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Way, Taylor, and Eisenberger (2009) reported that varia-
tion in the μ-opioid receptor gene (OPRM1), measured 
by the functional A118G polymorphism, was associated 
with distress of social exclusion and with dispositional 
sensitivity to rejection. Their main finding was based on 
results from the Cyberball task, in which participants are 
excluded during an online ball-tossing game (Williams, 
Cheung, & Choi, 2000). This finding has also been sup-
ported by studies on rhesus monkeys, in which a func-
tionally similar OPRM1 polymorphism was associated 
with mothers’ attachment behavior and infants’ distress 
vocalization during maternal separation (Barr et al., 2008; 
Higham et al., 2011).

Way et al.’s (2009) intriguing findings are an important 
piece of evidence for the large and active literature 

investigating neurocognitive similarities between social 
pain and physical pain (Eisenberger, 2012; Eisenberger 
& Lieberman, 2004; Eisenberger, Lieberman, & Williams, 
2003; Kross, Berman, Mischel, Smith, & Wager, 2011; 
Kross, Egner, Ochsner, Hirsch, & Downey, 2007; 
Lieberman & Eisenberger, 2015; Wager et al., 2016; Woo 
et al., 2014). The effects of OPRM1 A118G variation on 
physical pain sensitivity, and in particular on analgesic 
efficacy of exogenously administered opioids, have been 
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Abstract
Given previous findings from animal studies and small-scale studies in humans, variation in the μ-opioid receptor 
gene (OPRM1) has been proposed as a strong biological candidate for moderating sensitivity to social rejection. Using 
a substantially larger sample (N = 490) than previous studies, a prospective genotyping strategy, and preregistered 
analysis plans, we tested the hypotheses that OPRM1 variation measured by the functional A118G polymorphism 
(rs1799971) moderates (a) dispositional sensitivity to rejection and feelings of distress following social exclusion 
and (b) decision making involving social cognition. In three experimental tasks commonly used to assess altruism, 
reciprocity, and trust in humans, we found no evidence in favor of the hypotheses; nine main tests were preregistered, 
and all of them yielded small and statistically insignificant estimates. In secondary analyses, we used Bayesian inference 
and estimation to quantify support for our findings. Taken together, our results strongly suggest that the link between 
OPRM1 A118G variation and social-rejection sensitivity is weaker than previously thought.
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extensively studied, and a meta-analysis provided sup-
port for a significant effect, albeit of a modest size (Hwang 
et al., 2014). In contrast, the study by Way et al. and a 
small epidemiological study by Copeland et al. (2011) 
constitute the only evidence to date that OPRM1 variation 
is directly linked to social pain in humans. These are two 
isolated discoveries based on small sample sizes and 
should therefore not be interpreted as conclusive until 
replicated (Button et al., 2013; Ioannidis, 2005).

Since the famous assertion that “most published 
research findings are false” (Ioannidis, 2005), replica-
tion has emerged as a cornerstone of scientific practice 
(Munafò et  al., 2017; Open Science Collaboration, 
2015). We conducted a conceptual replication and an 
extension of the work by Way et  al. (2009) using a 
sample of 490 participants, which is more than 15 times 
larger than the sample used for the main experiment 
by Way et  al. Study participants were prospectively 
genotyped and invited from a pool of 2,200 individuals 
who were matched on age, gender, education, and 
A118G genotype. In the replication, we assessed 
whether the A118G genotype was associated with self-
reported feelings of social distress following exclusion 
in the Cyberball task and with dispositional sensitivity 
to social rejection using the Adult Rejection Sensitivity 
Questionnaire (A-RSQ; Berenson et  al., 2009). In the 
Cyberball task, participants believe they are playing an 
online ball-tossing game with two other participants, 
who are in fact computer programmed (Williams et al., 
2000). Participants played two versions of the Cyberball 
task: one in which they received one third of the throws 
(inclusion) and one in which the other two players 
excluded them after receiving only two throws (exclu-
sion). After completing each version of the Cyberball 
task, participants completed a standard questionnaire 
of self-reported social distress, which was assessed on 
the basis of four fundamental psychological needs 
(Zadro, Williams, & Richardson, 2004). In the extension 
of Way et al.’s study, we assessed whether the A118G 
genotype was associated with social cognition and deci-
sion making in contexts in which participants’ decisions 
have real monetary consequences for other people, 
conducting two versions of the dictator game, an ulti-
matum game, and finally, a trust game.

Method

Sample

We invited subjects registered in the LifeGene biobank 
(Almqvist et al., 2011) to participate in an online survey 
experiment. We genotyped everyone registered in this 
biobank for OPRM1 A118G variation (rs1799971), which 
resulted in a sample of 4,375 individuals with genotype 

A/G or G/G and 14,588 individuals with genotype A/A. 
We decided that individuals who had used illegal drugs 
or had experienced detrimental social effects because 
of alcohol consumption were not eligible for participa-
tion. We invited 1,000 individuals with A/G and G/G 
genotype (G allele carriers) and 1,000 individuals with 
A/A genotype (A allele homozygotes) to participate. 
The sample of A allele homozygotes was matched on 
age, gender, and education to the sample of G allele 
carriers. The invitations were sent via e-mail.

