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Summary

Background—Lactation is thought to buffer stress reactivity via oxytocin (OT). Dysregulation 

of the HPA axis has been reported in women with postpartum depression (PPD). The co-

occurrence of PPD and lactation failure suggests that abnormalities in OT signaling may play a 

role in PPD. We hypothesized that abnormal OT signaling is implicated in dysregulated HPA axis 

reactivity among postpartum women with mood symptoms. In a prospective perinatal cohort, we 

tested associations between OT levels during breastfeeding and stress reactivity.

Methods—We recruited 52 pregnant women who intended to breastfeed, among whom 47 

underwent a standardized stressor, the Trier Social Stress Test (TSST), at 8 weeks postpartum. 39 

were breastfeeding at time of TSST. We assessed mood symptoms using validated instruments 

and defined as symptomatic women with EPDS ≥ 10 and/or Spielberger ≥ 34. Following IV 

placement for blood draws, women breastfed their infants and then underwent the TSST. Mothers’ 

hormone responses were quantified.

Results—Among symptomatic breastfeeding women (N=11; asymptomatic N=28), we found 

lower OT levels during breastfeeding (p<0.05) and higher CORT levels (p<0.05) both during 

breastfeeding and the TSST, as compared to asymptomatic breastfeeding women. In a mixed 

effects model examining CORT reactivity by symptom group and OT AUC, we observed a 

paradoxical response in symptomatic breastfeeding women during the TSST (group × time × OT 

AUC p< 0.05); higher OT AUC was associated with higher CORT.

Conclusions—In all breastfeeding women, the surge of OT during feeding appears to buffer 

subsequent stress-induced CORT secretion. However, in symptomatic breastfeeding women, we 

found a positive correlation between OT AUC and CORT, instead of the expected negative 

correlation, which we found among asymptomatic women.
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1. Introduction

Postpartum depression (PPD) and early, undesired weaning attributed to lactation 

dysfunction (disrupted lactation) are two common public health problems following 

childbirth. PPD is defined by the DSM-5 as a major depressive episode with onset beginning 

during pregnancy or within the first 4 weeks postpartum (American Psychiatric Association, 

2013). PPD affects between 10 and 15% of all mothers and is the greatest risk factor for 

maternal suicide and infanticide (Lindahl et al., 2005). PPD is often accompanied by severe 

anxiety or ruminating thoughts (Bernstein et al., 2008; Putnam et al., in press). It has also 

been shown to significantly compromise mother-infant attachment and impairs maternal 

implementation of recommended parenting practices that provide a safe and stimulating 

environment for appropriate child growth and development (Flynn et al., 2004).

Breastfeeding is recommended by all major medical groups for the first year of the child’s 

life to protect the infant from infection and development of chronic diseases; however, early, 

undesired weaning attributed to problems with lactation physiology remains very common 

in the US and has been estimated to occur in one out of eight women (Stuebe et al., 2014). 

In addition to increased child morbidity, early weaning also impacts maternal health, as 

curtailed breastfeeding is associated with higher maternal rates of ovarian and breast 

cancers, type 2 diabetes, hypertension and myocardial infarction (AHRQ, 2007). PPD has 

been associated with undesired weaning including reduced breastfeeding duration and 

alterations in lactation physiology (Groer and Davis, 2006; Dennis and McQueen, 2009; 

Figueiredo et al., 2013; Kendall-Tackett et al., 2013; Paul et al., 2013). In a recent report that 

examined data from the Infant Feeding Practices II Study, early, undesired weaning was 

more common among women with symptoms of PPD, affecting 56% of women with 

depressive symptoms at 2 months postpartum, compared with 44% of women without 

depressive symptoms (Stuebe et al., 2014).

Oxytocin (OT) is a neuroendocrine hormone that is essential for normal breastfeeding 

physiology, as it stimulates breast myoepithelial cell contraction, which transfers milk to the 

areola for the infant (Pang and Hartmann, 2007). OT has been implicated in maternal 

behavior and in forming and maintaining social bonds, particularly in its interaction with 

dopamine (Pedersen et al., 1994; Pedersen, 1997; Numan et al., 2005; Aragona et al., 2006). 

