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Distress of ostracism: oxytocin receptor gene
polymorphism confers sensitivity to social exclusion
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A single-nucleotide polymorphism on the oxytocin receptor gene (OXTR), rs53576, involving a guanine (G) to adenine (A) substitution has been
associated with altered prosocial features. Specifically, individuals with the GG genotype (i.e. the absence of the polymorphism) display beneficial
traits including enhanced trust, empathy and self-esteem. However, because G carriers might also be more socially sensitive, this may render them more
vulnerable to the adverse effects of a negative social stressor. The current investigation, conducted among 128 white female undergraduate students,
demonstrated that relative to individuals with AA genotype, G carriers were more emotionally sensitive (lower self-esteem) in response to social
ostracism promoted through an on-line ball tossing game (Cyberball). Furthermore, GG individuals also exhibited altered blood pressure and cortisol
levels following rejection, effects not apparent among A carriers. The data support the view that the presence of the G allele not only promotes prosocial
behaviors but also favors sensitivity to a negative social stressor.
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INTRODUCTION
Oxytocin, a neuropeptide known for its role in childbirth, breastfeeding and infant-mother bonding (Gimpl and Fahrenholz, 2001), influences social behaviors and might thus contribute to disorders,
including autism, schizophrenia, anxiety and depressive disorders,
which involve social disturbances (Scantamburlo et al., 2007;
Guastella, et al., 2010; Feifel et al., 2012). Several single-nucleotide
polymorphisms (SNPs) have been identified on the oxytocin receptor
gene (OXTR), but one in particular, rs53576, which involves a guanine
(G) to adenine (A) substitution, seems particularly relevant to prosocial behaviors. Compared with A allele carriers (i.e. the polymorphism
is present), individuals with two G alleles exhibit a range of favorable
attributes, such as high levels of trust (Krueger et al,. 2012), self-esteem
(Saphire-Bernstein et al., 2011), empathy (Rodrigues et al., 2009; Smith
et al., 2014), maternal sensitivity (Bakermans-Kranenburg and van
Ijzendoorn, 2008) and may be more attune to social cues (Rodrigues
et al., 2009). Individuals homozygous for the G allele also exhibited
lower depressive symptoms compared with A carriers (SaphireBernstein et al., 2011), and G carriers displayed higher positive affect
(Lucht et al., 2009).
Although it is tempting to consider the G allele of the rs53576 SNP
as advantageous and the A allele as a risk/vulnerability factor for negative mood states, this may be an overly simplistic view. In fact, in an
African American sample comprising individuals who had experienced
severe childhood maltreatment, those with the GG genotype (i.e. in the
absence of the polymorphism) displayed greater disorganized attachments and increased emotional dysregulation compared with their A
carrier counterparts (Bradley et al., 2011). In line with these findings,
in the context of early-life maltreatment, G carriers displayed greater
depressive scores than individuals with the AA genotype (McQuaid
et al., 2013). Together, these findings suggest that although the G
allele may be associated with beneficial prosocial features, in some
contexts, in other contexts as in the case of early-life adversity, the
Received 24 July 2014; Revised 2 December 2014; Accepted 24 December 2014
Advance Access publication 5 January 2015
This work was supported by the Canadian Institutes of Health Research (CIHR) (MOP-106591). H.A. holds a
Canadian Research Chair in Neuroscience. R.J.M. was supported by the CIHR Frederick Banting and Charles Best
Canada Graduate Scholarship.
Correspondence should be addressed to Robyn J. McQuaid, Department of Neuroscience, Carleton University,
1125 Colonel By Drive, Ottawa, Ontario, K1S 5B6, Canada. E-mail: robyn_mcquaid@carleton.ca.

