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Abstract

Background: Allergic diseases affect about 30% to 35% of all children, and the frequency of
these diseases has been increasing in recent years. Growing epidemiological data suggests
interactions exist between infant neurodevelopment and inflory immune diseases,

including food sensitization and allergies. In this study, we aim to characterize and determine
how atopic disease in both the infant and the mother shape infant neurodevelopment, as well as

explore factors that play a role in thedationship.

Research Aims:

Research Aim |- | will investigate the association of allergic sensitization-year old infants,

especially food sensitization, in relation to the Bayley's scale of neurodevelopment.

Research Aim Il - | will test the assoation between maternal prenatal atopy status and infant

neurodevelopment.

Research Aim Il - | will determine the mediating role of the gut microbiome and metabolome
(shortchain fatty acids and amino acids metabolites) in the pathway between materical atop

disease and infant neurodevelopmental scores.

Methods:

As assessed by the Bayleybés neurodevel opment a
analysis will be performed to determine the association between Infantatachal allergic

sensitization and infant neurodevelopment. Using 16S rDNA sequencing and NMR methods to
profile gut microbe and metabolite abundance at 1 year, mediating tests on infant gut microbial

and metabolite abundance will be conducted to determirether certain metabolites or infant



gut microbiome is in the pathway between prenatal maternal atopic status and infant

neurodevelopment.

Results:

Result for Research Aim I- In the current study, AS was present among 16.4% of infants,

while 13.4% hadrS. Both atopic and food sensitization at 1 year of age were associated with
statistically significantly lower soci# mot i onal scores at that age,
ethnicity. These findings were sepecific and only observed among boys, amwhgm social

emotional scores were lowered by 5 points if AS was prese22([95%CI:-9.96,-0.47] p =

0.03) or if FS was presen#(85 [95%CI:-9.82, 0.11], p=0.06).

Result for Research Aim Il & Ill T Combined atopic conditions is present among 66.67%
mothers and 22.39% live with maternal asthma. Combined maternal atopy is associated with
decrease in cognitive and motor scores at 2 years of age among male infants; and with increased
cognitive scores at 2 years of age among female infants. In particognitive scores are

lowered by 3.87 points3.87 [95%Cl:-8.28, 0.54], p = 0.09) and motor scores are lowered by 3
points ¢3.00 [95%CI:-6.28,0.27], p = 0.072). Female infants whose mothers have combined
maternal atopy experience an increase d $dints in cognitive scores (4.12 [95%€0:85,

9.08), p = 0.10). Infants born from Moms of Asian ethnicity experience the greatest decrease in
infant neurodevelopmental scores (Table 3.5). On the other hand, maternal asthma decreases
socicemotional scres at 2 years among all infant8.70 [95%CI:-8.05, 0.64], p = 0.094). Sex
stratification demonstrate an increase in male infant language scores at 1 year (6.56, [95%CI:
1.76, 11.37], p = 0.008) and a decrease in male soomtional scores at 2 years.60 [95%Cl:
-14.07, 0.88], p = 0.08). In the mediation analysis, creatinine mediates the association between

maternal asthma and infant cognitive scores at 2 years, specifically of female infants with White



Caucasian mothers. Furthermore, when sequengdiation was performed with prenatal
depression as mediator 1 and infant gut microbiome as mediator 2 in the pathway between
maternal atopic status and child neurodevelopment, this resulted in no statistically significant

mediating effect.

Conclusion:

Allergic symptomatology may adversely affect neurodevelopment because of the related clinical
manifestations and necessary treatments. Creating a pathway from food sensitization to infant
neurodevelopment through the gut microbiome will fill the existingladge gap in

understanding the interaction between neurological and immunological development.
Interventions in preventing atopic disease associated with impaired neurodevelopment are
valuable to clinicians, mothers, and their families, as they helpasengositive maternal and

neonatal health outcomes and overall quality of life



Preface

This thesis is an original work by Nicole Anne Marie Rodriguez. The thesis was written in
accordancevith the guidelines set by the Faculty of Graduate Studies and Research at the

University of Alberta. This thesis is subdividedo 3 separate sections:

Chapter 1: consists of a literature review that is followed by an outline of the overall purpose,

objectives, hypotheses, and sample size calculation for the studies.

Chapter 2: presents the first research study on the association between infant atopic and food
sensitization and neurodevelopmerttis chaptethas been accepted for publication in Frontiers

in PediatricsPediatric Neurology, under the topic of Allergic Diseases and Neurodevelopment.

Chapter 3: presents the second research study on maternal atopic status and infant
neurodevelopment. The potential mediating role of infant gut metabolites and goit

microbiome on this pathway will be explored.

Chapter 4: presentdinal discussion and concluding remarks on the two studies, as well as

outlines the bias assessment and summary of significance and future research directions.
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CHAPTER 1: Introduction

Chapter 1 provides a literature review on the association between (i) infant atopic and food
sensitization and neurodevelopment and between (ii) mamyndlined atopy and infant
neurodevelopment. First, the chapter explores established research on factors that influence
infant atopy and food sensitization, including-sgecific patterns in sensitization risk. Second,

the chapter covers factors that shagfant neurodevelopment, with a focus on the connection
between infant and maternal atopic disease. Third, the chapter describes the potential mediating
role of the infant gut microbiome with sensitization, immunity, and neurodevelopment. The final

sectio of this chapter outlines the research question, hypothesis, and sample size calculation.

1.1Infant Atopy and Food Sensitization
1.1.1Defining atopy and food sensitization
Food and atopic sensitizations are known to be multifactorial diseases that are shaped by

complex interactions of a childbds geographic,
sensitization is a first and strong indicator of immune deviatiorisadefined as the presence of
IgE antibodies against certain food$%3 This immunemediated process is more specifically
referred to as a classic Type 1 hypersensitivity response which develops over time when repeated
exposure to a food antigen actes allergerspecific T cells in susceptible infants. When T
helper (TH2) activity is enhanced, it leads to the recruitment of eosinophils, basophils, and
allergens peci fic I gE (sl gE). T cel |l s-speaifiolghi de O hel g
(immunoglobulin E), which then primes mast cells to degranulate on subsequent exposure to the
allergen, releasing histamine and other inflammatory mediators (6). Furthermore, the induction

and maintenance of FS and atopy is due in part by secretion of cegttdimes (e.g. I1L4, IL-



13, IL-5) that comes with the upregulation of Th2 responses (7).

Additionally, FS, determined by skin prick testing or serum IgE levels to the allergen,
affects up to 28% of preschool children in the U.S. (4). The resultantigliated immune
response to the allergen initiates the inflammatory process resulting in food hypersensitivity or
sensitization (6). If the food allergen is blocked by serum or intestinal immunoglobulins (such as

IgA), the immune response will be diminigshand tolerance to the allergen will occur.

1.1.2Rising atopic and food sensitizatiaates

The prevalence of allergic diseases has reached approximately 20% globally and
has been particularly widespread amongst children(8). Recent amelysisthat about
30 percent to 35 percent of all children suffer from allergic diseases, and the frequency
of these illnesses has been risimgecentyears(9). TheU.S.in particularhasseera50%
increasen foodallergyfrom 1997 to 2011, resultingnian overall 8% prevalence of food

allergy among U.S. childrgi0).

1.1.3Factors that lead to infant atopic and foogknsitization

Research points to a common temporal order of allergic diseases among children
also knownasthefi a t on@ ir awhiah follows the following order: atopicdermatitis
(AD), andfood allergyin infancyto later on allergic asthma(AA) andallergic rhinitis
(AR) in childhood (11,12). Globally,the topmostcommonfood items that trigger
sensitizatiorarec o wnilk andeggs,while peanuts are more common triggers in the
North America (1). Whil e c ofoddsllergasuskally eggs, an

subsideby age2 to 10 yearsold, infant sensitizatiorto peanuis the most likely to persist



into later childhood andrdo proceed to food allerdg3i 15).

It is important to note that sensitization does not always lead to clinically
significant and symptomatadlergicresponseHoweverwhensensitizatiomoesdevelop
toallergy,it canbelife threatening andould lead to stress and low quality of life among

children and theicaregivers.

1.1.4Infant sex differences in sensitizatiornsks

Currently, there is no definite consensus in the scientific community regarding the
infl uence of asexadnthé developinent df flooa bna/griatopé lsensitization
(16).However severabbservationtavebeendocumentedhcludingapatternof higher
frequency ofoodsensitizatiorandallergyamongmaleinfants(higherlgE levelswerereported)
thanfemales (16). These associations appear to be reversed later in adudt yeitinfemales
having higher FS than males). For example, a Norwegian study reported that sex differences in
severe allergic reactions to food were only observable during thesadontee and adulthood
periods but not at 2 yeawsage(17).Startingadolescencéemalesexperience@0%more
allergicreactionsompared tonales Otherresearcherarguethatthedifferencemightnotbeso
muchattributableo biological sex but t@ender, which appears to be a better predictor of
differential coping or management strategies for dealing with allergic diseases among males and
(171 19). The exact mechanism of wthesedifferenceds observeds notclear.However,some
studiessuggesthepotentialimpact of factors including differential immune system processing,
influence of sex hormones on antigen receptors, variations in microbiome composition, and other
mediatorg19i 21).

Although the findings regarding the association of sex aligrgic outcomes is



not clear, there still is an agreement that future prospective studies need to investigate
and clarify the influencesf sexandgendedifference Making this distinctionis critical

to providepersonalized diagnosisianagement and treatment of food alleftfy,19).

1.1.5. Impact of food sensitization on infant development

The harmful impact of childhood food allergy on quality of life of children and
their families has been well researchedi @P. Food sensitizatio poses a significant
economic and quality of life burden to children and their families (25). For example, a
U.S. prospective study examined pareagorted healthelated quality of life (HRQoL)
scores of children-Q2 years. Results of the study revedleat reduced HROQoL scores
are associated with older childre&specially those with multiple and severe food allergies
(25). These findings are consistent with a Swedisidly that assessedverall health
relatedquality of life of children6-12 yearsand revealed that multiple food allergies,

severe symptoms, and older children have worse HRQoL outcomes (23).

Additionally, the financial burden brought by food allergies to children and their
families is becoming more pronounced. For example, a Canadiassectional study
of families examinedthe impact of childhood food allergy on household costs
(22).Comparedo families with no food-allergic children, families with food-allergic
childrenincur a 20%increasen total annual direct costs which largely influenced by
food cost422).

Therefore, since food allergy contributes substantial financial stress and impaired
quality of life, research efforts to better understand how to meet the needs of vulnerable

and highrisk children and their familiesiust be taken into account.



1.2 Infant Neurodevelopment

1.21The Awindow of opport undevelgpmennf t he early in
Thei n f dimstyearsflife isknownasthefi wi naf@ pvp o r tbecauséisy 0O

aperiod ofdevelopmentvhenthe brainis mostvulnerableto all kindsof pre andpost

natalfactors(26).1 t 1 s wel | known that an infantds brai

and is easily influenced early disruptions (26). Prenatal factors including antibiotic use,

infections, envirament, dietary habits, and mode of delivery are strong predictors of

maternal health status, fetal development, and can shape the infant microbiome and

cognitive development from birth up to 3 yeéig,28)

Findings from other systemic reviews also pamthe effectiveness of certain
interventions for infants born higisk for cognitive impairments. One systematic
review points to the overall effectiveness of multisensory stimulation (e.g. soft lullabies,
gentle rocking and massage) in improving infaturomuscular and neurological
development (29).

On the other hand, because most data on infant neurodevelopment are gathered
from parentakelf-reports,studiesstill recommendhdditionalmeasureshatwill verify

thereliability of parentreported data (30, 31). However, several studies have supported

™S

the reliability of parentr e port ed eval uations of their chil d
example, parent subjective assessmeittseiri n f attentibnandregulatoryabilities
matchexpectedbjectivemeasures of cortical rhythms of their child (32). Therefore, it

i s possible that patterns of brain activity m

development, suggesting that data from parent evaluations provide usefahsemary



information regarding bratbehavior relations among infants.
Thus, understanding how easily malleable the infant brain is to early interventions and
pre and postnat al el ements is critical to st
cognitive trajectories need to be addressed early on to prevent both mental and
behavioral disorders in the future.
1.2.2Infant neurodevelopmentisk factors

Neurodevelopmental disorders affect intellectual and psychosocial abilities of the child
and harmful cosequences may persist till later years in Kisk factors that lead to
neurodevelopmental disabilities are complex, multifaceted, and are often themselves associated
with each othe(1). Therefore, identifyindiological and environmental factors that put infants
athigh risk is a critical priority in health research as early timing of interventions are known to
improve outcomes of children affected by N3 Risk factors associated with maternal milieu,
including maternal diet, infection, stress, and maternal history of immune and psychiatric

disorders are proposed to have influences with infant brain development, starting in utero.

