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Abstract: Deficits in theory of mind (ToM), known as the ability to understand the other’s mind,
have been associated with several psychopathological outcomes. The present systematic review
aims to summarize the results of genetic studies that investigated gene polymorphisms associated
with mentalization performance tasks in children and adults. The systematic review was carried out
following PRISMA guidelines, and the literature search was conducted in PubMed and EBSCOhost
using the following keywords: ‘theory of mind, mentalizing, mindreading’ and ‘gene, genetic basis’.
Nineteen studies met the eligibility criteria for inclusion. Most of the literature focused on the role of
DRD4, DAT1, OXTR, OXT, COMT, ZNF804A, AVP, AVPR, SCL6A4, EFHC2, MAO-A, and the family
of GTF2I genes in influencing ToM. However, controversial results emerged in sustaining the link
between specific genetic polymorphisms and mentalization abilities in children and adults. Available
data show heterogeneous outcomes, with studies reporting an association between the same family
genes in subjects of the same age and other studies reporting no correlation. This does not allow us to
draw any solid conclusions but paves the way for exploring genes involved in ToM tasks.

Keywords: theory of mind; mentalization; genes polymorphism; genetic basis

1. Introduction

Theory of mind (ToM) is a sociocognitive ability that allows people to infer their own
and others’ mental states [1–5], using them to decipher and predict behaviors [6]. Similarly,
mentalizing refers to the ability to understand and interpret one’s own and others’ actions
as being intentional and goal-directed but involves a reflective process where one actively
considers and makes sense of the self–other distinction and the subjective nature of mental
experiences [7]. These two terms both describe metacognitive processes and are often used
interchangeably [8], but slight differences subsist. In particular, mentalization indicates an
activity of reflection on affective mental states, whereas ToM refers to epistemic states, such
as beliefs and intentions.

Deficits in the correct attribution of other mental states are present in several psy-
chopathologies, with the most studied condition being represented by the autism spectrum
disorder (ASD) [9,10]. It is widely acknowledged in the context of ASD that individuals
often lack a functional theory of mind (ToM) [11]; specifically, Baron-Cohen’s research
shows [12] people diagnosed with autism exhibit the ability to decipher observed actions
by understanding their underlying goals and desires [12]. They can also interpret sensory
input based on the perspective of an agent [12]. In addition, they encounter a significant
deficiency in what he terms the Shared-Attention Mechanism, a system that deals with tri-
adic relationships involving oneself, the other’s mind, and an object of interest, commonly

Genes 2024, 15, 717. https://doi.org/10.3390/genes15060717 https://www.mdpi.com/journal/genes

https://doi.org/10.3390/genes15060717
https://doi.org/10.3390/genes15060717
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/genes
https://www.mdpi.com
https://orcid.org/0009-0003-8201-4106
https://orcid.org/0000-0002-5978-7165
https://orcid.org/0000-0001-8818-5983
https://orcid.org/0000-0002-9917-4275
https://orcid.org/0000-0002-8041-5278
https://doi.org/10.3390/genes15060717
https://www.mdpi.com/journal/genes
https://www.mdpi.com/article/10.3390/genes15060717?type=check_update&version=1


Genes 2024, 15, 717 2 of 18

known as joint attention; furthermore, individuals with ASD face challenges in grasping
the propositional attitudes of others [12]. This holds true not only for individuals with ASD
in general but also extends to adults with high-functioning autism [13]. It is also thought
that a deficit in ToM might contribute to the lack of social skills and communication shown
in the autistic spectrum [11]. This ability can be severely compromised in a wide variety of
other psychological disorders [9,14]. Specifically, two personality disorders seem to have a
strong impairment at the mentalization level: antisocial personality disorder (ASPD) and
borderline personality disorder (BPD) [7].

Considering the strong impairment in the mentalistic abilities of patients with border-
line [15] and antisocial personality, an evidence-based therapeutic intervention program
has been developed, aimed at restoring the ability to mentalize [16]. This program is called
Mentalization-Based Treatment (MBT) [7,17,18]. For the patient, the goal is to discover
more about how they think and perceive themselves and others, how this influences their
way of relating, and how some errors in self and other understanding can lead to misun-
derstanding, dysfunctional behaviors, as well as emotional instability [7]. This type of
treatment has proven to be effective for BPD; compared to standard treatments, MBT seems
to help the reduction in suicidality and access to services [19]. In adolescents, it has shown
a recovery rate of 44%, compared to the 17% of standard treatment [20]. As for ASPD, MBT
appears to assess the severity of progressively decreasing aggressions and has led to a
decrease in depressive and anxious symptoms [21].

People affected by schizophrenia and neurodegenerative disorders, such as frontotem-
poral dementia [22], Parkinson’s disease [23], and Alzheimer’s disease [22], also show
severe ToM deficits [24–28]. Specifically, misunderstandings regarding the mental states of
others often arise from challenges in effectively monitoring one’s own and others’ behavior
and mental conditions, as indicated by the literature [29–31]. This is further compounded
by a difficulty in integrating relevant contextual information [32]. Additionally, there is a
potential phenomenon referred to as “Hyper ToM”, wherein patients tend to excessively
attribute intentions, desires, or emotions to others, as proposed by Abu-Akel and Shamay-
Tsoory [24]. This impairment has been found to account for an estimated 15% to 40% of the
variability in social functioning in individuals with schizophrenia, as indicated by several
studies [26,33–37].

