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A B S T R A C T

Background: Lack of social support is an established risk factor across health outcomes, making it important to
examine its family environmental and genetic determinants.
Methods: In a 27-year follow-up of the Young Finns Study (N=2341), we examined with a latent growth curve
model whether genes involved in the oxytocin signaling pathway—namely, oxytocin receptor gene (OXTR)
variants rs1042778, rs2254298, and rs53576—moderate the effect of early-life social experiences on perceived
social support across the life span. Mothers reported the emotional warmth and acceptance towards their
children at baseline when the participants were from 3 to 18 years old (1980). Perceived family support and
support from friends and peripheral sources were assessed in five follow-ups 18 years apart (1989–2007).
Results: Maternal emotional warmth and acceptance predicted the initial level of perceived social support across
subscales, while the rate of change in family support was affected by the family environment only if participants
carried the T-allele of OXTR rs1042778. This gene-environment interaction was not found for the rate of change
in support from friends and peripheral sources and we also did not find associations between latent growth in
perceived social support and OXTR variants rs53576 and rs2254298.
Limitations: Selective attrition in perceived social support, maternal emotional warmth and acceptance, gender,
and SES. Family environment was assessed by a non-standardized measure.
Conclusions: OXTR rs1042778 polymorphism seems to contribute to changes in perceived family support in that
way that some individuals (T-allele carriers) ‘recover’, to some extent, from the effects of early-life social ex-
periences, whereas others (G/G genotype carriers) do not.

1. Introduction

Humans are highly social animals whose lives are dependent on
other humans. A rich literature has demonstrated that social support is
a key determinant in human health and well-being (Berkman et al.,
2000; Holt-Lunstad et al., 2015; Uchino et al., 1996; Yang et al., 2016).
In addition, social support is especially relevant to mental health as it
has been associated with better mental health both directly
(Gariépy et al., 2016) and indirectly (Cohen and Wills, 1985). Broadly,
social support can be divided into two categories, that is, one char-
acterized by structural aspects (e.g., the size of social networks or

frequency of contacts) and the other by emotional or informational
aspects (perceptions of availability of support). Although some studies
have examined social network changes (i.e., structural social support)
across the lifespan (e.g., Wrzus et al., 2013), little is known about how
perceptions of social support change over different developmental
phases (Antonucci et al., 2014; Carstensen et al., 1999). Available
evidence on social support perceptions across the lifespan is mostly
based on cross-sectional studies (Pavlova et al., 2015; Prezza and
Pacilli, 2002) or is limited to old age (Costa et al., 1985; Hakulinen
et al., 2016; van Tilburg, 1998), yet, these studies have found that fa-
mily support is rather stable across all ages while support from friends
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and peripheral sources decrease throughout adulthood. To our knowl-
edge, no longitudinal study has focused on changes in perceived social
support from adolescence to middle adulthood. Accordingly, little at-
tention has been paid to family environmental and genetic determi-
nants of perceived social support across the lifespan (cf.
Antonucci et al., 2014).

1.1. Family environment

Adolescence and adulthood perceptions of social support might re-
flect internalized representations of the family environment (see, e.g.,
Herzberg et al., 1999) and, thus, child-rearing practices and the parent-
child relationship quality are probably important for how individuals’
experience social support in later life. We argue that this is the case
because especially the family environment is an origin of social beha-
viors and close relationships which are reflected in individuals’ per-
ceived support across the lifespan.

Most theories agree that emotional warmth between parent and
child (i.e., their love and connectedness) is a main component of a
beneficial family environment (Clark and Ladd, 2000; Maccoby, 1980;
MacDonald, 1992; Schaefer, 1959). MacDonald (1992), for instance,
conceptualizes warmth as a reward system that facilitates cohesive re-
lationships within the family and parents’ investment in their children
and their emotional bond. Another, yet related, basic characteristic of
the family environment is parental acceptance of child's feelings, opi-
nions, and actions (Maccoby, 1980; Schaefer, 1959). Acceptance is a
measure of parents’ tolerance and responsiveness toward the child. Low
levels of acceptance further capture ambivalent child-rearing experi-
ences (Donath, 2015; Shelton and Johnson, 2006), such as, parental
perceptions of the child as demanding and requiring a lot of time and
attention, and even perceiving the child in some situations as burden-
some (Keltikangas-Järvinen, 2002). Thus, emotional warmth and ac-
ceptance are markers of the early-life social experience within a family,
which reflect variation in normal parenting experienced by most in-
dividuals during their childhood. To our best knowledge, however, the
associations between maternal emotional warmth and acceptance and
perceived social support have not been studied longitudinally to date.

