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Abstract
Previous research revealed experiences of childhood adversity (CA) to be related to less favorable parenting behavior. It can 
further be expected that maternal oxytocin receptor (OXTR) genes may influence parenting behavior and moderate rela-
tionships between CA and parenting behavior. Moreover, associations between the OXTR gene and plasma oxytocin (OT) 
have been discussed. The present study investigated main effects of the OXTR gene on parenting behavior and plasma OT 
of mothers, and moderating effects of the OXTR gene on the relationship between mothers’ experiences of CA and parent-
ing behavior. We relied on a sample of 193 mothers and their on average 8-year-old children. Maternal experiences of CA 
were assessed using a standardized interview. A questionnaire for the assessment of child abuse potential and observations 
of mother–child interaction were used as indicators of parenting behavior. For mothers, we analyzed three polymorphisms 
(rs53576, rs1042778, rs2254298) of the OXTR gene and plasma OT. Only the rs53576 was associated with mothers’ par-
enting behavior, specifically with maternal sensitivity. The rs2254298 significantly moderated relations between mothers’ 
experiences of CA and parenting behavior. Significant relations could be found only for mothers who were homozygous for 
the G allele. The G allele of the rs2254298 was further related to increased plasma OT levels. Our findings underline the 
importance of considering genetic variation when investigating consequences of CA and developing intervention programs 
that are adapted to an individual’s needs.
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Introduction

According to the cycle of abuse hypothesis, individuals 
with experiences of childhood adversity (CA) are at risk 
of having difficulties in reacting appropriately to the emo-
tional needs of their children or of maltreating their own 
children when they become parents themselves (Thorn-
berry et al. 2012). However, although experiences of CA 
have been shown to increase the risk of poor parenting 
behavior (Newcomb and Locke 2001; Fuchs et al. 2015; 
Lomanowska et al. 2017) a large proportion of parents 
with experiences of CA does not maltreat their own chil-
dren (Belsky 1993). The investigation of gene–environ-
ment (GxE) interactions may partially explain this vari-
ability, giving key answers to the question why some 
individuals with experiences of CA show negative par-
enting behavior whereas others do not. An individual’s 
genetic makeup may affect its susceptibility to specific 
experiences (Belsky and Pluess 2009). Studies on GxE 
interactions thus test for moderating effects of particular 
genes on relations between environmental influences and 
specific human behaviors (Meaney 2010).

In the present study, we were particularly interested in 
the role of the oxytocin receptor (OXTR) gene with regard 
to parenting behavior in the context of CA. The neuromod-
ulator oxytocin is synthesized in the hypothalamus and 
then projected to the pituitary gland (Aspé-Sánchez et al. 
2016). It is released into the blood circulation affecting, 
among others, milk ejection in response to suckling (Kiss 
and Mikkelsen 2005). In addition oxytocin functions as a 
neurotransmitter in various brain regions that have been 
associated with social functioning (Herpertz and Bertsch 
2016). Finally, oxytocin has been shown to be associated 
with attachment, parent–child synchrony and parenting 
behavior (Bakermans-Kranenburg and van IJzendoorn 
2017; Feldman and Bakermans-Kranenburg 2017), social 
exploration and recognition (Meyer-Lindenberg et  al. 
2011), and an attenuation of the stress response (Car-
doso et al. 2014). In a recent review, Toepfer et al. (2017) 
outlined the role of oxytocin in various pathways which 
are supposed to contribute to an intergenerational trans-
mission of CA, specifically the maternal–fetal-placental 
stress physiology, maternal depression during pregnancy 
and postpartum, and impaired mother–child interactions.

Regarding the OXTR gene (located at 3p25.3), which 
regulates the availability of oxytocin in the brain, several 
single nucleotide polymorphisms (SNPs) have been dis-
cussed as prominent candidates directly influencing social 
concepts such as empathy or parenting behavior (Kum-
sta and Heinrichs 2013; Bakermans-Kranenburg and van 
Ijzendoorn 2014; Feldman et al. 2016). Thus far, most 
empirical studies on the role of the OXTR gene have 

focused on the SNPs rs53576 and rs2254298, which are 
located in intron 3 (Toepfer et al. 2017). Recent meta-ana-
lytic findings (Bakermans-Kranenburg and van Ijzendoorn 
2014) did not support main effects of either the rs53576 or 
the rs2254298 on observed social behavior. Several studies 
specifically investigated relations between the rs53576 and 
parenting behavior, revealing inconsistent results. Whereas 
Michalska et al. (2014) found A allele carriers to show 
more positive parenting behavior, previous research also 
reported the A allele to be related to less maternal sensitiv-
ity (Bakermans-Kranenburg and van Ijzendoorn 2008) and 
decreased levels of maternal warmth (Klahr et al. 2015). 
The SNP rs1042778, which is located in exon 4 of the 
OXTR gene (Feldman et al. 2016), has received far less 
attention revealing inconsistent findings. Previous results 
pointed to the rare T allele on the one hand being associ-
ated with less parental touch of fathers and mothers to 
their 4–6 months old infants (Feldman et al. 2012), but on 
the other hand with more positive parenting of mothers in 
interactions with their 4–6-year-old children (Michalska 
et al. 2014).