Among the children population, many disorders are associated with deficits in under-
standing other’s minds. Fetal alcohol syndrome (FAS) is one of the numerous disorders in
which researchers have found an association with mentalizing problems [38,39]. Children
with oppositional defiant disorder (ODD) and conduct disorder (CD) also seem to show
difficulties in understanding and processing social information [40,41]. Focusing on neu-
rodevelopmental disorders (NDDs), it is possible to find many impairments within this
type of diagnostic category. Children with attention deficit hyperactivity disorder (ADHD)
show low performance on theory of mind tasks compared with a healthy group [42,43],
probably due to an impairment of executive functions [42], as shown in a recent review [44].
Deficits in ToM abilities are also encountered among children with specific learning dis-
orders [45,46] and children with intellectual disabilities [47,48]. There is evidence that
ToM deficits have been detected in highly hereditary diseases, such as the 22q11.2 dele-
tion syndrome [49], Down syndrome [50], Martin Bell syndrome [50], Phenylketonuria
(PKU) [51], Prader–Willi syndrome [52], cerebrospinal ataxia [53], Turner syndrome [54],
and Williams syndrome [55]. In light of these considerations, it is plausible to hypothesize
that the capacity for mentalization has a genetic foundation.

The wide spectrum of psychopathologies encountering ToM deficits in their pheno-
type has paved the way for better understanding its etiopathogenesis, which requires a
comprehensive assessment comparing the affected population with the healthy one. In line
with the biopsychosocial model [56] of modern psychiatry, the etiology of each disorder is
given by the interaction between several risk factors, both genetic and environmental ones,
each accounting for specific quotes of variance of the investigated behavioral phenotypes.
Therefore, the presence of biological latent vulnerabilities not triggered by the exposition to
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environmental factors is not expected to turn into a psychopathological outcome. However,
several types of environmental risks and variables could lead to an impairment of the
ability to understand the minds of others. Being adopted after early institution [57,58]
and growing up in physically abusive and neglecting families [59] figure among the most
prominent environmental risk factors for ToM.

With regard to the genetic risk factors involved in the development of ToM abilities,
the literature has focused on well-established genetically determined conditions with
mentalization deficits, like the 22q11.2 deletion syndrome [60], Down syndrome [61], Martin
Bell syndrome [61], Phenylketonuria (PKU) [62], Prader–Willi syndrome [63], cerebrospinal
ataxia [64], Turner syndrome [65], and Williams syndrome [66], to detect candidate genes,
supporting in this way the hypothesis that ToM has a genetic basis [49,50,67] and the
innate and modular vision of this ability proposed by several authors [51–55,68]. However,
little is known about the potential polymorphisms and genetic candidates involved in the
etiopathogenesis of ToM.

In light of these premises, it seems reasonable to assume that the ability to mentalize
has a genetic basis. Therefore, the present systematic review is aimed at summarizing
the results of genetic studies that have investigated theory of mind/mentalization tasks
with polymorphism genes in healthy children and adults, clarifying the role of genes in
the ability to understand others’ minds. This review considers all articles published up to
February 2024.

2. Materials and Methods

The present systematic review was carried out following the PRISMA 2020 standards
on two search engines, PubMed and EBSCOhost. The following keywords were used in
the research process: ‘theory of mind, mentalizing, mindreading’ and ‘gene, genetic basis’.
The following inclusion criteria have been applied to the research: (a) published English-
language papers; (b) studies carrying out a genotyping process and investigating theory of
mind/mentalization through specific tasks; and (c) studies on atypical populations only if
a healthy control group was present. Studies that included only atypical populations were
excluded, as well as books, theses, systematic reviews, and meta-analyses. The research
did not consider a specific timeframe. In total, the search produced 246 articles, 100 on
PubMed and 146 on EBSCOhost.

The authors screened the search results eliminating a priori, only for the EBSCOhost’s
results, books, and theses via the automatic tool option of the website; subsequently, the
duplicates were manually removed, bringing out a total of 146 items. These articles were
filtered manually, removing irrelevant articles based on title, abstract, article type, and
article language. The next step was to filter the additional articles manually, excluding
papers that did not meet the inclusion criteria. Nineteen was the total number of studies
that met the eligibility criteria for the present systematic review (see Figure 1).
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Figure 1. Flow chart.

3. Results

The research produced 19 studies that examined several genes involved in the etiopatho-
genesis of mind theory skills: DRD4, DAT1, OXTR, OXT, COMT, ZNF804A, AVP, AVPR,
SCL6A4, EFHC2, MAO-A, and the GTF2I gene family.

The dopamine D4 receptor gene (DRD4) [69–73]; the dopamine reuptake transporter
polymorphisms in the 3′ UTR (DAT1) [70,72,73]; Zinc-finger protein gene polymorphism
rs1344706 (ZNF804A) [74,75]; the catechol-O-methyltransferase enzyme gene polymorphism
Val158Met (COMT) [70,71,73,76]; the serotonin carrier gene polymorphism 5-HTTLPR
(SCL6A4) [73,77]; the oxytocin receptor gene polymorphisms (OXTR) and the oxytocin
gene polymorphisms (OXT) [71,78–83]; the arginine vasopressin hormonal genes poly-
morphisms (AVP) and the arginine vasopressin subtype 1A receptor gene polymorphisms
(AVPR1A) [79,84]; other polymorphisms including the ones belonging to MAO-A genes,
EFHC2 genes, and GTF2I genes [85–87].
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The selected studies are summarized in Table 1. Of these 19 studies, eight recruited a
sample of children [69–71,78–80,84,87], ten a sample of adults [72–77,81,83,85,86], and one
a sample of adults and teenagers [82].