social sensitivity associated with the G allele may render individuals
more vulnerable to behavioral disturbances. From this perspective,
oxytocin might not just serve as a prosocial hormone but might also
influence the salience of or sensitivity to social cues, irrespective of
whether these are positive or negative (Averbeck, 2010; Bartz et al.,
2011).
In addition to affecting behavioral and emotional responses to stressors, the OXTR polymorphism has been associated with several physiological responses to stressors. Compared with A allele carriers,
individuals with the GG genotype of the OXTR SNP displayed lower
awakening salivary cortisol levels (Norman et al., 2012) and lower
heart rate responses to an anticipatory startle stimulus (Rodrigues
et al., 2009). However, in response to a psychosocial stressor, those
with the GG genotype showed greater sympathetic reactivity (Norman
et al., 2012) as well as increased sympathetic and subjective arousal
when presented with stimuli showing others in distress (Smith et al.,
2014). Although some of these findings are inconsistent with one another, it is possible that carrying a G allele may confer particular sensitivity to stressors involving a social component.
Ostracism is a powerful social stressor (Williams, 2001; Eisenberger,
2012) that induces strong negative emotions even when it occurs
briefly (Williams et al., 2000). For instance, being ostracized within a
virtual ball-tossing game, Cyberball, is accompanied by lower feelings
of belonging, self-esteem, meaningful existence and control (Zadro
et al., 2004). It is of particular interest that social rejection in this
context activates the same neural pain networks, including the dorsal
anterior cingulate cortex (dACC) and the insula, that are associated
with bodily injury (Eisenberger et al., 2003, 2006). Given the contribution of oxytocin to social behaviors, it is possible that this hormone
contributes to the processes underlying social rejection sensitivity.
Indeed, in response to social ostracism elicited by participants being
excluded from conversations, intranasal oxytocin reduced cortisol
levels compared with placebo (Linnen et al., 2012) and increased
self-perceived trust among those reporting negative mood (Cardoso
et al., 2013).
As oxytocin administration modulates responses to social rejection,
it might also be expected that OXTR rs53576 genotypes would influence reactions to social ostracism. In this study, we examined the
OXTR SNP in relation to ostracism elicited by exclusion in a
Cyberball game among a sample of white females. It was predicted

ß The Author (2015). Published by Oxford University Press. For Permissions, please email: journals.permissions@oup.com

1154

SCAN (2015)

R. J. McQuaid et al.

that following rejection, G carriers would report more pronounced
responses to ostracism, including lower belonging, control, self-esteem
and meaningful existence, which are influenced by ostracism
(Williams, 1997, 2001). Further, if G carriers are more prosocial, it
would be expected that compared with their AA counterparts, G carriers would judge their Cyberball co-players less harshly following rejection. Finally, it was predicted that G carriers would be
physiologically more reactive to social stressors, displaying higher
blood pressure and cortisol levels upon rejection compared with individuals with two A alleles.
METHODS
Participants
This study comprised 128 white female Carleton University undergraduate students with a mean age of 19.82 (standard deviation ¼ 3.86). The OXTR genotype could be determined for 126
individuals. A homogenous ethnic sample was used in this study as
marked cultural differences have been found in association with this
OXTR SNP (i.e. Caucasians who have at least one G allele are more
likely to seek emotional social support, an effect not found among
Asian G carriers; Kim et al., 2010). Thus, because of population stratification, data were collected from non-white participants (n ¼ 122) but
were not included in any analyses. The ethnicity of these participants
included Black (32.5%, n ¼ 38), Asian (21.4%, n ¼ 25), other, (13.7%,
n ¼ 16), Arab (12.0%, n ¼ 14), South Asian (10.3%, n ¼ 12), Latin
American (5.1%, n ¼ 6) and Aboriginal (2.6%, n ¼ 3). It would have
been of interest to assess the influence of genotype across different
ethnic groups, but this was precluded owing to the small number of
participants in each of the ethnic groups. The distributions of the
OXTR genotypes vary substantially across ethnic groups. As listed in
Table 1, for example, Black individuals and Asian individuals display
the complete opposite OXTR genotype distributions. Further to this
issue, not all three OXTR genotypes could even be represented in each
ethnic group.
Participants were recruited from an online computerized recruitment system used by the university. Eighteen percent (n ¼ 23) of participants reported a family income of <$45,000, whereas almost half of
participants reported a family income between $45,000 and $90,000
(44.5%, n ¼ 57) and 35.1% (n ¼ 45) reported a family income greater
than $90,000. Self-reported religion included Catholic (31.3%, n ¼ 40),
Agnostic (23.4%, n ¼ 30), Protestant (20.3%, n ¼ 26), Atheist (16.4%,
n ¼ 21), other (5.5%, n ¼ 7), Buddhist (1.6%, n ¼ 2) and Jewish (0.8%,
n ¼ 1).
General procedure
All procedures in this study were approved by the Carleton University
Ethics Committee for Psychological Research. Once informed consent
was signed, participants provided a saliva sample for DNA genotyping

