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Abstract
Background—In specific vole and primate species the neuropeptide Oxytocin (OT) plays a
central role in the regulation of pair-bonding behavior. Here we investigate to what extent genetic
variants in the oxytocin receptor gene (OXTR) are associated with pair-bonding and related social
behaviors in humans.

Methods—We first genotyped twelve Single Nucleotide Polymorphisms (SNPs) in the Twin and
Offspring Study in Sweden (TOSS, N=2309) and the Swedish Twin Study of CHild and
Adolescent Development (TCHAD, N=1240) comprising measures of self-reported pair-bonding
behavior. In the TOSS-sample we further investigated one the SNPs for measures of marital status
and quality. Moreover, in the TCHAD sample we explored the longitudinal relationship between
precursors of pair-bonding during childhood and subsequent behavior in romantic relationships.
Finally, in TCHAD and in the Child and Adolescent Twin Study of Sweden (CATSS, N=1771)
the association between the same SNP and childhood behaviors was investigated.
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Results—One SNP (rs7632287) in OXTR was associated with traits reflecting pair-bonding in
women in the TOSS and TCHAD samples. In girls the rs7632287 SNP was further associated with
childhood social problems, which longitudinally predicted pair-bonding behavior in the TCHAD-
sample. This association was replicated in the CATSS-sample in which an association between the
same SNP and social interaction deficit symptoms from the autism spectrum was detected.

Conclusion—These results suggest an association between variation in OXTR and human pair-
bonding and other social behaviors, possibly indicating that the well described influence of OT on
affiliative behavior in voles could also be of importance for humans.
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Introduction
Pair-bonded relationships are dyadic coalitions between sexual partners based on selective
social attachments, often characterized by partner preference, biparental care and intrasexual
aggression. Although it is debatable whether humans are truly monogamous lasting bonds
between sexual partners are widespread throughout nearly all modern human societies. In
humans pair-bonding probably evolved to increase paternal provisioning (1, 2) or as a
consequence of male mating competition (3, 4). Furthermore, it has recently been suggested
that pair-bonding behavior shaped the evolution of human society (5). Although pair-bonds
are common in our species and an important part of human nature, knowledge about the
biological foundations of the human propensity to engage in enduring pair-bonded
relationships remain sparse.

Oxytocin (OT) is a neuropeptide well known for its role in the periphery, particularly in
contraction of the uterus during labour and in ejection of milk during lactation. More
recently OT has also been acknowledged for its influences on a wide range of social
behaviors including social motivation and approach behavior (6, 7). In many species OT is
also important for the formation and expression of social memory as well as for the
regulation of aggression, sexual behavior and maternal care (8). In addition, similar to the
role of the closely related peptide vasopressin for pair-bonding behavior in male voles, OT
has a central role in the formation and regulation of pair-bonding behavior in female voles
(9). In the socially monogamous and highly social prairie vole (Microtus ochrogaster)
central infusions of OT facilitate (10), whereas a selective oxytocin receptor (OTR)
antagonist inhibits, pair-bond formation in female individuals of this species (11). Moreover,
there are notable differences in OTR distribution patterns among prairie voles and the non-
monogamous montane voles (Microtus montanus), mainly in the brain region nucleus
accumbens (12), and an OTR antagonist applied directly to this region blocks mating-
induced partner preference formation (13). Furthermore, overexpression of the OTR in
nucleus accumbens accelerates partner preference formation in female prairie voles (14).
The molecular mechanism behind the differences in OTR expression has not yet been
described, although differences in potential regulatory elements in the oxytocin receptor
gene (OXTR), which could reflect variation in gene expression, have been found between
prairie and montane voles (15). Similar to what has been shown in voles, a recent study has
found that manipulations of OT activity alter partner-directed social behavior during pair
interactions in the pair-bonding primate Black-tufted Marmoset (Callithrix penicillata) (16).

