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Abstract

Background: Breastfeeding may protect against childhood asthma and allergic diseases. Studies have not
focused on the mode of feeding human milk and followed children to school age although feeding human milk
from a bottle rather than the breast may alter the risk of disease.

Materials and Methods: At 12 months’ postpartum, women in the Moms2Moms study (Columbus, OH)
completed a survey assessing sociodemographic and infant feeding behaviors. At 6 years’ postpartum, they
completed a survey and pediatric medical records were abstracted to assess asthma and allergic disease di-
agnoses. Logistic regression models were used to estimate associations between infant feeding behaviors and
asthma or allergic disease.

Results: Of 285 children, 16% had asthma and 44% ever had 21 allergy diagnosis. Longer durations of each
infant feeding behavior were not clearly associated with increased odds of asthma or allergic disease by age 6.
Results suggested that longer durations of breast milk feeding (regardless of the mode of feeding) may be
related to a lower risk of food allergy (e.g., odds ratio [OR]i_month, adjustea =0.96, 95% confidence interval
[CI]=0.87-1.05; OR2-month, adjusted =0.57, 95% CI=0.19-1.74), but that the mode of feeding (regardless of
the substance fed) may be more meaningful for environmental allergies (e.g., exclusive direct breast milk
feeding OR2.month, adjustea=0.32, 95% CI=0.06-1.81). However, effect estimates were imprecise and Cls
included the null.

Conclusions: Although no clear associations between mode of breast milk feeding (breast versus expressed)
and asthma and allergy outcomes were observed, future research with larger samples should further evaluate
these associations.
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Introduction

MORE THAN 1 IN 10 U.S. children have been diagnosed
with asthma or an allergic disease, making them two of
the most common childhood health conditions.' Allergic
diseases and asthma often require frequent inpatient and
outpatient medical care, and can interfere with a child’s daily
activities including their ability to attend school.”> However,
identification of early protective factors during infancy that
can reduce the risk of disease in early childhood has been
challenging.® Recent advances in the prevention of food al-
lergies have included carefully administered early exposure.’

In addition, numerous observational studies have noted that
breastfeeding may grotect against the development of asthma
or allergic disease.® '

Possible mechanisms for a protective effect of breastfeeding
could be the bioactive components of breast milk (e.g., im-
munoglobulin A) and their role in supporting the developing
immune system."""'> However, findings supporting this effect
on both asthma and allergic disease outcome during early
childhood have been inconsistent, possibly because of varia-
tion in the operational definitions of infant feeding behaviors,
such as a lack of differentiation between mode of feeding (e.g.,
feeding at the breast versus expressed breast milk).®'*~"
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The mode of feeding breast milk may be important because
the concentration of macronutrients in breast milk can be
negatively altered by common storage and management
practices (e.g., freezing and reheating).”'®'® Therefore, it
would be important to distinguish between feeding practices
including the mode of feeding breast milk when examining
risk of asthma or allergic disease.

Despite how common breast milk expression is among U.S.
mothers, very few studies have examined the risk of asthma or
allergic diseases in relation to feeding practices including in-
direct breastfeeding, direct breastfeeding, and formula feed-
ing.>'%1? Of these, only two studies examined childhood
asthma and allergic disease beyond the first year of life.®'¢
However, in one study, infant feeding practices were not
measured throughout the entire first postnatal year, thereby
introducingg exposure measurement error that may bias effect
estimates.” The other study relied exclusively on maternal
report of the eczema outcome.'® The goal of this prospective
study was to examine the association of infant feeding prac-
tices during the first year of life and the presence of asthma or
allergic disease by 6 years of age determined by both maternal
report of medical diagnoses and medical chart abstraction.