Table 1 Oxytocin receptor gene polymorphism distributions by ethnicity
Ethnicity

G/G

A/G

A/A

Caucasian (n ¼ 126)
Black (n ¼ 38)
Asian (n ¼ 25)
Arab/West Asian (n ¼ 14)
South Asian (n ¼ 12)
Latin American/Hispanic (n ¼ 6)
South East Asian (n ¼ 3)
Aboriginal (n ¼ 3)
Other (n ¼ 15)

56
25
3
8
3
2
1
1
7

52
13
12
4
5
4
2
1
5

18
0
10
2
4
0
0
1
3

using Oragene OG-500 collection kits (DNA Genotek, Inc., Ottawa,
Ontario, Canada). Participants were informed that the purpose of the
study was to assess mental visualization through playing an online ball
tossing game (Cyberball). Prior to beginning Cyberball, participants
relaxed over a 20-min period and also completed demographic information and a trait anxiety questionnaire. Once participants finished
playing Cyberball, they completed several questionnaires including
those assessing feelings of rejection and judgments regarding their
Cyberball co-players. Saliva samples for cortisol assays and blood pressure measurements were obtained at baseline (20 min after arrival to
the laboratory), as well as 15 and 30 min following Cyberball.
Participants were then fully debriefed. Each session took up to 1.25 h
to complete. Additionally, two participants were excluded based on
previous experience playing Cyberball.
Cyberball task
Cyberball is a well-established computerized game used to induce feelings of social rejection (Williams et al., 2000). Participants were tested
individually but were led to believe that they were playing with two
other university students from other laboratories connected to the
same server. In actuality, the other players did not exist, and the
game was computer simulated. As previously described (Williams
et al., 2000), to increase the validity of Cyberball, prior to beginning,
participants’ pictures were taken and they were told that their pictures
were uploaded onto the on-line server, so that their two co-players
would be able to see them, and photographs of two virtual players were
shown to the participants throughout the game. Participants were randomly assigned to one of two conditions, inclusion or exclusion. In the
included condition, participants passed and received a virtual ball an
equal amount of times as other players throughout the game. In contrast, excluded participants received the ball twice at the beginning and
then never again. The game lasted 2 min 30 s for both conditions.
Salivary cortisol
Saliva samples were collected in SalivetteR tubes, (Sarstedt, Germany),
20 min after arrival to the laboratory (baseline) as well as 15 and
30 min following Cyberball. Immediately following the test session,
saliva samples were frozen at 808C. Following the manufacturer’s
protocol, a competitive radioimmunoassay, 125I kit (ICN
Biomedicals Inc., Irvine, CA), was used to determine, in duplicate,
salivary cortisol levels. The intra- and interassay variability was
<10%. The minimum detectable of cortisol was 0.02 mg/dl and the
specificity was 100% cortisol. In some instances (n ¼ 8), participants
did not have three valid cortisol measures and thus were appropriately
removed from the repeated measures analyses.
Genotyping
Genomic DNA was extracted from the Oragene OG-500 collection kits
according to the manufacturer’s protocol and diluted to equal concentration of 20 ng/ml. Quantitative polymerase chain reaction (qPCR)
was used for genotyping. A total volume of 15 ml was used to perform
the amplification reactions, which contained 1 ml (20 ng) of genomic
template, 0.6 ml of each primer (concentration 10 mM), 1.2 ml of dNTP,
1.5 ml 10X Buffer, 1.5 ml of MgCl2, 0.3 ml of Salmon Sperm DNA, 0.15 ml
of Taq polymerase, 0.015 of SYBR green and 8.135 ml of water. All
qPCR plates were run in duplicate and genotypes were called blind.
All qPCR products were then electrophoresed on 2% agarose gel
and visualized to confirm qPCR results. The Bio-Rad Iq5 Primer
sequences used for qPCR included OXTR F1 forward:
TCCCTGTTTCTGTGGGACTGAGGAC, OXTR F2 forward: TCCCT
GTTTCTGTGGGACTGAGGAT and OXTR reverse: ACCCAAGAGG
CTGGTTTGGGGTT.

