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Oxytocin is a hormone that is thought to influence prosocial behaviors and may be
important in modulating responses to both positive and negative social interactions.
Indeed, a single nucleotide polymorphism, rs53576, of the oxytocin receptor gene
(OXTR) has been associated with decreased trust, empathy, optimism, and social
support seeking, which are important components of coping with stressors. In the
current study, conducted among undergraduate students (N = 225), it was shown that
parental and peer social support was related to fewer depressive symptoms through
elevated problem-focused coping and lower emotion-focused coping, and these effects
were independent of the OXTR polymorphism. Unsupportive social interactions from
parents were associated with more severe depressive symptoms through the greater
use of emotion-focused coping, and this relation was moderated by the OXTR genotype.
Specifically, individuals who carried the polymorphism on one or both of their alleles
demonstrated increased emotion-focused coping following unsupportive responses
compared to those without the polymorphism. Likewise, lower problem-focused
coping mediated the relation between parental and peer unsupportive responses to
depressive symptoms, but this mediated relation was only evident among carriers of
the polymorphism. These findings suggest that carrying this OXTR polymorphism might
favor disadvantageous coping styles in the face of negative social interactions, which in
turn are linked to poor mood. Regardless of genotype, parental, and peer social support
are fundamental in determining stress-related coping and well-being.

Keywords: depression, polymorphism, oxytocin, social support, coping, social interaction

Introduction

Supportive relationships and social connectedness are important predictors of health and well-
being that serve as a buffer against several negative consequences of stressors (Cohen and Wills,
1985; Thoits, 2011). In contrast, a lack of social support has been associated with increased risk
of chronic health conditions, such as heart disease and diabetes (House et al., 1988; Holt-Lunstad
et al,, 2010). Thus, enhancing social connectedness and social identity may attenuate depressive
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symptomatology (Cruwys et al., 2014, 2015). The experience
of unsupportive social relationships, comprise negative, or
ineffective social interactions, when help or advice is sought
during a challenging or stressful time (Ingram et al., 1999,
2001). These unsupportive responses from others include the
minimization of problems, blaming the individual, distancing
themselves from an individual and their problems, and bumbling
attempts to provide support. Importantly, the experience of
unsupportive social interactions predicts depressive symptoms
above and beyond the contribution of social support (Ingram
et al., 1999; Song and Ingram, 2002). Despite the established
beneficial effects of social support and the profound impact of
unsupportive social interactions on well-being, the biological
mechanisms underlying their influence remain largely unknown
and under-investigated.

Oxytocin is a hormone that may contribute to a constellation
of social behaviors, ranging from trust (Kosfeld et al., 2005) and
attachment (Buchheim et al., 2009) to positive communication
(Ditzen et al., 2009) and intergroup cooperation (De Dreu
et al., 2010). The involvement of oxytocin in these prosocial
behaviors in humans has been demonstrated following its
administration through a nasal spray (Bakermans-Kranenburg
and van IJzendoorn, 2013). As well, support for the involvement
of oxytocin in mediating social behavior has come from
genetic studies. Specifically, variations in the gene coding for
the oxytocin receptor OXTR, in which a single nucleotide
polymorphism (SNP) rs53576, which involves a guanine (G) to
adenine (A) substitution, has been associated with diminished
prosocial behaviors (Kumsta and Heinrichs, 2013). In this regard,
compared to individuals who were homozygous for the G allele
(i.e., the SNP was not present), A carriers tended to be less
empathetic (Rodrigues et al., 2009), displayed lower parental
sensitivity (Bakermans-Kranenburg and van IJzendoorn, 2008),
and lower trust-related behaviors (Krueger et al., 2012). This SNP
has also been associated with lower positive affect (Lucht et al.,
2009), and self-esteem as well as greater depressive symptoms
(Saphire-Bernstein et al., 2011). In effect, individuals who carry
this SNP on one or both alleles (AG or AA genotype) appear to
be less socially inclined and potentially at a greater risk for mental
health disturbances.

Although coping strategies are not intrinsically negative
or positive, depression is frequently associated with the
endorsement of lower levels of problem-focused coping and
higher levels of emotion-focused coping (Matheson and
Anisman, 2003). For instance, depressive disorders have been
tied to greater levels of rumination (Aldao et al, 2010) and
emotional containment (Ravindran et al., 2002), as well as
decreased social support seeking (Matheson and Anisman, 2003)
and reduced use of cognitive restructuring (Ravindran et al,
2002). Given that A carriers are less apt to use social support as
a means of coping, and benefit less from this coping method, it
is possible that the presence of the OXTR SNP might favor the
adoption of a relatively narrow range of effective coping strategies
(i.e., those that do not rely on social support resources). As a
result,the A allele might be associated with greater vulnerabilty
to the negative impacts of stressors relative to those with the G
allele.

There have been several reports, however, that do not
comfortably align with the perspective that the A allele of the
OXTR rs53576 gene is associated with vulnerability to disturbed
social and emotional functioning. Indeed, the G allele of the
OXTR was associated with greater social sensitivity (Bradley
et al., 2011; McQuaid et al, 2013; Hostinar et al., 2014),
which in the context of negative early life experiences, may
be accompanied by greater emotional dysregulation (Bradley
et al., 2011) and elevated depressive symptoms among adults
(McQuaid et al., 2013). As well, maltreated adolescents who
were homozygous for the G allele were more likely to perceive
lower social support and reported greater internalizing of
symptoms compared to maltreated A allele carriers (Hostinar
et al,, 2014). The social sensitivity perspective is in line with the
suggestion that certain genetic variants may promote behavioral
and emotional plasticity, so that environmental and experiential
factors, irrespective of whether they are positive or negative, have
greater effects on later outcomes (Belsky and Pluess, 2009; Belsky
et al,, 2009). In essence, the presence of the GG alleles might be
accompanied by elevated sensitivity to social cues, irrespective
of whether these involved a positive and nurturing early life
environment or one that was more negative, and as a result
influence social inclinations and mood in adulthood (Bradley
et al., 2011; McQuaid et al., 2013; Hostinar et al., 2014).

