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Abstract

Background: In the United States, African American infants experience the highest mortality, and their mothers
report the lowest breastfeeding rates. Science reports decreased infant mortality among breastfed infants and
suggests that milk immune component (MIC) levels are associated with maternal stressors. Little is known
about these relationships among African Americans; therefore the aim was to explore the relationships of
African American mothers’ stressors and MICs 1–14 days postdelivery.
Materials and Methods: Mothers meeting eligibility requirements were approached for consent 48–72 hours
postdelivery of a healthy term infant and given instructions to collect milk (Days 3, 9, and 14) and saliva (Day 9),
as well as complete three Perceived Stress Scale questionnaires (Days 3, 9, and 14) and a survey of pregnancy
stressors experiences. Pearson correlations and linear regressions were performed to assess the relationships of
maternal stressors with MICs.
Results: There was at least one statistically significant correlation of a maternal stressor with nine of the 10 MICs
(effect sizes ranging from r = 0.22 to 0.38) on Days 3 and 9. Of all MICs, epidermal growth factor had the most
associations with maternal stress indicators. No mediational relationship of cortisol with MICs was observed.
Conclusions: Many of the MIC changes observed could potentially impact the health of term and preterm
infants. Further research is warranted.

Introduction

Scientific evidence supports that the immunogenic
properties of human milk improves infant/maternal

health outcomes worldwide. In a meta-analysis of breast-
feeding outcomes in developed countries, 43 primary studies
and 28 systematic reviews identified the associations between
breastfeeding and improved infant outcomes.1 Infants who
were breastfed for at least 3 months had significantly de-
creased odds of ear and respiratory infections, diarrhea, and
sudden infant death syndrome during infancy, as well as
decreased odds of diabetes, obesity, and leukemia through
adolescence.1 Maternal benefits included the decreased in-
cidence of obesity and diabetes mellitus as well as improved
cardiovascular health that extended past menopause.2,3 The
scientific evidence of the breastfeeding benefits is so strong
that health leaders such as the World Health Organization

recommend that breastfeeding is the optimal source of nu-
trition for infants even during emergent crises (war or natural
disasters) or maternal human immunodeficiency virus in-
fection.4 Little is known about the occurrence of specific
immunological changes in breastmilk as a result of maternal
stress. Exploring these relationships could lead to supportive
interventions that improve maternal and infant health for
vulnerable populations such as African American mothers
and infants.

Historically, African American women have been at risk
for health disparities due to limited access to health care;
however, recent evidence suggests that chronic stress may
also play a role in health disparities such as hypertension,
diabetes, and adverse birth outcomes.5,6 In a systematic re-
view, Beckie7 reported that race/ethnicity and socioeconomic
status were associated with increased stress and health dis-
parities. Chronic stress is associated with elevated serum
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cortisol levels, which can influence the immune response.8

Originally, the stress-immune theory proposed that elevated
serum cortisol levels inhibited the production and function of
immune cells.9 More current evidence suggests that cortisol
selectively influences immune cell response, creating a shift in
cytokine production and distribution.9 Cytokines help regulate
the pro-inflammatory and anti-inflammatory immune re-
sponses.8 A shift in the cytokine response could increase sus-
ceptibility to infection and chronic immune-mediated diseases
such as diabetes, obesity, and hypertension in pregnant and
lactating women.10 Here in the United States, African Amer-
ican women have greater rates of obesity, diabetes, and hy-
pertension than non-Hispanic white and Hispanic women.11,12

African American infants have the highest incidence of
mortality during the first year of life, and African American
mothers have the lowest breastfeeding initiation rates re-
gardless of socioeconomic or educational background.13–16

Maternal stressors (physical, psychological, and environ-
mental) may play a role in health disparities among African
American mothers and infants.7