Materials and Methods
Study population and data collection

We used prospective data from the Moms2Moms (M2M)
study, a cohort of English-speaking women at least 18 years
of age who delivered a singleton, liveborn infant at
>24 weeks of gestation at The Ohio State University Wexner
Medical Center (Columbus, OH) during 5 months of 2011
(n=1,244). Exclusions included the following: women
whose obstetric medical record indicated their intention to
exclusively “‘bottle feed”’ (indicating intent to formula feed)
their infant (n=303); no valid contact information for the
mother (n=111); the mother was incarcerated (n=11); and
infant death (n=6). Twelve months after delivery, a ques-
tionnaire was mailed to eligible women to assess their lac-
tation and infant feeding behaviors, and sociodemographic
information. Additional data on the mother and infant were
abstracted from the obstetric and newborn medical records.
The M2M study methods have been previously reported.?’-*!

In 2017, when children were 6 years of age, the mothers
were contacted to participate in a follow-up survey that in-
cluded sociodemographic and child health-related informa-
tion. Participants were also invited to sign a pediatric medical
record release, and health diagnoses like asthma and allergic
disease from the child’s primary care provider were requested,
accordingly. If a child had more than one provider they saw
regularly, a second authorization was obtained. Eligible par-
ticipants for this analysis were dyads who participated in the
original M2M study and who had questionnaire data about
asthma and allergy diagnoses or medical records available.
This study was reviewed and approved by the Institutional
Review Board at Nationwide Children’s Hospital.

Study variables

Maternal and child characteristics. The following
maternal and child characteristics were reported on the
questionnaire at 12 months’ postpartum: child’s sex (male,
female), maternal education (high school/General Educational
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Development (GED) or less, some college/associate’s degree,
bachelor’s degree, graduate or professional degree), marital
status (single/living with partner/divorced versus married),
smoking status during pregnancy or infancy (yes, no, based
on a question asked at 12 months’ postpartum: ‘At any time
during your pregnancy up until now, have you smoked cig-
arettes?”’), annual household income (< $15,000, $15,000—
$34,999, $35,000-$54,999, $55,000-$74,999, > $75,000),
and daycare attendance (yes, no). The child’s race (white,
black/African American, other), ethnicity (Hispanic, non-
Hispanic), and maternal parity (0, 1, 22 pregnancies) were
abstracted from the obstetric and newborn medical records.

TABLE 1. CHARACTERISTICS OF MoMs2MoMs
FoLLow-Up STUDY DYADS

Dyads that
participated in M2M
follow-up with
asthma and allergy
data (N=285)

Characteristics n %
Child sex
Male 150 53
Female 135 47
Child race
White 227 80
Other 21 7
Black/African American 20 7
Missing 17 6

Child ethnicity

Non-Hispanic 257 90
Missing 17 6
Hispanic 11 4
Maternal education
High school graduate/GED or less 31 11
Some college/associate’s degree 37 13
Bachelor’s degree 113 40
Graduate or professional degree 104 36
Marital status
Married 239 84
Single/living with partner/divorced 46 16
Household income
<$15,000 27 9
$15,000-$34,999 45 16
$35,000-$54,999 33 12
$55,000-$74,999 46 16
$75,000+ 133 47
Missing 1 0
Maternal smoking during pregnancy
No 268 94
Yes 17 6
Maternal parity
0 157 55
1 77 27
>2 51 18
Ever attended child care during infancy
No 145 51
Yes 139 49
Missing 1 0

GED, General Educational Development; M2M, Moms2Moms.
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Infant feeding variables. The questionnaire administered
at 12 months’ postpartum asked about the age of the infant
when they started and stopped feeding directly at the breast,
expressed milk feeding, and formula feeding.

Continuous variables for the duration of each feeding
practice (in days) were calculated by subtracting the infant’s
age (in days) when the practice was started from the age
(in days) when it stopped. Infants who had not stopped a
feeding practice by the time of questionnaire completion
were assigned 365 days for the infant’s age of when the
practice was stopped. Duration variables were created for: (1)
breast milk feeding, which included either direct feeding at
the breast or expressed milk; (2) direct breast milk feeding
(feeding at the breast); (3) expressed breast milk feeding; and
(4) formula feeding. Each practice may have occurred si-
multaneously or consecutively with other practices. The du-
ration of exclusive breast milk feeding and exclusive direct
breast milk feeding were calculated as above but only
counted days when none of the other feeding practices were
used. Exclusive expressed milk feeding was practiced by a
small subsample of dyads and typically for short durations;
this precluded robust analysis and so was not pursued further.