In humans several experimental pharmacological studies have found positive effects of
intra-nasally administered OT on a wide spectrum of social behaviors, including trust (17),
generosity (18), judgments of facial trustworthiness and attractiveness (19), face recognition
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(20), parochial altruism (21), emotion perception (22), social behaviors in autism spectrum
disorder (23, 24) and more pair-bonding related phenotypes such as communication and
behavior in a conflict discussion between couples (25). Studies have also shown associations
between plasma levels of OT and romantic bonding related outcomes (26). Moreover, there
is also evidence from neuroimaging studies suggesting effects of OT treatment on amygdala
activity (27–29), a brain region known to be of importance for regulation of social
behaviors. Further, genetic studies have shown that variation in OXTR is associated with
social behaviors in humans such as empathy (30) attachment style in patients with
depression (31), social cognition in ADHD (32), emotional support seeking (33), prosocial
temperament (34), maternal sensitivity (35), prosocial decision making (36) and autism (37–
46). Finally, variation in OXTR has been associated with the functioning (34) as well as the
size of the amygdala (47, 48). Although these previous studies are valuable for the general
understanding of the influences of OT and OTR on social behavior in humans, studies
specifically investigating the extent to which OT and its receptor are implicated in pair-
bonding behavior are warranted. We have previously reported an association between
variation in the vasopressin receptor 1a gene and pair-bonding behavior in men (49),
possibly analogous to how variation in this gene correlates with affiliative behavior in male
voles. The aim of this study was to investigate whether variation in OXTR is associated with
social functioning in general and pair-bonding in particular amongst humans. Considering
the sexually dimorphic effects of OT shown in voles, our prime focus was on women.

Materials and Methods
An overview of the different study samples, including information about the phenotypes and
the order of analyses is presented in Figure 1. More extensive descriptions of the samples
and the measures used are presented below as well as in Supplemental Information.

Subjects
TOSS—The study consisted of 909 twin pairs and their spouses from both the first and
second cohort of the Twin and Offspring Study in Sweden (TOSS), a two-cohort study of
twin parents, one adolescent child and the spouse/partner. A more detailed description of the
sample is available in a previous paper by Neiderhiser and colleagues (50). The same-sex
twins included in the study were required to have a relationship of at least 5 years with their
partner; while 82% were married, 18% were cohabiting but unmarried. This study used three
different measures of pair-bonding behavior in the TOSS sample; the Partner Bonding Scale
(PBS) (49), a martial crisis item from a life event questionnaire based on the Social
Readjustment Rating Scale (51) and spouse reports of marital quality using the Dyadic
Adjustment Scale (DAS) (52). DNA samples were collected for all twins participating in
TOSS and all family members who participated as part of cohort 2. Since the first TOSS
cohort only includes twin mothers, DNA is available for a larger amount of adult women
than men. DNA was extracted from saliva samples that were collected using OraGeneR

DNA self-collection kit. Zygosity was determined primarily by genotyping. A total of 2309
individuals (1463 women and 947 men) provided usable DNA samples.

TCHAD—The Twin study of CHild and Adolescent Development (TCHAD) is a
longitudinal study on the health and behavior of 1480 Swedish twin pairs born between May
1985 and December 1986 (53). This study used self-report questionnaire data regarding
behavior in romantic relationships from the Relationship Quality Survey (RQS) and parent-
report questionnaire data regarding child behavior from the Child Behavior Checklist
(CBCL) from two different times. In 1994, 1106 (75%) parents of twins 8–9 years old
replied to the questionnaire and in the 2005 follow-up assessment the 19–20 year old twins’
self-reports had a response rate of 59% (n=1705). Zygosity was determined using a
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discriminant analysis that was previously developed using information from 385 twin pairs
with known zygosity (54). DNA was extracted from mouthwash samples that were collected
using DNA self-collection kit. In total, 1240 (528 boys and 712 girls) provided usable DNA
samples. Of these 142 boys and 323 girls were in a romantic relationship at the age of 19–
20.

CATSS—The Child and Adolescent Twin Study in Sweden (CATSS) is a nation-wide
cohort that focuses on all Swedish twins turning 9 or 12 years since July 2004. CATSS has
an 80% response rate, making it a highly representative population sample. Data were
available on 12 446 children: N= 5944 for 9-year olds and 6496 for 12-year olds (the two
samples were independent). The Autism—Tics, AD/HD, and other Comorbidities inventory
(A-TAC) (55) was used for phenotypic assessment in the CATSS sample. This study used
genetic material from the first DNA collection from CATSS, including information from
887 girls. DNA was extracted from saliva samples that were collected using OraGeneR DNA
self-collection kit. Zygosity was determined primarily by genotyping.

