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a  b  s  t  r  a  c  t

Oxytocin  in  the  brain  is  related  to empathy,  which  refers  to the ability  to  understand  and  share  others’
internal  states  or responses.  Previous  studies  have  investigated  the  impact  of  OXTR  rs53576,  the most
intensively  examined  polymorphism  in the oxytocin  receptor  (OXTR)  gene,  on  individual  differences  in
empathy. However,  these  studies  produced  inconsistent  results.  In the current  study,  we reexamined  the
association  of  OXTR  rs53576  with  empathy  in a  relatively  large  population  (N  = 1830)  and  also  evaluated
the  association  by a comprehensive  meta-analysis  (N  =  6631,  13  independent  samples).  The  replication
study  indicated  that  OXTR  rs53576  was  indeed  associated  with  individual  differences  in empathy.  Indi-
olymorphism
ssociation analysis
eta-analysis

viduals  with  a greater  number  of G alleles  showed  better  empathic  ability,  particularly  in fantasizing
other’s  feelings  and  actions.  The  meta-analysis  not  only  confirmed  this  association,  but  also  indicated
that  the  impact  of this  polymorphism  was  significant  in  both  Europeans  and Asians.  These  findings  pro-
vide  convincing  evidence  for  the  impact  of OXTR  rs53576  on  empathy,  highlighting  the  importance  of
OXTR  gene  in  individuals’  social  cognition.

© 2017  Published  by  Elsevier  Ltd.
. Introduction

Empathy refers to an individual’s ability to understand and share
thers’ internal states or responses (Davis, 1983). This ability is

 core cognitive-emotional component of human social behav-
ors. For instance, empathy is associated with the understanding
f others’ intentions and thoughts, which could act to promote

ndividuals’ altruistic behaviors and foster positive relationships
Paleari et al., 2005; Pavey et al., 2012; Stocks et al., 2009). Previous

tudies have indicated that individual differences in empathy are
elated to the availability of neuromodulators in the brain such as
xytocin (e.g., Radke and de Bruijn, 2015; Rodrigues et al., 2009)
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n Western China, Northwest University, Xi’an 710069 China.
∗∗ Corresponding author at: School of Psychological and Cognitive Sciences, Peking
niversity, Beijing 100871, China.
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1 Pingyuan Gong and Huiyong Fan contributed equally to this work.

ttp://dx.doi.org/10.1016/j.psyneuen.2017.03.005
306-4530/© 2017 Published by Elsevier Ltd.
and dopamine (Gong et al., 2014; Uzefovsky et al., 2014), among
which oxytocin draws the largest share of interest from the scien-
tific community.

The availability of oxytocin in the brain is regulated by the oxy-
tocin receptor (OXTR) gene (Feldman et al., 2012; Feng et al., 2015).
This gene is a potential genetic factor contributing to individual
differences in empathy. Indeed, previous studies have investigated
the association of empathy with single nucleotide polymorphisms
(SNPs) in OXTR, among which OXTR rs53576 is the most intensively
examined genetic polymorphism (Huetter et al., 2016; Lucht et al.,
2013; Rodrigues et al., 2009; Smith et al., 2014; Uzefovsky et al.,
2015; Weisman et al., 2015). This polymorphism has also been
shown to influence a variety of human behaviors, including social-
ity and parenting behaviors (Klahr et al., 2015; Li et al., 2015). In
this study, we  focused on the impact of OXTR rs53576 on empathy.

Twelve studies with 13 independent samples have investigated

the association of OXTR rs53576 with the individual differences in
empathy. However, inconsistent findings were reported by these
studies. Six studies demonstrated that this polymorphism could
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ignificantly predict individual differences in empathy: five stud-
es showed that individuals with the GG genotype had higher levels
f empathy than those with the A allele (Huetter et al., 2016; Lucht
t al., 2013; Rodrigues et al., 2009; Smith et al., 2014; Uzefovsky
t al., 2015; Weisman et al., 2015), while one study showed the
pposite pattern, as individuals with AA genotype evidenced higher
mpathic accuracy (Laursen et al., 2014). The other seven studies,
owever, failed to find an association between this polymorphism
nd empathy at all (Buffone and Poulin, 2014; Christ et al., 2016;
uo et al., 2015a; McDonald et al., 2016; Montag et al., 2012;
aschereau-Dumouchel et al., 2016; Wu et al., 2012). The discrep-
ncy between studies may  partly due to the relatively small sample
f participants in individual studies and the cultural influences
n the polymorphism’s effect (see the next paragraph). To truly
nderstand the impact of OXTR rs53576 on empathy, this study
eexamined the association between the polymorphism and empa-
hy in a relatively large population and conducted a meta-analysis
f the previous studies.

