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Key Messages
Birth cohorts can simultaneously assess many factors involved in atopy development, and will hopefully provide clinicians with
information to prevent asthma and allergies.

e Family history contributes to atopic risk of a child.

e Several potential biomarkers have been evaluated in cord blood; however, there is no conclusive evidence suggesting one single
predictive biomarker.

e Maternal exposures during pregnancy can contribute to the child’s atopic outcomes.

e Numerous early life environmental exposures have been identified to either promote or prevent allergies and asthma, such as
cigarette smoke exposure or the timing of food introduction.

e Birth cohort study designs have proven to be effective in evaluating several early life exposures at different time points pro-
spectively; however, they have difficulty in reproducing data and often report conflicting findings.
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Release Date: February 1, 2018

Expiration Date: January 31, 2020

Target Audience

Physicians involved in providing patient care in the field of allergy/asthma/immunology

Accreditation

The American College of Allergy, Asthma & Immunology (ACAAI) is accredited by the Accreditation Council for Continuing Medical

Education (ACCME) to provide continuing medical education for physicians.

Designation

The American College of Allergy, Asthma & Immunology (ACAAI) designates this journal-based CME activity for a maximum of 1.0 AMA

PRA Category 1 Credit™. Physicians should claim only the credit commensurate with the extent of their participation in the activity.

Disclosure Policy

As required by the Accreditation Council for Continuing Medical Education (ACCME) and in accordance with the American College of

Allergy, Asthma and Immunology (ACAAI) policy, all CME planners, presenters, moderators, authors, reviewers, and other individuals

in a position to control and/or influence the content of an activity must disclose all relevant financial relationships with any commercial

interest that have occurred within the past 12 months. All identified conflicts of interest must be resolved and the educational content

thoroughly vetted for fair balance, scientific objectivity, and appropriateness of patient care recommendations. It is required that dis-

closure be provided to the learners prior to the start of the activity. Individuals with no relevant financial relationships must also inform

the learners that no relevant financial relationships exist. Learners must also be informed when off-label, experimental/investigational

uses of drugs or devices are discussed in an educational activity or included in related materials. Disclosure in no way implies that the

information presented is biased or of lesser quality. It is incumbent upon course participants to be aware of these factors in interpreting

the program contents and evaluating recommendations. Moreover, expressed views do not necessarily reflect the opinions of ACAAI

Disclosure of Relevant Financial Relationships

All identified conflicts of interest have been resolved. Any unapproved/investigative uses of therapeutic agents/devices discussed are

appropriately noted.

Planning Committee

e Jonathan A. Bernstein, MD (Annals CME Subcommittee): Consultant, Fees: Imedics; Consultant/Principal Investigator, Grants/Fees:
Boehringer Ingelheim, GlaxoSmithKline; Consultant/Principal Investigator/Speaker, Grants/Fees: AstraZeneca, CSL Behring, Novartis/

Genentech, Shire; Speaker, Fees: Baxalta

Author

e Mallory J. Gallant, BScH
e Anne K. Ellis, MD, MSc, FRCPC

Copyright Statement: ©2015-2018 ACAAL All rights reserved.

or 847-427-1200.

e Guha Krishnaswamy, MD (Annals CME Subcommittee): Clinical Research, Grant: CSL Behring

Gailen D. Marshall, Jr, MD, PhD (Editor-in-Chief): Clinical Research, Grants: Sanofi, Stallergenes

¢ Anna Nowak-Wegrzyn, MD (CME Series Editor, Deputy Editor): Clinical Research, Grant: Nutricia, Nestle, ITN NIH, DBV, Astellas; Speaker,
Fees: Nutricia, Nestle, Thermofisher; Contributor, Royalties: UpToDate: Clinical Trial DMC Member: Merck; Board Member: Gerber, iFPIES

e John J. Oppenheimer, MD (Annals CME Subcommittee, Associate Editor): Consultant, Other financial gains: DBV Technologies,
GlaxoSmithKline, Kaleo; Clinical Research, Grants: AstraZeneca, Boehringer Ingelheim, Novartis

The following individuals have no relevant financial relationships to disclose:

Recognition of Commercial Support: This activity has not received external commercial support.