3.1. Genes
3.1.1. DRD4 Gene

Focusing on the dopamine D4 receptor gene (DRD4), one study [69] found that,
for children, there was an association between the DRD4-III 7R allele gene and affective
knowledge (ability to attribute emotional mental states, facial expressions, and correspon-
dence between these two) [69] in interaction with gender [Wald χ2(1, N = 280) = 7.66,
p = 0.006]. In particular, among 7R-allele carriers, males scored significantly higher than
females [Wald χ2(1, N = 283) = 4.238, p = 0.04], meaning that they have a better ability to
understand the mind of others, while for the noncarriers of the 7R allele, there was no
significant gender effect [Wald χ2(1, N = 283) = 0.28, p = 0.56]. As far as girls are con-
cerned, the bearers of the 7R allele were associated with lower performance than the
non-carriers [Wald χ2(1, N = 280) = 5.85, p = 0.016]; the latter, therefore, show higher per-
formance in the task. Another study [70] on children shows that there is an association
between the DRD4 gene polymorphisms and the representational theory of mind (RTM);
particularly, the group with at least one long allele (≥6 repetitions) showed worse perfor-
mance in the RTM battery [88] than the group that had two short alleles (≤4 repetitions)
[F(1, 68) = 8.19, p = 0.006, η2 = 0.107]. The last study [71] on children for this gene proved
there was no significant association between the allelic variations of DRD4 VNTR 48 bp
and the theory of mind [p = 0.810; p = 0.680; p = 0.327]. Concerning the adult sample,
two studies were considered; one [73] showed that in the healthy population, there was
no association between the Reading the Mind in the Eyes task [89] and the genotype
[Wilks’ λ = 0.92, F(2, 50) = 2.29, p = 0.11, η2 = 0.08]. The other study [72] did not show any
type of polymorphism with a significant effect in the healthy sample.

3.1.2. DAT1 Gene

Three studies explored the relationship between the dopamine reuptake transporter
polymorphisms in the 3′ UTR (DAT1) and the theory of mind. One study [70] conducted
on children found that there was no association between the representational theory of
mind [88] and genotype controlling by age [70]. For adults, Tadmor and colleagues [72]
found that the group with a 9/9 genotype, among both schizophrenics and healthy groups,
showed a worse tendency in the scores of Reading the Mind in the Eyes [89] than 10/10
and 9/10 polymorphisms [β = −0.15, t = −2.1, p = 0.04]. The second study conducted on
adults [73] showed that, after dividing the components of the study into variant 9 carriers
(9/9 and 9/10) and variant 10/10 carriers, no significant association was found between
the healthy subjects [Wilks’ λ = 0.95, F(2, 51) = 1.39, p = 0.26, η2 = 0.05].

3.1.3. ZNF804A Gene

Two studies have focused their attention on the relationship between the zinc-finger
protein gene (ZNF804A) polymorphism rs1344706 and the theory of mind in adults. One
study [74] shows that there is no difference, neither in the performance of the test nor in
the times of reaction, between the carriers of the A allele and the non-bearers. The second
study [75] demonstrates that there are no significant differences between the various
genotyping groups with respect to both tests, the Hinting Tasks [29] and the Reading the
Mind in the Eyes task [89] (Hinting task: F = 0.11, p = 0.89; Eyes task: F = 0.92, p = 0.40).

3.1.4. COMT Gene

The role of COMT gene polymorphism Val158Met (rs4680) and the theory of mind
was investigated by four studies. One study [70] shows that, controlling for age, there was
no significant association between gene variants and the performance of the administered
RTM battery in the children population. The other study [71] on children found the same
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result: there was no association between gene variations and the ToM ability. For the adult
sample, things may look different, Xia and colleagues [76], after taking into account rs4680,
rs4633, rs2020917, rs2239393, rs737865, rs174699, and rs59938883 polymorphisms, found
that the rs2020917 polymorphism was associated with the cognitive ToM performance
[F(2, 95) = 3.95, p = 0.023, g2 = 0.077], in particular carriers of the variant C/T showed
better performances than C/C [p = 0.004] and T/T genotype [p = 0.043] [76]; the rs737865
polymorphism has been demonstrated to have also an association with the cognitive
ToM [F(2, 95) = 3.90, p = 0.024, g2 = 0.076], and carriers of genotype C/C show higher
scores than T/T group [p = 0.010] [76]. Regarding the affective component, it is noted that
rs5993883 SNP showed a gender–genotype interaction [F(2, 95) = 3.35, p = 0.039, g2 = 0.066];
specifically, the males carrying the G/T variant have obtained lower performances than
the females with the same genotype [p = 0.023], while women with T/T genotype showed
higher scores of G/G carriers [p = 0.017] [76]. No significant association was found for the
remaining polymorphisms [76]. For the last study on this gene [73], nothing significant
was found by the authors [Wilks’ λ > 0.99, F(2, 89) = 0.16, p = 0.85, η2 = 0.004].

3.1.5. SCL6A4 Gene

Two studies focused on the 5-HTTLPR polymorphism of the SCL6A4 gene. In the first
study [73], researchers concluded that the score value was not significant between healthy
subjects and the genotype [Wilks’ λ = 0.97, F(2, 55) = 0.79, p = 0.46, η2 = 0.03]. The other
study [77] showed that carriers of low expression alleles (S/S; S/Lg; Lg/Lg) showed higher
scores in recognizing negative mental states with increased exposure to negative life events
[(b = −2.54, se = 1.21, t(210) = 2.10, p = 0.037; model r2 = 0.026)].

3.1.6. OXT and OXTR Gene

There are many studies that focused on the role of the OXTR gene polymorphisms;
four of them investigated the role during infancy and others on adults and teenagers. For
children, one study [78] found out that, within rs1042778, rs2254298, rs11131149, rs237897,
e rs237899 polymorphisms, there were no strong genetic effects of ToM; however, the
analyses showed that there was an interaction between the gene and gender on the theory
of mind, specifically on polymorphism rs11131149 [(zinter = 2.08, p = 0.04)]: women with
larger G-allele copies showed better performance than men; furthermore, there was an
interaction between rs11131149 SNP and maternal cognitive sensitivity [p = 0.019 major
allele; p = 0.017 minor allele] where the latter predicted ToM ability in children. Researchers
also found a mild interaction between haplotype formed by rs11131149-rs2254298 (G/A)
and maternal cognitive sensitivity on the mind theory [p = 0.027] [78].