In an investigation of lactating rats and maternal behavior, Shahrokh et al. demonstrated a 

direct effect of OT on dopamine release within the mesocorticolimibic dopamine system; 

OT neurons in the medial preoptic area (mPOA) were shown to regulate dopamine function 

in the ventral tegmental area (VTA), thereby determining the rewarding properties of a pup 

(Shahrokh et al., 2010). It is possible that with improper OT signaling, reward properties are 

altered, which could lead to changes in maternal behavior and mood.

The literature is small and conflicted regarding OT abnormalities in major depression, with 

studies showing that OT has different effects on different individuals (Meinlschmidt and 

Heim, 2007; Cyranowski et al., 2008; Parker et al., 2010; Chen et al., 2011; Mah et al., 

2013; Thombs et al., 2014). Genetic variations in the OT receptor have been implicated in 

PPD and decreased breastfeeding duration (Jonas et al., 2013). Disruption of normal OT 

physiology has been linked to a dysregulated stress response and poor feeding outcomes in 
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animal models (Lonstein and Stern, 1998). Recent work by our research group suggests that 

there is a relationship between symptoms of depression and anxiety and differences in OT 

response and effect during breastfeeding, thereby also implicating possible abnormalities in 

OT signaling in PPD (Stuebe et al., 2013).

In addition to the possible abnormalities in OT signaling, dysregulation of the hypothalamic 

pituitary adrenal (HPA) stress axis, including insufficient glucocorticoid signaling and 

impaired feedback regulation of relevant stress response systems, has been demonstrated in 

women with PPD (Greenwood and Parker, 1984; Magiakou et al., 1996; Wisner and Stowe, 

1997; Bloch et al., 2003; Bloch et al., 2005; Groer and Davis, 2006; Jolley et al., 2007). For 

example, Jolley et al. studied postpartum women who underwent a physical stressor 

(maximal treadmill test) and measured mood, ACTH and cortisol (CORT) responses to the 

stressor. They reported a significant difference in within-subject ACTH levels predicting 

CORT regression slopes in postpartum women with and without depression at both 6 and 12 

weeks postpartum; non-depressed postpartum patients exhibited a normal regulated 

feedback relationship of the HPA axis, with CORT levels rising in response to increasing 

levels of ACTH, while depressed postpartum patients exhibit an atypical and dysregulated 

pattern whereby higher levels of ACTH did not result in increased levels of CORT (Jolley et 

al., 2007).

Prior work suggests that breastfeeding immediately before a social stressor buffers CORT 

response (Heinrichs et al., 2001). In male subjects, both OT and social support blunt HPA 

axis activation (Heinrichs et al., 2003). To date, no studies to our knowledge have quantified 

the relationship between the HPA axis, OT, and PPD symptoms. Thus, in the present study, 

we sought to assess the relationship between OT and HPA reactivity in breastfeeding 

women with and without postpartum depression symptoms. A well validated measurement 

of HPA stress reactivity is the Trier Social Stress Test (TSST), introduced by Kirschbaum et 

al. (1993) as a standardized protocol for inducing and studying the psychosocial stress 

response and dysregulation of the HPA axis in the laboratory setting (Kirschbaum et al., 

1993). The TSST has been shown to reliably induce a well-characterized HPA axis response 

(Kudielka et al., 2007a,b). Therefore, we administered the TSST to symptomatic and 

asymptomatic lactating mothers. We hypothesized that the TSST would induce a differential 

stress response in mothers with symptoms of depression and anxiety versus euthymic 

mothers. We further hypothesized that the dysregulation of HPA stress reactivity in women 

with PPD may reflect deficient OT signaling, which could be assessed under breast feeding-

induced stimulation and which might be reflected by the loss of expected associations 

between OT and CORT in women with PPD symptoms.

2. Materials and methods

We recruited women in the third trimester of pregnancy who intended to breastfeed for a 

longitudinal study of maternal mood and neuroendocrine response to infant feeding and 

psychosocial stress. The study has been described in detail elsewhere (Stuebe et al., 2013). 