Measures
Assessment Strategy—This study included a variety of measures that were constructed
to assess social functioning during different developmental periods. During adulthood and
late adolescence, these measures focused on pair-bonding through the assessment of current
romantic relationships. For child participants, measures focused on broader indices of social
functioning conceived as precursors of pair bonding.

PBS—In the TOSS sample the Partner Bonding Scale was used to assess pair-bonding
behavior amongst the adult twins and their spouses. It includes items that are analogous to
measures of behavioral patterns observed amongst nonhuman primates. The scale comprises
items from the Dyadic Adjustment Scale (DAS) (52), a frequently used assessment of the
quality of marital relationships and similar dyads, the Support Seeking and Giving (SSG)
(56) assessment measuring subjects’ engagement with other people, and the Marital
Instability Scale (MIS) (57). A more detailed description of the scale is presented elsewhere
(49).

RQS—Within the TCHAD sample the affection subscale of the Relationship Quality
Survey (58, 59) was used to assess pair-bonding behavior. This subscale was selected due to
its similar to the partner-bonding behavior scale used in TOSS. The affection subscale asks
participants to describe the quality of interactions with their romantic partners. Specifically,
this subscale includes items such as “How affectionate are you with this person?” and “How
important is it that this person likes you?” reflecting individual characteristics related to
pair-bonding behavior.

CBCL—Emotional and behavioral functioning within the TCHAD study were also assessed
via parent report, using the Child Behavior Checklist when the twins were 8–9 years old.
The CBCL includes 118 items that describe the child’s behavioral, emotional and social
problems, and 8 subscales: withdrawn, somatic complaints anxious/depressed, social
problems, thought problems, attention problems, delinquent behavior and aggressive
behavior. All 8 subscales were included in a stepwise regression analyses in the TCHAD
sample.

A-TAC—Parents in the CATSS sample were interviewed with the Autism—Tics, AD/HD,
and other Comorbidities inventory, a telephone interview designed for large-scale
epidemiological research in neuropsychiatry (55). This measure was used in the current
study because it assesses social functioning in great detail. Autism spectrum disorders
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(ASDs) are defined by current diagnostic criteria as being characterized by a triad of
features: social impairments, communication impairments, and restricted repetitive
behaviors and interests (DSM-IV), and thus there are different modules in A-TAC for these
domains (60). A recent study from the CATSS-project showed that these domains are
correlated, but have different genetic etiologies (61). Here we used A-TAC scores
comprising all autism related A-TAC items (rather than dichotomous scales or scales based
only on DSM-IV items) for the three domains separately as well as the A-TAC total autism
spectrum score (60), because these measures had most variability and therefore provide most
power to detect genetic effects in association analyses.

SNP Genotyping
At present, there are no consistent evidence for association between any specific OXTR SNP
and social behaviors in the literature. There are however several reports of nominal
associations to various social behaviors. In this study we have chosen polymorphisms
located in as well as up- and downstream of the OXTR with a relatively even distribution
that have been associated to risk of autism or other aspects of social behaviors in at least in
one previous paper (with the exception of the non-synonomus SNP rs4686302). Proposed
association, references and further information about the studied SNPs are found in Table 1.
Genotyping of SNPs rs75775, rs1488467, rs4564970, rs53576, rs237897, rs237887,
rs11720238 was performed by KBioscience (http://www.kbioscience.co.uk) using the
KASPar chemistry, which is a competitive allele specific PCR SNP genotyping system
using FRET quencher cassette oligos
(http://www.kbioscience.co.uk/genotyping/genotyping-chemistry.htm). The remaining five
SNPs rs4686302, rs2254298, rs2268493, rs1042778 and rs7632287 were genotyped using
commercially available 5′ nuclease (TaqMan) assays on an ABI Prism 7900HT instrument
(Applied Biosystems, Foster City, CA, USA).

Statistical Analysis
Statistical associations between the continuous and categorical predictors and continuous
and binary outcome variables were estimated using Generalized Linear Mixed Effects
Models (GLMM) in the PROC GLIMMIX procedure of SAS (SAS Institute, Inc., Cary,
NC). This procedure allowed us to account for the dependent nature of the twin observations
(all twins were included in the analyses) similarly to what has been shown previously (49).

