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Abstract

Objective—Maternal stress in humans influences behavior of children and can be assessed using 

biological markers. Mothers and their one-month-old infants were recruited from an existing study 

to examine baseline maternal serum oxytocin and hypothalamic-pituitary-adrenal (HPA) axis 

response to infant blood heel stick stress as measured by salivary cortisol in the dyads. Objectives 

were to explore (1) relationships between mother and infant cortisol levels, (2) gender differences 

in infant biologic cortisol response, and (3) the association of cortisol levels in the dyads and 

maternal oxytocin levels.

Methods—Forty-two mother-infant dyads provided biologic samples and self-report data. Initial 

salivary cortisol was assessed in both the mother and infant, followed by a heel stick blood draw. 

Twenty minutes later, salivary cortisol was collected again from dyads.

Results—Self-report measures were negative for depression and risk for childhood neglect. 

Although oxytocin and baseline cortisol in the infants was higher in mothers that did some breast 

feeding, there was no statistically significant difference (p=0.2; p=0.1, respectively). Analyses 

showed (a) higher baseline cortisol in mothers was related to higher baseline cortisol in infants 

(p<0.0001), (b) following the stressor, female infants had a larger positive change in cortisol, after 

adjusting for baseline cortisol (p=0.045), and (c) there was no relationship between dyad cortisol 

levels and maternal oxytocin.

Conclusions—Maternal and infant biologic stress measures are related. Female infants have a 

larger HPA response to a blood draw stressor as measured by salivary cortisol than male infants.
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INTRODUCTION

The parent-infant bond provides a foundation for future adaptation, relationships, and mental 

health for children and adults. Early life experiences are known to shape neurologic, 

psychosocial, and physical health [1]. Brain development is especially receptive to nurturing 

care and environmental stimulation during critical early periods of development. Animal 

research models have shown that the in utero and infancy environment as well as parental 

behavior can influence the responsiveness of the hypothalamic-pituitary-adrenal (HPA) axis 

which has been shown to have epigenetic effects [2-4]. An inverse relationship between 

oxytocin and cortisol in breastfeeding non-depressed mothers has been found [5]. Maternal 

well-being impacts parenting behavior, which in turn, influences the psychosocial 

environment of the infant, as well as neurobiologic responses to stress, neurologic pruning, 

and thus brain development [6]. An improved understanding of the relationship of infant-

maternal-biological systems to normal and abnormal stress may help us better understand 

how maternal behavioral responses influence future child behavior [7].

The effects of cortisol are adaptive because they prepare an individual to meet the energy 

demands associated with a stressful event, including preparedness and vigilance to threats 

[8]. Research has shown the higher the quality of maternal responsiveness the faster the 

cortisol recovery to a bathing stressor [9]. Genetic as well as environmental factors are 

known to influence an individual's response to stress. Although there is limited research on 

human dyads, animal studies have shown maternal levels of cortisol in breast milk influence 

temperament and eating behavior of infants. Meaney et al. have demonstrated that nurturing 

maternal care of rat pups has led to a lower HPA stress response [10-12]. In a study of 108 

rhesus monkeys, mothers who had high levels of cortisol in their breast milk had more 

fearful, nervous offspring that put on weight faster than the offspring who drank breast milk 

with lower cortisol levels [13].

While some stress is healthy, chronic stress can dysregulate the normal physiological HPA-

axis [14-16]. This dysregulation of the HPA-axis predisposes an individual to psychiatric 

vulnerability and physical illnesses later in life [17, 18]. Studies have connected this 

dysregulation to depression, post-traumatic stress disorder, panic disorder, generalized 

anxiety, and other stress-related bodily complaints [14, 15, 19, 20]. Chronic HPA activation 

can contribute to medical pathogeneses, including neurodegeneration of the hippocampus, 

development of cognitive, affective, and medical disorders, cardiovascular disease, immune 

deficiency, and/or autoimmune disorders [14].

