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Abstract: Background: Theory of mind (ToM) is a fundamental aspect of social cognition. Previous
studies on age-related changes in mentalizing processes have provided conflicting results. This
study aims to investigate the age-related changes in the cognitive and affective components of ToM
throughout adulthood. Methods: Two hundred and thirty-eight healthy participants divided into five
age groups (1840 years old; 41-50 years old; 51-60 years old; 61-70 years; 71-80 years old) underwent
tasks assessing the cognitive (ToM Picture Sequencing Task, TMPS, and the Advanced Test of ToM,
ATT) and affective (Reading the Mind in the Eyes Task, RMET, and the Emotion Attribution Task,
EAT) components of ToM, in both verbal and nonverbal modality. Results: Regarding affective ToM,
both the youngest- and middle-old adult groups (61 to 80 years) performed worse than the young and
youngest-middle adult groups (18 to 50 years) in the RMET, but no significant differences were found
in the EAT. Regarding cognitive ToM, the middle-old adult group (71 to 80 years) performed worse
than the young adult group (18 to 40 years) only in the TMPS, but no significant differences were
found in the ATT. Conclusion: Rather than a general decline in ToM, our results provide evidence
regarding selective changes in ToM in older adults, further confirming the dissociation of cognitive
and affective ToM.

Keywords: cognitive theory of mind; affective theory of mind; social cognition; aging; adulthood

1. Introduction

Theory of mind (ToM) is the ability to attribute mental states (i.e., intentions, emotions,
desires, beliefs) to oneself and others, and to understand that others have beliefs, desires,
and intentions different from one’s own [1]. It is a fundamental aspect of social cognition
that influences interactions with others and individual behavior across a range of inter-
personal contexts. Neuroimaging and behavioral studies [2-5] have demonstrated that it
is a multidimensional construct that can be dissociable into two components. The first is
the cognitive component which refers to a cognitive understanding of others’” knowledge,
intentions, and beliefs, whereas the second is the affective component which refers to the
processing of others” emotions and feelings [3,6]. Most studies investigate these two ToM
components during childhood, finding that the ability to understand another person’s
beliefs and reactions develops gradually: first-order beliefs develop approximately around
4-5 years of age; second-order beliefs around 6-7 years of age; and third-order beliefs
around 7 years of age [7-9], and through adolescence and young adulthood [10,11]. In
the same way, the ability to infer other’s emotional states and feelings develops gradually:
facial expression recognition and the role of desire in emotion develops approximately
around 2—4 years of age [12]; the identification of external causes of emotion and the com-
prehension of the roles of beliefs and memory in emotion develop around 5-6 years of
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age [13]; the ability to distinguish between felt and expressed emotions develops around
67 years of age [14]; and an awareness of emotional regulation strategies develops around
8-9 years of age [14]. However, in the last two decades, there has been growing interest in
investigating ToM abilities in healthy aging, but the results are still controversial. Indeed,
some studies have shown that the cognitive component of ToM begins to decline from the
age of 70 years [15,16], whereas other studies have shown that it declines only in old and
very old age (from the age of 80 years, [17,18]), and other studies do not report aging-related
changes at all [19,20]. Similarly, some studies have shown that the affective component of
ToM declines in aging [21,22], whereas other studies have shown that it remains unchanged
during aging (e.g., [23]). To date, a few studies have investigated healthy aging regarding
both cognitive and affective ToM components using a within-subject design and yielding
mixed findings. For instance, Duval and colleagues [24] demonstrated that older adults
aged 70 years or more scored worse on cognitive and affective ToM tasks compared to
young (from the age of 21 to 34 years) and middle-aged adults (from the age of 45 to
59 years), whereas Li and colleagues [25] and Wang and Su [26] found aging effects (over
70 years old) on the cognitive but not the affective ToM component. Additionally, other
studies investigated the effect of healthy aging on both cognitive and affective ToM compo-
nents using the same task. For instance, Fischer and colleagues [27] used the Yoni task [3] to
assess both cognitive and affective ToM and found that older adults aged 64 to 87 years had
poorer cognitive and affective ToM performance compared to young adults (from the age of
17 to 27 years), whereas Bottiroli and colleagues [28], assessing both cognitive and affective
ToM using the Faux Pas Test [29], found that the young adult group (from the age of 19
to 27 years) outperformed the old adults (from the age of 60 to 82 years) on the cognitive
component of ToM, but not on the affective one. Recently, Baksh and colleagues [30],
investigating the effect of healthy aging on both cognitive and affective ToM using the
Edinburgh Social Cognition Test, found that middle- (from the age of 45 to 60 years) and
old-aged (from the age of 65 to 85 years) adults had significantly poorer performance on
both ToM components compared to young adults (from the age of 18 to 35 years).

