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Risk: and interview-based methods. Participants were also genotyped for the A118G polymorphism
Heal’th' in the p-opioid receptor gene (OPRM1, rs1799971), which has been found to influence neural
Diseasé and psychological responses to rejection, likely by affecting opioid receptor expression and

signaling efficiency. As hypothesized, G allele carriers, who are known to exhibit less opioid
receptor expression and signaling efficiency, were more severely depressed and twice as likely
to meet criteria for major depressive disorder following a recent targeted rejection major
life event (e.g., being broken up with, getting fired) relative to A/A homozygotes who expe-
rienced such stress. However, A118G genotype did not moderate the effects of other similarly
severe major life events on depression. These data thus elucidate a biological pathway that may
specifically influence sensitivity to social pain and rejection, which in turn has implications for
understanding differential risk for depression and several other social stress-related disorders.
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Major life events involving interpersonal loss and social
rejection are the strongest proximal risk factors for depres-
sion (Farmer and McGuffin, 2003; Slavich et al., 2010a).
Stressors of this type, called targeted rejection life events,
involve intentional social rejection and the severing of
important social bonds. They thus include major life events
such as being broken up with or getting fired (Slavich
et al., 2009). Targeted rejection life events are associ-
ated with a 22-fold increase in risk for major depressive
disorder (MDD) and precipitate MDD three times faster
than other life events of comparable severity (Kendler
et al., 2003; Slavich et al., 2009). These stressors have
also been found to activate molecular signaling path-
ways that upregulate inflammation (Murphy et al., 2013),
which in turn has been implicated in the pathophysiology
of depression, as well as several physical health condi-
tions that frequently co-occur with depression, including
diabetes, cardiovascular disease, chronic pain, certain can-
cers, and neurodegeneration (Miller et al., 2009b; Slavich
and Irwin, 2014). Despite these findings, many people
who experience targeted rejection and other types of
severe social stress do not develop depression. More-
over, the biological mechanisms underlying differential risk
for MDD following these social stressors remain largely
unknown. Because depression often emerges early in life
and presages the development of several serious medical ill-
nesses over the lifespan, identifying factors that shape social
stress-related depression risk, especially in adolescence, is
critically important (Stroud et al., 2011; Auerbach et al.,
2014).

One neurobiological system that may influence risk for
depression following socially painful targeted rejection life
events is the endogenous opioid system. Opioids have long
been known to play a central role in regulating experi-
ences of physical pain (Basbaum and Fields, 1984; Drolet
et al., 2001; Millan, 2002). Indeed, endogenous opioid neu-
rotransmission increases during physical pain and lessens the
affective experience of pain (Zubieta et al., 2001, 2002).
Given the critical importance of social connection for sur-
vival, it has been proposed that neural systems originally
responsible for processing experiences of physical pain may
have evolved to represent experiences of ‘‘social pain’’ or
rejection, perhaps to reduce the likelihood of separation
from primary caregivers (Panksepp, 1998; MacDonald and
Leary, 2005). Consequently, endogenous opioids may influ-
ence not only experiences of physical pain, but experiences
of social pain and rejection as well (Panksepp, 2003; Way,
2013).

Several findings are consistent with this effect, which we
refer to here as the opioid rejection sensitivity hypothe-
sis. First, evidence has accumulated suggesting that social
and physical pain are represented by similar neural systems
(Eisenberger et al., 2003; Kross et al., 2011). Second, exper-
imental studies in non-human species have shown that the
p.-opioid receptor regulates behavioral distress responses to
caregiver separation (Panksepp et al., 1978; Kalin et al.,
1988; Barr et al., 2008). Third, positron emission tomogra-
phy studies in humans have revealed that central w-opioid
signaling is altered while experiencing or recalling interper-
sonal loss and rejection (Zubieta et al., 2003; Hsu et al.,
2013). Finally, a central analgesic has been shown to blunt

neural responses to social rejection in brain systems that
have been implicated in processing experiences of physical
and social pain (Dewall et al., 2010). Together, these data
suggest that p-opioid signaling may modulate the experi-
enced intensity of social rejection in addition to physical
pain.