Physical and environmental stressors (advanced maternal
age, increased parity, mode of delivery, smoking, diabetes,
hypertension, infection, lower socioeconomic status, relation-
ship status, and increased number of children under care) have
been associated with negative birth outcomes and decreased
breastfeeding duration/exclusivity.17–37 Self-perceived stress is
the cognitive appraisal of physical and environmental stressors
and has been associated with increased levels of prenatal and
postnatal serum cortisol.38–41 Prolonged elevation of mater-
nal serum cortisol levels can influence the infant immune sys-
tem response and potentially the milk immune components
(MICs).42 Groer et al.42,43 reported higher self-perceived stress
was associated with higher serum cortisol (r = 0.25, p = 0.040) as
well as greater levels of milk secretory immunoglobulin A
(SIgA). Furthermore, greater levels of maternal serum cortisol
were associated with significantly greater levels of milk SIgA
(r = 0.26, p = 0.035) at 4–6 weeks postdelivery (n = 50). This
suggests a potential mediation model of cortisol on the direct
associations of self-perceived stress and milk SIgA. It is im-

portant to explore whether maternal stress (physical, psycho-
logical, and environmental) is related to changes in levels of
MICs over time postdelivery to determine the full potential of
the protective properties of breastmilk for infant health.

The purpose of this study was to describe (1) the associ-
ations of maternal stress with MICs and (2) the potential
mediation of cortisol on the direct associations of maternal
stress and MICs among African American mothers of healthy
term infants. The study aims included the following:

1. Assess the associations of maternal stress with MICs
from African American mothers of term infants during
the first 14 days postdelivery.

2. Assess the mediation (indirect) effect of maternal corti-
sol on the direct association of maternal stress and MIC
from African American mothers of term infants. Figure 1
gives the proposed mechanism of cortisol mediation.

Materials and Methods

A descriptive longitudinal design was used to assess MIC
levels in relation to maternal stress and salivary cortisol
levels. The setting was a large urban southern hospital with
2,500 deliveries/year. The sample consisted of 139 African
American women who delivered healthy term infants. A
healthy term infant was defined as gestational age of ‡37
weeks, birth weight of >1,800 g, and a 5-minute Apgar score
of ‡7. Sample size was calculated as a minimum of 75 par-
ticipants to achieve statistical significance (80% statistical
power, alpha = 0.050) for a 0.30 correlation (small), as well as
associations with shared variability of at least 10%.44 Ap-
proval was obtained from the organizational Institutional
Review Board.

Mothers received a study packet containing the survey
instruments and all study collection materials/instructions for
breastmilk and saliva collections. The specimen containers
were prelabeled with the day/time of collection and study ID.
The study staff instructed the mothers to collect approxima-
tely 1 teaspoon of hindmilk of the first feeding on Days 3, 9,

FIG. 1. Proposed cortisol
mediation pathway on the
direct associations of mater-
nal stress indicators with
milk immune components.
EGF, epidermal growth fac-
tor; IL, interleukin; IP-10,
interferon-gamma-induced
protein-10; MCP-1, mono-
cyte chemotactic protein-1;
MIP-1a, macrophage inflam-
matory protein-1alpha; SIgA,
secretory immunoglobulin A;
TNF-a, tumor necrosis factor-
alpha.
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and 14 postdelivery using hand expression or a breastmilk
pump. Hindmilk collections were chosen to reduce the vari-
ability of MIC values related to changes in milk constituents
from beginning to end of feeding.45–47

As a reminder, the study staff called each mother the
evening before collection days to review collection/storage
instructions and clarify any questions. The milk collection
days were chosen to represent the three phases of milk pro-
duction: colostrum (Days 0–3), transition milk (Days 4–10),
and mature milk (>Day 11).

The study staff instructed the mothers to collect the saliva
sample by placing the cotton sponge (Sarstedt�; Sarstedt AG
& Co, Nümbrecht, Germany) into their cheek and gently
rolling the sponge for approximately 2 minutes before spitting
the sponge back into the collection container on the morning of
Day 9 (upon awakening, 30 minutes after awaking, and 60
minutes after awaking). Additional instructions included no
food or drink 30 minutes prior to collections, as well as no
touching the sponge with fingers. As with the milk collections,
the study staff called each mother the evening before to review
collection/storage instructions and clarify any questions. The
time frame for saliva collections was selected to represent the
cortisol awakening response.

