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A B S T R A C T   

Purpose: In this scoping review, we synthesize the literature on oxytocin and oxytocin receptor genetic and 
epigenetic variation in relationship to breastfeeding, maternal caregiving behavior, and maternal mental health. 
Methods: A literature search was conducted in early 2022, and updated in 2023, utilizing the PRISMA scoping 
review reporting method, using the following MeSH headings and key terms: oxytocin, oxytocin receptor, ge
netics, epigenetics, methylation, pregnancy, postnatal, breastfeeding, lactation, mother-infant relations and 
perinatal outcomes. The search was conducted using PubMed, EMBASE, CINAHL, Google Scholar, SCOPUS, and 
the Cochrane Library. Inclusion criteria included: human literature which was peer reviewed and found in 
primary sources, printed in the English language. In addition, the study must have reported genetic/epigenetic 
data in either the oxytocin or oxytocin receptor gene (maternal or infant up to 12 months after birth) in relation 
to a breastfeeding, maternal caregiving behavior or a maternal mental health outcome. There was no date 
limitation. Four authors reviewed studies for eligibility. Data was extracted using a structured data extraction 
form. 
Results: A total of 23 studies met inclusion criteria for this review (breastfeeding n = 4, maternal caregiving 
behavior n = 7, and maternal mental health n = 16). Seventeen papers reported on oxytocin or oxytocin receptor 
genotype and nine reported epigenetic associations (namely DNA methylation). These totals are greater than 23, 
as studies reported on multiple outcomes. One paper assessed the interaction between genotype and methylation. 
While a number of genotype variations were reported, the single nucleotide polymorphism rs53576 on the 
oxytocin receptor gene was the most studied. Overall, variation in this polymorphism was related to postnatal 
depression symptoms. Among numerous epigenetic markers, site − 934 was the most studied methylation site, 
and methylation status was associated with maternal depression and maternal caregiving behavior outcomes. 
Results suggest that early life experiences impact adult maternal caregiving behaviors and mental health out
comes, and vary based on genetic vulnerability. Breastfeeding outcomes were minimally studied. 
Conclusion: This scoping review found that genetic and epigenetic variation at the oxytocin and oxytocin receptor 
genes were associated with maternal caregiving behavior and mental health, likely through complex gene and 
environment interactions. The findings suggest that maternal early life experiences and stress impact later 
caregiving behaviors and mental health in the postnatal period. The findings highlight potential pathways by 
which environment, experiences, and genes interact to impact maternal caregiving behavior and maternal 
mental health.   

1. Introduction 

The oxytocin (OXT) system plays a central role in perinatal processes 
that impact trajectories of infant, child, and family well-being [1]. The 
OXT system includes the oxytocin neuropeptide/hormone as well as the 

oxytocin receptor (OXTR) which is required to bind OXT and exert ef
fects within the cell or communicate between neurons. OXT is a 
nine-amino acid peptide which is produced and acts within the hypo
thalamus as well as throughout the brain and peripheral body [2]. The 
OXTR is a G-protein-coupled receptor which sits on the plasma 

* Corresponding author. 
E-mail address: sarahweinstein@arizona.edu (S.R. Weinstein).  

Contents lists available at ScienceDirect 

Comprehensive Psychoneuroendocrinology 

journal homepage: www.sciencedirect.com/journal/comprehensive-psychoneuroendocrinology 

https://doi.org/10.1016/j.cpnec.2023.100209 
Received 11 July 2023; Received in revised form 11 September 2023; Accepted 12 September 2023   

mailto:sarahweinstein@arizona.edu
www.sciencedirect.com/science/journal/26664976
https://www.sciencedirect.com/journal/comprehensive-psychoneuroendocrinology
https://doi.org/10.1016/j.cpnec.2023.100209
https://doi.org/10.1016/j.cpnec.2023.100209
https://doi.org/10.1016/j.cpnec.2023.100209
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cpnec.2023.100209&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Comprehensive Psychoneuroendocrinology 16 (2023) 100209

2

membrane of cells located throughout the body, including in the uterus, 
breast, and brain tissues, as well as the placenta, various immune cells, 
and the gastrointestinal tract, among others [2–4]. The OXT system is 
highly conserved among mammals, and has been considered an essential 
adaptive system that, through various evolutionary pressures, became a 
key regulator of sociality, danger recognition, fear modulation, and 
stress reactivity [3]. Extensive research supports that the OXT system 
shapes both biological (e.g., labor, birth, lactation, stress response 
modulation) and behavioral (e.g., human socialization, empathy, 
bonding, dyadic synchrony, parental behaviors) processes [1,5–16]. 

The candidate genes most often examined in relationship to the OXT 
system are the oxytocin peptide gene (OXT), the oxytocin receptor gene 
(OXTR), and CD38, a nicotinamide adenine dinucleotide ectoenzyme 
involved in OXT secretion [7,17]. CD38 has been shown to be involved 
in OXT signaling (primarily in studies with mice) [18]; however, the 
majority of human studies including CD38 focus on psychopathology, 
specifically autism [7]. Additionally, CD38 has a wide range of roles in 
immunomodulation including metabolic dysfunction, infection, and 
aging [19]. Given the scarce literature on CD38 in human postnatal 
behaviors, this signaling pathway ecto-enzyme was not included in our 
review of postnatal outcomes related to the genes of OXT and its 
receptor. 

1.1. Variation among OXT/OXTR genes 

OXT system function is influenced by an individual’s variation in 
their genetic code or epigenetic modification of that code [20]. These 
differences may be found within or at the oxytocin peptide gene (OXT) 
and the oxytocin receptor gene (OXTR) [21]. The molecular differences 
are connected to functional differences in the OXT system and down
stream health outcomes [21–29]. The study of genetic variation in the 
OXT system has predominantly been focused on single nucleotide 
polymorphisms (SNPs), which are heritable, single base-pair variations 
at specific loci. Various OXTR SNPs have been studied in connection 
with OXT-linked psychosocial outcomes [28,30]. Because SNPs repre
sent changes in the DNA code, they could influence the product of gene 
expression, which may result in functional differences in the effective
ness of the OXTR protein or OXT binding, and subsequent cellular and 
downstream responses. 

The study of epigenetic variation in the OXT system has predomi
nantly focused on DNA methylation (DNAm). Methylation refers to the 
addition of methyl groups (CH3) at certain locations within DNA (typi
cally Cytosine-Guanine rich regions of DNA). DNAm in promoter regions 
of genes typically inhibit gene transcription. However, the relationship 
between the measurement of DNAm and gene expression may not be 
straightforward. For example, additional chemical marks can modify 
already-methylated DNA, which functionally overrides methylation and 
permits gene expression (e.g., hydroxymethylation) [31]. This distinc
tion and limited methodological differentiation makes interpretation of 
findings more complex than previously thought. Epigenetic modifica
tions at OXT system genes may represent adaptive mechanisms (either 
amplifying or dampening the OXT system) to environmental exposures 
in the body of literature reviewed here. Importantly, these studies all 
utilized peripheral markers of the OXT system either from blood or 
saliva samples. Although OXTR and OXT are not expressed in all tissues, 
human and animal studies have consistently demonstrated correlation 
between peripheral and central DNAm in the OXT system supporting the 
utilization of peripheral OXT system DNAm as a proxy for central DNAm 
[27,32]. 

1.2. Setting the stage: genetic & epigenetic research in the context of 
health equity & antiracism 

Scientific discourse has the power to perpetuate or disrupt historical 
legacies of racism that are inherent in the social constructs of racialized 
differences between groups [33]. Research that involves genetic and 

epigenetic exploration must be conducted with social consciousness to 
ensure that 1) embodied social inequity is included in frameworks that 
describe these phenomena [34], 2) genetic data are examined with an 
anti-racist lens (i.e. explicit acknowledgment of race as a social construct 
[35] and an active commitment to combat a biased interpretation of 
data), and 3) genetic data are utilized for understanding variation within 
populations and are considered probabilistic not deterministic tools. 

As we will demonstrate, upstream causes of OXTR epigenetic 
reprogramming may include environmental sources of stress conceptu
alized as “social determinants of health.” [34] Epigenetic markers have 
been shown to differ by levels of chronic stress, including poverty, 
childhood abuse, and exposure to racism [36–39]. Use of epigenetic 
biomarkers can therefore be useful in studying the biopsychosocial 
impact (embedding of environmental experiences described as a bio
logical embodiment of stress [34,40–42]) of the life course and inequi
table systems on health. Whether epigenetic changes are modifiable in 
the individual is also an important opportunity for basic and trans
lational research, and for those interested in working toward improving 
health outcomes among at-risk groups. Finally, examining DNAm in the 
context of genetic variation affords the opportunity to examine innate 
vulnerability to/protection from the effects of social stress—or within 
group variation. 

Thus, a misapplication in the genetic literature at large, not unique to 
the studies in this review, is the use of racial categorization to analyze 
genetic data. This can be problematic as racial groupings are funda
mentally a social construct and limited by false categorizations and 
restricted data collection where participants generally have only gov
ernment or census-derived categories to choose from [35]. A focus on 
geographic ancestry, implemented by some studies, is likely a more 
encompassing and accurate picture of population distinctions. More 
specific or accurate descriptions are preferred (e.g., “American or 
Alaskan Native” rather than “other”) as are inclusive versus exclusive 
terms (e.g., “African American or Black” rather than “non-white”). 
Where appropriate, self-reported race is ideal as race impacts lived so
cial experiences [33]. 