The research conducted by Wu and Su [80] demonstrated that, by checking for age,
there was a significant effect between genotype and theory of mind [F(2,80) = 3.368,
p = 0.039, η2 = 0.08]: those with the G/G genotype showed significantly higher scores
than those who were carriers of the A/A genotype [(p = 0.032)] [80]. Other studies showed
no significant interaction between children’s ToM and OXTR polymorphisms gene [71]
or OXT polymorphisms gene and ToM [unadjusted model [p = 0.82, h2 < 0.001], adjusted
model [p = 0.19, h = 0.003]] [79]. One study [81] showed an association between the OXTR
gene SNP and ToM in adolescents; specifically, individuals carrying the C/C SNP rs2228485
genotype show lower scores in the Reading the Mind in the Eyes test [89] on male face test
images than T genotype carriers, in both male and female groups [F(2) = 8.174, p = 0.000639];
Furthermore, significant scores were found for rs53576 SNP, where allele A carriers gave
more correct answers in the required task [total faces: p = 0.022, female faces: p = 0.044],
while for the rs2228485 SNP, the carriers of allele A identified with less frequency the
images of positive matrix [p = 0.001205] [81]. Two studies concentrated on a sample of
adults: one study found no significant association [82]; the same result was found by the
second research [83], where no significant performance was found in the Hinting Task [29]
and the OXTR rs53576. However, further analysis showed that high scores in schizotypy,
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assessed with SPQ-CP [90], are related to worse performance on ToM conditional to the
G/G genotype [β = 0.468, p = 0.007, Radj2 = 30.1%].

3.1.7. AVP and AVPR1A Gene

The role of AVPR1A and AVP gene polymorphisms was investigated, respectively, by
Wade and colleagues [84] and Wade and colleagues [79]; for the first study [84], no associ-
ation was found [rs1042615 p = 0.63; rs7298346 p = 0.74], while for the second study [79],
researchers found a significant interaction between ToM scores and the haplotype rs1887854-
rs3761249 [unadjusted model (p = 0.0089; η2 = 0.021)].

3.1.8. Other Genes

Other genes have been discovered to have a role in ToM; one study [85] found that
between MAO-A gene polymorphisms, adults who had the low activity allele (2, 3, or
5 repetitions) showed significantly lower performance than those who had the high activity
allele (3.5 or 4 repeated alleles) [F(1402) = 14.529, p = 0.00016, η2 = 0.035] [85]. Another
study [86] revealed an association between the EF-hand domain containing 2 gene (EFHC2)
polymorphism, rs7055196, and ToM scores in adults: males, with allele A, showed better
performance than those who had allele G [t(89) = 2.04, p = 0.045, 95% CI (0.03, 2.40)]. The
last study [87] investigated the role of the 1.1 Mb, 1.5 Mb, and 1.8 Mb deletions in GTF2I
family genes; results showed that healthy subjects performed significantly better than other
groups, suggesting that those who do not possess the GTF2IRD1, GTF2I, and GTF2IRD2
genes, suffer from cognitive deficits such as the theory of mind [87].

Table 1. Selection of studies investigating genetic polymorphisms associated with theory of mind.

Study Sample and Measures Gene and Its Mutations Main Findings

Ben-Israel et al.,
2015 [69]

402 healthy children (161 children
participated in both measurement)

Mean age:
first measurement (280 children):

44.13 ± 2.78 months
second measurement (283 children):

61.73 ± 2.15 months
Jerusalem Story Test of Interpersonal

Understanding

DRD4-III gene:
7R allele carriers (presence at least one

7 repeat allele),
7R allele non-carriers (with 7 repeat

allele absent)

7R-allele carriers males scored significantly higher than
females in both age measurements.

For 7R-allele non-carriers there was no effect of sex on
affective knowledge.

Girls with 7R allele were associated with lower
performances than non-carriers.

Examination of the genotype effect separately for boys and
girls gave no significant results neither for boys nor for girls.

Lackner et al.,
2012 [70]

73 healthy children
Mean age 47.25 months

Age range: 42–54 months
RTM; NMR

DRD4 gene:
at least one long allele (≥ 6 repeats)
both two shorts alleles (≤4 repeats).
COMT gene Val/Met (rs4680) SNP:

Val/Val; Val/Met; Met/Met.
DAT1 gene:

10/10; 10/9; 9⁄9

DRD4 gene: the group with at least one long allele
(≥6 repetitions)

performed worse in the RTM battery than the group with
two short alleles (≤4 repeats).

COMT gene: controlling for age, no significant association
between gene variants and ToM performance.

DAT1 gene: researchers found that there was no association
between the representational theory of mind and genotype

controlling for age.

Opitz et al.,
2021 [71]

80 healthy children
Mean age:

first measurement: 50 months
(50.58 mean age ± 0.85)

second measurement: 60 months
(60.69 mean age ± 0.69)

third measurement: 70 months
(70.34 mean age ± 0.51)
Wellman and Liu scale

DRD4 gene:
at least one long allele (≥ 6 repeats)

all ≤5 repeat
COMT rs4680 gene:

A/A; A/G; G/G
OXTR rs53576 gene:

A/A; A/G; G/G

DRD4 gene: the results show no significant association
between allelic variations of DRD4 and theory of mind.

COMT gene: there is no association between gene variations
and ToM

OXTR gene: there were no associations between genetic
variants and theory of mind

Zahavi et al.,
2016 [73]

96 students:
58 healthy students
38 with depression

Age range: 18–30 years
RMET

DRD4 gene:
‘l-long’ (6–10 variants); ‘s-short’

(2–5 variants).
DAT1:

9 variants (9/9 e 9/10); 10/10 variants.
COMT gene:

Val/Val; Val/Met; Met/Met.
SCL6A4 gene, 5-HTTLPR SNP: at least

one short allele (S/S or S/L); L/L
genotype

DRD4: within healthy population there was no association
between the value of photography and genotype.

DAT1: no significant association was found in healthy
subjects.

COMT gene: no association was found; however, it was
found that depressed subjects scored lower than the neutral

tests compared to healthy subjects.
SCL6A4 gene, 5-HTTLPR SNP: the value of scores were not

significant between healthy subjects and the genotype
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Table 1. Cont.