The study staff instructed the mothers to store all study
samples in their home freezers and to transport the samples to
the principal investigator using the supplied transport bag with
ice-packs. A gift card of $25 was given to mothers who re-
turned all biological samples and surveys. To be eligible for lab
analysis, the study specimens had to remain frozen during
transport. The Principal Investigator placed the frozen samples
in the research setting biobank freezer (–80�C) until analysis.

The mothers completed a self-report survey of physical and
environmental stressors, including maternal age, parity, mode
of delivery, smoking status, infection (antibiotic usage), dia-
betes, hypertension, socioeconomic status (health payment
status), relationship status, and number of children under the
mother’s care. The Principal Investigator collected infant de-
mographics (gender, gestation, weight) from the electronic
medical record.

The Perceived Stress Scale (PSS) was used to measure
maternal self-perceived stress. The mothers completed the 14-
item instrument with Likert-type response options ranging
from 0 to 4 (where 0 = never and 4 = very often).48 Internal
reliability of the 14-item PSS among pregnant women has
an alpha range of 0.84–0.86, as well as construct validity in
women postdelivery with the Tennessee Post-Partum Stress
Scale (r = 0.62, p < 0.001), serum cortisol (r = 0.25, p = 0.040),
and milk SIgA (r = 0.25, p = 0.006).42,43,49 A summed score
was created by reversing the scores on the seven positive items
(items 4–7, 9, 10, and 13) (e.g., 0 = 4, 1 = 3, 2 = 2, etc.) and then
summing across all 14 items.48 The Cronbach’s alpha assess-
ments of internal reliability for the scores in this study were
0.88 (Day 3) and 0.89 (Days 9 and 14).

The salivary cortisol and milk SIgA levels were measured
using enzyme-linked immunosorbent assays carried out ac-
cording to the kit’s instructions (ALPCO, Salem, NH). The
previously frozen saliva samples were defrosted and centri-
fuged at 2,652 g for 10 minutes; the clear supernatant was used
in the analysis. Results outside the quality control values were
reported as not valid. Cortisol results were reported in ng/mL.

Milk samples were thawed and then centrifuged at 20,000 g
for 10 minutes at 4�C, and then the fat layer was removed by

scooping it off with a Corning (Corning, NY) small spoon
and discarding it. The whey supernatant was removed and
syringe-filtered using a Millipore low protein-binding Dur-
apor� (polyvinylidene) filter (pore size, 0.45 lm; Merck
Millipore, Cork, Ireland). The filtered whey was then placed
in a labeled Eppendorf tube (Eppendorf AG, Hamburg,
Germany) and frozen at -80�C until analysis. Milk SIgA was
reported in g/L.

The milk cytokines, chemokines, and growth factors
(CCGFs) (interleukin [IL]-4, IL-6, IL-8, IL-10, epidermal
growth factor [EGF], tumor necrosis factor-alpha [TNF-alpha],
interferon-gamma-induced protein-10 [IP-10], monocyte che-
motactic protein-1 [MCP-1], and macrophage inflammatory
protein-1-alpha [MIP-1alpha])] were measured in a Luminex
(Austin, TX) MAGPIX� instrument with a Milliplex� MAP kit
purchased from EMD Millipore Corp. (Billerica, MA). The kit
contains fluorescent-coated magnetic beads (microspheres)
with antibody capture that bind with the individual CCGF. The
prepared plates were placed in the MAGPIX, where the mi-
crospheres were passed through a laser that excited a specific
fluorescent dye on each microsphere. A high-speed digital
processor identified each microsphere and quantified each
CCGF assay. Control samples were analyzed for each run, and
those values outside the controls were reported as not valid.
Values were reported as pg/mL. When the value was below the
limit of detection (LOD), half the value between 0 and the LOD
was used. When the value was above the LOD, the high LOD
value was used.

The demographic and stress indicator data from those
enrolled who completed the study were compared with those
who did not complete the study. Chi-squared tests of inde-
pendence were performed to test for differences in the
nominal data; Mann–Whitney tests were used for the non-
normally distributed continuous data.