One factor that greatly alters p-opioid signaling involves
a functional single nucleotide polymorphism (SNP) in the -
opioid receptor gene (OPRM1, rs1799971). Specifically, an
A/G transition (A118G) within OPRM1 leads to an amino
acid change (N40D) that governs central OPRM1 expres-
sion (Mague et al., 2009; Ray et al., 2011), leading to
differences in sensitivity to both physical pain and social
rejection. As evidence of these effects, patients with at
least one G allele experience greater pain intensity dur-
ing surgery, and require larger doses of opiates to relieve
post-surgical pain, compared to A/A homozygotes (Tan
et al., 2009; Sia et al., 2013). In addition, G allele carriers
exhibit greater neural responses to being socially rejected,
more behavioral withdrawal to angry faces indicating social
rejection, and higher levels of rejection sensitivity in
daily life relative to A/A homozygotes (Way et al., 2009;
Bertoletti et al., 2012). Finally, a recent study reported
that A118G genotype moderates the effects of early mater-
nal care on adult attachment style, with G allele carriers
exhibiting high levels of fearful attachment regardless of
the quality of their early maternal care (Troisi et al.,
2012).

To examine the relevance of these findings for depres-
sion, we recruited 420 adolescents from a large longitudinal
birth cohort study and followed them over time to assess
their stress exposure and depression status. More specifi-
cally, we used a state-of-the-art, interview-based measure
of life stress to identify whether participants experienced a
major life event in the year prior to age 20, and standard-
ized questionnaire and diagnostic interviewing methods to
assess their levels of depression at ages 15 and 20. Finally,
participants were genotyped for the A118G polymorphism
in their early twenties. Consistent with the large body of
research on life stress and depression (Hammen, 2005), we
hypothesized that adolescents who experienced a major life
event of any kind (i.e., targeted rejection or non-targeted
rejection) in the year prior to age 20 would have more
depressive symptoms, and a higher likelihood of meeting
diagnostic criteria for MDD at age 20, compared to partici-
pants who did not experience such stress (i.e., controlling
for relevant demographic and clinical factors). In addition,
given prior research linking the G allele with heightened
sensitivity to social rejection at the neural and psycholog-
ical level (Way et al., 2009; Bertoletti et al., 2012), we
hypothesized that these effects would be moderated by vari-
ation at the A118G locus, with G allele carriers exhibiting
more stress-related depressive symptoms and higher rates
of MDD following a recent major life event, relative to A/A
homozygotes. Because endogenous opioids have been shown
to specifically influence experiences of pain, however, we
reasoned that moderation by A118G genotype would be
unique to socially painful targeted rejection life events and
not extend to other types of similarly severe major life
stress (e.g., educational, financial, housing, health, crime
events).
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1. Method

1.1. Participants

Participants were 420 adolescents (250 females, 170 males)
from Brisbane, Australia, who completed all assessments
in a community-based, longitudinal study of children of
depressed and never-depressed mothers. These adoles-
cents were retained from an initial sample of participants
who were intensively studied at ages 15 (n=815) and 20
(n=705), and who provided DNA samples between ages 22
and 25 (n=444). Additional details of the original sampling
ascertainment are reported elsewhere (see Hammen and
Brennan, 2001).

The present sample was 92.9% Caucasian, 3.8% Asian, and
3.3% ‘‘other,’’ with participants being raised in largely work-
ing and lower middle class families. These adolescents did
not differ from the larger sample on measures of depression
history by age 15, depression severity at age 20, mater-
nal depression status by age 15, or number of major life
events experienced at age 20 (ps>.60). However, females
were more likely to complete the genetic sampling protocol
than males, x? (1, 815)=36.44, p<.001.

1.2. Procedure

Participants and their mothers completed an extensive bat-
tery of interviews and questionnaires at several time points
as part of the parent project. For the present study, we
focused on the expert-rated assessments of recent life
stress, which were based on semi-structured interviews that
were conducted at age 20 and that covered all acute life
events and chronic stressors occurring in the year prior to
age 20; self-reported symptoms of the youths’ depression,
which were assessed using standardized instruments at ages
15 and 20; interviewer-rated caseness of depression, which
was assessed by an expert diagnostic interviewer at age 20;
and genotyping data, which were derived from blood draws
that occurred between ages 22 and 25 (see below). All of
the life stress and diagnostic interviews that took place
with the youth were conducted blind to the mothers’ his-
tory of depression. Written informed assent and consent was
obtained prior to each study visit, and all procedures were
approved by the institutional review boards of the University
of Queensland, University of California, Los Angeles, Emory
University, and the Queensland Institute of Medical Research
Genetic Epidemiology Laboratory.

