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A B S T R A C T   

Background: Latinas in the United States suffer disproportionately high levels of pre- and postnatal depression. 
However, little is understood regarding the biopsychosocial mechanisms linking socio-environmental factors to 
this increase in mental health risk. The oxytocinergic system, with its roles in the stress response, social 
behaviour and mood regulation, may be an important modulator of this sensitivity. We have previously reported 
prenatal discrimination to be a significant predictor of postnatal depression in Latinas; here we tested whether 
sensitivity to discrimination stress might depend on oxytocinergic system activity. 
Methods: A sample of 148 Latina women residing in the US were assessed prenatally at 24–32 weeks’ gestation 
and 46 weeks postnatally for perceived discrimination levels, acculturation, and depression and anxiety symp-
toms. Plasma oxytocin (OXT) levels and DNA methylation of the oxytocin receptor (OXTR) were measured 
prenatally together with genotyping for the OXTR SNP, rs53576. 
Results: In mothers with low OXT levels and low OXTR methylation, acculturation level was associated with 
postnatal depression and anxiety symptoms. No such associations were found in those with higher OXT levels 
and higher OXTR methylation. We also found a significant relationship between prenatal psychosocial factors 
(discrimination and acculturation) and postnatal depression and anxiety in carriers of the G-allele at rs53576, but 
not AA genotypes. Finally, OXTR methylation positively correlated with mothers reports of experiencing affili-
ative social touch. Moreover, social touch mediated the relationship between discrimination and postnatal 
depression in those with low OXTR methylation. 
Conclusion: These results support the hypothesis that the oxytocinergic system modulates sensitivity to prenatal 
stress in the development of postnatal mood and anxiety disorders in Latina mothers.   

1. Introduction 

During the perinatal period, 10–15% of United States women suffer 
mild to severe depression. In Latinas, such depression is even more 
common, with 12–59% prevalence (Blackmore and Chaudron, 2014). 
Systematic stressors disproportionately affecting Latina mothers, such as 
social and economic hardships, are linked to the development of 
depressive symptoms (Farina et al., 2021). On top of these, Latinas also 
face widespread discrimination, which is strongly linked with depressive 
symptoms during the pregnancy (Sluiter et al., 2020; Walker et al., 
2012) and the early postpartum period (Ponting et al., 2020). Immigrant 

Latinas are also likely to experience stress from acculturation, the pro-
cess of adopting beliefs and norms of the host culture and/or losing 
cultural heritage. 

Latina maternal health trends demonstrate consistency with the 
Latina Paradox, a phenomenon wherein despite marked social disad-
vantages, foreign-born Latina mothers from some Latinx subgroups 
experience better birth outcomes than US-born mothers (DeSisto and 
McDonald, 2018; Osypuk et al., 2010). This disparity also appears to 
extend to mental health. For instance, studies have shown that Latinas 
who are more acculturated to mainstream US culture are more likely to 
experience prenatal and postpartum depressive symptoms than less 

* Corresponding authors.  
1 Co-senior authors 

Contents lists available at ScienceDirect 

Psychoneuroendocrinology 

journal homepage: www.elsevier.com/locate/psyneuen 

https://doi.org/10.1016/j.psyneuen.2022.105769 
Received 12 February 2021; Received in revised form 10 April 2022; Accepted 11 April 2022   

www.sciencedirect.com/science/journal/03064530
https://www.elsevier.com/locate/psyneuen
https://doi.org/10.1016/j.psyneuen.2022.105769
https://doi.org/10.1016/j.psyneuen.2022.105769
https://doi.org/10.1016/j.psyneuen.2022.105769
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2022.105769&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Psychoneuroendocrinology 141 (2022) 105769

2

acculturated counterparts (Alhasanat and Giurgescu, 2017; Ruiz et al., 
2012). In fact, acculturation has been closely linked to origin and 
development of maternal-child health disparities in Latinas (Fox et al., 
2015; Rubin, 2016). Although experiences of discrimination are 
embedded within the acculturation process for immigrants from ethnic 
minorities, the extent to which discrimination may be a key contributor 
to the trajectory of worsened mother-child health remains understudied 
(Fox et al., 2015; Schwartz et al., 2010). Not only is discrimination 
strongly linked to depressive symptoms during pregnancy, but 
self-reported discrimination may increase with longer residency in the 
US, suggesting a synergistic or dose-dependent relationship (Flippen and 
Parrado, 2015; Harris et al., 2022). Furthermore, greater acculturation, 
as measured by length of residency in the US or greater orientation to the 
host culture, has been linked to increased levels of immune dysregula-
tion and inflammation (Scholaske et al., 2021). Recent evidence also 
suggests that acculturative stress in this group predicts indicators of 
accelerated cellular aging as indexed by telomere length (Incollingo 
Rodriguez, 2022). Importantly, these are the same preclinical indicators 
of disease tied to interpersonal discrimination (Cuevas et al., 2020). 

