± 8.45 62.78 ± 8.02 70.31 ± 7.43 10.198 0.006
C>A, B

Educational level (ys) 12.33 ± 3.83 11.28 ± 4.72 11 ± 5.08 0.772 0.680
Gender (M:F) 16:8 10:8 12:4 1.442 0.486
Clinical Variables
  Disease duration (ys) 8.88 ± 4.87 13.28 ± 6.99 8.81 ± 5.27 4.852 0.088
  H&Y 2.00 ± 0.36 2.62 ± 0.76 2.53 ± 0.67 13.347 0.001

B, C>A
  UPDRS-III score 11.71 ± 5.5 14.82 ± 7.87 21.93 ± 8.55 12.93 0.002

C>A
  LEDD 673 ± 357.26 948.76 ± 481.69 615.93 ± 427.12 5.559 0.062

Neuropsychiatric Variables
  BDI-II 7.3 ± 9.31 9.83 ± 6.79 4.07 ± 3.86 8.992 0.011

B>C
  PAS 10.43 ± 9.88 11.33 ± 9.3 9.47 ± 7.2 0.195 0.907
  DAS 21.96 ± 11.89 21.28 ± 9.48 25.4 ± 7.86 2.683 0.261

Neuropsychological Variables
  MoCA 24.3 ± 3.05 17.67 ± 3.72 18.5 ± 4.11 24.223 <0.001

B, C<A
  RAVLT- immediate recall 40.42 ± 13.1 28.44 ± 12.21 28.94 ± 11.85 10.282 0.006

B<A
  RAVLT – delayed recall 8.62 ± 3.31 5.44 ± 3.31 6.94 ± 2.86 10.886 0.004

B<A
  Short story – delayed recall 13.25 ± 4.21 6.56 ± 3.69 10.57 ± 4.36 19.175 <0.001

B<A
  Constructional apraxia test 12.61 ± 1.34 10.78 ± 2.21 11.07 ± 2.19 8.751 0.013

B<A
  BJLOT 22.29 ± 3.18 14.11 ± 5.52 15.62 ± 5.28 26.144 <0.001

B, C<A
  Object naming 9.91 ± 0.29 9.83 ± 0.38 9.62 ± 0.5 5.054 0.080
  Verb naming 9.52 ± 0.51 8.11 ± 0.76 8.44 ± 1.41 22.174 <0.001

B, C<A
  TMT A 40.54 ± 17.04 102.39 ± 67.39 80.5 ± 41.25 23.897 <0.001

B, C>A
  TMT B-A 75.83 ± 43.6 215.35 ± 120.41 231.87 ± 121.55 24.070 <0.001

B, C>A
  Stroop Test - Colour 41.62 ± 9.28 29.44 ± 8.29 30.75 ± 4.58 15.656 <0.001

B, C<A
  Stroop Test – Interference 20.04 ± 7.67 9.44 ± 5.7 8.5 ± 4.72 21.917 <0.001

B, C<A
  Phonological fluency 33.25 ± 8.99 26.39 ± 9.36 24.62 ± 9.45 9.201 0.010

B, C<A
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= 0.014), whereas no significant difference was found on 
anxiety and apathetic symptoms (Table 1).

As expected, PD-aMCI and PD-naMCI groups showed 
lower global cognitive functioning (based on MoCA score) 
than PD-CU (p < 0.001). Regarding memory domain, groups 
differed on both Immediate and Delayed recall of RAVLT 
with PD-aMCI reporting worse performance than PD-CU 
(p = 0.008 and p = 0.003, respectively) and on the Delayed 
recall of a short story where PD-aMCI obtained lower scores 
compared to PD-CU (p < 0.001) and PD-naMCI (p = 0.049). 
We found significant differences between groups on visu-
ospatial and constructional tests with PD-aMCI performing 
worse on Constructional Apraxia test compared with PD-CU 
(p = 0.020) and PD-aMCI and PD-naMCI reporting lower 
scores on BJLOT than PD-CU (p < 0.001). Groups differed 
on language skills in the Verb Naming test where PD-aMCI 
and PD-naMCI produced poorer scores than PD-CU (p < 
0.001 and p = 0.012, respectively), whereas no difference 
emerged on Object Naming test (Table 1). Finally, signifi-
cant differences emerged on tests that evaluated executive and 
attention domain, such as part A and B-A of the TMT, Color 
and Interference tasks of the Stroop test, and phonological 
fluency where PD-aMCI and PD-naMCI obtained worse per-
formance compared with PD-CU (Table 1).