We planned to recruit 25 women with current or past depression or anxiety disorders and 25 

women with no such history. The study was approved by the UNC Institutional Review 

Board and all participants gave informed consent. Participants were recruited from prenatal 
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obstetric and perinatal psychiatry clinics at University of North Carolina (UNC) Hospitals 

from February 2010 through February 2011. We included women who either had a current 

or past diagnosis of unipolar depression or an anxiety disorder (i.e., Generalized Anxiety 

Disorder, Obsessive Compulsive Disorder, Post-traumatic Stress Disorder) or no current or 

prior history of mood disorders, assessed by diagnostic interview. We excluded from 

participation women with (1) current tobacco or illicit substance use; (2) prenatal diagnoses 

that would interfere with breastfeeding; (3) endocrine disorders that might affect lactation or 

(4) chronic medication use that is contraindicated during lactation. Participants were 

assessed and diagnosed by a board-certified psychiatrist with extensive training in 

administration of structured research interviews (SMB) using the depression and anxiety 

disorder modules of the Structured Clinical Interview (SCID) (First et al., 2002).

At enrollment in the third trimester, participants provided a morning, non-fasting blood 

sample and completed the Edinburgh Postnatal Depression Scale (EPDS) (Cox et al., 1987) 

and the Spielberger State and Trait Anxiety Inventory (STAI) (Spielberger, 1983). The same 

instruments were completed at 2- and 8-weeks postpartum. A modified version of The Trier 

Social Stress Test (TSST) was administered at 8-weeks postpartum after participants fed or 

held their infants. Our objective was to quantify the acute effect of lactation on stress 

response; therefore, feeding status was classified based on how mothers chose to feed during 

the study visit. Participants were classified as “breastfeeding” if they either breastfeed their 

infant (N = 38) or expressed milk (N = 1) during the study visit; they were classified as “not 

breastfeeding” if they held (N = 2) or bottle-fed (N = 6) their infant during the study visits. 

We chose 8-weeks postpartum for the TSST given that breastfeeding would be strongly 

established by this time point and to ensure that we captured women who had experienced 

symptoms of PPD. Venous blood samples were collected via antecubital IV.

2.1. Psychometric measures

2.1.1. Edinburgh Postnatal Depression Scale (EPDS)—Edinburgh Postnatal 

Depression Scale (EPDS) is a widely validated instrument developed and used to assess 

depression during pregnancy and postpartum (Cox et al., 1987). Participants completed the 

EPDS at enrollment, as well as 2- and 8-weeks postpartum. There have been multiple 

reports in the literature showing that the EPDS demonstrates both good specificity and 

sensitivity in identifying PPD (Gaynes et al., 2005). Scores of ≥12 have been consistently 

shown to be correlated with a clinical diagnosis of major depressive disorder, when 

compared with a SCID (Cox et al., 1987). A cutoff score of ≥10 was used as a positive 

screen in our study, as scores of 10–12 were associated with a diagnosis of minor depressive 

disorder (Cox et al., 1987; Gaynes et al., 2005).

2.1.2. The Spielberger State and Trait Anxiety Inventory (STAI)—The Spielberger 

State and Trait Anxiety Inventory (STAI), a validated instrument used to assess anxiety and 

validated for use in the perinatal population, (Meades and Ayers, 2011) was administered at 

enrollment during the third trimester, as well as at the 2- and 8-weeks postpartum visits. For 

the state inventory, a four-level Likert scale was used ranging from “not at all” to “very 

much so” to rate feelings in the moment, such as, “I feel nervous,” “I feel calm,” and “I feel 

content.” For the trait inventory, a four-level Likert scale was also used ranging from 
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“almost never” to “almost always” to rate statements such as “I have disturbing thoughts,” “I 

feel satisfied with myself” and “I make decisions easily.” State inventory captures perceived 

in-the-moment affect, while the trait inventory provides a stable measure of anxiety over 

time (Alpha (reliability) =0.89 to 0.92 and 0.90 to 0.94, respectively) (Spielberger, 1983). 

Population normative data (women ages 19–39) for the Spielberger STAI shows the median 

scores for both state and trait anxiety to be 34. We classified women as symptomatic with 

state scores greater than 34. Breastfeeding intensity, defined as the proportion of feeds in the 

past week that were breast milk, and observed feeding sessions have been previously 

evaluated and described (Stuebe et al., 2013).