CME Inquiries: Contact the American College of Allergy, Asthma & Immunology at education@acaai.org

Introduction

Atopic disorders such as allergy and asthma are affecting chil-
dren at an increasing rate.! The reason for this increase and the
precise mechanisms behind the development of allergic disorders
in children are unclear. Factors such as family history, prenatal ex-
posures, and early childhood exposures are each known to be
involved in atopy development in children. The use of large-scale
birth cohorts has presented a useful opportunity to study the re-
lations among risk factors, potential biomarkers in cord blood, early
life exposures, and their associations with atopy. This review focuses
on several different risk factors that contribute to allergic disease
development, how birth cohorts evaluate these factors, and what
clinicians can learn from these studies to help prevent, decrease,
and/or revert the development of atopic disorders.

Importance of Family History

The influence of genetics and family history on allergy and asthma
development has been well documented. It is clear maternal and

paternal atopic statuses contribute to overall atopic risk of the child;
however, many studies have indicated their influence is not equal.>*
Some studies have suggested maternal atopic status has a stron-
ger bearing on childhood atopy; and maternal asthma, allergic
rhinitis, and atopic dermatitis have each been positively co-
related with offspring disease development of the same type.> In
comparison, only paternal asthma has been associated with asthma
development in offspring.® Differences between maternal and pa-
ternal effects can be a result of maternal exposures during pregnancy
or the complex maternal-fetal interactions that occur in utero. Recent
findings from the Isle of Wight Birth Cohort have suggested child
sex-specific patterns, with paternal asthma associated with in-
creased asthma in boys but not in girls (prevalence ratio [PR] 1.99,
95% confidence interval [CI] 1.42-2.79, P<.001) and maternal asthma
associated with asthma in girls but not in boys (prevalence ratio
1.91, 95% CI 1.34-2.72, P=.003).2 This sex-specific inheritance pattern
observation could be due to epigenetic imprinting, in which pa-
rental alleles are preferentially expressed in somatic cells of the
offspring or to transgenerational genetic effects.* Furthermore, in-
heritance patterns of allergy have been established in that at-risk
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children are more likely to develop the same atopic disorder as their
parents rather than different allergic diseases.” This is potentially
suggestive of unique modes of inheritance for asthma, allergic rhi-
nitis, and other atopic disorders.

Considering the sex of the child and family history with respect
to atopy is valuable to discern disease risk, because not all chil-
dren born to parents with atopy develop allergic disorders and not
all children with atopy are born from parents with allergy. Clini-
cians need to consider the role of additional influences that
contribute to atopy when predicting disease.

Potential Cord Blood Biomarkers

The analysis of cord blood for potential biomarkers of atopic
disease has been an area of interest, because it has been hypoth-
esized that many non-communicable diseases such as asthma and
allergy develop in utero or in early life.° The goal of most biomarker
research is to determine differences in many of the cellular and
genetic components of cord blood in children who are at risk of atopy
or proceed to develop allergic disorders, and to eventually develop
methods to predict future atopic status. These studies have iden-
tified several potential cord blood biomarkers of atopic risk (Table 1).

Because of the widely accepted role for immunoglobulin E (IgE)
in allergic conditions,'* it has been thoroughly investigated in cord
blood as a potential predictor for atopic disease; however, find-
ings are conflicting. Results from a Danish birth cohort reported an
association between increased cord blood IgE levels and allergic
disease development; however, the positive and negative predic-
tive values of future atopic status were low and were useful in
predicting disease development in children but not in adolescents
and adults.” Furthermore, differences in cord blood IgE levels
between mothers with and without atopy have been detected, but

not in children with and without atopy.!® These 2 studies high-
light the limitation of cord blood IgE as a predictor of atopy.