Relations between OXTR genotypes and forms of bio-
logical functioning, such as plasmatic levels of OT or dif-
ferent volumes of neural structures, might help to explain 
in which way polymorphisms of the OXTR gene may cause 
differences in phenotypic traits (Bakermans-Kranenburg and 
van Ijzendoorn 2014). Thus far, only few studies related the 
rs2254298 with plasma OT: Feldman et al. (2012) reported 
significantly lower OT levels for Israeli parents who were 
homozygous for the G allele. Yang et al. (2017) and Parker 
et al. (2014) did not find significant associations between the 
rs2254298 and plasma OT among children and adolescents 
with or without autism spectrum disorder. The A allele of 
the rs53576 has been associated with increased plasma OT 
levels in a study among healthy adults (Moons et al. 2014). 
In contrast, Vizeli and Liechti (2018) did not find any dif-
ferences in concentrations of plasma OT according to vari-
ations in the rs53576, the rs2254298 or the rs104778 among 
healthy adults. Moreover, Fujiwara et al. (2019) did not find 
any relations between saliva OT levels and variations in the 
rs53576 across three generations of females (grandmothers, 
mothers, and infants).

Guided by the assumptions of the diathesis–stress-model 
(Zuckerman 1999), a number of previous studies further 
investigated whether SNPs of the OXTR gene interacted 
with experiences of CA in the prediction of parenting behav-
ior. With respect to the rs53576, mothers carrying at least 
one G allele showed more rejection towards their infants 
when they have experienced overprotective parenting behav-
ior by their mothers (Fujiwara et al. 2019). In contrast, a 
10-year prospective study revealed an association between 
experiences of harsh parenting during adolescence and ele-
vated scores on an allostatic load composite during young 
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adulthood only among A allele carriers (Brody et al. 2017). 
In a sample of male adults, Esposito et al. (2017) showed 
the A allele of the rs2254298 to increase the strength of the 
association between experienced paternal overprotection and 
an increase in heart rate after presentation of audio tapes 
with infant, adult female and bonobo cries. This finding has 
been discussed as A allele carriers who have been exposed to 
adverse environments being more prone to react physically 
to stressful situations. In a large population-based sample 
of female adults, Micali et al. (2017) reported the A allele 
of the rs2254298 to interact with experienced poor mater-
nal care and thereby increasing the risk of eating disorders. 
To our knowledge, no study has investigated interactions 
between the rs1042778 and CA in the prediction of parent-
ing behavior.

The present study aimed at investigating (a) main effects 
of the OXTR gene (rs53576; rs2254298; rs1042778) on 
parenting behavior (maternal sensitivity; child abuse poten-
tial) and plasma OT of mothers, and (b) to test for moderat-
ing effects of the three candidate SNPs on the relationship 
between mothers’ experiences of CA and parenting behavior. 
We decided to investigate the role of these three SNPs due 
to promising results from previous research combined with 
a lack of knowledge (particularly for the rs1042778) on its 
role in the context of parenting behavior. Due to a low num-
ber of previous studies which further showed inconsistent 
results, we did not test for a particular direction of main 
effects on parenting behavior or on plasma OT concentra-
tion. For moderator analyses, we assumed rare variants of 
the SNPs rs2254298 (A) and the rs1042778 (T) and the G 
allele of the rs53576 to constitute risk alleles increasing the 
strength of the relationship between mothers’ experiences of 
CA and less favorable parenting behavior.

Method and materials

Participants and procedure

Mothers were recruited as a part of the multi-center project 
“Understanding and breaking the intergenerational cycle of 
abuse” (UBICA; www.ubica .de) in the general population 
and in psychiatric inpatient clinics. Moreover, mothers from 
a previous study (Möhler et al. 2001) were re-invited to take 
part in the present study. In the present paper, we used data 
from two subprojects at the University Clinics of Heidelberg 
and Berlin. Mothers were excluded from our study in case of 
neurological diseases, severe physical or mental disabilities 
or if they had fulfilled the criteria for an emotional-unstable, 
anxious–avoidant or antisocial personality disorder. Children 
were excluded if they met the criteria for an autistic disorder 
or in case of an intelligence score below 70.

Mothers were invited together with their child to the 
study sites in either Heidelberg or Berlin. Clinical inter-
views with both mothers and children were performed by 
trained clinicians in the field of adult or child and adoles-
cent psychiatry, respectively, biological samples (buccal 
swaps; blood samples) were collected and mothers filled in 
a set of self-report questionnaires. Finally, two sequences 
of mother–child interaction were videotaped and coded 
according to a standardized coding protocol. Participants 
were instructed not to eat or drink (except water) for 2 h 
prior to the assessment.

