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Empathy plays a central role in prosocial behavior and human cooperation. Very few twin researchers have
investigated innate and environmental effects in adult empathy, and twin research on gender differences
in these effects is sparse. The goal of this study was to examine innate and environmental influences on
three components of an empathy scale frequently used with adults — the expression of cognitive (CE),
emotional (EE), and social skills (SS) empathy — and to explore gender differences in the influences. Study
participants were ∼1,700 twins (18–65 years) enrolled in the Italian Twin Registry. Empathy was assessed
with the Italian version of the Empathy Quotient (EQ), for which the three-factor structure (i.e., CE, EE, and
SS) was confirmed. Twin correlations in monozygotic and dizygotic pairs, and males and females were esti-
mated for the total EQ and subscale scores, and univariate genetic model fitting was carried out. Women’s
empathy (i.e., total EQ as well as CE and EE subdimensions) was predominantly driven by genetic factors
and individual experiences, whereas for males, no genetic contribution or important shared and individ-
ual environmental effects emerged. Although of large magnitude, the gender differences did not reach
statistical significance. Age did not moderate empathy heritability in adulthood. Only for the SS subscale
were genetic and environmental proportions of variance similar for men and women. This study suggests
possible gender-specific innate and environmental influences on empathy and its cognitive and emotional
components that need to be confirmed in future studies.
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‘Empathy’ has been defined as the ability or competence to
share the feelings of others (Decety & Lamm, 2006; Saudino
et al., 2008). Baron-Cohen’s (2002) definition includes ad-
ditional competencies: ‘the drive to identify another per-
son’s emotions and thoughts, and to respond to these with
an appropriate emotion’ (p. 248). The complexity of empa-
thy from both phylogenetic and ontogenetic perspectives is
clear from different, intertwined scientific areas of investi-
gation such as developmental and social psychology, cogni-
tive neuroscience, clinical neuropsychology, and behavioral
evolution (Baron-Cohen &Wheelwright, 2004; Blair, 2005;
Davis et al., 1994; Decety & Jackson, 2004; Decety & Lamm,
2006; de Waal, 2008; Preston & de Waal, 2002).

In evolutionary terms, prosocial behaviors can be
observed in different species of non-human primates;
in particular, in those species in which individuals live

in close social systems, such as the common marmoset
(Callithrix jacchus; Burkhart et al., 2007; see also Cronin,
2012). Empathy can find its evolutionary roots in different
forms of observed prosocial behavior. In fact, de Waal
(2012) argues that empathy could be the main motivator of
prosocial behaviors in different species of primates. These
observations suggest that prosociality and empathy have,
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in fact, a phylogenetic history. However, the complexity of
prosocial behavior and empathy manifestations in humans
does not find correspondence in other species. Indeed,
empathy likely plays a central role in the development and
occurrence of prosocial behavior in humans. Investigators
have frequently recognized the role of empathy-related
responding in facilitating human cooperation (Eisenberg
& Miller, 1987), and have suggested that empathy provides
a major pathway to prosocial functioning (Batson, 1991;
Batson et al., 2004; de Waal, 2008). Individual differences
in empathy-related responding levels have been recorded
among individuals of all ages, in infancy (Knafo et al., 2008),
in childhood (Bryant, 1982), and in adulthood (Lawrence
et al., 2004). However, few researchers have investigated the
role of genetic and environmental factors in the expression
of the trait in adulthood (Knafo & Uzefovsky, 2013).

Individuals who are higher in empathy during child-
hood, regardless of gender, tend to remain higher later
in development, demonstrating the stability of this trait
(Eisenberg et al., 1999; 2002). Such evidence is consistent
with the idea that empathy is partially heritable (e.g., Baron-
Cohen, 2002; Chakrabarti & Baron-Cohen, 2013; Knafo
et al., 2008; Rushton, 2004; Zahn-Waxler, Radke-Yarrow
et al., 1992; Zahn-Waxler, Robinson et al., 1992; Zahn-
Waxler et al., 2001) or at least that there are some evolution-
ary differences already present at birth. Furthermore, from
twin studies comes the strongest evidence that empathy is
heritable and that the heritability increases with age (Davis
et al., 1994;Hatemi et al., 2015;Hur, 2007; Knafo et al., 2008;
Rushton, 2004; Rushton et al., 1984).

It is also hypothesized that the well-known gender dif-
ferences in empathy levels, favoring females (Baron-Cohen,
2002; Eisenberg & Lennon, 1983; Sucksmith et al., 2013;
Volbrecht et al., 2007), may have an evolutionary origin
due to the emergence of animal species characterized by
K-selection (i.e., those species characterized by prolonged
and intensive parental care facilitated by the fact that moth-
ers have relatively few children).With this strategy,mothers
tend to be in tune with the expression of discomfort dis-
played by the infants, perhaps in part due to their ability
to spend considerable time in close contact with their off-
spring. Given this framework, an important questionmight
be whether gender differences in human empathy can be
mirrored by the pattern of heritability for empathy traits.
According to the empathizing-systemizing theory (Baron-
Cohen, 2009), which defines five different ‘brain types’ with
the ‘systemizing profile’ more common in males and the
‘empathizing profile’ more common in females, it appears
crucial to generate more knowledge on possible gender-
specific contributions of innate and environmental factors
to empathy-related functioning in adult life, taking into ac-
count the potential influence of age.

Thus, our research was designed (1) to shed light on the
possible contributions of innate and environmental factors
in the empathy-related expression in adulthood, looking at

the emotional, cognitive, and social components delineated
within the trait (Berthoz et al., 2008; Dimitrijevic et al.,
2012; Groen et al., 2015; Lawrence et al., 2004; Muncer &
Ling, 2006; Preti et al., 2011) and (2) to explore possible gen-
der differences in these contributions.