Studies have shown that the genotype proportion of OXTR
s53576 significantly varies across different races (Bakermans-
ranenburg and van Ijzendoorn, 2014; Butovskaya et al., 2016),
uch that there is a lower proportion of the G allele of the
olymorphism in Eastern nations (e.g., Japan, China, and Korea),
hile there is a higher proportion in Western nations (e.g., USA,
K, Australia, Canada, Netherlands, Italy, Sweden, Germany, and
inland; Butovskaya et al., 2016). Moreover, OXTR rs53576 also
nteracts with culture on individuals’ psychological manifestations
Kim et al., 2011; Sasaki et al., 2011). For instance, Koreans with
he GG genotype showed greater psychological well-being if they
ere more religious, while European Americans with the GG geno-

ype had lower psychological well-being if they were more religious
Sasaki et al., 2011). Therefore, given the racial differences in the
enotype proportion and the interaction of OXTR rs53576 with cul-
ure, it is important to investigate the potential racial differences in
he impact of the polymorphism on empathy. To this end, the cur-
ent study also conducted meta-analyses to compare the impacts
f OXTR rs53576 on empathy between Europeans and Asians.

. Methods

.1. Participants

We  recruited 1830 unselected college students (68.68% female,
ean age = 20.41 ± 1.28 years) from Henan University of Science

nd Technology, China. These participants were ethnic Chinese
an, without any known ancestors of other ethnic origin. This study
as performed in accordance with the Declaration of Helsinki and

pproved by the Ethics Committee of Life Science College, North-
est University, China.

.2. Interpersonal Reactivity Index (IRI) assessment

Empathy was measured with the Chinese version (Rong et al.,
010) of the 28-item Interpersonal Reactivity Index (IRI; Davis,
983). This scale consists of four subscales: Perspective Taking, Fan-
asy, Empathic Concern, and Personal Distress. Perspective Taking
valuates cognitive propensity to spontaneously adopt the view-
oint of others (e.g., ‘Before criticizing somebody, I try to imagine how

 would feel if I were in their place’); Fantasy assesses the extent to
hich people immerse themselves in fictitious characters’ feelings

nd actions (e.g., ‘When I am reading an interesting story or novel, I

an imagine how I would feel if the events in the story were happen-
ng to me’); Empathic Concern measures other-oriented feelings of
ympathy and concern for unfortunate others (e.g., ‘I often have
ender, concerned feelings for people less fortunate than me’); Per-
inology 80 (2017) 131–136

sonal Distress taps self-oriented feelings of personal anxiety and
unease in tense interpersonal settings (e.g., ‘I go to pieces when I
see someone who badly needs help in an emergency’). For each item,
the respondent scores on a 5-point Likert scale, with 0 indicating
‘does not describe me  well’ and 4 indicating ‘describes me  very
well’. The total score of IRI provides a comprehensive index of indi-
viduals’ empathic ability. The score procedure in the current study
followed Davis’ suggestion. The internal consistency of this scale,
as measured with Cronbach’s �, was  0.718 in the current sample.
Note that, while the Perspective Taking and Fantasy subscales mea-
sure mostly cognitive empathy (i.e. theory of mind), the Empathic
Concern and Personal Distress subscales measure mostly affective
empathy (Davis, 1983).

2.3. Genotyping

We  extracted genomic DNA from hair follicle cells with the
Chelex-100 method. The OXTR rs53576 polymorphism was ampli-
fied by polymerase chain reaction (PCR) with upstream primer,
5′- ATCACTGGGTCACTCAA-3′ and the downstream primer 5′-
AACATCTGTCAGGAGGT-3′. The PCR was  conducted in a 5 �l sys-
tem which contained 2.50 �l reaction MIX  (Golden Easy PCR
System, TIANGEN), 0.50 �l DNA template, 1.50 �l ddH2O, 0.25 �l
(25 pmol/�l) upstream primer, and 0.25 �l (25 pmol/�l) down-
stream primer. A 231 bp PCR product was amplified with an initial
3 min  denaturation at 94 ◦C, followed by 35 cycles of 94 ◦C for 30 s,
62.5 ◦C for 35 s, 72 ◦C for 45 s, and a final extension at 72 ◦C for 8 min.
The PCR fragment was incubated overnight with BamHI (FERMEN-
TAS, MBI) at 37 ◦C. The 5.0 �l incubation system contained 1.0 �l
PCR products, 4.0 U BamHI (10U/�l),  0.4 �l Tango buffer, and 3.2 �l
ddH2O. The digested fragments were identified by using 8% poly-
acrylamide gel electrophoresis with 200 voltages for 1.5 h, followed
by silver staining. Finally, the genotypes were scanned with the
Multi-Spectral imaging System. In the sample, the distribution of
genotypes (AA = 848, AG = 815, GG = 167) showed no deviation from
Hardy-Weinberg equilibrium, �2 = 2.10, p = 0.147.