We conducted a small pilot study prior to the main 
data collection, using the exact same survey, invitation 
protocol, and inclusion criteria. We invited 100 G allele 
carriers and 100 A allele homozygotes, and the purpose 
was to test the logistical procedures for data collection 
and administration. The pilot data collection was suc-
cessful. No analysis took place before the main data 
collection was finished. The study and main analyses 
were preregistered at https://aspredicted.org/blind 
.php?x=6uq6sx (conceptual replication) and https://
aspredicted.org/blind.php?x=89k5dj (decision-making 
experiments).

Our final sample consisted of all individuals (N = 
490) who completed the Cyberball task (main data collec-
tion and the pilot study), which was the first part of the 
survey. In total, there were 230 G allele carriers (135 men, 
95 women; age: M = 41.0 years, SD = 7.83, range = 
27–58; 39 had G/G genotype, 191 had A/G genotype) 
and 260 A allele homozygotes (126 men, 134 women; 
age: M = 39.2 years, SD = 7.69, range = 27–57). With 
this sample size, we had 80% power to detect an effect 
(d) of 0.26 on the basis of quantitative trait (using the 
A-RSQ). For the disaggregated analyses, we had 80% 
power to detect an effect of 0.27 for genotype A/A 
versus genotype A/G and 0.49 for genotype A/A versus 
genotype G/G, which was around one half of the effect 
sizes reported in the original study by Way et al. (2009). 
The study was approved by the ethical review board 
for East Sweden (Reference No. 2014/251-31), and all 
individuals gave informed consent to participate.

Genotyping

Subjects were genotyped for OPRM1 A118G variation 
(rs1799971) at the Mutation Analysis Facility of the 
Karolinska Institute, Stockholm, using standard Agena 
technology (http://agenabio.com/). Briefly, this single-
nucleotide-polymorphism (SNP) genotyping method is 
based on matrix-assisted laser desorption ionization-
time of flight (MALDI-TOF) analysis and is performed 
on the MassARRAY platform from Agena. The system 
allows simultaneous genotyping of several SNPs. We 
used iPLEX Gold chemistry for the assay, which allows 
for analysis of up to 28 SNPs in a single reaction. The 

https://aspredicted.org/blind.php?x=6uq6sx
https://aspredicted.org/blind.php?x=6uq6sx
https://aspredicted.org/blind.php?x=89k5dj
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assay was developed and validated at the Mutation 
Analysis Facility using reference DNAs from the HapMap 
Project, and 5% of samples were subsequently regeno-
typed for quality control. In addition to rs1799971, the 
assay included a set of 24 ancestry-informative markers 
(AIMs; see below), which have been validated for their 
ability to determine continental origin (Kosoy et  al., 
2009).

We conducted a principal factor analysis using our 
SNP panel (SNPs: rs10007810, rs1040045, rs12629908, 
rs1799971, rs1800497, rs2416791, rs260690, rs324420, 
rs4680, rs4918842, rs540825, rs6277, rs6422347, 
rs6451722, rs6548616, rs7554936, rs7657799, rs772262, 
rs7803075, rs7997709, rs870347, rs907094, rs9319336, 
rs9522149, rs9530435). We computed individual factor 
loadings for four principal components using EIGEN-
SOFT’s (Version 7.2.0; Patterson, Price, & Reich, 2006). 
smartPCA function. These four principal components 
(AIMs) were used as control regressors in the main 
analyses (see the Data Analyses section).

Cyberball task

Participants played the Cyberball social-exclusion task 
twice (Williams et al., 2000), on one occasion using an 
inclusion version of the game and on the other occasion 
using an exclusion version. Participants were informed 
that they would play a virtual ball-tossing game with 
two other individuals who took part in the same online 
survey experiment. In reality, the game was a preset 
program, and there were no other players. Participants 
saw cartoon images of three players including their 
own. One of the cartoon players started the game by 
tossing the ball to one of the other players. The partici-
pant could throw the ball by clicking the cartoon image 
of one of the players. The computer players waited for 
a randomly determined interval (500–3,000 ms) before 
tossing the ball. The task was programmed to have 30 
throws per run. In the inclusion version of the task, the 
participant received the ball 33% of the time, but in the 
exclusion version, the participant received the ball 
twice during the first 8 throws and then was excluded 
(i.e., the computer players threw the ball to each other). 
The order of the two versions of the Cyberball task was 
counterbalanced among participants. After each version 
of the task, participants answered an identical question-
naire (for a transcript, see Section S4 in the Supplemen-
tal Material).

Our main dependent variable was self-reported 
social distress, which was assessed along four dimen-
sions, namely, self-esteem (5 items), belonging (5 
items), meaningfulness (5 items), and control (5 items). 
Each item was scored on a 5-point scale, from 1 (not 

at all) to 5 (very much), and reverse coded when nec-
essary. For each individual, we computed the average 
score from these 20 items answered after the exclusion 
version of the Cyberball task and the average from the 
same 20 items answered after the inclusion version of 
the Cyberball task. The main dependent variable, social-
distress difference, was the difference between these 
two averages. Our approach here was identical to that 
of Way et al. (2009) except that (a) participants com-
pleted the study online, (b) social distress was assessed 
using a standardized protocol based on self-reports 
rather than neuroimaging, (c) there were 30 rather than 
60 throws during each task, and (d) we controlled for 
potential order effects by counterbalancing the order 
of the two versions of the Cyberball task among par-
ticipants (Way et al. used a fixed order, in which the 
inclusion task was always conducted first).