Ostracism and an oxytocin receptor gene
The genotype distribution for the OXTR polymorphism was 56 individuals with the GG genotype, 52 GA individuals and 18 AA individuals. These distributions met the expectations for Hardy–Weinberg
Equilibrium, 2 (1) ¼ 1.07, P ¼ 0.30. We were not able to confirm an
OXTR genotype for two individuals who were therefore excluded from
any analyses including the OXTR genotype.
Measures
Social ostracism
The Social Ostracism and Mood Scale (Williams, 2001; Zadro et al.,
2004) was used to assess the effectiveness of the ostracism manipulation through questions such as ‘what percentage of the throws were
directed to you?’ and ‘to what extent you currently feel accepted or
rejected?’. In addition, the questionnaire contained 11 items on a 9point scale of 1 (not at all) to 9 (very much so) that assessed participant’s levels of four fundamental needs proposed by Williams (1997,
2001). These comprised belonging (e.g. I felt like an outsider during
the Cyberball game; ¼ 0.78), control (e.g. I felt in control during the
Cyberball game; ¼ 0.75), self- esteem (e.g. I felt somewhat inadequate during the Cyberball game; ¼ 0.79) and meaningful existence
(I felt non-existent during the Cyberball game and I felt that my performance had some effect on the direction of the game; ¼ 0.74).
Mean scores for each of the four needs was calculated.
Co-player judgments
Participants reported judgments about both of their Cyberball
co-players on a scale of 1 (not at all) to 9 (very much so) on 13
characteristics that included how likable, good, attractive, prejudiced,
trustworthy, tolerant, arrogant, friendly, manipulative, fair, loyal,
hypocritical and to what degree they believed they were sell-outs.
Ratings for each co-player were calculated together to obtain a mean
score on each judgment.
Anxiety symptoms
Trait anxiety levels were assessed by the Spielberger State-Trait Anxiety
Inventory (Speilberger, 1983). A 20-item trait anxiety scale was used to
measure general anxiety symptoms before playing Cyberball, where
participants responded to statements regarding how often they generally felt each feeling (e.g. nervous and restless) on a scale of 1 (almost
never) to 4 (almost always). Total scores were calculated by summing
across all items ( ¼ 0.95).
Statistical analyses
Statistical analyses were performed using SPSS for Windows 18.0
(SPSS Science, Chicago, IL). Analyses assessing initial differences on
trait anxiety scores between Cyberball conditions and the Cyberball
manipulation checks were performed using an independent samples
t-test. Analyses assessing the social ostracism outcomes (i.e. belonging,
control, self-esteem and meaningful existence) and co-player judgments were analyzed using 2 (Cyberball condition: excluded versus
included)  3 (OXTR genotype: GG, AG or AA) multivariate analysis
of variance (MANOVA)s. For blood pressure scores, a 2 (Cyberball
condition)  3 (OXTR genotype)  3 (Time: 1–3 time-points) mixed
measures analysis of variance (ANOVA) with Time serving as the
within-group factor was used. Further to this, a 2 (Cyberball condition)  3 (OXTR genotype) analyses of covariance was also conducted
for blood pressure, controlling for baseline levels. Cortisol was analyzed using a 2 (Cyberball condition)  3 (OXTR genotype)  3 (Time:
1–3 time points) mixed measures ANOVA with Time serving as the
within-group factor. Follow-up comparisons comprised t-tests with a
Bonferroni correction to maintain the alpha level at 0.05.
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Additionally, an area under the curve (AUC) analysis was performed
for cortisol using a formula proposed by Pruessner et al. (2003).