The elevated sensitivity to environmental factors and the
heightened neuroplasticity associated with increased oxytocin
functioning (Lin et al, 2012) and with the G allele, could
promote the adoption or development of social coping methods
(McQuaid et al., 2014a). Indeed, within a stable or warm family
environment, G carriers reported greater positive affect and
‘resilient’ coping, an association that was not observed among
those with the AA genotype (Bradley et al., 2013). Conversely,
those with the AA genotype sought less emotional social support
during distress compared to G carriers (Kim et al., 2010), and
also appeared to be less able to benefit from social support (Chen
et al, 2011). Among adolescents who carried an A allele, but
not among GG homozygotes, experiences of maternal depression
predicted lower social functioning, which, in turn, was associated
with elevated depressive symptoms (Thompson et al., 2014).

Although unsupportive relationships can have profound
effects on mood states, it is uncertain whether the effects of
such relationships vary as a function of oxytocin levels or
the presence of the OXTR polymorphism. As well, coping
methods (e.g., emotion-, avoidant-, and problem-focused coping)
which are also important predictors of well-being have not
been investigated in association with the genetic variants of the
OXTR. In the present investigation we assessed experiences of
social support and unsupport from both parents and peers in
relation to depressive symptoms and whether these relations
were mediated by coping styles. It was of particular interest
to determine whether the OXTR rs53576 genotype moderated
these mediated relationships. It is possible that the greater social
sensitivity of those with the GG genotype would be accompanied
by emotion-focused coping in response to unsupportive social
interactions, and more effective coping skills in the presence of
social support. In contrast, A carriers, who tend to have a more
negative affect (and may be less sensitive to social interactions),
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might be more likely to adopt disadavantageous coping methods
that involve emotion- more than problem-focused coping styles,
irrespective of perceiving support, or experiencing unsupportive
interactions.

Materials and Methods

Participants

Participants included 232 White/Euro-Caucasian female
(n=189) and male (n = 43) undergraduate students. Participants
were recruited through a university online-recruitment system
as well as through campus advertisements. Ages ranged between
17 and 35 years of age (M = 19.75, SD = 2.78). Current living
arrangements varied, with the majority of participants living with
either friends/roommates (52.16%), or with parents (31.47%),
and the remaining participants reporting living alone (5.60%),
with a significant other (4.74%), or other arrangements (6.03%;
e.g., living with children).

Procedure

Following the provision of informed consent, participants
were provided with a series of questionnaires that assessed
demographic information, current symptoms of depression,
coping styles, as well as levels of perceived support and
unsupportive interactions from parents and peers. Following
completion of questionnaires, a single saliva sample was collected
from participants for DNA analyses. All participants were
provided with a written debriefing explaining the purpose
and objectives of the study, as well as researcher contact
information. All procedures for the present study were approved
by the Carleton University Ethics Committee for Psychological
Research.

Genotyping

Saliva samples for DNA analyses were collected using an Oragene
OG-500 saliva sample collection kit purchased from DNA
Genotek (Ottawa, ON, Canada). Manufacturer’s instructions
were followed for the extraction of genomic DNA and
following extraction samples were diluted to approximately
equal concentrations (20 ng/iwL). DNA samples were genotyped
using quantitative polymerase chain reaction (qPCR). The
amplification reactions were performed using approximately
1 pL (20 ng) of genomic template, 0.6 WL of each primer (with
a concentration of 10 wM), 1.2 WL of ANTP, 1.5 L of 10X buffer,
1.5 pL of MgCl, 0.3 uL of Salmon Sperm DNA, 0.15 pL of
Taq polymerase, 0.015 of SYBR green, 8.135 pwL of water. The
total volume of the resulting solution was 15 L. Solutions were
plated in duplicate and gPCR products were run on 2% agarose
gel electrophoresis to visualize and confirm qPCR results. The
primer sequences used for qPCR were the following:

OXTR F1 forward: TCCCTGTTTCTGTGGGACTGAGGAC
OXTR F2 forward: TCCCTGTTTCTGTGGGACTGAGGAT
OXTR reverse: TCCCTGTTTCTGTGGGACTGAGGAT

Allele distribution for the OXTR polymorphism comprised
104 individuals with the homozygote GG genotype, (87 female,

17 male), 89 individuals with the heterozygote AG genotype
(71 female, 18 male), and 32 individuals with the homozygote
AA genotype (25 female, 7 male). Genotype distributions did
not differ as a function of gender ¥?) = 0.73, p = 0.70.
Additionally, genotype distributions for males, x*1) = 0.35,
p = 0.55, and females, x*() = 2.79, p = 0.09, met Hardy-
Weinberg Equilibrium expectations. The initial sample size was
232 but there were seven individuals for whom the genotype
could not be determined and hence they were excluded from any
subsequent analyses making the overall N = 225. Further, due to
the infrequency of the AA genotype, a dominant model was used
wherein all A carriers (AA and AG were pooled) were compared
to individuals with the GG genotype.

Measures

Depressive Symptoms

Depressive symptoms were assessed using the Beck Depression
Inventory (BDI; Beck et al., 1961). This is a 21-item questionnaire
in which participants respond to each item by selecting one
of four options that range from low to high depression
symptomology. The scores were calculated as the total sum across
all items (Cronbach’s o = 0.90).

Unsupportive Social Interactions

Levels of unsupportive social interactions from parents and
peers were assessed using the Unsupportive Social Interactions
Inventory (USIL; Ingram et al., 2001). This 24-item scale was
administered twice (once for parents, and once for peers) and
assessed the degree of perceived unsupport individuals received
from their parents or peers when turning to them during a recent
stressful or challenging time. Participants responded to each item
ranging from none (0) to a lot (4). The unsupport scale comprised
four subscales that included distancing (behavioral or emotional
disengagement; e.g., “Would not seem to want to hear about it”),
bumbling (behaviors that are awkward, or uncomfortable; e.g.,
“Would try to cheer me up when I was not ready to”), minimizing
(attempts to minimize the individual’s concerns; e.g., “Would feel
that I was overreacting”), and blaming (finding fault or criticism;
e.g., “Would make “I told you so” or similar comments”). The
four subscales were highly correlated with one another [ranging
from r = 0.47 to 0.65 (Parents) and r = 0.42 to 0.58 (Peers)], and
so total mean scores of unsupport were used (Peers: Cronbach’s
o = 0.92; Parents: Cronbach’s a = 0.93).