Dispositional sensitivity to rejection

Participants responded to the A-RSQ to assess disposi-
tional sensitivity to social rejection (Berenson et  al., 
2009). In the A-RSQ, participants read nine different 
scenarios; for each scenario, they indicated on a 5-point 
scale (a) how concerned or anxious they would be 
about rejection (1 = very unconcerned, 5 = very con-
cerned) and (b) to what extent they expected not to be 
rejected (1 = very unlikely, 5 = very likely). Rejection 
expectancy was reverse coded. Then, for each of the 
nine scenarios, rejection expectancy was multiplied by 
rejection concern, and the average for the nine sce-
narios was taken as the dependent variable, rejection 
sensitivity. Our approach was identical to that of Way 
et al. (2009) except that we used the A-RSQ instead of 
the Mehrabian Sensitivity to Rejection Scale (Mehrabian, 
1994).

Decision-making experiments

Having completed the two versions of the Cyberball 
task, participants played two versions of the dictator 
game (Forsythe, Horowitz, Savin, & Sefton, 1994): one 
in which they allocated 50 Swedish kronor (SEK; 
approximately US$6 at the time of the experiment) 
between themselves and another participant they had 
been randomly and anonymously paired with, and 
another version in which they instead allocated 50 SEK 
between themselves and a charitable cause (UNICEF). 
The order of the dictator games was randomly deter-
mined for each individual. We hypothesized that G 
allele carriers would be more generous than A homo-
zygotes in both dictator games and that the difference 
would be larger in the version in which they allocated 
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money to the other participant because the psychologi-
cal distance to this recipient was lower than in the 
dictator game with the charitable cause.

Then participants played the ultimatum game (Güth, 
Schmittberger, & Schwarze, 1982), which they com-
pleted twice, first in the role of responder and then in 
the role of first mover. In the game, the first mover 
proposed an allocation of 100 SEK (~US$12 at the time 
of the experiment) between themselves and another 
participant (the responder), who either accepted or 
rejected the proposal. If the proposal was accepted, 
both participants were paid according to the proposed 
division of money, but neither participant earned any-
thing if the proposal was rejected. We hypothesized 
that G allele carriers would allocate more money to 
responders and that unfair proposals would evoke 
stronger negative feelings among them than among A 
homozygotes. We used the strategy method for respond-
ers’ decisions, meaning that responders indicated 
whether they would reject or accept for each possible 
proposal (in 10-SEK increments) that could be made 
by the first mover. All decisions were incentive compat-
ible because the actual proposal made by the first 
mover determined which of the responder’s responses 
would ultimately be payoff relevant for each pair of 
participants.

All participants first made decisions in the role of 
responder, whereafter they indicated on a sliding scale 
from 0 (not at all) to 100 (very much) how they would 
feel if the first mover proposed (a) a 50-50 division of 
money (i.e., a fair allocation) and (b) a 90-10 division 
of money (i.e., an unfair allocation), separately for each 
of seven items. We calculated the average score for four 
of these feelings (nonexistent, meaningless existence, 
poorly accepted, and outsider) after the fair proposal 
and the average score for the same feelings after the 
unfair proposal. The dependent variable, social distress 
(ultimatum game), was the difference between these 
two averages, and in a similar way, we calculated the 
fair-unfair difference in stated anger, which was another 
of the seven items elicited on the scale from 0 to 100. 

Finally, participants were rematched (randomly and 
anonymously) with another participant and made a 
decision in the role of first mover. After the survey, it 
was randomly determined for each participant whether 
his or her decision as first mover or responder would 
be payoff relevant, and this was clearly stated in the 
general instructions.

After the ultimatum game, participants played the 
trust game (Berg, Dickhaut, & McCabe, 1995), in which 
they were randomly and anonymously matched in new 
pairs and endowed with 50 SEK (~US$6 at the time of 
the experiment) each. First movers (trusters) decided 
how much of their 50 SEK to send to the other 

participant (the trustee), the amount sent was tripled, 
and then the trustee decided how much of the money 
to send back to the truster. We hypothesized that G 
allele carriers would be more concerned about betrayal 
on the part of the trustee and, therefore, would send 
less money to the trustee. We also hypothesized that 
betrayal would evoke stronger negative feelings among 
G allele carriers than among A homozygotes. All par-
ticipants first made decisions in the role of truster, 
deciding how much to send to their paired trustee. 
Then they indicated on a sliding scale from 0 (not at 
all) to 100 (very much) how they felt when making their 
decision, separately for each of five items. Trusters who 
had sent more than 0 SEK also indicated on a sliding 
scale from 0 (not at all) to 100 (very much) how they 
would feel (a) if the trustee returned 50% of the maxi-
mal amount he or she could possibly return (i.e., a fair 
decision) and (b) if the trustee returned 0% (i.e., an 
unfair decision, a betrayal of trust), separately for each 
of seven items. The items were identical to those in the 
ultimatum game, and we used the exact same proce-
dure to calculate the dependent variables, social dis-
tress and anger. Finally, participants were rematched 
(randomly and anonymously) with another participant 
(and endowed with another 50 SEK each) and made a 
decision in the role of trustee. This decision was based 
on the strategy method, that is, for each possible 
amount sent by the truster, trustees indicated how much 
of the tripled amount they would return, in 15-SEK 
increments. After the survey, it was randomly deter-
mined for each participant whether their decision as 
truster or trustee would be payoff relevant, and this was 
clearly stated in the general instructions.