Previous studies have shown in utero and maternal cortisol level to predict infant cortisol 

response to a stressor. One study found that amniotic fluid cortisol predicted infant cortisol 

response to mother/infant separation, [21] independent of prenatal, obstetric, socioeconomic 

factors, and child-parent attachment. Improved sensitivity of mothers to their infants, as 

measured by the Ainsworth sensitivity scale, led to a smaller infant salivary cortisol response 
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to a diaper change stressor [22]. In addition, secure attachments appear to buffer cortisol 

elevations [23] while a more anxious and ambivalent maternal attachment style [24] is 

associated with higher cortisol levels [25]. There is some evidence that the presence of 

oxytocin which is involved in breast feeding, the birthing process and bonding may help to 

buffer elevations in cortisol [31]

Although, most infant neuroendocrinology research has not focused on gender differences, 

previous research supports that sex differences in stress response exist. However, the effect 

has varied across studies as a variety of stressors have been tested. Gender differences in 

HPA axis functioning may be present as early as in utero [14, 26]. Gender differences in 

neurobiology responsiveness to childhood maltreatment have been found as early as infancy 

[27]. Davis and Emory found that male infants had significantly higher salivary cortisol 

levels and a higher mean change in cortisol levels following a stressor [28]. In another study, 

a different stressor of parental still-face versus normal interactive response [29] showed 

greater overall increase in cortisol levels for the still-face task in 6 month olds females from 

baseline than males [30].

Some research indicates that oxytocin can potentially buffer the human stress response. The 

primary role of maternal oxytocin is to assist the birth process and breastfeeding. It is also 

released in response to positive social interactions [31] promoting social cognition and 

empathy [32], and plays a role in mediating social attachment, maternal behavior, and 

provides protection against stress and anxiety [33, 34] by attenuating the endocrine and 

autonomic responses[32]. Although it is not known how much oxytocin release is modified 

by bonding or breast feeding in mothers with new infants, breastfeeding mothers have been 

shown to have higher plasma oxytocin than formula-feeding [35] mothers. In humans, 

lactation appears to reduce maternal responses to physical and psychosocial stress exposure 

[36]. Thus post-breastfeeding mothers have reduced levels of cortisol most likely influenced 

by increased oxytocin [37-40].

It was hypothesized that (1) mother and one month old infants would have similar rates of 

cortisol increase in response to an infant heel stick blood draw stressor, (2) gender 

differences would not be evident, (3) mothers who breastfed all or some of the time would 

have higher levels of oxytocin and lower levels of cortisol than mothers who exclusively 

bottle-fed, and (4) and infants who were breastfed would have lower cortisol levels than 

infants who were exclusively bottle-fed.

METHODS

Obtaining Samples

Mothers and one month old infants were recruited from morning participants for an existing 

study on vitamin D metabolism. Informed consent was obtained and dyad enrolled. All 

procedures completed in the South Carolina Clinical and Translational Research Center 

(SCTR) at the Medical University of South Carolina (MUSC). Baseline data were collected 

regarding breastfeeding or bottle-feeding practices, behavior and mood, and the mothers’ 

baseline serum oxytocin , and the mothers’ and infants’ salivary cortisol samples were 

collected. Some mothers were partially or exclusively breastfeeding and some were infants 
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were exclusively bottle-fed. All mothers completed an Edinburgh Postnatal Depression 

Scale (EPDS) [41] and a child neglect SEEK screen [42]. At the baseline visit, mothers and 

infants provided samples of saliva for cortisol analysis. At the 20 minute mark, the heel stick 

procedure was completed, and approximately 15 mL of blood was collected from the mother 

and 4 mL of blood was collected from the infant. Mother and infant provided a second 

sample of saliva to measure cortisol levels 20 minutes after the heel stick stressor (See 

Figure 1). Serum oxytocin was analyzed at the Emory Lab, GA, and salivary cortisol was 

analyzed at the General Clinical Research Center (GCRC) Lab, MUSC.

Statistical Methods

Simple descriptive statistics including median and interquartile range (IQR), were used to 

describe the outcomes of interest. Medians and IQRs were reported, as opposed to means 

and standard deviations, due to the relatively small sample size (n=42) and skewed 

distributions.

