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• Symptoms of depression are prevalent during the perinatal 
period and may have a significant impact on maternal and 
neonatal outcomes. 

• While psychosocial risks for depression have been 
recognized for some time, accumulating evidence also 
suggests biological risk factors. 

• Researchers interested in psychoneuroimmunology (PNI) 
have linked physical and psychological stressors that both 
stimulate the HPA axis response (Mastorakos and Ilias, 2003; Lommatzch et al., 

2006) and increase the production of pro-inflammatory 
cytokines (Raison et al, 2006) with an increased risk of depression in 
non-pregnant, non-postpartum populations. 



• In addition to the impact of breastfeeding on both stress and 
immunity (Kendall-Tackett, 2007), current literature also suggests that 
breastfeeding may have an important role to play in the 
mental health of new mothers, also within the PNI framework. 

• Lactation has been identified as a variable affecting the 
pattern of cortisol output, and suckling has been reported to 
provide a neural stimulus that dampens the HPA axis 
circadian rhythm and reduces the stress response (Groer and 
Davis, 2006; Slattery and Neumann, 2008; Tu et al., 2006; Hahn-Holbrook et al., 2013), 

although other studies are conflicting (Dennis and McQueen, 2007; Taylor 
et al., 2009). 

• These differences are perhaps related to different definitions 
of what encompasses breastfeeding: i.e., exclusive 
breastfeeding, mixed feeding, or breastfeeding only at night. 



• Research suggests that exclusive breastfeeding may have a 
stress-protective role in postpartum depression.

• However, less is known about the underlying mechanisms by 
which this protection may occur or whether the protective 
relationship holds for women who mix breast and bottle 
feeding. 

• There is no research available to date that uses a PNI 
(psychoneuroimmunology) perspective to explore the effect 
of predominantly breastfeeding on postpartum depression, 
stress, and inflammatory response in women at 6 months 
postpartum.  



• To examine patterns of the stress response, inflammation, 

and depressive symptoms among women predominantly 

breastfeeding or bottle feeding their infants at 6 months 

postpartum



• Design: A part of a larger longitudinal study from the 3rd

trimester across 6 months postpartum investigating the 

PNI of postpartum depression  

• Setting: Prenatal clinics and community  

• Participants: 119 postpartum women who met 

inclusion/exclusion criteria and followed up from the 

prenatal period to postpartum 6 months  





• Prenatal criteria: women between 18-40 years of age, 
less than 36-weeks pregnant, non-smokers, and anticipating 
the vaginal birth of a singleton infant, free of any medically-
required pregnancy restrictions, any known chronic illness, 
and, with the exception of prenatal vitamins, not taking any 
over-the-counter or prescribed medications or herbs 
including anti-inflammatory or anti-depressant agents. 

• Postnatal criteria: women had delivered a live singleton 
infant vaginally without experiencing hemorrhage or blood 
transfusion, and that both mother and infant left the hospital 
together within 72-hours of delivery. 



• Data collection visits: during seven home visits 

- occurring during the 3rd trimester (weeks 32-36),

- on postpartum days 7 and 14, months 1, 2, 3, and 6.

• Measurement: 

- Surveys for perceived stress and depression (EPDS)

- blood for pro- (IL-1β, IL-6, IL-8, TNF-a, IFN-γ) and anti-

inflammatory (IL-10) cytokines

- saliva for diurnal cortisol 



• Descriptive statistics for demographic variables, pattern of 

feeding, depressive symptoms, stress response (perceived 

stress and salivary cortisol), and inflammatory cytokines 

• t-tests for differences of pattern of feeding on study variables.

• A series of hierarchical multiple regression to test if the 

pattern of feeding could explain the level of depressive 

symptoms, salivary cortisol levels, and/or inflammatory 

cytokine concentrations after controlling for confounding 

variables



• Caucasian (68-82%), married (62-96%), had other 

children (48-51%), healthy (77-85%), some had a hx of 

depression (21-22%) 

• Pattern of feeding: 91.9 % had breastfeeding most of 

time (day 7)   -> 90.4%(day 14) -> 89.7%, 83.1%, 79.8%, 

and 70.6% for month 1, 2, 3, and 6 respectively



* Mothers who reported 

they were predominantly 

breastfeeding were : 

significantly older, married, 

of higher income, taking 

more over the counter 

medications (mostly 

vitamins and Omega-3 

fatty acids), experiencing 

fewer major changes in life, 

and slept less than those 

who reported they were 

predominantly bottle 

feeding (p<.05). 