Our hope is that this scoping review supports the interest of other 
researchers who wish to understand and describe the potential re
lationships among genetic and epigenetic alterations in the OXT system 
and maternal/infant outcomes in order to promote maternal and child 
health in relevant and equitable ways. More basic and translational 
science across diverse samples of participants is needed to generate more 
concrete conclusions regarding SNPs and cytosine-phospho-guanine 
(CpG) sites of interest and equity in perinatal outcomes. 

1.3. Existing literature on OXT/OXTR linked outcomes 

The majority of research on genetic and epigenetic variations of OXT 
and OXTR has focused on psychological outcomes, linking OXTR 
methylation with conditions such as autism, obsessive-compulsive dis
order, and impaired attachment [28,30]. Early life experiences impact 
methylation and subsequent gene expression, most clearly demonstrated 
by several seminal papers in rodent models of maternal care [43–51]. 
This body of literature highlights DNAm as an important focus of 
research on OXT dependent processes and health. 

Oxytocin is integral to the processes of lactation and breastfeeding, 
maternal caregiving behavior, and maternal mental health [1,11,52]. 
Despite the role of the OXT system in perinatal physiology [2], few 
OXT/OXTR studies have focused on perinatal outcomes aside from 
postnatal depression, which is defined in this review either as a clinical 
diagnosis or elevated symptoms. By identifying genetic and epigenetic 
variations at OXT and OXTR loci linked to poor outcomes in these do
mains, researchers may be able to understand mechanisms behind 
certain conditions and/or target interventions that are informed by the 
understanding of a person’s innate OXT system. This work can also 
inform us of the upstream environmental causes of epigenetic change 
that may confer risks or vulnerabilities. The primary objective of this 
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scoping review is to present the extant literature that investigates OXT 
and OXTR genetic and epigenetic variations in relationship to breast
feeding, maternal caregiving behavior, and maternal mental health. 

2. Methds 

2.1. Search strategy 

We conducted a broad comprehensive literature review in 2022, 

utilizing the PRISMA reporting method. As this was not a systematic 
review, no protocol was registered. In consultation with a health sci
ences librarian, our search used MeSH headings and key terms, 
including: oxytocin receptor, genetics, epigenetics, methylation, preg
nancy, postpartum, breastfeeding, lactation, mother-infant relations and 
perinatal outcomes including maternal mental health. We searched 
PubMed, Embase, CINAHL, Google Scholar, Scopus, and the Cochrane 
Library. Listed below is the full search strategy for PubMed as an 
example. 

Fig. 1. Prisma 2020 flow diagram.  
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(((oxytocin [Title/Abstract] OR “oxytocin receptor*" [Title/Ab
stract] OR OXTR [Title/Abstract]) OR (“Oxytocin" [Mesh] OR “Re
ceptors, Oxytocin" [Mesh])) AND ((genetics [Title/Abstract] OR 
genetically [Title/Abstract] OR epigenomics [Title/Abstract] OR “ge
netic epigenesis" [Title/Abstract] OR methylation [Title/Abstract] OR 
“single nucleotide polymorphism” [Title/Abstract] OR SNP [Title/Ab
stract] OR genes [Title/Abstract] OR genotype [Title/Abstract] OR 
epigenetic [Title/Abstract]) OR (“Genetics" [Mesh] OR “Epigenomics" 
[Mesh] OR “Epigenesis, Genetic" [Mesh] OR “Methylation" [Mesh] OR 
“Polymorphism, Single Nucleotide" [Mesh] OR “Genes" [Mesh]))) AND 
((“Pregnancy Outcome” [Mesh] OR “Pregnancy Complications” [Mesh] 
OR “Breast Feeding" [Mesh] OR “Maternal Behavior” [Mesh] OR “Infant 
Behavior" [Mesh] OR “Depression, Postpartum” [Mesh] OR “Postpartum 
Hemorrhage" [Mesh] OR “Dystocia" [Mesh] OR “Postpartum Period” 
[Mesh] OR “Obstetric Labor, Premature" [Mesh] OR “Hypertension, 
Pregnancy-Induced" [Mesh] OR “Labor, Obstetric" [Mesh] OR “Preg
nancy" [Mesh] OR “placenta diseases" [MeSH Terms]) OR (breastfeeding 
[Title/Abstract] OR “postpartum depression” [Title/Abstract] OR 
“postnatal depression" [Title/Abstract] OR “mother-infant bond*" 
[Title/Abstract] OR “mother-infant relation*" [Title/Abstract] OR pre
eclamp*[Title/Abstract] OR “postpartum complication*" [Title/Ab
stract] OR “mothering" [Title/Abstract] OR “postpartum hemorrhag*" 
[Title/Abstract] OR “postnatal hemorrhag*" [Title/Abstract] OR 
Dystocia [Title/Abstract] OR “lactation” [Title/Abstract] OR “preg
nancy complication" [Title/Abstract] OR birth [Title/Abstract] OR 
“preterm labor" [Title/Abstract] OR pregnancy [Title/Abstract] OR 
“Cesarean Section” [Title/Abstract] OR “Placental Insufficiency” [Title/ 
Abstract] OR “Retained Placenta" [Title/Abstract] OR “Placenta Previa" 
[Title/Abstract] OR “Placenta Accreta” [Title/Abstract] OR “Cho
rioamnionitis" [Title/Abstract] OR “Abruptio Placentae" [Title/ 
Abstract])) 

2.2. Article eligibility criteria 

As the literature on these topics is limited, and because genotyping 
and epigenetic assessment utilize relatively new technologies, all pub
lications meeting criteria were included, regardless of publication date. 
Perinatal outcomes include the broadest definition of the term, and so 
referred to any outcome associated with pregnancy, labor, birth, the 
postnatal period, or lactation. Literature on various other psychologic, 
psychiatric, or social outcomes not directly related to early maternal 
caregiving behavior or mental health (e.g., autism spectrum disorder) 
were excluded. Articles not available in English or those not peer- 
reviewed were also excluded. 

2.3. Selection process 

The search initially yielded 1894 titles (Fig. 1). After removing 496 
titles for duplicates and animal studies, we screened 1398 abstracts. All 
reviewers engaged in a norming process before screening titles and ab
stracts, completing full-text review, and starting data extraction to 
establish a process of resolving discrepancies and ensuring accuracy. 
Two independent reviewers were involved at each stage of screening 
and reviewing. Reviewers utilized an excel spreadsheet for reviewing 
decisions at each stage. We extracted data using a customized, struc
tured data extraction form. All reviewers were involved in the data 
extraction process with each article assigned to an individual reviewer; 
any questionable data were noted and resolved with group consensus. 
After removing 1295 abstracts that did not meet inclusion criteria, we 
screened 103 full text articles, of which 81 were removed due to not 
meeting inclusion criteria. Conducting an updated search in 2023 yiel
ded five additional full text articles to review, and only one met our 
inclusion criteria. In conclusion, 23 full text articles met inclusion 
criteria for this scoping review. 

3. Results 

3.1. Overview 

The results from the 23 articles included in this scoping review are 
presented first by OXT/OXTR SNP variations and DNAm measures, and 
second by outcome categories. Only one study reported on the interac
tion of SNP variation and DNAm [53]. Outcome categories were deter
mined by author consensus (Table 3) and grouped by Breastfeeding (BF), 
Maternal Caregiving Behavior (MB) or Maternal Mental Health (MMH). 
Given the nature of the review, the studies include a wide variety of 
measures, methylation sites, and SNPs. While results are heterogeneous, 
we describe overall patterns in each of the subsequent sections. 

3.1.1. Study characteristics 
Of the 23 studies included in this review, 19 were cohort designs and 

four were cross sectional designs (Table 2) [22,54–56]. Four studies 
utilized retrospective [57], secondary [58,59], or post hoc analysis of 
previously collected data [60]. Sample sizes ranged from 39 to 2112 
participants, and in some cases resulted from merging different study 
cohorts or data from different countries. Eight studies assessed 
mother-infant dyads [54,56,59,61–65], while the remainder enrolled 
only mothers (see Table 2). 

3.2. SNP studies 

3.2.1. Genetic variants studied 
Most studies (n = 17) examined a small number of SNPS on either 

OXT or OXTR (Table 4). However, one paper analyzed a panel of 19 OXT 
and 137 OXTR SNPs [57], and another paper reported on a panel of 19 
OXTR SNPs [55], illustrating the amount of naturally occurring varia
tion in the genetic code for OXTR/OXTR. The most commonly studied 
SNP was OXTR rs53576 followed by OXTR rs1042778, rs2254298, and 
rs237885. Although many of these SNPs are located within introns, or 
non-coding sequences (Fig. 2), they can play roles in gene regulation 
[66]. 

3.2.2. Breastfeeding 
Four studies included breastfeeding outcomes [54,57,58,67], and 

there was significant variability in how breastfeeding was measured and 
which SNPs were studied. Colodro-Conde et al. retrospectively reviewed 
the association between a series of OXT and OXTR SNPs and breast
feeding duration, however, no associations withstood multiple testing 
statistical corrections [57]. Jonas et al. found that maternal depression 
significantly mediated the relationship between shorter breastfeeding 
duration and higher levels of early life adversity for those with the CC 
versus AA/AC genotype of OXT rs2740210 [67]. Kovacs noted a sig
nificant relationship among exclusive breastfeeding, infant genotype at 
OXTR rs53576, and maternal depression [54]. Mothers who did not 
exclusively breastfeed were more likely to report higher depression 
scores, and mothers of GG infants had higher scores than those of AA 
infants. However, if mothers of GG infants were exclusively breast
feeding, their depression scores were lower, suggesting a protective 
function of breastfeeding exclusivity. Lucas et al. were the only authors 

Table 1 
Key terms & definitions.  

