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CAPSULE SUMMARY

Exclusive breastfeeding during the first month of life and vaginal delivery may mitigate the 

transmission of atopy from mother to child. These results could have implications for potential 

targeted prevention strategies in high-risk offspring of atopic mothers.
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To the Editor:

A family history of allergy, especially maternal allergy, is associated with an increased 

likelihood of allergic sensitization and allergic diseases during childhood. 1, 2 Furthermore, 

infancy and early childhood may be a critical period for environmental exposures to 

modulate allergic disease risk. While breastfeeding and delivery mode appear to modify risk 
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of childhood allergic outcomes,3–5 it is unclear if they have the potential to attenuate or 

intensify the risk associated with vertical transmission of maternal atopy. In the Detroit area 

WHEALS (Wayne County Health, Environment, Allergy, and Asthma Longitudinal Study) 

birth cohort, we investigated whether the association between maternal atopy and childhood 

eczema and atopy depends upon mode of delivery or breastfeeding.

Analyses were performed on data collected from protocols approved by the Henry Ford 

Health System Institutional Review Board. The WHEALS cohort included 1258 babies; 255 

were dropped for reasons such as refusals and noncompliance. Of the remaining 1003 

eligible, 673 were included in the analytic sample, as maternal atopy status was ascertained 

as described below and the child completed the 2-year clinic visit. Participants included in 

the analysis were more likely to be married, white, and breastfeed their children, among 

others (see Table E1 in the Online Repository). The women were interviewed during their 

pregnancy to obtain demographic and environmental information. Postpartum questionnaires 

and home visits were targeted for ages 1 and 6 months. At the 1-month interview, women 

were asked about breastfeeding practices to determine whether they were exclusively 

breastfeeding (report of current breastfeeding and no formula). Delivery records were 

abstracted to obtain delivery type (vaginal or C-section), as well as antimicrobial or 

antifungal use during pregnancy. Maternal atopy during pregnancy was defined as a serum 

IgE level of 0.35 IU/mL or greater for at least 1 of 8 common allergens, including dust mite, 

ragweed, Alternaria alternata, dog, cat, grass, cockroach, and egg. In cases where a prenatal 

maternal serum sample was missing, a 1-month postnatal sample was substituted, as we have 

previously shown that sensitization status is relatively stable from the prenatal to the early 

postnatal period.6 A clinic visit and interview was performed at 2-4 years of age (mean age 

2.2) by Henry Ford Medical Group physicians and staff who were instructed in the study 

protocol. Physicians determined past or present eczema considering combined patient 

history and physical examination. Children’s serum total and specific IgE was determined by 

ImmunoCAP and atopy was defined as a serum IgE level of 0.35 IU/mL or greater for at 

least 1 of 10 common allergens (dust mite, ragweed, Alternaria alternata, dog, cat, grass, 

cockroach, egg, milk and peanut). The association between maternal atopy and childhood 

outcomes was assessed using logistic regression (p<0.05 considered significant), with effect 

modification by mode of delivery and breastfeeding evaluated (p<0.10 considered 

significant).

Among the 673 children, 384 (57%) had atopic mothers (Table 1). Atopic mothers were 

more likely to be African American (p < 0.001) and have used antifungals during pregnancy 

(p = 0.008). Atopic mothers also received more antibiotics during pregnancy, but this trend 

did not reach statistical significance (p = 0.056).

After covariate adjustment, the odds of eczema by age 2 did not significantly differ between 

children of atopic and non-atopic mothers (odds ratio [OR] comparing children of atopic 

versus non-atopic mothers = 1.15, 95% confidence interval [CI]=[0.75, 1.77], p = 0.51, see 

Table E2 in the Online Repository). However, children of atopic mothers had approximately 

double the odds of being atopic (OR = 2.35 [1.56, 3.53], p < 0.001), sensitized to foods (OR 

= 2.2 [1.46, 3.31], p < 0.001), and sensitized to inhalants (OR = 2.04 [1.29, 3.24], p = 

0.002). Because women who delivered via C-section were less likely to exclusively 
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breastfeed their child at 1 -month of age (11.3% vs. 19.7%, p=0.006), we assessed the effect 

of maternal atopy on child outcomes within each of four subgroups: vaginal/non-exclusively 

breastfed (VN), vaginal/exclusively breastfed (VB), C-section/non-exclusively breastfed 

(CN), and C-section/exclusively breastfed (CB) (Fig 1). The association between maternal 

atopy and childhood eczema was not significantly modified by mode of delivery nor 

exclusive breastfeeding (both interaction p≥0.10; Fig 1, A). However, exclusive 

breastfeeding significantly modified the association between maternal atopy and child atopy 

(interaction p=0.013; Fig 1, B). Specifically, regardless of mode of delivery, maternal atopy 

was only associated with higher odds of child atopy if they were not exclusively breastfed at 

1-month of age (OR [95% CI]VN=2.34 [1.33, 4.12]; ORVB=0.60 [0.23, 1.59]; ORCN=4.61 

[2.20, 9.67]; ORCB=1.18 [0.36, 3.87]). Similar results were observed for the association 

between maternal atopy and child inhalant sensitivity (breastfeeding interaction p=0.012; C-

section interaction p=0.49; Fig 1, D). Further, both exclusive breastfeeding and mode of 

delivery jointly modified the association between maternal atopy and child food sensitivity 

(interaction p=0.053, 0.042, respectively; Fig 1, C), where both exclusive breastfeeding and 

vaginal delivery appeared to mitigate the association between maternal atopy and child food 

sensitivity. Specifically, maternal atopy was highly associated with child food sensitivity 

among children who were born via C-section and were non-exclusively breastfed 

(ORCN=4.64 [2.22, 9.72]), whereas, there was no association among children who were 

vaginally delivered and were exclusively breastfed (ORVB=0.65 [0.25, 1.70]).