Variables Predominantly

breastfeeding

(n=84)

Predominantly

bottle-feeding

(n=35)

t/χ2 p

Age, mean (SD) 30.5(4.5) 26.8 (5.6) 3.50 .001

Caucasian, n (%) 69(82.1) 24(68.5) 2.66 .103

Married, n (%) 81(96.4) 22(62.8) 24.31 <.001

Other children at home, n (%) 29(34.5) 13(37.1) 0.09 .756

Participating in WIC, n (%) 8(9.5) 18(51.4) 25.02 <.001

History of depression, n (%) 18(21.4) 8(22.8) 0.03 .864

Perceived mom and baby being h
ealthy, n (%)

72(85.7) 27(77.1) 1.29 .255

Taking OTC medication (Vitamin
, Omega 3, etc.), n (%)

65(77.3) 13(37.1) 19.36 <.001

Major changes in your life, n (%)

loss of job for self/ partner

family problems
financial problems

8(9.5)

7(8.3)

1(1.2)
0(0.0)

10(28.6)

6(17.1)

3(8.6)
1(2.9)

6.98 .008

Sleeping hours, mean (SD) 6.94(1.11) 7.59(1.54) -2.45 .016



• The level of depressive 

symptoms gradually 

decreased over time and 

was very low at month 6 

postpartum in both 

groups, indicating 

emotional stability. 

• No associations 

between the pattern of 

feeding and depressive 

symptoms at all time 

points.

Time point Predominantly

breastfeeding

(n=84)

M(SE)

Predominantly

bottle feeding

(n=35)

M(SE)

p-value c

Day7 3.89(0.41) 3.97(0.57) .91

Day14 3.46(0.36) 3.24(0.51) .73

Month1 3.44(0.33) 4.16(0.84) .33

Month2 3.30(0.33) 3.00(0.55) .63

Month3 3.32(0.34) 3.46(0.62) .84

Month6 3.35(0.34) 3.39(0.60) .94



• Biological differences, however, existed between the 

groups, with levels of salivary cortisol at 8 AM and 8:30 

AM at month 6 higher and levels of IL-6 at month 6 lower 

in women who primarily breastfed compared to those 

who primarily bottle fed their infants after controlling for 

confounding variables. 



• Mean level of salivary cortisol at month 6 was 0.36 ug/dl at 8 
AM and increased to 0.41 ug/dl at 8:30 AM in women 
predominantly breastfeeding, and 0.27 to 0.30 ug/dl 
respectively in women predominantly bottle feeding. 

• Women who predominantly breastfed their infants had 
marginally higher levels of salivary cortisol at 8 AM (p=.05) 
and 8:30 AM (p=.02) compared to those who bottle fed 
through 6 months. 

• These effects remained significant after controlling for 
individual differences related to feeding pattern (p=.01, 
p=.015, respectively).

• Cortisol awakening response returns by day 7.



Time point Predominantly

breastfeeding

(n=84) M(SE)

Predominantly

bottle feeding

(n=35) M(SE)

p-value c

Salivary Cortisol at Month 6 (ug/dL) b

8 AM 0.36(0.02) 0.27(0.03) .05 (.010)

8:30 AM 0.41(0.04) 0.30(0.17) .02 (.015)

Awakening response 0.30(0.08) 0.73(0.45) .36

11 AM 0.13(0.01) 0.17(0.03) .61

4 PM 0.09(0.01) 0.09(0.01) .97

8 PM 0.08(0.03) 0.07(0.01) .84

Area Under the Curve

(AUC)

1.66(0.12) 1.70(0.22) .88



• Mean IL-6 level at month 6 was 0.76 pg/mL for women 

predominantly breastfeeding and 0.95 pg/mL for women 

predominantly bottle feeding. Women predominantly 

breastfeeding had lower levels of IL-6 than those who 

bottle fed at month 6 (p=.04). 