Social Support

Perceived social support from parents and peers was assessed
using the Social Provisions Scale (Cutrona and Russell, 1987).
Participants were asked to respond to this shortened 12-item scale
twice (once for parents, and once for peers) by rating the degree
to which their parents or peers are currently providing them
with different forms of support including, guidance, reassurance
of worth, reliable alliance, social integration, opportunity to
provide nurturance and attachment. This shortened version has
been shown to demonstrate good construct validity (Russell
et al., 1984). Total mean scores of social support were used
and demonstrated good reliability (Peers: Cronbach’s o = 0.87;
Parents: Cronbach’s o = 0.81).
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Coping Styles

The Survey of Coping Profile Endorsement (Matheson and
Anisman, 2003) is a 50-item scale that assesses the means
individuals use to cope. Participants indicated on a scale
of never (1) to almost always (5), the extent to which they
would use the behavior as a way of dealing with problems
or stressors in recent weeks. A principal component analysis
(PCA) with a varimax rotation was conducted to determine
the underlying factor structure of this scale. The PCA was
performed on 13 subscales based on earlier studies (Matheson
and Anisman, 2003) and were included on a factor when
loadings were greater than 0.40. Three factors emerged which
encompassed emotion-, avoidant-, and problem-focused
coping. The factor loadings were similar to that of previous
findings (Raspopow et al., 2013; McQuaid et al., 2014b) and
Cronbach’s alphas for the three factors confirmed that they
were well-constructed. Emotion-focused coping comprised
ruminations, emotional expression, blaming others, self-blame,
and wishful thinking (Cronbach’s o = 0.90). Avoidant coping
comprised, cognitive distraction, passive resignation, and
emotional containment (Cronbach’s o = 0.82). Problem-focused
coping comprised problem solving, cognitive restructuring,
active distraction, humor, and social support seeking (Cronbach’s
o = 0.85).

Statistical Analyses

The statistical analyses were performed using IBM SPSS Statistics
20 for Windows (Armonk, NY, USA: IBM Corp.). Independent
samples t-tests were performed to assess differences of OXTR
and gender on scores of depression, coping, and experiences
of unsupportive social interactions as well as, social support.
Pearson correlation scores were calculated to assess the relations
between self-reported scores for depression, unsupportive social
interactions, social support, and coping. Moderated mediation
analyses were conducted using bootstrapping procedures and
confidence intervals based on 5000 resamples (Preacher et al.,
2007). Unstandardized scores were used for all regression
analyses. In the moderated mediation analyses OXTR genotype

was treated as the moderator, unsupport or social support were
used as independent variables, coping styles as mediator variables
and depressive symptoms as the outcome.

Results

There were no differences as a function of individuals’ genotype
on depression [#(1,223) = —0.04, p = 0.97], perceived social
support from parents [#(1,223) = 1.14, p = 0.26] or peers

[t(1,223) = —0.38, p = 0.70], or unsupport from parents
[t(1,223) = —0.06, p = 0.95] or peers [t(1,223) = —0.54,
p = 0.59]. Likewise, differences were not observed across

genotypes with respect to emotion-focused [#(1,223) = 0.37,
p = 0.71], avoidant-focused [#(1,223) = 0.77, p = 0.44], or
problem-focused coping [#(1,223) = —0.38, p = 0.70; see Table 1
for descriptives]. Analyses were also conducted to determine if
any of the variables of interest varied as a function of gender. In
this regard, reported depressive symptoms were higher among
females, #(1,91) = 4.56, p < 0.001, as were reports of emotion-
and avoidant-focused coping, #(1,85) = 4.24, p < 0.001, and
£(1,230) = 2.23, p < 0.05, respectively (see Table 2 for all
descriptives and ¢-test values).

As expected, depression scores were positively correlated with
unsupportive relations from parents (r = 0.59, p < 0.001)
and peers (r = 0.44, p < 0.001), and negatively related to
social support from parents (r = —0.62, p < 0.001) and peers
(r=—0.47,p < 0.001). As predicted as well, depressive symptoms
were positively related to emotion-focused coping (r = 0.62,
p < 0.001) and avoidant-focused coping (r = 0.41, p < 0.001),
whereas problem-focused coping was negatively associated with
depression scores (r = —0.43, p < 0.001; Table 3).

Parental Support and Unsupport

It was of interest to examine the influence of OXTR genotype
on the mediated relations between parental social support,
unsupport, and depressive symptoms through coping styles.
Preliminary analyses revealed that avoidant-focused coping

TABLE 1 | Mean, SD, and range for study variables by oxytocin receptor gene (OXTR) rs53576 genotype.

GG

AG

AA

Overall

Beck depression inventory

Social support (Parents)

Social support (Peers)

Unsupport (Parents)

Unsupport (Peers)

Emotion-focused coping

Avoidance-focused coping

Problem-focused coping

M =9.18 £ 7.55
Range: 0-31.00
M =3.22 £ 0.49
Range: 1.29-4.00
M =3.46 + 0.35
Range: 2.00-4.00
M =1.40+0.76
Range: 0-3.50

M =1.20 + 0.59
Range: 0.17-3.25
M =1.92 £+ 0.80
Range = 0-3.80
M =2.09 £+ 0.65
Range: 0.64-3.50
M =255+ 0.53
Range: 1.02-3.69

M =9.08 £ 8.31

Range: 0-35.50

M = 3.30 £ 0.59
Range: 1.29-4.00
M =3.43 £ 047
Range: 1.85-3.92
M =1.40£0.82
Range: 0.08-3.50
M=1.24+0.63
Range: 0.08-2.88
M=1.86+0.76
Range: 0.15-3.47
M =2.01+0.67
Range: 0.33-3.39
M = 2.56 + 0.58
Range: 0.80-3.72

M=9.61+9.18
Range: 0-33.00

M=311+0.75
Range: 1.42-4.00
M = 3.30 + 0.58
Range: 1.87-4.00
M =143 +0.94
Range: 0.38-3.50
M=127+0.74
Range: 0.17-3.13
M =1.94 +0.80
Range: 0.57-3.25
M =2.07 +0.64
Range: 0.67-3.28
M =251+0.65
Range: 1.34-3.61

M =9.15 £ 8.01
Range: 0-35.50
M =3.24 £0.57
Range: 1.29-4.00
M =342 +0.44
Range: 1.85-4.00
M =1.40 £ 0.80
Range: 0-3.50

M =1.23+0.63
Range: 0.08-3.25
M =1.90+0.77
Range: 0-3.80

M =2.06 + 0.65
Range: 0.33-3.50
M = 2.56 + 0.65
Range: 0.80-3.90
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TABLE 2 | Mean, SD, and t-test values of study variables by gender.