The primary biologic outcomes of interest were (1) infant cortisol level measured at baseline 

and (2) the change from baseline in infant cortisol level 20 minutes post-heel stick blood 

draw stressor. Several variables including gender, maternal oxytocin, feeding technique 

(partial or exclusive breast vs. exclusive bottle), and whether mom was present at the time of 

the heel stick were evaluated in models to examine the relationship with the biologic 

outcome measures.

Generalized linear models were used to evaluate the relationships between the outcomes and 

other variables of interest (feeding technique, gender, and information gathered from the 

moms). Univariate models explored the relationships between each of these variables and 

infant cortisol at baseline. For change in infant cortisol from baseline, models were adjusted 

for baseline infant cortisol level. For categorical variables such as gender and feeding 

technique, the mean and standard error for each outcome were reported between groups. For 

models adjusting for baseline cortisol level, the means were the adjusted means. For 

continuous variables, Pearson correlation coefficients were reported. Wilcoxon rank-sum 

tests were used to compare mother and infant variables between bottle-feeding only moms to 

breast-feeding moms.

RESULTS

Table 1 displays the demographics for both the moms and the infants in the study. The 

median age for mothers was 26.6 years and the median age for infants was 34.5 days. No 

mothers included in this study had clinically significant depression by the EPDS, and no 

children were at risk for neglect per the SEEK screening questionnaire.. Table 2 describes 

the results of the univariate models. A statistically significant positive relationship between 

mom's baseline cortisol measure and infant's baseline cortisol measure was found (rho=0.68, 

p<0.0001). The relationship between infant's gender and the change in infant cortisol level 

was moderately significant. Females had a significant positive change in cortisol, after 

adjusting for the baseline cortisol value (adjusted difference = 0.55ug/dL, p=0.045) (See 

Figure 2). Fifty-five percent of the infants’ mothers were present at the time of the heel stick, 
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and 45% chose to step out of the room. Presence or absence of mom at blood draw was not 

statistically significant in terms of change in cortisol levels in the infants (p=0.47).

Oxytocin and baseline cortisol in the infants was slightly higher in breastfeeding mothers 

than bottle-feeding mothers, however, there was not a statistical significant difference 

(p=0.2, p=0.1, respectively) (Table 3). And although not statistically significant, it was 

interesting to find that infants who were exclusively bottle-fed had lower cortisol levels at 

baseline (median=0.40) than infants who were at least partially breastfed (median=0.51).

DISCUSSION

The shaping of the human brain is influenced by prenatal and childhood experiences that are 

influenced by neurobiology that appears as early as in utero. Previous research indicates that 

the human individual stress response may begin to be determined in utero. The findings of 

this study appear to support other research that maternal stress hormones influence infant 

stress hormones. An improved understanding of the neurobiologic influence of early infant-

parent relationships will advance the understanding of healthy brain development. In this 

study, a positive relationship was found between mother and infant, as measured by a blood 

draw and salivary cortisol response. Although gender differences were not anticipated, 

female infants had a larger HPA response to the heel stick stressor than male infants.

Contrary to the hypotheses for this study, infants who were breastfed did not have lower 

cortisol levels than infants who were only bottle-fed. In mothers who breastfed, higher 

salivary cortisol levels were found compared to those who bottle-fed. These findings agree 

with previous research by Uvnäs-Moberg [43]. Additionally, there was no significant 

difference in cortisol levels between infants whose mothers were present at the time of the 

blood draw and those whose mothers were present at the time of the blood draw.

Although baseline cortisol levels did not differ significantly between genders, the stress 

response was higher in female infants than in male infants. Animal research supports some 

of the findings in this study, demonstrating that stressing the mother leads to increased 

cortisol in the offspring [44]. Emerging research has shown that in humans, females and 

males may respond differently to physical stressors, such as a blood stick, compared to a 

social stressor [15]. Also in humans, it has been observed that stressed mothers, such as 

those who are emotionally exhausted, working, or depressed, have children with higher 

cortisol levels [45].