1.2. Genetic background of perceived social support

With regard to specific genetic pathways, the role of oxytocin (OT)
signaling is of recent interest in understanding human social behavior
and close relationships (Kumsta and Heinrichs, 2013). The neuropep-
tide OT has been held responsible for regulating social cognition
(Peltola et al., 2014; Skuse et al., 2014; Zink and Meyer-Lindenberg,
2012) as well as various social and affective traits and states (Ebstein
et al., 2012; Olff et al., 2013). Perceived social support appears to have
a biological makeup (i.e., is partly heritable) (Kessler et al., 1992) and
genes involved in OT signaling might contribute to inter-individual
differences in perceived social support. Here, we focus on the most
common type of genetic variation among individuals: single nucleotide
polymorphisms (SNPs). SNPs represent naturally occurring variations
in a single DNA building block. For example, an SNP may replace the
nucleotide Guanine (G) with the nucleotide Adenine (A) or Thymine (T)
in a certain stretch of DNA. These genetic differences might be asso-
ciated with complex traits, such as perceived social support and might
also modulate an individual's susceptibility to environmental influences
(U.S. National Library of Medicine, 2017).

So far, three studies have investigated the relationship between
oxytocin receptor gene (OXTR) variant rs53576 and various sources of
social support, such as, experimental manipulated presence versus ab-
sence of a friend (Chen et al., 2011), the level of perceived unsupportive
social interactions with parents and peers (McInnis et al., 2015), or the
self-rated quality of seven aspects of support across relationships with
family and nonfamily members (Hostinar et al., 2014). None of these
studies, however, have found direct associations between OXTR

rs53576 and perceived social support.

1.3. Gene–environment (G×E) interactions

The fact that previous research did not find direct effects of oxytocin
pathway genes in social support perceptions might be explained by
G×E interaction. It is possible that the associations between the family
environment and perceived social support might be different in dif-
ferent OXTR genotype carriers, which makes it important to examine
G×E interactions in perceived social support across adolescence and
adulthood.

Generally, research on G×E interactions has to differentiate be-
tween at least three complementary perspectives: The diathesis-stress
perspective is guided by the theoretical assumption that some in-
dividuals are more vulnerable than others to adverse environments for
genetic (or temperamental) reasons (Caspi et al., 2002; Rutter et al.,
2006). A logical complement to this concept was recently coined van-
tage sensitivity (Pluess and Belsky, 2013), claiming that there are inter-
individual differences in the response to positive environmental influ-
ences as a function of opportunity characteristics. The differential sus-
ceptibility hypothesis, finally, states that some individuals are more sus-
ceptible than others to all environmental effects irrespective of their
nature (Belsky and Pluess, 2009). Those individuals who carry certain
“plasticity-alleles” are thus not just vulnerable to environmental risks
(as the diathesis-stress perspective suggests) but also sensitive to effects of
neutral or beneficial environments (as the concept of vantage sensitivity
implies). What all three perspectives have in common, is that for other
individuals the same environmental influences might have only a weak
effect, if any. Moreover, genes might not only modulate the effect an
environmental determinant has on initial differences in a social phe-
notype but also influence whether these differences become more
pronounced, decrease, or even disappear as individuals grow older.

Therefore, common polymorphisms in OT pathway genes might
moderate how salient the family environment is in perceptions of social
support (Kumsta and Heinrichs, 2013). For instance, maltreated ado-
lescents carrying the G/G genotype in OXTR variant rs53576 are shown
to have lower perceived social support as compared to carriers of the A-
allele, who are not affected by this environmental influence
(Hostinar et al., 2014).

Three candidate genes appear most promising for examining G×E
interactions in perceived social support: The first two SNPs, rs53576
and rs2254298 (both G to A), have been targeted at in recent meta-
analytical (Bakermans-Kranenburg and van Ijzendoorn, 2014; Li et al.,
2015) and theoretical reviews (e.g., Brune, 2012). The third SNP,
rs1042778 (G to T), is an early-discovered candidate gene (Israel et al.,
2009), which has repeatedly been mentioned in literature on OXTR-
social behavior linkages. For all three SNPs functional linkages to either
alterations of oxytocinergic brain regions as responses to social cues
(Inoue et al., 2010; Tost et al., 2010), OT plasma levels (Feldman et al.,
2012), and/or DNA CpG methylation (Smearman et al., 2016) have
been reported.

1.4. The current study

As early-life social experiences can lay a foundation for human
development across the lifespan, the family environment might con-
tinue to influence individuals’ perceptions of social support during
adolescence and adulthood. However, this might be the case only if the
child (and later adult) carries certain genotypes in the OXTR that make
him/her more susceptible to environmental influences. The current
study, therefore, examines if candidate genes in the oxytocin receptor
moderate the influence of maternal emotional warmth and acceptance
on perceptions of social support. Furthermore, we report the changes in
social support from adolescence to middle adulthood, which has not
been longitudinally investigated previously. This makes it possible to
study conditional effects of the OXTR and the family environment on
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