While interpreting our results, we acknowledge certain limitations. We were able to obtain 

adequate information on maternal but not paternal atopy. Data were only available on a 

subset of the full cohort: this not only limits power to examine effect modification, but also 

generalizability, as there was evidence of selection bias.

Our analyses suggest vaginal delivery and exclusive breastfeeding in combination 

significantly modify the association between maternal atopy and atopic outcomes and 

suggest that the excess risk of allergy in offspring due to maternal atopy depends upon these 

exposures. We found that maternal atopy is primarily a risk factor among children born via 

C-section and in non-exclusively breastfed children, with early breastfeeding and vaginal 

delivery mitigating the transmission of atopy from mother to child. The biological 

mechanism explaining the effects of breastfeeding and delivery mode on allergy 

development is unknown. As we have previously shown in this cohort that these factors 

associate with an altered early life gut microbiota,7 we speculate that this pathway may play 

a role in early-life immune development. Studies have also directly linked C-section delivery 

to altered stress response, immune function, and epigenetic changes in offspring.8 

Additionally, human milk contains a variety of immunoactive components (e.g., 

oligosaccharides, metabolites, microbes) as well as vitamins and nutrients that may provide 

protection.9 These results may be informative in regard to potential targeted prevention 

strategies in high-risk offspring of atopic mothers, though further studies will be necessary 

to determine the biological mechanisms behind these protective effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

WHEALS Wayne County Health, Environment, Allergy, and Asthma 

Longitudinal Study

C-section Cesarean section

HS high school

IgE immunoglobulin E

IU international unit

mL milliliter

VN vaginally born/non-exclusively breastfed

VB vaginally born/exclusively breastfed

CN C-section born/non-exclusively breastfed

CB C-section born/exclusively breastfed

OR odds ratio

CI confidence interval
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Fig 1. 
Association between maternal atopy and childhood allergic outcomes, by mode of delivery 

and exclusive breastfeeding at 1-month. Presented odds ratios (ORs) and 95% confidence 

intervals (CIs) compare the odds of each outcome in children of atopic versus non-atopic 

mothers, within each of the four subgroups. Outcomes examined include eczema (adjusted 

for maternal race, A), atopy (adjusted for maternal race, B), food sensitivity (adjusted for 

maternal race, C), and inhalant sensitivity (adjusted for prenatal antibiotic use, D).
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Table 1:

Description of maternal, birth, and early life characteristics and associations with maternal atopy

Covariate Response Overall (N=673) N 
(%)

By Maternal Atopy Status N (%)
p-value*

Non-atopic (N=289) Atopic (N=384)

Maternal marital status
Not married 218 (32.4) 88 (30.4) 130 (33.9) 0.35

Married 455 (67.6) 201 (69.6) 254 (66.1)

Household income

<$20K 76 (11.3) 36 (12.5) 40 (10.4) 0.075

20K-<$40K 140 (20.8) 67 (23.2) 73 (19)

40K-<$80K 179 (26.6) 83 (28.7) 96 (25)

$80K-<$100K 92 (13.7) 41 (14.2) 51 (13.3)

≥$100K 97 (14.4) 33 (11.4) 64 (16.7)

Refused to answer 89 (13.2) 29 (10) 60 (15.6)

Maternal education

<HS diploma 28 (4.2) 10 (3.5) 18 (4.7) 0.84

HS diploma/equivalent 100 (14.9) 45 (15.6) 55 (14.3)

Some college 304 (45.2) 132 (45.7) 172 (44.8)

≥Bachelor’s degree 241 (35.8) 102 (35.3) 139 (36.2)

Maternal race

White 176 (26.2) 87 (30.1) 89 (23.2) <0.001

African American 386 (57.4) 142 (49.1) 244 (63.5)

Mixed/Other 111 (16.5) 60 (20.8) 51 (13.3)

Prenatal antibiotic use†
No 293 (45.4) 139 (49.6) 154 (42.1) 0.056

Yes 353 (54.6) 141 (50.4) 212 (57.9)

Prenatal antifungal use†
No 526 (81.4) 241 (86.1) 285 (77.9) 0.008

Yes 120 (18.6) 39 (13.9) 81 (22.1)

Indoor pets at pre-delivery No 417 (62.0) 185 (64) 232 (60.4) 0.34

Yes 256 (38.0) 104 (36) 152 (39.6)

Mode of delivery of offspring† Vaginal 425 (63.2) 176 (61.1) 249 (64.8) 0.32

C-Section 247 (36.8) 112 (38.9) 135 (35.2)

Current breastfeeding at 1 month† No 278 (42.8) 125 (45.3) 153 (40.9) 0.26

Yes 372 (57.2) 151 (54.7) 221 (59.1)

Exclusive breastfeeding at 1 month† No 542 (83.4) 229 (83) 313 (83.7)
0.81

Yes 108 (16.6) 47 (17) 61 (16.3)

C-section, Cesarean section

HS, high school

*
Calculated by the chi-square test.

†
Some missing values in covariate: all rates of missingness < 5%.
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