Breastfeeding (BF) breastfeeding, nursing, lactation, chest-feeding 

Maternal Caregiving 
Behavior (MB) 

engagement, intrusiveness, vocalizations, attachment, 
interactions 

Maternal Mental Health 
(MMH) 

depression or anxiety diagnosis or symptoms, 
psychosocial stress, acculturation stress 

Early life experiences experiences during uterine & early extra-uterine life 
(time periods vary), parenting or caregiving, adverse 
childhood experiences of the mother during her own 
childhood  
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Table 2 
Study characteristics.  

First Author, 
Year 

Study Aim Study Design Sample Outcome OXT/OXTR Measures 

Participants Biological Sample 
Source 

Asherin, 2020 Association between 
variations in maternal 
OXTR rs53576 
genotype and maternal 
symptoms of depression 
Association between 
infant’s OXTR rs53576 
genotype and maternal 
depression 
Whether and how the 
infant’s OXTR genotype 
interacts with maternal 
OXTR genotype and 
depressive symptoms 
Test for a mediating 
role for infant 
temperament 

Cross-sectional US (national) 
N = 104 mother-infant 
dyads 
Ancestry or race/ethnicity: 
majority “White; ” 19% 
“Minority Status” 

Saliva/buccal cells Severity of 
depression symptoms 
4–14mo postpartum 
(PP) 

Single Nucleotide 
Polymorphism (SNP): 
OXTR rs53576 

Bell, 2015 Impact of individual 
epigenetic and genetic 
variability at OXTR on 
the development of 
postpartum depression 
(PPD) 

Case-control nested 
within Avon 
Longitudinal Study of 
Parents and Children 
(ALSPAC) 

UK n = 269 cases 
n = 276 controls 
Ancestry or race/ethnicity: 
“demographically similar 
to the UK population” 

Blood (7–40 wks 
gestation) 

Elevated symptoms 
of depression 8 wks. 
PP 

OXTR DNA methylation 
(OXTRm): 
CpG − 934 (8769120) 
Reference genome: 38 
SNP: 
OXTR rs2254298 
OXTR rs53576 

Bhatti, 2019 Moderation of the 
interaction between 
low social support 
(particularly paternal 
support) and postnatal 
depression symptoms 
by OXTR SNP rs53576 

Cross-sectional US (CA) 
N = 220 women 
Ancestry or race/ethnicity: 
“53% White, 28% Latina, 
11% Asian, 1% African- 
American/Black, 7% Other 
or more than one” 

Saliva or blood PPD symptoms 12 or 
less postnatal months 

SNP: 
OXTR rs53576 

Cao, 2021 Exploration of a 
biopsychosocial model 
incorporating gene ×
environment 
interactions and 
covariates to predict 
PPD symptoms. 

Cohort, prospective 
(third trimester 
through 2 years PP) 

US (Southeast) 
N = 198 women 
Ancestry or race/ethnicity: 
“112 self-identified as 
European American and 86 
as African American” 

Saliva PPD 1 yr. PP SNP: 
OXTR rs53576 

Colodro- 
Conde, 2018 

Association of a range 
of OXT and OXTR SNPs 
and BF duration 

Two independent 
cohorts, data 
retrospectively pulled 
from longitudinal 
samples 

Spain (Murcia Twin 
Registry) n = 580 
Australia (QIMR Berghofer 
Medical Research Institute) 
n = 2112 
Independent unselected 
samples of twin female 
mothers born 1940s–1980s 
with a portion of the 
second cohort born in the 
late 1800s–1960s 
Ancestry or race/ethnicity: 
European ancestry 

Spain: blood or 
saliva 
Australia: saliva 

BF duration and 
exclusivity 

SNP: 
OXT: Panel of 19 SNPs 
OXTR: Panel of 137 SNPs 

Dewell, 2018 Association of genotype 
with high or low 
prenatal psychosocial 
distress 

Cohort, prospective 
(initiated in second 
trimester of pregnancy, 
outcomes assessed 
through first PP year) 

Canada n = 25 low 
prenatal distress 
n = 25 high prenatal 
distress women (from All 
our Families pregnancy 
cohort) 
Ancestry or race/ethnicity: 
majority “Caucasian” 

Whole blood 
(17–23 wks 
gestation) 

Prenatal 
psychosocial distress 
(depression, anxiety, 
stress) 

SNP: 
OXTR rs237885 

Feldman, 2013 Impact of parental 
caregiving on offspring 
OT levels and social 
reciprocity and allelic 
variation 

Prospective, 
longitudinal cohort (3 
years) 

Israel 
N = 160 triads (mothers, 
fathers, first born infant) 
Ancestry or race/ethnicity: 
“Caucasian” 

Blood from parents 
initially, salivary 
OT at 3 yrs. 

Mothering behavior 
at 6 months 

SNP: 
OXTR rs1042778 
OXTR rs2254298 

Galbally, 2018 OXTR methylation of 
the placenta in women 
with depression in 
pregnancy, as well as 
the impact of 
antidepressant use on 
this outcome 

Cohort, Case-control Australia 
N = 239 women (from 
Mercy Pregnancy and 
Emotional Wellbeing 
Study) [n = 43 women on 
antidepressant medication 
(15 of these did not meet dx 
for major depression at 

Maternal plasma, 
umbilical cord 
blood at birth 

Placental OXTR 
methylation in 
depression 

OXTRm: 
16 CPG sites, 
ch3:8810680–8810890 
Reference genome: hg19 
(inferred by locations 
provided) 

(continued on next page) 
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Table 2 (continued ) 

First Author, 
Year 

Study Aim Study Design Sample Outcome OXT/OXTR Measures 

Participants Biological Sample 
Source 

recruitment) n = 52 cases 
major depressive disorder 
(n = 24 untreated at 
recruitment) 
n = 172 controls] 
Ancestry or race/ethnicity: 
not available 

Incollingo 
Rodriguez, 
2022 

Role of the oxytocin 
system in response to 
acculturation stress, 
specifically looking at 
anxiety and depression 
symptoms in Latina 
women living in the US 

Cohort, prospective 
(24–32 wks Gestation 
through first PP year) 

US (NC) 
N = 148 Latina women 
Ancestry or race/ethnicity: 
majority country of origin 
Mexico 

Venous blood, 
buffy coat (DNAm) 

Depression and 
anxiety symptoms 
and exposure to 
acculturation 46 
postnatal wks. 

OXTRm: 
CpG − 934 
Reference genome: not 
indicated 
SNP: 
OXTR rs53576 

Jonas, 2013 Relationship between 
OXT/OXTR SNPs and 
BF duration, maternal 
mood, childhood 
trauma 

Prospective cohort, 
data from two cohorts 
(one replication) from 
MAVAN (Maternal 
Adversity, 
Vulnerability, and 
Neuro-development 
Study) 

Canada n = 201 women 
(Hamilton) 
n = 151 women (Montreal- 
replication) 
Ancestry or race/ethnicity: 
majority of “Caucasian” 
decent; ethnicity used as 
covariate in regression 
modeling 

Buccal BF duration, PPD at 
3, 6, 12 PP months 

SNP: 
OXT rs2740210 
OXT rs4813627 
OXTR rs237885 

Julian, 2019 Effect of OXTR SNPs, 
childhood 
maltreatment, and their 
interaction in 
predicting parenting 

Secondary analysis of 
longitudinal studies: 
Maternal Anxiety 
During Childbearing 
Years (MACY) & 
Perinatal Infant 
Mother Attachment 
Cortisol Study 
(PIMACS) 

US 
N = 100 dyads (81 MACY, 
19 PIMACS) 
Ancestry or race/ethnicity: 
majority self-reported 
“White” 

Saliva-mothers Observed parenting 
behavior, self-report 
parenting at 7mo. PP 

SNP: 
OXTR rs1042778 
OXTR rs53576 

Kimmel, 2016 Interaction between 
OXTR DNA methylation 
and maternal traumatic 
experiences and the 
association of these 
variables with 
development of PPD. 
Relationship between 
PPD diagnosis and 
OXTR gene expression 
observed in pregnancy. 