Males Females t-test values
Beck depression M=533+547 M=10.02+823 t1,92) =4.56,
inventory p < 0.001
Social support M=23837+043 M=2321+0.60 t(1,89) = —2.02,
(Parents) p <0.05

Social support

M =3.45+0.42

M =342 +0.44

{(1,230) = —0.47,

(Peers) p=0.64
Unsupport M=1.07+054 M=1.47+084 t(1,94) = 3.98,
(Parents) p < 0.001
Unsupport (Peers) M=123+047 M=122+0.66 t(1,84) = —0.17,
p =0.86
Emotion-focused M=154+056 M=198=+0.79 t(1,85) = 4.24,
coping p < 0.001
Avoidance-focused M=186+062 M=210+0.65 t(1,230) = 2.23,
coping p <0.05

Problem-focused M=259£050 M=256=+0.59

coping

t(1,230) = —0.28,
p=0.78

When Levene’s Test of Equality of Variances was violated equal variances not
assumed are reported.

was not an important mediator of these relations [95% CI
(—0.12,0.64)], and was thus excluded from subsequent analyses
examining the moderating role of OXTR genotype. Moderated
multiple mediation analyses were performed using bootstrapping
techniques and confidence intervals based on 5000 iterations
(Preacher et al., 2007), in which we assessed whether the
association between parental social support and depressive
symptoms mediated by problem- as well as emotion-focused
coping was moderated by the OXTR genotype. In particular,
it was tested whether the OXTR genotype moderated the path
between social support and coping styles.

These analyses revealed that the OXTR genotype did

not moderate the mediating role of problem-focused
coping (b = 0.03, t = 0.20, p = 0.83) or emotion-focused
coping (b = —0.12, t = —0.68, p = 0.50) on the relations

between levels of social support from parents and depressive
symptoms. In effect, regardless of the genotype, social support
was related to depressive affect and this was mediated by

greater problem- and lower emotion-focused coping [95%
Cl (—191,-0.58), 95% CI (—2.98,—1.39), respectively].
Alternative models assessing whether OXTR moderated the
association between both problem- and emotion-focused
coping on depressive symptoms were found not to be
significant.

Although OXTR genotype did not influence the mediating
role of coping between parental social support and depressive
symptoms, it was of interest to examine the moderating
role of OXTR genotype in the context of unsupportive
social interactions. Analyses were performed to determine the
moderating influence of OXTR on the association between
unsupport from parents and problem-focused coping to predict
depressive symptoms. These analyses revealed that the OXTR
genotype moderated the mediating role of problem-focused
coping on the relation between levels of unsupport from
parents and depressive symptoms b = —0.18, t = —1.96,
p = 0.05. Specifically, unsupportive interactions with parents
were associated with higher depressive symptoms and this was
mediated through lower problem-focused coping. However, this
mediated relationship was only present among individuals who
carried an A allele [95% CI (0.42,1.70)] and, as expected,
was absent among those with the GG genotype [95% CI
(—0.25,0.80)] for the OXTR gene (Figure 1). Moreover, the
OXTR genotype moderated the mediating role of emotion-
focused coping in the relation between unsupport from parents
and depressive symptoms, b = 023, t = 1.94, p = 0.05.
Perceptions of unsupportive relations were associated with
higher emotion-focused coping, which, in turn was related to
higher depressive symptoms. Unlike problem-focused coping,
this mediated relationship was observed irrespective of the OXTR
genotype, but was stronger among A allele carriers [95% CI
(1.73,3.22)] compared to individuals with the GG genotype
[95% CI (0.54,2.35)] (Figure 1). It should be noted that the
moderated effect of the OXTR polymorphism was small, and thus
at this juncture the results should be interpreted cautiously. Once
again, alternative models assessing whether OXTR moderated
the path between both problem- and emotion-focused coping on
depressive symptoms were not significant.

Peer Support and Unsupport
In addition to assessing the associations between OXTR and
unsupportive responses from parents, we examined the relation

TABLE 3 | Relations between depressive symptoms, social support, unsupport, and coping.

1 2 3 4 5 6 7
(1) Social support (Parents)
(2) Social support (Peers) 0.39***
(8) Unsupport (Parents) —0.65%** —0.31%**
(4) Unsupport (Peers) —0.30%** —0.48*** 0.61%**
(6) Emotion-focused coping —0.37*** —0.34*** 0.46*** 0.45%**
(6) Avoidant-focused coping —0.25%** —0.25%** 0.35%** 0.32%** 0.51%**
(7) Problem-focused coping 0.40*** 0.51%** —0.26%** —0.21** —0.16* -0.10
(8) Depressive symptoms —0.62%** —0.47*** 0.59*** 0.44*** 0.62%** 0.41%** —0.43***

*p < 0.05, *p < 0.01, **p < 0.001.
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OXTR Genotype
Problem-
Focused Coping

b=-0.07 b=-3.88"*

GG:b= 022
AA/AG: b =0.78"*
b=3.10""*

GG:b=1.10"
AA/AG: b =1.88""*

Unsupportive
Social
Interactions

Depressive
Symptoms

b=4.47"

Emotion-
Focused Coping
OXTR Genotype

FIGURE 1 | Schematic of the moderated multiple mediation analyses
examining parental unsupport. The relation between unsupportive social
interactions from parents and depressive symptoms through problem-focused
coping was moderated by oxytocin receptor gene (OXTR) rs53576 genotype,
such that it was only significant among A carriers. As well, the relation
between unsupportive responses from parents and depressive symptoms
through emotion-focused coping as moderated by OXTR genotype. This
mediated model was significant irrespective of genotype, but was stronger
among A carriers. *p < 0.05, **p < 0.01, ***p < 0.001.

between unsupport from peers and coping styles as well as
between social support from peers and coping styles. As observed
with social support from parents, peer support in relation to
depressive symptoms through coping styles was not moderated
by the OXTR genotype. Indeed, peer support was important
regardless of genotype such that greater levels of perceived
peer social support were associated with greater problem- and
lower emotion-focused coping and this was related to lower
depressive symptoms [problem-focused: 95% CI (—3.93,—1.29);
emotion-focused: 95% CI (—4.82,—2.02)]. Furthermore, the
OXTR genotype did not moderate the mediated relation
between unsupport from peers and depressive symptoms through
emotion-focused coping, b = 0.07, t = 0.49, p = 0.63. In contrast,
the OXTR genotype moderated this relation when problem-
focused coping was considered as a mediator, b = —0.27,
t = —2.20, p < 0.05. This mediated relation was observed among
A allele carriers (Figure 2), but was entirely absent among those
with the GG genotype'.