1.3. Assessment of life stress and targeted
rejection

Major life events occurring over the past year and chronic
stress occurring over the past six months were assessed at
age 20 using the UCLA Life Stress Interview (LSI; Adrian and
Hammen, 1993). Interviewers trained in the LSI used a semi-
structured interview to obtain extensive factual information
about the contextual features and precise timing of each
reported stressor, in addition to relevant biographical details
of each participant (i.e., ‘‘contextual’’ ratings; Brown and
Harris, 1978). Detailed narratives of each life event were

subsequently presented to an independent team of expert
raters who were blind to participants’ emotional reactions
to the stressors, as well as to all study outcomes. Raters
judged the severity (i.e., ‘‘contextual threat’’) of each life
event on a 5-point scale, on which higher scores represent
more severe impact (« =.84). Only life events that preceded
onset of depression (for adolescents who developed MDD)
were included in analyses to ensure that the major life
events could have contributed to the depressive episode
and not vice versa. Participants experienced one major life
event, on average, in the year prior to age 20 (M=1.2;
Range =0—7), and all analyses controlled for total number
of recent major life events so that overall life event expo-
sure could not influence the results. These stress assessment
procedures have been extensively validated in adolescent
and young adult samples (e.g., Adrian and Hammen, 1993;
Hammen and Brennan, 2001).

All major life events (i.e., severity of >2.5) in the rela-
tionship and work life domains were subsequently identified
as possible targeted rejection life events. We focused on
events in these life domains because they are generally
stressful and evenly divided between targeted rejection and
non-targeted rejection life events (Slavich et al., 2009).
Targeted rejection ratings were conducted by two expert
raters who, after reading the detailed narrative for each
life event, made a judgment of targeted rejection or non-
targeted rejection based on previously established criteria
(see Slavich et al., 2009). These raters were blind to par-
ticipants’ emotional responses and personal characteristics,
and to the original severity ratings of the life events. Events
were judged to be targeted rejection if they: (a) happened
primarily to the participant, (b) involved the rejection of
the participant by another person or group, (c) involved a
clear intent to actively reject the participant, (d) directly
affected the participant, and (e) resulted in the severing
of a social bond between the participant and the other
person or group. The team showed excellent inter-rater
agreement (« =.94). Of the 80 participants who experienced
a major life event in the relationship or work domain,
31 (38.75%) experienced recent targeted rejection. Given
the large body of research showing that the best predic-
tor of depression-related outcomes is having experienced
at least one recent major life event (e.g., Slavich et al.,
2009; Murphy et al., 2013, 2014), work and relationship
events were combined into a total indicator of presence
versus absence of a recent targeted rejection major life
event.

Although our hypotheses focused on acute life events,
onset and severity of depression are also known to be
influenced by levels of recent chronic stress (Hammen,
2005; Monroe et al., 2007, 2009). Consequently, we also
assessed participants’ levels of chronic stress burden and
impact over the past six months in several key domains
(i.e., close friendships, social life, romantic relationships,
family relations, work, school, finances, and the health of
the participant and his or her family) and controlled for
these levels in all analyses. To derive these chronic stress
scores, interviewers obtained detailed, factual information
about chronic stressors occurring in each life domain using
the LSI. This information was then compared to behav-
iorally specific anchors to obtain a chronic stress severity
score for each domain, which ranged from **1’’ (superior
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circumstances and functioning) to **5’’ (severely adverse
conditions). Inter-rater agreement for these judgments was
good (k=.72—.88 across the domains). Total scores were
computed by summing participants’ levels of chronic stress
across all life domains (M=22.59; Range: 12—35), and these
total scores were then included in all models to ensure
that recent chronic stress exposure could not influence the
results.