Descriptive statistics were used to summarize and assess
the distributional characteristics of all study biological vari-
ables. The MICs except EGF and salivary cortisol values
were positively skewed. Square root transformations resulted
in suitable distributions for use in parametric statistical ana-
lyses. The validity of the observed changes in the levels of
milk components over time was assessed using mixed-level
general linear models. Pearson correlations were used to as-
sess the associations of maternal stress indicators with MICs
on each day of collection as well as with salivary cortisol on
Day 9. Multiple linear regressions were used to assess the
mediational effect of maternal cortisol on the association of
maternal self-reports of maternal stress with MICs. Although
an alpha level of 0.05 was used for statistical significance,
associations were considered to be clinically meaningful if
they indicated at least 10% variance shared (i.e., r [unad-
justed] or beta [adjusted] = 0.33).

Results

Enrollment

There were 865 African American deliveries of term in-
fants; 328 (32%) met eligibility requirements, and of those
139 mothers consented. Eighty-nine women (64%) returned
study samples and survey materials. The attrition rate (36%)
was attributed largely to cessation of breastfeeding by Day 9
or Day 14. Four women returned incomplete surveys, and the
number of milk and saliva samples sufficient for lab analysis
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varied. Due to the nonrandom nature of the incomplete data,
no values were imputed; therefore the data from 85 (61%)
women were used for data analyses.

Descriptive summaries

The average age of the mother was 27.8 years. More than
half (52%) of the infants were male. The average infant
gestation was 39.3 weeks, and median infant birth weight was
3,245 grams (7.2 pounds). The majority of the mothers (65%)
experienced vaginal delivery, 34% had no prior pregnancies,
34% received antibiotics, 7% reported hypertension and di-
abetes, and 3.5% reported smoking. Approximately 46% of
the subjects were married, 53% cared for more than one child,
and 64% reported Medicaid enrollment. The self-report of the
number of times breastfed within the last 24 hours of each
milk collection remained consistent over the study period
(9 – 3.8), indicating there was no active weaning process
during study procedures. The PSS summed score median and
interquartile range varied over time [Day 3, 16 (10, 21); Day
9, 19 (12, 25); Day 14, 18 (11, 26)], but these differences were
not statistically significant. Maternal cortisol values re-
presented the cortisol awakening response, with the peak
value being 30 minutes after awakening (Table 1). With the
exception of IL-4, IP-10, MCP-1, and EGF, statistically
significant changes in MIC levels were observed from Day 3
to Day 14 ( p < 0.05). All of those changes were decreasing
levels except for EGF levels, which increased (Table 2).

Aim 1

Statistically significant ( p < 0.05) associations of maternal
stress indicators with the MICs are summarized in Table 3.
Parity status, use of antibiotics, self-reported diabetes, self-
reported hypertension, self-perceived stress, cortisol levels,
Medicaid status, and number of children under care were
statistically significantly associated with six of the 10 MICs
(effect sizes ranging from r = 0.25 to 0.38) on Day 3. EGF
was the single MIC with the most associations with maternal
stress indicators (Table 3). The only remaining statistically
significant associations at Day 9 were previous pregnancy
with MCP-1 and TNF-alpha (r = -0.24 and -0.31, respec-
tively; p < 0.05), use of antibiotics and cortisol levels with
EGF (r = -0.24 and –0.32, respectively; p < 0.05), and number
of children under care with IL-6 and TNF-alpha (r = -0.26
and -0.31, respectively; p < 0.05).

Aim 2

No statistically significant correlations of maternal cortisol
level with MICs were observed. A mediation relationship of
cortisol on the associations of maternal stressors and milk
values also was not found ( p > 0.05) (Fig. 2).

Discussion

There were both similarities and differences in the ma-
ternal stress indicators among this sample of African Amer-
ican women compared with national data limiting the
generalization of the findings. The national incidence of
smoking (15.7%) and hypertension (19.2%) in African
American women is greater than that self-reported by the
study subjects, whereas diabetes (5.1%) among African
American women was less.23 The use of antibiotics in this
sample was above national data, which reports 27.9% of
women (all race/ethnicity) receive antibiotics during preg-
nancy.23 Medicaid status was higher in this sample than data
for viable deliveries in the United States (48%).50,51