These differences reported in the studies referenced above are likely related to several
methodological issues (i.e., task types used), and to the age band considered (e.g., young
adults vs. older adults and middle-aged adults vs. older adults). For instance, the affective
component of ToM is usually assessed by means of ToM tasks that mostly rely on visual
decoding abilities (e.g., emotion attribution from faces; [31]) rather than by means of verbal
tasks that require more reasoning abilities [26,28]. Additionally, some studies compare
young adults with very broad middle- (e.g., from 40 to 59 years old [20]) and older-age
bands (e.g., from 60 to 85 years old [32]), whereas others consider more restricted age band
groups (e.g., from 50 to 90 years old spread across four decades [18]).

With similar divergence in the behavioral literature findings, the application of neu-
roimaging, useful for understanding how aging affects ToM processes, has also been
utilized. Indeed, Castelli and colleagues [23] found that performance in a task of facial emo-
tion recognition was associated with the activation of the right inferior frontal gyrus (IFG),
a brain area associated with the visual memory encoding of faces [33], both in younger
(from the age of 21 to 30 years) and older adults (from the age of 60 to 78 years), whereas the
left IFG, a brain region typically associated with verbal memory [33] and selection between
alternative answers [34], was significantly more activated in older adults than younger
adults, suggesting that, in aging, impairments in domain-specific ToM performance are
distinguished from general domain processing skills. Additionally, the results obtained by
Moran and colleagues [35], who assessed the ability to spontaneously extract the intention
information from moving shapes [36], showed that older adults (over 70 years old) had a
reduced activation of the dorsomedial prefrontal cortex compared to young adults (over
23 years old), suggesting that older adults would be impaired at extracting intention infor-
mation from moving shapes, regardless of the use of verbal materials, working memory,
and executive selection demands.
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To clarify these issues, the aim of the present study is to investigate possible age-related
changes in cognitive and affective components of ToM by means of various types of ToM
tasks (i.e., in verbal and nonverbal modalities) in a large sample of healthy adults, compar-
ing ToM task performances in more specific and restricted age bands. We hypothesize that
aging is associated with a reduction in cognitive and affective ToM performance, and that
these age differences are affected by task modality (e.g., verbal, nonverbal).

2. Materials and Methods
2.1. Participants

Two hundred and thirty-eight healthy individuals participated in this study. They
were grouped according to adulthood stage [28,37,38] into five age bands: the group
of young adults consisted of 50 participants aged from 18 to 40 years old; the group of
youngest-middle adults consisted of 50 participants aged from 41 to 50 years old; the group
of middle adults consisted of 50 participants aged from 51 to 60 years old; the group of
youngest-old adults consisted of 50 participants aged from 61 to 70 years old; and the group
of middle-old adults consisted of 38 participants aged from 71 to 80 years old. Each age
group was composed of 50 participants including 25 females and 25 males, but the middle-
old adult group was composed of 18 females and 20 males. In order to detect an effect
of n? = 0.075 with 95% power in one-way between-subject ANOVA (analysis of variance;
five groups, alpha = 0.05), G x Power suggested that we would need a total sample size
of 235 participants. Participants were recruited through personal contacts and by word of
mouth from the Psychology Department of the University of Campania “Luigi Vanvitelli”
(Italy). All participants were native Italians, had no current mental health disorders such
as depression or anxiety, according to the Diagnostic and Statistical Manual of Mental Health
Disorders, 5th Edition (DSM-5; [39]), and obtained normal age- and education-adjusted
scores in the Montreal Cognitive Assessment (MoCA; [40]), according to Italian normative
data [41], and in Raven’s Coloured Progressive Matrices (RCPM,; [42]), according to Italian
normative data [43], excluding the presence of general cognitive impairment and deficits in
abstract reasoning. The study was designed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and was approved by the Ethical Committee of
the University of Campania “Luigi Vanvitelli,” Caserta, Italy (protocol number 0001363,
14 January 2022). All participants signed an informed consent form to participate in the
study and did not receive any payment for their participation. Descriptive statistics of the
five age groups are reported in Table 1.