1.4. Genotyping

Adolescents who agreed to participate in the genotyping
protocol were mailed consent forms, a blood collection
kit, and questionnaires, and were instructed to have their
blood drawn at a local pathology lab. Samples were picked
up by courier from the individual and transported to the
Genetic Epidemiological Laboratory at the Queensland Insti-
tute of Medical Research for storage. Aliquots of DNA were
subsequently shipped to the UCLA Inflammatory Biology
Core Laboratory for processing. The A118G polymorphism
(rs1799971) was genotyped using a 5 nuclease assay (Tag-
man SNP Genotyping Assay, Applied Biosystems, Foster City,
CA) to discriminate between the A and G allele at the
A118G locus. Real-time polymerase chain reactions (PCR)
were performed on an iCycler PCR instrument (BioRad, Her-
cules, CA), using 5-uL reaction volumes in 384-well plates
with 5ng of DNA. The manufacturer’s specified protocol
was followed. End point reads of fluorescence levels were
obtained with an ABI Prism 7900HT Sequence Detection Sys-
tem (Applied Biosystems, Foster City, CA). Each sample was
re-genotyped, and test—retest reliability of the duplicated
specimens yielded a total genotyping error rate of <1%.
Allele frequencies at the A118G locus across the entire sam-
ple were examined using Haploview v4.2. The frequencies
did not deviate from Hardy—Weinberg equilibrium, x2(2,
N=420)=3.68, p>.05, and were distributed as follows: GG,
n=2(0.5%); AG, n=98 (23.3%); and AA n=320 (76.2%). Given
the very low frequency of G/G homozygotes in this sample,
and consistent with prior research on social rejection and
the A118G polymorphism (e.g., Way et al., 2009), individ-
uals were re-coded into two groups: G allele carriers (GG or
AG; n=100) and A/A homozygotes (AA, n=320).

1.5. Assessment of depression

Past depressive symptom severity (at age 15) and current
depressive symptom severity (at age 20) were assessed
using the Beck Depression Inventory-Il (BDI; Beck et al.,
1996). The BDI is a widely used, 21-item self-report instru-
ment that measures cognitive, affective, behavioral, and
physiologic symptoms of depression. The BDI has excellent
psychometric properties («=.91), and is highly sensitive for
detecting symptoms that are influenced by stress and spe-
cific to depression (Beck et al., 1996; Muscatell et al., 2009).
Presence of current MDD (at age 20), in turn, was assessed
by expert diagnostic interviewers using the Structured Clin-
ical Interview for DSM-1V Axis | Disorders (SCID; First et al.,
2002). Diagnostic reliability for judgments of current MDD
was good (« =.83).

2. Results

2.1. Preliminary analyses

Preliminary analyses were conducted to examine factors
that could potentially confound the results. G allele car-
riers and A/A homozygotes did not differ with respect to
the number of major life events they experienced in the
year prior to age 20, number of targeted rejection major
life events they experienced in the year prior to age 20,
levels of chronic stress at age 20, BDI scores at age 15,
BDI scores at age 20, or mothers’ depression status (i.e.,
never depressed, past MDD but no current MDD, current
MDD) by age 20 (all ps>.20). The A118G genotypes were
not differentially represented across genders (p =.730), but
their frequencies did differ across ethnic groups. Consistent
with prior research (http://www.hapmap.org: rs1799971),
the G allele was more common in individuals of Asian
descent (50.0%) than European-American descent (22.8%),
x2(1, N=99)=66.27, p<.001, or other ancestral background
(12.5%), x2(1, N=10)=6.4, p=.01. Finally, BDI scores at age
20 were strongly related to BDI scores at age 15 (r=.41),
as well as number of major life events at age 20 (r=.20),
levels of chronic stress at age 20 (r=.48), and gender
(d=0.22), with females having higher levels of depression
(all ps<.038). Given these associations, we adopted a con-
servative analytic approach and adjusted for the following
five factors in all of the primary analyses below: gender, eth-
nicity, BDI score at age 15, number of major life events in
the year prior to age 20, and levels of chronic stress at age
20.