Social cognition and MCI subtypes

Thirty-nine PD patients did not present social cognitive impair-
ment and were classified as PD-uSC, whereas 19 patients were 

assigned to PD-iSC group. Considering the whole sample, chi-
squared tests of independence showed a significant relationship 
between the occurrence of social cognitive impairment within 
the three groups (degrees of freedom [df] = 2; χ2 = 24.487; p 
< 0.001). In particular, we observed more social impairments 
in the PD-aMCI group (n = 14, 77.8%) than in the PD-CU (n 
= 2, 8.3%) and PD-naMCI (n = 3, 18.8%) groups, whereas 
preserved social cognition was higher in the PD-CU group (n 
= 22, 91.7%) and PD-naMCI (n = 13, 81.2%) groups than in 
the PD-aMCI group (n = 4, 22.2%) (Fig. 2).

Comparison between groups on SC tests showed that 
groups differed on RMET (emotion recognition/affec-
tive ToM) with PD-aMCI reporting poorer performance 
compared with PD-CU (p = 0.001), whereas no differ-
ence emerged between the PD-naMCI and PD-CU groups 
(p = 0.269; Fig. 3a). A general effect between groups also 
emerged on affective ToM (EAT), where both PD-aMCI and 
PD-naMCI scored lower than PD-CU (p < 0.001 and p = 
0.012, respectively; Fig. 3b). Meanwhile, the scores of the 
three groups significantly differed on the Strange Stories 
task (Cognitive ToM), with PD-aMCI performing worse 
than PD-CU (p = 0.008), whereas no difference was found 
between PD-naMCI and PD-CU (p = 0.087; Fig. 3c).

At the same time, the three groups showed significant differ-
ences on the total score of the Theory of Mind Picture Stories 
Task (TMPS) (Cognitive ToM), where the PD-aMCI and PD-
naMCI groups reported lower scores than PD-CU (p < 0.001 
and p = 0.008, respectively; Fig. 3d). Moreover, we found 
group differences on first-order, second-order, and third-order 

Fig. 2  Percentages of groups distribution according to the presence of 
amnestic mild cognitive impairment (PD-aMCI), nonamnestic mild 
cognitive impairment (PD-naMCI), and preserved cognitive functions 

(PD-CU). Frequencies for social cognitive impairment (PD-iSC) and 
preserved social cognitive functioning (PD-uSC) were described for 
all groups
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false-belief comprehension questions; in particular, PD-aMCI 
scored worse than PD-CU on questions assessing first-order 
(p = 0.003) and third-order (p = 0.008) false belief, whereas 
both PD-aMCI and PD-naMCI groups reported lower perfor-
mance on second-order false-belief question (Table 2). As for 
the TMPS subscores, we found significant differences on reality 
and reciprocity questions, where PD-aMCI scored worse than 
PD-CU, and on deception and cheating detection subscores, 
with PD-aMCI and PD-naMCI groups reporting poorer scores 
than PD-CU (Table 2).

No relationship emerged between performance on social 
cognitive tests and clinical variables, including disease 
severity parameters, levodopa intake, and depression. Worse 
motor symptoms were related to poorer Executive control, 
whereas no effect of clinical variables on other cognitive 
domains was found.

Discussion

In the present study, we examined the possible contribution 
of impairments in different cognitive domains, such as mem-
ory, language, and visuospatial functions, as mediators of the 

relationship between executive control and ToM (a component 
of social cognition) in PD. Memory impairments, together 
with language, mediated the relationship between executive 
control and poorer performance on ToM tests in PD. When 
exploring specific PD-MCI profiles and performance on social 
cognitive tests, impairments occurred more frequently in PD-
aMCI patients than in PD-naMCI and PD controls. Finally, 
PD-aMCI patients scored worse on both emotion recognition/
Affective ToM (i.e., EAT and RMET) and Cognitive ToM 
tasks (i.e., Strange Stories and TMPST) than PD controls, 
whereas the PD-naMCI group reported poorer performance 
only on EAT and TMPST.

