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OXTR polymorphism predicts social relationships through
its effects on social temperament
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Humans have a fundamental need for strong interpersonal bonds, yet individuals differ appreciably in their degree of social integration. That these
differences are also substantially heritable has spurred interest in biological mechanisms underlying the quality and quantity of individuals’ social
relationships. We propose that polymorphic variation in the oxytocin receptor gene (OXTR) associates with complex social behaviors and social network
composition through intermediate effects on negative affectivity and the psychological processing of socially relevant information. We tested a
hypothesized social cascade from the molecular level (OXTR variation) to the social environment, through negative affectivity and inhibited sociality,
in a sample of 1295 men and women of European American (N =1081) and African American (N =214) ancestry. Compared to European Americans
having any T allele of rs1042778, individuals homozygous for the alternate G allele reported significantly lower levels of negative affectivity and inhibited
sociality, which in turn predicted significantly higher levels of social support and a larger/more diverse social network. Moreover, the effect of
rs1042778 variation on social support was fully accounted for by associated differences in negative affectivity and inhibited sociality. Results replicated
in the African American sample. Findings suggest that OXTR variation modulates levels of social support via proximal impacts on individual

temperament.
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Humans possess a ‘fundamental’ need to form and maintain strong
interpersonal bonds (Baumeister and Leary, 1995). These relationships
are commonly characterized along two dimensions, social integration
and social support (Brissette et al, 2000). Social integration reflects
how extensively individuals are embedded in a social context, both by
quantity of social contacts and diversity of social roles, whereas social
support refers to the various types of assistance (e.g. emotional and
tangible) that people may receive from others or perceive to be avail-
able from others (Cohen et al., 1985; Brissette et al., 2000). Despite the
universal need to establish social ties, individuals vary markedly in
their degree of social integration and in the extent and quality of
social resources available to them (Sarason et al, 1986). Hence,
many people maintain rich social connections, boasting high-contact
relations across numerous family members, co-workers and friends,
while others possess only a few close relationships, and in some in-
stances, are largely socially isolated (Cacioppo et al., 2003).
Understanding these individual differences in social integration is im-
portant, as both the quantity and quality of social support have sig-
nificant implications for health and well-being (House et al., 1988;
Holt-Lunstad et al., 2010).

Individual differences in social integration and quality of social sup-
port have been shown to be substantially heritable. Genetic differences
are important in explaining variation not only in prosocial behaviors,
but also in the etiology of social support and social network charac-
teristics (Boomsma et al., 2005; Jackson, 2009). For instance, twin
studies demonstrate substantial heritabilities (56%—72%) for prosocial
behaviors such as empathy, altruism and nurturance (Rushton et al.,
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1984; Rushton, 2004), as well as for the major factors that comprise
social support, with heritability estimates ranging from 28 to 75% for
factors such as availability of confidants and friend/relative social sup-
port and the degree of social integration (Bergeman et al., 1990; Kessler
et al., 1992; Kendler, 1997; Agrawal et al, 2002; Kendler and Baker,
2007). There are also considerable genetic influences on social network
characteristics. For example, Fowler et al. (2009) showed that nearly
half of the variation in in-degree nodes (the number of times a person
is named as a friend) and transitivity nodes (the likelihood that two
person’s contacts are connected to each other) of social networks is
genetically attributable. Taken together, these data indicate that differ-
ences across individuals in quality of social support and social network
characteristics cannot be construed merely as environmental provi-
sions (Sarason et al, 1986). Rather, individuals play a crucial role in
creating their own social environments (Plomin et al., 1977; Scarr and
McCartney, 1983). We are endowed with certain traits that affect our
ability to form and maintain close relationships with others.

Thus, the fact that some people have fewer social contacts than
others may reflect attributes of temperament or personality that can
hamper social exchange, such as a general propensity to experience
negative emotions (e.g. anxiety and anger), or that impede sociality
in particular, such as shyness or social anxiety. These two trait
clusters—negative affectivity (or neuroticism) and inhibited social-
ity—are known to influence both social networks and quality of
social support (Monroe and Steiner, 1986; Sarason et al, 1986;
Windle, 1992). High negative affectivity, for instance, is associated
with reduced levels of sociability and social competence (Digman,
1990), problematic relationships with friends and relatives, fewer con-
fidants, poorer social integration (Monroe and Steiner, 1986; Sarason
et al., 1986; Kendler, 1997), and smaller social networks (Kalish and
Robins, 2006). Furthermore, inhibited sociality associates inversely
with levels of social support and social integration (Jones and Carpen-
ter, 1986; Sarason et al., 1986; Eisenberg et al., 1995; Fordham and
Stevenson-Hinde, 1999; Mounts et al., 2006). Individuals high on
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neuroticism/negative affectivity and inhibited sociality thus find it par-
ticularly challenging to form and maintain close relationships with
others.