Procedure

The data presented here were collected within a larger 
online survey. All participants who completed the entire 
survey earned a fee of 150 SEK (~US$18 at the time of 
the experiment) plus their realized payoffs from the 
decision-making experiments. After receiving the initial 
general instructions at the beginning of the survey, par-
ticipants played the Cyberball task twice (i.e., inclusion 
and exclusion). We balanced the order by randomly 
assigning each participant to one of two versions of the 
survey: one in which Cyberball exclusion was followed 
by Cyberball inclusion, and another in which the order 
was reversed. In addition to having participants com-
plete the social-distress questionnaires after each Cyber-
ball task (described above), we included a standard 
manipulation check asking participants after each ver-
sion of the Cyberball task to indicate the extent to which 
they felt excluded and ignored (on separate 5-point 
scales); they were also asked to estimate the proportion 
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of throws received during the game. The decision-
making experiments described above were conducted 
after the Cyberball tasks, and then two additional experi-
mental tasks were conducted that are not part of the 
current study. In the decision-making experiments, par-
ticipants were always randomly and anonymously 
rematched with a new participant for each new payoff-
relevant decision to be made, and this was clearly stated 
in the instructions (for a transcript of instructions and 
decision screens, see Section S4). Finally, participants 
answered a set of questions, including the A-RSQ.

Data analyses

Our main independent variable, carrier, was coded 0 
for A allele homozygotes and 1 for G allele carriers. We 
tested our main hypotheses by regressing each depen-
dent variable on carrier and AIMs. Nine tests were pre-
registered as main analyses: social-distress difference 
in the Cyberball task, rejection disposition in the A-RSQ, 
the difference in dictator giving between the two dicta-
tor games, proposals in the ultimatum game, social 
distress and anger for unfair proposals in the ultimatum 
game, amount sent to the trustee in the trust game, and 
finally, social distress and anger for betrayal in the trust 
game. To control for order effects in the Cyberball task, 
we carried out two regressions: one for exclusion first 
and another for inclusion first. Our approach was to 
combine the data from the two versions if the coeffi-
cient estimate for the carrier was of the same sign and 
significantly different from zero in both versions or if 
neither coefficient estimate was significantly different 
from zero.

In the secondary analyses, we used Bayesian infer-
ence and estimation to quantify support for our find-
ings. For each of the nine main tests, we conducted 
Bayesian independent-samples t tests for A allele homo-
zygotes versus G allele carriers as well as Bayesian 
regressions to compare a null model, in which the 
dependent variable was regressed on AIMs, with the 
alternative model that also included carrier as the 
regressor. We used the default priors in JASP (Version 
0.9.1; JASP Team, 2018), a Cauchy prior located at zero 
with scale 0.707 for the t tests, and a Jeffrey-Zellner-
Siow ( JZS) prior with scale 0.354 for the regressions. 
We also explored dictator giving separately in each of 
the two dictator games as well as behavior by second 
movers in the ultimatum game and in the trust game. 
Because there was a gender imbalance in the final 
sample, we carried out a number of robustness checks 
in which we tested the effect of OPRM1 A118G variation 
separately for men and women (for these and additional 
results, see Sections S1 and S2 in the Supplemental 

Material). Finally, we explored whether social-distress 
difference in the Cyberball task or rejection disposition 
in the A-RSQ could predict participants’ responses in 
the decision-making experiments, disregarding genetic 
variation as a mediating factor.

Results

Conceptual replication of the Way 
et al. (2009) study

A manipulation check confirmed that participants in the 
Cyberball task felt ignored and excluded to a greater extent 
during exclusion than inclusion, mean difference = 2.3, 
SE = 0.06, t(489) = 39.0, p < .001, d = 1.8. They also 
reported stronger feelings of social distress, mean dif-
ference = 1.5, SE = 0.04, t(489) = 37.9, p < .001, d = 1.7, 
which was our main variable of interest. The difference 
in social distress is substantial and confirms the strong 
link between rejection and negative affect that has been 
found in previous studies (Eisenberger et  al., 2003). 
However, we found no evidence that OPRM1 A118G 
genotype moderates the strength of these feelings. The 
difference between A allele homozygotes and G allele 
carriers was small and statistically insignificant (Fig. 1, 
left panel), mean difference = –0.09, t(488) = –1.2, p = 
.23, d = –0.11, 95% confidence interval (CI) = [–0.29, 
0.07]. This result was confirmed in a regression analysis 
in which AIMs calculated from our SNP panel were 
included as regressors (β = 0.08; b = 0.13, 95%  
CI = [–0.12, 0.38]). There were no additional effects 
when the G allele carrier group was disaggregated into 
A/G (β = 0.06; b = 0.10, 95% CI = [–0.17, 0.36]) and G/G 
(β = –0.02; b = –0.05, 95% CI = [–0.55, 0.46]) genotypes 
or when the four constituent subcategories of social-
distress difference were analyzed separately for belong-
ing (β = 0.02; b = 0.03, 95% CI = [–0.27, 0.34]), self-esteem 
(β = 0.08; b = 0.16, 95% CI = [–0.14, 0.46]), meaningful-
ness (β = 0.07; b = 0.15, 95% CI = [–0.19, 0.50]), and 
control (β = 0.09; b = 0.17, 95% CI = [–0.11, 0.46]). 
Similarly, the order in which participants completed the 
two different versions of the Cyberball task did not 
affect the main results; the difference between A allele 
homozygotes and G allele carriers was insignificant 
both in the inclusion-first group (β = –0.01; b = –0.02, 
95% CI = [–0.36, 0.33]) and in the exclusion-first group 
(β = 0.16; b = 0.27, 95% CI = [–0.10, 0.64]). For a general 
summary of these results, see Tables S2 to S4 in the 
Supplemental Material; raw data are summarized in 
Figures S1 and S2 in the Supplemental Material.