Infant in utero environmerit maternal immune conditions, matermidt, and maternal stress

The blood brain barrigiBBB), a dynamic and semipermeable structure, restricts
components from the circulating blood from crossing over to the extracellular space of the
central nervous system (CN&). However, since the BBB is still in its early developing stages
in the fetus,tiis more permeable and thus, certain antibodies are able to breach this protective
barrier.Specifically, maternatierived brairreactive antibodies are hypothesized to cresst
with CNS antigens after breaching the fetal BBB. Research supports tingirwvwath impaired
B-cell tolerancedue to autoimmune diseatsnd to produce these antibodies and their infants are

more likely to have ASD and be positive for bragactive antibodieg3)Animal studies



demonstrate that when the bra@active antibodis of mothers whose offspring live with autism
were injected into pregnant mice, neurodevelopmental impairments were observed including
decreased motor skillseduced exploration, and altered cerebellar metab{ije& population
based caseontrol study from the U.Saroduced results consistent with the animal study,
whereinmid-gestation antibodies of mothers whose children with ASD had higher reattdivity

humanfetal brain proteia compared to the general populatoamtrol group(5).

Anothermaternal factor suggested to have programming effects on the developing fetal
brain is maternal diet and early nutritidgftor example, raternal lowprotein diet was not only
associated with impaired offspring growth and m#itian, it also disrupted expression of
dopamine systems in the brain and a several dopaseipendent pathways responsible for

rewardrelated behavior,6).

Other maternal elements that contribute to fetal programming include maternal
psychological stress and psychiatric disorders during the pregnancy period. When a mother
engages in smoking and/or substance abuse during pregitareylts to altered gene
expression of certain fetal brain regulatory genes important for brain growth, myelination, and
neuronal migratio® all leading toaltered brain structure and functidvloreover, maternal
anxiety during the pregnancy perimatreases exposure of the infamtmaternal stress hormones
such as cortisol, which can compromise brain regions involved in decision making, emotional

regulation, and social behavi@f).

These findings lend support that adverssgernal factorbave the potential to alter brain
development of their infania uterg that may heighten the risk of the child developing

neurodevelopmental disorders.



Insecure Attachment Styles and Low Income Households

The World Health Organization (WHO) warns thabre than 200 million children under
the age of five are not fulfilling their developmental potential due to exposure to adverse risk
factors including poverty, malnutrition, and unsafe home environni@ntEhere are five
critical components of nurturing care that may offset harmful effects of social disadvantage on
neurodevelopmengood health, adequate nutrition, safety and security, responsive caregiving,
and opportunities for learnin@). Healthy fomation of parental and/or cagéver bonds and
secure attachments i mprove an infantds capaci
safe and secure relationships, and the development of posithastadim in later lifeChildren
who experienceeglect and lack of consistent parental figures (for example, children placed in
numeroudoster care homgsre more likely to experience seHfgulation difficulties and thus

are at greater risk of developing addiction and other mental health.illness

Low financial resources may also affect children by limiting their access to adequate
health and nutrition as well as increase their exposure to familial interpersonal kt6¥ses
Disruptions in household relationships stemming from arguments orci@hahallenges are
linked to negative parenting behaviors including greater hostility, irritability, rejection, and
explosive disciplinary actions. As a result, children in these households face greater

socioemotional difficulties, impairing healthy nedevelopment.

Infant Preterm Birth

There is sufficient research evidence that present the dangers of preterm birth to infant
neurological outcomes through complex causal pathways including hypoxia/ischemia, infection,

and inflammation ofetal membrane structurésl). Among the consequees of early birth



include risk of brain injury, including white matter damage, intraventricular hemorrhage, and
cortical and deep gray matter dam#f®). Furthermore, préerm birth affects the timing of
neurobiological processes including synapse &iom, dendrite formation, and neuronal
migration and differentiatio(iL3). One of the consequences of premature birth is also low birth
weight and a metanalysis revealed that low birth weight infants exhibit the strongest
associations with inattentiphyperactivity, internalizing problems in childhood and adolescence
and higher risks of mental health problems in adult y&nge a significant portion of brain
development occurs around the last 6 weeks of gestation, missing this critical periade&an h

significant consequences for the preterm in{ady.

Atopic and food sensitizatiaas risk factoron early brain development

Atopy and impaired neurodevelopment have immune dysregulation and
inflammation in common, and share many fa&tors, for example, maternal history of
atopic disease (33)\ccumulating epidemiologic evidence further supports a connection
bet ween the infantds I mmune system and neur od:
of schooichildren revealed that peanut sgivity or allergic rhinitis in 6year olds
predicted symptoms of attenti@leficit hyperactivity disorder (ADHD) at 12 years of
age(34). A temporal association between atopic disease and neurodevelopment has also
been demonstrated in very young childreith a family history of atopy whereby
infants with any atopic disease (eczema or food allergy) at 12 months exhibited lower
motor scores on the Bayley Scales of Infant Toddler Development at 18 months (35).
Among infants with diagnosed food allergy ati@nths, lower sociaémotional scores

were reported at 18 months (35).



Parentalatopic sensitization statwss a risk factor for infant atopy and neurodevelopment
Parental histories of food sensitization and other allergic diseases are tkriaflurence
theallergicoutcome®f theirchildren(36i 39). Somestudiessuggesthatinfant sensitizatiormay
even begin as early as prenatal and or initial postnatal periods (3B)4Researchhas
demonstratedhat high levels of maternaland cord blood inflammatory markersare linked to
increased offspring risk of eczema, wheezing, and lower respiratory tract infections @&&), 44,
Among the various maternal and paternal influences, maternal allergy/asthma emerged as
having the mosassociations with the development of allergies in offspring @dditionally, it
is the motherdéds history of asthma and not the
childhoodasthm&2,46 48). Thus,thisassociationmpliesthatapartfrom geretics,otherin utero
motherchild system interactions may explain why maternal allergen exposure is a large
contributor to t he cHoiekathgle in llumdanand gnouse studies,c 0 me s
allergic moms tend to transfer immune responses to dffspring via placenta and breastmilk
whichthenshapesheinfantimmuneresponséo certainallergeng50). A combinationof genetic
and environmental maternal factors regulate the induction of tolerance and allergy responses in
infants,mainly throughimmuneT cell response&0). However theexactmechanismshatoccur
in the maternathild interface including allergen exposuhéringbreastfeeding and how they
shape future disease susceptibility of the infant is still largely unknown. Furtlestigations
are needed to better understand the role of maternal factors on offspring food allergy (50).
Recently, maternal immune activati{iMIA) or excessive maternal immune response
during pregnancig suspectetb beattenuatedy microgliawhichareimmunecellsin thecentral
nervous system that influence neurodevelopment and brain dis@dés2). Findings of an

Australian study revealed that children ages 5, 8, 10, 14, and 17, who are born from mothers with
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asthma, allergy, atopy andzeena scored higher in having behavioral/emotional problems (52).
Increased behavioral and emotional problems occurred especially in children with more than one
allergy exposure and/or those whose mothers have an infection condition (52). Interestingly, the
found that females scored higher in internalizing scales from maternal infection, whereas males
showed equal increase in scores in both internalizing and externalizing pr¢d&ms
Infant gut microbiome and immune system interactions shape neurabplensit

Previous studies support that the microbio
andregulationis a hypothesizeanechanisnior its associatiomwith neurodevelopmentalisorders
0 awell-documentednebeingautismspectrundisorderdASDs),whichis linked with immune
dysfunction (80,81) Further support on the influence of the gut microbiome in infant brain
developmenpresente@nassociatiometweerdifferentialmicrobiomecompositiorandcognition
scores of typically developing infants up to 2 years of @@ Consistent with these findings
infant gut microbiome composition was also related to neurodevelopmental outcomes in
communication, personal and social, and fine motor skills wasdfan children at age 3 years
(83). Furthermore, recent research strengthened the support for the association of infant gut
microbiomeandearlybraindevelopmenby revealingstrong,sexspecificfindingsonthepositive
associatiometweerBacteroidetedbundancen lateinfancyandchangan cognitiveandlanguage
performance from 1 to 2 yea(i&4).

In addition to the weldocumented associations of the infant gut microbiome to atupy
food sensitization, infant bacterial composition was also determined as a key factor in infant
neurodevel opment . Speci fically, previous st ucf
immune system development and regulation is a hypothesized msaoHaniits association with

neurodevelopmental disordefs a welkdocumented one being autism spectrum disorders
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(ASDs), which is linked with immune dysfuncti¢80,81)

1.3Infant Gut Microbiota

131l nfant gut microbi omedodsensidaton i n i nf ant at oj
Association between infant gut microbial diversity and composition with atopic and food
sensitization
The expanding rates of immunoglobulinriediated food allergy (IgEA) has made it a
global public health concern (53)erturbations to the infant gut microbiome also known as

Ady s bi os iFA Bothhavalimnugekysregulation as a common denominator (53).

Findings of a study regarding the association between infant gut bacterial composition
and food related atopy atge 3 5 revealed less diverse gut microbiome composition in children
with IgE- FA compared with children without IgEA (53).In particular, children with IGEA in
milk and peanuts showed the least diverse microbiome and specifically in the orders

Lactobadiales, Bacteroidales, and Clostridiales (53).

Increasing evidence implicates the infant gastrointestinal microbiota as a critical player in
the development of diseases in children, including atopic conditions such as asthma and
allergies. Previous literate support that interactions between infant diet and commensal
mi crobiota may shape food allergy and consequ
tolerance (54,55). Additionally, different compositions of the neonatal human gut microbiota
were showrto predict varying risks of childhood atopy (50). Literature also suggests that distinct
types of food sensitization may exhibit differential infant gut microbial profiles (55). For

example, infants allergic to peanuts have higher levels of Bacteroidels,at hos e wi t h ¢ o0\
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allergy (CMA) have higher levels of anaerobic bacteria Ruminococcaceae and Lachnospiraceae
(561 58). Furthermore, a recent study demonstrated that temporal changes in the ecologic
composition of gut microbiota during infancy is agated with food sensitization (59). In

particular, persistently low gut Bacteroidetes abundance throughout the infancy period was

associated with a-®ld risk of sensitization to food allergens, specifically to peanuts (59).

Infantgutmi cr obi omedés medi ating role in-FAhe associ
Research suggests that gut -Fathreughatbrelsin modi f y

the immune pathways (53). For example, breastfeeding supplies the child with secretory

immunaglobulian A (sigA) which can then bind to harmful microbial antigen$§8) Other

breastmilk components including oligosaccharides promote the growth of beneficial bacteria

including Bifidobacterium and Lactobacillus which induce the production of ayskihat are

key to preventing immune dysregulation. Furthermore, gut bacteria produce essential short chain

fatty acids (SCFA) which contribute to strengthen the intestinal barrier @edl Binctions and

thus minimizes potential inflammation. Therefas@ce the gut microbiota plays a critical role in

regulating the immune response and thus prevenERgHts role as a mediator in preventing

IgE- FA via the immune control merits further research.
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Differential gut bacterial composition akey factor to infant neurodevelopment

Further support on the influence of the gut microbiome in infant brain development were
presented by Carlson et. al (2018), wherein differential microbiome composition was related to
cognition scores of typically deMping infants up to 2 years of age. Consistent with these
findings, an association was found between infant gut microbiome composition and
neurodevelopmental outcomes in communication, personal and social, and fine motor skills was
found in children at ag 3 years (83). Furthermore, sgpecific findings were linked to the
positive association between Bacteroidetes abundance in late infancy and change in cognitive

and language performance from 1 to 2 years (84).

1.32 Potential mediating effect of the infat GM in the pathway of infant atopic and food

sensitization and the infant braidevelopment

Atopy and impaired neurodevelopment have immune dysregulation and
inflammation in common, and share many risk factors, for example, maternal history of
atopic digase33).

Accumulating epidemiologic evidence further supports a connection between
the infantds | mmune system and neurodevel opm
schootchildren revealed that peanut sensitivity or allergic rhinitis igeér olds
prediced symptoms of attentiedeficit hyperactivity disorder (ADHD) at 12 years of
age(34). A temporal association between atopic disease and neurodevelopment has also
been demonstrated in very young children with a family history of atopy whereby infants
with any atopic disease (eczema or food allergy) at 12 months exhibited lower motor
scores on the Bayley Scales of Infant Toddler Development at 18 n{86)hsmong

infants with diagnosed food allergy at 12 months, lower s@radtional scores were
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reportedat 18 months.

While the influence of infant atopy and food sensitization on their
corresponding neurodevelopment is well recognised, it is still not well understood.
Furthermore infant gut microbial colonization and exposure has been known to play a
critical role in both infant atopy and food sensitization and infant brain development,
however gaps in research exist in determining whether and in what ways the infant
microbiome plays a mediating role in the pathway between infant sensitization and
neurodevepment.

1.4 Potential covariates affecting infant sensitization status, infant neurodevelopmeraind
the infant gut microbiota

1.41 Maternal characteristics

Prenatal diet (fruit intake)

There is strong support for the influence of matenpanatal diet on the
sensitization risk of their offspring (887). However no clear consensus currently exists
specifically for the exact effect of prenatal fruit intake. For example, a study suggested
that hgher maternal consumption gfeenandyellow vegetablescitrus fruit, and b-
caroteneduring pregnancywas associatedvith lower occurrence of eczema in the
offspring (88). Additionally, higher maternal vitamin E intake during pregnancy was
inversely associated with risk of infantile wheg@8). However, contrary to these
findings, other researchers argust food items high in advanced glycosylated end

products including fruit juice are associated with increased risk of alltisgiasé89).