Much recent biological research on social relationships has focused
on actions of the neuropeptide oxytocin (OXT). Although the rela-
tionship between OXT in the brain and peripherally circulating OXT
levels remains poorly understood (Feldman et al,, 2012), plasma OXT
concentrations have been reported to covary with a number of socially
relevant behaviors and cognitions. For instance, lower levels of plasma
OXT have been linked to reduced trust and trustworthiness (Zak et al.,
2004, 2005), heightened hormonal responses to a psychosocial stressor
(Taylor, 2006), and increased incidence of Autism spectrum disorders
(Green et al., 2001). Furthermore, experimental studies have shown
that intranasal OXT administration increases trust behavior (Kosfeld
et al., 2005), cooperation (Declerck et al., 2010), generosity (Zak et al.,
2007) and in-group altruism (De Dreu et al., 2010), and decreases
anxiety and neuroendocrine responses to stress in social interactions
(Heinrichs et al., 2003)." Thus, variation in OXT may ultimately affect
the quality and quantity/diversity of social relationships by influencing
more proximal mechanisms, such as interpersonal reactivity style and
associated traits of temperament. This is consistent with the notion of
an evocative gene—environment correlation (Plomin et al, 1977; Scarr
and McCartney, 1983) or the idea that ‘individuals’ genes predispose
them not only to particular behaviors, but also to the social conse-
quences of their behaviors’ (Burt, 2008, p. 113).

Like intranasal and plasma OXT, molecular variation in the gene
encoding the oxytocin receptor (OXTR), located on chromosome
3p25.3, has been found to predict complex human social behavior
(Bartz et al, 2011). Two OXTR single nucleotide polymorphisms
(SNPs) have emerged as particularly promising candidates:
rs1042778 (located in the 3’ untranslated region, an area often con-
taining regulatory elements that govern mRNA expression) and
rs53576 (located within intron 3). Variation in these SNPs has been
linked to both sociability and indices of negative affectivity, including
sensitive parenting (rs1042778; Feldman et al., 2012), prosocial fund
allocations in the dictator game (rs1042778; Israel et al, 2009 cf.
Apicella et al., 2010), sociality (rs53576; Tost et al., 2010), empathy
and stress reactivity as assessed by the startle response (rs53576;
Rodrigues et al., 2009), negative affectivity and loneliness (rs53576;
Lucht et al., 2009), and, in interaction with perceived threat, prosocial
behavior outside of the laboratory (rs53576; Poulin et al, 2012).
Although, to our knowledge, there is as yet no evidence that these
OXTR polymorphisms also predict size and diversity of social networks
or availability of social supports, OXTR variation has been shown to
modulate the effectiveness of social support as a buffer against stressful
experience (rs53576; Chen et al., 2011) and to influence social support
seeking during distress (rs53576; Kim et al, 2010). Moreover, twin
research has shown the co-variation of low social support with aspects
of negative affect (depressive symptomatology) and problematic inter-
personal style (hostility) to be largely attributable to shared genetic
influences (heritability estimates of 0.61-0.72; Raynor et al., 2002).

Two central hypotheses put forth to explain OXT’s effects on
prosocial behavior are that it stimulates affiliative behavior (Uvnas-
Moberg et al, 2005) and, in conjunction with positive affiliative
contacts, produces anxiolytic-like effects in response to social stress
(Taylor et al., 2006). The latter hypothesis has received considerable
research support. OXT attenuates the stress response through its
interactions with the hypothalamo-pituitary-adrenal axis and the amyg-
dala—cingulate circuit, and this inhibitory effect of OXT is especially

Titis important to note that the effects of OXT are often moderated by contextual factors (i.e., situational features
in which OXT is administered) or by individual difference factors (e.g., trait aggressiveness) of the individuals to
whom OXT is administered (Bartz et al., 2011; DeWall et al., forthcoming).
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prominent for socially relevant anxiety (Bartz and Hollander, 2006;
Campbell, 2010). OXT shows significant binding in the amygdala
(Huber et al., 2005), thereby decreasing reactivity to social fear
(Labuschagne et al., 2010) and decreasing anxiety and neuroendocrine
responses to stress in social interactions (Heinrichs et al., 2003; Holt-
Lunstad ef al, 2008). Furthermore, neuroimaging studies show that
genetic variation in OXTR is associated with the functioning, as well
as the size of, the amygdala (Inoue et al,, 2010; Tost et al., 2010; Furman
et al., 2011). Results from these imaging genetics studies support a
model in which OXTR variants might ultimately affect the quality and
quantity of social relationships by modulating the more proximal mech-
anisms of interpersonal reactivity style (i.e. reduced social anxiety and
negative affect and increased social affiliative behavior).