2.4. Statistical analysis

Data were analyzed with SPSS 18.0 software (SPSS Inc., Chicago,
IL, USA). The Hardy-Weinberg equilibrium test was assessed with
the FINETTI software (Sasieni, 1997). When evaluating the impact
of OXTR rs53576 on empathy, gender was treated as a control
variable in hierarchical regression equations: Step 1, entering gen-
der; Step 2, entering both the gender variable and the genotypes
(0 = AA, 1 = AG, 2 = GG). Bonferroni corrections were carried out for
multi-tests. The meta-analysis (Supplementary online materials)
was performed with Comprehensive Meta-Analysis 2.0 software
(Biostat, Inc.). In this study, the statistical significance was consid-
ered at two-tailed p < 0.05.

3. Results

3.1. The replication study

As previously reported, we  found that the subscale scores and
total score of the females were higher than those of the males
(female vs. male: 2.62 ± 0.02 vs. 2.53 ± 0.03 for Perspective Taking,
2.43 ± 0.02 vs. 2.25 ± 0.03 for Fantasy, 3.04 ± 0.02 vs. 2.86 ± 0.03 for
Empathic Concern, 2.53 ± 0.02 vs. 1.72 ± 0.03 for Personal Distress,
and 2.54 ± 0.01 vs. 2.34 ± 0.02 for the total score), t (1828) > 5.42,
ps < 0.001.
The hierarchical regression analysis indicated that the OXTR
rs53576 polymorphism could predict individual differences in
the total score of IRI,  ̌ = 0.058, R2 = 0.058, t = 2.566, uncorrected
p = 0.010, Bonferroni-adjusted p = 0.050. One-way ANOVA also
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Fig. 1. IRI scores and OXTR rs53576 genotype groups. Fig. 1A shows the total score on IRI for OXTR rs53576 genotype groups. Individuals with the GG genotype (N = 167,
M  ± SE = 71.011 ± 0.903) showed a higher mean score than those with the AG (N = 815, M ± SE = 69.653 ± 0.360) and AA genotypes (N = 848, M ± SE = 68.686 ± 0.381), F (2,
1829)  = 3.879, p = 0.021, �2 = 0.004. Fig. 1B displays individual differences in the Fantasy
(N  = 167, M ± SE = 17.304 ± 0.363) showed a higher mean empathic fantasy score than 

M  ± SE = 16.335 ± 0.157), F (2, 1829) = 3.886, p = 0.021, �2 = 0.004.

Table 1
Regression analysis of OXTR rs53576 on the subscales of IRI.

 ̌ Adjusted R2 t p

OXTR rs53576
Fantasy 0.062 0.019 2.659 0.008
Empathic Concern 0.026 0.022 1.117 0.264
Perspective Taking 0.004 0.003 0.165 0.869
Personal Distress 0.044 0.046 1.948 0.052
Total scale 0.058 0.058 2.566 0.010

OXTR rs53576* Gender
Fantasy 0.020 0.040 1.730 0.084
Empathic Concern −0.006 0.002 −0.252 0.801
Perspective Taking −0.023 0.003 −1.003 0.316
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studies were so inconsistent. Given our larger sample size and the
Personal Distress −0.026 0.046 −1.121 0.263
Total scale 0.057 −0.006 −0.283 0.777

howed a significant linear trend in the total score, with the
core increasing as a function of the number of G alleles, F (1,
829) = 6.431, p = 0.011 (Fig. 1A). As for the four subscales, this
olymorphism significantly predicted the individual differences in
he Fantasy subscale,  ̌ = 0.062, R2 = 0.019, t = 2.659, uncorrected

 = 0.008, Bonferroni-adjusted p = 0.040. The linear trend was  also
ignificant, F (1, 1829) = 6.11, p = 0.014 (Fig. 1B). Of note, this poly-
orphism was not associated with the individual differences in

he scores on Empathic Concern, Perspective Taking, or Personal
istress (Table 1). Additionally, given the significant influence of
ender on empathy, we also examined the interaction between
XTR rs53576 and gender but observed no significant interactions

Table 1).