To pursue our objectives, we applied the twin study de-
sign to a large sample drawn from the population-based
Italian Twin Registry (ITR) (Brescianini et al., 2013). The
twin design has shed light on the causal mechanisms un-
derlying an extraordinary variety of complex phenotypes
and diseases, including psychosocial traits (Gregory et al.,
2009; Knafo et al., 2008), and its potential has enormously
increased since theworldwide spread of twin registries (Hur
& Craig, 2013). This design allows for the estimation of ge-
netic and environmental effects on the expression of human
complex traits by comparing the level of trait resemblance
between monozygotic (MZ) twins (genetically identical)
and dizygotic (DZ) twins (who share on average only 50%
of their genetic background, like ordinary siblings). Briefly,
assuming thatMZ andDZ twins share to the same extent all
environmental exposures that are relevant to the trait under
study (Equal Environments Assumption), a higher resem-
blance inMZ than in DZ pairs would point to genetic influ-
ences on the trait; if, instead, resemblance is not dependent
upon zygosity, then environmental factors (family-based or
individual-specific) would be supported as primary influ-
ences on trait expression (Neale & Cardon, 1992).

It is important to point out that the twin studies that
have previously assessed the heritability of empathy (vari-
ouslymeasured) among adults and young adults (e.g., Davis
et al., 1994; Hur, 2007; Rushton, 2004; Rushton et al., 1984)
have not focused on possible gender differences, except for
one study conducted by Hatemi et al. (2015). In a sample
of young-adult twins in Australia, they found that individ-
ual differences inmen’s empathy,measured through the EQ,
were largely due to genetic influences, and those in women’s
empathy almost entirely explained by non-shared environ-
mental factors or error; however, they did not analyze the
empathy subdimensions of the EQ. It may be hypothesized
that gender differences in a psychosocial trait such as em-
pathy vary as a function of gender differences in a given
culture; thus, it is useful to examine these differences in a
country like Italy, where different socialization and social
roles for men and women have been maintained, perhaps
more so than in some other Western countries.

Materials and Methods
Sample, Procedures and Measures

Study participantswere recruited froma largemultipurpose
survey (Toccaceli et al., 2014) on twins aged 18–65 years
who had been enrolled in the population-based ITR over
a period of nearly 12 years, from 2001 to 2012. It is impor-
tant to point out that twins as individuals often have not dif-
fered from non-twins with respect to social and behavioral
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characteristics (e.g., Klemmensen et al., 2012); therefore, it
is reasonable to consider that our results might be general-
ized to the general population as well. The procedures that
led to the establishment of the ITR are described in detail
elsewhere (Brescianini et al., 2013). Currently, the ITR con-
tains information on approximately 28,000 twins, and is in-
volved in both general population and clinical-based stud-
ies on various complex phenotypes, with behavioral and
psychiatric genetics as major research areas.

Between June and October 2012, 4,894 adult twins aged
18–65 years were contacted by mail and were asked to par-
ticipate in the survey. The mailed material included a brief
letter explaining the aims of the survey, as well as an in-
formed consent form that the respondents had to return
separately in order to safeguard individuals’ privacy and
confidentiality. In the same contact, the twins received the
questionnaire for the assessment of empathy.

Empathy assessment. Empathy was assessed with the Ital-
ian version (Preti et al., 2011) of the Empathy Quotient
(EQ; Baron-Cohen&Wheelwright, 2004). The EQ is awell-
known instrument comprised of 60 items (40 items tapping
empathic behavior and 20 filler items not counted in the
scoring). The EQ items are rated on a four-point Likert scale
(1 = strongly agree to 4 = strongly disagree). A large num-
ber of studies have previously validated the EQ by demon-
strating the typical gender differences in various European
countries (Dimitrijevic et al., 2012; Preti et al., 2011; Vel-
lante et al., 2013; VonHorn et al., 2010; Zeyer et al., 2012), in
Canada and the United States (Berthoz et al., 2008; Wright
& Skagerberg, 2012) and, to a minor extent, in Asian coun-
tries (Kim & Lee, 2010; Wakabayashi et al., 2007). Follow-
ing Baron-Cohen and Wheelwright (2004), a three-point
scoring system was adopted, in which the 21 forward items
were scored 2 for strongly agree, 1 for slightly agree, and 0
for strongly disagree and slightly disagree, while the 19 re-
versed itemswere scored 2 for strongly disagree, 1 for slightly
disagree, and 0 for strongly agree and slightly agree. Accord-
ing to this system, scores can range from 0 to 80, with
a cut-off of 30 that best differentiates between mean lev-
els of empathy in the general population and autism spec-
trum conditions. The original version of the EQ has shown
adequate internal consistency, concurrent and convergent
validity, and good test–retest reliability (Baron-Cohen &
Wheelwright, 2004; Lawrence et al., 2004). High validity of
the instrument has been reported also in the Italian pop-
ulation (Preti et al., 2011). Moreover, previous studies us-
ing a factor-analytic approach, based either on 28 items or
on 15 items (Berthoz et al., 2008; Dimitrijevic et al., 2012;
Groen et al., 2015; Lawrence et al., 2004; Muncer & Ling,
2006; Preti et al., 2011), but not the 40-item version, have
identified three EQ subscales labeled ‘cognitive empathy’
(CE; i.e., items that tap the ability to effectively understand
the emotions of another individual and assume his/her per-
spective; Volbrecht et al., 2007), ‘emotional empathy’ (EE;

i.e., items that tap the individual’s emotional response to an-
other’s expressed emotion; Duan & Hill, 1996), and ‘social
skills’ (SS; i.e., items that tap the sensitivity to social situa-
tions through, for example, the presence of spontaneous use
of SS and of intuitive social understanding; Lawrence et al.,
2004; Muncer & Ling, 2006). Therefore, besides calculat-
ing a global score for the individual proneness to empathy
based on the full (40-item) version, we also conducted sub-
dimension analyses based on the 28-item EQ scale.

Moderating and control variables. It was hypothesized
that gender differences in the levels of empathy may re-
flect gender-specific genetic and environmental effects on
empathic behavior; therefore, model-fitting analyses were
stratified by gender. Furthermore, given the wide age range
(18–65 years) of the study sample, possible interactions
of age with genetic and environmental influences were
also tested. Because no age moderation emerged, inter-
individual age differences were simply considered a poten-
tial confounding factor and were controlled for in model-
fitting analyses (see Statistical Analyses).