Dispositional sensitivity to social rejection was mea-
sured using the A-RSQ (Berenson et  al., 2009). We 
found no significant difference between A allele 
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homozygotes and G allele carriers (Fig. 1, right panel), 
mean difference = –0.12, t(469) = –0.49, p = .62, d = 
–0.05, 95% CI = [–0.23, 0.14], and this result was con-
firmed in a regression that controlled for ancestry (β = 
0.09; b = 0.46, 95% CI = [–0.35, 1.27]). The result was 
similar when the G allele carrier group was disaggre-
gated into A/G (β = 0.10; b = 0.53, 95% CI = [–0.32, 
1.38]) and G/G (β = 0.09; b = 0.85, 95% CI = [–0.76, 
2.47]) genotypes.

Extension to social decision making

We tested whether the OPRM1 A118G genotype moder-
ates social cognition and decision making in the dicta-
tor game, the ultimatum game, and the trust game. 
Figure 2 shows histograms of decisions made by first 
movers in these experiments. These results conform to 
standard results reported in the literature (Engel, 2011; 
Güth & Kocher, 2014; Johnson & Mislin, 2011). We 
found a clear preference for the equal split in the dicta-
tor game with another participant and a shift to full 
contribution in the dictator game with a charitable 
cause as recipient. Dictators on average allocated 
26.5 percentage points more of their endowment to 

charity than to the other participant, t(488) = 14.7, 
p < .001, d = 0.79. However, there was no difference 
between A homozygotes’ and G allele carriers’ allocation 
decisions, t(487) = –0.94, p = .35, d = –0.09, 95% CI = 
[–0.26, 0.09], and this was confirmed in a regression that 
controlled for ancestry (β = 0.07; b = 5.20, 95% CI = 
[–6.69, 17.1]).

In the ultimatum game, there was also a clear prefer-
ence for the equal split, but unlike in the dictator game, 
very few participants attempted to keep the whole 
endowment for themselves, presumably anticipating 
that low proposals would be rejected by responders. 
The estimated difference between A allele homozygotes 
and G allele carriers was again small and insignificant—
only 3.16 SEK, or slightly more than 3% of the pro-
poser’s endowment, when we controlled for ancestry 
(β = –0.08; b = –3.16, 95% CI = [–9.06, 2.74]).

For the trust game, we could see a small tendency 
in the data to favor our hypothesis that G allele carriers 
would be more careful, sending smaller amounts to 
their paired trustees (Fig. 2). However, the estimated 
effect was small and insignificant (β = –0.05; b = –3.02, 
95% CI = [–8.35, 2.31]), and when we controlled for 
ancestry, the direction of the effect was reversed (but 
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bars represent 95% confidence intervals.
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still insignificant); G allele carriers, on average, sent 
slightly more than 3 percentage points more of their 
endowment to the trustee (β = 0.05; b = 3.17, 95%  
CI = [–5.75, 12.1]).

Next, we tested whether OPRM1 A118G variation 
was associated with negative affect following unfairness 
and betrayal in the ultimatum game and the trust game 
(Table 1). Participants reported that an unfair proposal 
in the ultimatum game would evoke substantially stron-
ger negative feelings compared with a fair proposal—
social distress: mean difference = 10.2, SE = 0.92, t(482) = 
11.1, p < .001; anger: mean difference = 16.3, SE = 1.45, 
t(482) = 11.2, p < .001. An even stronger effect was found 
for betrayal vis-à-vis fairness in the trust game—social 
distress: mean difference = 14.5, SE = 1.12, t(454) = 13.0, 
p < .001; anger: mean difference = 27.8, SE = 1.62, 
t(454) = 17.2, p < .001. However, the estimated differ-
ences between G allele carriers and A allele homozy-
gotes were small and insignificant (Table 1). This was 

confirmed in regressions that controlled for ancestry, 
social distress (β = 0.10; b = 4.03, 95% CI = [–1.96, 10.0]), 
and anger (β = 0.05; b = 2.99, 95% CI = [–6.57, 12.5]) 
in the ultimatum game and for social distress (β = –0.06; 
b = –2.67, 95% CI = [–9.96, 4.61]) and anger (β = –0.001; 
b = –0.022, 95% CI = [–10.7, 10.6]) in the trust game.

We explored whether OPRM1 A118G variation was 
associated with second movers’ decision making in the 
ultimatum game and in the trust game. Because these 
two experiments were conducted using the strategy 
method, second movers’ decisions were made condi-
tional on decisions made by the first movers (for details, 
see the Method section). Figure 3 shows the proportion 
of responders who accepted the proposal in the ulti-
matum game, separately for each possible proposal that 
could be made by the first mover. As the figure shows, 
the proportion of responders who accepted the pro-
posal was greatest for the equal split; from there, it 
declined in both directions, with the sharpest fall 
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observed as proposals decreased. This is a common 
pattern for responder behavior found in studies using 
the ultimatum game (Güth & Kocher, 2014).

