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Human Milk Cortisol is Associated With Infant Temperament
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aCrean School of Health and Life Sciences, Chapman University, One University Drive, Orange, 
CA 92866, United States

bDepartment of Psychiatry and Human Behavior, University of California, Irvine, United States

cDepartment of Pediatrics, University of California, Irvine, United States

Abstract

The implications of the biologically active elements in milk for the mammalian infant are largely 

unknown. Animal models demonstrate that transmission of glucocorticoids through milk 

influences behavior and modifies brain development in offspring. The aim of this study was to 

determine the relation between human milk cortisol levels and temperament of the breastfed 

infant. Fifty-two mother and infant pairs participated when the infants were three-months old. 

Milk cortisol levels were assessed and each mother completed the Infant Behavior Questionnaire 

(IBQ), a widely used parent-report measure of infant temperament. Analyses revealed a positive 

association between milk cortisol and the Negative Affectivity dimension of the IBQ (partial r =.

37, p < .01). No correlation was found between elevated cortisol levels and the Surgency/

Extraversion or the Orienting/Regulation dimensions. Further, the positive association between 

increased maternal milk cortisol and Negative Affectivity was present among girls (β = .59, p < .

01), but not among boys. (Although, the sex by milk cortisol interaction term was not statistically 

significant, suggesting that these results require replication.) Environmental factors such as 

maternal demographics and negative maternal affect (depression and perceived stress) at the time 

of assessment did not account for the positive association. The findings support the proposal that 

exposure to elevated levels of cortisol in human milk influences infant temperament. The findings 

further suggest that mothers have the ability shape offspring phenotype through the transmission 

of biologically active components in milk.

Keywords

Cortisol; Glucocorticoids; Temperament; Breast Milk; Human Milk; Breastfeeding; Stress; Infant 
Development; Fear; Behavioral Inhibition; Sex Differences

Correspondence: Laura Glynn, Ph.D Chapman University One University Dr. Orange CA 92826 714-289-2075 lglynn@chapman.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflicts of Interest The authors have no conflicts of interest to disclose.

Contributors Laura Glynn designed and funded the study and oversaw the statistical analyses. Katherine Grey assisted with the 
statistical analyses and wrote the first draft of the manuscript. Elysia Davis consulted on study design and infant data collection. Curt 
Sandman provided partial funding for the study. All authors contributed to and have approved the final manuscript.

HHS Public Access
Author manuscript
Psychoneuroendocrinology. Author manuscript; available in PMC 2016 March 03.

Published in final edited form as:
Psychoneuroendocrinology. 2013 July ; 38(7): 1178–1185. doi:10.1016/j.psyneuen.2012.11.002.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



It has become increasingly clear that a wide range of early exposures to environmental 

influences have implications for health and development across the lifespan (Barker, 1998). 

Prenatal and early postnatal experiences have been linked to alterations in basic metabolic 

and physiological processes such as glucose metabolism, blood pressure regulation and 

hypothalamic-pituitary-adrenal (HPA) function (Godfrey & Barker, 2000; Phillips & Jones, 

2006) and also to the development of a range of disease states including hypertension, 

coronary heart disease, diabetes, polycystic ovary disease, schizophrenia, depression and 

anxiety disorders (Van Os & Selten, 1998; Gunnell et al., 2003; Indredavik et al., 2003; Gale 

& Martyn, 2004; Mittendorfer-Rutz et al., 2004; Seckl & Meaney, 2006).

Despite the well-established and widespread benefits of breastfeeding on health and 

development (Davis, 2001; Friedman & Zeiger, 2005; Schack-Nielsen & Michaelsen, 2006), 

little consideration has been given to the possibility that biological components of maternal 

milk may be an important aspect of the early environment that shapes offspring phenotype 

(Glynn et al., 2007; Hinde & Capitanio, 2010). Mother's milk contains a wide variety of 

biologically active hormones – including glucocorticoids (GCs, cortisol in humans; 

Grosvenor et al., 1992; Hamosh, 2001). GCs are transferred from plasma to milk — there is 

no evidence for mammary synthesis (Kato et al., 1985; Hamosh, 2001). In human milk, GC 

levels are lower than in plasma (Pearlman, 1983), but the levels are fairly highly correlated 

(in the .6 to.7 range; Patacchioli et al., 1992). As such, activation of the maternal HPA-axis 

has implications for milk GC levels. Systemic stimulation with ACTH or exposure to 

stressors increase GC levels in the milk of cows and rats (Gwazdauskas et al., 1977; Paape 

et al., 1977; Yeh, 1984). Similarly, maternal milk GC levels have been related to affect and 

mood in humans (Hart et al., 2004).