Results
Twelve OXTR SNPs, evenly distributed over the gene and previously proposed to be
associated with autism and other aspects of social behaviors (Table 1), were genotyped in
the adult men and women from the Twin and Offspring Study in Sweden (TOSS, N=2309)
(50) and in the participants of the Swedish Twin Study of CHild and Adolescent
Development (TCHAD, N=1240) sample (53). The allele and genotype distributions of the
studied SNPs were similar to what has been reported in previous studies and did not deviate
from Hardy-Weinberg equilibrium.

Our first set of analyses revealed a significant association between the rs7632287 SNP and
self reported partner-bonding behavior within the TOSS sample, as assessed by the Partner
Bonding Scale (PBS) (49). For the younger women in the TCHAD sample, the same SNP
was significantly associated with the affection subscale of the Relationship Quality Survey
(RQS) (62) (Table 2). The P-values from both studies were combined using Fisher’s method
(63), taking effect direction into account by regarding the TCHAD sample as a replication
sample and performing a one-tailed test for the association between rs7632287 and the RQS
scale. This resulted in a combined P-value of 0.004, significant (P<0.05) after Bonferroni
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correction for the twelve tests performed. We found no significant associations between any
other OXTR SNPs and PBS or RQS scores in women and in line with our hypothesis based
on animal data no consistent association was found in men. Consequently, all subsequent
analyses focused upon women.

When examining the mean scores of females carrying the different rs7632287 genotypes, the
same pattern was seen in both the TOSS and TCHAD samples: women carrying one or two
copies of the A-allele scored lower on both the PBS (d=0.15) and RQS (d=0.28) scales than
did women carrying two copies of the G-allele. No difference between carriers of one or two
copies of A-alleles was detected (Table 3). Therefore, in further analyses of these two
cohorts A-allele carriers were combined into one category and compared to women carrying
two copies of the G-allele.

To investigate potential associations between rs7632287 and measures of marital quality
other than the PBS and RQS scales, we used an item from a life event questionnaire based
on the Social Readjustment Rating Scale (51) in the TOSS sample. This item asked whether
the female subjects had experienced marital crisis or threat of divorce during the last year.
We found that women carrying the A-allele more often answered affirmatively to this
question than women not carrying this allele (Table 4a). Eleven percent of women carrying
no copy of the A-allele reported marital crisis, whereas 16% of the women carrying this
allele reported marital crisis, suggesting approximately a 50% increase in risk of marital
crisis for carriers of the A-allele compared to noncarriers of this allele.

Next we investigated whether the rs7632287 genotype in women was related to their
partners’ perceptions of marital quality within the TOSS sample. This analysis was intended
to further identify potential effects of the women’s genotype upon their current relationships.
For this purpose, we used the four subscales (Dyadic Consensus, Dyadic Satisfaction,
Dyadic Cohesion and Affectional Expression) from the Dyadic Adjustment Scale (52),
commonly used to measure quality of marital relationships. The correlations between the
DAS subscales in men and PBS scores in women ranged from r=0.37 to r=0.42. In line with
our hypothesis marital quality, as assessed by the husbands, was associated with the
rs7632287 genotype of their wives. Men married to women carrying the A-allele reported
significantly lower scores on the Dyadic Consensus (measuring agreement on matters
important to dyadic functioning) subscale than did men married to women not carrying this
allele (d=0.13) (Table 4b).