Statistical Analyses

For sample descriptives, confirmatory factor analyses
(CFA), reliability, gender differences, and correlation with
the autism spectrum quotient (AQ), twins from both com-
plete and unmatched pairs were used and were considered
as individual subjects.

The socio-demographic background of the sample in
terms of age, gender, education, and marital status was ex-
amined using Stata (version 13.0).

Confirmatory factor analyses (CFA). In order to deter-
mine whether the three-factor structure of the EQ (i.e., CE,
EE, and SS) could be replicated in this Italian sample, fac-
tor analysis was conducted in R (version 3.1.0) by using
the ‘lavaan’ package. The following separate CFA were per-
formed for the 40-item and the 28-item version (Lawrence
et al., 2004): (1) one-factor model for the 40-item version,
(2) one-factor model for the 28-item version, and (3) three-
factor model (CE: 11 items; EE: 11 items; and SS: 6 items)
for the 28-item version. The three-factor model was tested
only for the short 28-item version because no factor struc-
ture had been proposed by previous studies for the EQ
containing all original 40 items. The Diagonally Weighted
Least Square method of estimation was applied in all CFAs,
given the ordered categorical response format. All themod-
els were evaluated using the following indices: normed chi-
square (i.e., chi-square/df), the root mean squared error of
approximation (RMSEA) with its 90% confidence interval
(CI), and the comparative fit index (CFI). Recommended
values for these measures are between 2 and 5 for the
normed chi-square (Hooper et al., 2008), below 0.08 for the
RMSEA (Hooper et al., 2008), and above 0.90 for the CFI
(Hu & Bentler, 1999). The metric invariance of the three-
factor model (i.e., CE, EE, and SS) by gender was assessed
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by first fitting a two-group, three-factor model to both gen-
ders simultaneously (configural model) and then evaluat-
ing the chi-square change when equating factor loadings
between males and females. To check whether the non-
independence of data within twin pairs affected the results,
all CFAs were first conducted on the total sample of twins
and were then replicated considering only twin-1 and only
twin-2 in each pair.

Reliability. The internal consistencies of the EQ scale and
its subscales (CE, EE, and SS) were estimated in R (ver-
sion 3.1.0) by the Cronbach’s alpha and the McDonald’s
omega in their ordinal versions (Gadermann et al., 2012;
Zumbo et al., 2007), considering as acceptable those values
higher than 0.70 (DeVellis, 2012). Possible effects of within-
pair data clustering were inspected by performing separate
reliability analyses on the twin-1 sample and the twin-2
sample.

Gender differences analyses and the correlation of EQ
with the autism-spectrum quotient. Gender differences
for the total EQ (both 40-item and 28-item version) were
tested with an independent-samples t-test in its cluster-
adjusted version to account for the non-independence of
observations within twin pairs. Between-gender compar-
isons were also performed for the EQ subscales (CE, EE,
and SS). The correlation between the EQ score and the AQ
score (Baron-Cohen et al., 2001) was estimated using the
Pearson’s correlation coefficient; this latter analysis was per-
formed on a subsample of twinswhohad been administered
the AQ questionnaire in a previous study by our group (Pi-
cardi et al., 2015). Gender differences analyses and correla-
tion with the AQwere carried out with Stata (version 13.0).

The following analyses (i.e., twin correlations and ge-
neticmodel fitting) were based on complete twin pairs only,
and were conducted with the Mx statistical software (ver-
sion 1.7.03; Neale et al., 2006) using raw data as input.

Twin correlations. For the total EQ and subscales (CE,
EE, and SS) scores, the within-pair correlations between the
twin-1 and twin-2 samples were estimated according to zy-
gosity (MZ vs. DZ pairs) and gender, and were interpreted
under the assumptions of the twin design (Neale & Car-
don, 1992). This was achieved by fitting multigroup sat-
urated models that allowed different parameters (means,
variances, and covariances) for MZ and DZ pairs, and for
males and females, so containing five zygosity-by-gender
groups (MZmale, DZmale,MZ female, DZ female, andDZ
unlike-gender pairs).

In order to gain insights into the complex interplay of
empathy facets and to test whether this interplay could af-
fect gender differences in the genetic and environmental
components, the within-individual phenotypic correlations
between the EQ subscales (CE, EE, and SS) were also esti-
mated by multivariate multigroup saturated models.

Geneticmodel fitting. Univariate gender-limitation struc-
tural equation models (Neale & Cardon, 1992) with five
zygosity-by-gender groups (see above, ‘Twin correlations’)
were fitted to estimate genetic and environmental effects on
the total EQ and subscales (CE, EE, and SS) scores. In par-
ticular, total variance in the scores was decomposed into the
following components: (1) additive genetic variance (A), re-
sulting from the additive effects of all loci relevant to the
trait; (2) shared environmental variance (C), representing
the influence of environmental factors that are shared by
the twins, especially within the family during early child-
hood (e.g., socio-economic status of the family, cultural
background and practice, parents’ job, and parents’ child-
rearing style), but possibly also during prenatal life; and (3)
unshared environmental variance (E), due to acquired ex-
periences that are unique to an individual (e.g., traumatic
events, health status, social engagement, education level,
chance friendships, and job experience), including mea-
surement error effects. Gender-specific proportions of total
variance explained by each of the above components were
calculated, with the additive genetic proportion known as
the trait ‘heritability’; these proportions were used to sum-
marize the genetic-environmental influences on empathic
behavior (i.e., total EQ and subscales) in men and women,
and to perform gender comparisons. Given that statistical
power issues may seriously affect model selection, we con-
sidered it prudent to avoid submodel fitting and to report
the estimates under the full (ACE) model for both genders.
Possible age-related modification of genetic and environ-
mental effects on the EQ scales was also tested by interac-
tion models (Purcell, 2002) that incorporated age as a con-
tinuous moderator to avoid arbitrary categorizations.