GCs are believed to play a critical role in early life programming processes through 

transmission of signals from mother to fetus (Welberg & Seckl, 2001; Bertram & Hanson, 

2002). GCs are stress responsive steroid hormones that are essential for normal development 

of organ systems, including the central nervous system (Meaney et al., 1996). They easily 

pass the blood brain barrier (Zarrow et al., 1970) and the limbic regions, such as the 

amygdala, involved in the regulation of fear, anxiety and behavioral inhibition, are 

particularly sensitive to their effects (LeDoux, 2000; Owen et al., 2005). Experimental 

models demonstrate that animals exposed to increased levels of GCs during the prenatal 

period display increased fear and greater behavioral inhibition in the face of novelty 

(Welberg et al., 2001; Welberg & Seckl, 2001; Weinstock, 2005). Similar findings during 

the pre- and early postnatal periods now have been repeatedly documented in human studies 

(Trautman et al., 1995; de Weerth et al., 2003; Davis et al., 2007; Glynn et al., 2007).

The possibility of lactational programming, the concept that the mother shapes offspring 

development through signals contained in milk, has been largely ignored. The few studies 

that have examined this hypothesis are consistent with the premise that milk GCs influence 

offspring development. Rodent models demonstrate that GCs ingested through milk readily 

cross the infant's intestinal epithelial barrier and are present in the neonatal plasma and brain 

(Angelucci et al., 1985). As adults, animals exposed to increased milk GCs during infancy, 

display altered HPA regulation and altered behavioral responses to stress (Catalani et al., 

1993; Casolini et al., 1997; Catalani et al., 2000; Catalani et al., 2002). Further, associations 
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between effects of naturally occurring variations in milk GCs and offspring temperament 

have been shown among 3–4 month old male Rhesus monkeys (Sullivan et al., 2011).

Only two studies have investigated the role of milk GCs in human development. First, Hart 

et al. (2004) showed that higher levels of milk GCs were predictive of enhanced 

performance on the autonomic stability cluster on the Neonatal Behavioral Assessment 

Scale among neonates. A second study using maternal plasma GCs as a surrogate measure 

for milk GC levels (by relying on the high correlation between plasma and milk GCs), found 

that higher levels of maternal GCs were predictive of increased fearful temperament at 2-

months of age among breastfed infants, but no relation was evident among the non-breastfed 

infants (Glynn et al., 2007). Although in this second study, GCs levels were not assessed 

directly in milk, the presence of a relation between maternal cortisol and temperament 

among the breastfed group only, strongly suggests that milk GCs have the potential to affect 

fearful temperament in humans.

The purpose of the present study was to assess for the first time, whether direct exposure to 

milk GCs is associated with temperament in human infants. Cortisol levels in breast milk 

and infant temperament were assessed when the infants were 3-months-old. Because as 

described above, the limbic regions of the brain that are involved in the regulation of fear, 

anxiety and behavioral inhibition, represent a primary target for GC exposure (Owen et al., 

2005), it was anticipated that these aspects of temperament would be most likely to show 

associations with milk GCs. Further, because sex differences in early influences on 

development are common and present as early as the prenatal period (Bernardes et al., 2008; 

Buss et al., 2009; DiPietro et al., 2009) and because sex appears to be a moderating factor in 

animal models of the effects of milk GC exposure (Angelucci et al., 1983; Sullivan et al., 

2011), we anticipated that the associations between milk cortisol and temperament would 

differ by infant sex.