Despite these risk factors, little is known about molecular mecha-
nisms that may underlie the psychosocial stress-depression relationship 
during pregnancy and the early postpartum period. The oxytocinergic 
system plays a well-established role in stress, mental health, and critical 
functions pursuant to pregnancy, childbirth, and lactation. Oxytocin 
(OXT) has anxiolytic properties; negatively regulates hypothalamic- 
pituitary-adrenal axis stress response; and moderates psychosocial 
stress, social interactions, and perinatal depression (Ellingsen et al., 
2016). Moreover, studies investigating epigenetic alterations in the 
oxytocin receptor (OXTR) gene, particularly at CpG site − 934, have 
identified associations between reduced methylation and prenatal and 
postnatal depression (Kimmel et al., 2016). There is also evidence sug-
gesting that common variations in the OXTR gene are associated with 
different degrees of stress reactivity (Rodrigues et al., 2009), while other 
studies document interactions with the OXTR genotype. For example, 
one study found an interaction between OXTR rs53576 genotype and 
child maltreatment on emotional dysregulation and disorganised 
attachment in adults with GG genotype but not in those with AA geno-
type (Bradley et al., 2011). In fact, genotypes that confer biological 
sensitivity to the social environment may engender either emotional 
resilience or vulnerability across human development (Ellis et al., 2011; 
Homberg and Jagiellowicz, 2021). In other words, those who are most 
likely to benefit from socially supportive environments may also be the 
most likely to suffer from socially adverse environments, such as 
discrimination. 

Perceived discrimination is a robust, often daily (Cobb et.al. 2017) 
social stressor that is strongly linked to depression prevalence in Latinos 
(Ward et al., 2019). Reports of perceived discrimination predicts 
depression in Hispanic high school students (Basáñez et al., 2013) and a 
systematic review of the effect on discrimination on Latinx health 
confirmed the negative relationship between this social stressor and 
Latino mental health (Andrade et al., 2021). Furthermore, there is a dose 
response relationship between discrimination and increased risk of 
mood and anxiety disorders in Latinx populations (Cobb et al., 2021). 
The OXT system has been critically implicated in determining the 
salience of social cues, where it regulates the attention to and perception 
of both positive and negative cues, including those related to discrimi-
nation (Shamay-Tsoory and Abu-Akel 2016; Averbeck, 2010, Egito 
et al., 2020), and is associated with the monitoring of potential social 
threats (Olivera-Pasilio, 2020). In direct support of this social salience 
hypothesis of OXT, a study of healthy African Americans revealed that 
those with a genotype indicative of greater OXT receptivity reported 
greater perceived discrimination than those with a genotype indicative 
of less OXT receptivity (Drolet, 2021). 

Considering these links, this study investigated the role of the oxy-
tocinergic system in the response to acculturation and discrimination 
stress to specifically assess relationships between psychosocial stress, 

affiliative social behaviours and mental health in Latinas mothers. We 
aimed to understand how interactions between variations in oxy-
tocinergic functioning and socio-environmental factors may mediate 
risk for postpartum depressive symptom severity. 

2. Material and methods 

2.1. Participants 

Healthy pregnant Latinas (n = 150) living in North Carolina partic-
ipated in this study. Eligibility criteria and full recruitment procedures 
are available elsewhere (Santos et al., 2018). Briefly, women were 
recruited during their prenatal clinical appointments. Data collection 
was completed in English or Spanish, depending on participants pref-
erence, at the prenatal (24–32-weeks’ gestation) and postnatal (4–6 
weeks postpartum) visits. Measures used in this study had validated 
versions in English and Spanish (Santos et al., 2018). The University of 
North Carolina at Chapel Hill Institutional Review Board approved this 
study (#15–3027). 