The only stress indicator that changed over time was self-
perceived stress. Overall, the women in this study reported
less perceived stress (PSS scores) across all study days than
previously published PSS scores of women 4–6 weeks
postdelivery (race/ethnicity not reported) (mean = 21.3–27.7

Table 1. Summary of Cortisol Values

Inadequate
data

(n = 9)

Study
sample
(n = 73) p value

Salivary cortisol (ng/mL)
Awake 11 (7.7, 38.2) 19 (11.4, 25.0) 0.598
30 minutes 16 (5.3, 35.0) 21 (12.3, 30.0) 0.372
60 minutes 18 (8.4, 30.0) 18 (10.0, 27.0) 0.694

AUC 30 (13.7, 67.8) 40 (24.3, 53.1) 0.501

Data are median values (interquartile range). Mann–Whitney tests
were performed using a significance of 0.050.

AUC, area under the curve.

Table 2. Summary of Milk Overall Changes by Day Postdelivery

Milk immune
component

Day 3 Day 9 Day 14

p value Changen Median (IQR) n Median (IQR) n Median (IQR)

SIgA 48 26.2 (10.5–47.8) 48 9.3 (5.5–15.7) 48 10.5 (6.1–20.6) <0.001 Day 3 > 9, 14
EGF 51 9,189 (6,731–12,435) 51 11,697 (6,732–12,437) 51 12,436 (6,974–14,285) 0.001 Day 9, 14 > 3
IL-10 51 4.6 (1.3–13.8) 51 1.4 (0.8–3.3) 51 1.6 (0.7–4.2) <0.001 Day 3 > 9, 14
IL-4 51 1 (0.4–1.6) 51 0.7 (0.4–1.6) 51 1 (0.4–1.6) 0.560
IL-6 51 38.5 (18.8–81.8) 51 16.6 (5–35) 51 12.6 (5–40.2) <0.001 Day 3 > 9, 14
IL-8 51 163.4 (63.1–739) 51 31.7 (6.8–97) 51 34.8 (7.5–97.7) <0.001 Day 3 > 9, 14
IP-10 51 1,392 (763–2,498) 51 1,087 (575–2,317) 51 1,164 (633–2,138) 0.327
MIP-1alpha 51 61.4 (29.7–199.8) 51 12.7 (4.9–32.6) 51 12.5 (6.4–49.2) <0.001 Day 3 > 9, 14
MCP-1 51 729.4 (198.5–1,977) 51 475 (108.4–2,549) 51 352 (122–891.5) 0.168
TNF-alpha 51 29.5 (15.1–39.5) 51 15.2 (8.6–26.6) 51 16.1 (11.5–28.3) <0.001 Day 3 > 9, 14

Secretory immunoglobulin A (SIgA) values are reported as mg/mL; all other values are reported as pg/mL.
EGF, epidermal growth factor; IL, interleukin; IP-10, interferon-gamma-induced protein-10; IQR, interquartile range; MCP-1, monocyte

chemotactic protein-1; MIP-1alpha, macrophage inflammatory protein-1alpha; SIgA, secretory immunoglobulin A; TNF-alpha, tumor
necrosis factor-alpha.
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[95% confidence interval = 19.2, 29.8]).42,43 However, the
PSS scores did fall within the reported PSS score ranges of
African Americans in two cohorts from 2006 (n = 99;
mean = 16.44 [95% confidence interval = 12.8, 20.1]) and
2009 (n = 99; mean = 15.68 [95% confidence interval = 11.3,
20.1]).52 The internal reliability of the PSS item responses
across time also fell within published literature values.48,49

The median values of salivary cortisol of African Ameri-
can women in this study were higher than those reported by
Hampson et al.53 among women <14 days postpartum (race/
ethnicity not reported) (4.61 – 0.03 ng/mL [95% confidence
interval = 4.60, 4.62]). However, the timing of collections in
this study used the cortisol awakening response (awake, 30

minutes after waking, 60 minutes after awaking), whereas
Hampson et al.53 used noon –2 hours.