Due to the potential influence of gender on some of the
factors assessed in the moderated mediation analyses (ie.,
emotion-focused coping and depressive symptoms) the data
were re-analyzed using gender as a covariate. These analyses
revealed similar results, in that OXTR remained a non-significant

! As the BDI scores were positively skewed (skewness z = 6.48), additional analyses
were undertaken of the square root transformed BDI scores. The results of this
analysis fully mapped on to that using the non-transformed data.

OXTR Genotype
Problem-
Focused Coping

b = -4.96"**

i b= 471"
Unsupp_ortlve Depressive
Social A X
Interactions GG: b=0.09 ymptoms

(Peers)

AG/AA:  b=0.94**

FIGURE 2 | Schematic of the moderated mediation analyses examining
peer unsupport. The relation between unsupportive social interactions from
peers and depressive symptoms through problem-focused coping was
moderated by OXTR rs53576 genotype, only being significant among A
carriers. *p < 0.05, *p < 0.01, and ***p < 0.001.

moderator of models in which social support was used as the
independent variable. As well, the moderated effect of the OXTR
genotype on the relation between peer unsupport and problem-
focused coping and depressive symptoms remained unchanged.
When examining the moderated effect of OXTR in models where
parental unsupport was used as the independent variable, the
p-value for problem-focused coping was reduced. However, the
moderated effect of OXTR on emotion-focused coping changed
marginally from p = 0.05 to p = 0.07. The overall direction of
relationships remained unchanged.

Discussion

The current findings revealed that the OXTR polymorphism
rs53576 moderated the association between unsupportive social
interactions from parents and peers and problem-focused coping
responses in their relation to depressive scores. Specifically, this
mediated relation was evident in A carriers, but absent among
those with the GG genotype. It seems that in the presence of the
A allele it was less likely that individuals would adopt problem-
focused strategies in the face of unsupportive interactions, which
could potentially contribute to depressive disorders. The current
findings also indicated that the adoption of emotion-focused
coping in association with perceived unsupportive parental
responses was tied to greater depressive symptoms, and this was
particularly notable among A carriers. It is uncertain why this
heightened relation existed. It is possible that diminished reliance
on social support seeking among A carriers was accompanied by
exaggerated emotion-focused coping efforts under conditions of
unsupportive responses. In line with these findings, adolescents
who carried the A allele for the OXTR rs53576 reported greater
levels of loneliness if they also perceived their social network
more negatively (van Roekel et al., 2013). The present findings
are consistent with those indicating that depressive mood is
accompanied by elevated emotion-focused coping at the expense
of problem-focused coping (Matheson and Anisman, 2003).
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Whether this reflects actions of coping on depression, altered
coping secondary to depression, or variations in the sensitivity
to social cues, it is uncertain given the correlational nature of the
present data.

It is somewhat puzzling that the relation between peer
unsupport and emotion-focused coping was present irrespective
of genotype, whereas this relationship was moderated by the
OXTR genotype in the context of parental unsupport. However,
for individuals in this age group, responses from peers may
be especially significant (Wilkinson, 2004) and hence regardless
of genotype, peer unsupport may be highly linked to emotion-
focused coping. This speaks to the fact that the effects of
social interactions on coping and well-being are not all similarly
influenced by genetic predispositions.

The current findings indicated that perceptions of both
parental and peer social support were associated with depressive
symptoms through emotion- and problem-focused coping.
Moreover, these relations were not influenced by the oxytocin
genotype, which contrasts with the pattern observed with respect
to unsupportive social interactions. Social support is fundamental
to well-being and it is possible that in relation to coping
styles, differences related to genotype are less marked. This
said, there have been reports of social support interacting
with the OXTR genotype, indicating that in comparison to
individuals with the AA genotype, G carriers of the OXTR
rs53576 exhibited diminished stress responses (i.e., decreased
cortisol) when social support was available (Chen et al., 2011).
In the present investigation, however, the interaction with the
OXTR polymorphism was limited to unsupportive relations
and was not apparent with respect to social support. Follow-
up statistical analyses indicated that the lack of an association
of the OXTR polymorphism with social support and coping
was apparent irrespective of whether or not AG carriers were
pooled with the AA or GG genotypes. However, the small
number of AA individuals in the analyses makes it necessary
for further replication to determine the relation (or lack of it)
between the OXTR polymorphism, social support and coping
styles.

Finally, the current data are consistent with previous studies
that linked both unsupport and coping styles with depressive
symptoms (Ingram et al., 1999; Raspopow et al., 2013; McQuaid
et al.,, 2014b), and these relations were more apparent among A
carriers. Although these data are in line with the view that the A
allele is a vulnerability factor in relation to depressive symptoms,
they are not consistent with the social sensitivity hypothesis
that G allele carriers are more sensitive, rendering them more
susceptible to the consequences of a negative environment
(Bradley et al., 2011; McQuaid et al., 2013; Hostinar et al., 2014).
It is possible, however, that the relationship between particular
genotypes and negative events might vary developmentally. In
particular, the heightened social sensitivity associated with the
G allele of the OXTR rs53576 was more closely aligned with
mood symptoms when the negative social interactions were
experienced early in life, as in the case of childhood abuse or
neglect (Bradley et al, 2011; McQuaid et al., 2013; Hostinar
et al., 2014). It should be added that the nature of unsupportive
social interactions experienced among adults differs appreciably

from that of childhood maltreatment, and thus a comparison of
these stressful experiences may be inappropriate. Furthermore,
it is possible that the link between oxytocin functioning and
social sensitivity may vary with specific contextual conditions.
For instance, oxytocin might have prosocial effects in a test
involving positive social behaviors, but might have very different
actions in situations involving social exclusion or ostracism. We
observed that G carriers were more sensitive to the effects of
an acute experience of social ostracism, although it is uncertain
whether these same individuals would be more likely to adopt
social support seeking as a primary coping strategy (McQuaid
etal., 2015).