2.2. Measures 

All measures have been described in detail, previously (Santos et al., 
2021, 2018; Sluiter et al., 2020) Discrimination was measured using the 
Everyday Discrimination Scale (EDS), a nine-item questionnaire used to 
measure routine, day-to-day experiences of discrimination at the pre-
natal and postnatal time points, as previously described (Santos et al., 
2018). This is a widely used measure of subjective experiences of 
discrimination (Williams et al., 1997), with a validated Spanish trans-
lation (Campo-Arias and Herazo, 2015). Sample items include: “You are 
treated with less courtesy than other people are,” “People act as if they 
think you are dishonest” and, “You are called names or insulted.” It 
correlates with measures of institutional racial discrimination and 
interpersonal prejudice (Krieger et al., 2005) and does not prime the 
subjects to think about race, which limits cues to prejudice prior to 
responding to the questions (Deitch et al., 2003). The 9-item Likert 
response scale for frequencies ranged from 0 (“never”) to 5 (“almost 
every day”). An additional question asks the respondent to select a 
reason to which they attribute their experiences of discrimination (e.g., 
skin colour, ethnicity). As previously described (Santos et al., 2018), we 
constructed a mean summary that ranged from 0 to 5, with a higher 
score indicating a higher frequency of perceived discrimination. Cron-
bach’s alpha for item consistency for the EDS in our sample was 0.86 for 
T1 and 0.89 for T2. 

Acculturation was measured using the Bidimensional Acculturation 
Scale (BAS), a 24-item questionnaire to assess acculturation within both 
Hispanic (12 questions) and Non-Hispanic (12 questions) cultural do-
mains and includes three subscales language use (6 questions), language 
proficiency (12 questions), and electronic media (6 questions). The BAS 
asks participants to report the frequency with which they experience 
events or their ability to use technology with 1–4 Likert scale, with 
higher scores indicating higher frequency or better ability (1 =Almost 
Never to 4 =Very Well). Participants responses from each cultural 
domain are summed and averaged resulting in a Hispanic BAS score as 
well as a Non-Hispanic BAS score between 1 and 4, with an overall score 
of 4 indicating a higher degree of acculturation. The BAS has been 
validated in both English and Spanish (Marin and Gamba, 1997). 

Anxiety and depressive symptoms were assessed with the General-
ised Anxiety Disorder Assessment (GAD, 7-item), and the Edinburgh 
Postnatal Depression Scale (EPDS, 10-item), respectively., as previously 
described (Santos et al., 2018). To measure social touch, pregnant par-
ticipants were asked: Over the last week, how often did you hold hands? 
How often did you exchange neck rubs, back massages or any other warm 
touching activities with someone else? How often did you give someone hugs 
lasting for more than a few seconds? Reponses varied from “never”, 
“sometimes”, “often”, “always”. 
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2.3. OXT measurement 

Venous blood samples were collected into pre-chilled 6 mL K2 EDTA 
BD Vacutainer® Blood Collection Tubes and Aprotinin (9000 KIU) 
added. Samples were centrifuged at 2000× g/10 min/4 C. Plasma and 
buffy coats were aliquoted into barcode-labeled cryovials and stored at 
− 80 C until assay in the UNC Biobehavioral Laboratory using the ELISA 
kit (Enzo Life Sciences). Solid-phase extraction of samples (600 µL) was 
performed using 200 mg C18 Sep-Pak Vac 3cc columns (Waters Cor-
poration, Milford, MA) and evaporated using a Speed Vac. Samples were 
reconstituted in 250 µL of Assay Buffer and assayed in triplicate per the 
manufacturer’s protocol. 

2.4. DNA methylation 

DNA, extracted from buffy coat, was transported to Manchester 
Metropolitan University for DNA methylation analysis using bisulphite 
pyrosequencing as previously described (Sluiter et al., 2020). Primers 
used to amplify and sequence CpG site − 934 of OXTR using PyroMark 
were: Forward, 5’-GGGGGGAGTTAATTTTAGGTT-3’; Reverse 5’-Bio-
tin-CTCAATCCCCAAAAATCACTTTACAATCT-3’; Sequencing 5’-TTTT 
GTTTTTGGAGGAG-3’. All analyses use the average of three separate 
assays. 

2.5. Genotyping 

Genotyping for OXTR SNP rs53576 was performed using KASP Assay 
mix from LGC using the Stratagene PCR system. We combined subjects 
with GG and GA genotypes, in line with previous studies (Choi et al., 
2019). 

3. Results 

3.1. Sample characteristics 

Participants were on average 27.7 (SD 6.4) years old upon assess-
ment and the majority (125 of 148) were foreign-born with 75% of those 
arriving from Mexico. 74.4% of the participants were either living 
together with a partner or married (Table 1). 44.2% reported experi-
encing discrimination; most attributed these experiences to their race 
and ancestry (Santos et al., 2018). 

3.2. OXT levels and OXTR methylation are not related to psychosocial 
and symptom measures 

There were no significant differences in OXTR methylation between 
OXT genotypes, G-carriers (GG/GA) and AA (p > .05), and no correlation 
between OXTR methylation and plasma OXT levels (r = 0.14, p = .112). 