Although IgE has a crucial role in many allergic disorders, ad-
ditional components contribute to the pathogenesis of these diseases.
Individuals with atopic disorders have a decrease in the ratio of
T-helper cell type 1 (Ty1) to type 2 (Tu2), known as the “Ty2 shift.”®
This shift has been well documented in allergic diseases, and the
study of the same in cord blood could offer potentially important
biomarkers. One investigation of Ty1:Ty2 cell ratios in cord blood
found that individuals with atopic dermatitis had a decreased
Tu1:Ty2 ratio at birth compared with those without atopic derma-
titis (with Ty1:Ty2, 0.37, 95% CI 0.24-0.83; without Ty1:Ty2, 1.89,
95% CI 0.91-3.92, P=.001).% This shift at birth also has been re-
ported by means of Ty1- and Ty2-related cytokines, in which
increased Ty2 cytokines and decreased Ty1 cytokines have been cor-
related with wheeze, allergic sensitization, and atopic dermatitis
in the first 2 to 5 years of life.!” It should be noted a Ty2-dominating
environment is expected in most pregnancies; however, it is hy-
pothesized that children who develop atopic disorders have an
exaggerated response at birth that continues into early life.!”'®
Therefore, understanding how the Ty1:Ti2 balance is restored, and
whether there are any differences in this process between chil-
dren with and without atopy, could be important for atopic disease
pathogenesis mechanisms.

Part of the regulation of the Ty1:Ty2 ratio is controlled by reg-
ulatory T cells (Tregs), a subset of T lymphocytes marked by the
transcription factor forkhead box P3 (FOXP3).? In a study of Treg
numbers and stable FOXP3 expression in cord blood samples from
participants with high and low risk of atopy, findings suggested
children with fewer Tregs in cord blood were at increased risk
of developing atopic dermatitis and food allergy sensitization
(odds ratio [OR] 1.55, 95% CI 1.00-2.41; OR 1.55, 95% CI 1.06-2.25

Table 1
Summary of Potential Biomarkers and Role in Atopy
Biomarker Role Finding Result Pvalue
Cord blood IgE IgE binds to mast cells and causes ~ Associated with allergic symptoms at 1%2 and 1%y (OR 1.9,95% CI 1.2-2.9) .008
levels <0.5 kU/L degranulation and histamine 5y but not at 10, 15, or 26y’ 5y (OR 2.1,95% CI 1.0-402) .047
release 10y (OR 1.2, 95% CI 0.3-2.0) 424
15y (OR 1.1,95% C1 0.7-1.9) 619
26y (OR 1.4, 95% C1 0.9-2.3) 144

Altered balance in individuals with
atopy and increased Ty2 cell
numbers and response

Th1:Th2 ratio
atopic dermatitis®

Lower Ty1:Tu2 cell numbers associated with

Atopic dermatitis (Ty1:Tu2 0.37, 95% CI 0.16-0.89), no .001
atopic dermatitis (Ty1:Tu2 1.89, 95% CI 0.91-3.92)

Treg number

Eosinophil
and basophil
progenitor cells
IL-12

IL-15

CCL22

IL-10

IL-4

Cells responsible for maintaining
and regulating balance of Ty1
and Ty2 cells

Eosinophilic inflammation
involved in asthma

Involved in Ty1 cell function

Involved in T-helper cell function

Tu2-related chemokine, ligand is
enhanced on T cells in Ty2
responses

Tu1-related cytokine

Tu2-related cytokine

Lower Treg numbers in cord blood associated
with increased risk of atopic dermatitis and
food allergy sensitization®?

Higher numbers of cord blood IL-5-stimulated
CFU results in increased risk of wheeze ever
and recurrent wheeze within first 2 y'°

Nonspecifically stimulated CBMCs secreted
lower levels in children with vs without
allergy!!