2.1.3. A modified version of The Trier Social Stress Test—A modified version of 

The Trier Social Stress Test was administered at the 2-month postpartum visit after a 10min 

period of baseline rest and a feeding session, followed by another 10-min rest prior to 

initiation of the TSST. The TSST has been shown to reliably induce large and consistent 

HPA and cardiovascular responses (Kirschbaum et al., 1993; Kudielka et al., 2007a,b). The 

test was modified, using the PASAT, which uses addition (described below), instead of the 

traditional PASST, which uses subtraction. The TSST consists of the following: Pre-Task 

Instructions: (5min) Subjects were introduced to 2 people (the ‘selection committee’) and 

asked to assume the role of a job applicant. Anticipation Period: The subject then was told 

to prepare a speech for 3min in the presence of the committee. Speech: The committee then 

asked the subject to deliver her talk for 5min while being video- and audio-recorded. If the 

subject finished early, the committee responded with prepared questions to ensure that each 

subject spoke for the entire 5min. These questions were designed to be non-harassing and to 

create a feeling of lack of predictability/controllability (e.g., “Do you have any enemies?”) 

Paced Auditory Serial Addition Test (PASAT): The committee then used a recording of 

standardized instructions asking subjects to add single digits as quickly and accurately as 

possible for 5min. Subjects were given a new number every 3 s and asked to add this 

number to the number they had previously heard. Stress Recovery: The subject then sat 

quietly alone for 10 min. During the TSST, study staff cared for the infant in a separate 

room.

2.2. Neuroendocrine marker assessment

At 8-weeks postpartum, venous blood samples were collected at baseline after 10min of rest 

prior to a feeding session (OT, CORT, CRH), as well as during minutes 1, 4, 7 and 10 of 

infant feeding (OT), followed by a sample taken 10min post feed recovery (OT, CORT, 

CRH). Next, during administration of the TSST, blood samples were collected at minute 2 

during the speech and minute 4 of the PASAT (OT, CORT and OT, CORT, CRH; Fig. 1). A 

final sample was collected 10min post stress recovery (OT, CORT, CRH), as HPA-axis 

responses are reliably found 10 to 30min following the TSST (Kirschbaum et al., 1993; 

Kudielka et al., 2007a,b). Each venous sample was collected into pre-chilled vacutaineri 

tubes, immediately cold-centrifuged, aliquoted into pre-chilled cryotubes and stored at 

-80°Centigrade (C) for later endocrine assays. The level of OT in EDTA-treated plasma, 

with aprotinin added to prevent peptide degradation, was determined by enzyme 

immunoassay (EIA) with extraction (Enzo Life Sciences, NY) as per previously described 

methods (Stuebe et al., 2013). The level of detection was 1.1 pg/mL with intra- and inter-
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assay cv of 4.6 and 8.7, respectively. We used commercial EIA to measure CORT. The level 

of detection was 0.7 μg/dL with intra- and inter-assay cv of 6.6 and 7.7, respectively. 

Neuroendocrine marker assessment at initial assessment and 2-wks postpartum has been 

described elsewhere (Stuebe et al., 2013).

2.3. Statistical analysis

Characteristics of the study population were compared using chi square tests or Fisher’s 

Exact tests for categorical variables and analysis of variance or Kruskal—Wallis for 

continuous variables (Table 1).

Because OT levels vary due to pulsatile release, a composite variable was created for OT, 

using Area Under the Curve (AUC) (Pruessner et al., 2003) to reflect overall OT across the 

feeding session. We used a mixed models approach to repeated measures (MMRM) analysis 

using a Kenward—Roger approximation for the denominator degrees of freedom to quantify 

the association between subclinical anxiety and/or depression and each of three measures 

during the TSST: heart rate, OT, and CORT. Breastfeeding immediately prior to the TSST 

has been associated with a diminished CORT response (Heinrichs et al., 2001). Therefore, 

we further sought to test whether OT during breastfeeding was associated with HPA axis 

activity during the TSST. For this analysis, we used repeated measures analysis to model the 

effect of OT AUC during feeding, time, symptom group, and their interactions, on CORT 

levels during the TSST. We hypothesized that a smaller OT AUC would be associated with 

an exaggerated HPA axis stress response to the TSST. To explore whether maternal history 

of depression or anxiety affected the relationship between OT AUC and HPA response, we 

similarly modeled interactions between OT AUC, time, and SCID-verified history of 

depression or anxiety. Residuals were tested for normality, and, if non-normal, 

neuroendocrine markers were log-transformed.