OXTR methylation did not predict prenatal (b = 0.06, p = .180) or 
postnatal (b = − 0.04, p = .415) depressive symptoms (EPDS), anxiety 
symptoms (GAD), acculturation (BAS) scores (all p’s > 0.05). OXT 
plasma levels were also not associated with prenatal (b = 0.06, p = .224) 
or postnatal (b =. 0.05, p = .351) depressive symptoms. There were no 
significant differences in any measures of stress and depression, prena-
tally or postnatally, based on genotype (GG/AG vs AA; p’s > 0.05). 

3.3. OXTR methylation modulates sensitivity to stress 

Our previous work suggests that discrimination predicts postnatal 
depressive symptoms (Sluiter et al., 2020). We therefore tested whether 
OXTR activity moderates sensitivity to discrimination stress. Partici-
pants were grouped into OXTR methylation tertiles (boundaries at 41% 
and 48% methylation) and plasma OXT tertiles (boundaries at 8.10 and 
12.13 pg/mL). Tertiles reflected the distribution of scores with low, 
average, and high clusters. Prenatal acculturation and discrimination 
(EDS) were then tested as continuous predictors of postpartum 

depressive symptoms in each tertile (Table 2). 
For both OXTR methylation and plasma OXT level, prenatal accul-

turation significantly predicted postnatal depressive symptoms in the 
lowest tertile but not in the two higher tertiles. Prenatal exposure to 
discrimination predicted depressive symptoms scores in the lowest and 
the highest methylation tertiles, but not the middle tertile. For OXT 
plasma levels, prenatal discrimination predicted depressive symptoms 
scores in only the lowest tertile. 

Testing for gene-environment interactions, we compared the re-
lationships between psychosocial factors (acculturation and discrimi-
nation) and postnatal depressive symptoms between G-carriers (GG/GA) 
and AA genotypes. Acculturation was a significant predictor of postnatal 
depressive symptoms in G-carriers (b = 2.70, SE = 1.11, ß = 32, p =
.010) but not AA genotypes (b = − 0.03, SE = 1.06, ß = − 0.00, p = .978). 
The same pattern of significance was observed for discrimination: a 
significant predictor of postnatal depressive symptoms in G-carriers (b 
= 0.26, SE = 0.07, ß = 0.42, p = .001), but not AA genotypes (b = 0.10, 
SE = 0.11, ß =0.12, p = .374). 

3.4. Affiliative behaviour, OXTR methylation, and postnatal symptoms 

Pregnant mothers’ reported touch-related affiliative behaviours 
significantly correlated with OXTR methylation (r(151) = 0.20, p =
.022) but not OXT levels (r(148) = 0.04, p = .600). Acculturation 
significantly predicted social touch (b = 1.02, SE = 0.48, ß = 0.17, p =
.034), as did discrimination (b = 0.09, SE = 0.42, ß = 0.17, p = .036). 
Moreover, social touch significantly predicted postnatal depressive 
symptoms (b = 0.25, SE = 0.11, ß = 0.18, p = .033) and anxiety 
symptoms (b = 0.21, SE = 0.09, ß = 0.19, p = .026) scores. 

Table 1 
Baseline characteristics of the cohort (n = 147).  

Age, years  

Mean (SD)  27.6 (6.35) 
Marital status   
Married  34.7% 
Not married but living with partner  39.5% 
Single  25.8% 
Education   
High school or less  85.0% 
Some college  8.2% 
Other  6.8% 
Household income (Yearly)   
< $25,000  79.6% 
$25,000–39,999  19.7% 
> $40,000  0.7% 
Nativity   
Non-US born  83.7% 
US-born  16.3% 
Years living in US   
Mean (SD)  12.0 (7.27) 
Sex of the infant   
Male  46.3% 
Female  53.7% 
Parity   
0 children  35.1% 
1–2 children  41.6% 
≥ 3 children  20.4% 
Country of Origin   
Mexico  56.3% 
Honduras  17.2% 
El Salvador  13.2% 
Other  13.4% 
Gestational Age at T1   
Mean (SD)  28.81 (1.28) 
Postpartum weeks at T2   
Mean (SD)  4.9 (1.01) 
Depression Symptoms (IDAS-GD T1)   
Mean (SD)  30.77 (6.31) 
Depression Symptoms (IDAS-GD T2)   
Mean (SD)  29.87 (7.20)  
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Therefore, social touch was tested as a mediator of the established 
relationship between prenatal discrimination and postpartum symptoms 
(Sluiter et al., 2020). A hierarchical linear regression revealed that social 
touch was not a significant mediator when accounting for the direct 
effect of EDS (b = 0.19, SE = 0.11, ß = 0.14, p = .092). It similarly did 
not mediate the relationship between prenatal depressive symptoms and 
postnatal anxiety symptoms(b = 0.16, SE = 0.09, ß = 0.15, p = .076). 
Given the association between social touch and OXTR methylation, we 
also tested these models in the lowest methylation tertile. Here, social 
touch was a significant mediator of the relationship between discrimi-
nation and postnatal depressive symptoms (b = 0.67, SE = 0.29, ß =
0.33, p = .028). The same was found for anxiety symptoms (b = 0.62, SE 
= 0.20, ß = 0.45, p = .004). 