2.2. Targeted rejection, A118G genotype, and
severity of depression

We hypothesized that adolescents who experienced a recent
major life event of any kind (i.e., targeted rejection or
non-targeted rejection) would have more depressive symp-
toms compared to their counterparts who did not experience
such stress. We also hypothesized that A118G genotype
would moderate the effects of targeted rejection (but not
non-targeted rejection) major life events on depressive
symptoms. To test these hypotheses, we first examined the
effects of Targeted Rejection Major Life Event (Yes, No) and
A118G Genotype (GG/AG, AA) on BDI scores at age 20 using
generalized linear modeling, while controlling for the above-
mentioned demographic and clinical factors. This analysis
revealed significant main effects of both targeted rejection
and A118G genotype on depression severity, F(1, 376) =5.53,
p=.019, n,2=.014, and F(1, 376)=8.42, p=.004, n,2 =.022,
respectively. As hypothesized, these effects were qualified
by a significant Targeted Rejection x A118G Genotype inter-
action, F(1, 376)=11.26, p=.001, n,%=.029. As illustrated
in Fig. 1A, G allele carriers who experienced a recent tar-
geted rejection major life event had significantly higher
BDI scores (M=16.06, SE=2.73) than G allele carriers who
did not experience such stress (M=6.84, SE=0.71), F(1,
89)=14.46, p<.001, npz =.14. In contrast, exposure to tar-
geted rejection was unrelated to depression severity for
A/A homozygotes (Targeted rejection: M=5.72, SE=1.41;
No targeted rejection: M=7.53, SE=0.41), F(1, 282)=1.04,
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expressed as mean =+ SEM. (A) As hypothesized, G allele carriers who experienced a recent targeted rejection major life event had
significantly higher Beck Depression Inventory (BDI) scores at age 20 than A/A homozygotes who experienced such stress. This effect
was robust while controlling for several factors that are known to influence depression severity and risk, including adolescents’
gender, ethnicity, prior levels of depression (at age 15), number of recent major life events, and current levels of chronic stress. (B) In
contrast, A118G genotype did not moderate the effects of other types of major life events on severity of depression. Taken together,
these data suggest that variation in the p-opioid receptor gene moderates the effects of socially painful targeted rejection life
events on depression severity and, in addition, that these moderated effects by A118G genotype are specific to targeted rejection

types of stress (n=420).

p=.308, n,2=.004. Most importantly, and consistent with
hypotheses, the simple effects comparison of G allele car-
riers and A/A homozygotes exposed to targeted rejection
was significant, F(1, 22)=8.96, p=.007, npz =.290, and indi-
cated that G allele carriers who experienced a recent
targeted rejection major life event had significantly higher
BDI scores (M=16.06, SE=2.73) than A/A homozygotes
who experienced such stress (M=5.72, SE=1.41). Interest-
ingly, whereas G allele carriers who experienced targeted
rejection had the highest overall levels of depression, in con-
trast, A/A homozygotes who experienced targeted rejection
appeared to be relatively protected from the depressogenic
effects of these socially painful stressors insofar as they
exhibited the lowest overall levels of depression despite
having experienced a recent targeted rejection major life
event.

To examine if this same pattern of effects on depres-
sion severity was present for other types of recent
major life events (e.g., educational, financial, housing,
crime events), we conducted parallel analyses using pres-
ence versus absence of a recent major life event as
the main stress variable. Consistent with prior research
on stress and depression, participants who experienced
a recent major life event had significantly higher BDI
scores (M=9.32, SE=1.02) than those who did not expe-
rience such stress (M=7.02, SE=0.44), F(1, 376)=4.17,
p=.042, np2=.011 (see Fig. 1B). However, there was no
main effect of A118G genotype on depression severity,
F(1, 376)=0.14, p=.708, 5,2=.001, and no Major Life
Event x A118G Genotype interaction effect on depression
severity, F(1, 376)=0.19, p=.662, ;7,,2 =.001. Consequently,
variation at the A118G locus of OPRM1 appears to specifically
moderate the effects of targeted rejection on depression
severity.