.2. Meta-analysis

We  conduct a meta-analysis to confirm the findings of our
ssociation study, with a measure of effect size as Cohen’s

 = (Mean GG genotype – Mean A allele carriers)/pooled SD (Supplemen-
ary online materials) by pooling 12 primary studies (13
ndependent samples and total 6631 participants, see in Table S1).
n the meta-analysis, both the asymmetry of funnel plot and Duval
nd Tweedie’s trim and fill method (Duval and Tweedie, 2000)
ndicated that our selection of publications had no obvious bias
Supplementary online materials). Moreover, the homogeneity test
ndicated that Eta square of these studies was homogeneous, Q
8) = 3.488, p > 0.05. As shown in Table S1 of the Supplementary

nline materials, two of the studies used the Reading Mind in the
yes Test (RMET) to measure (cognitive) empathy, ten of the studies
sed IRI to measure both cognitive and affective empathy.
 subscale for OXTR rs53576 genotype groups. Individuals with the GG  genotype
those with the AG (N = 815, M ± SE = 16.777 ± 0.165) and AA genotypes (N = 848,

As a whole, the meta-analysis revealed that OXTR rs53576 was
significantly associated with individual differences in empathy,
with Cohen’s d = 0.148, 95% CI = 0.082 – 0.213, Z = 4.429, p < 0.01
for the Fixed model, and Cohen’s d = 0.152, 95% CI = 0.056–0.248,
Z = 3.094, p = 0.002 for the Random model (Fig. 2). Moreover,
given the racial differences in empathy between Europeans
and Asians and the different proportions of G allele between
races (Butovskaya et al., 2016), we conducted two meta-analyses
separately to examine the impacts of this polymorphism on
empathy in Europeans and Asians, with Cohen’s d = (Mean
GG – Mean A allele carriers)/pooled SD for Europeans and Cohen’s
d = (Mean AA genotype – Mean G allele carriers)/pooled SD for Asians.
Results indicated that this polymorphism could predict individ-
ual differences in empathy in both Asians and Europeans, with
the Fixed model: Cohen’s d = 0.140, 95% CI = 0.055–0.225, Z = 3.242,
p = 0.001 for Asians, Cohen’s d = 0.165, 95% CI = 0.060–0.270,
Z = 3.085, p = 0.002 for Europeans; and with Random model: Cohen’s
d = 0.143, 95% CI = 0.029–0.257, Z = 2.460, p = 0.014 for Asians,
Cohen’s d = 0.168, 95% CI = −0.001–0.338, Z = 1.953, p = 0.051 for
Europeans (Fig. 3). A comparison of effect sizes between Asians
and Europeans indicated that the impact of OXTR rs53576 on
empathy had essentially the same strength for Europeans and
Asians (Europeans vs. Asians: Cohen’s d = 0.140–0.143 vs. Cohen’s
d = 0.165–0.168).

4. Discussion

In this study, we replicated the association of OXTR rs53576
with empathy in a relatively large population and further evalu-
ated this association with a meta-analysis. Results indicated that
OXTR rs53576 is associated with individual differences in empa-
thy, with individuals with GG genotype having better empathetic
abilities. Our findings provide robust evidence for the role of OXTR
rs53576 in the neurobiological architecture of empathy.

Previous findings concerning the association between OXTR
rs53576 and empathy were inconsistent. In the current study, we
demonstrated the link between OXTR rs53576 and empathy by
both an association study and a meta-analysis. Based on the over-
all effect size from the meta-analysis (d = 0.15), a total of over 700
participants is needed in order to achieve 95% power (Faul et al.,
2009) when observing the effect of rs53576 genotype on empa-
thy. This goes a long way  in explaining why results from previous
advantages of meta-analysis in increasing statistical power (Abreu
et al., 2005; Stanley et al., 2008), the current study provides robust
evidence that OXTR rs53576 indeed contributes to the individual
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ig. 2. The assocation between OXTR rs53576 and empathy. Fixed model: Cohen’s
5%  CI = 0.056–0.248, Z = 3.094, p = 0.002. In this analysis, 12 primary studies with 1

ifferences in empathy. Moreover, consistent with previous studies
howing that the G allele of OXTR rs53576 is associated with higher
xytocin sensitivity (Chen et al., 2015; Feng et al., 2015; Marsh et al.,
012) and more efficient brain functions, such as greater activation

n empathic-related brain areas (e.g., the insula, anterior cingulate,
nd superior temporal gyrus) (Luo et al., 2015a,b) and stronger con-
ectivity between amygdala and hypothalamus (Tost et al., 2010),
he current study demonstrated that the GG genotype of this poly-

orphism is related to higher levels of empathy, particularly in the
xtent to which people fantasize other’s feelings and actions.