Table 1. Descriptive statistics of the five age groups.

Young Adult Group Youngest-Middle Adult Middle Adult Group Youngest-Old Adult Middle-Old Adult Group
(N =50) Group (N = 50) (N =50) Group (N = 50) (N =38)
Mean + SD Range Mean + SD Range Mean + SD Range Mean + SD Range Mean + SD Range
Age 28.84 £ 6.11 18-40 46.10 &= 2.98 41-50 55.36 & 2.55 51-60 64.44 + 294 61-70 73.76 £ 2.36 71-80
Sex (F/M) 25/25 25/25 25/25 25/25 18/20
Education® 14.72 £ 2.51 8-18 12.82 +£3.81 8-18 11.86 +3.47 5-18 12.30 +4.14 5-18 9.57 +£3.83 5-18
MoCA 27.56 +1.82 23-30 2641+ 2.12 20-30 25.58 4 2.24 21-30 23.48 + 3.69 14-29 22.07 4+ 3.24 12-27
RCPM 34.26 £2.30 26-36 31.67 & 3.68 18-36 30.94 £ 3.97 21-36 28.87 £5.17 14-36 26.76 £ 6.64 13-36
MoCA * 2515+£1.88  20.59-28.85 25.07 £2.02  21.15-28.65 2547 +£2.28 21.51-30 24.03 £2.81 16.11-27.98 2411 4+3.21 16.40-27.72
RCPM* 29344243  21.20-3590 28.644+324 17.30-34.30  29.62 + 3.68 19.30-36 29204+355  17.90-35.90  28.57 £5.83 12.10-36

Abbreviations: N—number of participants; MoCA—Montreal Cognitive Assessment; RCPM—Raven’s Coloured
Progressive Matrices; F— female; M—male; SD—standard deviation; °>—years of study considering the highest
academic degree achieved; *—age- and education-adjusted scores. Adjusted scores of Raven’s Coloured Pro-
gressive Matrices and MoCA are not statistically different among groups (RCPM: H = 2.511, p = 0.643; MoCA:
H =5.249, p = 0.263).

2.2. Neuropsychological Assessment

Global cognitive functioning was assessed using the MoCA [40,41] which consists of
12 subtasks exploring the following cognitive domains: i. memory, evaluated by means
of the delayed recall of five words after two verbal presentations; ii. visuospatial abilities,
evaluated by copying a cube and a clock-drawing task; iii. executive function, evaluated by
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means of a brief version of the Trail Making B task, a phonemic fluency task, and a verbal
abstraction task; iv. attention, concentration, and working memory, evaluated by means
of a sustained attention task, a serial subtraction task, and forward and backward digit
span tasks; v. language, evaluated by a naming task, the repetition of two syntactically
complex sentences and the phonemic fluency task; vi. temporal and spatial orientation,
assessed by means of structured queries (i.e., “Tell me the year and month, tell me the name
of this place”). The MoCA total scores ranged from 0 to 30, with higher scores indicating
better performance.

Abstract reasoning was assessed using the RCPM [42,43], which is composed of three
sets/scales (A, Ab, and B) with 12 items. Each item consists of a figure with a missing part
which the participant needs to complete by choosing one of six alternative responses. There
is only one correct answer for each item. The total scores ranged from 0 to 36, with higher
scores indicating better performance.