3 Cohorts, (first two 
samples listed were 
prospective) 

US & Germany 
N = 51 
Johns Hopkins Prospective 
PPD sample; looking to 
identify genetic and 
clinical characteristics 
preceding PPD 
N = 63 [n = 18 always 
depressed women, n = 28 
antenatally euthymic, n =
17 postpartum onset 
depression cases] 
Publicly available gene 
expression data collected 
by Mehta et al., in 2014 at 
Emory 
N = 240 
Franconian Maternal 
Health Evaluation Studies 
(FRAMES) cohort; 
assessing genetics and PP 
outcomes 
Ancestry or race/ethnicity: 
majority “Caucasian” 

Blood PPD OXTRm: 
CpG ch3:8810078 & 
8810069 
Reference genome: hg19 
SNP: 
OXTR rs53576 

Kovacs, 2020 Relationship between 
maternal depression 
and infant OXTR 
genotype as moderated 
by BF 

Cross-sectional, during 
a single study visit 

US (CO) 
N = 58 dyads, 3–7mo 
infants 
Ancestry or race/ethnicity: 
majority “not a minority” 

Saliva/buccal cell- 
only infant 
genotype reported 

Exclusive BF as 
moderator for 
maternal depression 
measured at visit 

SNP: 
OXTR rs53576 

Krol, 2019 Influence of early 
nurture on the 
development of the 
oxytocin system 

Cohort, longitudinal Germany 
N = 101 dyads (5mo and 
18mo visits) 
Ancestry or race/ethnicity: 
“Western European 
Ancestry” 

Saliva Infant DNA 
methylation, 
maternal 
engagement at 5 
months PP 

OXTRm: 
CpG − 924 
Reference genome: hg38 

Lee, 2019 Association between 
maternal psychological 
symptoms and fourteen 
candidate genes among 
women with GDM 

Post hoc sub analysis of 
a cross-sectional study 

Malaysia 
N = 343 women with GDM 
Ancestry or race/ethnicity: 
“Native Malaysian” 

Blood Depression, anxiety, 
stress in 2nd or 3rd 
trimester 

SNP: 
OXTR rs53576 

(continued on next page) 
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Table 2 (continued ) 

First Author, 
Year 

Study Aim Study Design Sample Outcome OXT/OXTR Measures 

Participants Biological Sample 
Source 

Lucas, 2021 Associations between 
breast and nipple pain 
and candidate SNPs in 
breastfeeding women 

Secondary analysis US (northeast) 
N = 56 women [n = 26 
from intervention group n 
= 30 from control group] 
Ancestry or race/ethnicity: 
majority “white”/“not 
Hispanic or Latino” 

Buccal Baseline pain 
assessment prior to 
hospital discharge: 
nondominant arm for 
cutaneous, vibration, 
and pressure 
sensitivity and 
pressure pain 
thresholds. 
Nipple/breast pain at 
1, 2, & 6 wks. PP 

SNP: 
OXTR rs53576 
OXTR rs2254298 

Mehta, 2016 Relationships between 
serum OT, OXTR 
genetic variations, and 
maternal behavior 

Cross sectional Australia 
N = 96 women (subsample 
of women with genetic 
information available for 
analysis) 
Ancestry or race/ethnicity: 
“Caucasian 47.9%, Asian 
33.3%, Arab 12.5%, Other 
6.3%” 

Blood Maternal behavior, 
sensitivity, 
separation anxiety at 
an average of 30 wks 
Gestation & 3mo. PP 

SNP: 
OXTR: Panel of 19 SNPs 
including rs53576 
rs2254298 rs1042778 
rs968389 
used to calculate genetic 
risk scores 

Mileva-Seitz, 
2013 

Variations in OXT/ 
OXTR SNPs and 
maternal care 
Interaction between 
OXT SNPs on maternal 
instrumental care and 
PPD 

Cohort, longitudinal Canada 
N = 187 women [n = 58 
agreed to recorded 
interaction sessions] 
Ancestry or race/ethnicity: 
“Caucasian” 

Buccal cells Maternal depression 
at 12–24 wks 
Gestation & 6 mo. 
PP. Maternal-infant 
interactions at 6 mo. 
PP 

SNP: 
OXTR rs237885 
OXT rs2740210 
OXT rs4813627 

Robakis, 2020 Biological pathways 
(patterns of DNA 
methylation) linking 
early life adversity and 
insecure attachment 
style to perinatal 
depression 

Cohort, longitudinal US (Northern CA) 
N = 124 women, clinical 
sample 
N = 54 women, genetic 
sample 
(pregnant participants 
recruited from psychiatric 
and OB clinics) 
Ancestry or race/ethnicity: 
“Caucasian 60.7%, East 
Asian 10.7%, South Asian 
7.1%, Hispanic 7.1%, 
African American 0%, 
Multiracial 14.3%” 

Buccal swab (third 
trimester of 
pregnancy) 

Perinatal depression 
via EPDS in third 
trimester of 
pregnancy and 
monthly x 6 PP mo. 

OXTRm: 
151 distinct CpG sites 
Chr3: between 8806364 & 
8811271 
Reference genome: hg19 

Toepfer (1), 
2019 

Examine DNAm 
changes at OXT 
promoter region 
throughout pregnancy 
as a predictor of 
mothering behavior PP 

Cohort, prospective US (CA) 
N = 107 dyads 
Ancestry or race/ethnicity: 
majority non-Hispanic 
white 

Whole blood DNAm early, mid, & 
late pregnancy 
Maternal 
intrusiveness (6 mo. 
PP) 

OXTm (promotor region): 
CpG 
16887334 
Chr20:3052151 
Reference genome: hg19 

Toepfer (2), 
2019 

Role of OXTR rs237895 
as a moderator of the 
relationship between 
childhood 
maltreatment and 
maternal behavior 
Association between 
maternal behavior and 
offspring attachment 
security 

Cohort, prospective US (CA) 
N = 110 women with 
genotyping (99 women at 6 
months) 
N = 86 infants at 12 
months 
Ancestry or race/ethnicity: 
“Non-Hispanic white 
43.1%, Hispanic white 
37.3%, Asian 6.9%, Other 
12.8%” 

Fasting blood 
samples (first 
trimester of 
pregnancy) 

Maternal behavior 
(6 mo), infant 
attachment (12 mo) 

SNP: 
OXTR rs237895 

Unternaehrer, 
2016 

Relationship maternal 
psychosocial 
adversities and cortisol 
levels during pregnancy 
and cord blood 
DNA methylation of the 
OXTR 

Cohort, longitudinal Switzerland 
N = 39 women 

Cord blood 
collected 
immediately after 
birth (whole 
blood); Salivary 
cortisol (cortisol 
awakening 
response & diurnal 
cortisol profiles) 

DNA methylation in 
cord blood 

OXTRm: 
CpG 
Chr3:8809275-8809534 
Reference genome: hg19 
(inferred by locations 
provided) 

Wiley, 2022 Relationship between 
maternal prenatal 
psychological distress 
and infant DNAm and 
diurnal cortisol at 
12mo. 

Cohort, longitudinal 
(enrolled in an RTC on 
parenting support 
program) 

Brazil (western Sao Paulo) 
N = 80 dyads (recruited in 
pregnancy, ages 14–19, 
“low socioeconomic 
status”) 
Ancestry or race/ethnicity: 
not described 

Infants: saliva for 
DNAm & diurnal 
cortisol 
Mothers: hair 
cortisol in 
pregnancy 

Maternal stress and 
anxiety at 16-18- and 
30-32-weeks 
gestation 
Infant DNAm at 
12mo. 

OXTRm: 
OXTR1: 8808467- 
8810658 
OXTR2: 8808058- 
8810304 
Reference genome: hg19  
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Table 3 
Outcomes, measures & findings.  

Author, Year Postnatal Outcome Category Measures Statistics Major Findings 

Breast- 
feeding 

Maternal 
Mental 
Health 

Maternal 
Caregiving 
Behavior 

Asherin, 2020  x  Beck Depression Inventory (BDI), Infant 
Characteristics Questionnaire, 
Abbreviated Dyadic Adjustment Scale 
(ADAS) 

Analysis of Covariance 
(ANCOVA) 

Depressive symptom scores were 
significantly higher for maternal 
OXTR rs53576 GG in comparison to A 
carriers (P=.01) until controlling for 
covariates (P > .58). Maternal 
depressive symptom scores were 
significantly higher for GG infants 
irrespective of maternal genotype 
(P=.05). No significant interaction 
between maternal and infant 
genotype (P=.42). 

Bell, 2015  x  Edinburgh Postnatal Depression Scale 
(EPDS) 

Conditional Logistic Regression In women without antenatal 
depression, G/G carriers (OXTR 
rs53576) had 2.6 greater odds of 
postpartum depression (PPD) with 
every 10% increase in methylation 
(OXTR CpG − 934) versus A carriers 
(95% CI, 1.37–5.03; P=.026). This 
relationship was not significant 
among A carriers (odds ratio [OR] 
1.0, 95% CI, 0.58–1.73). Neither 
methylation (P=.30) nor genotype 
alone (P=.69) were associated with 
PPD. 

Bhatti, 2019  x  Perceived family social support; EPDS; 
Perceived Stress Scale (PSS) 

Multivariate Linear Regression Interaction between maternal 
genotype at OXTR rs53576, perceived 
stress, and father support predicted 
PPD (P=.008, 95% CI, .22–1.44). 
Paternal support buffered PPD 
symptoms in the setting of higher 
perceived stress for GG genotypes 
(P=.010, 95% CI, − 1.14 to − 0.16), 
but not for AG (P=.760, 95% CI, 
− 0.65-0.88) or AA genotypes 
(P=.061, 95% CI, -.058-2.37). 

Cao, 2021  x  The 20-item Center for Epidemiologic 
Studies–Depression Scale; Childhood 
Trauma Questionnaire (CTQ) 

Chi-square, Comparative Fit 
Index (CFI), Root Mean Square 
Error of Approximation 
(RMSEA), Standardized Root 
Mean Square Residual (SRMR) 

No significant associations between 
OXTR rs53576 genotpye and 
maternal depression in a model also 
incorporating depamine receptor 
genotype, childhood maltreatment, 
relationship satisfaction, and other 
covariates (P=.19). 