It is clear in Figure 3 that G allele carriers and A 
allele homozygotes made very similar decisions, and 
this was confirmed in a regression that controlled for 
ancestry (β = 0.01; b = 0.005, 95% CI = [–0.080, 0.090]). 
A similar conclusion can be made for trustees’ decisions 
in the trust game. Figure 4 shows the average amount 
returned by trustees for each possible amount they 
could receive from the truster. Trustees’ strategies were 
virtually identical across G allele carriers and A allele 
homozygotes, which was confirmed in a regression that 

controlled for ancestry (β = 0.10; b = 0.038, 95% CI = 
[–0.019, 0.094]).

We also explored whether rejection sensitivity in the 
Cyberball task and dispositional sensitivity to rejection 
elicited in the A-RSQ could predict participants’ 
responses in the decision-making experiments, disre-
garding genetic variation as a mediating factor (this 
analysis was not part of our preregistered analysis 
plan). We found a significant and positive correlation 
between Cyberball rejection sensitivity and anticipated 
reactions to unfairness and betrayal in the ultimatum 
game and the trust game. Greater Cyberball rejection 
sensitivity implied increased anger (β = 0.17; b = 6.77, 
95% CI = [3.04, 10.5]) and social distress (β = 0.21; b = 
5.78, 95% CI = [3.23, 8.33]) following betrayal in the 
trust game and increased anger (β = 0.12; b = 4.53, 95% 
CI = [1.19, 7.88]) and social distress (β = 0.12; b = 2.89, 
95% CI = [0.77, 5.0]) following unfairness in the ultima-
tum game. A similar relationship was found between 
dispositional sensitivity to rejection and anger following 
unfairness in the ultimatum game (β = 0.14; b = 1.69, 
95% CI = [0.62, 2.76]). Cyberball rejection sensitivity 
was not correlated with decisions made in the dictator 
game (β = 0.04; b = 1.71, 95% CI = [–2.48, 5.89]), the 
ultimatum game (β = 0.03; b = 0.67, 95% CI = [–1.42, 
2.76]), or the trust game (β = –0.06; b = –2.10, 95%  
CI = [–5.25, 1.04]). Dispositional sensitivity to social 
rejection was correlated in the expected direction with 
giving in the dictator game (β = –0.09; b = –1.40, 95% 
CI = [–2.75, –0.05]) and weakly with decisions made in 
the ultimatum game (β = 0.08; b = 0.61, 95% CI = [–0.06, 
1.28]), but not with decisions in the trust game (β = 
0.04; b = 0.44, 95% CI = [–0.56, 1.44]). For a general 
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Table 1. Anticipated Reactions to Unfairness and Betrayal

Genotype

Ultimatum game Trust game

Social distress Anger Social distress Anger

A homozygotes 10.2 (20.4) 15.6 (32.1) 15.8 (25.5) 27.6 (34.1)
G allele carriers 10.1 (20.0) 17.1 (31.6) 13.1 (21.7) 28.0 (35.2)
 p .98 .61 .22 .91

Note: The top two rows show the mean difference in anticipated feelings following a 
fair versus unfair proposal by the first mover in the ultimatum game (50% vs. 10% of 
endowment, respectively) and following a fair versus unfair response by the second 
mover in the trust game (50% vs. 0% returned, respectively). Standard deviations are 
given in parentheses. Anger was elicited on a scale from 0 to 100. Social distress was 
the mean score from four items for which responders stated the extent to which they 
would feel “nonexistent,” “meaningless,” “rejected,” and “as an outsider”; each item 
was scored on a scale from 0 to 100. The ultimatum game was completed by 483 
participants (n = 256 A allele homozygotes, n = 227 G allele carriers). The sample size 
was smaller in the trust game (N = 455; n = 244 A allele homozygotes, n = 211 G allele 
carriers) because first movers (trusters) who sent nothing to their paired second mover 
(trustee) did not answer questions concerning possible back transfers. Significance (p) 
values were derived from t tests. For further details, see the Method section.
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summary of these analyses, see Tables S8 to S11 in the 
Supplemental Material.

Bayesian analyses

We conducted Bayesian analyses to quantify support 
for our findings. We computed a Bayes factor (BF01) to 
capture the extent to which the observed data would 
shift our belief about the effect of interest by comparing 
the relative predictive performance of the null hypoth-
esis (H0) and the alternative hypothesis (H1; OPRM1 
A118G variation moderates social-rejection sensitivity) 
when a prior distribution captures uncertainty about 
the true effect specified under H1. For example, a Bayes 
factor (BF01) of 5 can be interpreted as the observed 
data being 5 times more likely to occur under H0 than 
under H1. A common rule of thumb is to interpret a 
BF01 ranging from 1 to 3 as anecdotal evidence for H0, 
a BF01 between 3 and 10 as moderate evidence for H0, 
and a BF01 between 10 and 30 as strong evidence for 
H0 (Lee & Wagenmakers, 2013). We used the default 
priors in JASP (Version 0.9.1), a Cauchy prior located 
at zero with scale 0.707 for the t tests, and a JZS prior 
with scale 0.354 for the regressions. Our results indi-
cated substantial support against OPRM1 A118G varia-
tion as a moderating factor of social-distress difference 
and dispositional sensitivity to social rejection. BF01s 
from independent-samples t tests amounted to 4.89 for 
social-distress difference and 8.68 for rejection disposi-
tion. The effect was weaker but still in favor of the null 
hypothesis in regressions that controlled for ancestry 
(social-distress difference: BF01 = 2.47; rejection 

disposition: BF01 = 2.23). Posterior distributions of true 
effect sizes (Figs. 5 and 6), provided they exist, cover 
a wide range including zero and have less than 5% of 
their mass on (absolute) values greater than the effect 
sizes observed by Way et al. (2009; d > 0.4, for rejection 
disposition using the Mehrabian scale).