Several limitations of the study should be noted. This research include a convenience sample 

taken from a study on vitamin D metabolism. The primary stressor used in the study was a 

heel stick blood draw. As other research has shown, variations in stressor types have 

demonstrated varying HPA-axis responses. The small sample size may have limited ability 

to see statistically significant differences in biologic measures. It is also known that 

individuals may reach their peak cortisol level at varying times following a stressor. 

Although 20 minutes was chosen given other research, having more than one post-stressor 

cortisol sample could help us know more about peak rate of rise as well as recovery time. 
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Timing may be critical as biologic measures are a part of a dynamic state based on 

interactions and environment.

Gender differences in response to different stress paradigms and more complete phenotypic 

and behavioral descriptions of maternal and paternal caregivers are needed to better 

understand the biologic factors and care-giving relationships. Better characterizing these 

relationships in future studies will help clinicians develop defined interventions that will 

potentially improve infant-mother bonding and decrease the risk of poor mental health 

outcomes.
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Figure 1. 
Study Procedure of Biologic Measures.

*Serum oxytocin was analyzed in mothers only.

**Infant heel stick blood sample was utilized for the vitamin D metabolism study
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Figure 2. 
Median Salivary Cortisol Levels Pre and Post Blood Stick Stressor for Female and Male 

Infants
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Table 1

Demographics

Moms (n=42) Infants (n=42)

Median IQR median IQR

Age
* 26.62 (22.1, 31.4) 34.50 (31.5, 40.0)

Visit 1a Cortisol 0.21 (0.12, 0.39) 0.45 (0.22, 0.95)

Visit 1b cortisol 0.19 (0.12, 0.35) 0.50 (0.29, 1.12)

Change (1b-1a) −0.02 (−0.09, 0.08) 0.05 (−0.24, 0.49)

Oxytocin 248.73 (199.7, 380.6)

N % N %

Gender Female 15 37.5

Male 25 62.5

Race White 14 33 .3 9 23.7

Black 10 23.8 11 28.9

Hispanic 18 42.9 18 47.4

Feeding Type Breast 24 58.5 24 58.5

Bottle 17 41.5 17 41.5

Mom present for blood draw Yes 21 55.3 21 55.3

No 17 44.7 17 44.7

*
years for moms; days for infants
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Table 2

Infant Cortisol at Baseline and Change in Infant Cortisol Post-Stressor

Outcome Variable Statistic
a p-value

Infant cortisol at baseline Feeding technique Breast fed
Bottle fed

0.85(0.15)
0.51(0.17)

0.14

Presence Mom present for blood draw
Mom not present

0.87(0.16)
0.51(0.17)

0.13

Gender Female
Male

0.82(0.18)
0.61(0.14)

0.38

Mom's oxytocin −0.12 0.51

Mom's cortisol 0.68 <0.0001

Change in infant cortisol
* Baseline cortisol −0.09 0.61

Feeding technique Breast fed
Bottle fed

0.33(0.19)
0.09(0.20)

0.39

Mom present for feeding Mom present for blood draw
Mom not present

0.32(0.20)
0.11(0.20)

0.47

Gender Female
Male

0.58(0.21)
0.03(0.16)

0.045

Mom's oxytocin −0.06 0.69

Mom's cortisol −0.02 0.73

Mom's change in cortisol −0.14 0.36

*
models adjusted for baseline cortisol

a
for categorical variables, mean(SE) is reported for groups; for continuous variables, Pearson's correlation coefficients are reported
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Table 3

Baseline and Change from Baseline in Mother and Infant Biologic Measures, Breastfed vs. Bottlefed

Breast-fed (n=24) Bottle-fed (n=17)

Median IQR Median IQR p-value
*

Mothers

oxytocin 251.76 (191.8, 520.2) 240.77 (199.7, 265.7) 0.2

cortisol at baseline 0.22 (0.09, 0.41) 0.18 (0.16, 0.31) >0.9

change in cortisol −0.02 (−0.11, 0.08) −0.01 (−0.07, 0.07) 0.4

Infants cortisol at baseline 0.51 (0.38, 1.08) 0.40 (0.18, 0.86) 0.1

change in cortisol 0.002 (−0.38, 0.59) 0.05 (−0.19, 0.35) >0.9

*
from a Wilcoxon rank sum test
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