Lastly, contrary to both of these findings which found a significant efbéogr studies

did not findotherdietaryexposurescludingprebioticsupplementsnaternahllergenic
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foodavoidance, and vitamin, mineral, fruit, and vegetable intake to $yrarftuence
risk of allergic or autoimmum disease (90,91). One particular study however, found
that probiotic and fistoil supplementation during later pregnancy and lactation is
associated with lower risk of eczema or allergic sensitisation to foodgdehildhood
(91).

Overall, prenatal diet is still a factor of interest for our study because although
research appears to be conflicting, all of the studies still support that components of

prenatal diet play a role in sensitization of the infant.

Prenatl smoking
Mat er nal smoking is known t ocutelbamdm a <chi | d¢
during the postnatal period (©24). An early study states that exposure to prenatal
smoking significantly increases allergspecific immunoglobulins IgE and IgD in
newborn infants even if they were born to parents without any allergic histories (95). In
particular, infants of nollergic parents who were exposed to prenatal smoking had
three times higher levels of cord IgE and four times higher risk of developpyg at
before 18 months of age compared to infants born to moms who did not smoke (95). In
support to these findings, second hand smoke exposure during infancy increases food

sensitization and eczema risk up to 16 years of age (96).

Prenatal depression

Premt al psychosocial stress is a contributirt
having developmental delays, dysregulated immune responses, and psychopathology in

later life (971 100). For example, prenatal stress is associated with higher levels of
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inflammatory biomarkers including-reativeproteinandlIL -6 thatappeargo persistin
adulthood(98,101 103). In support ofthesefindings, researcherpresentedhe first
humanstudyto showanindependenassociation between prenatal depressionl@amer

infant gut immunity (104,105)Specifically, mothers experiencing depression during

pregnancy tend to have | ower sigA concentrat:.
i mmune system (104). Since the an infantbs e
mot her 6s breast mil k, | ow si gA concentrations

are subsequently observed among infants born from mothers living with depression. It is
also Iimportant to note that | ow sinppe harms gut

susceptibleéo harmful C-difficile infectionanddevelopmenof atopicdiseas€104,105).

Breastfeeding duration

The push for longer breastfeeding duration by the clinicians and the scientific
community is grounded iwell-established data regarding the abundant nutrients and
protective benefits it confers to the child (106). From obesity prevention, immune
protection, allergy protection, and promotion of a healthy gut microbiome, it is well
established that breastferdj especially prolongebreastfeedinglurationhaslasting

beneficialeffectsfor bothmotherandchild (93,107).

1.4.2Infant characteristics
Infant introduction to solid food

The i n f apertoddaf complementaryfeeding (6i 24 months of age) is a
demandingeriod of infant nutrition due to high requirements for metabolic processes,

rapid developmental processes, and limited gastric capacity (108). In addition, high
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caloric intake is necessary during this period to facilitate healthy brain develbpme
which includes wiring of neurons for communication, maintenance of synapses, and
myelination to name few.

Aside from its importantrole in infant brain developmentthe introductionto
diversekinds of solid food, most especially those known tdgibe | | er geni co0 reduces
risk of allergic sensitizatior{109). Severalrandomizedcontrolled trials (RCTSs) of
introductionto allergenicsolid foods found that early introduction, usually from age 4 to
6 months, reduced the risk of food sensitizateomd allergic disease.A recent
comprehensivesystematicreview and me t analysisof randomized controlled trials
(RCTSs) presented that early introduction of egg at 4 to 6 months of infant age reduced
egg allergy by 46% (110). Additionallyptroduction of peanut reduced peanut allergy

by 71% (110).

Siblings
Previousresearclsupportghatthe presencef oldersiblingsmay contributeto a
decreased risk of food allergya p henomenon also termed the #fis
coined byGolding and Peters their British Birth survey,thefi s i bd fi fnegast o
observedvhentherisk for eczemand hay fever decreased in infants with higher sibling
count (111). Moreover older siblings were associated with a lower risk of developing
food alergy (112,113). Researchers suggest that the protective effect of siblingship might
be due to exposure to microbial stimulation from close comtdbtsiblingsduringthe
early life years(111). Others speculatethat exposureto infections throughsibling
interaction may prevent allergi€kl1,114).

A possible explanation for the protective association of the presence of older
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siblings is because of increased exposure to microbial stimulation in early childhood
resulting from close contaetith siblings.In addition,severaktudieshaveproposedhat
exposureo certaininfections may protect against allergies (115,108)the other hand,
other findings supporthis by showing that having older sibling/s improves social
communication in children wth autism spectrum disorders (ASD) which may be due to

increase opportunities of having social interactions with their siblings (117).

Birth mode

Birth mode is known to be a critical player in the developmentof atopic
sensitization(118). Forinstance, research from a Finnish child population report that
cumulative incidences of atopic sensitization were highest among those born by assisted
vaginal delivery or €section (118). However, neonates born via electigeation have
the highest incidnce of food allergy among infants of mothers without atopic diseases.
This finding is further supported by research that demonstrated an increased risk of
asthma medication in infants born by emergenegection (119).

Furthermore, birth mode has als@halistinguished as an important determinant
in shapingthe infant gut microbiotaduringinfancy (7). Delivery via c-sectionstrongly
influencesthe infant gut by decreasing colonization rates of Bacteroides and increasing
the prevalence aflostridiauntil severmonthgpostpartumConsistentith thesedindings,
infantsborn via c- section delivery also showed impaired Bacteroidetes colonization,
lower microbial diversity, and a compromised immune resp(irize).
With regards toneurodevelopment, birthmode is associated with differences in
neurodevelopmental effects but only in early infant life (121,122). Further research is

needed to determinikeextentof birthmode'sonsequencaminfantbraindevelopment
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in theadultyears

Infant sex

Infant sex and neurodevelopmerdaorders

There is currently an observed pattern of males having a higher risk for
neurodevelopmental disorders compared to females (123,124). In particular, males
appear to be uj four timesathighersusceptibilityto impairedbraindevelopmentvhich
includesintellectual disability, autism spectrum disorder (autism) and attention deficit
hyperactivity disorde(ADHD) (123). The exact causes of these discrepancies are
currently being investigate but previous research points to variations in genetics,
hormones and their interaction with other risk factors including stress and lead exposure
(123,124). For example, a study demonstrated that a certain gratesferaserucialin
brain functioning and metabolismis higherin femalesthan malesdue to the extra X
chromosome found in females. Other studies report lead exposure measured via maternal
blood samples is associated with ADHD risk for male children but not in females (125).
Howe\er,thisassociatiois laterreversediuringearlyadolescencayherefemalesappear

to have higher diagnosis of ADH{1.26).

Infant sex and atopic and foeeénsitization

Researchers have argued for further investigation regarding the roles of sex and
gender differences in allergy studies to provide personalized diagnosis, management
and treatment of food allergy (19). Differences in food and allergic prevalence between
males and females are wdticumenteavith ahighernumberof malechildrensuffering

from generalatopic symptoms, includingasthma,food allergies,and skin reactions
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againstmultiple allergeng127).However,a reversal of this trend occurs in adulthood
with more females experiencing food intolerance fad hypersensitivities compared
to men (19). Several causal pathwhgsebeen suggested to explain the gender gap in
food allergy including hormonal influences on immune cells, gespecific influence

of the gut microbiome on food allergy, effect of prelzi®tand potential gender effects
on approaching food allergy (19).

1.5 Research Question antlypothesis

1.5.1The Canadian Healthy Infant Longitudinal Development (CHILD) Cohort Study

Datasets for both research study one and research study twdesigesl from e
Canadian Healthy Infant Longitudinal Development (CHILD) Study which is a national,
prospective longitudinal birth cohort that recruited pregnant women from the general population
from 4 cities across Cana(kb). The cohort was develep to address research priorities in
uncovering genenvironment interactions during pregnancy and early childhood and to provide
a platform to study factors that alter risk of subsequent allergy and asthma development in
children.The cohort consists ofalthy, fullterm infants and the mothehild pairs are followed
which allows us to explore infant neurodevelopmental outcomes throughBitieparental and
infant assessments were collected from pregnancy up to five years of infaQuaggonnaires
include environmental, psychosocial, nutrition, and health assessments. Additionally, biological
samplesnclude blood, urine, nasal, stool, and breastmilk samplas.cbémprehensive data
collection of child and parental health health informaafiows CHILD researchers to test
hypothesis related to fetal and early infant origins of complex diseases such as atopic and food
sensitization, providing insight into the role of these critical windows of exposure on immune,

physiological, and microbiome trajecies.
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1.5.2 Objectives
For children who are a subsample of the CHILD birth cohort

(www.childstudy.ca) from the Edmonton site, we aim to determine a) the association

bet ween food or any allergen sensitization i
neunodevelopment at toddler age in a general (not high atsgypopulation and b) to

assess any weather any of the resulting associations aspesgkc. My secondary

objective is to investigate the potential mediating role of the infant gut microbiome in

the pathwaypetween atopic and food sensitization and neurodevelopmental outcomes.

1.53 Research Questions

Primary Research Question- How does positive food and atopic sensitization (ie. a wheal size
O 2mm) at 1 and 2 years of infant age influen
Infant Development Third Edition or BSHDI) on the cognitive, language, sociamnotional, and

motor domains?

Secondary Research QuestionWhat is the sequential mediating roleimfant gutmicrobiota
composition a# monthspn the association fromaternal atopic status acdild

neurodevelopment scofes
1.54 Sample Size Calculation

Differences have been found in neurodevelopmental scores as measured by Bayley

Scales of Infant Toddler Development Il Edition (BSIID) between infants with atopic
Za SD :
n=2 [(—+ 23) ' ]

2 Meanl — Mean?2
= 2 |(1.96 + 0.84) 20.9 2
n= [ 0+ 068 = 111.9—103.54]

n=98
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sensitization and those without atopic sensitization at 18 months of infant age. AaliAnstr
study found a statistically significant difference between the socioemotionatlBSiEvres of
infants with IgeEmediated food allergy (Mean: 103.54, SD: 20.9) and those with no food
allergies (Mean: 111.9, SD: 19.3) (35). Thus, this sample sizalaabn was done comparing
infants with food sensitization and those without food sensitization, using mearlBSID
socioemotional scores. Assuming 80% power and astded alpha or 0.05, a sample size of 98
infants in each group is required to detediference of 15.46 in the BSHDI socioemotional
scores among infants. Therefore, with our sample numbers n = 537, we will have sufficient
power to detect meaningful differences in the BSIheurodevelopmental scores between

infants with or without ensitization status.

1.6 Summary

The rise of infant immune diseases including food and atopic sensitization is becoming a
noticeable trend in childrends health. This
immune system to early environmental changes and stressors (1).|Rathberise in allergic
diseases is the link to subsequent infant neurodevelopmental challenges and metabolic diseases,
conditions which are even more common to infants born from mothers with history of allergic
conditions (2,3). To date, there is scditerature that further explains more to the stiomhat
is the link between allergic and infant neurodevelopmental outcomes, which factors play a key

role, and what is its connection to the infant gut microbiome, if any?

The next two ChapteisChapters 2 and 3 will be two papers that bring results that may act as

promising clues to help uncover parts of this story.
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CHAPTER 2: Sexspecific associations among infant food and atopic sensitizations and
infant neurodevelopment

2.1 Abstract

Introducti on:

Food sensitization is a first and strong indicator of immune deviation in the progression to other
allergic conditions. Sensitization to food or other allergens and related inflammation during
critical windows of infant development may adversely affezirodevelopmental milestones.

However, additional research is needed to test this association further.

Methods:

Associations between atopic (any food or aeroallergen) or food sensitization (specific to egg,
soybean, peanut, and milk) at age 1 year andotkevelopment up to 2 years of age were
evaluated in the national CHILD Cohort Study, with a secondary aim examining whether these
associations were sespecific. Food and atopic sensitization were assessed by skin prick tests
(SPT) in oneyearold infans, with neurodevelopment assessed using the cognitive, language,
motor, and sociaémotional subscales of the Bayley Scales of Infant Development {BI$I1D

administered at 1 and 2 years of age.

Results:

Atopic sensitization was present among 16.4% antd, while 13.4% had food sensitizations.

Only socioemotional scores reached statistical significance among the foulIB&Mains.