Although the present study indicated an association of the
A allele with seemingly less productive coping processes, there
are several limitations that should be considered. The modest
sample size and the number of variables examined may be
problematic in a gene-association study (Ohashi and Tokunaga,
2001), and thus the present findings ought to be considered as
being provisional, pending a replication of this study. Also, due
to the limited number of participants, we were unable to examine
the relative risk for negative mood outcomes across the three
OXTR genotypes. Examination of the genotypes separately can
be particularly informative and the choice to collapse and use a
dominant model may not always be appropriate. For example,
following a social stressor that comprised social ostracism, when
assessing psychosocial measures we observed that responses of
participants with the heterozygote AG genotype for the OXTR
rs53576 aligned more closely to those with the AA genotype,
whereas on physiological measures (cortisol and blood pressure)
the heterozygotes displayed profiles that were more similar to
individuals with the GG genotype (McQuaid et al.,, 2015). In
the present investigation, the choice to combine individuals
carrying the AA and AG alleles was predicated on earlier studies
examining this OXTR SNP (Bakermans-Kranenburg and van
IJzendoorn, 2008; Rodrigues et al., 2009; Saphire-Bernstein et al.,
2011; Krueger et al, 2012), although a meta-analysis failed
to detect a significant combined effect of the OXTR rs53576
polymorphism on social behaviors (Bakermans-Kranenburg and
van Ijzendoorn, 2014). However, this does not imply that
alternative analytic approaches are inappropriate. Ultimately,
evaluating the three genotypes independently, despite the low
incidence of the AA genotype (~15% in Euro-Caucasians), would
be ideal.

Males and females differed on several dimensions (e.g.,
depressive symptoms, emotion-and avoidance-focused coping,
parental unsupport and support), but these differences did not
vary as a function of the OXTR genotype. As the sample
largely comprised females (~80%) and only a modest number
of males were assessed, the contribution of the OXTR genotype
to these gender differences warrants further research. This is
especially the case as oxytocin may interact with estrogen
and with menstrual cycle (Choleris et al, 2003), and it is
possible that relations between behavior and the OXTR genotype
might also vary with menstrual cycle. However, when gender
was treated as a covariate the moderated effect of the OXTR
genotype became less significant when examining parental
unsupport to depressive symptoms through emotion-focused
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coping. Further, due to the cross-sectional nature of the study
the directionality of the variables of interest is not known.
This greatly limits the interpretation of the mediation analyses,
and as such, inferences about temporal relations between
the variables cannot be inferred. The possibility remains that
participants’ current depressive symptoms could have biased
their perceptions of unsupportive social interactions and social
support. Finally, although there have been several studies linking
the OXTR rs53576 gene polymorphism to prosocial behaviors,
the functionality of this polymorphism is uncertain (i.e., whether
this SNP actually disturbs the receptors responsivity; Inoue et al.,
1994). Nevertheless, it has been suggested that this polymorphism
may contribute to the suppression of the protein making up these
receptors (i.e., transcription suppression) and hence the presence
of these receptors themselves (Mizumoto et al., 1997).

Despite the limitations, the present findings are consistent
with the view that A carriers may be more susceptible to negative
mood outcomes through the use of less effective coping methods.
Yet, the link to psychological disorders, such as depression,
is exceedingly complex, especially as genetic factors that are

References

Aldao, A., Nolen-Hoeksema, S., and Schweizer, S. (2010). Emotion-regulation
strategies across psychopathology: a meta-analytic review. Clin. Psychol. Rev.
30, 217-237. doi: 10.1016/j.cpr.2009.11.004

Bakermans-Kranenburg, M. J., and van Ijzendoorn, M. H. (2008). Oxytocin
receptor (OXTR) and serotonin transporter (5-HTT) genes associated
with observed parenting. Soc. Cogn. Affect. Neurosci. 3, 128-134. doi:
10.1093/scan/nsn004

Bakermans-Kranenburg, M. J,, and van IJzendoorn, M. H. (2013). Sniffing
around oxytocin: review and meta-analyses of trials in healthy and clinical
groups with implications for pharmacotherapy. Transl. Psychiatry 3:¢258. doi:
10.1038/tp.2013.34

Bakermans-Kranenburg, M. J., and van Ijzendoorn, M. H. (2014). A sociability
gene? Meta-analysis of oxytocin receptor genotype effects in humans. Psychiatr.
Genet. 24, 45-51. doi: 10.1097/YPG.0b013e3283643684

Beck, A. T., Ward, C. H., Mendelson, M., Mock, J., and Erbaugh, J. (1961). An
inventory for measuring depression. Arch. Gen. Psychiatry 4, 561-571. doi:
10.1001/archpsyc.1961.01710120031004

Belsky, J., Jonassaint, C., Pluess, M., Stanton, M., Brummett, B., and Williams, R.
(2009). Vulnerability genes or plasticity genes? Mol. Psychiatry 14, 746-754. doi:
10.1038/mp.2009.44

Belsky, J., and Pluess, M. (2009). Beyond diathesis stress: differential susceptibility
to environmental influences. Psychol. Bull. 135, 885-908. doi: 10.1037/
a0017376

Bradley, B., Davis, T. A., Wingo, A. P., Mercer, K. B, and Ressler, K. J.
(2013). Family environment and adult resilience: contributions of positive
parenting and the oxytocin receptor gene. Eur. J. Psychotraumatol. 4:21659. doi:
10.3402/ejpt.v4i0.21659

Bradley, B., Westen, D., Mercer, K., Binder, E. B., Jovanovic, T., Crain, D.,
et al. (2011). Association between childhood maltreatment and adult
emotional dysregulation in a low-income, urban, African American sample:
moderation by oxytocin receptor gene. Dev. Psychopathol. 23, 439-452. doi:
10.1017/50954579411000162

Buchheim, A., Heinrichs, M., George, C., Pokorny, D., Koops, E., Henningsen, P.,
et al. (2009). Oxytocin enhances the experience of attachment security.
Psychoneuroendocrinology 34, 1417-1422. doi: 10.1016/j.psyneuen.2009.04.002

Chen, F. S., Kumsta, R, von Dawans, B., Monakhov, M., Ebstein, R. P,
and Heinrichs, M. (2011). Common oxytocin receptor gene (OXTR)
polymorphism and social support interact to reduce stress in humans.
Proc. Natl. Acad. Sci. US.A. 108, 19937-19942. doi: 10.1073/pnas.11130
79108

beneficial in certain environments, particularly those that involve
social interactions, may be unfavorable in others.