Our sample consists of 193 mothers aged on average 
39.28 years (SD = 5.71; range = 26–54 years) with a child 
aged on average 8.02 years (SD = 1.57; range = 5–12 years), 
both living in the same household (108 female and 85 male 
children). Overall, mothers had between one and six chil-
dren (M = 2.13; SD = 0.82). 117 mothers (60.6%) were liv-
ing in one household with the biological father, 18 (9.38%) 
were living with a partner not being the biological father, 
54 (27.98%) were living alone, and 4 (2.07%) were living 
in their family of origin or in a residential community. With 
respect to axis I disorders, 110 mothers (57%) fulfilled the 

Table 1  Current and past 
clinical diagnoses of mothers 
according to the international 
classification of diseases (ICD-
10) system (n = 193)

Multiple diagnoses per participant are possible

Diagnoses Current diag-
noses

Past diag-
noses

n % n %

F1: mental and behavioral disorders due to psychoactive substance use 0 0 3 1.6
F2: schizophrenia, schizotypical and delusional disorders 0 0 1 0.5
F3: mood (affective) disorders 5 2.6 97 50.3
F4: neurotic, stress-related and somatoform disorders 18 9.3 20 10.4
F5: behavioral syndromes associated with physiological disturbances and 

physical factors
1 .5 10 5.2

http://www.ubica.de
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criteria for an acute or lifetime psychiatric diagnosis (see 
Table 1).

Psychological measures

Childhood adversities of mothers were measured with the 
German version (Kaess et al. 2011) of the Childhood Expe-
riences of Care and Abuse Interview (CECA; Bifulco et al. 
1994). The CECA is a standardized interview assessing 
experiences of care and abuse with both parents (or alter-
natively a mother or father figure) during childhood and 
adolescence. The subscales antipathy, neglect, psychologi-
cal, physical, and sexual abuse are rated on a 4-point scale 
ranging from 0 (no adversity/abuse) to 3 (severe adversity/
abuse), whereas values of 2 or 3 indicate the existence of a 
traumatic experience. In the present study, we calculated a 
total score of CA (Cronbach’ α = 0.80).

Maternal sensitivity was assessed with a subscale of the 
Emotional Availability (EA) Scales (Biringen 2008). Dur-
ing two situations (free play; dealing with a hardly solv-
able puzzle task), mothers were asked to interact with 
their child without the attendance of any other person. The 
mother–child interaction was videotaped and subsequently 
rated according to the standardized manual of the EA Scales. 
The subscale of maternal sensitivity takes account of the 
maternal affect, the clarity of perception and appropriate 
and timed responsiveness to the child’s signals, flexibility, 
variety, and creativity in modes of play or interaction, the 
mother’s acceptance of the child, the amount of interaction, 
and an adequate resolution of conflict situations. Ratings 
on maternal sensitivity range from 1 (highly insensitive) to 
7 (highly sensitive). In our study, two out of three clini-
cal psychologists who have been trained and certified rated 
each video (inter-rater agreement: ICC ≥ 0.81). In case of 
divergent ratings, a consent rating was obtained through 
discussion.

Mothers’ child abuse potential was measured with the 
German version (EBSK; Deegener et al. 2009) of the Child 
Abuse Potential Inventory (Milner 1986). The EBSK is a 
self-report questionnaire which assesses various risk factors 
for child abuse, such as problems with the child and self, 
problems with the family, distress or rigidity. The risk fac-
tors are pooled into one risk score, which can be obtained 
via published algorithms (Deegener et al. 2009), indicating 
the child abuse potential. The risk score ranges from 0 to 
422 with values above 185 indicating an increased risk for 
child abuse.

We further assessed a set of demographic variables and 
variables that might affect plasma OT (first versus second 
half of the menstrual cycle; medication; time of blood sam-
pling) along with the intellectual abilities of mothers using 
a vocabulary test (WST; Schmidt and Metzler 1992) and of 
children using the Culture Fair Intelligence Test (CFT-20 

R; Weiß 2008). The intellectual ability of mothers and chil-
dren was measured for the purpose of ruling out a potential 
impairment of intelligence, which has been defined as exclu-
sion criterion in our study. Psychiatric diagnoses of mothers 
were rated using the Mini International Neuropsychiatric 
Interview (MINI; Sheehan et al. 1998) and the International 
Personality Disorder Examination (IPDE; Loranger et al. 
1997).