Nonspecifically stimulated CBMCs secreted
lower levels in children with vs without
allergy!!

Cord blood levels positively correlated with
total IgE levels at 6 mo, 18 mo, 4y, 6 y'?

Decreased IL-10 response to
lipopolysaccharide in cord blood associated
with recurrent wheeze'>

Increased IL-4 response to cockroach and
house dust mite in peripheral blood
associated with atopy’>

Atopic dermatitis (median 0.91, IQR 0.54-1.39), no .046
atopic dermatitis (median 1.22, IQR 0.75-1.72)

Food allergy (median 0.97, IQR 0.76-1.76), no food .032
allergy (median 1.21, IQR 0.76-1.76)

Wheeze ever (aOR 1.57, IQR 1.02-2.42) .042

Recurrent wheeze (aOR 1.65, IQR 1.06-2.70) .048

Allergic (mean 0.71 pg/mL); nonallergic .026
(mean 2.34 pg/mL)

Allergic (mean 3.74 pg/mL), nonallergic .021
(mean 21.87 pg/mL)

All ORs 1.54 (95% CI 1.25-1.89) <.0001

OR 0.50 (95% C1 0.27-0.92) .02

Cockroach (OR 1.52, 95% CI 1.09-2.27) .016

Dust mite (OR 1.52, 95% CI 0.99-2.32) .055

Abbreviations: aOR, adjusted odds ratio; CBMC, cord blood mononuclear cell; CCL22, C-C motif chemokine ligand 22; CFU, colony-forming unit; CI, confidence interval;
IgE, immunoglobulin E; IL, interleukin; IQR, interquartile range; OR, odds ratio; Ty, T-helper cell type; Treg, regulatory T cell.
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respectively).” Studies on human newborn Treg function have found
a correlation between decreased function at birth and increased al-
lergic outcomes.* In addition, children with food allergy by 2 years
of age have been shown to have fewer Tregs expressing FOXP3 in
cord blood samples than children who did not develop food allergy
(geometric mean ratio 0.17, 95% CI 0.05-0.29)."° These results suggest
the frequency and function of Tregs are imperative for atopy de-
velopment, and analyzing these 2 components at birth could serve
as an important predictive biomarker.

Eosinophils are important for allergy and asthma pathogen-
esis, and eosinophil and basophil progenitor cells (Eo/B) have been
investigated as predictors of respiratory illness. The Lifestyle and
Environmental Factors and Their Influence on Newborn’s Allergy
Risk (LINA) cohort investigated the predictive nature of Eo/B by ana-
lyzing colony-forming units of interleukin (IL) 5-stimulated cord
blood Eo/B."° They reported children with wheezing symptoms and
physician-diagnosed bronchitis had more cord blood Eo/B colony-
forming units in response to IL-5 stimulation compared with children
without wheeze and bronchitis (P=.033 and P=.44)."° In addi-
tion, adults with atopic disorders have been found to have Eo/B with
upregulated responses to IL-5 in peripheral blood samples.?’ These
findings could be useful as a biomarker at birth; colony-forming units
could be measured in response to IL-5 and, depending on the pro-
duction of eosinophils, asthma risk could be hypothesized.