RESULTS
Psychosocial measures
As expected, there were no initial differences on trait anxiety between
OXTR genotype groups, F (2, 123) ¼ 0.91, P ¼ 0.40 or Cyberball conditions, t (1, 126) ¼ 0.31, P ¼ 0.76. Following Cyberball, analyses of
two manipulation checks revealed that participants who were excluded
reported receiving the ball less than included participants, t (1,
83.99) ¼ 23.65, P < 0.001, and participants in the ostracism condition
reported feeling more rejected relative to their included counterparts, t
(1, 125) ¼ 11.42, P < 0.001.
A MANOVA revealed a significant difference in the four needs as a
function of the Cyberball condition, Pillai’s Trace F (4, 117) ¼ 49.39,
P < 0.001, 2 ¼ 0.63. Furthermore, there was a significant
Cyberball  OXTR genotype interaction for the four needs, Pillai’s
Trace F (8, 236) ¼ 2.82, P < 0.01, 2 ¼ 0.09. Individual ANOVAs revealed that irrespective of OXTR genotype, Cyberball exclusion significantly reduced feelings of belonging, F (1, 126) ¼ 236.56, P < 0.001,
2 ¼ 0.65, and control, F (1, 126) ¼ 171.15, P < 0.001, 2 ¼ 0.58
(Figure 1A and B). There was a significant Cyberball  OXTR genotype
interaction on meaningful existence, F (2, 120) ¼ 3.74, P < 0.05,
2 ¼ 0.06. As shown in the follow-up analyses of the simple effects,
depicted in Figure 1C, under conditions where participants had been
included in the Cyberball game, self-reports of meaningful existence
were lower among the AA carriers compared with AG (P < 0.001) and
GG individuals (P < 0.001). However, following exclusion in the
Cyberball game, meaningful existence diminished to a greater extent
in the GG (P < 0.001) and AG (P < 0.001) genotypes than in those with
the AA genotype (P < 0.05), so that similar levels of meaningful existence were self-reported across the genotypes. The self-esteem profile
was very much like meaningful existence but the Cyberball  OXTR
genotype interaction was shy of significance, F (2, 120) ¼ 2.67, P ¼ .07,
2 ¼ 0.04. Nonetheless, follow-up tests of the simple effects based on a
priori predictions revealed that self-esteem was reduced among
excluded individuals with the GG or AG genotype compared with
their respective counterparts in the included condition, P’s < 0.001
(Figure 1D). In contrast, this difference was not evident among individuals who carried two A alleles.
It was of interest to examine how being excluded would affect individual judgments concerning the Cyberball co-players and to examine whether this occurred more readily in relation to a specific OXTR
genotype. A MANOVA revealed a significant difference in co-player
judgments between excluded and included participants irrespective of
OXTR genotype, Pillai’s Trace F (13, 108) ¼ 8.21, P < 0.001, 2 ¼ 0.50.
Individual ANOVAs revealed that excluded participants viewed their
co-players as less likeable, F (1,120) ¼ 68.42, P < 0.001, 2 ¼ 0.36, good,
F (1,120) ¼ 35.00, P < 0.001, 2 ¼ 0.22, trustworthy, F (1,120) ¼ 20.44,
P < 0.001, 2 ¼ 0.15, tolerant, F (1,120) ¼ 25.30, P < 0.001, 2 ¼ 0.17,
friendly, F (1,120) ¼ 53.04, P < 0.001, 2 ¼ 0.31, fair, F
(1,120) ¼ 95.38, P < 0.001, 2 ¼ 0.44 and loyal, F (1,120) ¼ 6.12,
P < 0.05, 2 ¼ 0.05, as well as more prejudiced, F (1,120) ¼ 14.65,
P < 0.001, 2 ¼ 0.11, arrogant, F (1,120) ¼ 34.59, P < 0.001, 2 ¼ 0.22,
manipulative, F (1,120) ¼ 12.33, P < 0.01, 2 ¼ 0.09, hypocritical, F
(1,120) ¼ 8.90, P < 0.01, 2 ¼ 0.07 and were more likely report them
as sell-outs, F (1,120) ¼ 15.67, P < 0.001, 2 ¼ 0.12 compared with
included counterparts. Despite the negative opinion of their coplayers, the ostracized participants were not more likely to describe
them as less attractive compared with participants who were included,
F (1, 126) ¼ 2.90, P ¼ .09. In effect, the participants’ negative views
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Fig. 1 Feelings of belonging (A), control (B), meaningful existence (C) and self-esteem (D) among individuals with the GG, AG or AA OXTR genotypes who were either included or excluded during the Cyberball
game. Data represent means  SEM. *P < 0.05, **P < 0.001 relative to included counterparts and þP < 0.001 relative to included GG and AG individuals.