Biological measures and analyses

Maternal DNA was extracted from buccal cells in the lab-
oratory of the Clinic of Psychiatry, Social Psychiatry and 
Psychotherapy of the Hannover Medical School (Prof. 
Helge Frieling). Three single nucleotide polymorphisms 
(rs53576; rs1042778; rs2254298) of the OXTR gene were 
genotyped at the laboratory of the Department of Psychia-
try, Psychotherapy and Psychosomatics, Martin-Luther-
University Halle-Wittenberg, Halle, Germany (Prof. Dan 
Rujescu). DNA was amplified using Genomiphi V2 DNA 
Amplification Kit (Sigma–Aldrich Chemie GmbH, Ger-
many) according to the manufacturer’s recommendation. 
Concentration was adjusted using the PicoGreen quantita-
tion reagent (Invitrogen, Karlsruhe, Germany). Genotyping 
was performed by the iPLEX assay on the MassARRAY 
MALDI-TOF mass spectrometer as described (Oeth et al. 
2009). Allele-specific extension products were identified 
and genotypes allocated by Typer 3.4 Software (Sequenom, 
San Diego, CA, USA). All applied quality criteria were met 
(individual call rate > 80%, SNP call rate > 99%, no devia-
tion from Hardy–Weinberg equilibrium).

Blood samples (5 ml) were taken from mothers prior 
to the assessment of mother–child interaction (mean time: 
3.20 pm, SD = 2 h, 10 m) and drawn into EDTA vacutainer 
tubes, which were immediately cooled in iced water at 4 °C. 
The samples were then centrifuged (5 min, ≤ 4000 rpm, 
4 °C) and 1 ml of plasma was pipetted into a 2-ml Eppendorf 
vial. Samples were stored at − 80 °C. Plasma OT levels were 
analyzed at the Department of Behavioral and Molecular 
Neurobiology of the University of Regensburg, Germany 
(Prof. Inga D. Neumann). The samples were extracted and 
consequently analyzed using an extremely sensitive radioim-
munoassay (RIAgnosis; Sinzing, Germany) with a detection 
limit in the 0.1 pg/sample range depending on the age of the 
tracer. The radioimmunoassay with prior extraction (exclud-
ing any kind of plasma proteins) detects free, bioavailable 
OT and has been validated in multiple physiological sce-
narios and species. Serial dilutions of human plasma that 
contains high levels of endogenous OT run in parallel to the 
standard curve indicating immune-identity. The coefficient 
of variation for intra-assay precision was below 10%. Inter-
assay variation was eliminated by measuring all samples 
within the same assay.
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Analytic strategy

Data were analyzed using the statistical software pack-
age SPSS 24. We first tested whether the OXTR poly-
morphisms (rs53576; rs1042778; rs2254298) influenced 
parenting behavior, which has been operationalized via 
maternal sensitivity and the risk score of the EBSK, and 
plasma OT. Specifically, we tested for mean differences 
in parenting behavior and plasma OT between subgroups 
of mothers with the variants (1) GG, (2) GA and AA with 
respect to the rs53576, between (1) GG, (2) GT, or (3) TT 
regarding rs1042778, and between (1) GG, or (2) GA and 
AA with respect to rs2254298. For the rs53576 and the 
rs2254298, we decided to pool mothers with one or two 
variants of the rare polymorphisms (A) into one group, 
due to its low prevalences. We consequently tested for 
two models regressing (a) maternal sensitivity or (b) child 
abuse potential on the maternal general score of CA, test-
ing for moderating effects of the rs53576, the rs1042778 
and the rs2254298, respectively. Moderator analyses 
were conducted in two steps: first, we tested for relations 
between CA and parenting within subgroups of mothers 
with specific gene variants (GG, GA/AA for the rs53576; 
GG, GT or TT for the rs1042778; GG or GA/AA for the 
rs2254298). Second, we conducted a Fisher Z transfor-
mation and tested for significant correlation differences. 
In our analyses, we controlled for the effects of mater-
nal age and maternal psychopathology, using a dichoto-
mous variable for lifetime diagnoses of psychopathology 
(0 = no lifetime psychiatric diagnosis; 1 = at least one past 
or present psychiatric diagnosis). We tested for mean dif-
ferences using F or t tests for continuous variables (e.g., 
maternal sensitivity; child abuse potential; plasma OT) 
and χ2 tests for categorical variables (e.g., psychopathol-
ogy; medication).

Results

Descriptive statistics

The genotype distributions for the two OXTR SNPs are as 
follows: GG = 83 (43.00%), GA = 93 (48.19%), and AA = 17 
(8.81%) for the rs53576, GG = 59 (30.57%), GT = 99 
(51.30%), and TT = 35 (18.13%) for the rs1042778, and 
GG = 148 (76.68%), GA = 43 (22.28%), and AA = 2 (1.04%) 
for the rs2254298. Overall, 68 mothers (35.2%) reported 
severe experiences of maternal and/or paternal antipathy, 28 
(14.5%) of neglect, 70 (36.3%) of physical abuse, 46 (24%) 
of sexual abuse, and 23 (11.9%) of psychological abuse. 
Mothers who were living with a partner experienced signifi-
cantly more experiences of CA compared to mothers living 
without a partner, whereas the differences are not significant 
when controlling for maternal age and psychopathology (see 
Table 2).