Across all analyses, no sociodemographic factors (income, relation-
ship status, age, education, or country of origin) were related to out-
comes of interest (all p’s > 0.228) and therefore were not included in our 
models for the sake of preserving parsimony in our analyses of this 
relatively small sample when stratified. 

4. Discussion 

In this sample of Latina mothers, greater prenatal acculturation, 
exposure to discrimination, lower OXTRmethylation, lower OXT levels, 
or having the G allele in the OXTR gene increased sensitivity to devel-
oping postnatal depressive symptoms. These mothers also reported 
higher levels of social touch, which was also associated with higher 
OXTR methylation. These results support the hypothesis that the oxy-
tocinergic system modulates sensitivity to prenatal stress in the devel-
opment of postnatal mood and anxiety disorders in this underserved 
population. 

Low OXTR methylation levels in Latina mothers predicted increased 
sensitivity to postpartum depressive symptoms in more acculturated 
mothers and those who experienced higher levels of discrimination. This 
suggests higher OXTR levels and elevated oxytocinergic activity may 
drive stress vulnerability. Some work indicates high OXT levels in 
relation to postpartum depression and risk of posttraumatic stress dis-
order following recent stress (Donadon et al., 2018). Our data suggest 
that relationships between OXT levels and OXTR methylation and mood 
are also context-dependent. Namely, interactions with environmental 
factors, such as greater acculturation and discrimination exposure are 
critical. For instance, OXT activity may exacerbate or buffer social stress 
by strengthening both positive and negative emotional memories. We 
found associations between low OXTR methylation and postnatal 
depression symptoms alone with moderation of the relationship be-
tween discrimination and postnatal EPDS by OXTRmethylation status. 
This may indirectly support the hypothesis of increased susceptibility to 
social stress in individuals who are more sensitive to social stimuli. 
While high levels of social touch may indicate decreased risk of 
depression in many less-challenging contexts, the present contrary 
observation in this Latina sample exposed to high levels of 

discrimination stress may be related to increased sensitivity to social 
stress. 

We also found elevated postnatal depression symptoms in mothers 
with higher levels of social touch and OXTR methylation (and presum-
ably low OXTR levels). This may be driven by a subset displaying 
symptoms of depression and receiving higher levels of social support and 
associated social touch. While we could not directly evaluate this hy-
pothesis because of lack of data on social support, it is an important 
protective factor in similar populations (Xie et al. 2009) and future 
studies should explore social support factors in detail in a longitudinal 
study with additional sampling points. These results in combination 
with the associations between low OXTR methylation and postnatal 
depression symptomology, suggest a bimodal role for OXTR-related risk 
in this population. Women with low OXTR levels and less OXT recep-
tivity may be at risk due to deficits in maternal bonding and/or the 
rewarding aspects of social support and maternal care (Nephew et al., 
2015). Mothers with high OXTR levels and greater OXT receptivity may 
be more sensitive to adverse effects of discrimination on maternal mood 
(Drolet et al. 2021). 

Finally, we found an interaction between rs53576 genotypes and 
depression where mothers with the G-allele were sensitive to stress. 
Meta-analytic evidence shows the G-allele is associated with greater 
sociality (Li et al., 2015). In the Latina cohort, OXTR and sociability may 
increase sensitivity to prenatal discrimination in the development of 
postnatal depression. Because the G-allele is associated with greater 
recognition of social cues and desire to form social connections, 
discrimination stress may exacerbate emotions from negative social in-
teractions and social exclusion in these women. In fact, increased social 
sensitivity in G-allele carriers has been linked to increased vulnerability 
to depression and anxiety among adults with early life stress (Dann-
lowski et al., 2016). 

Despite only one blood collection sampling point and limited mea-
surement of affiliative touch, the rich biopsychosocial dataset and lon-
gitudinal design in an underserved group are major strengths of this 
work. Together, these findings present novel evidence supporting the 
unique importance of the oxytocinergic system in the aetiology of 
postnatal depression in a high-risk population. 
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