Author Contributions

OM, RM, and HA contributed to the inception and design of the
current experiment. Testing and data collection were performed
by OM and RM. The processing of samples was performed by
OM and RM. Data analysis and the writing of the manuscript
were performed by OM, RM, KM, and HA. All authors approved
the final version of the paper for submission.

Acknowledgments

This research was supported by the Canadian Institutes of Health
Research (CIHR) MOP-106591. HA holds a Canadian Research
Chair in Neuroscience. RM is supported by the CIHR Frederick
Banting and Charles Best Canada Graduate Scholarship.

Choleris, E., Gustafsson, J. A., Korach, K. S., Muglia, L. J., Pfaff, D. W,, and
Ogawa, S. (2003). An estrogen-dependent four-gene micronet regulating
social recognition: a study with oxytocin and estrogen receptor-a and-
B knockout mice. Proc. Natl. Acad. Sci. U.S.A. 100, 6192-6197. doi:
10.1073/pnas.0631699100

Cohen, S., and Wills, T. A. (1985). Stress, social support, and the buffering
hypothesis. Psychol. Bull. 98, 310-357. doi: 10.1037/0033-2909.98.2.310

Cruwys, T., Haslam, S. A, Dingle, G. A., Haslam, C., and Jetten, J. (2015).
Depression and social identity an integrative review. Pers. Soc. Psychol. Rev.
[Epub ahead of print].

Cruwys, T., Haslam, S. A., Dingle, G. A, Jetten, J., Hornsey, M. J., Chong,
D.E.M,, etal. (2014). Feeling connected again: interventions that increase social
identification reduce depression symptoms in community and clinical settings.
J. Affect. Disord. 159, 139-146. doi: 10.1016/j.jad.2014.02.019

Cutrona, C. E., and Russell, D. W. (1987). “The provisions of social relationships
and adaptation to stress,” Advances Personal Relationships, eds W. H. Jones and
D. Perlman (Greenwich: JAI Press), 37-67.

De Dreu, C. K, Greer, L. L., Handgraaf, M. J., Shalvi, S., Van Kleef, G. A.,
Baas, M., et al. (2010). The neuropeptide oxytocin regulates parochial
altruism in intergroup conflict among humans. Science 328, 1408-1411. doi:
10.1126/science.1189047

Ditzen, B., Schaer, M., Gabriel, B., Bodenmann, G., Ehlert, U., and Heinrichs, M.
(2009). Intranasal oxytocin increases positive communication and reduces
cortisol levels during couple conflict. Biol. Psychiatry 65, 728-731. doi:
10.1016/j.biopsych.2008.10.011

Holt-Lunstad, J., Smith, T. B,, and Layton, J. B. (2010). Social relationships
and mortality risk: a meta-analytic review. PLoS Med. 7:¢1000316. doi:
10.1371/journal.pmed.1000316

Hostinar, C. E., Cicchetti, D., and Rogosch, F. A. (2014). Oxytocin receptor
gene polymorphism, perceived social support, and psychological
symptoms in maltreated adolescents. Dev. Psychopathol. 26, 465-477. doi:
10.1017/50954579414000066

House, J. S., Landis, K. R., and Umberson, D. (1988). Social relationships and
health. Science 241, 540-545. doi: 10.1126/science.3399889

Ingram, K. M., Betz, N. E,, Mindes, E. J., Schmitt, M. M., and Smith, N. G.
(2001). Unsupportive responses from others concerning a stressful life event:
development of the unsupportive social interactions inventory. J. Soc. Clin.
Psychol. 20, 173-207. doi: 10.1521/jscp.20.2.173.22265

Ingram, K. M., Jones, D. A, Fass, R. J, Neidig, J. L, and Song, Y. S.
(1999). Social support and unsupportive interactions: their association with
depression among people living with HIV. AIDS Care 11, 313-329. doi:
10.1080/09540129947947

Frontiers in Psychology | www.frontiersin.org

August 2015 | Volume 6 | Article 1133


http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Mclnnis et al.

Oxytocin polymorphism, unsupport, and coping

Inoue, T., Kimura, T., Azuma, C., Inazawa, J., Takemura, M., Kikuchi, T., et al.
(1994). Structural organization of the human oxytocin receptor gene. J. Biol.
Chem. 269, 32451-32456.

Kim, H. S., Sherman, D. K., Sasaki, J. Y., Xu, J., Chu, T. Q.,, Ryu, C,, et al.
(2010). Culture, distress and oxytocin receptor polymorphism (OXTR) interact
to influence emotional support seeking. Proc. Natl. Acad. Sci. U.S.A. 107,
15717-15721. doi: 10.1073/pnas.1010830107

Kosfeld, M., Heinrichs, M., Zak, P. J., Fischbacher, U., and Fehr, E. (2005). Oxytocin
increases trust in humans. Nature 435, 673-676. doi: 10.1038/nature03701

Krueger, F., Parasuraman, R,, Iyengar, V., Thornburg, M., Weel, J., Lin, M,, et al.
(2012). Oxytocin receptor genetic variation promotes human trust behavior.
Front. Hum. Neurosci. 6:4. doi: 10.3389/fnhum.2012.00004

Kumsta, R., and Heinrichs, M. (2013). Oxytocin, stress and social behavior:
neurogenetics of the human oxytocin system. Curr. Opin. Neurobiol. 23, 11-16.
doi: 10.1016/j.conb.2012.09.004

Lin, Y. T, Huang, C. C, and Hsu, K. S. (2012). Oxytocin promotes long-
term potentiation by enhancing epidermal growth factor receptor-mediated
local translation of protein kinase M(. J. Neurosci. 32, 15476-15488. doi:
10.1523/JNEUROSCI.2429-12.2012