Mediation effects of cognitive domains 
in the relationship between executive control 
and social cognition in PD

We have previously shown a link between executive func-
tions and ToM in PD (Maggi et al., 2022a, b), suggested 
as a consequence of frontostriatal changes after dopa-
mine depletion in PD (Péron et al., 2009; Zgaljardic et al., 
2006). To date, further studies have provided evidence of 
larger impaired circuitry due to dopamine depletion in PD 

Fig. 3  Raincloud plot representing performance in terms of accu-
racy. A) Reading Mind in the Eye Test; B) Emotion Attribution Task; 
C) Strange Stories; D) Theory of Mind Picture Stories Task across 

PD-CU, PD-aMCI, and PD-naMCI groups. Clouds represent the dis-
tribution, raindrops represent individual participants, and bars repre-
sent 95% confidence intervals. *p < 0.05; **p < 0.01; ***p < 0.001
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(Rodriguez-Oroz et al., 2009), expanding deficits in asso-
ciative components (Van Nuland et al., 2021), visuo-motor 
(Inzelberg et al., 2008), language (especially in spontane-
ous speech) (Liu et al., 2015; Tykalová et al., 2015), and 
memory (Banwinkler et al., 2022; Kulisevsky, 2000). In 
this study, we explored the idea that memory abilities affect 
social cognition, supported by mediation analyses. Indeed, 
memory performance mediated the relationship between 
executive control and EAT affective ToM performance, a 
test that requires participants to attribute how the characters 
of a story may feel in a particular situation. Hence, it is 
possible to hypothesize that the attribution of emotions to 
others is based on self-projection, modulated by familiar-
ity with characters/situations, and possible past experiences 
(Moreau et al., 2015). In addition, performance on the TMPS 
(cognitive ToM) was mediated in PD by both language and 
memory abilities. Performance on this task involves the 
capacity to order events in a logical sequence, describe the 
overall story, and examine the comprehension of social fea-
tures, such as deception, cheating, and reality knowledge. 

Considering the major impact of executive dysfunctions in 
ToM in PD, especially impaired cognitive flexibility (Maggi 
et al., 2022a, b), these results further confirm that impaired 
language alters the capacity to reason about mental states, 
comprehend questions, and understand false beliefs (Maggi 
et al., 2022a, b). Memory dysfunctions may contribute to 
difficulties in decoding social situations in PD, because the 
ability to recollect and reconstruct autobiographical past 
experiences might influence the imagination, attribution, and 
interaction with the intentions of others (Laurita & Spreng, 
2017; Rubin et al., 2014). Finally, language abilities also 
contributed to the association between executive control and 
RMET (emotion recognition/affective ToM). This finding 
replicates previous evidence (Maggi et al., 2022a, b; Older-
bak et al., 2015) whereby affective ToM processes relied on 
language abilities. Indeed, because optimal affective ToM 
requires semantic knowledge of emotional states as well as 
access to the mental lexicon to correctly choose the most 
appropriate label for the displayed emotions, altered lan-
guage capacities in PD may predispose deficits in affective 

Table 2  Comparison between PD groups on social cognition tests

PD= Parkinson’s Disease; MCI= Mild Cognitive Impairment; PD-aMCI= PD patients with amnestic MCI; PD-naMCI= PD patients with non-
amnestic MCI; SD= Standard Deviation; ToM= Theory of Mind; RMET= Reading the Mind in the Eyes Test; ATT= Advanced Test of ToM; 
EAT= Emotion Attribution Task; TMPS= Theory of Mind Picture Stories Task
Bold p values represent the statistically significant results

PD-CU 
(n=24)
A

PD-aMCI 
(n=18)
B

PD-naMCI 
(n=16)
C

Mean ± SD Mean ± SD Mean ± SD χ2 p

Emotion recognition/Affective ToM
  RMET 22.04 ± 4.44 16.39 ± 4.34 18.75 ± 5.47 12.490 0.002

B<A
  EAT 27.87 ± 3.34 21.56 ± 4.54 23.87 ± 3.52 20.731 <0.001

B, C<A
Cognitive ToM
  ATT 10.33 ± 1.95 7.78 ± 3.04 8.79 ± 1.8 10.152 0.006

B<A
  TMPST 46.92 ± 9.15 26.78 ± 8.48 35.5 ± 9.74 27.998 <0.001

B, C<A
  First-order false beliefs 2.42 ± 0.78 1.50 ± 0.86 1.94 ± 0.99 10.979 0.004

B<A
  Second-order false beliefs 2.46 ± 0.98 0.94 ± 0.99 1.63 ± 0.88 19.135 <0.001

B, C<A
  Third-order false beliefs 2.17 ± 0.96 1.28 ± 0.89 1.56 ± 0.81 9.853 0.007

B<A
  Reality 1.88 ± 0.34 1.11 ± 0.68 1.56 ± 0.63 15.919 <0.001

B<A
  Reciprocity 2.83 ± 0.38 2.17 ± 0.79 2.63 ± 0.5 10.378 0.006

B<A
  Deception 2.54 ± 0.78 1.44 ± 0.92 1.75 ± 1.06 15.271 <0.001

B, C<A
  Cheating detection 1.96 ± 0.36 1.44 ± 0.7 1.44 ± 0.63 10.662 0.005

B, C<A
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ToM. Overall, language and memory guide the maladaptive 
forms of social cognition observed in PD, supporting a com-
plete overview of the underlying mechanisms subserving 
complex social operations.