Both atopic and food sensitization at one year of age was associated with loweesmtiahal

scores, independentofh e i nf ant 6 s et hni c-specificandlohlyeobservetli ndi n

among boys, among whom soe&hotional scores were lowered by 5 points if atopic
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sensitization was presenb(22 [95%CI:-9.96,-0.47], p=0.03) or if food sensitization was
preseh (-4.85 [95%CI:-9.82, 0.11], p=0.06)Similar results were observed using the standard
SPTcuto f f o fd fOr a®pitrsensitization$.17 [95%Cl:-11.14,-0.80], p=0.09) and for

food sensitization -4.61 [95%Cl:-10.96, 1.74], p=0.15).
Conclusion:

In our study of term infants, we found an inverse, ceesional association between atopic and

food sensitization status and soeaahotional development scores in males but not females.
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2.2 Introduction
Food allergy in higincome countries is on the rise, with an allergy to common foods
reported in more than 10% ofykarold infants (1). Food allergy is a classic Type 1
hypersensitivity response that develops over time when repeated exposure tordif@od a
activates allerges peci fic T cells. These T cells provid
allergenspecific IgE (immunoglobulin E), which then primes mast cells to degranulate on
subsequent exposure to the allergen, releasing histamine and othemattaynmediators (2).
Mast cells can cause neuroinflammation, and children with high levels of mast cells have a

greater risk of developing autism spectrum disorder (ASD) (3).

The phenomenon of the fAatopic mar eshignd wher
begins in childhood (4). Food sensitization, determined by skin prick testing or serum IgE levels
to the allergen, affects up to 28% of preschool children in the United States (5). While it may not
develop into clinically significant food allergfgod sensitization is a first and strong indicator of
immune deviation in the atopic march (5, 6). The resultaninhgliated immune response to the
allergen initiates the inflammatory process resulting in food sensitization (2). Conversely, if the
food alergen is blocked by serum or intestinal immunoglobulins (such as IgA), the immune
response will be diminished, and tolerance to the allergen will occur. Disease severity is related
to the amount of circulating IgE. Among the various food allergens, iséarditization to
peanuts is the most likely to persist into later childhood and/or proceed to food allergy (7, 8). The
infantés 1st year of | ife is the Awindow of o

can significant | glopingmmpraret@andaemvous syftems (90 s de v

Atopy and impaired neurodevelopment have immune dysregulation and inflammation in

common and share many risk factors (10). Accumulating epidemiologic evidence further
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supports a connect i omsybtentandeneunodevelopmentat disardetsdrs i m
the comprehensive review by Jyonouchi et al. (11), it was pointed out that allergic symptoms
commonly worsen behavioral symptoms of ASD. A newer study of school children revealed that
peanut sensitivity or alfgic rhinitis in 6yearolds predicted symptoms of attentidaficit

hyperactivity disorder (ADHD) at 12 years of age (12). Temporal associations between atopic
disease and neurodevelopment have been also found in very young children with a family history

of atopy, whereby IPMonthold infants with any atopic disease (eczema or food allergy)

exhibited lower motor scores on the Bayley Scales of Infant Toddler Development at 18 months

(13). Among infants with diagnosed food allergy at 12 months, lower samiational scores

were reported at 18 months (13). Recent findings from the Boston Birth Cohort have

demonstrated a higher incidence of neurodevelopmental disabilities among children with atopic
disease compared to children without atopy (14). In this siwdydetermined the association

between food or any allergen sensitization as a marker of IgE dysregulation in the 1st year of life
and childrends neurodevel opment at the toddl e
Sexspecific associationsere tested. We hypothesized that atopic sensitization adversely affects

the neurodevelopment of the growing infant and thus will lead to lower neurodevelopmental

Scores.
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2.2 Methods andStudy Design
Our present study accessed data from a subsariisie GHILD birth cohort

(www.childstudy.ca) consisting of 537 infants from the Edmonton site. The CHILD birth cohort
recruited pregnant women aged O18 years who d
gestational age and diplegestatiohs, inwero fgrtilized births, 8@ 5 00 g
preterm births were excluded, as were children born with congenital abnormalities or respiratory
distress syndrome. Mothers were followed throughout pregnancy, atopic and food sensitization
were both assesd at one year of infant age, and infant neurodevelopmental scores at ages one
and two years. Study covariates were collected from study questionnaires during pregnancy and
three months pogiartum and/or hospital birth records. They consisted of theaimigpmaternal
factors: maternal ethnicity (White Caucasian, Asian, Other), maternal age (18 to 29, 30 to 39,
over 40), maternal education (some/finished high school, some university/college, university
degree), asthma treatment during pregnancy (yes pprexatal smoking (yes or no), and

maternal depression (never, prenatal, postnatal, persistent). Maternal diet was also included and
was based on the -pdaeyntatnmdt Hodi)i,t whitcabk emeaissur e s

of fruit, notincludingjuc e s, f#Apl us servibhgs of juiceodo per d

In the CHILD Cohort Study, fruit intake was associated with infant cognition and was
based on the-Flay method from a modified 14#&em, selfreported Food Frequency
Questionnairel(5, 1. Studied infant facits included child sex (male or female), gestational
age (in weeks), presence of older siblings (yes or no), birth mode (\\aginAP [intrapartum
antibiotic prophylaxis], VaginalAP, CSelective, CSemergency), breastfeeding at three
months (exclusivéreastfeeding, partial breastfeeding, zero, and unknown) and introduction of

solid foods at three months of infant age (yes or no).
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A Direct Acyclic Graph (DAG) approach was pursued to select a minimal adjustment set
of potential confounding factors tostefurther associations between infant sensitization and child
Neurodevelopment (Figure (17) ). A DAG gold-standard changm-estimate procedure was
used where covariates were selected by backward elimination from the initial DAG adjusted
model (L8). The Human Research Ethics Boards at the University of Alberta approved this study

(Ethics number Pro00103296).

2.2.1Food and Atopic SensitizatioAssessments

Measures for sensitization were outlined in a previous CHILD Cohort Study paper (19).
In our sample, food sensitization was defined as any positive skin prick test to peanut, milk, egg,
or soybean allergens. On the other hand, atopic sensitization waedda$i any positive skin
prick test to test food or aeroallergens. Data from food and atopic sensitization were obtained at
1 year of infant age through a skin prick test (SPT) performed by trained staff with one point of a
plastic, bifurcated needle(@abu i p |1 device by Lincoln Diagnos
the skin plane after complete submersion into an allergen solution. Ten standardized and
common food all ergens (peanut, soybean, egg w
(Alternaria tenuws, cat hair, dog epitheliuermatophagoides pteronyssinus,
Dermatophagoides farina&erman cockroach), a positive control (histamine), and a negative
control (glycerin) were tested. As implemented inlasge al e i nf ant studi es, a
mm indiameter in response to any allergen was considered to indicate positive sensitization for
that particular allergen (20). The standard skin prick test procedure that usedfantidal size

03 mm in diameter (21) was also tested in sen

29



2.2.2Neurodevelopmental assessments

Infant neurodevelopmental scores were obtained from the Bayley Scale of Infant
Development Third Edition (BSIDIII) at 1 year and 2 years of age. Since-B5¢bore
assessments are uni qu eEdmantortsheconICirfants foomGshor t St
location are included in this study. These scores are a validated and objective measure of a
chil dés neurodevel opment , including -cognitive
emotional domains (22, 23). Primaryregivers completed BSHIl questionnaires before the
chil dés bedtime. The Cognitive scale (91 item
exploration, manipulation, and concept formation. The Language scale assesses receptive
communication (49tems) and expressive communication (48 items). The Motor scale assesses
gross motor (72 items) and fine motor (66 items) skills. The Cognitive (0.91), Language (0.93),
and Motor (0.92) subscales have highability coefficients, and good testtest staitity with
coefficients around 0.80 (22, 23). The Sodtahotional scale (35 items) measures six functional
and emotional development milestones that are subdivided into different age groups (24). A
registered psychologist trained research staff to adtairtise SIDIII instrument and conducted
semiannual assessments. All scores were obtaine
testing. Raw scores were converted to scaled scores, and then to composite scores. The
standardized population means foe tomposite score is 100 (standard deviation of 15). A

higher score on the BSHDI scales indicates better abilities

2.3 Statistical analysis
The distribution of ong/ear atopic and food sensitization status and BiBIBcores
across studgovariates was determingdomparisonsf categoricalariablesveremadeusing

theChi-squareorF i s heracttésts Continuous variables were compared with thest if
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binary and onavay analysis of variance (ANOVA) if more than twategories. ANOVA was
also used to compare the means of neurodevelopmental scores frorll BBl cales by atopic
andfood sensitizatiorstatus Univariableandmultivariablelinearregressionsvereconductedo
quantify(via betacoefficients) the association between atopic or food sensitization status and
neurodevelopmental scores. Potert@ifoundingactorsselectedy theDAG approactwere
retainedn multivariableregressionmodelsf they methecriterionof 15%changen estimateor
atopicor food sensitizationFromthe minimumDAG setof maternal ethnicity, age, asthma,
prenatal depression, prenatal smoking and prenatal diet, infant sex, gestational age, older
siblingship,birth mode breastfeedingluration,andintroductionof solid foods(Figure2.1). Each
multivariablemodel had a unique minimal set of adjustments based on the DAG and 15%
backwards selection model building approach (T&leAdditionally, we haveassessetihe

normalityof all BSID-11l scoregseeattachedupplementarfigureS1 and Figure S2)
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Figure 2.1. Direct Acyclic Graph (DAG) representing exposure, covariate, and outcome direct

associations to select potential confounding factors.
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@ outcome
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-
™ & ancestor of outcome
‘ ancestor of exposure and
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2.4Results

2.4.1Participant characteristics
In our study of 537 infants, 52.0% were male, an&%thad an older kiing (Table S2).

The mean gestational age vaweeks(mean =39.1,SD = 1.4). Themajority oftheir mothers
wereof Caucasian ethnicity (78.8%)etween the ages of 30 to 39 years (68.2%), did not smoke
(96.3%), and completed university (55.5%pst infants were bormaginally,in theabsence
(52.1%)or presencg23.9%)of intrapartumantibioticprophylaxis(IAP). At 3 months of age,
58.1% were exclusively breastfed, 27.2% were partially breastfed (breastmilk and formula), and
14.3% were ndbreastfedalmostall infants(97.6%)werenotyetintroducedo solidfoods.At 1
yearof age,atopicsensitization (to food or aeroallergens) was present in 16.4% of infants; the
prevalence of food sensitization was 13.4%, making foogrtdgominant allergen for

sensitization at this age.



Atopic or food sensitizatiorwasmorelikely amonginfantsof motherswith auniversity
education(p<0.05)or Asian ethnicity (p<0.001, Table S4). At age one year, language and motor
scoredncreased by 1 point for each week of gestational age; infants of Asian ethnicity had the
lowest scores on the cognition, language, and seamational domains, and boys had the lowest
language scores (Table S5). In addition to gestational age and Awiditg, several more
covariates were associated with lower BSID scores at age two years, including male sex (all
domains), pre/postnatal maternal depression (seamational), lack of breastfeeding

(cognitive/language), and absence of siblings (motabldS6).

2.4.2Assessing the association of infant atopic and food sensitization at 1 year with

neurodevelopment at one year and two yeaesyef

Meanscoredrom four neurodevelopmentalomainsat 1 and2 yearswerecompared
betweeratopystatusWefound no statistically significant differences between atopic or food
sensitization at age one year and B3Izognitive, language, or motor scores at age one year
(Table 1). However, the crude linear regression comparison indicated an inverse associatio
between ongear sociakmotional scores and atopic sensitization (4.6 points lower, p = 0.01) or
food sensitization (4.5 points lower, p = 0.01). In male infants (Table 1), these crude differences
were of a greater magnitudie atopicsensitization98.0 versusl04.1,p = 0.005)andfor food
sensitization98.1versus104.0,p =0.01).No sensitizatiordifferencesn BSID-1lIl meanscores
wereseemmongfemaleinfantsatoneyearof age.There were no statistically significant crude
differences in mean scores between any of tiieé2 BSID subscale domains and atopic or food
sensitization in dyear old infants in total or in sespecific strata (Tables 1, 2). Although lower
two-yearsociatemotionalscoresvereobservedor food sensiizationin femaleinfants(mean,

10589versusl10.75, p = 0.1, Table. D), this was not statistically significant.
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Multivariable regression models revealed that the inverse association betwegraosecial
emotional scores and food or atopansitization remained after adjusting for maternal ethnicity.
Specifically, there was a reduction in so@ahotional scores among infants who developed
atopic (adjusted beteoefficient:-4.13; 95%CI-7.41,-0.86) or food sensitization (adjusted beta
coefficient: -4.01; 95%CI=-7.55,-0.47) compared to their infants who did not develop atopic or
food sensitization (Figure.2, Table 22). For sensitizatioto a food or aeroallergen, this
association was limited to male infants (adjusted-betdficient:-5.22; 95%CI:-9.96,-0.47)

and not found among female infants (adjusted-bedficient:-2.92; 95%Cl=-7.50, 1.66, Figure
2, Table 22). For sensitization to food, the association was also more evident in male infants
(adjusted betaoefficient:-4.85;95%Cl:-9.82, 0.11, p = 0.06) than female infants (adjusted
betacoefficient:-2.82; 95%CI-8.07, 2.43), although it did not reach statistical significance in

either sex (Figure 2, Table2).