Mothers had an average score of 106.0 (SD = 10.73) in 
the WST and children scored on average with 105.2 points 
(SD = 12.67) in the CFT, both of which correspond to mean 
intelligence levels in the normal range. Neither children’s 
age nor children’s gender were confounded to maternal 
genetic variation on the rs53576 (t = −  0.77, df = 191, 
p = 0.44, and χ2 = 0.31, p = 0.86, respectively), the rs1042778 
(F[2,190] = 1.04, p = 0.36, and χ2 = 0.21, p = 0.65, respec-
tively) or the rs2254298 (t = − 0.03, df = 191, p = 0.97, and 
χ2 = 1.72, p = 0.19, respectively). Maternal psychopathol-
ogy was not confounded to genetic variation on the rs53576 
(χ2 = 0.01, p = 0.93), the rs1042778 (χ2 = 3.51, p = 0.17) 
or the rs2254298 (χ2 = 0.83, p = 0.36). The menstrual 
cycle (χ2 = 0.99, p = 0.32, χ2 = 3.61, p = 0.16 and χ2 = 0.19, 
p = 0.67), the time of blood sampling (t[1,165] = 0.37, 
p = 0.72, F[2,164] = 0.31, p = 73 and t[1,165] = 0.39, 
p = 0.39) or the intake of relevant medication (χ2 = 0.70, 

Table 2  Experiences of CA for 
the whole sample and for the 
subsamples of mothers living in 
an household with or without a 
partner

Scores for the subscales of CA ranged from 0 to 3 and for the general score on a scale from 0 to 15, with 
higher scores indicating more severe experiences of CA
CA childhood adversity, n number of participants, M mean, SD standard deviation, p probability

Whole sample Mothers 
living with 
a partner 
(n = 134)

Mothers liv-
ing without 
a partner 
(n = 58)

Not controlled 
for covariates

Controlled 
for maternal 
age and psy-
chopathology

M SD M SD M SD F p F p

CA
 Antipathy 1.06 1.06 0.95 1.05 1.31 1.06 4.79 0.03 0.83 0.36
 Neglect 0.66 0.87 0.58 0.83 0.84 0.93 3.79 > 0.05 0.28 0.60
 Physical abuse 1.02 1.03 0.90 1.04 1.28 0.95 5.48 0.02 1.05 0.31
 Sexual abuse 0.66 1.02 0.60 0.99 0.78 1.09 1.14 0.29 0.42 0.52
 Psychological abuse 0.44 0.86 0.43 0.84 0.47 0.92 0.09 0.77 0.63 0.43
 General score of CA 3.83 3.67 3.46 3.57 4.67 3.79 4.48 0.04 0.10 0.75
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p = 0.70, χ2 = 1.09, p = 0.59, and χ2 = 0.10, p = 0.76) were 
unrelated to genetic variation on the rs53576, the rs1042778 
or the rs2254298, respectively. Among mothers with avail-
able plasma OT scores, 53 (31.2) were in the first and 74 
(43.5%) at the second half of the menstrual cycle (for 43 
mothers, information on the menstrual cycle was miss-
ing). Moreover, 24 (14.1%) had a regular intake of relevant 
medication, 137 (80.6%) did not take any medication and 
9 (5.3%) did not provide information about the intake of 
relevant medication.

Direct and moderating effects of maternal OXTR 
genotype

There were no significant mean differences in ratings on 
maternal sensitivity (F[2,187] = 1.15, p = 0.32) or child 
abuse potential (F[2,188] = 1.25, p = 0.29) between moth-
ers carrying different variants (GG, GT or TT) of the poly-
morphism rs1042778. Moreover, mothers with at least one 
rare variant (GA or AA) of the polymorphism rs2254298 did 
not differ from those with two common variants (GG) with 
respect to maternal sensitivity (F[1,188] = 0.001, p = 0.97) 
or child abuse potential (F[1,189] = 0.02, p = 0.89). The 
rs53576 was related to parenting behavior, with mothers 
carrying at least one A allele scoring significantly higher 
on maternal sensitivity than mothers with two G variants 
(F[1,188] = 4.77, p = 0.03; Hedges’ g = 0.31). There were 
no significant mean differences on the child abuse potential 
scale between mothers with different variants on the rs53576 
(F[1, 189] = 0.003, p = 0.96) (see Table 3). Plasma OT was 
not related to the rs53576 (F[1,166] = 0.03, p = 0.64) or 
the rs1042778 (F[2,165] = 0.02, p = 0.98). However, moth-
ers homozygous for the G allele (n = 132, M = 3.54 pg/ml, 
SD = 2.41, range 0.32–12.13 pg/ml) of the rs2254298 had 
significantly higher plasma OT compared to mothers with at 
least one A allele (n = 38, M = 2.59 pg/ml, SD = 1.87, range 

0.44–7.89 pg/ml, F[1,166] = 5.02, df = 1, p = 0.03; Hedges’ 
g = 0.41).