2.3. ToM Assessment
2.3.1. Affective Component of ToM

The affective component of ToM was evaluated for nonverbal modalities through the
administration of the Reading the Mind in the Eyes Task (RMET; [44,45]) and for verbal
modalities through the Emotion Attribution Task (EAT; [46]). The Italian version of RMET
consisted of 36 greyscale photographs of male and female eyes depicting emotional states
presented consecutively. Each photograph revealed a complex emotional or mental state,
such as ‘thoughtful” or ‘worried’. Participants were asked to choose the affective state
that best described the eyes and the feeling of each individual, choosing between one of
four possible emotions presented at each corner of the photograph (for example, item f in
the RMET, see [44]). One point was assigned for each correct answer and the total scores
ranged from 0 to 36, with higher scores indicating better performance. In the Italian version,
the internal consistency (Cronbach’s alpha) was 0.605 [45].

In the modified Italian version of the EAT, participants were presented with 35 short
stories describing emotional situations and were asked to report what the main protagonists
felt in those situations. Five stories were designed to elicit attributions of sadness, five for
fear, five for embarrassment, five for disgust, five for happiness, five for anger, and five for
envy. One point was assigned for each correct answer and the total scores ranged from 0 to
35 with higher scores indicating better performance.

2.3.2. Cognitive Component of ToM

The cognitive component of ToM was evaluated in nonverbal modalities through
the administration of the Theory of Mind Picture Sequencing Task (TMPS; [47]) and in
verbal modalities through the Advanced Test of ToM (ATT; [48]). The TMPS consisted of
six cartoon picture stories of four cards each, depicting two scenarios where two characters
cooperate, two scenarios where one character deceives a second character, and two scenarios
where two characters cooperate in deceiving a third. The cards were presented covered and
in a random order, and participants were asked to uncover and arrange them in a logical
sequence of events (for example, item f in the TMPS, see [49]). For each story, two points
were given if the first and fourth cards were correctly ordered, and one point if the second
and the third card were correctly ordered, achieving a total score ranging from 0 to 36
with higher scores indicating better performance. Moreover, participants were asked to
answer 23 questions to assess the comprehension of the characters” mental states in the
stories. The questions investigated the participants’ comprehension of first-, second-, and
third-order beliefs, as well as their understanding of cheating and their comprehension of
reciprocity, and then posed two real questions. One point was assigned for each correctly
answered question. The scale demonstrated a good internal consistency (Cronbach’s alpha
coefficient 0.86; [47]).

The Italian version of the ATT consisted of 13 stories which described several situations
in which two or more characters interacted with each other in social contexts. Participants
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were asked to explain the reasons why the characters behaved as they did. The total scores
ranged from 0 to 13 with higher scores indicating better performance.

2.4. Procedure

All participants underwent a neuropsychological battery, including the MoCA [40,41],
the RCPM [42,43], and the tasks investigating ToM abilities. The entire evaluation was per-
formed in the morning in a quiet experimental room at the Laboratory of Neuropsychology
of the University of Campania “Luigi Vanvitelli” by a trained psychologist and completed
in a single session that lasted approximately 1 h.

2.5. Statistical Analysis

To verify the normality of data distribution for the ToM tasks scores, we used the
Kolmogorov-Smirnov test. It showed that most variables recorded (ToM task total scores)
were not normally distributed (RMET: D(238) = 1.52, p = 0.020; EAT (D(238) =1.11, p = 0.164;
TMPS D(238) = 2.23, p < 0.001; ATT D(238) = 2.36, p < 0.001), and for this reason non-
parametric analyses were performed.

To evaluate the association between cognitive and affective ToM across the adult
lifespan, correlations between four ToM task total scores (RMET, EAT, TMPS and ATT)
were performed separately for the five age groups (young adult group, youngest-middle
adult group, middle adult group, youngest-old adult group, and middle-old adult group)
using Spearman’s rank correlation coefficient. The Spearman rank correlation coefficient
values range from —1 (indicating an inverse linear association) through 0 (indicating
no association at all) to +1 (indicating perfect positive linear association), with values
of more than 0.70, 0.40-0.69, and less than 0.40 indicating, strong, moderate, and weak
association, respectively.