The majority of the MIC values decreased over time post-
delivery as expected. However, in this sample, EGF levels
steadily increased over time, which has not been previously
reported.54 This study also adds to the literature by including
the analyses of chemokines (IL-8, IP-10, MCP-1, and MIP-
1alpha). Maternal stressors not previously reported in milk
immunology include diabetes, hypertension, antibiotics,
number of children under care, and relationship status. All of
these maternal stressors except relationship status had at least
one significant relationship with an MIC. The overall obser-
vation of bidirectional relationships of MICs in association

Table 3. Statistically Significant Correlations of Maternal Stressors

with Milk Immune Components on Day 3

SIgA EGF IL-4 IL-6 IL-8 IL-10 MCP-1 MIP-1alpha IP-10 TNF-alpha

Age
Parity
Mode of delivery
Previous pregnancy -0.34
Smoking
Antibiotics -0.29
Hypertension 0.28
Diabetes -0.30 0.27
Perceived stress -0.32 -0.25 -0.27
Cortisol 0.38
Medicaid 0.32
Children (n) under care -0.26

Significance was defined by p < 0.05.
EGF, epidermal growth factor; IL, interleukin; IP-10, interferon-gamma-induced protein-10; MCP-1, monocyte chemotactic protein-1;

MIP-1alpha, macrophage inflammatory protein-1alpha; SIgA, secretory immunoglobulin A; TNF-alpha, tumor necrosis factor-alpha.

FIG. 2. Cortisol mediation model. b, standardized regression beta coefficient; EGF, epidermal growth factor; IL, inter-
leukin; IP-10, interferon-gamma-induced protein-10; MCP-1, monocyte chemotactic protein-1; MIP-1a, macrophage in-
flammatory protein-1alpha; SIgA, secretory immunoglobulin A; TNF-a, tumor necrosis factor-alpha.
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with maternal stressors is important in that the majority of
these relationships were observed on Day 3 and then dis-
appeared after Day 9 (effect sizes of r = 0.22–0.38).

Day 3 postdelivery is a rapidly changing environment for
the mother of a healthy term infant. Physical repair coupled
with new maternal role responsibilities and the onset of lac-
togenesis could contribute to higher levels of maternal
stress.35 Preexisting conditions such as hypertension and di-
abetes could contribute to delayed physical recovery as well
as delayed lactogenesis.27,28 In the United States, mothers of
healthy term infants are typically discharged by the evening
of Day 3; therefore mothers with children at home would
anticipate the juggle of existing childcare responsibilities
with the newborn’s care. In this sample, the majority of the
relationships with maternal stressors were observed on Day 3.
EGF, essential for infant intestinal wall integrity, demon-
strated most of the strongest relationships with maternal
stressors on Day 3 (effect size of r = 0.24–0.32), which has
the potential to impact infant health.55 It would be important
to explore these findings in future research, particularly in
mothers of preterm infants for whom an increased risk of
intestinal inflammatory conditions such as necrotizing en-
terocolitis is observed.55

Another important finding is that there were decreased
levels of several pro-inflammatory CCGFs (MCP-1, IL-6,
and TNF-alpha) observed on both Days 3 and 9 in relation to
the number of children under care. Caregiver stress is
strongly correlated with the increased incidence of inflam-
matory processes.56,57 In this study the opposite was ob-
served. One plausible explanation for the observed decrease
in milk pro-inflammatory components in this sample could be
that immediately postdelivery many women receive an in-
creased level of social support to welcome the newborn. This
increased support may have buffered the pro-inflammatory
response to caregiver stress temporarily, but more research is
warranted to determine if these findings are generalizable.

The proposed mediation of cortisol was not observed in this
study. Salivary cortisol is the biomarker of stress that reflects the
physical response to all maternal stressors (physical, psycho-
logical, and environmental); however, no one particular ma-
ternal stressor was significantly associated with salivary cortisol.
It could be debated that the measurement of salivary cortisol
on Day 9 postdelivery did not provide a sufficient enough
washout time period for the elevated levels of maternal serum
cortisol associated with delivery.58 Serum cortisol is associated
with decreased levels of serum pro-inflammatory chemokines/
cytokines, but this also was not observed in the milk.8

There are two important strengths of this study: the longi-
tudinal collections and the population studied. By collecting
milk over time, the findings of this study contribute to the
knowledge of the natural variations in MICs, and the directions
of those variations could have clinical applications to infant
health. Regarding the population studied, this is the largest
sample of milk collected from African American women re-
ported to date. The levels of the MICs captured in this study fell
within the published literature values, which largely represents
non-Hispanic white and Hispanic women in the United States,
Europe, and Eastern Europe. Thus it could be suggested that
race is not likely associated with the known variations in MICs
but rather the context of the mother’s individual situation
(physical, psychological, and environmental characteristics)
may be more important than race/ethnicity.