Methods

Study Overview

The relation between milk GCs and infant temperament was examined among breastfed 

infants. At 3-months postpartum cortisol levels were determined in milk collected from 

breastfeeding mothers. Each mother completed the Revised Infant Behavior Questionnaire, a 

widely used and well-validated measure of infant temperament (Gartstein & Rothbart, 

2003), and measures of maternal perceived stress and depression.

Participants

Fifty-two mother and infant pairs who were enrolled in a larger longitudinal study of early 

development at a large university medical center participated when the infants were three-

months old. The Institutional Review Board approved the study procedures and all 

participants provided written informed consent. Exclusion criteria for enrollment in the 

current study included: infants whose mothers were taking corticosteroid medications during 

the postpartum period and admittance to the Neonatal Intensive Care Unit at birth because of 
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compromised health (e.g. intrauterine growth restriction and respiratory distress syndrome). 

Characteristics of the mother-infant pairs are presented in Table 1.

Infant Temperament

Infant temperament was assessed using the Rothbart Revised Infant Behavior Questionnaire 

(IBQ-R; Gartstein & Rothbart, 2003). The IBQ-R includes specific questions addressing 

concrete behaviors such as, “During a peek-a-boo game, how often did the baby smile?” and 

“How often during the last week did the baby startle to a sudden or loud noise?” and only 

inquires about recently occurring events to prevent errors in recall. Parent responses are 

reported using a 7-point, Likert-type scale (1-never to 7-always). The IBQ-R measures three 

broad dimensions of temperament: Negative Affectivity, Surgency/Extraversion and 

Orienting/Regulation. The instrument has been shown to be both a reliable and valid 

measure of infant temperament (Worobey & Blajda, 1989; Goldsmith & Campos, 1990; 

Gartstein & Rothbart, 2003).

Determination of Milk Cortisol Levels

The mother cleaned the breast and nipple area with an antibacterial wipe and allowed the 

area to air dry. Following this, she emptied the contents of one breast with an electric breast 

pump into a sterile plastic container (Medela, Inc., McHenry, IL). The sample was then 

pipetted directly into polypropylene tubes. All of the aliquots were stored at 70° C until 

assayed.

Milk cortisol concentrations were determined by chemiluminescent immunoassay (IBL 

Immuno-Biological Laboratories, Hamburg, Germany). Thawed samples (100 μl in 

duplicate; non-spiked and spiked sample for extraction efficiency determination) were 

extracted with chilled dichloromethane (500 μl) in capped polypropylene tubes, vortexed, 

and allowed to stand in an ice bath for 10 minutes. After centrifugation at 1500 ×g for 5 

minutes, the top aqueous phase was removed. Extracts (100μl) were transferred into tubes 

and evaporated to dryness at room temperature (in fume hood). Diluent (50 μl) was added to 

each dried tube and allowed to sit for 10 minutes at room temperature. Aliquots of extracted 

milk (20 μl) were incubated with enzyme conjugate solution for 3 hours at room temperature 

in sealed antibody-coated microtiter strips. After aspirating and washing each well four 

times with wash buffer (250 μl) and blotting dry, chemiluminescence substrate solution 

mixture (50 μl) was added. Relative luminescence units were measured with a microplate 

luminometer between 10 to 40 minutes after addition of substrate solution. The cross-

reactivity of the assay for 11-deoxycortisol is 12%, and for cortisone, corticosterone, and 

other naturally occurring steroids is <2.5%. The intra- and inter-assay coefficients of 

variances are <8% and <12% respectively with a minimal detectable dose of 0.015 μg/dL 

(95% confidence). Data reduction for the milk assay was done by an automated four-

parameter logistics computer program (software Mikro Win 2000; Berthold Microplate 

Luminometer) and the results were corrected by the recovery calculation of the extraction 

procedure for each sample. One cortisol value was more than 3 standard deviations above 

the group mean and was assigned the next highest value, bringing it within the continuous 

portion of the distribution.
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Maternal Demographics and Psychological State

Maternal reports of ethnicity, age, educational level, income, marital and employment status 

were collected by structured interview. Information about the infants' peri- and neonatal 

health and Apgar scores was abstracted from medical records. At the time of the cortisol 

collection, the mothers completed Cohen's Perceived Stress Scale (Cohen et al., 1983) and 

the Edinburgh Postnatal Depression Scale (Cox et al., 1987). These measures of postnatal 

affect were included to rule out the possible reporting bias on the part of the mother 

(Youngstrom et al., 1999). For example, to address the possibility that mothers who report 

more stress or depression, also have elevated levels of milk cortisol and report that their 

infants have more difficult or fearful temperaments.