Asthma and allergic disease. Diagnoses for asthma and
allergic diseases were ascertained by a combination of ma-
ternal report and medical record abstraction. First, the follow-
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up survey at age 6 years asked the following yes/no question
for each disease outcome, ““Has a doctor or other health pro-
fessional EVER told you that your child has/had: (a). Asthma?
(b). Hay fever? (c). Any kind of respiratory allergy? (d). Any
kind of food or digestive allergy (e). Eczema or any kind of
skin allergy?.” If the mother indicated *‘yes,” they were then
asked to detail the specific allergy type. Second, trained re-
search staff abstracted medical records using 9th/10th revision
International Classification of Diseases (ICD) codes for
asthma or asthma or allergy-related terms to classify children
as having probable or definite asthma or allergic disease.

Children were considered to have a probable or definite
diagnosis of asthma if their mother responded “‘yes” to the
question about the child having an asthma diagnosis; if they
had an asthma-related phrase or ICD code in their medical
record; or if they had a documented history in their medical
record of reactive airway disease, shortness of breath,
wheezing, or prescriptions for asthma-related medications but
no definitive asthma diagnosis (Supplementary Table S1).

Children were considered to have an allergy diagnosis if
their mother responded “‘yes’’ to the question about the child
having any type of allergy diagnosis or if they had an allergy-
related phrase in their medical record (Supplementary
Table S2). For analysis purposes, allergies were categorized
as food allergy, environmental allergy (hay fever or respira-
tory allergy), and eczema/skin allergy.
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Statistical analysis

Univariate statistics were used to characterize the sample.
Logistic regression models were used to estimate associations
between each infant feeding practice and asthma (probable or
definite combined), food allergy, environmental allergy, and
eczema/skin allergy. Models were adjusted for established
asthma and allergy risk factors selected a priori (sex, child’s
race, child’s ethnicity, maternal smoking status, maternal ed-
ucation, and daycare attendance during infancy). Unadjusted
and adjusted odds ratios were calculated at 1, 3, 6, 9, and 12
months for each infant feeding practice, with O months’ du-
ration of that feeding practice as the reference group. However,
because unadjusted and adjusted estimates were similar, only
adjusted estimates were reported. Analyses were performed
using SAS 9.4 (SAS Institute, Cary, NC).

Results

Of the 305 dyads who participated in the follow-up study,
285 had complete data on asthma and allergies and were
included in analyses (Supplementary Fig. S1). Overall,
children were primarily white (80%) with similar proportions
of males (53%) and females (47%). Most mothers were
married and over a third of them obtained a bachelor’s degree
(Table 1). The median duration of expressed milk feeding
was 149 days (IQR =220 days) and of direct breast milk
feeding was 180 days (IQR =323). The median duration of
formula feeding was 319 days (IQR =300).
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Asthma

Forty-seven children (16%) were classified into the asthma
group (8 probable, 39 definite). Duration of each feeding
practice during the first postnatal year was not clearly associ-
ated with probable or definite asthma by 6 years of age, after
adjustment for confounders (Fig. 1). However, effect estimates
moved progressively lower and away from the null as the
duration of breast milk feeding increased (e.g., direct breast
milk feeding odds ratio [OR];_month, adjusted =0.97, 95% [con-
fidence interval] CI=0.90-1.05; ORjs.month, adjustea=0.69,
95% CI=0.28-1.70). In addition, CIs were wide and included
the null and results for formula feeding were similar.

Allergies

Thirty-five (12%) children were diagnosed with a food al-
lergy, 66 (23%) with an environmental allergy, and 89 (31%)
with eczema/skin allergy. Forty-six (16%) children were di-
agnosed with more than one type of allergy. Duration of each
infant feeding practice during the first postnatal year was not
clearly associated with any type of allergic disease by 6 years of
age, after adjustment for confounders. However, as breast milk
feeding duration by any mode increased, the odds of a food
allergy appeared to decrease, although effect estimates were
imprecise and ClIs included the null (Fig. 2). For instance, as
breast milk (combined direct and expressed) duration increased,
effect estimates for food allergy (OR_month, adjustea = 0-96, 95%
CI=0.87-1.05; OR |2-month, adjusted=0-57, 95% CI=0.19-1.74)
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FIG. 2. Associations between infant feeding practices at 3, 6, 9, and 12 months and the odds of food allergy by 6 years of

age (N=285).
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moved progressively lower and away from the null. Corre-
spondingly, effect estimates for formula feeding increased with
longer duration.