2.3. Targeted rejection, A118G genotype, and
major depressive disorder

To replicate and extend these results using an independent,
expert-rated diagnostic assessment of depression (i.e.,
instead of a self-report measure of depression severity), we
subsequently conducted a logistic regression analysis and
examined whether A118G genotype moderated the effects
of experiencing a recent major life event on developing a
SCID-diagnosed episode of MDD. The model including the
abovementioned demographic and clinical covariates and
the Major Life Event (No Major Life Event, Non-Targeted
Rejection Major Life Event, Targeted Rejection Major Life
Event) x A118G Genotype (GG/AG, AA) interaction effect
was significant, xZ(1, N=420)=41.57, p<.001, and cor-
rectly classified 92% of cases as non-depressed (386 cases)
versus depressed (34 cases). The odds of having MDD were
4.4-times greater for G allele carriers who experienced a
recent targeted rejection major life event (OR=5.06, 95%
C.1.=1.09, 23.53) than for G allele carriers who experienced
a recent non-targeted rejection major life event (OR=1.14,
95% C.l.=0.42, 3.07). Most importantly, and consistent with
hypotheses, G allele carriers who experienced a recent tar-
geted rejection major life event were twice as likely to
have MDD (OR=5.06, 95% C.l.=1.09, 23.53) relative to A/A
homozygotes who experienced such stress (OR=2.66, 95%
C.1.=0.81, 8.72).

2.4. Alternative explanations

We conducted follow-up analyses to examine several possi-
ble alternative explanations for the present findings. First,
to examine whether the more depressogenic effects of
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targeted rejection could be attributed to these events being
more severe in nature than non-targeted rejection life
events, we tested for possible differences in the objective
severity ratings of targeted rejection versus non-targeted
rejection major life events. As described above, these sever-
ity judgments were made by expert raters who were blind to
each life event’s targeted rejection status. We found no evi-
dence that targeted rejection major life events were rated
more severely (M=2.8, SE=0.05) than non-targeted rejec-
tion major life events (M=2.78, SE=0.04), F(1,133)=0.16,
p=.687, n,%=.001. Consequently, the relatively greater
depressogenic impact observed for targeted rejection rela-
tive to non-targeted rejection major life events is likely due
to differences in the underlying social-psychological charac-
teristics of these stressors as opposed to differences in their
severity.

Second, to test whether the sensitizing effects of having
a G allele at the A118G locus were driven by adolescents
with a history of MDD (24.4%) who might be especially
sensitive to stress, we reran the stress and depression
severity models after restricting the sample to partici-
pants with no prior lifetime history of MDD. However,
this did not alter the results. There was still a Targeted
Rejection x A118G Genotype interaction effect on depres-
sion severity, F(1, 348)=9.90, p=.002, r;p2=.028, and no
Major Life Event x A118G Genotype interaction effect on
depression severity, F(1, 348)=1.15, p=.220. Third, we
reran these models without controlling for the two main
demographic factors (i.e., gender and ethnicity), but again,
this did not alter the pattern of results [Targeted Rejec-
tion x A118G Genotype interaction effect on depression
severity: F(1, 378)=11.19, p=.001, n,%=.029; Major Life
Event x A118G Genotype interaction effect on depression
severity: F(1, 378)=0.30, p=.582, np2=.001]. Fourth, we
reran these models after restricting the sample to the
largest ethnic subsample (i.e., Caucasian), and the Targeted
Rejection x A118G Genotype interaction effect on depres-
sion severity held under these conditions, F(1, 352)=7.67,
p=.006, n,%=.021; however, there was still no Major Life
Event x A118G Genotype interaction effect on depression
severity, F(1, 352)=0.01, p=.990, ,% < .001. Finally, we cor-
rected for multiple comparisons, and all of the main findings
survived this more stringent statistical threshold.

3. Discussion

Recent research has shown that the endogenous opioid sys-
tem influences neural and psychological responses to social
rejection, and that these effects are governed in part by
commonly occurring variation in the w.-opioid receptor gene
(OPRMT). The present data replicate and extend this work
by demonstrating for the first time that a functional SNP at
the A118G locus of OPRM1 moderates the effects of socially
painful life events on depression. Specifically, in a large
community sample of adolescents who were followed longi-
tudinally and well-characterized with respect to their recent
stress exposure and depression status, we found that adoles-
cents with the variant G allele at the A118G locus were more
severely depressed than A/A homozygotes following a recent
targeted rejection major life event. A/A homozygotes, in
contrast, were relatively protected from the depressogenic