Cytokine and chemokine production could be a valuable tool to
predict atopy development, because these mediators are impor-
tant in many pathways in the key cells involved in allergy. One
evaluation of cord blood cytokine profiles and allergic disorders
suggested that children with IgE-mediated allergies secrete lower
levels of IL-12 and IL-15 compared with children without allergy
(P=.026 and P=.021 respectively)."" Cord blood levels of the
Tu2-related chemokine C-C motif chemokine ligand 22 were pos-
itively correlated with total IgE levels at 6 months, 18 months, 4
years, and 6 years, suggesting the presence of intrauterine Ty2
skewing at birth in children who develop increased IgE levels (com-
bined time points, OR 1.54, 95% CI 1.25-1.89, P<.0001)."?
Furthermore, atopic dermatitis by 2 years of age was associated with
increased IL-4 and decreased interferon-y at birth.'” In the Urban
Environment and Childhood Asthma (URECA) birth cohort, low
IL-10 cytokine secretion in response to lipopolysaccharide in cord
blood was associated with recurrent wheeze (OR 0.50, 95% CI 0.27-
0.92, P=.02), and increased IL-4 secretion peripheral blood at 1 year
in response to cockroach and house dust mite stimuli was associ-
ated with atopy (OR 1.52, 95% CI 1.09-2.27, P=.016; and OR 1.52,
95% C10.99-2.32, P=.055)." These findings each suggest function-
al differences present at birth and in early life between children who
develop atopic disorders and those who do not, and further inves-
tigation in cytokine production and profile is warranted.

No consensus has arisen for a single most effective biomarker
in cord blood for the prediction of disease. It might be more real-
istic to use a panel of biomarkers to determine atopic risk or even
a systematic algorithm of the same, because multiple factors are
correlated with disease development and contribute to the overall
atopic risk of the child (Table 1). Clinicians should understand that
the inability to conclusively link these biomarkers to atopic disease
development lies in part with potential differences in environmen-
tal exposures during the prenatal and postnatal periods.

Effect of Prenatal Exposures

Developmental origins of health and disease studies have sug-
gested that exposures during critical periods of development affect
chronic disease development.’ Emerging research has indicated that
these exposures affect disease through epigenetic changes and al-
terations of DNA configuration through histone modification
(methylation, acetylation, etc), which in response influence gene

expression.?! These modifications affect expression through induc-
tion or silencing of genes that can manifest into clinical symptoms.?
Environmental exposures can induce these changes and contrib-
ute to or protect against disease and have been studied with respect
to atopic disorders.>?>-24

Maternal smoking during pregnancy is a risk factor for allergic
diseases and has been correlated with multiple epigenetic changes
and DNA methylation patterns in cord blood.?* Recent findings from
the Taiwan Birth Panel Cohort indicated differences in DNA meth-
ylation patterns on the thymic stromal lymphopoietin gene (TSLP),
a gene involved in the maturation of T cells, in mothers who smoked
during pregnancy compared with mothers who did not (P=.018).2°
In addition, methylation patterns and maternal smoking were pos-
itively associated with an increased risk of atopic dermatitis (OR
3.23, 95% CI 1.06-5.11).2° The LINA cohort demonstrated that pre-
natal smoking was associated with a decrease in cord blood Treg
numbers and an increase in atopic dermatitis risk (OR 2.012, 95%
CI 1.12-3.67).2” In a pooled analysis of 8 European birth cohorts,
prenatal smoking was associated with wheeze and asthma from
4 to 6 years of age (OR 1.39, 95% CI 1.08-1.77; and OR 1.65, 95% CI
1.18-2.31, respectively).? In addition, direct prenatal smoking was
associated with an increased risk of wheeze (OR 1.41 95% CI 0.99-
2.01) and “chestiness” (OR 1.46, 95% CI 1.03-2.01), whereas
secondhand smoke exposure in pregnancy of nonsmoking mothers
was associated with cough (OR 1.62, 95% CI 1.05-2.51).?° Further-
more, findings from the Kingston Allergy Birth Cohort (KABC)
suggested prenatal smoking was associated with parental report of
cough or wheeze without a cold by 2 years of age (hazard ratio 2.68,
95% CI 1.48-4.84, P=.001).2° These findings emphasize the influ-
ence smoking has on the risk of developing atopic disease. Therefore,
it is paramount mothers avoid smoking and secondhand smoke ex-
posure during pregnancy, particularly if their offspring have a higher
allergic or asthmatic risk from a family history of atopy.