were limited to personality characteristics of their co-players but not
their physical appearance.
Physiological measures
Prior to the Cyberball session, systolic blood pressure differences were
not apparent as a function of OXTR genotypes, F (2,120) ¼ 0.61,
P ¼ 0.54, or the Cyberball conditions, F (1,120) ¼ 0.15, P ¼ 0.70.
Systolic blood pressure varied as a function of Cyberball
condition  OXTR genotype  Time, F (4, 238) ¼ 2.53, P < 0.05.
Upon examining the follow-up analyses comprising this effect, blood
pressure levels for included GG individuals declined across the session
(P < 0.001), an effect not apparent among the AG (P ¼ 0.13) or AA
(P ¼ 1.0) genotypes. Following exclusion, systolic blood pressure
among individuals with the GG genotype remained elevated and
thus did not change as a function of time, (P ¼ 1.0). In contrast, individuals with the AG genotype had blood pressure scores that
declined over the session (P < 0.01). Among individuals with the AA
genotype, blood pressure declined somewhat over the session, but this
effect was not significant (P ¼ 0.14), likely owing to the limited power
associated with the small number of AA individuals. A follow-up
examining systolic blood pressure 30 min after Cyberball (controlling
for baseline levels), varied as a function of the OXTR genotype 
Cyberball interaction, F (2,118) ¼ 4.14, P < 0.05, 2 ¼ 0.07. As depicted
in Figure 2 and confirmed by the follow-up tests, among excluded
individuals with the GG genotype, systolic blood pressure was elevated
relative to that of individuals in the included condition during
Cyberball (P < 0.01). In contrast to the effect of exclusion among GG
individuals, a comparable effect of exclusion was not apparent among
AG (P ¼ 0.29) or AA individuals (P ¼ 0.54). This said, among those
with the AA genotype, a large amount of variability was evident, likely
owing to the small number of individuals in this group. Unlike systolic
blood pressure, diastolic blood pressure did not vary as a function of
the OXTR genotype  Cyberball conditions.
The number of cigarettes smoked, current medications including
oral contraceptives, time of day and waking time did not influence

Fig. 2 Systolic blood pressure levels collected 30 min following either inclusion or exclusion during
the Cyberball game (controlling for baseline systolic blood pressure) among individuals with the GG,
AG or AA OXTR genotypes. Data represent means  SEM. *P < 0.01 relative to included GG
individuals.