Analysis Plans

First, the relation between milk cortisol levels and infant temperament was assessed with 

partial correlations adjusting only for the time of sample collection. Then, in the case in 

which a statistically significant relation was revealed, a hierarchical regression analysis was 

used to assess whether milk cortisol levels predicted variance in infant temperament above 

and beyond maternal postpartum psychological distress (depression and perceived stress). In 

this regression model maternal affect, and any maternal demographic characteristics such as 

race/ethnicity, maternal age or parity, that showed a relation at a significance level of less 

than 0.1 with infant temperament, were entered first, and then time of collection and milk 

cortisol were entered into the second step of the model. This regression model then was 

repeated to examine whether any relation between milk cortisol and infant temperament 

differed by infant sex.

Results

Milk cortisol and infant temperament

Initial analyses of the association between milk cortisol and infant temperament revealed a 

positive correlation between cortisol and the Negative Affectivity dimension of the IBQ 

after adjusting for time of sample collection (partial r =.37, p < .01; see Figure 1). The 

association between milk cortisol and the Orienting/Regulation dimension approached 

significance (partial r = −.25, p = .07). No association was found between milk cortisol and 

the Surgency/Extraversion dimension (partial r = .14, p = .32). No association was found 

between milk cortisol and the Surgency/Extraversion dimension (partial r = .14, p = .32).

The hierarchical regression model revealed that the relation between milk cortisol and 

Negative Affectivity remained statistically significant after adjusting for the contributions of 

maternal psychological distress and also maternal demographic factors predictive of infant 

temperament (See Table 2). Repeating this regression analysis for each of the Negative 

Affectivity subscales showed that the overall positive association between Negative 

Affectivity and milk cortisol was due to the fear (β = .47, p < .01) and sadness (β = .36, p < .

05) subscales, and less to the falling reactivity (β = −.29, p = .06) and distress to limitations 

(β = .20, p = .20) subscales.
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Sex Differences

Model 3 (Table 2) includes infant sex and the infant sex X milk cortisol interaction term. 

Separate hierarchical regressions examining the relations between milk cortisol and 

Negative Affectivity within infant sex suggested that females account for the positive 

association between increased milk cortisol and Negative Affectivity (β = .59, p < .01). 

There was no significant relation between milk cortisol and Negative Affectivity among the 

male infants (β = .14, p =.58). Milk cortisol levels (ANCOVA; F = .18, n.s.), variance in 

milk cortisol (Levene's Test; F=.31, p=.58) and the infant temperament dimensions (t-test; 

all t's < −1.6, p's > .10) did not differ between the male and female infants.

Discussion

These data are among the first to suggest that one avenue through which the human mother 

may influence offspring phenotype is by the transmission of biologically active hormones in 

her milk. Specifically, the data demonstrate that infant consumption of maternal milk with 

higher levels of cortisol is associated with more negative infant temperament. Confidence is 

increased in these findings because the association persisted even after taking into account 

maternal demographic characteristics and psychological distress, suggesting the link was 

due to milk GC exposures and not to other maternal characteristics known to influence 

infant temperament such as maternal education level, stress and depression.

The findings are consistent with the single other human study that examined the link 

between maternal cortisol and infant temperament in breastfed infants (Glynn et al., 2007). 