The rs53576 and the rs1042778 did not moderate rela-
tions between CA and child abuse potential nor between CA 
and maternal sensitivity. Regarding the rs53576, we found 
significant relations between CA and child abuse potential 
among mothers with two common variants for the rs53576 
(GG; β = 0.30, p = 0.02) and among mothers with at least 
one rare variant (GA/AA; β = 0.20, p = 0.04). However, there 
was no significant difference between these β-coefficients 
(p = 0.24). Regarding the rs1042778, associations between 
CA and parenting behavior were significant only in the group 
of mothers with one rare variant (GT; β = − 0.26, p = 0.02), 
however no significant relations were found for mothers who 
were either homozygous for the common variant (GG) or for 
the polymorphism (TT) (see Table 4).

In contrast, the rs2254298 moderated relations between 
CA and maternal sensitivity (p = 0.04) and between CA and 
child abuse potential (p = 0.03). Specifically, having at least 
one A allele revealed to constitute a potential protective fac-
tor, attenuating relations between CA and parenting behavior 
to a nonsignificant level (see Table 4 and Figs. 1 and 2).

Discussion

In the present study, we tested for effects of three com-
mon variants of the OXTR gene (rs53576; rs2254298; 
rs1042778) on parenting behavior and plasma OT, and for 
moderating effects of these OXTR gene variants on the rela-
tionship between experiences of CA and parenting behavior 
among adult mothers. Our findings supported direct effects 
of the OXTR gene on parenting behavior only with respect 
to the rs53576 and maternal sensitivity. We did not find 
direct effects of the rs2254298 or the rs104778 on parenting 
behavior. However, the rs2254298 significantly moderated 

Table 3  Means and standard 
deviations for maternal 
sensitivity, child abuse potential 
and plasma OT as a function of 
polymorphisms of the OXTR 
gene

Results are controlled for psychopathology and age of mothers. Levels of plasma OT are indicated in pg/ml
OT  oxytocin, M mean, SD standard deviation, p probability, G glycine, T thymine, A adenine

Maternal sensitivity Child abuse potential Plasma OT

n M SD F p n M SD F p n M SD F p

rs53576
 GG 82 4.06 0.83 83 174.90 37.45 71 3.24 2.28
 GA/AA 110 4.36 1.05 4.77 0.03 110 174.78 41.46 0.003 0.96 99 3.39 2.37 0.03 0.96

rs1042778
 GG 58 4.07 1.05 59 182.42 43.44 54 3.37 2.53
 GT 99 4.36 0.91 99 172.08 36.00 82 3.31 2.28
 TT 35 4.13 0.97 1.15 0.32 35 169.82 42.30 1.25 0.29 34 3.30 2.16 0.02 0.98

rs2254298
 GG 148 4.22 1.00 148 175.19 40.33 132 3.54 2.41
 GA/AA 44 4.26 0.89 0.001 0.97 45 173.65 37.90 0.02 0.89 38 2.59 1.87 5.02 0.03
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relations between mothers’ experiences of CA and parenting 
behavior. CA was negatively related to maternal sensitivity 
and positively related to child abuse potential only among 
mothers homozygous for the common allele (GG). The G 
allele of the rs2254298, which was associated with elevated 
plasma OT levels in our study, might be associated with an 
elevated susceptibility to experiences of CA.

Our study extends previous research in several ways. First, 
we focused on parenting behavior combining a self-report 
assessment with behavioral observations of mother–child 
interactions. Second, we assessed CA using a standardized 
interview which takes account of various forms of adver-
sity. Third, this is to our knowledge the first study testing 
for interactions between the rs2254298 or the rs1042778 
and CA in the prediction of parenting behavior. Fourth, we 

responded to a call for research relating OXTR genotype 
to plasma OT (Bakermans-Kranenburg and van Ijzendoorn 
2014).