Results
Data from 1,687 individual twins (corresponding to 34% of
the survey population) were analyzed; of these, 445 were
unmatched twins because the co-twin did not respond to
the survey. The demographic background (i.e., age, gen-
der, education, and marital status) of the study sample did
not differ from that of non-respondents and is shown in
Table 1. Individualswere aged 18–65 years (Mage = 39 years,
SD= 14 years), withmen representing 39%of the sample. A
proportion of 12% of the sample completed only secondary
school, 40% high school, and 38% college or university (3-
year and 5-year degree); 53% of the twins were unmarried.

Confirmatory Factor Analyses (CFA)

Table 2 presents the (standardized) item loadings and the
goodness-of-fit statistics of the CFAs applied to the 40-item
version (one-factormodel) and to the 28-item version (one-
factor and three-factor model) of the EQ. The CFA sup-
ported the previously proposed three-factor structure of the
EQ in the 28-item version. The item loadings of the three-
factor model ranged from 0.53 to 0.79 for the CE factor,
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TABLE 1
Socio-Demographic Characteristics of the Study Sample

Variables N (%) Mean (range)

Age (years) 38.7 (18–65)
Gender

Male 661 (39.2)
Female 1,026 (60.8)

Education
Primary/secondary school 231 (13.7)
Vocational school 142 (8.4)
High school 671 (39.8)
3-year degree 153 (9.1)
5-year degree 481 (28.5)
Missing 9 (0.5)

Marital status
Single 895 (53.1)
Married 584 (34.6)
Living in couple 103 (6.1)
Separated 41 (2.4)
Divorced 44 (2.6)
Widowed 12 (0.7)
Missing 8 (0.5)

from 0.17 to 0.87 for the EE factor, and from 0.47 to 0.73
for the SS factor. All items of the three-factor model, ex-
cept three, had loadings ≥0.30. Item loadings of the one-
factor model ranged from 0.01 to 0.76 (40-item version)
and from 0.13 to 0.77 (28-item version). Whereas the one-
factormodel of the 28-itemversion contained six itemswith
loadings<0.30, the one-factormodel of the 40-item version
contained 13 such items. The three-factor model on the 28-
item version clearly fit the data better than the one-factor
models (40-item and 28-item version).

As a reassurance that our results on the 28-item version
provided a faithful picture of the full version, an exploratory
factor analysis on the 40-item EQ revealed three factors ex-
plaining 93%of the variance in the data; these empirical fac-
tors overlapped considerably with the CE, EE, and SE com-
ponents previously identified (data not shown).

The three-factor model showed metric invariance
by gender; indeed, constraining factor loadings of
the two-group configural model (goodness of fit: chi-
square/df = 2.43, RMSEA = 0.043, CFI = 0.92) to be
equal between males and females yielded a non-significant
(p = .75) increase of the chi-square. The clustering of ob-
servations within the twin pairs did not seem to affect the
results of CFAs because these results remained unchanged
when the analyses were replicated using twin-1 and twin-2
samples separately (data not shown).

Reliability

The internal consistencies of the 40-item and 28-item EQ
(Cronbach’s alpha = 0.88 and 0.90, respectively; McDon-
ald’s omega = 0.87 and 0.90, respectively) and of the sub-
scales of the 28-item EQ (Cronbach’s alphas = 0.91 [CE],
0.79 [EE], and 0.79 [SS]; McDonald’s omegas = 0.91 [CE],
0.79 [EE], and 0.80 [SE]) were good. The higher internal
consistency of the CE subscale compared to the EE and SS

subscales was in line with previous reports showing that re-
versed items (0 out of 11 for CE, 6 out of 11 for EE, 4 out of
6 for SS) were less reliable than forward items (Groen et al.,
2015). Results of reliability analyses on twin-1 and twin-2
samples were almost identical (data not shown).

Gender Differences Analyses and the Correlation of EQ
with the AQ

Gender-specific means and standard deviations of the 40-
item EQ and the 28-item EQwith its subscales are reported
in Table 3. The expected gender differences in mean level
were detected, with women showing significantly higher
scores than men on the 40-item and 28-item EQ. With re-
gard to the EQ subscales, the largest gender difference was
found for EE followed by CE, with significance reached for
both subscales; for SS, men’s and women’s scores were simi-
lar andwere no longer significantly different. The same gen-
der pattern held true when stratifying the sample by age;
more precisely, in each of the three age-groups 18–25, 26–
50, and 51–65 years the levels of the 40-item and 28-item
EQ, as well as of the CE and EE subscales, remained sig-
nificantly higher for women, whereas similar levels of the
SS subscale were observed across genders. The mean values
for men and women for the 40-item EQ in the 18–25 age
group were in line with those reported by Preti et al. (2011)
for an Italian sample of students aged 18 to 30 years.

For a subsample of 99 twins with available data on the
AQ, the AQ score was negatively correlated with both the
40-item EQ (r = -0.44) and the 28-item EQ score (r = -
0.46). These data may provide slight support for the diver-
gent validity of the EQ.

Twin Correlations

The responders were 1,242 twins from complete pairs and
445 unmatched twins, for a total 1,687 subjects. Correlation
analyses (and genetic model fitting, below) were based on
606 complete pairs with available information on zygosity,
after excluding 15 pairs of unknown zygosity. Of the 606
pairs, 117 were MZ male, 53 DZ male, 193 MZ female, 113
DZ female, and 130 DZ unlike gender. Table 4 shows the
within-pair correlations between twin-1 and twin-2 sam-
ples in the five zygosity-by-gender groups. For the 40-item
and 28-item EQ, the difference between the correlations
in MZ and same-gender DZ pairs was less for men than
for women; furthermore, DZ unlike-gender pairs were
substantially less correlated than were DZ same-gender
pairs. This suggested possible gender differences in the un-
derlying genetic-environmental architecture of empathic
behavior as measured by the total EQ (both 40-item and
28-item version). In particular, the correlational pattern
seemed consistent with aweaker or absent role of the shared
environment in women. Inspection of the correlations for
the two zygosity groups for each of the EQ subscales
suggests that the gender differences might be driven by the
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TABLE 2
Standardized Item Loadings and Goodness-of-Fit Indices of the Confirmatory Factor Analysis (CFA) of the EQ