3. Results and discussion

We recruited 52 women during the third trimester of pregnancy with intention to breastfeed 

for at least 3 months. Of those women, 47 completed all 3 visits (Fig. 2). Of these 23 had no 

history of depression or anxiety, 16 had a lifetime history of depression or anxiety and 8 

were currently depressed or anxious and met criteria for postpartum depression based on 

diagnostic interview at initial time of enrollment. These 3 groups have been previously 

described (Stuebe et al., 2013) and were similar in age, race/ethnicity, income and education 

(Table 1).

Of the 47 women who completed the TSST, 39 were classified as “breastfeeding” during the 

study visit; 38 fed at breast and 1 expressed milk. Of these 39 women, 11 had mild 

depression/anxiety symptoms (EPDS ≥ 10 and/or STAI state ≥ 34). Eight women were 

classified as not breastfeeding; 6 formula-fed and 2 held their infants during this visit. Of 

these 8 women, 3 had mild depression/anxiety symptoms. Six of these 8 women reported 

breastfeeding or pumping at least once in the week prior to the study visit. Among women 

who did not breastfeed during the study visit, breastfeeding intensity over the past week was 

markedly lower than among women who breastfed during the study visit (12 vs. 100%, 

p<0.01, Table 1). Two of these women had not breastfed or pumped in the week prior to the 
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study visit. Because our sample size was small, we analyzed all mothers who did not 

breastfeed during the visit together. Our overarching goal was to quantify stress reactivity 

following a breastfeeding episode among symptomatic versus asymptomatic women, while 

women who had not breastfed served as a comparison group.

Compared with mothers who breastfed during the visit, women who did not breastfeed had 

lower levels of OT during a feeding session (group F(1,45) = 6.74, p = 0.01 and group × 

time F(5,40.5) = 6.3, p<0.01) and greater increases in CORT (group F(1,41.7) = 5.71, p = 

0.02 and group × time F(3,40) = 7.91, p<0.01) and heart rate (HR) (group × time F(15,208) 

= 2.64, p<0.01) during administration of the TSST (Fig. 3). As we have previously reported, 

breastfeeding mothers with depression/anxiety symptoms (EPDS>10 and/or STAI state ≥ 

34) had lower levels of OT during feeding than breastfeeding mothers without symptoms 

(group F(1,37.6)=4.26, p<0.05). During the TSST, breastfeeding mothers with symptoms 

had greater HR (group × time F(15,158) = 1.91, p = 0.03) and non-significantly higher 

CORT levels throughout the TSST (group F(1,33.5) = 3.31, p = 0.08), as compared with 

asymptomatic breastfeeding mothers. When we compared breastfeeding mothers with and 

without SCID-verified histories of depression and anxiety, we did not find significant 

differences in OT and CORT levels.

Previous studies have demonstrated that OT blunts HPA axis activation, and breastfeeding 

buffers CORT response to stress (Heinrichs et al., 2001; Heinrichs et al., 2003). To 

determine whether the relationship between OT and CORT varied among breastfeeding 

women with and without symptoms in our sample, we tested for interactions among OT 

AUC during feeding, mood symptom group, and time to predict CORT during the TSST 

(Fig. 4). A significant group × OT AUC × time interaction was observed (F(7.39.8) = 2.26, 

p<0.05). Among asymptomatic breastfeeding women, higher OT AUC was associated with 

marginally lower CORT levels during the TSST. In contrast, among symptomatic 

breastfeeding women, higher OT AUC was paradoxically associated with higher CORT 

levels during the TSST. We then tested whether a SCID-verified past or current depression 

or anxiety episode (N= 18) vs. a negative SCID (N = 21) modified the association between 

OT AUC and CORT during the TSST. We did not find evidence of an interaction. These 

results suggest that among women with current symptoms, OT increases, rather than 

decreases, CORT response to stress.