Results of our moderator analyses revealed the rare vari-
ant A of the rs2254298 to constitute a potential protective 
factor attenuating relations between CA and parenting 
behavior. This finding challenges those of previous research, 
which found the A allele to increase relations between early 
life stress and the development of psychopathology (Micali 
et  al. 2017). In line with the differential susceptibility 
hypothesis (Belsky and Pluess 2009), A allele carriers of 
the rs2254298 may react more sensitively to environmental 
experiences in general, so that it should be interpreted as a 
sensitivity instead of a risk gene (Brüne 2012). An increased 
susceptibility in interaction with own experiences of CA 

Table 4  Relations between experiences of childhood adversity (CA) and parenting behavior depending on three polymorphisms of the OXTR 
gene

Results are controlled for psychopathology and age of mothers
CA childhood adversity, SNP single nucleotide polymorphism, n number of participants per subgroup, p probability
Significant relations are shown in bold

Relation rs53576 rs1042778 rs2254298

SNP n β p SNP n β p SNP n β p

CA → maternal sensitivity GG 81 − 0.12 0.36 GG 58 0.08 0.62 GG 148 − 0.19 0.04
GA/AA 110 − 0.11 0.27 GT 98 − 0.26 0.02 GA/AA 43 0.11 53

TT 35 0.00 0.99
CA → child abuse potential GG 82 0.30 0.02 GG 59 0.10 0.46 GG 148 0.30 < 0.01

GA/AA 110 0.20 0.04 GT 98 0.31 < 0.01 GA/AA 44 − 0.02 0.89
TT 35 0.16 0.39

Fig. 1  Relations between experiences of childhood adversity and 
maternal sensitivity as a function of rs2254298 genotype. Graphic 
represents regressions not controlling for maternal age and maternal 

psychopathology. For GG: maternal sensitivity = 4.50 – 0.27 × CA. 
For GA/AA: maternal sensitivity = 4.26 – 0.02 × CA
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may not only increase physical reactions to stressful experi-
ences but as well help mothers to react to their children’s 
emotional cues and needs during stressful situations. This 
interpretation could be supported by research of Esposito 
et al. (2017), who reported the A allele to increase rela-
tions between experiences of paternal overprotection and an 
increase in heart rate after the presentation of audio tapes 
with infant cries. The increase of heart rate may possibly 
reflect a physical reaction, which helps to promptly react to 
stressors and strains experienced by the child.

We further found the G allele of the rs2254298 to be 
related to increased plasma OT. Whereas OT has frequently 
been associated to positive parenting and attachment (Bak-
ermans-Kranenburg and van IJzendoorn 2017; Feldman and 
Bakermans-Kranenburg 2017), it has also been suggested 
that OT generally increases susceptibility to environmen-
tal cues, be it positive or negative (McQuaid et al. 2016). 
In a recent review, Szymanska et al. (2017) further sum-
marized that experiences of CA might moderate relations 
between OT and social behavior. Specifically, a series of 
studies showed OT to be related to increased antisocial and 
decreased prosocial behavior only among individuals who 
reported maltreatment experiences during childhood (for an 
overview, see Szymanska et al. 2017). Moreover, Bhandari 
et al. (2014) reported females with experiences of emotional 
maltreatment to perform less accurate in a memory task for 
infant cues after administration of intranasal OT. Plasma 
OT may thus constitute one potential factor explaining the 
moderating effect of the rs2254298, that we found in our 
study. More precisely, the increased levels of plasma OT in 
mothers with two G alleles on the rs2254298 might enhance 

their susceptibility to experiences of CA and consequently 
result in relations between CA and less favorable parenting 
behavior. However, due to the small number of participants 
carrying at least one A allele, our finding should be inter-
preted carefully as a preliminary insight into what could be 
a promising direction for future research.

In contrast to previous research linking the rs1042778 to 
social and parenting behavior (Kumsta and Heinrichs 2013; 
Feldman et al. 2013), our results did not support this SNP 
to explain interindividual differences in parenting behavior 
or in the reaction to experiences of CA. First, it may be 
possible that we failed to identify a potential effect due to a 
small sample size and the associated sampling error within 
the subsample of mothers homozygous for the rare T allele 
(n = 35 out of 193). Second, Feldman et al. (2013) relied 
on a sample of parents with 0–3-year-old infants, whereas 
children in our sample were aged between 5 and 12 years. 
Future research should test whether the rs1042778 differ-
entially impacts relationships between CA and parenting 
behavior depending on children’s age.

Previous research revealed inconsistent findings regard-
ing a potential effect of the rs53576 on parenting behavior 
with some studies showing the rare A allele to be related 
to decreased (Bakermans-Kranenburg and van Ijzendoorn 
2008; Klahr et al. 2015) or increased levels (Michalska et al. 
2014) of positive parenting. Interestingly, Michalska et al. 
(2014) found relations between the rs53576 and positive but 
not negative parenting. This is in line with our findings of 
the A allele being related to maternal sensitivity but not 
to child abuse potential. The divergent findings regarding 
the role of the rs53576 in parenting behavior might point to 

Fig. 2  Relations between experiences of childhood adversity and 
child abuse potential as a function of rs2254298 genotype. Graphic 
represents regressions not controlling for maternal age and maternal 

psychopathology. For GG: child abuse potential = 158.24 + 0.41 × 
CA. For GA/AA: child abuse potential = 167.41 + 0.16 × CA
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a potential “allele flipping”, meaning that relations for the 
same construct occur at opposite alleles of the same locus 
(Clarke and Cardon 2010). However, Clarke and Cardon 
(2010) formulated various requirements, which have to be 
met to assume that such opposite results might both be valid, 
among others large effect sizes and/or sample sizes and dif-
ferences in ancestry composition between samples. In our 
study we only found small effects of the rs53576 on mater-
nal sensitivity. Moreover, the present study and the study 
of Bakermans-Kranenburg and van Ijzendoorn (2008) both 
relied on European samples. Further studies relying on large 
sample sizes are necessary to rule out the role of the rs53576 
on parenting behavior.