In order to strengthen the validity of our results,asaducted a sensitivity analysis for
the associations between sensitization and in
SPT cutoff (Heinzerling et al., 2013). Results from the fudlgjusted model using the
conventional O 3 naied detreased soamnodonal stdres for atogcy e
(adjusted betaoefficient:-4.99; 95%CI-8.93,-1.04) and food sensitization (adjusted beta
coefficient:-5.22; 95%CI-9.50,-0.94). Male infants with atopic sensitization remained more
affected than thiefemale counterparts{.17 [95%CI:-11.14,-0.80], p=0.09 versus adjusted
betacoefficient:-4.21;95%CI-9 . 72, 1. 31, respecti vel-gfffor When
sensitization was used, results @mmwheatsza si st e

0 male infants with food sensitization at 1 year had lower, albei significant socie
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emotional scores (adjusted betefficient:-4.61; 95%CI-10.96, 1.74, p = 0.154) than female

infants (adjusted beteoefficient:-4.88 %ClI:-11.08,1.32).

Since nomormal distributions were noted in all four BSID subscales for atopy and
food sensitization at one yeafrinfantage,we conductedlog transformatiorof thesescores.
Ouranalysigevealechochangesothes i g ni f i c aceeffi@ent®df the transforied
variables. For example, the crude seermotional scores at 2 years among all infants was not
statistically significant.36 [95%CI:-5.98, 1.27], p=0.2) and the same is observed when it was
log-transformed-0.131 [95%CI=-0.347,-0.085], p=0.2). Again, running the same crude analysis
wi t h t he dtofdalsoledto&mdFsignificantassociatiorbetweeratopyat 1 yearand
socioemotionalscoresat 2 years(- 2.79 [95%CI:-8.29, 2.70], p=0.3) and inlag-transformed
model €0.022 [95%Cl-0.07,-0.03], p=0.4). Usingan SPTeatf f of O 3 mm di d nc
statistically significant outcome with any of

subscales.
Consequently, this resulted in no changes tonoain findings.

Covariateadjustmentid notuncoverstatisticallysignificantassociationbetweernnfant
atopicor foodsensitization, and neurodevelopmental outcomes, with one exception: cognitive

and language scores at age 2 were higher in imfalets with food sensitization (Tabk?2).
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Table 2.1 Comparison of mean scores for neurodevelopmental domains at age 1 and 2 years across atopic and food sensitization statugeat, all infants and stratified by infant sex.

All infants

Atopic sensitization 1YRYES Atopic sensitization at 1YARNO

Food sensitization 1¥RES Food sensitization at 1YRO

N=88 N=449 p-value N=72 N=465 p-value
(16.39% overall) (83.61% overall) (13.41% overall) (86.59% overall)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Infant neurodevelopment 1YR

BSIDIII cognitive 1 year 109.32 (10.89) 110.18 (10.19) 0.472 108.89 (10.98) 110.22 (10.19) 0.308
BSIDIII language 1 year 107.37 (9.89) 107.95 (12.34) 0.679 107.75 (9.48) 107.87 (12.32) 0.935
BSIDIII motor 1 year 101.58 (12.28) 102.80 (15.08) 0.474 101.36 (12.42) 102.80 (14.97) 0.440
BSIDIII socialemotional 1 year 98.76 (10.94) 103.36 (14.23) 0.005 98.71(11.15) 103.21 (14.13) 0.011
Infant neurodevelopment 2YR

BSIDIII cognitive 2 year 105.51(14.24) 105.80 (14.37) 0.865 105.76 (14.72) 105.74 (14.29) 0.992
BSIDBIII language 2 year 99.80 (12.40) 100.24 (11.97) 0.752  99.89 (12.26) 100.21 (12.01) 0.834
BSIDBIII motor 2 year 98.74 (9.33) 98.94 (9.53) 0.856  99.01 (9.73) 98.89 (9.46) 0.918
BSIDIII socialemotional 2 year 106.72 (14.74) 109.08 (15.90) 0.202 106.69 (14.97) 109.00 (15.84) 0.250

Sex stratified

Female infants Male infants
Atopic Atopic Food sensitization Food sensitization Atopic Atopic Food sensitization Food sensitization
sensitization 1YR sensitization at 1YR-YES at 1YR- NO sensitization 1YR sensitization at 1YR-YES at 1YR- NO
-YES 1YR-NO N=28 (5.21% N=230 (42.83% -YES 1YR-NO N=235 (43.76 % N=44 (8.19%
N=40 (7.45% N=218 (40.60% among all among all infants) N=48 (8.94% N=231 (43.02% among all infants) among all
among all among all infants) infants) among all among all infants) infants)
infants) infants)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean(SD) Mean (SD) Mean (SD)

Infant neurodevelopment 1YR

BSID-III 109.88 (7.72)
cognitive 1 year

BSID-IIl 107.78 (9.05)
language 1 year

BSID-IIl motor ~ 100.15 (11.39)
1year

BSID-Ill social 99.62 (10.47)

emotional 1 year
Infant neurodevelopment 2YR

BSID-IlI 107.88 (12.90)
cognitive 2 year

BSID-IlI 101.50 (10.71)
language 2 year

BSID-IIl motor  99.45 (9.12)

2 year

BSID-Ill social-  107.38 (11.71)

emotional 2 year

110.75 (10.14)
110.13(12.01)

103.66 (15.63)
102.54 (13.78)

108.42 (15.24)
103.76 (11.49)
99.9 (9.53)

110.74 (15.69)

109.64 (7.06)
108.82 (7.07)
99.29 (11.54)
99.64 (10.09)

108.57 (12.83)
101.18 (9.21)
99.79 (9.62)
105.89 (11.14)

110.73 (10.9)
109.88 (12.06)
103.58 (15.42)
102.39 (13.69)

108.30 (15.13)
103.69 (11.61)
99.88 (9.46)

110.75 (15.53)

98.04 (11.38)

107.02 (10.63)
102.77 (12.97)
98.04 (11.38)

103.54 (15.12)
98.38 (13.58)
98.15 (9.55)
106.17 (17.01)

104.12 (14.62)
105.89 (12.32)
12.00 (14.53)

104.12(14.62)

103.32 (13.06)
96.93 (11.
97.99 (9.45)

107.49 (15.98)

108.41 (12.93)
107.05 (10.78)
102.68 (12.90)
98.10 (11.89)

103.98 (15.69)
48) 99.07 (13.90)
98.52 (9.88)

107.21 (17.12)

109.72 (10.29)
105.91 (12.27)
102.03 (14.52)
104.00(14.52)

103.24 (12.97)
96.82 (11.43)
97.92 (9.39)
107.27 (15.99)
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Note SD= standard deviation; Statistical comparison of means completed by ANBM@ values are statistically significant
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Table 22 Univariate and multivariate linear regressiondensitization at 1 year versus so@atotional scores

at 1 and 2 years, all infants and stratified by infant sex (N=537).

Atopic Sensitization Multivariate Model Adjustments - All Infants

BSID - Ill Scores at 1YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% ClI) (95% ClI)

Cogpnitive XYear -0.86 ¢3.22, 1.50) 0.47 0.441 ¢2.17, 3.05) 0.74

Language ivear -0.58 ¢€3.34, 2.18) 0.68 0.64 ¢ 2.25, 3.54) 0.66

Motor 1-Year -1.22 ¢4.58, 2.13) 0.47 -1.93 ¢5.06, 1.20) 0.23

SociatEmotional Year -4.59 ¢7.80,-1.39) 0.01 -4.13 ¢7.41,-0.86) 0.01

BSID - lll Scores at 2YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% CI) (95% CI)

Cognitive 2Year -0.28 ¢3.57, 3.00) 0.87 1.99 ¢1.74, 5.72) 0.30

Language 2/ear -0.44 ¢3.20, 2.31) 0.75 2.17 ¢€0.78, 5.11) 0.15

Motor 2-Year -0.20 €2.38, 1.97) 0.86 0.89 €1.49, 3.27) 0.24

SociatEmotional 2Year -2.36 €5.98, 1.27) 0.20 -0.61 ¢4.43, 3.21) 0.76

Food Sensitization Multivariate Model Adjustments - All Infants

BSID - lll Scores at 1YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% ClI) (95% ClI)

Cognitive tYear -1.33 ¢€3.89, 1.23) 0.31 -0.27 €2.90, 2.36) 0.84

Language dYear -0.12 ¢3.12, 2.87) 0.94 0.76(-2.36, 3.89) 0.63

Motor 1-Year -1.43 ¢5.08, 2.21) 0.44 -2.37 €5.77, 1.03) 0.17

SociatEmotional tYear -4.50 (-7.97,-1.02) 0.01 -4.01 ¢7.55,-0.48) 0.03

BSID - lll Scores at 2YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% CI) (95% CI)

Cognitive 2Year 0.02 ¢3.55, 3.59) 0.99 2.28 ¢1.74, 6.30) 0.27

Language 2(ear -0.32 ¢3.32, 2.68) 0.83 2.19 ¢1.00, 5.38) 0.18

Motor 2-Year 0.12 ¢2.24, 1.49) 0.92 1.25¢1.33, 3.83) 0.34

SocialEmotional 2Year -2.31(-6.25, 1.63) 0.25 -0.59 ¢4.72, 3.54) 0.78

Atopic Sensitization Multivariate Model Adjustments - Male Infants

BSID - Ill Scores at 1YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% CI) (95% CI)

Cognitive tYear -0.80 ¢4.15,2.56) 0.64 0.80 (3.06, 4.66) 0.68

Language dYear 1.13 ¢2.67, 4.93) 0.56 2.49 ¢1.68, 6.65) 0.24

Motor 1-Year 0.37 €3.73, 4.48) 0.73 -0.02 ¢4.17, 4.13) 0.99

SociatEmotional tYear -6.08 ¢10.58,-1.58) 0.01 -5.22 (9.96,-0.47) 0.03

BSID - Il Scores at 2YR Crude Estimate p-value Fully-Adjusted Model Estimate p-value
(95% CI) (95% CI)

Cognitive 2Year 0.22 ¢3.97, 4.42) 0.92 4.53 ¢0.49,9.54) 0.08

Language 2rear 1.45 ¢2.26, 5.15) 0.44 5.40 (1.22, 9.58) 0.01

Motor 2-Year 0.15(-2.80, 3.11) 0.92 1.61 ¢1.83, 5.04) 0.36
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SociatEmotional 2Year -1.32 ¢6.42, 3.78) 0.61 1.79 €3.95, 7.52) 0.54
Food Sensitization Multivariate Model Adjustments- Male Infants

BSID - Ill Scores at 1YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% CI) (95% CI)

Cognitive tYear -1.31 ¢4.78, 2.16) 0.46 1.15 ¢2.59, 4.89) 0.55

Language iYear 1.14 ¢2.80, 5.08) 0.57 2.30 (€2.08, 6.68) 0.30

Motor 1-Year 0.26 €4.00, 4.51) 0.78 -0.19 ¢4.48, 4.11) 0.93

SociatEmotional tYear -5.91 ¢10.59,- 1.23) 0.01 -4.85 ¢9.82,-0.11) 0.06

BSID - lll Scores at 2YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% ClI) (95% ClI)

Cognitive 2Year 0.73 ¢3.61, 5.08) 0.74 5.53 (0.34, 10.72) 0.04

Language 2rear 2.25 ¢1.58, 6.08) 0.25 6.54 (2.23, 10.85) 0.00

Motor 2-Year 0.60 ¢2.46, 3.66) 0.70 2.25 ¢1.32, 5.82) 0.22

SociatEmotional 2Year -0.06 ¢5.35, 5.23) 0.98 3.57 (2.39, 9.53) 0.24

Atopic Sensitization Multivariate Model Adjustments- Female Infants

BSID - Ill Scores at 1YR Crude Estimate p-value Fully-Adjusted Model Estimate p-value
(95% CI) (95% CI)

Cognitive LYear -0.87 (4.20, 2.45) 0.61 -0.15 (3.78, 3.48) 0.94

Language iYear -2.35 (6.29, 1.58) 0.24 -1.40 ¢5.43, 2.62) 0.49

Motor 1-Year -3.92 ¢8.67, 0.83) 0.18 -4.36 €9.22, 0.50) 0.08

SociatEmotional Year -2.92 ¢7.50, 1.66) 0.21 -2.99 ¢7.57, 1.58) 0.20

BSID - lll Scores at 2YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% ClI) (95% ClI)

Cognitive 2Year -0.54 ¢5.59, 4.51) 0.83 -0.82 ¢6.34, 4.71) 0.77

Language 2/ear -2.26 (6.12, 1.59) 0.25 -1.17 ¢5.09, 2.75) 0.56

Motor 2-Year -0.49 ¢3.70, 2.71) 0.76 0.09 ¢3.34, 3.51) 0.96

SociatEmotional 2Year -3.37 ¢8.51, 1.77) 0.20 -1.96 ¢7.28, 3.37) 0.47

Food Sensitization Multivariate Model Adjustments- Female Infants

BSID - lll Scores at 1YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% ClI) (95% ClI)