To evaluate age-related differences in the ToM task performances, considering the
role of sex and global cognitive functioning, we performed a rank analysis of covariance
(ANCOVA,; [50]) with the five age groups (young adult group, youngest-middle adult
group, middle adult group, youngest-old adult group, and middle-old adult group) as the
fixed factor, covarying for sex (male = 0, female = 1) and for global cognitive functioning
(MoCA total score) as independent variables, and the scores in RMET, EAT, TMPS and
ATT as dependent variables. In particular, to evaluate age-related differences in the ability
to recognize and attribute specific emotions and different higher-order mental states, we
performed further non-parametric analyses (i.e., Kruskal-Wallis or Mann—-Whitney) on the
EAT and TMPS subscores (i.e., EAT subscores: sadness, fear, embarrassment, happiness,
disgust, anger and envy; TMPS subscores: first-, second-, and third-order beliefs, reality,
reciprocity, deception, and cheating detection) only among those age groups that differed
significantly in the EAT or TMPS total scores.

To evaluate if age-related differences in ToM abilities are domain-specific, we also
performed a rank ANCOVA on the average of the standardized scores (calculated for each
participant) for RMET and EAT to obtain the affective ToM component overall score, and
on the average of the standardized scores for TMPS and ATT to obtain the cognitive ToM
component overall scores.

Finally, moderation analyses were conducted using the bootstrapping technique to
assess the moderating role of education and global cognitive functioning on the relation
between aging and ToM abilities. The bootstrapping moderation analysis was performed
using the PROCESS macro for SPSS [51]. Thus, to examine the strength of the relation
between age and ToM abilities under different values of education and global cognitive
functioning, the age was inputted as the independent variable, ToM tasks scores (RMET,
EAT, TMPS and ATT scores) were inputted as the outcome variables, and education and
global cognitive functioning were inputted as moderator variables (model 2, see Figure 1).
Outliers above and below the two standard deviations were removed. The significance
level was set at alpha level < 0.05, and Bonferroni correction for multiple comparisons
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was applied. All analyses were performed using SPSS v. 23.0 (SPSS, Inc. Chicago, IL,
United States).

Education Global cognitive
functioning

Age ToM

A 4

Figure 1. The moderation effect of education and global cognitive functioning on age’s direct effect
on ToM abilities. Abbreviation: ToM—Theory of Mind.

3. Results
3.1. Correlation Analyses of ToM Tasks among Age Groups

The correlation analyses performed separately on the five age groups showed no
significant correlations (after Bonferroni’s correction) between the ToM task scores in
the young adult group (see Table 2). Instead, significant correlations were found in the
youngest-middle adult group and in the middle adult group between the EAT total score
and the ATT total score (see Table 2); in the youngest-old adult group between the RMET
total score and the TMPS score; and in the middle-old adult group between the RMET score
and the ATT total score, and between the EAT and ATT total scores (see Table 2).

Table 2. Correlations between ToM task total scores for each age group.

Young Adult Group
RMET EAT TMPS ATT
RMET Ttho 1 0.145 0.285 0.236
p 0.316 0.047 0.114
EAT Ttho - 1 0.372 0.327
p 0.008 0.027
TMPS Ttho - - 1 0.308
) 0.039
ATT Ttho - - - 1
p
Youngest-Middle Adult Group
RMET EAT TMPS ATT
RMET Trho 1 0.318 0.267 0.329
p 0.025 0.061 0.019
EAT Ttho - 1 0.372 0.464 *
p 0.008 0.001
TMPS Ttho - - 1 0.134
P 0.352
ATT Trho - - - 1
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Table 2. Cont.