One-factor One-factor Three-factor
Item (40 items) (28 items) (28 items)

1. I can easily tell if someone else wants to enter a conversation. 0.63 0.63 0.65 (CE)
19. I can pick up quickly if someone says one thing but means another. 0.48 0.51 0.53 (CE)
25. I am good at predicting how someone will feel. 0.67 0.70 0.73 (CE)
26. I am quick to spot when someone in a group is feeling awkward or uncomfortable. 0.70 0.71 0.73 (CE)
36. Other people tell me I am good at understanding how they are feeling and what

they are thinking.
0.76 0.77 0.79 (CE)

41. I can easily tell if someone else is interested or bored with what I am saying. 0.62 0.64 0.67 (CE)
44. I can sense if I am intruding, even if the other person doesn’t tell me. 0.57 0.59 0.63 (CE)
52. I can tune into how someone else feels rapidly and intuitively. 0.73 0.75 0.77 (CE)
54. I can easily work out what another person might want to talk about. 0.68 0.71 0.73 (CE)
55. I can tell if someone is masking their true emotion. 0.63 0.67 0.69 (CE)
58. I am good at predicting what someone will do. 0.45 0.51 0.53 (CE)
6. I really enjoy caring for other people. 0.41 0.40 0.48 (EE)

21. It is hard for me to see why some things upset people so much (R). 0.17 0.13 0.17 (EE)
22. I find it easy to put myself in somebody else’s shoes. 0.64 0.63 0.87 (EE)
27. If I say something that someone else is offended by, I think that that’s their

problem, not mine (R).
0.22 0.15 0.20 (EE)

29. I can’t always see why someone should have felt offended by a remark (R). 0.34 0.30 0.42 (EE)
32. Seeing people cry doesn’t really upset me (R). 0.30 0.26 0.35 (EE)
42. I get upset if I see people suffering on news programs. 0.29 0.26 0.35 (EE)
43. Friends usually talk to me about their problems as they say I am very

understanding.
0.65 0.64 0.85 (EE)

48. Other people often say that I am insensitive, though I don’t always see why (R). 0.43 0.34 0.44 (EE)
50. I usually stay emotionally detached when watching a film (R). 0.24 0.21 0.28 (EE)
59. I tend to get emotionally involved with a friend’s problems. 0.40 0.38 0.51 (EE)
4. I find it difficult to explain to others things that I understand easily, when they
don’t understand it first time (R).

0.32 0.29 0.47 (SS)

8. I find it hard to know what to do in a social situation (R). 0.48 0.47 0.73 (SS)
12. Friendships and relationships are just too difficult, so I tend not to bother with

them (R).
0.41 0.39 0.59 (SS)

14. I often find it difficult to judge if something is rude or polite (R). 0.44 0.40 0.62 (SS)
35. I don’t tend to find social situations confusing. 0.44 0.46 0.68 (SS)
57. I don’t consciously work out the rules of social situations. 0.45 0.43 0.66 (SS)
10. People often tell me that I went too far in driving my point home in a discussion (R). 0.16
11. It doesn’t bother me too much if I am late meeting a friend (R). 0.12
15. In a conversation, I tend to focus on my own thoughts rather than on what my

listener might be thinking (R).
0.37

18. When I was a child, I enjoyed cutting up worms to see what would happen (R). 0.01
28. If anyone asked me if I like their haircut, I would reply truthfully, even if I didn’t like

it (R).
0.05

34. I am very blunt, which some people take to be rudeness, even though this is
unintentional (R).

0.10

37. When I talk to people, I tend to talk about their experiences rather than my own. 0.22
38. It upsets me to see animals in pain. 0.25
39. I am able to make decisions without being influenced by people’s feelings (R). 0.23
46. People sometimes tell me that I have gone too far with teasing (R). 0.25
49. If I see a stranger in a group, I think that it is up to them to make an effort to join in

(R).
0.31

60. I can usually appreciate the other person’s viewpoint, even if I don’t agree with it. 0.38
Goodness-of-fit indices
• normed chi-square 9.91 10.98 5.74
• RMSEA 0.076 0.080 0.055
• 90% CI-RMSEA 0.075;0.078 0.077;0.082 0.052;0.058
• CFI 0.74 0.86 0.93

Note: R = reversed item; CE = cognitive empathy subscale; EE = emotional empathy subscale; SS = social skills subscale; RMSEA = root mean squared error
of approximation; 90% CI-RMSEA = 90% confidence interval of RMSEA; CFI = comparative fit index.

cognitive and emotional components, whereas the correla-
tions for the social component seemed to indicate similar
genetic and environmental effects for men and women.

Table 4 also shows that the correlations among the 28-
item EQ subscales by gender were of similar magnitude for
men (about 0.40) and women (range: 0.33–0.36). Further-
more, based on the twin design, higher cross-twin/cross-
trait correlations (i.e., between one component in twin 1
and another component in twin 2) in MZ female compared

to DZ female pairs support a possible genetic correlation
between the empathy subdimensions in women.