Colodro-Conde 
2018 

x   Participatnts were asked to report BF 
duration in months for each child, and if 
BF was “partial or full” 

Linear Regression, Meta- 
analysis 

Across 19 OXT SNPs and 137 OXTR 
SNPs, no association with 
breastfeeding duration after multiple 
testing correction. 
Top SNP hits: OXTR rs237899, 
rs237900, rs237889, rs53576, 
rs62243369, rs62243370, 
rs2254298, rs2254295, rs237915, 
rs237902, rs401015, rs180789, 
rs11706648, rs2268491, rs237913, 
rs2270464, rs3806675, rs13319411, 
rs4686302; OXT: rs2740197 

Dewell, 2018  x  Edinburgh Postnatal Depression Scale 
(EPDS), Spielberger State Anxiety 
Inventory (SSAI), Perceived Stress Scale 
(PSS) 

Chi-square, Fisher’s exact, t- 
test, Analysis of Variance 
(ANOVA), Binary Logistic 
Regression 

OXTR rs237885 genotype 
distribution was not significantly 
different between the low and high 
prenatal psychosocial distress groups 
(P = .125) 
Participants with GG genotype were 
less likely to be in high prenatal 
distress group after controlling for 
maternal age and income (P = .037); 
maternal age, and lower income were 
associated with prenatal psychosocial 
distress. 

Feldman 2013   x Observed engagement in parenting 
behaviors 

ANOVA, Pearson correlations Mothers with G/G on OXTR 
rs2254298 showed diminished early 
parental care (P=.045). Early 
parental care was associated with 
higher parent OT (P=.01) 

(continued on next page) 
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Table 3 (continued ) 

Author, Year Postnatal Outcome Category Measures Statistics Major Findings 

Breast- 
feeding 

Maternal 
Mental 
Health 

Maternal 
Caregiving 
Behavior 

Galbally, 2018  x  Structured Clinical Interview for DSM- 
IV (SCID), EPDS, Plasma levels of 
antidepressant drugs in maternal serum 
and cord blood at birth 

Zero-order Bivariate Pearson’s 
correlations, ANOVA, Multiple 
Regression Modelling 

Overall, placental OXTRm was lower 
when the pregnant participant took 
antidepressant medication during 
pregnancy compared to individuals 
with or without depression 
symptoms,who were not taking 
antidepressants (P=.039). Among 
participants exposed to 
antidepressants, controlling for third 
trimester symptoms, methylation 
measured in infant cord blood was 
higher with greater measured 
concentrations of SSRI medication 
(P=.019) 

Incollingo 
Rodriguez, 
2022  

x  Everyday Discrimination Scale (EDS), 
Bidimensional Acculturation Scale 
(BAS), General Anxiety Disorder 
Questionnaire (GAD-7), EPDS 

Regression analyses In mothers with low OXT peptide & 
low OXTRm, acculturation was 
associated with postnatal depression 
and anxiety. Higher self-reported 
discrimination and acculturation 
were associated with postnatal 
depression and anxiety among G 
carriers (OXTR rs53576) 
(acculturation P=.010, 
discrimination P=.001), compared to 
AA genotype. 

Jonas 2013 x x  CTQ, Center for Epidemiological Studies 
Depression Scale (CES-D), BF in weeks 
(continuous) & dichotomous exclusivity 
at 3 & 6 months; partial BF at 12mo 

Hierarchical multiple regression In C/C genotype, OXT rs2740210 
significantly interacted with early life 
adversity to influence breastfeeding 
duration (overall P=.021; interaction 
effect P=.023) and depression (P ≤
.001; interaction effect P=.002). 
Maternal depression mediated the 
inverse relationship between BF 
duration and early life adversity. 

Julian, 2019   x CTQ, SCID, Infant–Parent Coding 
System, Parent Infant Interaction Scale, 
Postpartum Bonding Questionnaire 
(PBQ) 

Bivariate correlations, 
MANOVA, MANCOVA, 
χ [2] testing, Bonferroni 
corrections 

For OXTR rs1042778 mothers with T/ 
T genotype scored lower behavioral 
sensitivity, lower engagement, higher 
intrusiveness, and more frequent 
frightened/frightening behavior than 
T/G or G/G mothers (P < .01). 
Genotype interacted with childhood 
trauma history such that mothers who 
had experienced childhood trauma 
were more likely to demonstrate 
frightened/frightening behavior if 
they were T/T on rs1042778 relative 
to G-carrying mothers (P < .01) 
For OXTR 53576, A-carriers reported 
lower rates of hostility (P < .01) 

Kimmel, 2016  x  BDI, Hamilton Depression Rating Scale 
(HDRS), EPDS 

t-test; linear regression Cases with postpartum depression 
who were also depressed prenataly, 
had lower levels of OXTRm than cases 
who were not depessed prenatally 
(P=.035). For women who did not 
develop postnatal depression, 
childhood abuse increased OXTRm 
(P=.045). 
Women with HDRS scores >/14 had 
lower OXTRm levels (P=.035). 
Linear Regression including abuse, 
PPD, Antenatal Depression Status, 
Abuse × PPD interaction improved 
model fit, P=.009. 

Kovacs 2020 x x  BDI, Panic Disorder Severity Scale (PDSS), 
mode of infant feeding 

χ [2] testing, t-test, Exclusive BF was significantly 
associated with lower depression 
scores (P < .05). Mothers of rs53576 
G/G infants who were not 
breastfeeding had higher depression 
scores as opposed to mothers of A/A 
infants (P < .05). 

Krol 2019   x Maternal/infant engagement in free 
play interaction 

Structural equation modeling 
and multigroup path analysis 

Maternal engagement at 5 months 
predicted a decrease in infant DNAm 

(continued on next page) 
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Table 3 (continued ) 

Author, Year Postnatal Outcome Category Measures Statistics Major Findings 

Breast- 
feeding 

Maternal 
Mental 
Health 

Maternal 
Caregiving 
Behavior 

over time. Maternal and infant 
OXTRm levels were positively 
correlated with each other to a similar 
extent at both visits at CpG − 924 
(P=.004). 

Lee, 2019  x  Depression, Anxiety and Stress Scale 
(DASS-21) 

Multiple regression Among women with GDM, those with 
AA or AG genotypes of OXTR rs53576 
were 3.0 times more likely to suffer 
from stress symptoms compared to 
those who carried GG genotype in the 
SNP (P=.039).No significant 
relationship with depression 
symptoms were found. 

Lucas, 2021 x   Quantititave sensory tsting (QST) for 
baseline pain assessment; self-report 
pain nipple/breast pain at 1, 2, 6 wks. PP 
with pain scale 

Kruskal-Wallis one-way analysis 
of variance on ranks, fisher 
exact, linear mixed modeling 

Minor allele (A) OXTR rs53576 had a 
significant effect on breast and nipple 
pain severity over time (P=.036, 95% 
CI, .55–15.2). Women experienced an 
8.18 increase in pain scores over time 
with the addition of one minor allele. 

Mehta 2016  x x Adult Separation Anxiety (ASA) Scale, 
Maternal Separation Anxiety Scale 
(MSAS) 
Anxiety scale completed at an average of 
30 weeks gestation and again at an 
average of 3 mo. PP 

Linear & logistic regression for 
multivariate modeling 

Based on rs53576, rs2254298, and 
rs1042778, mothers with a higher 
OXTR cumulative genetic risk score 
showed significantly decreased levels 
of observed maternal sensitivity as 
measured during free play and 
reunion episodes (P=.038) at 3 mo. 
PP. OXTR rs968389 was significantly 
associated with maternal oxytocin 
response (covariates age and 
ethnicity) (P=.003). 

Mileva-Seitz 
2013  

x x Ainsworth Maternal Sensitivity Scales, 
mother-infant interactions and 
responsiveness during recorded 
sessions, CES-D, CTQ, Parental Bonding 
Instrument (PBI), Life History Calendar 
(LHC) 

ANOVA, models generated to 
test gene × environment 
interactions: multivariate 
regression models, F-test for 
model reduction, mediation 
models 

Genotype associated with early care 
quality effects (for both rs2740210 
and rs4813627) on maternal 
depression score (CES-D) at 6 months 
(P < .001). 
Mothers scored lower on depression 
as the early care quality increased, 
but the slopes for OXT genotypes C/C 
(rs2740210) and G/G (rs4813627) 
were more negative, indicating that 
early life experience had a stronger 
moderating effect in this group of 
mothers than in mothers with other 
genotypes. 
For OXT rs4813627 depression score 
decreased with increasing education 
(P < .05). There were no effects of 
OXTR genotype (rs237885) on 
depression levels at 6 months 
postpartum. However, a prenatal 
depression measure showed 
significant associations between 
OXTR rs237885 genotype G/G 
(P=.003). 