Middle Adult Group
RMET EAT TMPS ATT
RMET T'tho 1 0.156 0.293 0.032
) 0.278 0.039 0.824
EAT T'tho - 1 0.334 0.453 *
p 0.018 0.001
TMPS T'tho - - 1 0.320
P 0.024
ATT T'tho - - - 1
p
Youngest-Old Adult Group
RMET EAT TMPS ATT
RMET T'tho 1 —0.082 0.524 * 0.192
p 0.571 <0.001 0.181
EAT T'tho - 1 0.197 0.362
P 0.169 0.010
TMPS T'rho - - 1 0.046
p 0.752
ATT T'tho - - - 1
p
Middle-Old Adult Group
RMET EAT TMPS ATT
RMET T'tho 1 0.429 0.293 0.489 *
P 0.007 0.078 0.003
EAT T'tho - 1 0.213 0.580 *
p 0.206 <0.001
TMPS T'tho - - 1 0.141
) 0.426
ATT T'tho - - - 1
p

Abbreviations: RMET—Reading Mind in the Eyes Test; EAT—Emotion Attribution Task; TMPS—Theory of Mind
Picture Sequencing Task; ATT—Advanced Test of ToM. * p < 0.003, after Bonferroni correction.

3.2. Comparison Analyses among Age Groups for ToM Tasks

Regarding the affective component of ToM, the rank ANCOVA showed a significant
main effect of age group for the nonverbal modality ToM task (RMET: F = 6.061, p < 0.001)
but not for the verbal modality ToM task (EAT: F = 0.355, p = 0.840). Global cognitive
functioning (F = 5.497, p = 0.020), but not sex (F = 0.141, p = 0.708), was a significant
covariate for RMET total score, whereas no significant covariates (F < 3.254, p > 0.073)
were found for EAT total score. Bonferroni-corrected post hoc comparisons showed that
the youngest-old and the middle-old adult groups reported lower performances on RMET
compared to the young and the youngest-middle adult groups (see Table 3 and Figure 2).

Table 3. ToM task performance for the five age groups.

Young Adult  Youngest-Middle Middle Youngest-Old  Middle-Old Age Grou
Group Adult Group Adult Group  Adult Group  Adult Group 8 P
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD F 7 n>
RMET 26.74 £ 4.07 26.34 £ 3.76 2456 £4.68 2382 +542*§  22+529*§ 6.061 <0.001 0.127
EAT 26.44 +4.82 25.50 £4.73 25.62 +4.30 2434 +6.23 25.47 + 4.88 0.355 0.841 0.008
TMPS 5191 £4.21 50.62 + 5.64 49.62 £ 6.05 49.14 £5.73 4748 £6.05* 2911 0.023 0.066
ATT 10.19 +1.62 9.22 £1.90 9.24 £1.93 9.34 +£2.17 8.62 £+ 2.01 2.091 0.084 0.049

Abbreviations: SD— standard deviation; RMET—Reading Mind in the Eyes Test; EAT—Emotion Attribution Task;
TMPS—Theory of Mind Picture Sequencing Task; ATT—Advanced Test of ToM. * significantly different from
young adult group; § significantly different from youngest-middle adult group.
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Figure 2. Box plot of comparison analyses among age groups on ToM tasks. Multiple comparisons
between age groups were adjusted by Bonferroni correction. Abbreviations: RMET—Reading Mind
in the Eyes Test; EAT—Emotion Attribution Task; TMPS—Theory of Mind Picture Sequencing Task;
ATT—Advanced Test of ToM. * significantly different from young adult group, § significantly different
from young and youngest-middle adult groups.

Regarding the cognitive component of ToM, the rank ANCOVA showed a significant
main effect of age group for the nonverbal modality ToM task (TMPS: F = 2.911, p = 0.023)
but not for the verbal modality ToM task (ATT: F = 2.091, p = 0.084). No significant
covariates for TMPS or ATT total score were found (global cognitive functioning: F < 1.668,
p > 0.198; sex: F < 0.894, p > 0.346). Bonferroni-corrected post hoc comparisons showed
a significant difference between the young adult group and the middle-old adult group,
with the latter reporting lower performances on TMPS (see Table 3). In particular, the
middle-old adult group achieved significantly lower scores than the young adult group
on TMPS subscores assessing reciprocity (Mann-Whitney U = 736, p = 0.032) and cheating
detection (Mann-Whitney U = 808, p = 0.037); no other differences were found among the
other TMPS subscores (Mann-Whitney U > 848, p > 0.360).