Social cognition in PD‑MCI subtypes

Given the direct modulatory role of memory and language 
in ToM in PD, we aimed to expand its clinical relevance in a 
dedicated subsample analysis. Comparing patients with MCI 
with amnestic and non-amnestic characteristics, we observed 
a significantly higher prevalence of social cognitive impair-
ment in amnestic MCI (14/18, 77.8%) than in PD-naMCI 
(3/16, 18.8%) and PD patients with preserved cognitive 
functions (2/24, 8.3%). In general MCI, failures in emo-
tion recognition and ToM tasks have been reported (Bora & 
Yener, 2017). These results are in line with previous stud-
ies reporting a progressive impairment of social cognition 
due to the concomitant presence of PD-MCI (Alonso-Recio 
et al., 2021; Anderson et al., 2013), suggesting that PD-MCI 
patients are more susceptible to social cognitive impairment. 
If replicated, these findings suggest that PD pathophysiol-
ogy alone is not responsible for frequent difficulties in social 
cognitive tasks. Indeed, social cognitive difficulties have also 
been found in PD patients with preserved cognitive func-
tions, suggesting that social cognitive impairment is a major 
non-motor feature of PD, independent of cognitive status 
(Czernecki et al., 2021; Dodich et al., 2022).

More specifically, the prevalence rates of social cogni-
tive impairment provided by these studies ranged from 
30% (Dodich et al., 2022) to 64% (Czernecki et al., 2021) 
in PD-MCI patients and from 15% (Dodich et al., 2022) 
to 23% (Czernecki et al., 2021) in cognitively intact PD 
patients. By analyzing the same prevalence rates in our PD 
sample, we observed that 77.8% of PD-aMCI and 18.8% of 
PD-naMCI patients reported social cognitive impairment 
(50% considering both PD-MCI groups), whereas only 
two patients (8.3%) presented an isolated social cognitive 
impairment with preserved global cognitive functioning. 
To this, our rates are compatible with those presented in 
the aforementioned studies (Czernecki et al., 2021; Dodich 
et al., 2022), with a slight difference on the frequency of 
PD patients with social cognitive impairment alone. It is 
possible that these slight differences are explained by both 
the adoption of MDS level II criteria, which improves the 
accuracy of MCI diagnosis in PD compared to level I crite-
ria (Czernecki et al., 2021), and the recruitment of a lower 
percentage (41%) of cognitively intact PD patients in our 
sample compared with previous studies (71% in (Dodich 
et al., 2022) and 85% in (Czernecki et al., 2021)). Hence, 
our findings suggest that MCI in PD seems to impact 
social cognition abilities not independently of global 
cognitive status as previously suggested (Alonso-Recio 

et al., 2021; Anderson et al., 2013). In general, the MCI 
non-PD population showed similar impairments in social 
cognitive tasks to the PD-aMCI population. Emotion rec-
ognition and ToM deficits have been observed in general 
MCI patients with predominant memory deficits (McCade 
et al., 2013; Michaelian et al., 2019, 2021). The neural 
basis explaining this finding is based on weaker functional 
connectivity between the frontal (i.e., dorsal medial pre-
frontal cortex, dorsolateral prefrontal cortex, and inferior 
frontal gyrus) and more posterior regions (i.e., temporal 
poles and the TPJ) (Moreau et al., 2015; Rabin et al., 2010; 
Spreng & Grady, 2010) in aMCI (Michaelian et al., 2021). 
These structures involved in the DMN are important in 
mentalizing networks (Abu-Akel, 2003; Schurz et  al., 
2014), because they are responsible for self-projection 
based on autobiographical memories, needed to engage 
others’ mental and affective states (Buckner and Carroll, 
2007; Spreng et al., 2009). Individuals with aMCI also 
demonstrated volume reductions in key limbic structures, 
such as the hippocampus (Bharath et al., 2017; Michae-
lian et al., 2019). Hippocampal social functions are related 
to the navigation of social relationships (Kumaran et al., 
2016; Tavares et al., 2015), perception of interpersonal 
cues (Rubin et al., 2014), and ToM operations, such as 
constructing and processing imagined scenes to represent 
others’ perspectives (Isaacowitz et al., 2007; Laurita & 
Spreng, 2017) and exploiting past experiences to infer or 
predict future outcomes (Bellmund et al., 2022; Reddy 
et al., 2021).