In this study, we found that the impact of OXTR rs53576 on
mpathy showed similar strength for Europeans and Asians. In line
ith previous studies indicating that there is a lower proportion
f the G allele of this polymorphism in Asians (Sasaki et al., 2011),
e also observed a lower proportion of the G allele as compared
ith the A allele in our sample. Although the proportions of the G

ig. 3. The comparison between Asians and Europeans. The impacts of OXTR rs53576
I  = 0.055–0.225, Z = 3.242, p = 0.001 for Asians, and Cohen’s d = 0.165, 95% CI = 0.060–0
I  = 0.029–0.257, Z = 2.460, p = 0.014 for Asians, and Cohen’s d = 0.168, 95% CI = −0.001–0.3
as  race mixed, this sample was  excluded in this analysis. Note: Euro denotes the ethnic
48, 95% CI = 0.082–0.213, Z = 4.429, p < 0.01; for Random model: Cohen’s d = 0.152,
pendent samples (N = 6631) were included.

allele are inverse in Europeans and Asians, this allele is neverthe-
less related to the higher level of empathy in both ethnic groups.
Therefore, combined with the evidence that the G allele of OXTR
rs53576 is associated with higher oxytocin sensitivity (Chen et al.,
2015; Feng et al., 2015; Marsh et al., 2012) and more efficient brain
functions, we  may  conclude that the impact of OXTR rs53576 on
empathy is independent of the frequency distribution of the G allele
in populations.

Cross-cultural psychological studies showed that empathy is
greatly varied between races. For example, Europeans display
stronger empathic responses to strangers of out-groups than Asians
(Atkins et al., 2016; Cassels et al., 2010; Ma-Kellams and Blascovich,
2012). There are two  potential explanations for these racial dif-

ferences. One might argue that the racial difference in empathy
are largely modulated by cultural adaptation (Boyd and Richerson,
2009; Chiao, 2011). Asians do not rely on empathy as much as

 on empathy were similar across cultures. Fixed model: Cohen’s d = 0.140, 95%
.270, Z = 3.085, p = 0.002 for Europeans; Random model: Cohen’s d = 0.143, 95%
38, Z = 1.953, p = 0.051 for Europeans. Given that the sample in Smith et al. (2014)

ities from Europe and America.



ndocr

E
(
i
a
a
t
p
L
t
a
C
t
A
t
s
b
i
s

t
t
F
r
R
f
a
m
t
t
o
c
s
g
r
d
s
t
c

A

Y
W
P
w

F

t
L
S
t

A

a
a

P. Gong et al. / Psychoneuroe

uropeans to understand strangers’ behavior in social interactions
Prevost et al., 2014), despite the fact that empathic responses in
nteractions are encouraged in all races. However, one might also
rgue that the differences in empathic skills between Europeans
nd Asians are in part modulated by genetic factors, despite the fact
hat the lower empathic responses in social interactions are com-
ensated by collectivism in Asians (Duan et al., 2008; Heinke and
ouis, 2009). Assuming that genetic selection can refine the cogni-
ive and neural architectures that are responsible for the storage
nd transmission of cultural influences (Boyd and Richerson, 2009;
hiao, 2011), we believe that the differences in the proportions of
he G allele and in empathic responses between Europeans and
sians are results of culture-gene co-evolution. In many occasions

his co-evolution may  overshadow the subtle differences in the
imple association between genetic polymorphism and behavior
etween races. The current study hence extends our understand-

ng of the racial differences of empathy and other empathic-related
ocial behaviors.

Limitations of the current study need to be mentioned. Of note,
he available data for our arguments are relatively insufficient, par-
icularly for separately analyzing Europeans and Eastern Asians.
urther meta-analysis is needed once more individual studies are
eported. Moreover, two different measures of empathy (IRI and
MET) were included in our meta-analysis. The IRI is a multi-

actor survey while the Reading the Mind in the Eyes (RMET) is
 behavioral measure focusing on cognitive empathy. Thus our
eta-analysis to some extent neglected the difference between the

wo measures when pooling the samples together. Although the
wo measures both showed significant impacts of OXTR rs53576
n empathy (Fig. S3), it remains unclear whether these findings
ould be extrapolated given the smaller number of independent
amples assessed by RMET. Additionally, while OXTR rs53576 and
ender showed no significant interaction with empathy in the cur-
ent study, this issue needs to be further addressed when sufficient
ata on different sexes are available. Nevertheless, our association
tudy and the current meta-analysis are sufficient to conclude that
he G allele of OXTR rs53576 increases individuals’ empathy, a core
omponent of social cognition.
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