In summary, rs7632287 and measures indicative of pair-bonding were associated within two
independent samples. To gain better understanding of pair-bonding in a broader phenotypic
sense and to be able to investigate rs7632287 in relation to other relevant phenotypes related
to pair-bonding behavior, this investigation was extended to include potential developmental
precursors of pair-bonding behavior in adulthood. The longitudinal design of the TCHAD
sample allowed us to investigate whether early childhood behaviors predict future behavior
in romantic relationship. To this end we used the Child Behavioral Checklist inventory
(CBCL) (64) reported by parents in the first wave of the TCHAD study (at age 8–9). Using
stepwise regression, we found that the parent-reported CBCL social problems subscale (a
scale assessing a variety of difficulties that children may display in their relationships with
peers and adults), but no other CBCL subscale, was significantly (r=−0.14, p=0.004)
associated with girls’ behavior in romantic relationships at ages nineteen to twenty years.
Further, we demonstrated that for girls the CBCL social problems scale was associated with
the rs7632287 genotype (Table 4c). Consistent with the association between the rs7632287
SNP and pair-bonding behavior described previously, girls carrying the A-allele experienced
more social problems than girls not carrying this allele (d=0.21).
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Since the CBCL subscale social problems measures a behavioral domain related to autism
(65), we investigated if the rs7632287 SNP is associated with autism spectrum syndromes.
To do so we turned to the Child and Adolescent Twin Study of Sweden (CATSS, N=1771)
sample (66) using parent interviews with the Autism-Tics, AD/HD, and other Co-
morbidities inventory (A-TAC) (55). In a recent paper (65), comparing A-TAC and CBCL
outcomes, the CBCL social problems scale showed the strongest correlation with the A-
TAC autism spectrum score and the autism spectrum symptoms of deficient capacity for
social interaction. We therefore hypothesized that there would be a relationship between the
rs7632287 SNP and aspects of social behaviors in girls as assessed by the A-TAC. In line
with our hypothesis, in girls – but not in boys - the rs7632287 SNP was significantly
associated with the A-TAC total autism spectrum score as well as with the social interaction
and communication domains in the autism spectrum (Table 5).

Discussion
Our current results propose an association between a SNP in OXTR (rs7632287) and pair-
bonding behavior in adult and adolescent women as well as with measures of social
problems in childhood, both reflected through normal variation in behavior as well as with
measures of autism spectrum traits. The rs7632287 SNP was significantly associated with
two different measures of pair-bonding related behaviors including the Partner Bonding
Scale as well as the affection subscale from the Relationship Quality Survey. Furthermore,
when investigating the influence of the rs7632287 SNP on marital problems assessed by the
women and the quality of the marital relationship described by their spouses significant
associations were detected. We also showed that in girls, the rs7632287 SNP was associated
with childhood social problems (which longitudinally predict behavior in romantic
relationships in early adulthood). Finally, the rs7632287 SNP was shown to be associated
with social problems and autism related traits. Taken together, these results are congruent
with previous quantitative genetics research showing genetic influences on marital outcomes
(67), social problems (68) and autism spectrum disorders (69).

Although variation in OXTR in previous studies has been shown to associate with different
measures of social behavior (30–46) no one has previously linked it to a phenotype in
humans directly corresponding to the species-unspecific and evolutionarily important
concept of pair-bonding. Pair-bonding has been studied extensively in voles and shown to be
facilitated through the actions of OT in females of this species. The fact that we are able to
show an association between OXTR and behaviors reflecting pair-bonding in women but not
in men is therefore consistent with previous research in animals. This study adds to previous
findings and gives support to the hypothesis that OT in humans, as in other animals, is
important for affiliative bonds between individuals of our species (70, 71).

By taking advantage of the longitudinal data structure in the TCHAD sample we were able
to identify a behavioral domain (social problems) in young girls associated with pair-
bonding later in life. This finding provides an interesting link to pair-bonding related
behavior in childhood, by suggesting that women shown to bond less strongly with their
partner in young adulthood also display less affiliative behavior during childhood.
Interestingly, this is in line with vole studies showing that non-monogamous voles species
show less affiliative behaviors than monogamous voles species already in their first days of
life (72). In our further analyses a significant association between rs7632287 and the social
problem measure in childhood was revealed and this association could be replicated in a
third sample (CATSS) using a measure of autism related social problems. Based on findings
from rodents showing that non-monogamous vole species with lower OTR expression in
specific brain regions (12) and mice deficient of OT or OTR characterized by social amnesia
in adulthood all display decreased social communication during early life (72–76), it may be
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suggested that the A-allele is associated with a decreased OT function in women which may
influence social behaviors throughout life. The effect of the rs7632287 SNP on childhood
social problems may also indicate that early precursor traits mediate the association between
the rs7632287 SNP and pair-bonding. The limited sample size determined by the number of
girls in the TCHAD sample having a romantic relationship, however did not provide enough
power to directly test this hypothesis. Nevertheless, our findings suggest that OXTR plays a
significant role in relationships across the life span. As described previously, human
research suggests that OXTR is associated with a variety of prosocial behaviors during
adulthood, behaviors possibly enhancing women’s social competence and the quality of
their social relationships through eliciting more positive responses from social partners or
through fostering more opportunities for social interactions. Our longitudinal analyses
suggest that these effects are present by middle childhood, persist through adolescence, and
possibly, through adulthood. These findings are consistent with previous studies that report
similarities in relationship quality across different partners and over time (77), and with
previous reports of associations between prosocial personality characteristics and marital
quality and/or marital status (78–81). Importantly, the current study provides insight to the
possible genetic sources of relationship quality and links between personality and
relationship quality.