We propose that OXTR variation associates with complex social
behaviors and social network topology through intermediate effects
on negative affectivity and the psychological processing of socially
relevant information. Therefore, we sought to test a hypothesized
social cascade from the molecular level (i.e. OXTR variation) to the
social environment, through negative affectivity and inhibited social
temperament in a sample of 1295 midlife men and women of
European American (N=1081) and African American (N=214) an-
cestry. Consistent with prior research on OXTR and social behaviors,
we predicted that individuals homozygous for the G allele (GG) of
1rs53576 would report higher levels of social support and a larger and
more diverse social network compared to individuals with one or two
copies of the A allele (AA/AG) of rs53576, and that these relationships
would be mediated by lower levels of negative affectivity and inhibited
sociality. Because of inconsistencies in the literature regarding whether
the G or T allele of rs1042778 is associated with inhibited sociality
(Lerer et al., 2007; Israel et al., 2009; Campbell et al, 2011), we
tested our hypotheses by each of the three possible combinations of
11042778 genotypes (i.e. GG vs GT vs TT; GG vs GT/TT and GG/GT
vs TT). Given reported sex differences in the behavioral effects of these
two SNPs (e.g. Israel et al., 2009; Lucht et al., 2009), we also tested for
sex-dependent moderation of the paths between OXTR and socially
relevant phenotypes.

METHOD

Participants

Study data were derived form a sample of 1081 non-Hispanic
Caucasian men and women (50.9% female) and 214 African
American men and women (62.2% female) who had participated in
the University of Pittsburgh Adult Health and Behavior (AHAB) pro-
ject. The AHAB project provides a registry of behavioral and biological
measurements, including DNA, on mid-life community volunteers
(3054 years of age) recruited via mass-mail solicitation from commu-
nities of southwestern Pennsylvania (principally Allegheny County; see
Halder et al., 2010). Participants had no history of atherosclerotic
cardiovascular disease, chronic kidney or liver disease, cancer treat-
ment within the preceding year, major neurologic disorders, schizo-
phrenia or other psychotic illness. Data collection occurred over
multiple sessions, and informed consent was obtained in accordance
with the University of Pittsburgh IRB.

Genotyping

Genomic DNA was isolated from peripheral white blood cells to ensure
optimal quality and purity of DNA using the PureGene kit (Gentra
Systems, Minneapolis, MN). The OXTR SNPs rs1042778 (G/T) and
153576 (A/G) were genotyped by polymerase chain reaction amplifi-
cation using the primers F-5-GTAGAAGTACGTTAGGAG-3 and
R-5-GCTGTGCTGGCATAAGTG-3, and F-5-CACCATGCTCTCCA
CATC-3 and R-5-CATCTGCAGGAGCGTTG-3, respectively,
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followed by genotyping using fluorescent polarization according to
Chen et al. (1999). Genotypes were assigned using the program
AlleleCaller by comparison to controls of known genotype. A 5%
resample was tested to confirm the reproducibility of the genotypes.

Overall, 96.0% and 97.1% of the individuals were genotyped suc-
cessfully for rs1042778 and rs53576, respectively. This yielded a final
study sample of 1040 Caucasians (51% female) and 203 (62% female)
African Americans for rs1042778, and 1048 (50% female) Caucasians
and 209 (63% female) African Americans for rs53576. The distribution
of OXTR genotypes for both SNPs conformed to Hardy—Weinberg
Equilibrium in the Caucasian (Ps>0.31) and African American sam-
ples (Ps>0.17). Consistent with prior reports (e.g. Lerer et al, 2007),
alleles were not found to be in linkage disequilibrium (LD) (D' =0.38,
1 =0.05). For purposes of analysis, rs1042778 genotypes were tested
additively, as well as grouped by presence of any T allele vs GG homo-
zygote and by presence of any G allele vs TT homozygote, and rs53576
genotypes were grouped by presence of any A allele vs GG. Analyses
were run separately for Caucasians and African Americans, as allele
frequencies for the SNPs included in this study vary across different
racial populations (e.g. Kim et al., 2010).

Measures

Negative affectivity

Negative affectivity was defined by the six neuroticism facets of the
Revised NEO Personality Inventory [NEO-PI-R; (Costa, and McCrae,
1992)], which conformed adequately to a single factor model in this
sample [ x%, =71.09, P<0.001; root-mean-square error of approxima-
tion (RMSEA)=0.07, 90% confidence interval (CI)=0.058-0.090;
comparative fit index (CFI)=0.98; standardized root mean residual
(SRMR) = 0.03].