3.3. Comparison Analyses among Age Groups for ToM Affective and Cognitive Outcomes

The rank ANCOVA on affective ToM component overall score (average of standard-
ized scores of RMET and EAT) showed a significant main effect of age group (F = 2.750,
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p = 0.030), although this result did not survive Bonferroni correction. The rank ANCOVA
on the cognitive ToM component overall score (average of standardized scores of TMPS
and ATT) showed a significant main effect of age group (F = 4.338, p = 0.002). No sig-
nificant covariates were found (global cognitive functioning: F = 2.369, p = 0.126; sex:
F = 0.411, p = 0.522). Bonferroni-corrected post hoc comparisons showed that the middle-
old adult group reported lower performance for the cognitive ToM component overall
score compared to the young and the youngest-middle adult groups.

3.4. Moderation Role of Education and Global Cognitive Functioning in Relation to Aging and
ToM Abilities

Regarding the affective ToM component, the overall model was significant for the
nonverbal modality ToM task (RMET: R? = 0.275, F = 12.697, p < 0.001) with no significant
interaction between age and education (b = 0.002, t = 1.871, p = 0.063) or between age and
global cognitive functioning (b = 0.001, t = 0.799, p = 0.425). There was no significance for
the verbal modality ToM task (EAT: R? = 0.032, F = 1.103, p = 0.360).

Regarding the cognitive ToM component, the overall model was significant for the
nonverbal modality ToM task (TMPS: R? = 0.134, F = 5.118, p < 0.001) with no significant
interaction between age and education (b = 0.001, t = 1.179, p = 0.240) or between age and
global cognitive functioning (b = 0.001, t = 0.749, p = 0.454). There was no significance for
the verbal modality ToM task (ATT: R? =0.048, F = 1.637, p = 0.153; see Figure 3).

. Global cognitive . Global cognitive
Education functioning Education functioning
Int0.002 Int0.001 Int-0.001 Int-0.001
Age RMET Age EAT
-0.454* 0.202
X Global cognitive . Global cognitive
Education functioning Education functioning
Int0.001 Int0.001 Int0.001 Int0.001
Age TMPS Age ATT
-0.360* -0.281

Figure 3. Moderating effect of education and global cognitive functioning on the association between
age and each ToM task. Abbreviations: RMET—Reading Mind in the Eyes Test; EAT—Emotion
Attribution Task; TMPS—Theory of Mind Picture Sequencing Task; ATT—Advanced Test of ToM.
*p <0.05.

3.5. Summary of the Results

In this study, we found significant and positive correlations between affective and
cognitive ToM in almost all age groups, except for the young adult group. Regarding
ToM differences among age groups, we found that: the youngest-old and the middle-old
adult groups reported lower RMET performances compared to the young and youngest-
middle adult groups. Moreover, the middle-old adult group reported lower performances
on the TMPS compared to the young adult group; in particular, the middle-old adult
group achieved significantly lower scores than the young adult group in terms of the
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TMPS subscores assessing reciprocity and cheating detection. In addition, the middle-old
adult group reported lower performance on the cognitive ToM component overall score
compared to the young and the youngest-middle adult groups. Finally, we found that
the relation between aging and ToM tasks for nonverbal modality was independent of
education and global cognitive functioning level.

4. Discussion

The present study aimed to investigate the aging effect on both affective and cognitive
ToM during the adult lifespan, considering the influence of the modality (verbal or nonver-
bal) of the tasks used to assess ToM abilities and controlling for global cognitive functioning
and sex. The main findings of the present study were that: (i) the affective component
of ToM declines earlier than the cognitive component during adulthood (from the age of
60 years old), and such worsening is specific to the ability to infer others” emotions and
decode emotional expressions (nonverbal modality), rather than the ability to reason on
emotional mental states from social stories (verbal modality); (ii) the cognitive component
of ToM worsens with advancing age (from the age of 70 years old), and such worsening is
independent of the modality of the task used (i.e., verbal or nonverbal); (iii) age predicts
ToM ability regardless of education and global cognitive functioning level.