Vitamin D has immuno-inflammatory modulating properties and
its potential role in asthma and allergy was discussed in a recent
review.>! To avoid overlap with that review, vitamin D is not dis-
cussed in depth here; however, the conflicting evidence on its role
in atopy development should be highlighted because vitamin D
status was associated with increased, decreased, or no risk of atopy.*!

Air pollution and particulate matter create oxidative stress and
airway inflammation, worsen respiratory symptoms, and de-
crease lung function.??> Prenatal exposures to volatile organic
compounds and/or particulate matter can increase childhood risk
of atopic dermatitis (incidence rate 1.55, 95% CI 0.99-2.44).* Ex-
posure to nitrogen dioxide during pregnancy has been associated
with DNA methylation patterns and alterations in expression of genes
involved in antioxidant defense pathways.>* In addition, increased
exposure to particulate matter during mid-gestation (16-25 weeks)
has been associated with an increased OR for asthma at 6 years in
boys compared with girls (P =.01).>> This observation could be at-
tributable to sex differences that occur in utero, because fetal
breathing and surfactant production occur later in boys compared
with girls.*® Recent findings from the EDEN study cohort (pre- and
postnatal determinants of the child’s development and health) sug-
gested for every 10-ug/m? increase in particulate matter 3 months
before and during the first, second, and third trimesters of preg-
nancy, percentages of cord blood Tregs decrease by 0.82% (P=.01),
0.71% (P=.04), 0.88% (P=.02), and 0.59% (P = .04) respectively.>® In
addition, early pregnancy exposure to air pollution has been asso-
ciated with lower cord blood IgE levels, whereas later exposures
have been shown to result in higher IgE levels.*? The presence of
critical windows of exposure to air pollution could be important
to determine disease risk.

Understanding the implications of the different prenatal expo-
sures that influence atopic risk is important because some exposures
can drive low atopic risk in children to a higher atopic risk. Having
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a detailed picture of maternal exposures during pregnancy is crucial
in determining an accurate disease risk at birth and therefore key
for suggesting and implementing preventative measures in early
life.

Effect of Postnatal Exposures

As with prenatal exposures, postnatal exposures influence al-
lergic disease development. These exposures have been evaluated
in many birth cohorts.

The health benefits of breastfeeding on a developing baby is
widely accepted by clinicians and scientists; however, its implica-
tions for atopy development remain controversial.’” Similar to what
has been seen with vitamin D, multiple studies have investigated
breastfeeding and allergic disease development, with some studies
showing a protective effect, some showing a damaging effect, and
others showing no effect.>”-** For example, a lower risk of atopic
dermatitis was observed for children who were exclusively breastfed
for 3 months (OR 0.58, 95% CI 0.41-0.20) but only in children who
were classified as having a high atopic risk.>® Similar findings were
observed for asthma, in which asthma risk was lower at 4 or 5 years
in children with high atopic risk who were breastfed for more than
3 months (relative risk 0.69, 95% CI 0.52-0.93).>° Each month of ex-
clusive breastfeeding was correlated with a lower asthma prevalence
in 2- to 6-year-old children and a decrease in risk of asthma of 17%
at 2 years, 12% at 3 years, 11% at 4 years, 12% at 5 years, and 9% at
6 years.?* Children who were never breastfed were reported to have
an increased risk of wheeze (OR 1.44, 95% CI 1.24-1.66), shortness
of breath (OR 1.26, 95% CI 1.07-1.48), dry cough (OR 1.25, 95% CI
1.08-1.44), and phlegm in lungs (OR 1.57, 95% CI 1.29-1.91) for the
first 4 years of life.*! These studies each highlight the potentially
preventative properties breastfeeding can have on allergy; however,
these were strongest in at-risk children and did not necessarily show
a preventative effect in children with lower or no atopic risk.>8-4°
It is important to note that although there are protective effects ob-
served with a decrease in asthma and atopic dermatitis risk, these
results can be confounded by disease-related exposure modifica-
tion through the decrease of early life infections, which individually
contribute to disease development.?” Moreover, potential adverse
effects have been reported with respect to food allergy.>”*%#? Chil-
dren who were breastfed were reported to have an increased relative
risk of food allergy to cow’s milk, peanut, and egg (relative risk 1.81,
95% CI 1.18-2.76).>° One study suggested breastfeeding was asso-
ciated with an increased risk of food sensitization (adjusted OR 2.43,
95% CI 1.03-5.74) but not food allergy (adjusted OR 0365, 95% CI
0.23-1.83).*? The increase in food sensitization risk could be due
to exclusive breastfeeding leading to the delay of solid food intro-
duction, including highly allergenic food, which independently has
been shown to play a role in food allergy development.* Ques-
tions of whether maternal dietary avoidance during lactation is
useful to prevent atopic disease have arisen; however, little to no
evidence suggests this is particularly effective.*® Therefore, it is
important for mothers to breastfeed if capable and eat a balanced
diet for their offspring’s health and their own health.