Robakis 2020  x  Structured Clinical Interview for DSM-5 
(SCID), Attachment Style Questionnaire 
(ASQ), EPDS, CTQ 

Sliding-window based statistical 
analysis approach to identify 
differentially methylated 
regions 

Methylation density at several sites 
was correlated either positively or 
negatively ( ± below) with perinatal 
depression (significant associations 
noted as P < .05 or P < .01 are 
bolded below) 
Total mean OXTRm not significantly 
associated with ante- or postnatal 
depression. 
Positions on chr3, hg 19, related to 
perinatal depression, cpg: 8806364 
(+, ante); 8809167 (+, ante); 
8809363 (+, ante); 8809463 (+, 
ante); 8809670 (-, ante); 8809699 
(+, ante); 8809775 (+, ante); 
8810062 (-, post); 8810067 (-, post); 
8810076 (-, ante/post); 8810219 (+, 
post); 8810707 (-, ante/post); 

(continued on next page) 
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Table 3 (continued ) 

Author, Year Postnatal Outcome Category Measures Statistics Major Findings 

Breast- 
feeding 

Maternal 
Mental 
Health 

Maternal 
Caregiving 
Behavior 

8810873 (-, ante/post); 8811217 (-, 
ante/post); 8811241 (+, ante); 
8811271 (+, ante) 
Of note: this study supported prior 
findings of a significant relationship 
between childhood maltreatment and 
OXTRm 

Toepfer (1), 
2019   

x Maternal intrusiveness during 
standardized play situation (NICHD 
Early Child Care Research Networt) 

Linear mixed effects model and 
post-hoc analysis 

DNAm of OXT-promotor region 
changed during pregnancy (P < 
.001). Mothers with more intrusive 
behaviors had 6% higher DNAm in 
late pregnancy (P < .05). 

Toepfer (2), 
2019   

x CTQ, Infant-Toddler Home Observation 
for Measurement of the Environment 
(HOME-IT), Strange Situation Procedure 

Linear mixed effects model and 
post-hoc analysis 

No main effect of childhood 
maltreatment (CM) on maternal 
behavior (P=.2) were found; but 
there was a moderating effect by 
genotype. In women carrying the T- 
allele, CM-exposure correlated with 
more maternal insensitivity than non 
CM-exposure (P=.015). Infant 
attachment was higher in children of 
women with less maternal 
insensitivity (P < .05) for OXTR 
rs237895 (T-carrier vs C/C). 

Unternaehrer 
2016  

x  EPDS, Inventory of Stressful Life-Events 
(ILE), socio-demographics, Trier 
Inventory for Chronic Stress (TICS, short 
version) 

Linear mixed models and 
unstructured variance- 
covariance analysis 

EPDS score (P=.007) was negatively 
associated with DNA methylation 
Of note: number of stressful life 
events and cortisol measures were 
also negatively correlated with 
methylation measures 

Wiley, 2022  x  BDI, Beck Anxiety Inventory (BAI) Spearman’s rank correlation 
analyses, t-tests, mutilvariable 
regression models 

Increased maternal anxiety symptoms 
in late pregnancy associated with 
lower infant DNAm at OXTR2 CpG2 
(P=.3) and increased infant evening 
cortisol (P=.03). OXTR2 methylation 
was inversely related to evening 
cortisol (P</.001)  

Table 4 
OXTR/OXT SNP rs & outcome domain.  

First Author, Year Postnatal Outcome OXTRa OXTRb OXTRb OXTRb OXTR OXTR OXT OXT 

53576 1042778 2254298 237885 237895 968389 2740210 4813627 

Asherin, 2020 MMH xc        

Bhatti, 2019 MMH xc        

Bell, 2015 MMH xc  x      
Cao, 2021 MMH x        
Dewell, 2018 MMH    xc     

Feldman, 2013 MB  x xc      

Incollingo Rodriguez, 2022 MMH xc        

Jonas, 2013 BF & MMH    x   xc x 
Julian, 2019 MB x xc       

Kimmel, 2016 MMH x        
Kovacs, 2020 BF & MMH xc        

Lee, 2019 MMH x        
Lucas, 2022 BF xc  x      
Mehta, 2016 MB xc xc xc   xc   

Mileva-Seitz, 2013 MB & MMH    xc   xc xc 

Toepfer, 2019-2 MB     xc    

NOTE: Colodro-Conde excluded from this table assessed 19 OXT & 137 OXTR SNPs, highest hit was OXTR rs237899, top 20 hits listed in Table 3; Mehta SNPs used to 
calculate genetic risk included from total of 19 assessed SNPs. 
Abbreviation code: Breastfeeding (BF), Maternal Caregiving Behavior (MB), Maternal Mental Health (MMH). 

a Most commonly studied SNP. 
b Second most commonly studied SNPs. 
c Significant finding. 

S.R. Weinstein et al.                                                                                                                                                                                                                            



Comprehensive Psychoneuroendocrinology 16 (2023) 100209

12

to report on maternal perceptions of nipple pain, which is one of the 
most commonly cited reasons for early breastfeeding cessation [68]. 
Variations at two OXTR SNPs were associated with increased perceived 
nipple pain during somatosensory testing within the first six postnatal 
weeks: A-carriers at rs53576 reported increased pain compared to GG 
counterparts. The same pattern held for rs2254298, with A-carriers 
reporting hypersensitivity to a “brush test” applied to the nipple. In 
summary, the findings suggest complex interactions exist involving OXT 
system genetic variation and early life adversity or maternal depression 
and breastfeeding exclusivity or duration [54,67], with some data sug
gesting nipple pain may be modulated by OXTR SNP variations [58]. 

3.2.3. Maternal caregiving behavior 
Five out of six studies reported significant associations between 

OXTR SNPs and measures of maternal caregiving behavior [55,59,61,64, 
69]. Similar to the findings noted in the breastfeeding studies, these 
findings were seen as statistical interactions with adverse or stressful 
childhood experiences in three of the studies. One investigator assessed 
both OXT and OXTR SNPs, while the remaining four studies focused only 
on OXTR SNPs. Mileva-Seitz et al. found maternal-infant interactions 
were associated with OXT SNP genotypes rs2740210 and rs4813627, in 
that A-carriers were more impacted by early life care-giving experiences. 
Interestingly, the mother’s early care quality, an index derived from 
several measures, interacted with genotype to impact current maternal 
care and postnatal depression, again highlighting a gene by environment 
role for quality of maternal caregiving behavior. The authors also found 
that the OXTR rs237885 (G allele) was associated with prenatal 
depression. The Feldman, Julian, Mehta, and the second Toepfer papers 
all noted significant interactions between allelic variation in different 
OXTR SNPs and maternal early life care experiences on current care
giving behavior quality or quantity [59,61,64,69] In summary, the 
majority of maternal caregiving behavior studies found a correlation 
between OXTR SNP variation and maternal caregiving behaviors 
including mother-infant interactions, maternal intrusiveness, and 
maternal sensitivity—though this association was moderated by the 
mothers’ own early life experiences. 

3.2.4. Maternal mental health 
Maternal mental health variables included measures of psychosocial 

stress and/or postnatal depression or anxiety symptoms or diagnosis 

(Table 1). OXTR rs53576 was the most commonly studied SNP with 
eight studies reporting maternal mental health outcomes relative to this 
genotype (Table 4). The majority of this literature demonstrated that the 
G-allele carriers (GG homozygous or AG heterozygous) were at risk for 
depression or psychosocial stress experiences [53,56,70,71]. In contrast, 
Lee et al. found carrying the A allele more highly associated with 
maternal depression or stress, and Cao et al. found no associations be
tween variations in rs53576 and mental health outcomes, even when 
childhood maltreatment interactions were included. However, when 
examining infants’ genotypes, Asherin et al. found that mothers of GG 
(rs53576) infants were more likely to have elevated depression symp
toms. Although GG mothers were more likely to have higher depression 
scores independently, this interaction did not hold when controlling for 
infant genotype and demographic factors, and only infant genotype was 
significantly predictive [56]. Lastly, the recent publication by 
Incolingo-Rodriguez et al. assessed rs53576, and, like the Bell et al. 
study discussed later, found the G carriers to be more likely to have 
elevated symptoms of postnatal depression and anxiety when exposed to 
prenatal stressors (characterized as discrimination and acculturation) 
than their AA counterparts [71]. 

Focusing on another SNP, Dewell et al. found a relationship between 
psychosocial stress and allelic variation at OXTR rs237885, as homo
zygous GG mothers were less likely to be in the high social stress group 
[72]. This SNP was also studied by Mileva-Seitz et al., and GG was linked 
significantly lower prenatal depression [69]. Together, these studies 
support a relationship between OXT system genetic variation and 
maternal depression and infant interactions, likely dependent on other 
social contexts. The Asherin and Kovacs papers both initially found 
higher depression scores in mother of GG infants, suggesting a possible 
emotional reciprocity in the mother-infant relationship influenced by 
genotype. 

3.3. DNAm studies 

DNA methylation is generally assessed via epigenome-wide associ
ation (EWAS) or targeted methylation (loci-specific) methods [73]. In 
the former, methylation density is quantified across the genome, and 
researchers can observe overall patterns of increased or decreased 
methylation in various sites/genes. Loci-specific studies assess methyl
ation density at a particular CpG site or sites, ideally determined a-priori. 

Fig. 2. OXTR gene & most studied SNPs & CpG sites with outcomes.  
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The methylation studies included here are all loci-specific. Another 
important feature of the DNAm studies were the examination of infant 
DNAm markers, as well as maternal DNAm. We present findings related 
to maternal caregiving behavior and mental health only, as no studies 
related breastfeeding outcomes to DNAm in either infants or mothers. 