cortisol and thus these variables were not controlled for in subsequent
analyses. Although cortisol levels are sensitive to some laboratory stressors, such as the Trier Social Stress Test (TSST: Kirschbaum et al.,
1993), which involves public speaking and mental arithmetic in front
of a small audience, the levels of cortisol typically do not increase
appreciably following exclusion in the Cyberball situation (Zöller
et al., 2010; Zwolinski, 2012; Seidel et al., 2013). However, in this
study, it was of interest to determine whether cortisol would vary
with genotype. Consistent with earlier findings, relative to baseline,
cortisol levels did not vary as a function of the Cyberball condition,
F (2, 111) ¼ 0.53, P ¼ .57, but instead declined over the course of the
session, F (2, 111) ¼ 4.40, P < 0.05, 2 ¼ 0.04. The analyses also revealed
a significant Cyberball  OXTR genotype effect, F (2, 112) ¼ 4.82,
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P ¼ 0.01, 2 ¼ 0.08, such that individuals with the GG genotype that
had been excluded during Cyberball displayed cortisol levels that exceeded those of included participants (P < 0.05). In contrast, among
those carrying an A allele, Cyberball exclusion did not significantly
influence cortisol levels and, in fact, cortisol in those that were
excluded were marginally lower than those in the included condition.
Given the a priori hypothesis that the effects of the Cyberball manipulation would vary by genotype over the course of the session (i.e.
baseline vs the post-testing period), follow-up tests were conducted
to assess whether the effects of the Cyberball manipulation and genotype interaction further varied as a function of the time of saliva
sampling. As shown in Figure 3, analyses of the simple effects revealed
that among those with the GG genotype who were in the included
condition within the Cyberball game, cortisol tended to decline over
the course of the session. In contrast, among the GG individuals who
had been in the exclusion condition, cortisol levels did not decline over
the course of the session and as a result the cortisol levels in this group
significantly exceeded that in the included counterparts at T3
(P < 0.01). In contrast to the effect seen in those with the GG genotype,
among the AG and AA individuals, these differences between groups
were not evident, and there was no indication of elevated cortisol
among individuals who had been excluded in the Cyberball game relative to those individuals who were in the included condition.
To further support these analyses, and considering the small group
sizes, it was also important to compute one standard measure of cortisol. As such, the AUC was calculated following a method described by
Pruessner et al., (2003). There are two formulas for AUC, namely,
AUC with respect to the ground (AUCG) and AUC with respect to
increase (AUCI). As the current data did not display an appreciable
cortisol increase following Cyberball, we used the AUCG formula.
Results indicated a significant Cyberball X OXTR genotype interaction,
F (2, 112) ¼ 4.58, P < 0.05. The follow-up simple effects support the
repeated measures findings that G/G individuals who were excluded
displayed higher cortisol than their included counterparts (P < 0.05),
an effect not apparent among AG and AA individuals.
DISCUSSION
As expected, individuals with one or two copies of the G allele could, in
several ways, be distinguished from those with the AA genotype. In the
absence of ostracism, individuals with the AA genotype tended to express low meaningful existence relative to G carriers. The idea that AA
individuals generally feel that their presence matters less is in line with
reports showing that they tend to have a more negative disposition
comprising poor affect and low optimism (Saphire-Bernstein et al.,
2011). When individuals were rejected in the Cyberball game, however,
those carrying the G allele exhibited a more pronounced decline in
their feeling that their presence in the game mattered (meaningful
existence). This effect was less prominent among individuals with
the AA genotype because they had lower levels of meaningful existence
in the included condition in the absence of a manipulation.
As previously reported (Saphire-Bernstein et al., 2011), although
individuals with the AA genotype tended to express low levels of
self-esteem, they were not especially sensitive to rejection in the
Cyberball game. In contrast, individuals carrying the G allele showed
a decline of self-esteem upon being ostracized, potentially reflecting the
elevated sensitivity of G carriers in response to a social stressor. The
other two dimensions of needs described by Williams (2001), feelings
of belonging and control, were also affected by ostracism, irrespective
of genotype and thus all individuals perceived the rejection accurately,
reflected by the lower levels of belonging and control, but the degree to
which this impacted their sense of self (i.e. self-esteem) was limited in
the AA individuals.

Fig. 3 Cortisol levels in saliva ( mg/dl) collected at three time points including before Cyberball (T1),
15 min following Cyberball (T2) and 30 min following Cyberball (T3). The graph represents individuals
with the GG genotype (top panel), AG genotype (middle panel) and AA genotype (bottom panel)
who were either included or excluded during the Cyberball game. Data represent means  SEM.
*P < 0.05 relative to included GG individuals.