Study Sample and Measures Gene and Its Mutations Main Findings

Tadmor et al.,
2016 [72]

270 subjects:
200 healthy subjects

70 with schizophrenia (SZ)
age mean: 35.6 years ± 10.0

RMET

DRD4 gene:
long allele (≥5 repeats); short allele

(≤4 repeats).
DAT1 gene:

10/10; 10/9; 9/9

DRD4 gene: the healthy group showed better performance
than the SZ group; however, no polymorphism was

significant among the healthy sample. SZ with long allele
decoded better the photographs with the positive valence

than healthy individuals with the long allele; who was in the
group SZ with short allele decoded less the photos with
positive valence regarding the healthy group within the

same genotype.
DAT1 gene: 9/9 genotype, for both groups schizophrenics

and healthy, showed a worse tendency in ToM scores.

Walter et al.,
2011 [74]

109 healthy subjects
mean age: 32 years

ToM condition (mentalizing) and
a control condition (non-mentalizing)

ToM comic strips

ZNF804A gene, rs1344706 SNP:
C/C; C/A; A/A

ZNF804A gene, rs1344706 SNP: no difference neither on the
reaction times of the test nor on the performance, between

the carriers of the allele to risk (allele A) and the non-bearers.

Hargreaves et al.,
2012 [75]

618 adults:
418 schizophrenic

200 healthy subjects
Age range: 18–65 years

HT; RMET

ZNF804A gene, rs1344706 SNP:
C/C; C/A; A/A

ZNF804A gene, rs1344706 SNP: there are no significant
differences between the various genotyping groups with

respect to both tests

Xia et al.,
2012 [76]

101 healthy adults
Mean age: 22.50 years ± 2.28

affective ToM: white lie tasks; la faux
pas tasks cognitive ToM: second-order

false belief tasks; double bluff task.

COMT gene:
rs4633, rs2020917, rs737865, rs174699

SNPs (diving the group for each
polymorphism in C/C, T/T, C/T);

rs4680 and rs2239393 SNPs (diving the
group for each polymorphisms in A/A,
A/G, G/G); rs59938883 SNP (diving
the group for each polymorphisms in

G/G, G/T e T/T).

COMT gene: cognitive ToM performance was associated
with rs2020917 SNP,

in particular, C/T carriers showed better performances than
C/C genotype;

rs737865 polymorphism was associated with cognitive ToM,
C/C genotype carriers show higher scores than T/T group;
there is a sex-genotype interaction between affective ToM
and rs5993883 SNP, the G/T-carrying males have obtained

lower performances than the females with the same
genotype, while women with T/T genotype showed higher
scores of G/G carriers; for the remaining SNP no significant

association was found

Kruijt et al.,
2014 [77]

215 healthy subjects
Age range: 17 and 35 years

RMET; LTE-Q

SCL6A4 gene, 5-HTTLPR SNP: two low
expressing alleles (SS; SLg; LgLg); one

low and one high expressing allele
(SLa; LgLa); high-expression allele

(LaLa)

SCL6A4 gene, 5-HTTLPR SNP: Carriers of low expression
alleles (SS; SLg; LgLg) showed higher scores in recognizing
negative mental states with increased exposure to negative

life events assessed with LTE-Q.

Wade et al.,
2015 [78]

301 healthy children
Mean age: 4.79 years ± 0.28

Wellman and Liu scale

OXTR gene: rs1042778, rs2254298,
rs11131149, rs237897, rs237899 SNPs

OXTR gene: there was an association between ToM and the
rs11131149 SNP, in particular women with more copies of

the G allele showed better performance than males; there is
an interaction between rs11131149 SNP and maternal

cognitive sensitivity, this covariate predicted ToM ability in
children; there was an interaction between Haplotype
rs11131149-rs2254298 (G/A) and maternal cognitive

sensitivity on the theory of mind.

Wu & Su,
2015 [80]

87 children
Age range: 3 to 5 years old

Mean age: 4.5 years ± 9.03 months
False-belief contents, False-belief

location change task

OXTR gene, rs53576 SNP:
A/A, A/G, G/G

OXTR gene, rs53576 SNP: by controlling for age, there was a
significant effect between genotype and ToM, who

possessed the genotype G/G showed scores significantly
higher than those who were carriers of genotype A/A.

Wade et al.,
2016 [79]

320 children
Mean age: 4.79 years ± 0.28

Wellman and Liu scale

OXT gene, rs2740210, rs2770378 SNPs
AVP gene, rs1887854, rs3787482,

rs3761249 SNPs

OXT gene: no association between the Haplotype OXT
rs2740210-rs2770378 and theory of mind was found.

AVP gene: significant interaction between theory of mind
and the haplotype rs1887854-rs3761249.

Lucht et al.,
2013 [81]

76 healthy subjects
Mean age: 19.45 years ± 2.31

RMET

OXTR gene, rs53576, rs2254298 e
rs2228485 SNPs: T/T; T/C; C/C

OXTR gene: a significant result within rs2228485 SNP, the
C/C genotype carriers show lower scores, on male face test

images, than T genotype carriers, if the sex is analyzed
separately the result seems to be significant only for girls.
The rs53576 allele A carriers gave more correct answers in

the face assessments of the task while rs2228485 SNP allele A
carriers identified less frequently positive matrix images.

Kim et al.,
2019 [82]

264 healthy Korean subjects
Mean age: 20.8 years ± 2.5

Age range: 15–29 years
TMPST

OXTR gene, rs1042778, rs237885,
rs237887, rs2268490, rs4686301,

rs2268493, rs2254298, rs13316193,
rs53576 e rs2268498 SNPs

OXTR: there was no significant association between ToM
scores and the variants of the OXTR gene.