Inhibited sociality

Inhibited sociality was assessed by three variables. The first was ‘shy-
ness with others’, indexed as a component of Harm Avoidance on the
Temperament and Character Inventory (Cloninger et al., 1993), which
has good psychometric properties. The second was social anxiety, as
assessed by the Self-Consciousness Scale-Revised (SCS-R; Scheier and
Carver, 1985), which measures levels of social anxiety and dispositional
private/public self-consciousness. The psychometric properties of the
SCS-R compare favorably to the original (Scheier and Carver, 1985).
The third was the Social Inhibition scale of the short version of the
Inventory of Interpersonal Problems (ITP-32; Barkham et al., 1996),
which measures distress arising from interpersonal sources. The brief
version of this scale has good psychometric properties.

Social networks

Social network diversity was measured by the social network index
(Cohen et al, 1997), which assesses aspects of social integration,
including participation in 12 types of social relationships and fre-
quency of contact with family, friends and participation in social/reli-
gious groups. One point is assigned for each type of relationship
(possible score of 12) for which respondents indicate that they speak
(in person or on the phone) to someone in that social role at least once
every 2 weeks (high contact social roles). The total number of persons
with whom they speak at least once every 2 weeks (number of network
members) is assessed.

Social support

Availability of social support was assessed by the Interpersonal Support
Evaluation List (ISEL; Cohen et al., 1985), which measures perceived
availability of supportive functions across four specific domains:
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appraisal support (availability of having someone to talk to about
one’s problems), belonging support (availability of people with
whom one can do things), tangible support (availability of material
aid) and self-esteem (availability of a positive comparison when com-
paring one’s self to others). The ISEL has excellent internal reliability
and test-retest reliability (Cohen et al., 1985). Importantly, the con-
struct validity of the ISEL has also been demonstrated. It is significantly
correlated with several criterion measures, including number of close
friends and relatives and quality of marital or living partner relation-
ships (Cohen et al., 1985; Heitzmann and Kaplan, 1988). Based on
study hypotheses, three subscales were used in the present study (i.e.
appraisal, belonging and tangible support).

RESULTS

Table 1 shows participant characteristics and descriptive statistics for
the observed variables by race/ethnicity. As shown, there were no dif-
ferences in age, NEO-neuroticism subscale scores, appraisal support or
tangible support across the two samples. However, Caucasians had a
higher proportion of females, more reported years of schooling, higher
family incomes, more shyness, social anxiety and social inhibition,
more high contact social roles and people in their social network,
and less belonging support than African Americans.

Table 2 shows frequencies of OXTR alleles and genotypes, and final
categorization of genotypes for each SNP across racial groups. The dis-
tribution of genotypes varied significantly across racial groups for both
SNPs [for rs1042778, x*(2, n=1243) =46.8, P<0.001; for rs53576,
x*(2, n=1257)=8.8, P<0.02]. Primary analyses were conducted on
the larger Caucasian sample, with supplementary analyses conducted
on the African American sample to test for homogeneity of effects.

Structural equation modeling (SEM) and power

Analyses were conducted in an SEM framework, which allowed us to
estimate latent variables to account for the wunreliability of

Table 1 Participant characteristics and descriptive statistics of observed variables across
racial groups

(aucasians African Americans Hy? P value
Age 44.7 443 0.7 0.40
Female gender 50.9% 62.1% 9.1 0.002
Education 16.0 14.1 85.2 <0.001
Income 5.7 4.0 1223 <0.001
Negative Affectivity
NEO-Anxiety 13.0 12.8 0.5 0.49
NEO-Depression 11.6 1.9 1.2 0.26
NEO-Anger/Hostility 11.6 1.2 0.9 0.32
NEO-Impulsiveness 14.0 135 24 0.12
NEO-Stress Vulnerability 15.2 15.0 0.5 0.46
NEO-Self-Consciousness 9.0 8.6 24 0.13
Inhibited Sociality
Shyness 3.0 24 1.8 0.001
Social Anxiety 6.9 6.2 4.1 0.04
Social Inhibition 3.4 2.6 1.9 0.001
Social Network
High Contact Roles 6.2 5.8 78 0.005
People Network 21.0 18.6 9.9 0.002
Social Support
Appraisal 9.6 9.7 0.4 0.53
Belonging 8.8 9.3 6.2 0.01
Tangible 9.7 9.5 19 0.16

Education = years of schooling; Income was graded over six bracketed ranges from <$25,000 to
>$80,000.
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Table 2 Frequencies of OXTR alleles/genotypes and dichotomized genotypes for analysis

(aucasians African Americans

OXTR 151042778 OXTR 153576 OXTR rs1042778 OXTR rs53576

Allele  n (%) Allele n (%) Allele  n (%) Allele n (%)