3.3.1. Maternal caregiving behavior 
Only two studies reported on DNAm and maternal caregiving 

behavior. Krol et al. reported that maternal and infant methylation 
patterns were positively correlated with each other, and that higher 
maternal engagement predicted a decrease in infant OXTR methylation 
over time at CpG site − 924 [62]. Toepfer et al. described a significant 
relationship between methylation at an OXT promotor region CpG site 
(cg16887334) and maternal caregiving behavior in the postnatal period. 
Specifically, the authors assessed for maternal intrusiveness, described 
as behaviors that are incongruent with infant cues for rest or disen
gagement and associated with maternal anxiety [63]. They found that 
mothers with increased DNAm at this site in late pregnancy had 
increased maternal intrusiveness at 6 postnatal months, and that the 
methylation profile generally decreased from early to mid-pregnancy. 

3.3.2. Maternal mental health 
Six authors examined OXTR methylation patterns of mothers or in

fants in relationship to prenatal and postnatal depression or depression 
symptoms. Robakis et al. noted increased maternal OXTR methylation 
density at numerous sites related to perinatal depression, childhood 
trauma history, and insecure attachment style using buccal swabs. 
Kimmel et al., merging data from three cohorts, found a relationship 
between lower rates of OXTR DNAm (chr3: 8810078 & 8810069) and 
higher risk for postnatal depression among those with depression during 
pregnancy only [70]. Unternaehrer et al. found that the number of 
maternal adverse experiences in the two years preceding the second 
trimester of pregnancy along with maternal depression symptoms pre
dicted reduced OXTR DNAm in newborn cord blood (chr3: 
8809275–8809534). In the study by Galbally et al., OXTR DNAm was 
related to treatment of depressive symptoms; overall, placental OXTR 
DNAm was lower when the pregnant participant took antidepressant 
medication during pregnancy compared to individuals without depres
sion symptoms or with depression symptoms but not taking antide
pressants (Chr3: 8810680–8810890). Among participants taking 
antidepressants, and controlling for third trimester symptoms, methyl
ation in infant cord blood was higher in samples with greater measured 
concentrations of SSRI medication. Incollingo-Rodriguez et al. noted 
that only in the lowest tertile of OXTR DNAm (− 934), prenatal accul
turation predicted postnatal depression. The newest study included in 
this review by Wiley et al., found that OXTR DNAm was lower in infants 
of mothers reporting higher anxiety and that higher levels of infant 
cortisol were inversely related to OXTR DNAm at certain sites labeled in 
the paper as OXTR1 (8808467–8810658) and OXTR2 
(8808058–8810304) [65]. Importantly in these studies, directionality of 
the relationship between maternal or infant DNAm density and maternal 
depression or anxiety symptoms was dependent on CpG site and tissue 
type [65,74–76]. 

3.4. SNP and DNAm interaction study 

Given that an individual’s OXT system can vary by DNAm density 
and genetic sequence, examining the interaction of these two variables 
may lead to a more robust understanding of outcomes. One study 
evaluated this interaction statistically [53]. 

3.4.1. Maternal mental health 
Bell et al. found that neither allelic variation at OXTR rs53576, nor 

methylation status alone predicted postnatal depression. Rather, women 
(without prenatal depression) who possessed a GG genotype and had 
higher OXTR DNAm (site − 934) had greater odds for postnatal 

depression compared to A-carriers. Interestingly, while the OXTR 
methylation findings by Incollingo-Rodriguez et al. and Kimmel et al. 
show an opposite relationship between methylation and postnatal 
depression when compared to the earlier study conducted by Bell et al., 
the Bell study did note a non-significant association between lower rates 
of OXTR methylation and postnatal depression in GG genotype carriers 
with prenatal depression. Even so, these seemingly contradictory find
ings may support the contextual variability of the OXT system and 
subsequent adaptive measures. 

This interaction study highlights the important possibility that more 
complex relationships drive epigenetic and SNP differences as well as 
the role of critical social experiences (e.g., childhood trauma, discrimi
nation or acculturation) in the development of poor postnatal mental 
health. These data suggest that an OXTR G “risk allele” represents an 
increased sensitivity to environmental stimuli, both positive and nega
tive. Implications will be further addressed in the discussion. 

4. Discussion 

4.1. Key findings 

In this scoping review we present the extant literature on genetic and 
epigenetic variation within the human oxytocin system related to 
breastfeeding, maternal caregiving behavior, and maternal mental 
health. Of these outcome domains, maternal mental health was most 
frequently studied. Many papers included evaluation of the additive 
effect of OXTR genotypes with environmental exposures (adversity or 
stress) in relation to suboptimal mood or behavioral outcomes. Few 
studies examined breastfeeding specifically. Studies that reported the 
relationship between maternal engagement and infant DNA methylation 
suggest that maternal caregiving impacts early methylation patterns, 
which has been robustly demonstrated in the animal literature [43]. 

4.2. Gene × environment interactions: in sum 

The complexity of the OXT system and its relationship with envi
ronmental factors is most powerfully highlighted by studies investi
gating gene and environment interactions. Ten studies in this review 
included such findings [22,59,63,65,67,70,71,74,75,77], and only Cao 
et al. reported no significant relationships. Childhood trauma, 
maltreatment, or other adverse early life experiences either interacted 
with genotype to impact maternal postnatal outcomes [59,64,67], or 
were associated with variations in OXTR methylation profiles [70,75]. 
In one instance, social support and genotype buffered current stress 
experiences [22], and in two other studies maternal depression symp
toms or perinatal stress experiences were associated with decreased 
maternal or infant OXTR DNAm [65,74]. Taken together, the findings in 
these human studies support what we know from animal models [43]: 
plasticity in early development allows a window of impact for both 
positive and negative exposures. However, the impact of such exposures 
may vary by an individual’s genotype (Fig. 3). 

These data support the study of nurture-focused social interventions 
on influencing long-term function of the OXT system. Interventions 
focused on resilience, support, and equity have potential to capitalize on 
this relationship between lived social experiences and candidate OXT- 
mediated health outcomes. For example, interventions that target 
culturally relevant social support during pregnancy may mitigate ex
periences of social stress. 

4.3. Genetic variation indicates vulnerabilities to stress in the development 
of maternal mental health disorders 

OXTR variant rs53576 was the most studied OXTR SNP in this re
view. Several published reviews suggest that the G allele of rs53576 is 
highly associated with sensitivity to social stimuli (i.e. empathy) or 
greater responsiveness to social experiences [78,79]. Conversely, the A 
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allele of rs53576 has generally been associated with reduced sensitivity 
to environmental or social stimuli and less prosocial behavior [24]. This 
may indicate that the G allele provides increased sensitivity to envi
ronmental stimuli, meaning that both positive and negative input may 
have a greater impact on the individual, which is in line with existing 
theory on gene by environment interactions [80]. Literature in this re
view supports this hypothesis, suggesting that the G allele of rs53576 is 
associated with higher risk for depression or anxiety [53,56,71]. For 
instance, G carriers may be more sensitive to both positive and negative 
social stimuli and may therefore have higher rates of depression, 
particularly when exposed to stressful experiences. On the other hand, G 
carriers without stressful exposures were not at increased risk for 
adverse mood or mothering behaviors, indicating that genetics are 
important but not deterministic in mothering and mental health mani
festations. Similarly, early life exposures or stressors alone were not 
deterministic in predicting greater maternal depression symptoms in 
these studies. 

4.4. Epigenetic variation & genetic interaction May indicate 
compensatory or adaptive mechanisms 

Levels of DNA methylation of OXT system genes in the context of 
stressful experiences can be interpreted in a variety of ways including: 1) 
demethylation (or blocking methylation via hydroxymethylation) is a 
compensatory mechanism which occurs during or following stressful 
situations, thereby allowing for more OXT signaling, or 2) increased 
methylation occurs as an adaptive mechanism useful in dampening OXT 
responses (indicating a chronically over-activated stress response) [49, 
81]. 

In the context of this review, lower DNA methylation may be 
occurring as a compensatory response to depression [9]. In contrast, 
when researchers note increased methylation density in relationship to 
reduced maternal caregiving behavior or poor mental health outcomes, 
this may reflect an adaptive dampening of OXT sensitivity in response to 

chronic social stress or early trauma. This is supported by the impact of 
early care on the epigenome [43], and the involvement of the OXT 
system in danger discernment and adaptive versus maladaptive re
sponses [3,82,83]. Among the reviewed studies that assessed DNAm, 
density was related to stress, early life experiences, or depression; 
however, directionality depended upon the SNP and/or social context 
(e.g., support or early life experiences). Maternal genotype and 
site-specific methylation variability may interact to impact experiences 
of, and responses to, environmental stress resulting in potential mental 
health changes, as discussed in the study by Bell et al. 

In the paper by Galbally et al., the correlation of higher serum level 
of antidepressant medication with higher infant cord blood methylation 
may be linked to non-specific assay methods (detection of hydrox
ymethylation) or reflect differences in placental versus fetal responses to 
maternal medication use [76]. The findings in the Galbally paper also 
align with those in the Unternaehrer and Robakis studies, and may be 
interpreted using a predictive adaptive response model characterized by 
Gluckman et al. With this application, higher levels of infant methyl
ation could indicate reduced compensatory mechanisms (demethyla
tion) due to reduced perinatal stress experiences (fewer stressful events 
or medically treated depression) [81]. Maternal stress experiences have 
been associated with blunted infant stress responses, operationalized as 
cortisol-reactivity, which supports this potential in-utero adaptive 
mechanism [84,85]. This interpretation and theoretical assessment 
signals an important area of further research: descriptions of methyl
ation status in neonates, upstream predictors, and downstream impli
cations for development. 