Our results did not support a direct effect of the 
rs2254298 or the rs1042778 and only a small effect of the 
rs53576 on parenting and are thus in line with recent meta-
analytical findings on the effects of the OXTR gene on dif-
ferent domains of social behavior (Bakermans-Kranenburg 
and van Ijzendoorn 2014). Early studies on the relationship 
between the OXTR gene and social behavior may have over-
estimated the true effect (Bakermans-Kranenburg and van 
Ijzendoorn 2014). It can further be assumed that complex 
human behavior such as parenting is influenced by a broad 
set of different genes and interactions between genes (Plo-
min and Crabbe 2000). Parenting behavior may be affected 
by genetic variation of the OXTR gene, but these effects are 
likely to be very small and to require very large sample sizes 
to be detected (Duncan and Keller 2011). Finally, epigenetic 
changes could have influenced the expression of the OXTR 
gene overlying the effects of single gene variants (Meaney 
2010).

Limitations and strengths of our study

Some limitations of our study need to be mentioned. First, 
our sample size is small in the context of studies on GxE 
interactions where very large samples are needed to identify 
the usually small effects of single gene variants (Dempfle 
et al. 2008). However, in the UBICA study, participants were 
recruited from different contexts, resulting in a sample with 
a substantial proportion of mothers with experiences of CA 
(52.3% of mothers experienced at least one type of adversity/
abuse). As Caspi et al. (2010) pointed out, studies in which 
about half of participants have been exposed to a specific 
environment are better powered to test for GxE interactions 
than observational field studies. Second, our study is lim-
ited by the use of a cross-sectional study design and the 
retrospective assessment of CA. We assumed maternal CA 
to precede parenting behavior. However, it could be that 
mothers who are struggling with their maternal role tend to 
evaluate their own experiences overly critical. Third, chil-
dren’s age range was relatively large in our study. However, 
children’s age was not confounded with maternal variations 

of the OXTR gene. Fourth, the multiple tests we performed 
in the present study are associated with the risk of finding 
significant results due to potential α errors. However, an α 
adjustment would increase the risk of β errors which might 
become particularly crucial when investigating new research 
questions. Fifth, we only investigated associations of plasma 
OT with variants of the OXTR gene but not with polymor-
phisms of the OT gene. It would be important for future 
research to examine effects of variations of the OT gene on 
plasma OT and parenting behavior. Sixth, plasma OT has 
only been measured once in the present study. As shown by 
Baskaran et al. (2017), the secretion of peripheral OT might 
occur following a pulsatile pattern. Accordingly, plasma OT 
should be measured taken a frequency of at least every 5 min 
(Baskaran et al. 2017). The validity of our marker of plasma 
OT, which has been obtained by one single blood collection, 
for central nervous processes is thus limited. Finally, our 
study is strengthened by the reliance not only on self-report 
questionnaires but on clinical interviews and the observation 
of real maternal behavior. Most notably we could detect a 
moderating effect of the rs2254298 on the strength of asso-
ciation between maternal CA and parenting behavior, the 
latter being assessed via different perspectives (behavioral 
observation and self-report).

Conclusions

In our study, we found relationships between maternal expe-
riences of CA and parenting behavior (maternal sensitivity, 
child abuse potential) to be moderated by variation in the 
maternal rs2254298 but not the rs53576 or the rs1042778. 
In contrast to results of previous research, the rare variant 
A of the rs2254298, which was associated with decreased 
plasma OT levels, constituted a potential protective factor, 
attenuating relations between CA and parenting behavior. 
We found direct effects of the OXTR gene and parenting 
behavior only for the rs53576 and maternal sensitivity with 
a small effect size. Parenting behavior can be suggested to 
be a complex trait that is likely to be influenced by multiple 
genes, environmental influences, gene–gene and gene–envi-
ronment interactions. Our findings underline the importance 
of considering gene–environment interactions when investi-
gating the cycle of abuse hypothesis. Knowledge about the 
influence of the OXTR gene on relations between childhood 
adversity and parenting behavior may constitute an impor-
tant premise for the development of intervention programs 
that are adapted to an individual’s needs.
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