4. Conclusions

In a longitudinal, perinatal prospective cohort study, we found that both infant feeding 

method and maternal mood symptoms were associated with differences in response to a 

standardized social stressor. Compared with women who had bottle-fed their infants, women 

who had breastfed had lower CORT secretion and lower HR during a standardized social 

stressor. Of those women who breastfed, those with symptoms of anxiety and depression 

had significantly higher levels of CORT and higher HR during stress when compared to the 

asymptomatic women.

Our results confirm and extend earlier work demonstrating HPA axis dysregulation in both 

major depressive disorder (MDD) outside of the perinatal period as well as PPD (Jolley et 
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al., 2007). Furthermore, our results confirm earlier work indicating dysregulated patterns of 

OT release in men and women with MDD, with higher levels of OT associated with higher 

levels of CORT (Cyranowski et al., 2008; Parker et al., 2010). Chen et al. (2011) have found 

that men with different OT receptor genotypes (OXTR) have a differential stress response 

following social support, with a particular polymorphism serving a protective effect, seen as 

a decrease in CORT levels. Clinical studies similarly suggest that OT may not improve 

mood among women with affective symptoms. In a cohort of women with symptoms of 

PPD, Mah et al. (2013) found that administration of intranasal OT made mothers sadder; 

however, these mothers described their relationship with their infant more positively. In 

contrast, Zelkowitz et al. (2014) found that OT was protective in women with high 

psychosocial stress levels; higher endogenous OT levels were associated with fewer 

depressive symptoms and more sensitive maternal behavior in a small cohort.

These studies suggest that OT plays a critical role in maternal behavior. Further, it is 

possible that OT plays a role in buffering the stress response in breastfeeding women; 

however, this relationship appears to be disturbed in women with PPD, suggesting that 

dysregulation of OT secretion and/or response to OT may play a role in the pathogenesis of 

PPD (Heinrichs et al., 2001, 2003). Our results demonstrate that although breastfeeding was 

associated with buffering of stress-induced CORT, symptomatic breastfeeding women 

experienced a positive correlation between OT AUC and CORT, instead of the expected 

negative correlation, seen among asymptomatic women.

Our findings must be interpreted within the context of our study design. We did not measure 

ACTH and therefore cannot determine whether OT affects CORT secretion via ACTH or via 

direct effects on the adrenal. In addition, because a small number of women did not 

breastfeed during the study visit, we were not able to analyze differences in TSST response 

among non-breastfeeding women by symptom group. However, the proportion of 

symptomatic women in the breastfeeding and non-breastfeeding groups were similar (Bottle: 

3/8, 38% vs. breast 11/39, 28%, Fisher’s Exact p = 0.68). Our non-breastfeeding group 

included women who were still lactating, although the intensity of lactation among these 

women was low. Prior work among euthymic, exclusively breastfeeding women found that 

breastfeeding immediately before the TSST has a greater impact on the HPA axis than infant 

contact alone (Heinrichs et al., 2001). Further studies are needed to explore how both overall 

lactation intensity and affective symptoms moderate acute associations between infant 

contact, breastfeeding, and HPA axis response. Moreover, our sample size is relatively 

small, and participants had mild symptoms of depression and anxiety, limiting our power to 

detect differences in neuroendocrine markers. Specifically, due to the lower EPDS scores in 

our population, we were unable to adequately examine the effect of EPDS ≥ 10 on measures, 

because only two of the breastfeeding participants scored in this range. Nevertheless, we 

detected differences in the relationship between OT and CORT among women with higher 

vs. lower state anxiety. Furthermore, we did not detect any significant association between 

history of previous episodes of depression or anxiety and greater risk for HPA axis 

dysregulation, thereby decreasing the likelihood that prior histories of depression confound 

our results and supporting our hypothesis that current anxiety and depressive symptoms are 

the driving factor. Given the role of stress reactivity in the pathogenesis of depression, our 
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data suggest that dysregulation of OT modulation of CORT response to stressors may play a 

role in the pathogenesis of PPD. However, we cannot determine the direction of this 

association in an observational study; it is also possible that PPD may lead to dysregulation 

of OT. We believe our study is the first to examine this relationship between lactation, OT 

and the HPA axis in postpartum women with depression and anxiety symptoms.