4.5. Breastfeeding & lactation: a primary early life dyadic experience 
chronically absent in the literature 

Despite animal and human literature linking OXT to breastfeeding 
and lactation, few studies have evaluated if OXT or OXTR genetic and 
epigenetic variation is associated with breastfeeding outcomes. Of the 

Fig. 3. Conceptual model depicting relationships between early life experiences, genetic and epigenetic variation of OXTR, and postnatal outcomes.  
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limited studies, our review findings support a hypothesis that the OXT 
system has complex interactions with various environmental exposures 
which should be studied further in the context of lactation [54,67]. This 
hypothesis is also supported by the general finding that maternal 
depression and other social experiential factors are negatively associ
ated with breastfeeding outcomes [86,87]. However, biomarkers which 
may predict poor lactation-related outcomes linked with OXT/OXTR 
have yet to be investigated. Both nipple pain and “not enough milk” are 
two of the most commonly cited reasons for formula supplementation 
[68]. OXT plays an important role in pain and stress modulation [9, 
88–90] thus another important avenue for exploration is genetic (or 
epigenetic) moderation of pain sensitivity or perception, as was the 
focus of Lucas et al. [58] Especially compelling is the possibility that 
OXTR rs53576 could be associated with both physical and 
social-emotional sensitivity related to OXT system regulation. The 
foundational involvement of the OXT system in both the physiologic and 
psychosocial aspects of the mother-infant breastfeeding relationship 
warrants future research. 

4.6. Clinical relevance and future directions 

Perinatal care providers typically do not receive training on the 
complexity of the behavioral neuroscience governing the OXT system, or 
are unfamiliar with the research showing the role of OXT in pre and 
postnatal experiences. Yet, ideal obstetric or mental health care ac
counts for individual context and lived experiences. Therefore, care may 
be most effective when considering the intersection of the environment 
and biological responses that are sensitive to the environment [91,92]. 
Knowledge that depression or parenting behaviors may be influenced by 
both prior stressor and genetic vulnerability provides clues into the 
various postnatal experiences providers witness in their clientele. 
Further, understanding the potential for maternal depression to alter the 
infant’s OXTR DNAm underscores the importance of the infant’s envi
ronment and family health. Recognition of the genetic and epigenetic 
variation in general OXT function (and those specifically linked to 
perinatal outcomes) can be appreciated as basic research and shared by 
clinicians as such. 

Lastly, in the era of precision medicine, treatments are currently 
being tested and tailored to individual SNP profiles in cancer therapy, 
mental health treatment, and hypertension [93–95]. Future research on 
genetic and epigenetic variation in the OXT system, including CD38, 
may provide opportunities to tailor the effectiveness of therapies in 
improving maternal caregiving behavior, perinatal depression or 
breastfeeding outcomes. Research on the potential genetic un
derpinnings of functional complications of breastfeeding (e.g., 
dysphoric milk ejection reflex, pain, and insufficient milk supply) would 
greatly benefit parents who struggle to find answers or treatments to 
meet breastfeeding goals. Research is also needed to determine how 
methylation and SNPs interact in relationship to breastfeeding, and also 
likely to other loci of interest that have emerged in the literature (e.g., 
with metabolic implications) [48,96–102]. 

4.7. Theoretical models for understanding complex neurobehavioral 
processes: importance & limitations 

OXT-dependent social and reproductive processes are complex and 
require multi-layered frameworks, such as the extensively conceptual
ized Developmental Origins of Health and Disease (DOHD) [103]. For 
example, maternal early life experiences interact with maternal geno
type to generate epigenetic changes in stress response; this in turn im
pacts maternal caregiving behavior and the offspring’s in-womb 
biochemical environment and subsequent early life experiences [49]. 
This intergenerational framework provides an overlay of social and 
physiologic mechanisms that impact human reproduction and devel
opment. While the development of biomarkers indicating vulnerability 
(or resilience) to social stress lags behind our theoretical understanding 

of these mechanisms, this field is growing and offers promising avenues 
for operationalizing these concepts [104]. 

Human psychobiology and physiology can be described as a product 
of the complex interplay between genetic material and epigenetic 
markers within the experienced environment [42]. Epigenetic research 
may be an avenue by which we can better understand the plasticity of 
the developmental continuum: how and when environmental impacts 
can alter our physiology, and subsequent physical and psychological 
health outcomes. When appropriately placed in the context of envi
ronment, understanding of the impact of transgenerational experiences 
on health may be better understood. Perhaps positive environmental 
changes can impact physiology and support healing and resilience. So
cial interventions targeted at maternal-child health may have the ability 
to embed positive change in our biology and psychology, which is yet 
another compelling reason to follow this line of research. Finally, the 
OXT system is intimately involved with the stress response [9]. This 
relationship provides scaffolding for the argument that there may be a 
bi-directional relationship between the OXT and stress systems, and that 
prolonged stress exposure may well alter OXT system functioning. Epi
genetics offers one potential mechanism for this phenomenon, and has 
the potential to be supported by other bio-embedding frameworks such 
as allostatic load [105]. Future and ongoing research in this area should 
include operationalized social determinants of health such as experi
enced racism, neighborhood characteristics, access to resources, etc. 

4.8. Limitations 

The included studies had several key limitations inherent in many 
genetic and epigenetic studies. The review’s perinatal outcomes repre
sent social, behavioral, and physiologic phenomenon that would benefit 
from complex modeling to capture genetic, epigenetic, and environ
mental interaction. Any literature with an epigenetic component should 
consider upstream contributions towards such epigenetic alterations 
such that the biopsychosocial context is not lost from the dialogue. 
While a subset of our studies included information on social de
terminants of health (e.g., trauma history), many did not. The hetero
geneity of available studies was significant and made consolidation of 
conclusions challenging. For example, while certain SNPs were studied 
more frequently than others (e.g., rs53576) a range of SNPs were 
assessed across studies. Likewise, methylation sites ranged from regions 
to specific CpG sites. Additionally, studies varied in their operational 
measures and definitions of depression, anxiety, psychosocial stress, and 
mothering behaviors. Studies that utilized older retrospective data may 
be limited by changing societal norms, for example, the study by 
Colodro-Conde et al. (2018) utilized data from time periods when for
mula feeding was very normative. 

Assessment of DNA methylation varied in ways that may also 
contribute to potential heterogeneity of results. For example, some 
studies collected buccal samples while others utilized blood samples, 
which may not be comparable as methylation can vary by tissue type. 
The timing of sample collection may also impact findings such that 
methylation during pregnancy may not be static and may also differ 
from postnatal methylation patterns. 

Studies with genetic components inherently are impacted by 
geographic ancestry of the participants. The majority of participants 
were of European ancestry, and some studies used terms such as 
“Caucasian” or “[not] a minority,” which are considered outdated and 
nonspecific [33,106]. In some cases, ancestry/ethnicity was not avail
able, which can also have implications for erasure of experiences that 
might impact psychosocial and methylation measures [106]. While 
common ancestry may be helpful in terms of limiting variation in pop
ulation allele frequency, most genetic research to-date has been con
ducted within populations originating in European countries [107]. This 
limitation is especially important in social stress and social determinants 
research as historical trauma, oppression, and experiences of racism and 
discrimination impact physiology via biological embedding [34]. 
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Another reason diverse representation in genetic research is necessary is 
due to allelic variation of certain SNPs (e.g. rs53576 OXTR) between 
ancestral populations [108]. In this example, the minor genotype differs 
in Asian-ancestral populations compared to other populations (GG is 
present in a minority of the population whereas AA is seen less 
commonly in European and African populations). Thus, if a study con
cludes that “AA” homozygotes had a higher risk of postnatal depression, 
but only samples European-ancestral groups, the study and 
genotype-association may not be generalizable without adequate rep
resentation in other populations. A minor allele in one population may 
not be a minor allele in a second population limiting the generalizability 
of genotypic results. 

This scoping review was limited by several factors. The potential for 
reviewer bias was present but minimized in two ways. While each 
screening and full-text review was conducted by two authors, data 
abstraction was conducted by individual reviewers with issues resolved 
by group consensus. While two of the reviewers co-authored an article 
cited as background material, and one of the reviewers was first author 
of an article included in the final scoping results, we assigned non- 
contributing coauthors to screen, review and abstract data. Scoping re
views do not generally assess the quality of evidence, thus we did not 
engage in a formal assessment of the strength of evidence. 

5. Conclusion 

The results of this scoping review demonstrate the complexity of the 
OXT system. While the role of the OXT system in a range of perinatal 
outcomes is well established, the implications of allelic variation and 
DNA methylation have been challenging to ascertain. The literature at 
large remains most robust around psychopathologic outcomes, and this 
was born out in our review of the maternal mental health outcomes. The 
data suggest that there is an interaction between postnatal depression, 
OXTR genotype, and OXTR methylation; however, the context for these 
outcomes is complicated and requires further study. The importance of 
early life and social experiences on OXT system function was a recurrent 
theme, and deserves further mechanistic investigation. Future research 
should incorporate complex modeling, social context, and stress systems 
in order to provide insight into mechanisms underlying perinatal health 
outcomes in relationship to the oxytocin system. 
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