The results for environmental allergy suggested that the
mode of feeding may be important, regardless of whether it is
breast milk or formula, in that effect estimates for expressed
milk feeding and formula feeding were both above the null,
whereas effect estimates for direct breast milk feeding, espe-
cially exclusive direct breast milk feeding, were progressively
below the null with longer duration (OR 2 month, adjusted = 0-32,
95% CI1=0.06-1.81) (Fig. 3). Effect estimates for eczema/skin
allergy were more consistent and relatively close to the null
even as duration increased, for all feeding practices (Fig. 4).

Discussion

In this prospective cohort of mothers and their children
followed from infancy to age 6 years, infant feeding practices
during the first postnatal year were not clearly associated with
allergic disease or asthma. Visual inspection of the effect
estimates suggested that longer durations of breast milk
feeding (regardless of the mode of feeding) may be related to
a lower risk of food allergy, but that the mode of feeding
(regardless of the substance fed) may be more meaningful for
environmental allergy risk. However, these results were im-
precise. All associations controlled for potential confounding
by sociodemographic variables and environmental factors
like maternal smoking and childcare attendance.
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Our results for asthma do not align with evidence from
two prior studies that showed that compared with direct
breastfeeding, any other mode of feeding was associated
with an increased risk of asthma or coughing/wheezing
episodes.®® However, prior meta-analysis research has
similarly shown inconsistent evidence that breastfeeding
(presumably all at the breast) decreases risk of asthma or
wheezing diagnosis in children older than 5 years as com-
pared with formula feeding, particularly when infants were
breast and formula (mixed) fed.*> A follow-up study from
the large randomized trial, PROBIT, did not report a sig-
nificant reduction in the odds of asthma diagnosis at 6 years
of age. 1423 However, PROBIT did not differentiate between
mode of breastfeeding (e.g., feeding at the breast versus
expressed breast milk).'*

Numerous prior studies have reported a reduced risk of
eczema with longer duration breastfeeding, including the
PROBIT trial (OR=0.54, 95% CI=0.31-0.95).> This study
observed no associations between any feeding practice and
eczema/skin allergy risk. This result is in line with that of
Soto-Ramirez et al. who reported no association between the
duration of feeding breast milk (including pumped milk) and
eczema/skin allergy in the Infant Feedings Practices Study
I1.'"° However, that study also reported that children who
started receiving a combination of direct breastfeeding,
pumped breast milk, and formula had a 46% higher risk of
eczema/skin allergy based on maternal report by 6 years of
age compared with children who were directly breastfed for
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FIG. 3. Associations between infant feeding practices at 3, 6, 9, and 12 months and the odds of environmental allergy by 6
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FIG. 4. Associations between infant feeding practices at 3, 6, 9, and 12 months and the odds of eczema/skin allergy by 6

years of age (N=285).

at least the first 3 months.'® Our sample was too small to
examine longitudinal feeding patterns like in the Soto-
Ramirez study, to provide direct comparison.

Although prior studies have reported possible protective
benefits of breastfeeding for asthma and eczema/skin allergies,
this protective benefit has been less conclusive for food al-
lergies.''** This lack of clarity has been often attributed to
the heterogeneity of allergy diagnostic tools, ranging from
parent report to skin prick test.'' A large longitudinal study in
Australia reported that children who were exclusively
breastfed for the first 3 months of life had a reduced risk of
food allergy at age 7 years, but this risk reversed later in life,
and they had an increased risk of food allergy at age 44 years.*

Another study conducted in Germany examining children
at high-risk of atopy found that infants who had been ex-
clusively breastfed for at least 5 months had an increased risk
of egg white sensitization at age 1 year, although this asso-
ciation did not exist at age 2 years.?’ Future research looking
at breastfeeding and the odds of food allergies is warranted to
determine what benefits may exist.