• This effect remained significant (p=.007) after controlling 

for confounding variables. 

=> Breastfeeding may have PNI benefits to mothers.



Time point Predominantly

breastfeeding

(n=84)

M(SE)

Predominantly

bottle feeding

(n=35)

M(SE)

p-value c

Cytokine at Month 6 (pg/ml) b

IL-6 0.76(0.04) 0.95(0.09) .04 (.007)

IL-1β 0.38(0.03) 0.51(0.11) .28

IL-8 1.71(0.05) 1.70(0.05) .95

IFN- γ 0.94(0.04) 1.07(0.05) .34

TNF-α 1.87(0.06) 1.99(0.11) .34

IL-10 11.30(5.13) 9.04(2.94) .40



• Among PNI variables, depressive symptoms were 

positively related to perceived stress (p<.001) and 

salivary cortisol level at 4pm (p<.05). 

• There were no relationships between IL-6 and 

depressive symptoms or stress variables. 

• No relationships among these PNI variables were found 

when separate correlation analyses were run based on 

the variable of primarily breastfeeding versus bottle 

feeding. 



• Older maternal age, high income, experiencing no major 
changes in life, and less sleeping hours were significantly 
and positively related to continuing to primarily 
breastfeeding for 6 months postpartum (p<.05).

• Neither severity of depressive symptoms not perceived 
stress were related to primarily breastfeeding. 

• However, higher level of salivary cortisol at 8 AM and 
8:30 AM, and lower level of IL-6 at month 6 postpartum 
were significant correlated with breastfeeding (p<.05)

(Table 3). 



Table 3. Relationships among breastfeeding, depressive symptoms, stress, and 

inflammatory cytokines at month 6 postpartum                        (N=119)

* p<.05, ** p<.01, *** p<.001

Variables

Primarily

Breast feeding

EPDS

score

Perceived

stress

score

Salivary

cortisol

at 8AM

Salivary

cortisol

at 8:30AM

IL-6

Age .33** .02 .09 .15 .19* -.25**

Low income (1=yes) -.46*** -.009 .01 -.14 -.12 .30***

Other child at home (1=yes) .03 .04 .06 .06 .04 .04

Not married (1=yes) .03 -.01 -.05 .09 .007 .01

History of depression (1=yes) -.01 .13 .24 -.07 -.05 .01

Major life changes (1=yes) -.24** .24** .16 -.10 .02 .12

Sleeping hours -.22* -.33*** -.21 -.06 -.17 -.12

EPDS score -.006 1 .72*** .04 .11 .04



Variables
Primarily
Breast feeding

EPDS
score

Perceived

stress
score

Salivary

cortisol
at 8AM

Salivary

cortisol
at 830AM

IL-6

Perceived stress -.09 .72*** 1 .005 .05 .11

Salivary cortisol
Awakening response -.14 .02 .05 -.71*** .03 .02

Area under the Curve -.01 .009 .14 .32** .40** -.11

Cortisol at 8 AM .27** .04 .005 1 .57*** .01

Cortisol at 8:30 AM .22* .11 .05 .57*** 1 .06

Cortisol at 11 AM -.06 .08 .14 .10 .10 -.08

Cortisol at 4 PM -.003 .25* .27** .10 .19 -.01

Cortisol at 8 PM -.02 .12 .16 .07 .22* -.09

IL-6 -.19* .04 .11 .01 .06 1
* p<.05, ** p<.01, *** p<.001



• This study is the first to our knowledge to test the impact 

of predominantly breastfeeding on postpartum 

depression, stress, and inflammation using a longitudinal 

study design across 6 months postpartum. 

• Predominantly breastfeeding does not impact depressive 

symptoms or perceived stress compared to 

predominantly bottle feeding.



• Our data do identify PNI effects of predominantly 

breastfeeding versus bottle feeding, including decreased 

level of the pro-inflammatory marker IL-6 and increased 

levels of salivary cortisol at 8AM and 8:30 AM that may 

have implications for health.



• Thank you for your attention.

• Any questions?