Cognitive tYear -1.09 ¢€4.95, 2.78) 0.58 -1.36 €5.29, 2.57) 0.50

Language 1Year -1.06 ¢5.64, 3.53) 0.65 -0.70 ¢5.32, 3.92) 0.77

Motor 1-Year -4.68 €10.21, 0.85) 0.16 -5.54 ¢11.15, 0.07) 0.05

SociatEmotional 1Year -2.74 ¢8.02,2.53) 0.31 -2.82 ¢8.07, 2.43) 0.29

BSID - lll Scores at 2YR Crude Estimate p-value Fully -Adjusted Model Estimate p-value
(95% ClI) (95% ClI)

Cognitive 2Year 0.27 ¢5.61, 6.40) 0.93 -1.06 (7.43, 5.31) 0.74

Language 2vear -2.51 ¢6.99, 1.98) 0.27 -1.91 ¢6.46, 2.63) 0.41

Motor 2-Year -0.09 ¢3.83, 3.64) 0.96 0.52 ¢3.44, 4.49) 0.80

SociatEmotional 2Year -4.86 ¢10.82, 1.11) 0.11 -3.71 ¢9.80, 2.38) 0.23
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Note Bolded pvalues are statistically significant

Figure 2.2 Crude linear regression models demonstrating (A) Crude models of atopic sensitization at 1 year o
neurodevelopment scores at 1 and 2 years; (B) Food sensitization at 1 year on neurodevelopment scores at |
2 years; (C) Atopic sensitization at 1 yeam@urodevelopment scores at 1 year stratified by child sex; (D)

Food sensitization at 1 year on neurodevelopment scores at 1 year stratified by child sex; (E) Atopic
sensitization at 1 year on neurodevelopment scores at 2 years stratified by child $ExfFand sensitization

at 1 vear on neurodevelopment scores at 2 year stratified by childrseberegression coefficient estimates are
shown by closed circles and whiskers represent the 95% confidence interval.
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3.0 Discussion
In a general population of 537 Canadian infants, there was no convincing evidence of temporal
associations between lgiediated atopy or food sensitization status at 1 year and neurodevelopmental
outcomes at 2 years of age. These findings concur witepoeed absence of association between 12
month atopic or food sensitization and BSIDneurodevelopment milestones at 18 months in ahigh
allergyrisk Australian cohort (13), as well as between infant serum IgE levels during the 1st years of
life and aténtion deficit disorders at school age in a general population US cohort (25). Also, we did
not find correlational associations between atopy status and neurodevelopmesarold children,
with one exception. Independent of maternal ethnicity, infaittisatopic sensitization had reduced
scores by 4.13 points (p=0.01)onthe seziahot i onal domain of Bayl eyds
infant counterparts who were not atopic. Similarly, the infants experiencing food sensitization also
exhibited 4 pant lower socialemotional scores than the infants who did not have food sensitization (p
= 0.03). However, all of these associations were limited to male infants, such that socialemotional
scores were lowered by 5 points if atopic sensitizaton was presént 5. 22 (95% CIl : 1 9.
similarly, if food sensitization was-septionalsent [ ]
associations were found in the female infants, and their-woiaional scores were equivalent to that
of the nale infants. The socl® mot i onal subscale evaluates an i nf
regulation, and reactivity (26). It is a strong predictor of future behavioral or emotional disorders in
childhood and academic achievement in later lifeZ2%h,We will consider possible-Hirectional

explanations for our findings in the following paragraphs.

Indeed, the crossectional nature of the ateggcioemotional development association would

not support a causal hypothesis put forward by Chua et al. (10), which points to evidence on temporal
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associations and common risk factors between atopic cosditimhneurodevelopment disorders. The
association was not affected by study covariates and possibly acted through factors we did not measure.
Mikkelsen et al. (28) reported that food sensitization in infants, for example, to milk, presents

challenges anahduces stress for new parents as they attempt to feed their infant. Such stressful
environments may impact negatively on infant sesmbtional development scores. Indeed, this has

been reported in preterm and term infants, where studies documenutecaff parental postnatal

stress or a lack of positive affect on the sermmotional development of offspring (29, 30). Finally, we
observed lower but not statistically significant socialemotional scores at age 2 years in female infants
with food sensitiation, which appears to be a similar trend to that reported ame@aydld infants

with food allergy in the Australian cohort (13).

An alternate speculation involves reverse causation in whicheombonal impairment,
secondary to a stressful enviroent, is in the pathway to atopic or food sensitization. Stressors for
infants, such as low maternal sensitivity or psychological distress, have been linked to atopic dermatitis
(31) and functional gastroi nt elydastfeedingcadalteror der s
milk microbiota (33) or lower milk secretory immunoglobulin A (34), both of which affect infant gut
immunity (35). Hence, impaired mothefant feeding or social interactions may lower socioemotional
responses in the infant (3@)d, via the gutbrain axis, lead to food intolerance (37). Since parentchild
interactions, namely strategies for infant soothing, were not assessed in our study, we are unable to
offer explanations for the unexpected findings on food sensitization aral/@dognition or
language in boys. Parent usdfestrategies, such as cuddling to soothe fussy infants, may change
el ectrocortical rhythms in the infantds brain
(38). A detailed assessment of infant stress resgmim studies of atopic disease and

neurodevelopmental outcomes is needed to unpack these associations.
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Furthermore, we believe that gender bias may also influence owspeddic findings
that are worthy of further investigation. Globally, researgioreng parental gender bias is
becoming well established. For example, a study in Germany revealed that male children of
parents who believe girls are better at reading exhibited lower readingrelated competence beliefs
and were discouraged from readin@)3Consistent with this research, a study in Bangladesh
demonstrates that more parents invest in theli
than their female offsprings (40). Research from Balkan and Scandinavian countries confirms
these findingshat biased parents allocate greater resources to children of their preferred gender
(41). Overall, these studies demonstrate the need to address gender bias in pediatric research as it

appears to impair critical areas of child development.

There are searal strengths of our study: (i) objective and standard assessment of atopic
sensitization in infants with skin prick testing, (ii) objective assessment of neurodevelopment by
experts using a wellalidated and wideklused standardized measure, (iii) neleeelopmental
assessment at twtome points to enable testing of cressctional and temporal associations, and
(iv) large sample size in a general population of children that enabled adjustment for early life
covariates that were determined from the aartsion of a direct acyclic graph (DAG). On the
other hand, we had no information on whether the study infants with food sensitization had
clinically significant signs and symptoms of food allergy, a critical element for proposed
hypotheses for our findirsg However, their parents would likely have seen the skin wheal
reactions to the skin prick testing. We were also unable to examine the infants at high risk for
neurodevelopmental morbidity as the CHILD Cohort Study excluded preterm birth below 34

weeks ofgestation. Other highisk groups underepresented in our study were families of low
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socioeconomic status. Further studies are required to investigate the generalizability of our

findings to other populations.

4.0 Conclusion

In our study,atopicandfood sensitizatioratoneyeardid notpredictneurodevelopmental
outcomest?2 yearsof age. However, atopic and food sensitization status at one year was Cross
sectionally associated with reduced seaamhotional scores among male infants. $geculated
on bidirectional associations that may expthis inverseassociation. Since motharfant
interactions play a critical role in the so@motional development of infants, our study supports
the need for additional research on maternal arahirnisk factors between atopic and food
sensitizatiorandneurodevelopmentaisordersPossiblebiologic pathwayghatexplain
associationpetweeratopic and food sensitization on infant neurodevelopment also merit further

evaluationClick or tap here to enter text.
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CHAPTER 3. Sexdependent patterns in the association of maternal atopy and infant

neurodevelopmental scores

3.1 Introduction

Neurodevelopmental disorders (NDD) in children including autism spectrum disorder
(ASD) and attention deficit hyperactivity distar (ADHD) account for 7% to 14% of all
children in developed countries and pose a significant burden in the health system and the quality
of life of many families (17,18) Factors that give rise to developmental impairments include
geneticbiological, and environmental influencesmong which, maternal immune factors
during pregnancy are proposed to play a strong role in shaping infant neurodevelopmental

outcomes((19).

In particular, the role of inflammatory disorders, including matessttima and allergic
status in mothers during NDD pathogenesis is an emerging area of research. Maternal atopic
status indicates an underlying immune dysregulation, effects of which may be transduced to the
fetus through inflammatory cell signaling pathwand epigenetic mechanisd®). Since key
neuronal networks are being rapidly established duriisgcthical window of early infant
development, maternal stress and adverse immune reactions can impair typical developmental
trajectory and lead to loAgrm negative effect®0i 25). In animal models, maternal
inflammatory response during pregnancy altdfspringbrain function independent of
pathogens and other risk fact¢28). For example, rodent models showed that offspring exposed
to maternalnfection during pregnancy had abnormalities in brain morphology and possess

behavioral characteristics like those with AGIB). Another study in primates described
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significant volume decrease in the frontal lobe and defects in cognitive functiorimgsan

whose mothers are immune compromi&&o).

In humans studieparental history of allergies remains to be one of the strongest and
well-established predictors of subsequent allergic disease in the off&8ingd metaanalysis
revealed that mternal asthma predisposesitiahild toasthma and greater risks of wheezing
(29,30) Another systematic review indicated that parental history of atopic disease increases the
risk of atopic dermatitisnd allergic rhinitisn children, with the risk &ng higher irthose

whose parents have multiple atopic conditi(2t31)

On the other handfudiesspecificallyexamining the association betweeaternaktopic
conditions and alterations in infant neurodevelopment remains linditedmprehensive
systematic review and metmalysis highlight that those with atopic diseases hav&030
greater risk of developing ADHI[B2). Other research studies provided evidence for maternal
asthma increasing the risk of ADHD and comorbid maternal asthma andeasllierxgreasing the
risk of ASD in the offspring33,34) Researchemvenargue that the effects of maternal allergy
on child neurodevelopment follow sepecific patterns. For example, ADHD risk of infants

born to mothers with atopic disease was found to be higher in female than male(B&ants

Despite growing researchfefts on exploring the associations between maternal atopic
status and infant neurodevelopment, research investigating possible mechanisms that explain
these relationships remain scarce. We extend this research by assessing: (i) the associations
between combined maternal atopic conditions and subsequent infant neurodevelopmental scores,
(if) the association between maternal asthma and infant neurodevelopmental scores, and (iii)

exploring mediators in these associations.
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3.2Methods

3.2.1 Study Design

Similar to the first study assessing the effect of infant atopic status on child
neurodevelopment, our second study also accessed data from the CHILD birth cohort
(www.childstudy.ca) consisting of 335 infants from the Edmonton site.
Neurodevelopmental sces as measured by Bayley Scale of Infant Development Third
Edition (BSIDHII) are specific only to the Edmonton site. The CHILD birth cohort
recruited pregnant women aged 018 years who d
of gestational age and abintte i ght of 02500 g. Multiple gestat
births, and preterm births were excluded, as were children born with major congenital
abnormalities or respiratory distress syndrome. Mothers were followed throughout
pregnancy, atopic and food sd#ization were both assessed at one year of infant age,
and infant neurodevelopmental scores at ages one and two years. Study covariates were
collected from study questionnaires during pregnancy and at 3 months postpartum
and/or hospital birth records. &} consisted of the following maternal factors: maternal
ethnicity (White Caucasian, Asian, Other), maternal(égeo 29, 30 to 39, over 40),
maternal education (some/finished high school, some university/college, university
degree), asthma treatment ithgr pregnancy (yes or no), prenatal smoking (yes or no),
and maternal depression (never, prenatal, postnatal, persistent). Maternal diet was also
included and was based-adaybdbhmephedat aliwvhi chi tme
the sum off riusietr,vimogts ionfcl udi ng jui ces, Apl us s
(Kristal et al., 2000). In the CHILD Cohort Study, fruit intake was found to be

associated with infant cognition and was based on-teySnethod from a modified
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174item, selfreported Food fequency Questionnaire (Bolduc et al., 2016; Kristal et
al., 2000). Studied infant factors included child sex (male or female), gestational age (in
weeks), presence of older siblings (yes or no), birth mode (VagmBAP [intrapartum
antibiotic prophylais], VaginatlAP, CS-elective CSemergency), breastfeeding at 3
months (exclusive breastfeeding, partial breastfeeding, zero, and unknown) and
introduction of solid foods at 3 months of infant age (yes or no).
3.2.2 Using DAG to identify covariates
A Direct Acyclic Graph (DAG) approach was pursued to select a minimal
adjustment set of potential confounding factors to further test associations between infant
sensitization and child Neurodevelopment (Figurél2B). A DAG gold-standard
changein-estimate pscedure was used where covariates were selected by backward
elimination from the initial DAG adjusted moddl29) The Human Research Ethics
Boards at the University of Alberta approved this study (Ethics number Pro00103296).
3.2.3 Maternal AtopicStatus Assessments
Detailed questionnaires on key maternal covariates, including maternal asthma and other
diagnoses of atopic conditions were administered at recruitment and is again completed at 1 year
of infant agg(36). Combined maternal atopydefined as the presence of any allergic condition
in addition to maternal asthma; while maternal asthma indicates a diagnosis of asthma without

any comorbid allergic conditions.