Genetic Model-Fitting

Interaction analyses showed no moderation by age of the
genetic and environmental proportions of variance for any
of the EQ scales for either gender, confirming that age sim-
ply acted as a potential confounding factor for empathy her-
itability. With regard to age differences in level of empathy,
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TABLE 3
Summary Statistics of the EQ Scales by Gender

Males Females

EQ scales N Mean (SD) N Mean (SD) p∗

40-item EQ 645 41.9 (10.6) 1,007 47.9 (10.3) <.001
28-item EQ 645 30.3 (9.1) 1,006 34.6 (8.6) <.001
CE 645 11.9 (4.7) 1,006 13.1 (4.7) <.001
EE 645 11.6 (4.0) 1,004 14.5 (3.7) <.001
SS 644 6.9 (3.1) 1,009 7.1 (2.9) .278

Note: CE = cognitive empathy subscale; EE = emotional empathy subscale;
SS = social skills subscale.
For each EQ scale, missing items’ scores were replaced with the mean
scores over available items when the number of missings did not ex-
ceed 10% of the total number of items (i.e., four missings for the 40-
item EQ, three missings for the 28-item EQ, and one missing for each
of the CE, EE, and EE subscales).
∗p value for t-test on means (the test was performed with robust re-
gression analysis — as implemented in Stata [version 13.0] — adjusted
for age and accounting for within-pair clustering of observations).

a slight but non-significant inverse-U-shaped age pattern
was observed in both genders, as already found in a pre-
vious study (O’Brien et al., 2013). Moreover, the quadratic
effect (i.e., the square of age) played no role in the mod-
els for the estimation of twin correlations and heritability,
and thus linear age was retained as the only covariate in
these models. Genetic and environmental proportions of
variance for all the empathy subscales, as obtained from the
gender-limitation structural equation models, are reported
in Table 5. Consistent with the pattern in the correlation
analyses, for the 40-item and 28-item EQ, additive genetic
factors explained marginal portions of variance (about 5%
and 10%, respectively) in men’s empathy, whereas they ex-
plained a substantial amount of variance (about 50%) in
women’s empathy.Accordingly, the environmental loadwas
higher for men’s than for women’s empathy; specifically,
40% of variance in men’s empathy was due to the shared
environment, whereas this factor accounted for no variance
in women’s empathy. The unshared environmental propor-
tions of variance in men’s and women’s empathy were sim-
ilar for the 40-item EQ (56% and 47%, respectively) and
identical for the 28-item EQ (50%).

When looking at the EQ subscales, the cognitive and
emotional components behaved similarly to the 40-item
and 28-item EQ. Indeed, for CE, genetic effects explained
almost half of the variance in women’s empathy, whereas
heritability was modest for men. Furthermore, the shared
environmental contribution was sizeable for men and ab-
sent for women. Similarly, for EE, the estimates showed no
genetic influence for males and around 50% heritability for
females; prediction by the shared environment was approx-
imately 50% for males and 0% for females. No gender dif-
ferences were observed in the role of the unshared environ-
ment for either CE or EE. As expected from the wide and
overlapping CI of both the genetic and environmental pro-
portions of variance across genders, the formal chi-square
test of gender heterogeneity for the 40-itemand 28-itemEQ,

as well as for CE and EE, did not reach significance. How-
ever, for all these scales, heritability was significant only for
women; furthermore, for EE, the estimate of the shared en-
vironmental contribution was significant only for men. For
SS, genetic and environmental proportions of variance did
not differ by gender; the additive genetic and shared envi-
ronmental components each contributed about 20% of to-
tal variance in both males’ and females’ scores, with the re-
maining 60% of variance in both genders due to unshared
environmental factors.

Discussion
Gender differences in empathy, with women scoring higher
than men on different assessment tools, are well docu-
mented in a multitude of developmental investigations
(Christov-More et al., 2014), and have proven to be per-
sistent across the lifespan (Michalska et al., 2013; O’Brien
et al., 2013). Moreover, these gender differences appear to
be larger with age (Eisenberg et al., 1989; Michalska et al.,
2013; Van Tilburg et al., 2002).

Our results confirmed gender differences in adults’ em-
pathy levels across a range of ages, showing an apparent
stability of these differences across the adult lifespan, with
females scoring significantly higher on the overall scale as
well as on the cognitive and emotional subdimensions, but
not on the SS scale, as already found in other studies (Gou-
veia et al., 2012; Lawrence et al., 2004). Moreover, the ab-
sence of a gender difference in SS suggests that social factors
might not be real constituents of empathy (Gouveia et al.,
2012).

Such findings motivated further examination of factors
involved in gender differences in adult empathy, taking ad-
vantage of the unmatched value of the twin method. Only
a few investigations concern empathy subdimensions in
adulthood and, more specifically, gender differences in the
heritability of the trait. Our study was designed to address
this gap in knowledge regarding adult empathic behavior
in the Italian population, a non-North American and non-
North European cultural and social setting with a history of
relatively strong gender roles.

Although a number of investigators have found evidence
of the role of heredity in empathy, in a more in-depth ex-
amination, we found possible completely different patterns
of heritability of the total EQ score and of the 28-item scale,
for men and women. Specifically, for males, no genetic con-
tribution and substantial influences of both shared and in-
dividual environmental factors are likely to emerge even if
these estimates are not statistically significant. Conversely,
women’s empathy might be predominantly driven by ge-
netic factors and individual (non-shared) experiences. We
tested for amoderating role of age to explain, at least in part,
the gender differences in EQ heritability patterns; however,
no moderation by age of genetic effects was found in our
adult sample.
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TABLE 4
Twin Correlations for the EQ Scales by Zygosity and Gender

Cross-twin/within-trait correlations

EQ scales MZM DZM MZF DZF DZUG

40-item EQ 0.43 0.42 0.54 0.23 0.11
[0.27, 0.55] [0.17, 0.59] [0.44, 0.62] [0.04, 0.39] [-0.06, 0.28]

28-item EQ 0.47 0.43 0.52 0.21 0.14
[0.33, 0.59] [0.17, 0.61] [0.41, 0.61] [0.02, 0.38] [-0.03, 0.30]

CE 0.47 0.36 0.49 0.10 0.20
[0.33, 0.58] [0.04, 0.58] [0.38, 0.58] [-0.09, 0.28] [0.04, 0.35]

EE 0.43 0.46 0.51 0.23 0.06
[0.27, 0.55] [0.22, 0.62] [0.40, 0.60] [0.04, 0.40] [-0.11, 0.22]

SS 0.38 0.30 0.43 0.35 0.07
[0.22, 0.51] [0.04, 0.51] [0.31, 0.53] [0.16, 0.50] [-0.12, 0.24]

Phenotypic correlations
Males Females

CE–EE 0.40 [0.31, 0.48] 0.36 [0.29, 0.43]
CE–SS 0.41 [0.32, 0.48] 0.33 [0.26, 0.40]
EE–SS 0.41 [0.33, 0.49] 0.35 [0.28, 0.42]