Giralt-López
et al., 2020 [83]

199 subjects:
38 patients with schizophrenia (Mean

age: 24.92 years ± 3.90)
80 healthy first-degree relatives of

schizophrenics (Mean age:
44.74 years ± 13.43)

81 healthy subjects unrelated to these
families (Mean age:
34.77 years ± 12.53)

HT; SPQ-CP

OXTR gene, rs53576 SNP:
A allele carriers (A/A, A/G), G allele

carriers (G/G)

OXTR gene: there was no association between ToM
performance and rs53576 SNP; however, high scores in the
SPQ-CP are related to worse performance on theory of mind

G/G genotype.
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Table 1. Cont.

Study Sample and Measures Gene and Its Mutations Main Findings

Wade et al.,
2014 [84]

300 healthy children
Mean age: 4.79 ± 0.28 years

Wellman and Liu Scale
AVPR1A, rs1042615, il rs7298346 AVPR1A: no association was found between theory of mind

and rs1042615/rs7298346 polymorphisms

Reuter et al.,
2020 [85]

435 healthy adults
Age range: 18–72 years

Mean age: 31.18 ± 13.13 years
RMET

MAO-A uVNTR: low activity alleles
carriers (2, 3 or 5 repeats); high activity

alleles carriers (3.5 or 4 repeats)

MAO-A gene: carriers of low activity allele showed
performances clearly inferior of who had the high activity

allele

Startin et al.,
2015 [86]

91 healthy men
Age range: 18–40 years

RMET

EFHC2 gene, rs7055196 SNP:
A allele carriers
G allele carriers

EFHC2 gene: A allele carriers showed better results than G
allele carriers

Serrano-Juárez
et al., 2021 [87]

26 subjects:
12 with Williams syndrome

7 with Down syndrome
7 healthy children

Mean age: 11.73 years ± 3.75
Happé’s Strange Stories

GTF2I family genes: 1.1 Mb, 1.5 Mb e
1.8 Mb delections

GTF2I family genes: who was not carrying the GTF2IRD1,
GTF2I, and GTF2IRD2 genes had worse results than the

healthy subjects.

Note: Reading the mind in the eyes task (RMET) [89]; Jerusalem Story Test of Interpersonal Understanding
[91]; Wellman and Liu scale [92]; Representational theory of mind (RTM) [88]; ToM comic strips [93,94]; Hinting
task (HT) [29]; White lie tasks [95]; Faux pas tasks [96]; Second-order false belief tasks [97]; Double bluff task
[98]; List of Threatening Experiences (LTE-Q) [99,100]; False-belief contents [101]; False-belief location change
task [102]; Theory of Mind Picture Sequencing Task (TMPST) [103,104]; Schizotypal Personality Questionnaire
cognitive-perceptual (SPQ-CP) [90]; Happé’s Strange Stories [105].

4. Discussion

The overall aim of this review was to examine the role of genetic components on
ToM tasks. Results indicate that several genes are associated with ToM in different age
cohorts. With regard to studies carried out on children, the present systematic review
shows an association with polymorphisms of DRD4 gene [69,70], OXTR gene [78,80],
AVP gene [79], GTF2IRD1, GTF2I, and GTF2IRD2 genes [87]. These findings suggest that
there might be a genetic correlation with ToM abilities that can be observed in typically
developmental children [106]. Within adult populations, associations are shown with
DAT1 [72], COMT [76], SCL6A4 [77], OXTR [81], EFHC2 [86], and MAO-A [85]. These
results show that the biological component still has an influence throughout life on ToM
development. Notably, this latter consideration seems to be in line with previous research
revealing that the genetic impact on empathy was higher in samples consisting of older
participants [107].

There is evidence that ToM ability is related to the dopaminergic system [108]. Our
findings add to the literature another proof of this link. In particular, we found an asso-
ciation with the DRD4 gene, which plays a crucial role in the dopamine system [69]. In
particular, the presence of the 7-repeat (7R) allele is linked to a decreased ability of dopamine
to bind to receptors, resulting in reduced inhibition of postsynaptic neurons [109–111]. As a
consequence, individuals carrying this allele exhibit heightened sensitivity to both negative
and positive stimuli [112]. Another gene was also associated with the dopaminergic sys-
tem: the DAT1 gene, which is the candidate gene responsible for encoding the dopamine
transporter (DAT), that participates in the reuptake of dopamine [70]. One study [72],
focusing on DAT1, found that the group with 9/9 genotype showed a worse theory of mind
performance; individuals carrying the DAT 9R allele have more DAT proteins available in
the striatum compared to those who have two copies of the 10R allele, proposing reduced
levels of dopamine in the striatum [113]. Since striatal dopaminergic activity is related to the
ability to process emotional stimuli and motivational processes [114], our data indicate that
individuals with the DAT 9R/9R gene variant may have a decreased ability to accurately
interpret and understand the mental and emotional states of others [72]. Multiple genes
have been identified to play a role in regulating the levels of dopamine in the synaptic space.
One of these influential genes is catechol-O-methyltransferase (COMT), which is responsi-
ble for metabolizing dopamine [76]. The activity of COMT is influenced by genetic factors,
and a common single nucleotide polymorphism (SNP) called Val158Met (rs4680) explains
the majority of the observed variability in COMT activity [76]; the 158Val variant of the
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enzyme is associated with decreased enzymatic activity, which in turn causes an elevation
in the levels of dopamine outside the cells [115]. The 158Val homozygote variant exhibits
an enzyme activity that is approximately 35% lower than that of the 158Met homozygote
variant in the human brain [116]. In a study, the Met allele showed significantly worse
performance in theory of mind task than the Val allele group [60]. However, in the study
conducted by Xia and colleagues [76], no association was found between the genotypes of
the Val158Met (rs4680) SNP on the COMT gene and theory of mind (ToM) performance
in adults. This result aligns with previous research conducted on typically developed
children, which also showed no significant relationship between these genotypes and ToM
abilities [70].