The behavioral outcomes were in line with the physiological responses, suggesting that individuals with the GG genotype were
more reactive to ostracism. When individuals with the GG genotype
were excluded within the Cyberball game, their systolic blood pressure
was elevated relative to that of their included counterparts. This difference, however, was not apparent among AG or AA individuals who
experienced ostracism, just as individuals with the GG genotype
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displayed greater sympathetic reactivity to a psychosocial stressor
(Norman et al., 2012). However, individuals with the GG genotype
also display less sympathetic reactivity in response to a non-social
stressor (Rodrigues et al., 2009). Thus, it is possible that GG carriers
might only be more reactive to stressors of a social nature.
As previously reported (Zöller et al., 2010; Zwolinski, 2012; Seidel
et al., 2013), in the current investigation, exclusion in the Cyberball
game did not elicit a cortisol rise and in the main cortisol levels
declined over the course of the session. However, among ostracized
individuals with the GG genotype, the decline of cortisol was not apparent, so that 30 min following Cyberball cortisol levels were greater
among ostracized participants than among those in the included condition. This effect, was not apparent among ostracized AG or AA individuals, reinforcing the perspective that the GG individuals are
sensitive to social insults, whereas this sensitivity may be limited in
the presence of the polymorphism. These findings are very much in
line with the perspective that genetic variants associated with greater
interpersonal sensitivity result in increased reactions to social exclusion
in the form of enhanced neural activity in the dACC and anterior
insula (Eisenberger et al., 2007).
It is interesting that individuals with the AG genotype displayed
psychosocial responses similar to GG carriers but physiological reactivity like that of AA carriers. Although this might seem surprising, oxytocin interacts with other hormones and neurotransmitter systems,
and it is likely that different outcomes or behaviors (i.e. psychosocial
responses versus physiological reactivity) involve these diverse interactions (McQuaid et al., 2014). For instance, oxytocin may interact
with mesolimbic dopamine functioning, so that the rewarding attributes of particular stimuli take on greater salience (Love, 2014), and
oxytocin also influences amygdala activity (Kirsch et al., 2005; Petrovic
et al., 2008), possibly through actions on -aminobutyric acid, so that
fear reactions are altered (Huber et al., 2005). The divergent outcomes
related to oxytocin interactions with other hormones in the context of
specific behaviors among those who are heterozygous regarding the
OXTR polymorphism, speaks to the importance of examining the three
OXTR genotypes separately whenever possible.
Several beneficial traits have been observed among G carriers; yet, it
was also proposed that individuals with this genotype might be more
sensitive to their environments (Bradley et al., 2011; McQuaid et al.,
2013). In this regard, individuals with one or two copies of the G allele
displayed greater emotional dysregulation (Bradley et al., 2011) and
depressive symptoms (McQuaid et al., 2013) in the context of high
levels of early-life maltreatment. Conversely, G carriers displayed
higher positive affect and resilience if they were raised in a warm
family environment (Bradley et al., 2013). These findings are congruent with the view that certain genotypes confer greater plasticity in the
context of both positive and negative environmental stimuli, thereby
affecting behavior ‘for better or for worse’ (Belsky et al., 2009).
However, the data supporting this view have not been unanimous.
For instance, youth with at least one A allele and raised with a depressed mother experienced particularly high levels of depressive
symptoms at age 15 years (Thompson et al., 2014). Maternal depression certainly might offer a negative environment, although this may
not necessarily be equivalent to experiencing maltreatment in the form
of abuse and/or neglect, which likely constitutes a breach of trust that
might have a greater impact on G carriers (McQuaid et al., 2013).
There are several limitations of this study that should be acknowledged. Although we and others have suggested that individuals with
the G allele of the OXTR rs53576 SNP may be more socially sensitive,
possibly owing to the oxytocin system operating differently than in AA
individuals, the functionality of this particular SNP is still unknown. It
has been hypothesized that this OXTR SNP, which is located on intron
3, may be involved in transcriptional suppression (Mizumoto et al.,

R. J. McQuaid et al.
1997), but it may also be that the effects observed in the current investigation were due to linkage(s) with other functional OXTR SNPs
(Lin et al., 2007). In addition, the sample size in this study was modest,
and it certainly would have been ideal to have greater power through a
larger number of AA participants. Despite these limitations, the current findings suggested that individuals with the GG genotype, who are
typically viewed as having many beneficial traits, were emotionally and
biologically more affected by ostracism. At the same time, even in the
face of this brief rejection from unknown co-players, ostracized participants tended to judge them harshly, irrespective of their oxytocin
genotype. Evidently, regardless of their genotype, individuals are able
to recognize slights experienced, but in line with our previous suggestion (McQuaid et al., 2013), those with the GG genotype for this OXTR
SNP are more adversely affected by negative social experiences. The
current findings provide support for the view that oxytocin functioning, besides promoting prosocial behaviors, might also enable higher
social sensitivity or reactivity to social challenges. In this regard, it has
been suggested (Cardoso et al., 2014) that treatment with an oxytocin
nasal spray might enhance mood state among some individuals, but
others may engender excessive sensitivity, rendering individuals more
vulnerable to the negative impacts of social stressors. Knowledge of an
individual’s genotype might be useful as a biomarker to determine
vulnerability to adverse effects of social stressors and might be useful
in predicting the efficacy of treatment options.
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