The introduction of food into a child’s diet and its timing have
been extensively studied given recent increases in food allergy
prevalence.”’ Preventing the introduction of potentially antigenic
foods was previously advised as a means of preventing sensitiza-
tion; however, several studies have suggested reconsidering this
notion.**47-51 Although not a birth cohort study per se, the Learn-
ing Early About Peanut Allergy (LEAP) study reported that in low-
and high-risk children, peanut consumption groups had a lower per-
centage of prevalence of peanut allergy compared with the peanut
avoidance group (P<.001 in low-risk group and P=.004 in high-
risk group).>® In high-risk children, the consumption of peanut
products was associated with a 70% relative decrease in peanut

allergy prevalence, stressing the importance of food introduction,
specifically peanuts, early in life as a preventative measure.> In ad-
dition, early egg introduction has been associated with a decrease
in risk of egg allergy (relative risk 0.56, 95% CI 0.36-0.87, P=.009).*
Importantly, a diet lacking diversity has been associated with an
increased risk of atopic eczema at 6 months (OR 1.38, 95% CI 0.96-
1.81, P=.03), wheeze at 12 months (OR 2.76, 95% CI 1.68-4.55,
P=.004), and allergic rhinitis at 12 months (OR 3.52, 95% CI 2.03-
6.11, P<.001).#® These studies and similar ones have generated
newfound knowledge of the preventative effects of early food in-
troduction, rather than avoidance, with respect to food allergy
development. This has recently influenced clinical guidelines.>? In
2015 an expert panel of 26 members gathered to develop an ad-
dendum to the “Guidelines for the Diagnosis and Management of
Food Allergy in the United States” published by the National Insti-
tute of Allergy and Infectious Diseases (NIAID), based on recent
evidence regarding food introduction and subsequent food allergy.>
It was published in 2017 and recommended specific IgE testing, skin
prick testing, oral food challenge (if necessary), and the introduc-
tion of peanuts at 4 to 6 months in high-risk children (severe eczema
and/or egg allergy), peanut introduction at 6 months in moderate-
risk children (mild to moderate eczema), and peanut introduction
at family preference in low-risk children (no eczema or food
allergy).>?