T 865 (41.6) A 639 (30.5) T 239 (589) A 102 (24.4)
G 1215 (584) G 1457 (69.5) G 167 (41.1) G 316 (75.6)
Genotype Genotype Genotype Genotype

T 172 (16.5) AA 91 (8.7) 1l 74 (36.5) AA 16 (7.7)
16 521 (50.0) AG 457 (43.6) TG 91 (44.8) AG 123 (58.9)
GG 347 (33.5) GG 500 (47.7) GG 38 (18.7) GG 70 (33.5)
Dichotomized Genotypes Dichotomized Genotypes

TI/TG 693 (66.6) AA/AG 548 (52.3) TI/TG 165 (81.3)  AA/AG 139 (66.5)
GG 347 (33.4) GG 500 (47.7) GG 38 (18.7) GG 70 (33.5)

measurement and to test mediational questions by comparison of fit
indices across competing models (Tomarken and Waller, 2005). Latent
factors were estimated for ‘Negative Affectivity’, ‘Inhibited Sociality’,
‘Social Network’ and ‘Social Support’ constructs. All models were esti-
mated in Mplus 7. Due to the extreme sensitivity of the x> test to
negligible sources of ill fit in large samples using real world data, we
follow convention and rely on multiple alternative fit indices as a rea-
sonable but conservative approach to evaluate model fit (Brown,
2006). These include the RMSEA and its 90% CI, with values <0.08
indicating acceptable fit, and <0.05 indicating good fit, the CFI and
Tucker—Lewis index (TLI) for which values of 0.95 or greater indicate
excellent fit, and the SRMR for which values of <0.05 indicate good
model fit. An a priori power analysis showed our study to be ad-
equately powered (power=0.81) to detect small effects (that is, a
Cohen’s d of 0.20 or 1% of the variance explained) in the structural
paths of interest. Primary analyses were conducted in the Caucasian
sample, given insufficient power to detect small effect sizes in the
African American sample. However, the final model was also estimated
in the African American sample to allow for comparison of parameter
values across races.

Measurement model and regressions on genotype

A measurement model with four latent factors corresponding to study
constructs evidenced good fit to the data ( X(249):350.63, P<0.001;
RMSEA =0.061, 90%  CI=0.055-0.067;  CFI/TLI=0.97/0.96;
SRMR =0.03). Due to a very large modification index and conceptual
overlap, we allowed the NEO-PI-R Self-Consciousness scale to cross
load on to ‘Inhibited Sociality’. To establish the relationship between
OXTR genotype and the latent constructs, we estimated two models
such that latent ‘Negative Affectivity’, ‘Inhibited Sociality’, ‘Social
Network’ and ‘Social Support’ were simultaneously regressed on vari-
ation in rs1042778 in one model and on 1553576 in the other. Only the
dichotomization of GG vs GT/TT proved significant for rs1042778,
and thus other classifications were dropped in subsequent models.
OXTR rs1042778 variation (GG individuals coded as 1 and TT/TG
individuals coded as 0) significantly predicted ‘Negative Affectivity’
(B=-0.16, SE=0.07, P=0.02), ‘Inhibited Sociality’ (8=—0.21,
SE=0.07, P=0.002), and ‘Social Support’ (8=0.16, SE=0.07,
P=0.02), but not ‘Social Network’ (8=0.10, SE=0.07, P=0.14), al-
though this latter effect was in the hypothesized direction. This model
achieved good fit to the data (X(253) =355.33, P<0.001; RMSEA =
0.058, 90% CI=0.051-0.064; CFI/TLI=0.97/0.95; SRMR =0.03).
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None of the relationships was significant for rs53576 (all Ps>0.50).
Therefore, only rs1042778 genotype (referred to as OXTR throughout)
was included in subsequent SEM analyses.

Gender moderation

To test for possible gender moderation in the relationship between
OXTR rs1042778 and social phenotypes, we compared multi-group
SEMs with the regression pathways of study constructs on OXTR
freely estimated (as opposed to fixed across gender groups). Chi-
square difference tests indicated that constraining parameters across
groups did not result in a significant degradation in fit, suggesting that
gender was not a significant moderator of these associations (‘Negative
Affectivity’ A X(Zl) =3.62, P=0.06; ‘Inhibited Sociality’ A X(zl )= 1.04,
P=0.31; ‘Social Network’ AX(21)20.06, P=0.80; ‘Social Support’
A X(Zl) =0.10; P=0.76). Thus, the remaining analyses were conducted
on the combined gender sample.