Lucht, M. J., Barnow, S., Sonnenfeld, C., Rosenberger, A., Grabe, H. J,
Schroeder, W., et al. (2009). Associations between the oxytocin
receptor gene (OXTR) and affect, loneliness and intelligence in normal
subjects. Prog. Neuropsychopharmacol. Biol. Psychiatry 33, 860-866. doi:
10.1016/j.pnpbp.2009.04.004

Matheson, K., and Anisman, H. (2003). Systems of coping associated with
dysphoria, anxiety and depressive illness: a multivariate profile perspective.
Stress 6, 223-234. doi: 10.1080/10253890310001594487

McQuaid, R. J., McInnis, O. A., Abizaid, A., and Anisman, H. (2014a). Making
room for oxytocin in understanding depression. Neurosci. Biobehav. Rev. 45,
305-322. doi: 10.1016/j.neubiorev.2014.07.005

McQuaid, R. J., Bombay, A., McInnis, O. A., Matheson, K., and Anisman, H.
(2014b). Childhood adversity, perceived discrimination, and coping strategies
in relation to depressive symptoms among First Nations adults in Canada:
the moderating role of unsupportive social interactions from ingroup and
outgroup members. Cultur. Divers. Ethnic. Minor. Psychol. [Epub ahead
of print].

McQuaid, R. J., McInnis, O. A., Matheson, K., and Anisman, H. (2015). Distress
of ostracism: oxytocin receptor gene polymorphism confers sensitivity to social
exclusion. Soc. Cogn. Affect. Neurosci. doi: 10.1093/scan/nsul66 [Epub ahead of
print].

McQuaid, R. J., Mclnnis, O. A., Stead, J. D., Matheson, K., and Anisman, H.
(2013). A paradoxical association of an oxytocin receptor gene polymorphism:
early-life adversity and vulnerability to depression. Front. Neurosci. 7:128. doi:
10.3389/fnins.2013.00128

Mizumoto, Y., Kimura, T., and Iveil, R. (1997). A genomic element within
the third intron of the human oxytocin receptor gene may be involved
in transcriptional suppression. Mol. Cell. Endocrinol. 135, 129-138. doi:
10.1016/S0303-7207(97)00195-0

Ohashi, J., and Tokunaga, K. (2001). The power of genome-wide association studies
of complex disease genes: statistical limitations of indirect approaches using
SNP markers. J. Hum. Genet. 46, 478-482. doi: 10.1007/s100380170048

Preacher, K. J., Rucker, D. D., and Hayes, A. F. (2007). Addressing moderated
mediation hypotheses: theory, methods, and prescriptions. Multivar. Behav.
Res. 42, 185-227. doi: 10.1080/00273170701341316

Raspopow, K., Matheson, K., Abizaid, A., and Anisman, H. (2013). Unsupportive
social interactions influence emotional eating behaviors. The role of coping
styles as mediators. Appetite 62, 143-149. doi: 10.1016/j.appet.2012.11.031

Ravindran, A. V., Matheson, K., Griffiths, J., Merali, Z., and Anisman, H. (2002).
Stress, coping, uplifts, and quality of life in subtypes of depression: a conceptual
frame and emerging data. J. Affect. Dis. 71, 121-130. doi: 10.1016/S0165-
0327(01)00389-5

Rodrigues, S. M., Saslow, L. R., Garcia, N., John, O. P., and Keltner, D.
(2009). Oxytocin receptor genetic variation relates to empathy and stress
reactivity in humans. Proc. Natl. Acad. Sci. U.S.A. 106, 21437-21441. doi:
10.1073/pnas.0909579106

Russell, D., Cutrona, C. E., Rose, J., and Yurko, K. (1984). Social and emotional
loneliness: an examination of Weisss typology of loneliness. J. Pers. Soc. Psychol.
6,1313-1321. doi: 10.1037/0022-3514.46.6.1313

Saphire-Bernstein, S., Way, B. M., Kim, H. S., Sherman, D. K., and Taylor, S. E.
(2011). Oxytocin receptor gene (OXTR) is related to psychological resources.
Proc. Natl. Acad. Sci. US.A. 108, 15118-15122. doi: 10.1073/pnas.1113
137108

Song, Y. S., and Ingram, K. M. (2002). Unsupportive social interactions, availability
of social support, and coping: their relationship to mood disturbance among
African Americans living with HIV. J. Soc. Pers. Relat. 19, 67-85. doi:
10.1177/0265407502191004

Thoits, P. A. (2011). Mechanisms linking social ties and support to
physical and mental health. J. Health Soc. Behav. 52, 145-161. doi:
10.1177/0022146510395592

Thompson, S. M., Hammen, C,, Starr, L. R., and Najman, J. M. (2014). Oxytocin
receptor gene polymorphism (rs53576) moderates the intergenerational
transmission of depression. Psychoneuroendocrinology 43, 11-19. doi:
10.1016/j.psyneuen.2014.01.012

van Roekel, E., Verhagen, M., Scholte, R. H., Kleinjan, M., Goossens, L., and
Engels, R. C. (2013). The oxytocin receptor gene (OXTR) in relation to state
levels of loneliness in adolescence: evidence for micro-level gene-environment
interactions. PLoS ONE 8:¢77689. doi: 10.1371/journal.pone.0077689

Wilkinson, R. B. (2004). The role of parental and peer attachment in the
psychological health and self-esteem of adolescents. J. Youth Adolesc. 33,
479-493. doi: 10.1023/B:JOY0.0000048063.59425.20

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2015 Mclnnis, McQuaid, Matheson and Anisman. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Psychology | www.frontiersin.org

August 2015 | Volume 6 | Article 1133


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

	The moderating role of an oxytocin receptor gene polymorphism in the relation between unsupportive social interactions and coping profiles: implications for depression
	Introduction
	Materials and Methods
	Participants
	Procedure
	Genotyping
	Measures
	Depressive Symptoms
	Unsupportive Social Interactions
	Social Support
	Coping Styles

	Statistical Analyses

	Results
	Parental Support and Unsupport
	Peer Support and Unsupport

	Discussion
	Author Contributions
	Acknowledgments
	References