Cross-twin/cross-trait correlations
Males Females

MZ DZ MZ DZ
CE–EE 0.20 0.20 0.20 0.10

[0.07, 0.31] [-0.02, 0.37] [0.10, 0.29] [-0.04, 0.23]
CE–SS 0.26 0.22 0.16 0.05

[0.14, 0.37] [0.01, 0.40] [0.07, 0.25] [-0.09, 0.18]
EE–SS 0.26 0.25 0.22 0.10

[0.13, 0.37] [0.05, 0.40] [0.13, 0.31] [-0.03, 0.23]

Note: CE = cognitive empathy subscale; EE = emotional empathy subscale; SS = social skills subscale; MZM = monozygotic
male; DZM = dizygotic male; MZF = monozygotic female; DZF = dizygotic female; DZUG = dizygotic unlike gender;
MZ = monozygotic; DZ = dizygotic.
Cross-twin/within-trait correlations are between twins-1 and twins-2 samples for the same scale. Phenotypic correlations
are between different subscales of the 28-item EQ in twins as individuals. Cross-twin/cross-trait correlations are between
different subscales of the 28-item EQ in different twins within pairs (i.e., one subscale in twins-1 sample and another subscale
in twins-2 sample, and vice versa).
Numbers in square brackets are 95% confidence intervals.

TABLE 5
Genetic and Environmental Proportions of Variance for the EQ Scales by Gender

Males Females

EQ scales A C E A C E

40-item EQ 0.04 0.40 0.56 0.53 0.00 0.47
[0.00, 0.53] [0.00, 0.55] [0.43, 0.70] [0.26, 0.61] [0.00, 0.24] [0.39, 0.57]

28-item EQ 0.10 0.40 0.50 0.49 0.00 0.51
[0.00, 0.59] [0.00, 0.59] [0.38, 0.63] [0.22, 0.59] [0.00, 0.24] [0.41, 0.61]

CE 0.26 0.21 0.53 0.47 0.00 0.53
[0.00, 0.58] [0.00, 0.53] [0.41, 0.66] [0.26, 0.57] [0.00, 0.17] [0.43, 0.64]

EE 0.00 0.47 0.53 0.49 0.00 0.51
[0.00, 0.49] [0.01, 0.58] [0.41, 0.67] [0.24, 0.58] [0.00, 0.22] [0.42, 0.62]

SS 0.25 0.16 0.59 0.19 0.23 0.58
[0.00, 0.53] [0.00, 0.46] [0.47, 0.75] [0.00, 0.50] [0.00, 0.46] [0.48, 0.69]

Note: CE = cognitive empathy subscale; EE = emotional empathy subscale; SS = social skills subscale; A = additive genetic variance; C = shared environmental
variance; E = unshared environmental variance.
Numbers in square brackets are 95% confidence intervals.

Moreover, because empathy on the EQ is a complex trait,
we investigated whether any of its subdimensions had a pri-
mary role in this potential pattern. The heritability analyses
of the EQ subscales indicated that the possible gender dif-
ferences in the heritability of empathy might be driven by
the cognitive and emotional components, whereas SSmight
have a similar gene-environment architecture across men
and women; this latter finding, if confirmed in future stud-
ies, might strengthen the hypothesis that SS are not a core

component of empathy; indeed, SS are not part of the many
scholars’ definitions of empathy (e.g., Batson et al., 2004;
Eisenberg & Fabes, 1998).

The gender differences in heritability patterns that seem
to emerge in this study might mirror the gender differences
in level of empathy and might be consistent with theoret-
ical propositions from a phylogenetic perspective that we
would like to suggest in purely speculative terms. From this
perspective, the bond between mother and offspring is one
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of the key factors for survival. The quality of this bond is
essential, and its adaptive value is important across differ-
ent species. We can assume that behavioral traits with a
highly adaptive value can be preserved by natural selection.
A strong bond between mother and offspring might there-
fore become ratherwidespread across species, and empathy,
at least in its cognitive and affective facets, could be ameans
to assure a potentially higher quality of such bond. Women
might be then influenced by genetics (phylogenetic mem-
ory) and by individual experiences (necessarily involving
the ‘quality’ of the relationship with another individual that
might be originating from the relationship with offspring),
whereas our data seem to show a different scenario formen.

The phylogenetic approach would provide an interesting
framework in the case of significant results, but it would
be even more complex to provide another likely explana-
tion for a completely different causal pathway for men and
women. Indeed, we think that there could be other possi-
ble reasons for this potential pattern of results. In partic-
ular, there are findings regarding the theme of a different
approach by men and women to the ‘context’ experienced,
which might ultimately lead to diverging patterns in the
‘response’ provided. There is, in fact, speculation regard-
ing socio-biological differences betweenmales and females,
with biological hereditary differences sometimes manifest-
ing themselves to a greater degree in social behavior rather
than in biological indicators (Cullen et al., 2016). Devel-
opmental analyses have also shown that heritability is only
meaningful in the specific context in which the trait is in-
vestigated, and therefore that heritability estimates might
be influenced by the tool and procedures of the investiga-
tions (Knafo & Uzefovsky, 2013). Consequently, the mea-
sure of empathy and the type of recruitment (voluntary)
might have affected our findings, although these influences
cannot give an exhaustive explanation of the gender differ-
ences detected. In particular, we cannot exclude the pos-
sibility that, because empathy is a prosocial trait in which
the tendency to volunteer might play a key role, the method
of recruitment might have affected the sample composition
and thus the heritability patterns found in this study. In
other words, it is possible that the heritability architecture
of empathy might be different in the sample that was not
obtained through a request for volunteers. Moreover, social
motivation — which appears to differ between males and
females — is considered as one major driving force behind
developmental gender differences in social capabilities such
as empathy (e.g., Chevallier et al., 2012). Thus, perhaps en-
vironmental influences related to gender, and in particular
adults’ social motives (e.g., in relation to work choice, ca-
reer, and family planning), continue to be intertwined with
genetics and to reinforce differences between adultmen and
women. Based on the aforementioned theories and empir-
ical findings, it is important to consider not only the study
context itself (e.g., the use of a questionnaire survey, the
way of administering it, and the recruitment procedure),

but also (and perhaps ofmore importance) how the cultural
setting and gender-typed culturally mediated social moti-
vations interact with genetics in adulthood.