Mediational analyses

We then determined whether the effect of OXTR on ‘Social Support’
was mediated by ‘Negative Affectivity’ and ‘Inhibited Sociality’. To do
so, we examined a full nested structural model in which ‘Social
Network’ and ‘Social Support’ were each regressed on ‘Negative
Affectivity’ and ‘Inhibited Sociality’, and all latent variables but
‘Social Network’ were regressed on variation in OXTR genotype.
This resulted in a non-significant decrement in model fit
(A X(Zl):0.19, P=0.66) and revealed that ‘Negative Affectivity’ and
‘Inhibited Sociality’ fully mediated the relationship between OXTR
and ‘Social Support’ (8=0.05, SE=0.06, P=0.46). Therefore, for
the final model, we removed the non-significant direct pathway be-
tween OXTR and ‘Social Support’ leaving only the significant medita-
tional effect through the temperament traits (Figure 1). Model
parameter estimates are presented in Figure 1. The rs1042778 GG
genotype, compared with TT/TG genotypes, was a significant negative
predictor of both ‘Negative Affectivity’ and ‘Inhibited Sociality’, which
in turn were each significant incremental predictors of both ‘Social
Network® and ‘Social Support’ factors.”

Relative proximity of negative affectivity vs. inhibited

sociality to OXTR effects

To determine the relative importance of ‘Negative Affectivity’ vs.
‘Inhibited Sociality’ on OXTR effects’ on ‘Social Support’, we estimated
two statistically equivalent models to the hypothesized model in
Figure 1 (i.e. model fit was identical). Instead of allowing ‘Negative
Affectivity’ and ‘Inhibited Sociality’ factors to freely covary, we treated
them as covariates of each other in separate models (i.e. we partialled
out the effect of one variable on the other). In the model in which
‘Negative Affectivity’ was treated as a covariate of ‘Inhibited Sociality’,
the pathway between OXTR genotype and ‘Inhibited Sociality’ re-
mained significant (f=—0.13, SE=0.06, P=0.04), indicating that
‘Negative Affectivity’ did not fully account for the relationship between
OXTR genotype and ‘Inhibited Sociality’. In contrast, when ‘Inhibited
Sociality’ was included as a covariate of ‘Negative Affectivity’, the re-
maining pathway was non-significant (8 = —0.04, SE=0.06, P=0.46),
indicating that ‘Inhibited Sociality’ fully accounted for the relationship
between OXTR genotype and ‘Negative Affectivity’.

? We also ran an SEM model augmenting ‘Inhibited Sociality’ with the Extraversion facet scales of the NEO-PI-R, and
results remained the same (i.e., path coefficients and significance levels were virtually identical). See the
Supplementary Material for additional details on these analyses and an explanation for why this model was
not retained.
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Directionality of effects and ordering of scales

To address whether ‘Social Support’ is best placed downstream from
‘Negative Affectivity’ and not the other way around, we examined the
fit indices of a model that reversed the ordering of scales, such that
‘Negative Affectivity’ and ‘Inhibited Sociality’ were treated as outcomes
to perceived ‘Social Support’ and ‘Social Network’. We structured the
model this way because merely replacing the position of ‘Social
Support’ and ‘Negative Affectivity’ would result in an identical
model. Because these are non-nested models, we relied on the
Akaike (AIC) and Bayesian (BIC) Information Criteria to adjudicate
among models (lower is better in both cases; Brown, 2006). Both the
AIC (73107.67 vs 73 110.75) and BIC (73 359.97 vs. 73 363.04) favored
the current model, with perceived ‘Social Support’ downstream to
‘Negative Affectivity’ and not the other way around. We then pared
down the model to remove ‘Inhibited Sociality’ and ‘Social Network’
and compared a model in which ‘Negative Affectivity’ mediated the
effect of OXTR on ‘Social Support’ without a direct effect
(AIC=48026.41; BI=48169.88) as opposed to the other way
around (i.e. a model in which ‘Social Support’ mediated the effect of
OXTR on ‘Negative Affectivity’; AIC=48026.74; BIC=48170.20).
Again, the directionality of both fit indices favored the model as it is
currently structured.

Supplementary analyses

As a supplementary analysis, we estimated this model in the African
American sample, which provided good fit to the data ( X(251) =117.76,
P<0.01; RMSEA = 0.046, 90% CI =0.026-0.064; CFI/TLI = 0.98/0.97;
SRMR =0.04). The main coefficients of interest and their 95% ClIs are
catalogued in Table 3. The pathways linking ‘Negative Affectivity’ and
‘Inhibited Sociality’ to ‘Social Support’ and ‘Network’ factors were
highly consistent across races, and all were also significant. The path-
way linking ‘Inhibited Sociality’ to OXTR in African Americans was
larger than in Caucasians, but the 95% CIs were largely overlapping,
indicating that the strength of the relationship was similar across racial
groups. Furthermore, although the pathway of OXTR predicting
‘Negative Affectivity’ was not significant in African Americans, the
path coefficient was virtually identical (and stronger) to that found
in the Caucasian sample, indicating that the lack of significance was
likely a function of sample size. Finally, the path coefficients linking
OXTR to ‘Social Support’ and ‘Social Network’ were similar in mag-
nitude to those found in the Caucasian sample. We did not test for
gender moderation in the African American sample due to insufficient
power.