Analysis of social decision making yielded BF01s 
between 4.17 and 6.47 with independent-samples t tests 
and between 2.41 and 3.20 in regressions controlling 
for ancestry. Estimated parameters were 4.78 (95%  
credible interval, or CrI = [–2.94, 11.95]) for the dictator 
game, –2.91 (95% CrI = [–7.23, 0.69]) for the ultimatum 
game, and 2.92 (95% CrI = [–2.46, 8.24]) for the trust 
game. For example, provided an effect exists in the 
trust game, we can be 95% confident that G allele car-
riers send at most 8.24 percentage points (upper bound 
of the 95% credible interval) more of their endowment 
compared with A allele homozygotes to the trustee. 
Similarly, a true difference between A allele homozy-
gotes and G allele carriers in the ultimatum game will 
with 95% confidence not exceed 0.69 percentage points 
in the expected direction. The analysis of anticipated 
reactions to unfairness and betrayal in the ultimatum 
game and in the trust game yielded similar results. BF01s 
ranged between 4.69 and 9.87 using independent-
samples t tests and between 1.83 and 3.97 in regres-
sions that controlled for ancestry. Point estimates of the 
difference between A allele homozygotes and G allele 
carriers were small, and posterior distributions carried 
substantial mass around zero, for social distress (b = 
3.73, 95% CrI = [–0.62, 8.01]) and anger (b = 2.74, 95% 
CrI = [–3.22, 8.44]) in the ultimatum game, and for social 
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distress (b = –2.47, 95% CrI = [–6.52, 2.15]) and anger  
(b = –0.02, 95% CrI = [–6.13, 5.62]) in the trust game.

Discussion

We conducted a conceptual replication of the study by 
Way et al. (2009) and used a substantially larger sample 
to assess whether allelic variation at the OPRM1 locus 
would influence social-rejection sensitivity. We further 
reasoned that altered rejection sensitivity could be 
expected to influence social cognition and decision 
making, a hypothesis that has not been tested to date. 
To evaluate these additional hypotheses, we carried out 
experiments using three tasks commonly used to assess 
altruism, reciprocity, and trust. Our design benefited 
from a large, population-based sample of Swedish vol-
unteers with banked DNA, the LifeGene cohort 
(Almqvist et al., 2011); we sampled from this population 
using a prospective genotyping strategy to generate 
balanced genotype groups. To control for the possible 
confound of population admixture, we used an estab-
lished panel of AIMs. Data collected in the course of 
our experiments were analyzed according to a prereg-
istered plan. Using this stringent approach, we consis-
tently found support against OPRM1 A118G variation 
as a moderator of (a) social-distress feelings after rejec-
tion in the Cyberball task, (b) dispositional sensitivity 
to rejection in the A-RSQ, and (c) social cognition and 
decision making in the dictator game, the ultimatum 
game, and the trust game. It should be emphasized that 
we replicated known reliable patterns of results with 
all of our behavioral tasks, most notably, the Cyberball 
task and the economic games, suggesting that 

our findings are unlikely a result of experimenter 
incompetence. Our exploratory analyses revealed a sig-
nificant relationship between rejection sensitivity and 
affective responses to unfairness and betrayal in the 
trust game and the ultimatum game. This is a new and 
interesting finding that we hope will be formally 
assessed in future replications using confirmatory 
analyses.

The hypothesis that OPRM1 A118G variation moder-
ates social-rejection sensitivity has a plausible basis. 
First, there is conclusive evidence that allelic variation 
at this locus is functional. At the most fundamental 
level, it alters the physical composition of the receptor 
by encoding an amino-acid substitution in the N-terminal 
extracellular loop of the receptor protein (Bond et al., 
1998). It also robustly alters several biological responses 
to receptor activation when the respective isoform of the 
receptor is inserted into mice with otherwise identical 
genomes (Bilbao et al., 2015; Ramchandani et al., 2010; 
Robinson et al., 2015; Zhang, Wang, Johnson, Papp, & 
Sadée, 2005). Second, OPRM1 A118G variation influ-
ences sensitivity to physical pain and, in particular, to 
analgesic effects of exogenous opioids (Hwang et al., 
2014). Third, similarities have been proposed in brain 
processing between physical pain and social pain 
(Eisenberger, 2012; Eisenberger & Lieberman, 2004; 
Eisenberger et al., 2003; Kross et al., 2011; Perini et al., 
2018; cf. Woo et al., 2014). The negative emotional state 
triggered by social rejection is in part thought to be 
represented in the anterior insula and anterior cingulate 
cortex (Eisenberger et al., 2003; Kross et al., 2007; cf. 
Perini et  al., 2018), brain structures that also encode 
aversive interoceptive states, such as those associated 
with nausea or pain (Craig, 2002). Fourth, the experi-
ence of physical pain and the feeling of distress follow-
ing social rejection share correlates at the neurochemical 
level. Studies in animals have suggested that endoge-
nous opioids mediate the reward from social attach-
ment and buffer the stress of rejection (Machin & 
Dunbar, 2011), and these findings translate to humans 
(Hsu et al., 2013; Zubieta et al., 2003). Because endog-
enous opioid activity is moderated by genetic factors, 
such as functional variation at the OPRM1 locus, OPRM1 
variation has been proposed as a strong biological can-
didate for moderating sensitivity to social rejection. 
Despite this indirect support for its potential role, our 
findings substantially weaken the claim for a direct link 
between OPRM1 variation and sensitivity to social rejec-
tion. More research is needed to characterize the spe-
cific neurocognitive correlates of social pain and to 
determine the role of endogenous opioid activity as a 
moderating factor.