3.3.4 Neurodevelopmental Assessments
Infant neurodevelopmental scores webtained from the Bayley Scale of Infant
Development Third Edition (BSIDI) at one year and two years of age. BSID lll is a

validated and objective measure of a child's neurodevelopment, including cognitive,
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language, motor development, and seeialoticnal domaing131,132) Primary

caregivers completed BSHDI questionnaires before the child's bedtime. The Cognitive
scale (91 items) assesses visual preference, attention, memory, exploration,
manipulation, and concept formation. The Language scalesasseseptive

communication (49tems) and expressive communication-{&8ns).

The Motor scale assesses gross motoiitéfs) and fine motor (6iems) skills. The
Cognitive (0.91), Language (0.93), and Motor (0.92) subscales havedhighility

coefficients, and good tesgetest stability with coefficients around 0.832). The
SociatEmotional scale (35 items) measures six functional emotional development
milestones that are subdivided into different age groups (Tede et al., 2016). A registered
psyclologist trained research staff to administer the B8Instrument and conducted
semiannual assessments. All scores were obtaine
age at the time of testing. Raw scores were converted to scaled scores, then toeomposit
scores. The standardized population mean for the composite score is 100 (standard

deviation of 15). A higher score on the BSlIDscales indicates better abilities.
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3.3 Statistical Analysis
3.3.1 Evaluating the association between materm@abpy and infant neurodevelopmental
scores

The distribution of ongear atopic and food sensitization status, and BI8ID
scores across study covariates was determined. Comparisons of categorical variables were
made with use of the Glsiqu ar e o0 exactFtests.hGCantidusus variables were
compared with the-test if binary and ongay analysis of variance (ANOVA) if more
than 2 categories. ANOVA was also used to compare the means of neurodevelopmental
scores from BSIBII subscales bymaternal atopystatis (Table 3.4). Univariable and
multivariable linear regressions were conducted to quantify (viadoetficients) the
association between atopic or food sensitization status and neurodevelopmental scores.
Potential confounding factors selected by tbAG approach were retained in
multivariable regression models if they met the criterion of 15% change in estimate for
atopic or food sensitization. From the minimum DAG set of maternal ethnicity, age,
asthma, prenatal depression, prenatal smoking andtafeiiet, infant sex, gestational age,
older siblingship, birth mode, breastfeeding duration, and introduction of solid foods
(Figure 1). Each multivariableodel had a unique minimal set of adjustments based on

the DAG and 15% backwards selection modelding approach
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Figure 3.1DAG exploring the association between maternal atopy status and infant

neurodevelopment

3.3.2Assessing the interaction effect of infant sexthe association between maternal atopy

and infant neurodevelopmental scores

Since several research studies observe alepgndent patterns on the effect of

prenatal immunealisorders(37i 40), including maternal on infangut and psychiatric

health,we tested interaction effects of infant sexur model where maternal atopytise

exposure andeurodevelopmental scorissthe outcoméFigure 3.2).
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Figure 3.2Evaluating the interaction effect mffant sex in the association between maternal
atopy and infant neurodevelopmental scores. Note that the abowvaispibys results fanfant

scores that showed a statistically significant interaction between the exposure and outcome.
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3.3.3Testing the potential mediating role of the infant gut microbiome

Mediation tests whether the association between the exposure and outcome (ie.
known as the direct effect) can be explained via intermediates or mediators within the
temporal pathway133). The causal steps strategy developed by Baron and Kenny in 1986
and the product of coefficients approach will be applied to assess mediation fesults.
perform structural equation models in STATA, mediators and outcomes in the model must
be in their lineaform (41).

In particular, theexposures for the analysis are maternal atopic status and the
outcome is the infant neurodevelopmental scores (cognitive, languageestmional,
and motor scores) at 1 and 2 years of age. Potential infant gut miceotviediators from
fecal samples taken from home assessments at 1 year of infant age inclygg the
microbiome in the phylum and order level ahd relative abundance of shaftain fatty
acids (SCFAs). Regression models will be performed to identify niedrmediators that
have significant crude associations witlaternal atopyand infant neurodevelopmental
scoreslf an infant gut microbiapasses the Baron and Kenney mediation crifiettzat
is, it produces a significant association withaternal atopyand neurodevelopmental
scores, thetheir effect will be furtheanalyzed using sequential mediation models.

In our study, anultiple mediator path model was used to examine indirect associations
of prenatal depression at 36 weeks (mediator 1)Gdidersity or relativeabundancef
microbiotaof the infant gut atthe phylum and ordelevel (mediator2). To generate 95%

Cis in mediation models, bootstrapping, which is a nonparametric resampling technique

(1000 bootstrap resamples) was applied.
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34 Results
3.4.1 Participant characteristics
In our study of 337 infants, 53% were male, and 480 werefemale (Table3.3). The

mean gestational age was 39 weeks (mean = 39.1, SD = 1.4). Most of the mothers were of
Caucasian ethnicity (81.8%), between the ages of 30 to 39 years (67.5%), did not smoke (95.5%),
and completed university (53.09%)ostinfants were delivered vaginallin the absence (54.7%)
or presence (21.8%) of intrapartum antibiotic prophylaxis (IAP). At 3 months of age, 58.0% were
exclusively breastfed, 31.0% were partially breastfed (breastmilk and formula), and 17.9% were
not breastfed Additionally, almost all infants (97.3%) were not yet introduced to solid foods. At

1 year of age, 66.6% of infants were born to mothers with combined atopic status (any diagnosed

allergy or asthma); and the prevalence of maternal asthma alor22 wés.

Combined maternal atopy is more likely among mothers with White Caucasian ethnic backgrounds
(p<0.10, Table &). Additionally, mothers with combined atopic status are more likely to give

birth vaginally without IAP (p<0.10, Table4.

3.4.2 Assesing the crude linear regression associations of maternal atopy status and
maternal asthma with neurodevelopment at one year and two years of infant age

In the crude linear regression models of maternal atopy, there were no statistically
significant assoaitions between combined maternal atopic status and infant neurodevelopment
scores at 1 or 2 years (Table 3.1, Table 3.2). However, when stratified into male and female
infant sex, crude models showed that cognitive and motor scores at 2 years are dssitciate
combined maternal atopic status in male infants; and combined maternal atopy is associated with
female cognitive scores at 2 years for female infants. Specifically, a marginal, inverse association

is observed between male cognitive scores at 2 ywearsombined maternal atopy (3.8 points
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lower, p = 0.07; Table 3.2); while a significant association is observed in male infant motor
scores at 2 years (3.17 points lower, p = 0.04; Table 3.2). In contrast, female infants experience a
marginal increase ig-year cognitive scores if their mothers have combined atopic disease (4.21

points higher, p = 0.07; Table 3.2).
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Table 3.1 Comparison of mean scores for neurodevelopmental domains at age 1 and 2 years across combined maternal atopsnatetnal asthma status at 1 year, all
infants and stratified by infant sex.

All infants
Combined Maternal Atopgt MaternalAsthmalYR- YES Maternal Asthmat1YR- .o
Combined Maternatopy 1YR - YES 1YR - NO NO P
N=223 N=112 p-value N=75 N=260
(66.57% overall) (33.43% overall) (22.39% overall) (77.61% overall)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Infant neurodevelopment 1YR
BSID-Il cognitive 1year 110.4395 (10.12777) 110.8482 (11.2684) 0.738 110.954 (10.758) 109.267 (9.54) 0.221
BSID-1Il language 1 year 109.4279 (12.32889) 107.2857 (12.21241) 0.134 108.328 (12.263) 110.027 (12.477) 0.294
BSID-IIl motor 1 year 103.6188 (17.17984) 101.8393 (13.24445) 0.337 102.408 (16.325) 105.16 (14.594) 0.189
BSID-Il social-emotional 1 year 102.2897 (12.69506) 102.0909 (14.50058) 0.899 101.833 (13.343) 103.562 (13.215) 0.33
Infant neurodevelopment 2YR
BSID-1Il cognitive 2 year 105.3453(14.45596) 105.2232 (12.45512) 0.939 105.135 (13.841) 105.893 (13.735) 0.676
BSID-1Il language 2 year 100.3767 (12.20367) 99.81982 (10.70361) 0.683 100.158 (11.811) 100.307 (11.445) 0.539
BSID-1Il motor 2 year 98.10314 (9.620883) 99.48214(9.690696) 0.218 98.738 (9.647) 97.96 (9.709) 0.923
BSID-Il social-emotional 2 year 108.6136 (16.21096) 107.7477 (15.07163) 0.639 109.533 (15.662) 104.122 (15.754) 0.009**
Sex stratified
Femaleinfants Male infants
Combined Atopy Combined Maternal Maternal Combined Atopy Combined Atopy atMaternal Maternal
1YR- Atopy at Asthma Asthma at 1YR- 1YR-NO Asthma 1YR Asthma at
YES 1YR-NO 1YR- YES 1YR-NO YES N=218 (40.60% - YES 1YR- NO
N=40 (7.45% N=218 N=28 N=230 N=40 (7.45% among all N=28 N=230
among all (40.60% (5.21% (42.83% among all infants) (5.21%  (42.83%
infants) among all among all among all infants) among all among all
infants) infants) infants) infants) infants)
Mean (SD) Mean(SD) Mean (SD)  Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Infant neurodevelopment 1YR
BSID-IIl cognitive 1 year 110.99083 112.64151 110.313 111.831 109.91228 109.23729 108.488 110.077
(9.3823074) (11.033331) (8.322) (10.316) (10.807701) (11.326409) (10.382) (11.154)
BSID-1Il language 1 year 111.87156 110.50943 110.156 111.738 107.0708 104.38983 109.93 104.891
(11.118137) (12.83718)  (13.026) (11.365) (13.012162) (10.938727) (12.207)** (12.217)*
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BSID-IIl motor 1 year 103.73394
(17.231884)
BSID-IIl social-emotional 1 year 101.05769
(11.817238)
Infant neurodevelopment 2YR

BSID-IIl cognitive 2 year 109.40367
(14.809356)*

BSID-IIl language 2 year 104.44954
(10.986091)

BSID-IIl motor 2 year 99.981651

(9.7941608)
BSID-IIl social-emotional 2 year 110.04587
(14.8526)

103.86792
(14.04257)
104.80392
(15.873273)

105.18868
(11.967997)*
102.03846
(10.493624)
99.490566
(8.8331165)
110.57692
(15.199776)

105.875
(13.54)

104.677
(12.037)

110.156
(13.409)
106.219
(9.527)
101.313
(9.586)
106.719
(14.29)

103.262 103.50877
(16.813) (17.205291)
101.694 103.45455
(13.643) (13.422312)
101.46491
107.5 (14.2)  (13.033096)*
103.039 96.482456
(11.104) (12.080286)
99.454 96.307018
(9.437) (9.1381987)*
111.085(14.999)107.20721
(17.39494)

100.01695
(12.319723)
99.745763

(12.879539)

105.25424
(12.979551)*
97.864407
(10.590265)
99.474576
(10.477161)*
105.25424
(14.634151)

104.628
(15.467)
102.738
(14.108)*

102.721
(13.247)
95.907
(10.834)
95.465
(9.127)
102.143
(16.68)**

101.554
(15.842)
101.969
(13.095)*

102.769
(13.105)

97.3 (11.838)
98.023
(9.837)
107.969
(16.21)*

Note SD= standard deviation; Statistical comparison of means completed by ANP¥A10 **p<0.05
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On the other hand, crude results in the association between maternal asthma and infant
BSID-IIl scores demonstrated that in nsexstratified modethat looks at all infants, maternal
asthma leads to a decrease of 5.41 points in the-eamitional scores at 2 years (p = 0.009;

Table 3.2). Male infants exhibit a 5:pint increase in language scores at 1 year (p = 0.02,

Table 3.2). Moreover, whilmale infant sociemotional scores do not seem to have significant

links with combined maternal atopy, the opposite is true when maternal asthma was assessed on
its own. In particular, male infants experience a significant decrease in thekesoaimnal

scores at 2 years (5.83 points lower, p = 0.04). No significant associations between maternal

asthma and neurodevelopmental scores were observed in female infants at 1 or 2 years of age.

3.4.3 Multivariable regression model results examining the asstiola between maternal
combined atopy status with neurodevelopment at one year and two years of infant age

In the fully adjusted models, only tivererserelationship between male infant motor scores
at 2 years and maternal atopy had a statistically significant asso@aoyeargadjusted beta

coefficient:-4.04 95% CI:-7.6,-0.47; Table 2; Table 36).