Concerning the OXTR gene, numerous studies acknowledge that genetic differences
in the OXTR gene are linked to inclinations and behaviors that promote prosociality [80].
Moreover, research has demonstrated that intranasal administration of oxytocin can en-
hance trust levels [117,118]. It is plausible that the facilitation of social behavior and
increased ingroup trust associated with oxytocin administration stem from its ability to
enhance the recognition of emotional expressions in facial cues, as supported by studies
conducted by Van Ijzendoorn and Bakermans-Kranenburg in 2012 [119].

Within the gene family of GTF2I, the results shown in the research [87] are in line with
previous works, confirming that deletion (1.5 Mb) is associated with alterations in emotional
processing and theory of mind [120]. Other studies have confirmed that direction: the
deletion of GTF2I to GTF2IRD2 is related to a deficit in social cognition [121,122]; therefore,
it seems reasonable to state that the family gene of GTF2I is connected to mentalizing skills.

The only study with a positive correlation with 5-HTTLPR shows that carriers of
low-expression alleles (S/S; S/Lg; Lg/Lg) exhibited higher scores in recognizing negative
mental states with increased exposure to negative life events [77]. This polymorphism
shows that the presence of the short (S) allele in this genetic variation is associated with
reduced transcriptional efficiency compared to the long (L) allele [123]. Consequently,
individuals with the short allele have fewer functioning serotonin transporters, which
affects the rate of serotonin neurotransmission and leads to variations in serotonin levels
among individuals [123]. The result of the study [77] was mediated by negative life events;
this is in line with the results of a recent systematic review where it was demonstrated that
significant changes in the emotional and affective components of ToM are associated with
PTSD [124]. However, the cognitive aspect of ToM has shown relatively less disruption,
and in certain cases, it has even remained intact or unaffected [124].

On MAO-A genes, little is known about its role. One study investigating these genes’
role demonstrates that it does have a role in ToM. When the MAO-A gene is more active, it is
believed to be associated with lower levels of serotonin (5-HT) [125]. So, when individuals
possess low activity alleles of the MAO-A uVNTR, indicating higher 5-HT levels, they
tend to exhibit better social cognition [85]. The role of the gene is also shown by another
study [126] where the level of enzymatic activity of monoamine oxidase A (MAO-A),
which is an indicator of serotonergic activity in the central nervous system, can be used to
predict impairments in mentalizing abilities among individuals with schizophrenia. This
association is particularly pronounced in individuals carrying the 4/4 genotype of the
MAO-A VNTR polymorphism [126].

One study investigated the role of SNP rs7055196 in the EFHC2 gene. This polymor-
phism has the potential to impact the process of gene transcription in the EFHC2 gene and
possibly influences other genes located nearby, such as MAO-A and MAO-B. The function of
the EFHC2 protein is not well understood [86]. However, its structure suggests a potential
involvement in calcium binding. As a result, it could potentially influence various processes
related to neuronal and intracellular signaling. These processes, in turn, play a role in the
development of neural circuits associated with social cognition [86]; the SNP rs7055196 has
the potential to affect the expression of the MAO-A and MAO-B genes which are involved
in the metabolism of important neurotransmitters such as serotonin, noradrenaline, and
dopamine [86]. Consequently, the influence of this SNP on the development of neural
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networks associated with social cognition may be independent and separate from its impact
on these metabolic processes [127].

The AVP gene seems to have an association, which is in line with previous findings
indicating that the administration of intranasal arginine vasopressin (AVP), not only influ-
ences social interaction [128] and emotional recognition [129], but it also affects the activity
of the temporoparietal junction, a critical region involved in processing social information
and performing theory of mind tasks [130]. In summary, these findings indicate that the
administration of intranasal arginine vasopressin (AVP) can potentially influence social
cognitive functioning, impacting both behavior and neural activity [131].

The present review guides future researchers to consider gender since there seem
to be correlations between genes, gender, and performance in ToM tasks. In particular,
two selected studies showed gender differences in this sociocognitive ability: females
scored better at mentalizing others’ minds [76,78]. This outcome is in line with a recent
meta-analysis [132] reporting that, on average, females tend to exhibit higher performance
levels in tasks related to mentalizing or understanding the thoughts and feelings of others,
as compared to males; the researchers explain this result as partially mediated by social
experiences after birth, contributing to the observed differences [133]. However, a study [69]
showed the opposite trend, reporting that the male group was better at mentalizing than
the female group. Therefore, the debate is still open, and more research is needed to shed
light on gender differences.

Another possible line that future research could further investigate is the relationship
between haplotypes and ToM, as suggested by two included studies [78,79]. Studying
haplotypes helps to identify the location of disease-causing genes by tracking recombination
events in studies involving populations [134]. Therefore, it might help to understand
deficits in ToM ability and clarify ToM roots more comprehensively. Future studies should
also put an effort into recruiting elderly people because none of the selected studies
considered this population. Moreover, the reason why gene polymorphisms are associated
with ToM in some research and not in other research still needs to be clarified. The reasons
for the inconsistent results might be due to the role of environmental factors; in fact, thanks
to epigenetics, it is possible to study the impact of the environment on DNA expression.
Epigenetics is known as the study of changes in gene activity not triggered by any mutation
of the DNA sequence [135]; it discovers the environmental elements that contribute to
affecting gene expression and, therefore, the development of a human being and their
abilities such as understanding the mind of others [135]. Environmental experiences that
affect an individual can cause what are called epigenomes, specific chemical tags that can
silence (not express a protein) or trigger more actively specific genes [135]. These mutations
may last for the entire life of a cell and can be transmitted for multiple generations [135].
These changes linked with certain genotypes can explain the different outcomes of the
theory of mind development. For example, children with the short variant of DRD4 gene,
in one of the research projects, seemed to score better than the long variant on the RTM [70],
but on the other hand, in a study [136], the short variant appeared more vulnerable to the
interrupted maternal communication with a disorganizational attachments, factors that
can cause a worse ToM during development [135]. Overall, future studies should explore
more in detail the mechanisms involved in this sociocognitive ability.