However, the current study represents an important advance because milk cortisol levels 

were directly measured, whereas the other study relied on plasma cortisol as a proxy for 

milk cortisol. More broadly, the data also are consistent with literature documenting the 

lasting effects of maternal GCs on emotion and stress regulation of the offspring. In humans, 

increased levels of maternal cortisol during the prenatal period are associated with increased 

negative reactivity and fearful temperament and also to altered HPA axis regulation in 

infants and toddlers (de Weerth et al., 2003; Davis et al., 2007; Davis et al., 2011). Further, 

infants who had been exposed prenatally to synthetic GCs exhibit increased shyness and 

emotionality during the first 5 years of life (Trautman et al., 1995; Davis et al., 2004).

The relation between milk cortisol and negative temperament was only observed among the 

female infants, and not among males. Neither the mean nor the variance in milk cortisol 

differed between the mothers of males and females, suggesting that differences in exposures 

to milk cortisol do not account for the effect. With both rodent and non-human primate 

models, sex differences in the effects of milk GCs also have been reported. In rodents, 

elevated milk GCs resulted in increased HPA-axis activity in female offspring, but 

decreased HPA activity in males (Angelucci, et al., 1983). Sullivan et al. (2011), have 

shown that higher levels of milk cortisol are associated with increased confident 

temperament among 3–4 month old male rhesus monkeys, but not among the female 

offspring. In the present study the sex by milk cortisol interaction term did not reach 

statistical significance. Further, because of the small number of studies, species differences, 

differences in timing of assessment of outcomes (i.e., infant, adult), differences in outcomes 

under study (i.e. HPA-axis function, temperament dimensions), and potential sex-dependent 
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differences in milk composition (Hinde & Capatanio, 2010), it would be premature to draw 

conclusions regarding sex-dependent differential sensitivity to milk GCs. However, given 

that it now has been repeatedly shown that these effects do appear to be moderated by sex, 

further exploration of these differences is clearly warranted.

It is possible that the sex differences observed in the current study may be due in part to the 

differing developmental trajectories of human males and females. Additionally, there is 

some evidence that male and female fetuses are differentially affected by prenatal cortisol 

exposures (DiPietro et al., 2009; Clifton, 2010; Glynn & Sandman, in press), and that these 

differential sensitivities may extend into the postnatal period (Zuloaga et al., in press). It also 

is possible that enhanced sensitivity to GC exposures in females during early life may help 

illuminate underlying causes of the increased vulnerability to and prevalence of certain 

psychiatric disorders among females later in life (Jacobi et al., 2004; Hyde et al., 2008; 

McLean & Anderson, 2009). Children classified as having a negative or difficult 

temperament during infancy and early childhood are at risk of developing psychiatric 

conditions including eating disorders, depression, and anxiety during later childhood and 

adolescence (Kagan et al. 1999; Schwartz et al. 1999; Martin et al. 2000; Prior et al. 2000; 

De Pauw and Mervielde 2010; Dougherty and Klein 2010).

The specific mechanisms through which exposure to milk GCs affects development are 

unknown. GC receptors are highly expressed in the developing brain and GC exposure 

impacts the development of neural systems involved in the regulation of emotion and 

behavioral stress responses (Nagano et al., 2008; Lee et al., 2011). The amygdala is the 

primary brain structure responsible for the experience of emotion (McDonald, 1998; 

LeDoux, 2000) and GC exposures early in life result in alterations in the developmental 

trajectory of the structure of the amygdala (Salm et al., 2004; Kraszpulski et al., 2006). 

Further, findings from animal models illustrate that prenatal stress exposures, including 

excess GCs, both alter the density of GC receptors (Kapoor et al., 2006) and increase the 

production of CRH in the amygdala (Cratty et al., 1995; Mueller & Bale, 2008).

The strengths of our study include the direct assessment of milk cortisol and a carefully 

characterized cohort of mother-infant pairs. It could be argued that our study was limited by 

maternal report of infant temperament, which may be subject to bias. However, with the 

IBQ, the potential for bias is reduced through addressing concrete infant behaviors so the 

parent does not have to make comparative judgments involving other infants and by 

inquiring only about recently occurring events to prevent errors in recall. Further, the 

primary caregiver has extensive and unique insight into the behavior of the infant that 

cannot be approximated by most other observers. In addition, we took the further 

conservative step of assessing maternal negative affect to address the possibility of reporting 

bias, and this did not alter the association between infant temperament and milk cortisol. 