As part of PD pathophysiology, functional changes in 
the DMN (Chen et al., 2022), including key changes in PD 
along the DLPFC and vmPFC, have been linked to ToM 
dysfunctions (Díez-Cirarda et al., 2015; Ibarretxe-Bilbao 
et al., 2009; Kalbe et al., 2010b; Péron et al., 2009). Pre-
vious studies have shown that altered connectivity of the 
DMN is a pivotal neurophysiological mechanism of MCI 
in PD patients (Chen et al., 2022), especially in PD-aMCI 
(Rane et al., 2018; Ruppert et al., 2021). Moreover, volume 
reductions in structures involved in the limbic system, such 
as the hippocampus, have been reported in PD-MCI (Devi-
gnes et al., 2021). Altogether, our results provide the first 
evidence of social cognitive impairment associated with the 
amnestic profile of PD-MCI, probably explained by a com-
mon functional architecture from DMN changes (Michae-
lian et al., 2021) that possibly extends beyond hippocampal 
memory (Rabin et al., 2010; Spreng & Grady, 2010) and 
other frontostriatal structures that mediate cognitive down-
sides in social cognition.

Limitations

Some limitations of the present study should be addressed. 
First, no healthy controls were enrolled to compare 
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performance on social cognitive tasks against PD subgroups. 
However, we explored social cognitive deficits in different 
subtypes of PD-MCI, because they represent a model to 
unravel the neuropathological frontostriatal mechanisms 
behind social cognitive deficits in humans. Hence, the pres-
ence of a cognitively preserved PD group was ideal for test-
ing our predictions. Second, the limited number of patients 
within each PD-MCI subgroup could reduce the statistical 
power of the study, as well as the majority of multiple-
domain MCI patients, which did not allow us to perform 
more sensitive analyses. However, power analysis revealed 
that our sample size was congruent with this analysis (see 
Results section), but studies including larger cohorts and 
exploring possible differences between single- and multiple-
domain PD-MCI patients are needed to characterize how 
different PD-MCI profiles affect social cognitive abilities.

Moreover, the cross-sectional nature of the study did not 
allow us to infer the etiopathogenesis of social cognitive 
impairment in PD; future longitudinal studies may help to 
clarify the neurocognitive mechanisms underlying ToM defi-
cits in PD and, more generally, neurodegenerative diseases. 
Finally, it should be noted that the tasks intervariability 
in the umbrella term “social cognition” together with the 
different stimuli and execution of these tasks do not allow 
uniquely to determine neurocognitive mechanisms behind 
social cognitive processes. Future studies should employ 
social cognitive tests that minimize the contribution of other 
cognitive domains, such as the Frith-Happe Animations task 
(White et al., 2011) to isolate some interrelated processes 
(e.g., nonverbal ToM processes). Nevertheless, these find-
ings support the idea that the multidimensional nature of 
social cognition may enclose the contribution of different 
instrumental cognitive processes, such as memory, language, 
and visuospatial abilities.

Conclusions

We demonstrated a novel contribution of memory and lan-
guage dysfunctions, along with executive dysfunction, to 
social cognition, particularly ToM deficits in PD patients. 
Considering that PD-aMCI patients typically exhibit faster 
cognitive decline and a higher rate of conversion to dementia 
than those with PD-naMCI (Chung et al., 2019), early and 
subtle changes in social cognition may represent a behav-
ioral marker of dementia. Hence, our findings suggest the 
need to routinely include social cognitive tests in clinical 
practice to identify patients presenting behaviors that disrupt 
the capacity to form and maintain interpersonal networks, 
determining withdrawal from social life (Desmarais et al., 
2018; Eramudugolla et al., 2022). To this, timely identifica-
tion of social cognitive impairment in patients has profound 
implications for therapeutic decision-making to avoid the 

risk of social isolation (Henry et al., 2016). Indeed, non-
pharmacological interventions via role-play or social cog-
nitive training comprising repeated practice of a range of 
social cognitive tasks have been associated with changes in 
the neural networks sustaining social cognitive processes 
(Hooker et al., 2013; Valk et al., 2017) and have proven to 
be effective in enhancing patients’ social skills and improv-
ing the quality of life of patients and caregivers (Kempnich 
et al., 2017; Kumfor et al., 2011).
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