These results suggest that ToM ability is impaired in aging, and this is not fully de-
pendent on age-related difficulties, general cognition or fluid intelligence [16,52]. Indeed,
Sullivan and Ruffman [16] and Keightley and colleagues [52] found that age-related ToM
abilities in older adults aged over 70 years were independent of changes in fluid abil-
ities (i.e., working memory, and executive function) and age-related cognitive decline,
suggesting that general cognitive functioning and ToM could engage distinct, although
overlapping, patterns of neural activation [20,53], as reported in studies on neuropathologi-
cal decline [54,55].

Moreover, preserved ToM ability found in verbal modality tasks might result from
greater knowledge about social relationships, and thus from an improved crystallized
intelligence (for a systematic review, see [56]). In line with previous studies [31,57], our
results demonstrate that, from the age of 60 years old, the ability to decode emotion from
facial cues (eyes) worsens, suggesting that emotion recognition processing changes from
young to old adult age, and would seem to be associated with different patterns of neural
activation. Indeed, an fMRI study [23] revealed that young and older adults during the
RMET showed a common activation of the right inferior frontal gyrus (IFG), a region
associated with the visual memory encoding of faces (e.g., [33]) and a different activation
in the left IFG and the anterior cingulate cortex. In particular, older adults also showed the
increased activation of the left IFG, a region that is typically associated with verbal memory,
probably to compensate for any difficulties they may have had in mentalizing ability, while
the young adults showed the increased activation of the anterior cingulate cortex, a brain
region specifically involved in inferring other’s mental states [58]. Thus, the cognitive ToM
component seems to decline from 70 years onwards, according to previous studies that
have explored the cognitive ToM component in healthy individuals [18,32,59]. This result
confirms the effects of aging on the ability to infer the cognitive states, beliefs, thoughts, or
intentions of other people, which may be due to age-related changes in executive control
processes [15,60]. However, this issue remains controversial, as some studies find no
relation between cognitive ToM and executive task performance in aging [24,61].

Moreover, the comparison of the subscores of the cognitive ToM tasks (i.e., TMPS)
showed that the older adult group (71 to 80 years old) had selective difficulty in the
detection of reciprocity and cheating. Thus, the decline in ToM could explain the social
disengagement that usually occurs in aging, both as a reduction in prosocial behavior, such
as sharing, comforting, and helping others [62], and as an impaired ability to recognize false
claims and suspicious intentions to avoid potentially harmful social interactions, placing
them at elevated risk to be tricked or scammed [63].
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Finally, in accordance with previous behavioral and neuroimaging studies [3,64], our
correlation analysis results provide additional insight into age-related differences in ToM
abilities, showing that affective and cognitive components of ToM are independent for
young adults, whereas they are strongly associated in older age.

Thus, starting from our findings, further studies should enroll samples of very old
adults (from 80 years old) and also consider and better investigate the possible influence
of neuropsychological and behavioral profiles (e.g., executive functioning, depression) on
ToM functioning in aging.

We acknowledge some limitations of our study. First, the lack of standardization
across studies and the scarcity of psychometric information in the tasks used to assess ToM
abilities might have affected our findings [65]. Indeed, there is a long-standing debate in
the literature about how ToM should be defined and measured. Especially, there is criticism
of the RMET, which is based on the ability to recognize complex emotional states rather
than reason with affective mental states [66]. Second, our study only focused on affective
and cognitive components of ToM, although an increasing amount of evidence suggests
the multifaced nature of ToM [67].

5. Conclusions

In conclusion, our results provide evidence regarding significant changes in both cogni-
tive and affective ToM components in older adults that could partly explain a worsening of
social functioning, health, and psychological well-being with aging [68]. Therefore, elderly
people over the age of 61 should take social cognition measures by partaking in routine
neuropsychological screening for the early identification of difficulties in intention and
emotion recognition, and thus benefit from specific strategies to enhance socio-cognitive
abilities (i.e., [69,70]).
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