Because our study relied on naturally occurring levels of milk cortisol instead of controlled 

manipulations, there is the possibility for a more complex relation between cortisol levels 

and infant temperament. For example, the postnatal environment including maternal 

psychological state and shared genetic effects could contribute to the findings. However, 

when adjusting for maternal affect, the positive association between milk cortisol and 

temperament still remained. Additionally, if genetic factors accounted for the findings, it 
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would suggest an implausibly complex relationship between genetics, milk cortisol and 

infant temperament. We have shown previously that among formula-fed infants, maternal 

cortisol does not predict temperament. This argues against a genetic explanation for the 

current study's findings because the genetic influences underlying the relations would be 

unique to breastfeeding mothers, an unlikely selectivity.

Findings from experimental animal models demonstrate that exposure to milk-borne GCs 

affects development, and that these influences persist across the lifespan (Angelucci et al., 

1983; Catalani et al., 2000). Further, excesses or deficits in other milk proteins and 

hormones also appear to exert lasting effects on development (Ellis et al., 1996; Sullivan et 

al., 2003). Biochemical communication through milk represents one potentially important 

maternal signal that offspring may incorporate to maximize adaptation to their 

environments. This possibility is consistent with developmental models in which the quality 

of adaptation to the early environment is dependent in part on the nature and continuity of 

maternal signals and the early attachment relationship (e.g. Sroufe, 1979; Sroufe et al., 

2010) and also with even more broad theoretical frameworks describing the contributions of 

the early environment to lifespan health and development (c.f. Hales & Barker, 2001; 

Gluckman & Hanson, 2004; Ellis et al., 2011). These new data contribute to the small but 

accumulating literature suggesting that these perspectives might be usefully expanded to 

include lactational programming effects.
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Figure 1. 
Scatterplot of milk cortisol and infant negative affectivity.
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Table 1

Sample characteristics and associations between characteristics and temperament.

Mother/Infant Pair (n=52)
Association with Temperament Dimensions (p-value)

Surgency/Extraversion Negative Affectivity Orienting/Regulation

Ethnicity (%) .37 .33 .61

Latina 21

Non-Hispanic White 55

Asian 12

Other 12

Average Maternal Age (years) 29.0 .86 .35 .39

Education (%) .20 .35 .98

High School or Less 9

Associates or Technical 33

College 31

Graduate 27

Annual Household Income 
(dollars) 68,950 .08 .11 .20

Marital Status (% married) 75 .36 .06 .67

Employment (% currently 
working) 29 .43 .99 .43

Sex of infant (% male) 48 .35 .64 .10

Birth order (% first born) 52 .53 .19 .54

5-minute Apgar Score 9.0 .91 .86 .74

Birth Weight (grams) 3413 .05 .72 .61

Gestational Age at Birth 
(weeks) 39.6 .47 .56 .85

Infant Age at Assessment 
(weeks) 13.0 .48 .67 .88

Milk Cortisol (ug/dL) 0.22

Temperament

Surgency/Extraversion 3.95

Negative Affectivity 3.07

Orienting/Regulation 5.05
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Table 2

Hierarchical regression model examining whether milk cortisol accounts for unique variance in infant 

Negative Affectivity beyond postnatal maternal affect and maternal demographic characteristics (n=52).

R2 ΔR2 β Partial r

Model 1 .14*

 Depression −.24 −.20

 Perceived Stress .47** .36**

Model 2 .29** .15*

 Depression −.29
†

−.26
†

 Perceived Stress .48** .41**

 Sample Collection Time .06 .04

 Milk Cortisol .42** .40**

Model 3 .33** .04

 Depression −.35
† −.24

 Perceived Stress .53** .44**

 Sample Collection Time .04 .04

 Milk Cortisol .53** 44**

 Infant Sex −.15 −.17

 Sex by Milk Cortisol −.19 −.17

Note: Infant sex coded 0 = female.

**
p<.01,

*
p<.05,

†
p<.10
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