The effect size (d) for the influence of the studied SNP on the different measures of social
behavior (d=0.13–0.28) is modest but comparable to what has been shown for the
association between AVPR1A and pair-bonding related phenotypes (49), DRD4 and the
personality trait novelty seeking (82) and that between a serotonin transporter polymorphism
and neuroticism (83).

In the current study rs7632287, but none of the other SNPs, was associated with pair-
bonding related behaviors using several measures and cohorts. The rs7632287 SNP is
located in the 3′ region of OXTR and has recently been associated with autism in two
previous studies (although not significant after multiple testing) (41, 43). Of the candidate
gene studies of OXTR and risk of autism conducted so far, these two studies comprises the
largest number of patients and are the only investigating the rs7632287 SNP. Interestingly,
although both these studies, as well as ours, comprise most of the SNPs associated to autism
in other studies the association to rs7632287 was the strongest. In comparison to our results
it is however puzzling that these studies show associations between autism and the major
allele (the G-allele) whereas our data suggest associations between increased number of
symptoms related social problems and autism in childhood (as well as an decreased ability
to bond to a partner in adulthood) and the minor allele (the A-allele). Although not making
the reverse direction of association between studies less puzzling this phenomenon is rather
common in genetic studies of complex traits, and may be explained by variations in study
populations, such as differences in ethnicity and measures of social behaviors. Moreover, as
the associations in the current investigation were restricted to females sex-specific analysis
was not conducted in the two previous studies of the rs7632287. In silico analysis suggest
that rs7632287 afflicts transcription factor binding to the 3′ end of the OXTR that may be
important for gene expression levels (43). However, further investigations are needed before
we know if this SNP has any importance for the protein function per se or if it is in linkage
disequilibrium with a functional variant.

By demonstrating significant associations in several samples between variation in OXTR and
phenotypes related to pair-bonding behavior in women and girls we provide compelling
evidence that OTR, shown to be of great importance for these behaviors in female voles,
could be of relevance also for humans.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overview of the order of analysis, samples and measures used to investigate
associations between oxytocin receptor gene (OXTR) polymorphisms and pair-bonding
behaviour as well as childhood deficits in social behaviours
Firstly, associations between 12 SNPs in the oxytocin receptor gene (OXTR) and measures
of pair-bonding were investigated in the TCHAD and TOSS samples, comprising men and
women in romantic relationships (see Tables 2 and 3 for the results from these analyses ).
Secondly, the SNP positively associated with pair-bonding behavior in women in the first
step (rs7632287) was further studied in relation to marital crisis and measures of marital
quality as perceived by spouses in the TOSS sample (Table 4a,b). Thirdly, the relation
between behaviors in young girls and adult pair-bonding behavior was explored using the
longitudinal design in TCHAD (Table 4c). The CBCL subscale social problems at age 8–9
was revealed to predict pair-bonding behavior in adulthood. Fourthly, the rs7632287 SNP
was studied in relation to the social problems scale in TCHAD. The CBCL social problems
scale has previously been shown to be associated with measures of the autism spectrum (65)
and in the final step the rs7632287 SNP was studied in relation to symptoms of autism
assessed in an additional sample, CATSS (Table 5). See text for further details and
references regarding the samples and the different measures. Sample names are in bold text.
RQS=Relationship Quality Survey, PBS=Partner Bonding Scale, CBCL=Child Behavior
Checklist, A-TAC= the Autism—Tics, AD/HD, and other Comorbidities inventory.
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