effects of targeted rejection insofar as they exhibited the
lowest overall levels of depression despite having experi-
enced a recent targeted rejection major life event. These
effects were robust while controlling for several demo-
graphic and clinical factors that are known to influence
depression severity and risk, including gender, ethnicity,
prior levels of depression, number of recent major life
events, and current levels of chronic stress. In addition, as
hypothesized, these moderated effects by A118G genotype
were specific to targeted rejection life events and were not
present for other similarly severe stressors, such as edu-
cational, financial, housing, crime, or health life events.
Finally, when we examined the influence of major life events
and A118G genotype on the odds of meeting DSM-IV crite-
ria for MDD, the same pattern of results emerged, with G
allele carriers being twice as likely to develop MDD fol-
lowing targeted rejection relative to A/A homozygotes who
experienced such stress. Taken together, these data indicate
that variation in the w-opioid receptor gene moderates the
effects of targeted rejection on depression, thus revealing
a biological mechanism that may help explain the substan-
tial variability that is evident in risk for depression following
recent major life stress.

In addition to shedding light on neurobiological factors
that may underlie differential risk for depression, these
findings add to the growing literature showing that the
endogenous opioid system influences the experienced inten-
sity of social rejection as well as physical pain (Kalin et al.,
1988; Zubieta et al., 2001, 2002, 2003; Liberzon et al., 2002;
Mague et al., 2009; Way et al., 2009; Ray et al., 2011; Hsu
et al., 2013; Sia et al., 2013). Consequently, the results
may have implications for our conceptual understanding of
depression, particularly in relation to chronic pain. Pain is
a key feature of many depressive episodes (Poole et al.,
2009), and stressful life events are known to promote symp-
toms of both physical pain and depression (Hammen, 2005;
Van Houdenhove et al., 2009). To date, though, it has
been unclear if interrelations between stress, physical pain,
and depression could be due to a common neurobiologi-
cal process. The present findings are consistent with this
possibility insofar as they show that the endogenous opi-
oid system is implicated in social stress-related depression
risk in addition to physical pain sensitivity. This discovery
adds to the mounting empirical evidence demonstrating that
social and physical pain are influenced by similar mecha-
nisms at several levels of analysis, including psychological,
neural, and genetic. Perhaps more importantly, the findings
suggest that targeting opioids may be an effective method
for reducing the enormous disease burden caused by the
co-occurrence of debilitating physical pain and depressive
symptoms.

An important question that arises from these findings
involves how variation at the A118G locus affects risk for
depression following targeted rejection. Recent research
related to this issue indicates that social rejection increases
w-opioid signaling in several brain regions that are rele-
vant for depression, including the anterior cingulate cortex
(ACC), amygdala, ventral striatum, periaqueductal gray, and
thalamus; increased w-opioid signaling in the ACC in turn
predicts feeling less sad and rejected during social rejection
(Hsu et al., 2013). Along related lines, w-opioid receptor
agonists that increase central opioid signaling have been
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shown to have antidepressant effects (Berrocoso et al.,
2009; see also Saitoh and Yamada, 2012).

Considered together, these data suggest that w-opioid
neurotransmission may be important for blunting the neg-
ative affective responses that typically accompany targeted
rejection. In this context, however, G allele carriers may be
at a disadvantage for at least three reasons. First, opioid
receptor expression has been found to be 10-fold lower for
the G versus A allele (Zhang et al., 2005; see also Huang
et al., 2012; Wang et al., 2012). Second, although G allele
carriers have receptors that bind opioids normally, at least
one study has found that opioid signaling efficiency is 58%
lower in human brain tissue sampled postmortem from the
secondary somatosensory area of G allele carriers relative
to A/A homozygotes (Oertel et al., 2009). Finally, consis-
tent with the notion that these differences have functional
implications, G allele carriers have been found to exhibit
both more self-reported sensitivity to social rejection and
greater neural responses to rejection in brain regions that
have been implicated in MDD, including the ACC and insula
(Way et al., 2009; Masten et al., 2011). As a result of these
differences, G allele carriers may experience rejection as
particularly distressing or painful, which in turn leads to
a relatively greater risk for depression following targeted
rejection.