As previously noted, from childhood, males and females
are confronted with different social stimuli and cultural ex-
pectations, and these experiences might be reflected in so-
cial experiences in adult life. In the Italian cultural con-
text, specifically young girls have long been pressured by
parents and family to do their best to help family mem-
bers (Confalonieri et al., 2010; Olivari et al., 2015), this
could have contributed to lessen variability across families
in women’s social motivation compared tomen and, conse-
quently, shared environmental variance in empathy among
adult females. This, in turn, could have made the genetic
component of empathy more easily detectable for women.
On the other hand, given that males are not expected to be
as empathic as females, socialization toward empathy may
vary more across families for them.

If the gender differences in empathy heritability found
in this study are replicated and results are significant in fu-
ture larger studies, it would be of interest to test whether
and which environmental experiences and social gender-
specific motivations moderate the genetic component of
empathy. We are aware that this same heritability patterns
might not apply to other populations in different social and
cultural environments; however, robust inter-cultural com-
parisons are not possible at the moment, given the scarcity
of available evidences from twin studies on adult empathy
in other countries. Nonetheless, we cannot exclude the ex-
istence of specific psychosocial confounding or moderating
factors that were not considered in our analyses and that
could, once taken into account in the modeling, mitigate
the observed differences.

Previous twin studies on adults’ and young adults’ em-
pathy (e.g., Davis et al., 1994; Hatemi et al., 2015; Hur,
2007; Rushton, 2004; Rushton et al., 1984), as well as a re-
cent genome-wide meta-analysis byWarrier and colleagues
(2017), found significant heritability estimates for the trait
or for specific empathy components, with the remaining
variance explained by individual environment only. How-
ever, to our knowledge, the only twin study that investi-
gated the gene-environment architecture of adult empathy
using a gender-stratified approach is the study by Hatemi
and colleagues (2015). Their results, defined as ‘prelimi-
nary’ by the authors, are inconsistent with ours, with indi-
vidual differences in men’s empathy largely due to genetic
influences, and differences in women’s empathy almost en-
tirely explained by non-shared environmental factors or
error. Possible reasons for such conflicting results might
be found in the different cultural and social background
(Italy vs. Australia) and recruitment strategy of the Hatemi
and colleagues’ study. In particular, as already highlighted
above, the recruitment strategy (ourswas completely volun-
tary, that of Hatemi’s was based on incentives) draws atten-
tion to possible influences on study involvement that may
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reflect gender differences in participation choice, and may
ultimately have a different impact on the estimates of ge-
netic and environmental effects in the two genders for the
trait under study. In addition, Hatemi et al. (2015) used a
shortened version of the EQ and did not examine gender
differences for the three subscales. The aforementioned di-
vergent results indicate that further cross-cultural compar-
isons with similar measures of empathy (and the same sub-
scales) are needed to identify factors contributing to gen-
der differences in the genetic and environmental bases of
empathy.

Finally, there is evidence from non-twin studies, as in
the model proposed by Decety and Moriguchi (2007), that
cognitive and affective constituents of empathy are inter-
twined and jointly produce the experience of human em-
pathy. Our results are in line with and extend this evidence
in several ways. Indeed, we found a substantial correlation
between not only the cognitive and the emotional compo-
nents of empathy, but also between these components and
the SS component. Furthermore, the observed intercorre-
lations among the subdimensions were similar for males
and females, suggesting that there may be no gender dif-
ference in the co-manifestation of these different empathic
(or empathy-related) skills.

Finally, taking advantage of the twin nature of our study
sample, we also estimated cross-twin/cross-trait correla-
tions in MZ versus DZ pairs for all three empathy facets,
and derived evidence suggesting a possible genetic correla-
tion between these facets only in females. This issue could
be further investigated and better estimated in future stud-
ies on larger samples by using a multivariate twin model.

Limitations and Strengths
This is one of the few twin studies investigating empathy
in adulthood and, to our knowledge, the second twin study
addressing gender differences in the heritability of empa-
thy. The sample size of this study is higher compared to
previous investigations that made use of the ITR; neverthe-
less, we failed to reach statistical significance when formally
testing gender differences in the genetic and environmen-
tal components of the targeted empathic traits, even if the
point estimates of these components varied remarkably be-
tween men and women. Therefore, it would be desirable to
replicate the investigation on a larger sample—and using as
well a different assessment tool not based on self-report —
possibly taking into account additional confounders or spe-
cific potential moderators of the effects (e.g., social status,
family composition, and job experience) that we were not
able to consider in the present work. Furthermore, to bet-
ter analyze EE, it would be appropriate in a future study to
administer a measure of personal distress (a self-oriented,
aversive reaction to another’s emotion or perceived need or
emotional state; see Batson, 1991) in order to address self-
oriented, empathy-related emotion.

Conclusions
There is a need to better understand the bases of individ-
ual differences in empathy. Our findings suggest possible
gender-specific innate and environmental contributions to
the trait. These analytic differences, if replicated, might be
exploited in the planning of empathy promotion interven-
tions. In this respect, it would be worth thinking of differ-
ent approaches to promote empathy as a strong social cat-
alyst, sustaining empathic behavior in different social and
work settings where it produces positive results for individ-
uals’ and societal health and wellbeing (Mathews & Collin-
Vézina, 2016; Saffran, 2014; Shen, 2015). Should the results
of our work be confirmed in future studies, they would pro-
vide valuable evidence for the design of educational pro-
grams for use with young children; in particular for boys
(who tend to be lower in empathy than girls; Eisenberg &
Fabes, 1998), to shape and enhance their empathic behav-
ior later in life.
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