Given the complex interplay between risk factors involved in the development of
ToM, future studies should implement the use of twin methodologies to clarify the role of
genetics, particularly focusing on the same genes that have shown contradictory results,
as well as shared and non-shared environmental risk factors. This approach with twin
samples may help quantifying the extent of phenotypic variance explained by candidate
genes and environment, enhancing our understanding of ToM etiology.

Our review helps lay the foundation for gaining insight into the influence of genetics
on the ability to understand the minds of others. Following the biopsychosocial model, the
development of any skill is the result of a synergistic interplay of three human components:
the social, the psychological, and the biological/genetic [56]. Our goal was to understand
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which genes were associated with the healthy population to examine the biological compo-
nent of mentalization, and the results appear to indicate a partial influence. When combined
with other research on the developmental variables of the theory of mind (ToM), these
results could create a comprehensive view of the origins of mentalization, encompassing
social, psychological, and neuronal aspects that may be linked to genetic factors. Having a
comprehensive understanding of the development of the theory of mind also allows us
to identify risk factors for the etiology of the theory of mind and, consequently, genetic
vulnerabilities in populations with a significant impairment of this ability.

This study delves into the influence of genetic polymorphisms on the capacity to
comprehend the thoughts and emotions of others within the context of typical develop-
ment. However, we can shed light on possible genetic risk factors associated with ToM
dysfunction. For instance, in the case of a disorder characterized by severe ToM deficits,
such as BPD [7], it is reasonable to assert that not only the environment plays a significant
role, but biological factors also contribute. If a child is born with a genetic polymorphism
that, on average, leads to a diminished capacity to infer the thoughts and emotions of others
and is raised in an invalidating environment, it is plausible to expect the development of
ToM impairments.

From a clinical perspective, there are numerous psychological interventions aimed at
helping populations with difficulties in understanding the minds of others to enhance their
ToM. However, these interventions often do not consider genetic factors. Understanding
the role of the genetic component in target behaviors for intervention protocols or pre-
vention strategies may have significant implications for designing prevention programs,
determining program recipients, and comprehending individual variations in program
effectiveness [137,138]. Several research studies have examined the genetic influence on
resistance to interventions. For instance, Glenn and colleagues [139] investigated how
genetic variants in the oxytocin receptor gene moderated the impact of coping power
concerning the intervention’s delivery format. Results indicated that the gene variant influ-
enced the effectiveness of the intervention based on group coping power versus individual
coping power [139]. Awareness of these mechanisms will lead to more effective efforts in
creating biologically informed, evidence-based prevention programs specifically targeted
toward those who would benefit the most [140]. Furthermore, understanding the origin
of such variation is crucial for enhancing existing preventive interventions and guiding
the development of the next generation of interventions [140]. This understanding may
also shed light on why certain ToM interventions can falter due to genetic differences or
susceptibility. In conclusion, studying genes related to ToM performance in healthy subjects
allows, on the one hand, the comprehension of genetic risk factors for the etiopathogenesis
of ToM and, on the other hand, the understanding of how and why intervention measures
may be influenced by genetic risks to improve and fine-tune such interventions [141].

5. Limits

For a better interpretation of the results presented, some limitations must be considered.
First of all, the tests used to assess ToM were very heterogeneous. Moreover, only one
article [76] investigated ToM by breaking it down into its two dimensions, affective and
cognitive [1], while the remaining research considered the construct in its unity. This is an
important limitation, as other types of conclusions might be drawn using different tests.

Moreover, the different ethnic backgrounds were not investigated enough in the
existing scientific evidence. Genetic studies were susceptible to population stratification,
and the unknown race of participants might limit the application of findings to different
populations. Another limit is the number of participants; in fact, several studies used
samples including less than 100 subjects.

Furthermore, the age of the subjects varied a lot, and some studies did not clearly
distinguish adolescents and adults. Future research should include larger and more diverse
populations in order to replicate the studies’ results.
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Another important point concerns statistical analyses. The studies included different
covariates, hampering the possibility of drawing homogeneous and linear results. Overall,
it must be noted that the selected studies did not claim to outline a causal relationship but
aimed at clarifying the correlation between ToM and polymorphic variations of genes.

There are many confounders when looking for ToM ability, for example, developmen-
tal stages, cognitive abilities, and social environments and others; the problem is always to
understand how these elements relate to each other and with the genetic component. There-
fore, longitudinal studies are particularly valuable for controlling confounders in research
because they track the same subjects over an extended period. This repeated observation
allows researchers to monitor changes and establish temporal sequences, which helps in
distinguishing cause-and-effect relationships. By observing how these factors change over
time in relation to ToM capabilities, researchers can more accurately assess the impact of
each variable and reduce the likelihood of confounding bias.

A fundamental limitation is represented by the fact that the presented research takes
into consideration restricted types of polymorphisms due to difficulties for scientists to
recruit and analyze people with a wide variety of gene polymorphisms in interaction with
ToM performance; however, this can leave behind important results on the influence of
other genes on mentalizing.

6. Conclusions

Despite these limitations, the present systematic review provides partial support for
the contribution of some genes to ToM performance in children and adults. Among the
studies that examine preschool children, the ability to mentalize is found to be related
to different genetic polymorphisms of genes: DRD4 [69,70], OXTR [78,80], AVP [79] and
GTF2IRD1, GTF2I, and GTF2IRD2 [87]. Studies conducted on adults are more numerous,
and they show stronger correlations with different polymorphisms of the following genes:
DAT1 [72], COMT [76], SCL6A4 [77], OXTR [81], EFHC2 [86], and MAO-A [85].

Since the present systematic review has revealed contrasting results within the same
class of genes, showing a significant association in some studies but not in others, it is hard
to draw any solid conclusion that clarifies the genes’ role in ToM development.
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