There are several limitations of this study that should
be noted. The small sample size could be reflective of the
very low breastfeeding initiation rates of African American
women.11 Milk volume was assessed using the self-report of
the number of times the infant was fed in the last 24 hours. A
more objective measurement of milk volume would be to have
the mothers weigh the infant before and after each feeding
using a valid scale supplied by the investigators, but this was
not feasible for this study.59 Lastly, in this study hindmilk was
chosen as the method of milk collection to be able to compare
results to previous studies where consistency of methods has
been reported. Arguably the literature does not support which
method of milk collection (foremilk, hindmilk, or pooled
sample) is best for milk immune analysis.54

The greater rates of cesarean section delivery and antibiotic
usage self-reported in this sample would suggest that there
may be medical indicators that could be confounding vari-
ables. All of the subjects enrolled were discharged within
3 days postdelivery, and none of those who completed study
procedures was rehospitalized within 14 days postdelivery;
therefore we can propose the mothers and their infants met the
healthy delivery criteria. Also of note is that we did not capture
oral contraception usage, which has been reported to influence
salivary cortisol levels.60 Currently, progesterone hormonal
injection and progesterone-only oral pills are recommended
in breastfeeding women <21 days postdelivery.61 Thus it is
possible our subjects were receiving progesterone as oral
contraception. This would be important to explore in a sec-
ondary analysis.

The validity of the salivary cortisol and MIC values was
dependent on the adherence to collection and storage in-
structions; however, the reported levels fell within existing
literature values, which suggests that field collections might
be feasible for future milk research.54 Regarding validity of
milk values, free cytokines were measured in the whey
fraction. Although there is evidence of soluble receptors for
cytokines such as TNF-alpha, IL-1, and IL-6 in colostrum and
mature milk that contribute to the anti-inflammatory prop-
erties of human milk, very little is known about these re-
ceptors in the majority of MICs measured in this study.62 This
would be important to explore in the future. Regarding va-
lidity of cortisol values, there is evidence that suggests a
seasonal variation of cortisol: greater cortisol levels were
reported in the winter months.63 This seasonal variation was
noted in northern latitudes where there is limited sunshine
during winter months. Although this study did not assess
seasonal variation, it would be important to explore.

Conclusions

In both animal and human research, lactation has been as-
sociated with a decreased stress response; however, this pro-
tective effect may be short-lived to the actual act of
breastfeeding in humans.41,64 It is not yet known whether there
is a threshold of stress in the mother that could influence the
MICs, but this is an important question to ask. The origins of
MICs are not clear, but three pathways have been proposed: it
is suggested that milk cytokines can be derived from the
mammary epithelium, lymphocytes, and macrophages within
milk, as well as direct transfer from serum across leaky tight
junctions of the mammary epithelium.54,65,66 The lymphoid
immune system is responsive to stressors, and the mechanisms
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that influence cytokine production in milk may also be affected
by stress. Nonhuman primate work supports the proposal that
there are stress effects in milk.67

This study represents a beginning foundation of research on
maternal stressors and MICs. It is a springboard for numerous
future research questions. To determine if these findings are
replicable, future studies should include larger sample sizes
of women of diverse race/ethnicities across numerous geo-
graphic locations to explore the contextual maternal situation
postdelivery. The inclusion of serum immune markers pre-/
postdelivery along with MICs would broaden the existing
knowledge of the immense variation of MICs and give insight
to whether this variation is sensitive to the maternal physical,
psychological, or environmental characteristics. Lastly, ex-
ploring the relationship of maternal stress and MICs among
mothers of preterm infants could lead to supportive interven-
tions to improve the protective properties of milk.
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