DISCUSSION

We provide evidence of the OXTR rs1042778 SNP’s cascading effect on
complex social phenotypes, with the molecular variation accounting
for some portion of individual differences in socially relevant tempera-
ments and these in turn accounting for differences in participants’
social environments. Specifically, we found that individuals homozy-
gous for the G allele of rs1042778, compared with those with one or
two copies of the T allele, reported significantly lower levels of negative
affectivity and inhibited sociality, which in turn predicted significantly
higher levels of social support and a larger/more diverse social net-
work. Furthermore, negative affectivity and inhibited sociality fully
mediated the relationship between rs1042778 and social support.
These findings build on prior research linking rs1042778 to sensitive
parenting (Feldman et al., 2012) and prosocial fund allocations in the
dictator game (Israel et al., 2009) and suggest that rs1042778 variation
plays a significant role not only in the promotion of social affiliative
behavior, but also in the creation of social environments (Plomin et al.,
1977; Scarr and McCartney, 1983; Burt, 2008). Importantly, this study
follows the best practices guidelines for conducting candidate gene
studies by providing an independent replication of our exact results
in the African American sample (Hewitt, 2012), disclosing all analyses
conducted (i.e. both genetic variants; Little et al., 2009), and using the
‘new statistics’ to avoid problems with null-hypothesis significance
testing (Cumming, 2014; Eich, 2014).

Twin studies underscore the importance of genetic influences on
prosocial behavior (Rushton, 2004), social support (Kendler, 1997),
and social network characteristics (Fowler et al., 2009), but it has
been difficult to identify specific genes and polymorphisms related to
such distal and complex social phenotypes (Ebstein et al., 2010).
Although prior studies have shown that OXTR is important in mod-
ulating the effectiveness of social support as a buffer against stressful
experience (Chen et al., 2011), to our knowledge, this is the first study
to directly link OXTR variation to differences in quality of available
social support. Importantly, we also found that the effect of rs1042778
variation on social support was completely mediated by differences in
negative affectivity and inhibited sociality. This is consistent with the
notion that OXTR variation exerts its effect on complex social envir-
onmental factors by modulating neural circuitry involved in the pro-
cessing of social information and the experience and expression of
negative emotions (Meyer-Lindenberg and Tost, 2012). Although in
the expected direction, we did not find evidence of a direct effect of
rs1042778 on social network size/diversity of social roles. This indicates
that OXTR variation may either be only a distal contributor to factors
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Table 3 Regression parameters from structural model across racial groups

K.G. Creswell et al.

Regression Pathways Race

(aucasians African Americans

Coeff 95% (I P Coeff 95% (I P
Inhibited Sociality on OXTR —-0.22 —0.35, —0.08 <0.001 —0.45 —0.82, —0.08 0.02
Negative Affectivity on OXTR —0.16 —0.30, —0.03 0.02 —0.22 —0.59, —0.15 0.25
Social Support on Inhibited Sociality —0.28 —0.36, —0.20 <0.001 —0.22 —0.39, —0.06 0.01
Social Support on Negative Affectivity —031 —0.38, —0.23 <0.001 —0.47 —0.62, —0.31 <0.001
Social Network on Inhibited Sociality —0.21 —0.29, —0.13 <0.001 —0.2 —0.38, —0.02 0.03
Social Network on Negative Affectivity —0.18 —0.26, —0.10 <0.001 —0.28 —0.46, —0.11 0.01

Coeff = standardized coefficient; CI = confidence interval.

that influence network size/diversity of social roles or that it may be
more important in explaining differences in the quality rather than the
quantity/diversity of social relationships. While one prior study re-
ported results suggestive of sex specific effects (Israel et al., 2009), we
did not find gender moderation in the relationship between rs1042778
variation and social phenotypes (although there was a trend for the
effects to be stronger in females). Despite limited power, our cascade
model produced very similar effects in the African American sample,
indicating that observed relationships between OXTR and social
phenotypes is consistent across these racial groups and providing a
direct replication of study results.