A limitation of our study is that we relied on self-
reported distress following exclusion in the Cyberball 
task, as opposed to Way et al. (2009), who used brain 
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imaging. It is possible that this prevented us from 
detecting small but still relevant effects of OPRM1 
A118G variation on rejection sensitivity. Still, we used 
a standardized protocol for self-reports that is widely 
employed by studies using the Cyberball paradigm. 
Moreover, in the original neuroimaging Cyberball study 
by Eisenberger et al. (2003), self-reported distress pre-
dicted both increased neural activity in the anterior 
cingulate cortex during exclusion and decreased activa-
tion in the right ventral prefrontal cortex, the latter 
finding suggesting that the right ventral prefrontal cor-
tex was recruited to mitigate the distressing effects of 
social exclusion. Thus, it may be argued that self-reports 
on their own can capture feelings of social exclusion 
induced by the Cyberball paradigm. This is also in line 
with recent research by Torre and Lieberman (2018), 
who showed that self-reports consistently detect 
emotion-regulation attempts, despite that participants 
predict an effect in the opposite direction. In fact, self-
reports are crucial for interpretation of brain-imaging 
data. Without a concurrent self-report of a feeling of 
exclusion, activation in a certain part of the region is 
difficult to interpret (Clark-Polner, Wager, Satpute, & 
Barrett, 2016). Together, this alleviates the potential 
concern that demand effects due to using self-reports 
might have obfuscated a small but still relevant link 
between OPRM1 A118G variation and rejection sensitiv-
ity. This is also counteracted by our study design, in 
which we fully accounted for potential order effects by 
counterbalancing the order of inclusion and exclusion 
during the Cyberball task. Another potential weakness 
is the within-subjects design, in which both parts of the 
Cyberball task were conducted during the same session, 
which could increase demand and make the research 
hypotheses more transparent. It is, however, unlikely 
that this alone could explain our findings, because Way 
et  al. used a similar protocol for the Cyberball task, 
having participants complete both tasks during a single 
session.

Reproducibility of research has become a key issue 
across the major disciplines of science. In a survey of 
1,576 scientists conducted by Nature, a clear majority 
of respondents thought that there was a reproducibility 
crisis (Baker, 2016). In light of the worrisome develop-
ment echoed by these respondents, replication has 
emerged as a vital tool for advancing scientific knowl-
edge. The goal of replication is not to discredit single 
previous studies but rather to build a solid foundation 
for establishing empirical regularities. A parallel devel-
opment has been the push for transparency of research 
and, in particular, the greater emphasis being put on 
preregistration of analysis plans, which enables struc-
tured collection of data for credible testing of prespeci-
fied hypotheses (Munafò et al., 2017). Our study has 

several strengths, including a sample size that is unusu-
ally large for controlled psychological experiments, a 
prospective genotyping strategy that enriches the low-
frequency OPRM1 A118G allele, and an extensive inves-
tigation following a prespecified analysis plan, 
combining a conceptual replication protocol with a 
plausible extension to the domain of actual decision 
making involving social cognition. For the replication, 
we had 80% power to detect an effect on the basis of 
quantitative trait (using the A-RSQ) that was around 
one half of the effect sizes reported in the original study 
by Way et al. (2009). In our study, point estimates were 
insignificant and close to zero, and Bayesian estimation 
revealed posterior distributions of true effect sizes, pro-
vided they exist, with substantial mass around zero and 
less than 5% on values previously observed in the 
literature.

Social rejection represents a major threat to an indi-
vidual’s physical and mental well-being. It is therefore 
important to understand the underpinnings and conse-
quences of social rejection and of social pain more 
broadly. Our findings contribute to this issue by weak-
ening the claim for a specific genetic factor as a major 
moderator of social-rejection sensitivity. However, they 
do not address the broader question of whether there 
is a significant biologically heritable contribution to this 
important psychological trait, an important question 
that remains to be addressed. On a general level, our 
findings also contribute to the ongoing debate about 
the functional architecture of brain structures known 
to process both physical and social pain (Lieberman & 
Eisenberger, 2015; Wager et al., 2016; Woo et al., 2014) 
and to our understanding of the overlap between social 
and physical pain more broadly. An interesting ancillary 
finding of our study was that rejection sensitivity elic-
ited in the Cyberball task predicted social cognition in 
the context of trust and reciprocity. This broadens the 
scope for future research and underscores that the need 
to belong is a strong human motivation. Sensitivity to 
rejection plausibly affects both cognition and behavior 
in social environments, but a significant link to func-
tional variation at the OPRM1 locus seems unlikely at 
present.
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