Our results for environmental allergies are aligned with a
meta-analysis of the association between breastfeeding and
allergic rhinitis, which found that breastfeeding did not have
a significant protective effect on the development of allergic
rhinitis.?® However, this meta-analysis did not examine the
mode of feeding, which our results sug%ested may be most
meaningful for environmental allergies. 8 In addition, none
of the included studies completed follow-up with children

past age 4 years, whereas our results examined outcomes at
age 6 years.”® Future research is needed to further probe the
possible associations between breastfeeding, mode of feed-
ing, and environmental allergies.

Prior research has suggested differences in the nutrient
concentration of human milk in direct versus expressed
breastfeeding may be one mechanism to explain differences
in outcomes.'>'*"!7 These differences are often attributed to
pumping, storing, and reheating practices because the con-
centration of macronutrients in breast milk may be negatively
altered by common storage and management practices.”'® In
addition, varying levels of immune mediators found in hu-
man milk fed by different modes may be particularly relevant
for allergic outcomes.*’

Strengths and limitations

Our study had several limitations, including a limited
sample size that made some effect estimates imprecise and
limited our ability to draw definite conclusions. Although
we adjusted for several maternal and child characteristics
thought to confound the relationship between infant feeding
and asthma and allergic disease, it is possible that our re-
sults will be influenced by residual confounding. For in-
stance, we did not have data on exposure to environmental
tobacco smoke. In addition, our study did not have data
about family history of asthma or allergic diseases, so we
were unable to examine that high-risk group of children
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separately, or to control for a family history of these dis-
eases. Although medical chart abstraction was used, a
thorough, conclusive examination confirming asthma or
allergic disease diagnosis was not performed.

It should also be noted that our sample showed a higher
prevalence of allergies, particularly of eczema/skin allergies,
than U.S. estimates, although the prevalence of definite
asthma in our sample (14%) was consistent with national
asthma estimates for U.S. children.' This overestimate in the
prevalence of skin allergies could be attributed to the diffi-
culty of definitively diagnosing eczema/skin allergies and
mothers potentially reporting more mild and intermittent
conditions as eczema/skin allergy. However, asthma and al-
lergic diseases are well-known to be difficult to diagnose in
early childhood, and we were inclined to err on the side of
being inclusive in our classification.’**!

Also, participants were asked to recall infant feeding
practices at 12 months’ postpartum for the whole year since
delivery, and this may have introduced measurement error. If
this error was differential by outcome, it may have introduced
some systematic bias in the effect estimates. However, it was
not possible with the available data to assess this. Finally, we
did not have data on the exact timing of the onset of the
outcomes, and decisions to continue or cease particular
feeding methods may have been influenced by the emergence
of allergic symptoms, a form of reverse causation.

This study offers several strengths, including being one of
few prospective studies that has been able to separately ex-
amine expressed milk feeding and direct breast milk feeding
in relation to the odds of asthma and allergic disease. In
addition, because this study measured each feeding practice
to the precision of days, we were able to determine the du-
ration of each feeding practice precisely. Unlike some prior
studies, this study assessed infant feeding throughout the
whole first year of life, and, to reduce poor maternal recall
and increase sensitivity, we assessed asthma and allergic
disease outcomes through both maternal report and medical
1record(s).8’10 Using medical record abstraction also de-
creased the likelihood of misclassifying another type of skin
allergy as eczema.'”

Conclusions

Our results provide no clear indication that breast milk
feeding, whether at the breast or expressed, is associated with
a reduced risk of asthma or allergic diseases by age 6 years.
Although our results were imprecise, some suggestive pat-
terns were noted for the mode of feeding (bottle versus
breast) being influential on the risk of environmental allergies
and the substance being fed (breast milk by any mode) in-
fluential on food allergies. This provides support for future
studies to distinguish between different infant feeding prac-
tices in these ways when assessing the protective role breast
milk may have on these outcomes.
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