Indoor and outdoor air pollution has been linked to an in-
creased risk in childhood asthma and wheeze.>®=> In a recent
systematic review of birth cohorts, maternal smoking was associ-
ated with childhood wheeze at 2 years (OR 1.70, 95% CI 1.24-
2.35), 3 to 4 years (OR 1.65, 95% CI 1.20-2.68), and 5 to 18 years
(OR 1.18, 95% CI 0.99-1.4).>* Furthermore, secondhand smoke ex-
posure in early life was associated with an increased risk of asthma
(OR 1.23 95% CI 1.01-1.51), rhinitis (OR 1.18, 95% CI 1.01-1.39), and
eczema (OR 1.26, 95% CI 1.09-1.45).>> An increasing dose and re-
sponse has been observed for outdoor air pollution exposure in early
life and FOXP3 methylation in Tregs, with FOXP3 methylation as-
sociated with persistent childhood wheeze (OR 3.05, 95% CI 1.54-
6.05), early transient wheeze (OR 1.57, 95% CI 1.01-2.41), and asthma
(OR 2.12, 95% CI 1.14-3.85).°5 More recently described is that the
regular use of air fresheners has been associated with parental report
of childhood wheeze by 2 years of age (P=.04).>° This could be a
result of phthalate exposure, because many scented products contain
these chemicals.>*>” Phthalates are proposed to play a role in atopy
development, and recent findings from a birth cohort of 483 mother-
child pairs reported correlations among urine phthalate levels, serum
IgE levels, and development of atopic dermatitis at 2 years.”® Al-
though these findings do not indicate causality, they suggest early
life exposure to phthalates can increase a child’s risk of allergy and
asthma.

Understanding the potentially protective or harmful postnatal
exposures that influence childhood atopy development is impor-
tant for clinicians. Continued research on these exposures will build
the knowledge for clinical policy makers to make informed deci-
sions based on strong evidence to develop guidelines, similarly to
the NIAID guidelines discussed earlier.

Current Birth Cohorts

The exposures and risk factors discussed in this review are only
some of the many factors investigated in atopy-based birth cohorts.
These cohorts gather information on exposures throughout early
life, often in large scale with a diverse population. This model type
is superior to previous epidemiologic study designs (ie, retrospec-
tive cohorts), limiting reverse causation by studying early exposures
at several different time points prospectively.>® However, there are
limitations because birth cohorts take time to establish and recruit
participants, and are expensive. Following participants is crucial to
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Table 2

Current Allergy and Asthma-based Birth Cohort Studies

Birth cohort Name of cohort Country Children, N

ACROSSOLAR Atopic Childhood Disease Risk Factors in the Second Generation of the SOLAR Participants®' Germany 800 expected (currently
in recruitment)

CHILD Canadian Healthy Infant Longitudinal Development®? Canada 3,542

COPSAC Copenhagen Prospective Studies on Asthma in Childhood®? Denmark 700

LINA Lifestyle and Environmental Factors and Their Influence on Newborns Allergy Risk Cohort!? Germany 629

KABC Kingston Allergy Birth Cohort*° Canada 560

URECA Urban Environment and Childhood Asthma®* USA 560

gather data, and low retention rates can challenge several re-
searcher groups. Furthermore, classifying exposures that occur during
prenatal and postnatal periods is difficult because some expo-
sures often occur in these 2 periods, such as air pollution. It also
is important to be aware of bias, because people who participate
in cohort studies might be different than the general population.
In addition, when data are self-reported, researchers need to be cau-
tious of over- and under-reporting of exposures and outcomes in
their studies. Confounding variables can be present in these studies
and need to be accounted for, although they can be easily missed.>®
Conflicting data and difficulty of reproducing findings between
cohorts are common and can be due to a combination of the limi-
tations identified earlier. One way of potentially limiting this issue
is using exposome-based analysis, a technique that models the in-
fluence and interconnectedness of several exposures and outcomes
and measures correlations.®® This type of modeling can control for
several confounding variables to study their influence on disease
development and has been used recently in a birth cohort in
Canada.*®

Conclusion

This review article has discussed the use of birth cohorts and
biomarkers as a means to study allergic disease development. Cli-
nicians should understand the multiple factors that contribute to
atopic disease development prenatally, at birth, and in early life and
use this knowledge to create a “risk profile” when determining
disease risk and suggesting preventative measures. With many birth
cohorts currently underway, we can expect only a deeper pool of
knowledge on the relations and interplay among these exposures,
risk factors, and disease development in children. Clinicians can learn
much from staying up to date with recent findings from these
cohorts'%3061-64 (Table 2), because these results could provide val-
uable information to develop guidelines aimed to prevent, reverse,
or slow the onset of atopic disorders.
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