Although we did not assess physical health outcomes in
the present study, it is possible that opioid-induced dif-
ferences in responsivity to socially painful life events may
have implications for several somatic disease conditions.
Specifically, targeted rejection has been shown to upreg-
ulate pro-inflammatory gene expression (Murphy et al.,
2013) and down-regulate anti-inflammatory gene expres-
sion (Murphy et al., 2014), and inflammation, in turn, is a
key component of several major disorders including asthma,
cardiovascular disease, ovarian and breast cancer, obesity,
diabetes, and Alzheimer’s disease (Couzin-Frankel, 2010;
Slavich and Irwin, 2014). Differential reactions to social
stressors, governed by w-opioid signaling, may thus con-
tribute to individuals’ susceptibility to a range of diseases
that cause substantial morbidity and mortality.

This study has several strengths, including a priori, bio-
logically and psychologically plausible hypotheses regarding
interplay between a specific type of life stress and a
specific genetic locus. Second, the sample of adolescents
was well-characterized using a state-of-the-art system for
assessing stress, which involved detailed contextual infor-
mation and an independent team of expert stress raters,
and an interview-based measure of depression, which pro-
vided independent judgments regarding the presence versus
absence of MDD. Third, we controlled for several known risk
factors for depression that could have confounded results,
including gender, ethnicity, prior levels of depression, num-
ber of recent major life events, and current levels of chronic
stress, and conducted follow-up tests to rule out possible
alternative explanations. Finally, we utilized a longitudinal
study design that enabled us to verify that the life events
that were reported preceded onset of depression and thus
could have contributed to the disorder, and not vice versa.

Several limitations should also be noted. First, the sample
size was not large enough to allow us to conduct strati-
fied analyses within each ethnic subgroup. All of the results
held while controlling for ethnicity and while restricting the

sample to the largest ethnic subsample (i.e., Caucasian), but
additional research with a more diverse sample is needed to
examine these effects in each of the main ethnic groups.
Second, consistent with prior research, analyses compared
A/A homozygotes to a combined group of heterozygotes and
G allele homozygotes, given that the latter is rare. Addi-
tional research with larger samples is thus needed to explore
differences among all three A118G genotypes. Third, this
investigation focused on negative life events and did not
address whether A118G genotype moderates the effects of
positive social experiences on mental health. There is some
evidence that G allele carriers are more sensitive to both
positive and negative social interactions (Troisi et al., 2011,
2012). Additional research on this topic is thus warranted.

Finally, this study was not designed to assess possible
mechanisms linking targeted rejection and A118G genotype
with depression. However, a variety of psychological and
biological processes could potentially mediate the effects
of targeted rejection and A118G genotype on depression.
These processes include stress-induced increases in nega-
tive thoughts (e.g., *‘I’m unlovable,’’ ‘‘Other people don’t
like me’’), self-conscious emotions (e.g., shame, humilia-
tion), and physical and social pain sensitivity, as well as
disruptions in emotion regulation, coping behaviors, sleep-
wake rhythms, social support, and innate immune system
dynamics that affect health. Elsewhere we have hypothe-
sized that targeted rejection evokes depressive symptoms in
part by activating negative self-schemas and self-conscious
emotions that undermine feelings of social worth (Slavich
et al., 2010a), and by triggering neural, physiologic, molec-
ular, and genomic processes that upregulate components of
the innate immune system involved in inflammation (Slavich
et al., 2010b; Slavich and Cole, 2013; Slavich and Irwin,
2014). Although studies have implicated these processes
in the pathogenesis of depression, additional research is
needed to examine whether these mechanisms operate dif-
ferently as a function of variation at the A118G locus of
OPRM1.

Notwithstanding these questions, a growing body of
research now exists showing that opioids shape not only
experiences of internal physical pain, but experiences of the
external social world as well. The present data are novel in
this context as they are the first to show that the endoge-
nous opioid system is implicated in differential reactions
to socially painful targeted rejection life events, an effect
we have called the opioid rejection sensitivity hypothesis.
Given that social stress is known to be involved in a variety
of disease conditions other than depression, including anx-
iety disorders, cardiovascular disease, certain cancers, and
neurodegeneration (Miller et al., 2009a), differences in the
experienced intensity of social stress as influenced by activ-
ity of the endogenous opioid system may have implications
not just for depression, but for human health and wellbeing
more generally.
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