In conclusion, we found that mild symptoms of depression and anxiety modify the 

relationship between OT and CORT response to stress during the peripartum period. While 

breastfeeding buffered the stress response, irrespective of mood and anxiety symptoms, the 

association between OT and CORT was altered in symptomatic women. Increased OT was 

associated with an increase – instead of the expected decrease – in CORT levels in women 

with mild depression and anxiety. Our findings suggest that dysregulation of OT and the 

HPA axis may contribute to postpartum symptoms of depression and anxiety among 

breastfeeding women.
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Fig. 1. 
Eight week postpartum visit protocol.
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Fig. 2. 
Study participant flow chart.
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Fig. 3. 
Neuroendocrine profile during study visit by affective symptoms and feeding.
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Fig. 4. 
Association between oxytocin during feeding and cortisol during TSST, among women 

breastfeeding at study visit. OT AUC during breastfeeding and cortisol during TSST among 

women with and without mood symptoms at 8 weeks postpartum. (Repeated measures group 

× time × OT AUC p < 0.05).
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Table 1

Characteristics of study population by feeding method during study visit and mood symptoms at 8 weeks 

postpartum.

Breastfeeding, no symptoms
Mean (SD)

Breastfeeding, with 
symptoms
Mean (SD)

Not breastfeeding
Mean (SD)

p*

N 28 11 8

Age (years) 32.1 (5.0) 32.0 (2.8) 29.5 (6.0) 0.40

N (%) N (%) N (%)

Race 0.16

White 23 (82.1) 11 (100) 5 (62.5)

Black or African–American 4 (14.3) 0 (0.0) 3 (37.5)

Asian 1 (3.6) 0 (0.0) 0 (0.0)

Education 0.15

<4yr college graduate 3 (10.7) 1 (9.1) 4 (50.0)

Graduated 4yr college 9 (32.1) 3 (27.3) 2 (25.0)

Post graduate 16 (57.1) 7 (63.6) 2 (25.0) 0.80

BMI

BMI < 25 11 (39.3) 2 (18.2) 2 (25.0)

BMI 25 < 30 11 (39.3) 6 (54.5) 4 (50.0)

BMI 30+ 6 (21.4) 3 (27.3) 2 (25.0)

Income 0.68

Less than $40,000 6 (22.2) 1 (9.1) 3 (37.5)

$40,000–59,999 5 (18.5) 1 (9.1) 1 (12.5)

$60,000–99,999 7 (25.9) 5 (45.5) 3 (37.5)

$100,000 or above 9 (33.3) 4 (36.4) 1 (12.5)

Nulliparous 15 (53.6) 5 (45.5) 6 (75.0) 0.47

Mode of delivery 0.25

Spontaneous vaginal birth 21 (87.5) 8 (72.7) 4 (66.7)

Vacuum 1 (4.2) 2 (18.2) 0 (0.0)

C-section 2 (8.3) 1 (9.1) 2 (33.3)

Mood symptoms

Prenatal anxiety 7 (25.0) 5 (45.5) 2 (25.0) 0.45

Anxiety at 2 weeks 4 (14.3) 9 (81.8) 2 (25.0) <0.01

Anxiety at 8 weeks 0 (0.0) 11 (100) 2 (25.0) <0.01

Prenatal depression 1 (3.6) 1 (9.1) 1 (12.5) 0.36

Depression at 2 weeks (EPDS > 10) 2 (7.1) 5 (45.5) 1 (12.5) 0.01

Depression at 8 weeks (EPDS > 10) 0 (0.0) 2 (18.2) 2 (25.0) 0.02

Depression/anxiety history by SCID <0.01

Never 20 (71.4) 1 (9.1) 2 (25.0)

Lifetime, not current 5 (17.9) 6 (54.5) 5 (62.5)

Current 3 (10.7) 4 (36.4) 1 (12.5)
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Breastfeeding, no symptoms
Mean (SD)

Breastfeeding, with 
symptoms
Mean (SD)

Not breastfeeding
Mean (SD)

p*

Breastfeeding intensity, 7 days prior to 
study visit, median (IQR)

100% (IQR 100–100%) 100% (IQR 100–100%) 12% (IQR 1–29%)

*
ANOVA for continuous variables, Fisher’s Exact Test for categorical variables, Kruskal–Wallis for breastfeeding intensity.
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