Prior research has led to two central hypotheses regarding the func-
tion of OXT (i.e. to promote social affiliation and to reduce socially
relevant stress reactivity). We found evidence of both, as rs1042778
variability contributed to decreased social inhibition and lower nega-
tive affectivity. Furthermore, in a series of mediation analyses, we
demonstrated that decreased social inhibition seems to be more prox-
imal to OXTR effects than is negative affectivity. Of course, the cross-
sectional study design precludes drawing definitive conclusions about
the temporal relationship among the OXTR rs1042778 polymorphism,
temperament factors and social environmental variables. However, we
do provide statistical evidence (by comparison of model fit indices
across competing models) in support of the directionality of the effects
we report in our model. Furthermore, our social cascade hypothesis is
consistent with the idea that individuals’ genotypes can evoke certain
social outcomes (e.g. increased social support; Burt, 2008), as well as
longitudinal research supporting a causal relationship between differ-
ences in interpersonal style/personality functioning and subsequent
social functioning impairments (Morey et al., 2012). Nonetheless,
future studies using prospective designs are indicated.

The present research had other limitations. We selectively measured
the constructs of inhibited sociality and negative affectivity, and thus it
remains unclear whether rs1042778 exerts its effect on perceived social
support via effects on more generalized temperament variables (e.g.
stress reactivity) that overlap with the constructs examined in this
study. Further, our data were found to fit a model in which we
grouped participants by the presence or absence of the T-allele
(T carriers vs GG), rather than the presence or absence of the G
allele found in two smaller, prior studies (Israel et al., 2009; Feldman
et al., 2012). Importantly, though, the current study used a sample size
4.5-6 times larger than these prior studies and, despite differences in
sample characteristics, our results are consistent with family-based as-
sociation tests showing a significant link between the T allele and
increased incidence of Autism spectrum disorders (ASD) (Lerer
et al., 2007; given that our results are consistent with the interpersonal
difficulties characteristic of ASD). In addition, like most SNPs reported
in the literature, the functional effect of the rs1042778 polymorphism
is currently unknown. However, there is some evidence that it may

play a regulatory role in OXTR transcription and translation based on
its location in the 3’ untranslated region, an area that usually contains
several regulatory elements governing transcriptional efficiency and
stability of mRNA (Kuersten and Goodwin, 2003; Israel et al., 2009).
Furthermore, one prior study found evidence that the T allele of
rs1042778 was associated with lower plasma OXT levels, indicating
that this genetic marker may play a functional role in regulating
OXT signaling pathways and/or peripheral OXT activity (Feldman
et al, 2012). Consistent findings reported here across independent
samples will hopefully motivate future molecular studies to elucidate
the possible functional effect of the rs1042778 polymorphism.

We measured multiple dimensions of social support, but the ISEL is
a self-report instrument, and thus item endorsement reflects partici-
pants’ perceptions of support availability. Although perceived avail-
ability of social support, rather than mere membership in a social
group or number of social contacts, is a better predictor of a
number of positive health outcomes (Cohen and Wills, 1985), future
studies should also examine actual (i.e. received) social support.
Finally, none of our socially relevant phenotypes were predicted by
1s53576, and it is unclear why associations were only obtained for
rs1042778 (it is important to note, however, that these two poly-
morphisms are in low LD). Our null findings are consistent with
prior reports of null association between rs53576 variation and attach-
ment style (e.g. attachment anxiety/avoidance; Rodrigues et al., 2009)
and perceived quality of a supportive interaction with a partner or
friend (Chen et al., 2011). However, null findings observed in this
study in the link between the G allele and higher levels of social sup-
port quality seem inconsistent with prior reports linking the G allele to
socio-emotional sensitivity, such as less loneliness and greater empathy
(Lucht et al., 2009; Rodrigues et al., 2009). Future studies should clarify
the exact nature of the relationship between rs53576 variation and
social phenotypes.

Human beings possess a basic need to form and maintain close
relationships with others (Baumeister and Leary, 1995), and the ab-
sence of such close relationships increases mortality risk at a magni-
tude rivaling other well-established risk factors (e.g. smoking and
physical activity level; Holt-Lunstad et al, 2010). Yet, some individuals
find it particularly challenging to navigate the social environment and
report deficits in available social support. While previous studies dem-
onstrate that there is a substantial heritable component to the ability to
form and maintain relationships, specific sources of genetic variation
underlying these heritable influences have not yet been identified. This
study demonstrates that OXTR variation, previously shown to be im-
portant in the regulation of adaptive, prosocial behavior, affects inter-
personal reactivity and associated temperament traits in a manner
accounting for OXTR-dependent variation in quality of social support.
These findings have important implications for understanding how
variation in the OXTR system can ultimately affect complex social
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network systems and may provide insight into the development of
innovative therapies to improve the quality of one’s social
environment.
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Supplementary data are available at SCAN online.
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