Theinverse association between combined maternal atopy and male infant cognitive scores
at 2 years remained after adjusting for key covariates that include maternal ethnicity and prenatal
depression at 36 weeks (adjusted Hetafficient: -3.87; 95% CI:-8.28, 0.54) However, this
association is not significant 0.085. Infantsbelonging 6 Asian ethnicities experieathe
most decrease in cognitive scores (adjusted-cméficient: -9.86; 95% CI:-18.74,-0.98, p=
0.03 (Table 35). Using prenatal depression in the second semester or at 18 weeks as a covariate
in the fully-adjusted model did not produce similar significant associations with male infant

cognitive scoresTable 3.2;Table 36).
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Additionally, male infant motor scores at 2 years also retained its invaisgt non
significantassociation with combinedaternal atopy (adjusted betaefficient:-3.003; 95% CI:
-6.28, 0.27,  0.073. However, whethe prenatal depression covariate is changed from 36 weeks
to 18 weeks, results reveal that prenatal depression in 18 weeks retains the significant association
between male infant motor scores at 2 years and maternal atopy atopy (adjustedthieiant:
-4.04; 95% CI:-7.6, 047, p = 0.@7, Table 36). At both prenatal depression timepoifits at 18
weeks and at 36 weekshothers of Asian background exmarce the highest reduction in motor
scoreqTable 35, Table 36). Finally, the increase in cognitive scores among female infants whose

moms have combined maternal atopy was not retained in theafijigted models.

A summary of statistically significant associatidps< 0.05)between maternal atopy and infant

neurodevelopmental scores is shown in the figure below (Fig8re 3.
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Maternal Atopy Combined

Crude Association Fully-Adjusted Models

All Infants Females
== All Infants — Males — Females

ﬂ socio-emotional 1 YR*

Males —_—
ﬂ cognitive 2 YRs* ﬂ language 1 YR* Ulangmge I'YR ﬂ cognitive
.
‘ ﬁ motor 2 YRs** I YR
ﬂ motor 2 YRs**
cognitive 2 YRs* . =
ﬂ - With Prenatal === All Infants —— Males ——  Females
Depression at i |
36 weeks 1 |
ﬂlanguagc & motor scores ﬁ motor 1 YR*
1 YR*
ﬁ language 1 YR* ‘ ﬂ cognitive 2 YRs*
cognitive & motor N
2 YRs*

Figure 3.3. Flow diagram presenting a summary overview of statistically signifigasr@.05)**

and marginalassociations 0.10)* between maternal atopy and infant neurodevelopmental
scores. Théeft-handsideof the diagranshows the associations in the crudeinivariate linear
regression analgs and the right hand side shows the reduiim fully-adjustedor multivariate

linear regressioanalysesBoth crude and fulhadjusted modelscludestratifiedanalyses oéll

infants, male, and fematgoups.Under fully-adjusted model£, separatenodels are shownthe

first model useprenatal depression at 18 weealssa covariatandthe second model uses prenatal
depressiomat 36 week asa covariate Any associations between maternal atopy arfenin
neurodevelopmental scorare listed under their respective groapsl to the left of the scores are
arrows representing either an increase (upward direction) or decrease (downward direction) of

scoresSignificant associations (p<0.05) are also ersj@l in red text.
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3.4.4 Multivariable regression model results examining the association between maternal

asthma and neurodevelopment at one year and two years of infant age

Furthermore, fullyadjusted models for the association between maternahasatid infant
BSID-1ll scores present prenatal depression as a covariatetdtistically significantlecrease in
socioemotional scores at 2 years in all infants was retairteééimultivariate modelith prenatal
depression at the secofranester or 18 weeks (adjusted betfficient:-6.14; 95% CI=-11.04,
-1.24, p= 0.014)ratherthan at 36 week&djusted betaoefficient:-3.70; 95% CI1:-8.05, 0.64, p
= 0.094 Table 3.2;Table 37, Table 38). The increase in male infant languagerses at 2 years
linked with maternal asthma also remainedlirfully -adjusted modelsHigher language scores
were observed during prenatal depression at 36 weeks compared to 18 weeks (adjusted beta
coefficient: 6.56; 95% CI. 1.76, 11.3770.008versis adjusted betaoefficient: 5.39; 95% CI:

0.48, 10.29, p 0.032 Table 37, Table 38).

Lastly, there was no significant relationship betwewaternal asthma and male infant
sociaemotional scores at 2 yearsthe fully-adjusted models (Table73.38). A summary of
statistically significant associations (p < 0.05) between maternal asthma and infant

neurodevelopmental scores is shown in the figure below (Figdre 3.
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Maternal Asthma

Crude Association Fully-Adjusted Models
\\

All Infants Females

‘ = All Infants — Males — Females

I -

|

l socio-emotional
2 YRs** socio-emotional ﬂ soclo-emotional
2 YRs** 2 YRs*
Males
== All Infants —— Males ——  Females

ﬁ language 1 YR**

ﬂr\'liCi(ift‘ln(ili(ilu‘I' 2 YRs**
socio-emotional ﬁ language 1 YR**
ﬂ 1 YR & 2 YRs*

ﬂ motor | YR*

Figure 3.4. Flow diagram presenting a summary overview of statistically sigmfi¢p<0.05)**

and marginal associations (p<0.10)* between maternal asthma and infant neurodevelopmental
scores. The lefhand side of the diagram shows the associations in the crude or univariate linear
regression analyses and the right hand side shavetults from fullyadjusted or multivariate

linear regression analyses. Both crude and {fatijusted models include stratified analyses of all
infants, male, and female groups. Under habjjusted models, 2 separate models are shak

first model ses prenatal depression at 18 weeks as a covariate and the second model uses prenatal
depression at 36 weeks as a covariate. Any associations between maternal asthma and infant
neurodevelopmental scores are listed under their respective groups anetoahehé scores are

arrows representing either an increase (upward direction) or decrease (downward direction) of
scores. Significant associations (p<0.05) are also emphasized in red text.
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3.4.5 Determining gut microbiome and metabolites that mayitv¢he pathway between

combined maternal atopy and maternal asthma and neurodevelopmental scores

Regression analysis was used to evaluate the hypothesis that certain bacterial metabolites
in the infant gut mediate the effect of combined maternal atopy or maternal asthma on infant
neurodevelopmentaicores Table 3.10, Table 3.)1The first mediatioranalysis uses combined
maternal atopy as the independex}) yariable, while maternal asthma on its own, without the
presence of other maternal atopic conditions uwsesl as the X variable for the second mediation
test (Table 3.3 and Table 3.4). As prevously mentioned, mediatorgere identified usingthe
Baron and Kenny 198@ediation criteria that is, a variable is considered a mediator if there is a
significant exposure X) to mediator §) association and a mediatoM) to outcome Y)

association, in addition to a significant association between expo§uaad outcomey).

The initial mediation analysis aims to identify which of the infant gut metabolites at 4
months of age are mediators in the path between combined maternal atopy and
neurodevelopmental scorégom the previous analysisalreadyhave data regardingpe X -> Y
association$ that is,which specific neurodevelopmental scorésl{ave significant associations
with maternal atopyr maternal asthmaxj and in which group of infant$-igure 3.3 and Figure
3.4). Thus, knowing which X and Y variablesd from which groups have marginal (p<0.10) and
significant (p<0.05) associationisthen proceeded to testich of the infant gut metabolités
associatios with maternal atopy and asthif@a-> M) and neurodevelopmental scor&s € ).

Results from testing which etabolites mediate the association between maternal atopy and infant
Bayley-ll scores are found in Tab®9 to Table 3.12; while metabolites foaternal asthma and

Bayley-ll scores are in Table 3.13 to Table 3.15.
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Results from the analysis show that the metabolites dimethylamine and phenylalanine are
candidate mediators for the pathway between maternal asthmheinmtrease immale infant

language scores at 1 year (Figure 3.5).

Metabolite Mediators
(M)

/ . dimethvlamine \\
yd e  phenylalanine Y

Maternal Asthma | Male Infant Language
(X) Scores at 1 Year
(¥)

Figure 35. Metabolites identified as mediators in the association between maasthataand

male infantanguagescores af yearof infantage.

After these potential metabolite mediators were identifsddictural equation modelling
(SEM) was conducted to see if these mediators haigndicantmediating effect in the pathway.
Examining each of the pathways reveal two separate trends. Fiing at the infant gut
metabolite dimethylamine, maternadtbma is linked to an increase in dimethylamibetd
coefficient: 0.107% 95%CI:-0.03 0.25; pvalue = 0.04; Figure 3.6Awhich is then linked to a
subsequent increase in male infant language scores at bgtardefficient:42.13 95%CI:1.95
82.32; pvalue = 0.04; Figure 3.6ASecond]ooking at the infant gut metabolite phenylalanine
reveals an opposite M Y association in which maternal asthma is marginally associated with an

increase in phenylalaninbdtacoefficient:1.19 95%CI:-0.09 2.46; pvalue = 0.07; Figure 3.6B
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which is then related to a subsequent decrease in male infant language scores abdtayear (
coefficient:-2.17 95%CI:-3.69 -0.65; pvalue = 0.005; Figure 3.gBHowever, results reveal

that none of these mediatieffects are statistically significarfFigure 3.6A and Figure 3.6B).

A.
Male Infant
Dimethylamine
(M)
0.107 (-0.03,0.25) | p=0.04 42.13 (1.95,82.32) | p=0.04
Male Infant Language
Maternal Asthma > Scores | YR
) 5.038 (-0.792,9.285) | p=0.02 ()
Indirect Coef: 4.53 (-1.81, 10.87) | p=0.16
B.
Male Infant
Phenylalanine
(M)
1.19 (-0.09, 2.46) | p=0.07 -2.17 (-3.69, , -0.65) | p = 0.005
Male Infant Language
Maternal Asthma Scores 1 YR
(X) 5.038 (-0.792, 9.285) | p = 0.02 (N

Indirect Coef: -2.57 (-6.01, 0.86) | p=10.14

Figure 3.6. Structural equation model (SEM) diagrams showing the associations between
metabolites, maternalsthmaandl-year male infankanguagescores. Pathways are labeled in the

form of coefficient (confidence intervals){value.
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Furthermore, similar identification of opential mediators was used for infant gut
microbiome at 4 months. According to the DAG (Fig@tg), there is not a direct path from
maternal atopy to infant gut microbiome (direct paths are indicated by bold lines), but a direct path
exists through infat atopy and food sensitization. However, the analysis in Chapter 2 that
investigated the relationship between infant food sensitization and neurodevelopment scores
already revealed the lack of significant associatibetween infant sensitization and
neuralevelopmental score3his lack of association is also summarizedlable 3.5 below.
Therefore, structural mediation cannot be pursued with infanticategnsitization or food
sensitizatioras the exposure (X).

Table 3.16. Logistic regressionpresenting the association between infant sensitization

status and maternal atopic status.

ALL INFANTS
Maternal Atopy (Combined) Coef.  p-value [95% Conf Interval] Sig
Food sensitization .005 .989 -.703 713
Atopic sensitization 116 729 -.541 774
Maternal Asthma Coef.  p-value [95% Conf Interval] Sig
Food sensitization -31 481 -1.171 .552
Atopic sensitization A7 0.64 -.541 .881
MALE INFANTS
Maternal Atopy (Combined) Coef.  p-value [95% Conf Interval] Sig
Foodsensitization -.045 0.928 -1.023 .933
Atopic sensitization -1.852 0.941 -.957 .887
Maternal Asthma Coef.  p-value [95% Conf Interval] Sig
Food sensitization -314 594 -1.468 .841
Atopic sensitization 0.075 0.883 -.927 1.077
FEMALE INFANTS
Maternal Atopy (Combined) Coef. p- [95% Conf Interval] Sig
value
Food sensitization .059 0.910 -.969 1.087
Atopic sensitization .262 0.585 -.680 1.205
Maternal Asthma Coef. p- [95% Conf Interval] Sig
value
Foodsensitization -305 0.645 -1.604 .994
Atopic sensitization 299  0.563 -714 1.311

Note: Each row represents a separate model. Infant gr@ipmfants, males, and femalese in dark
bluerow headings, while lighter blue headings representekgosure or (X) variable.
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On the other hand, ediation analysisStata 17 was used to examine the indirect effects
of maternal atopy and maternal asth(® on infantneurodevelopmental scor€g) mediated
throughprenatal depression at 18 andv@éeksandinfant gut microbiome (Figure B. For the

potential mediators, depression was considered as mediditd) B d infant gut microbiome as

mediator 2 i12).
Infant Gut Microbiome
Prenatal depression > at 4 months
(MI) (M2)
Infant Neurodevelopmental
Maternal Atopy — —> Scores
(X) (Y

Figure 3.7 Proposed sequential mediation model to test the associations between maternal atopy
(combined maternal atopy and maternal asthma), prenatal depression, and infant

neurodevelopment.

As previously mentioned, before proceeding to run sequential mediasiessasents, there
needs to be a significant exposure (X) to mediator (M) association (p<0.05). To test this, | ran
linear regression tesketween: (i) maternal atopy and prenatal depressioresat 18 weeks, (ii)
maternal atopy and prenatal depresssamresat 36 weeks, (iii) maternal asthma and prenatal

depressioscoresat 18 weeks, and (iv) maternal asthma and prenatal depressiesat 36 weeks
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(Table 3.18). These analyses were run for eddhethree group: all infants, male infants, and

femak infants (Table 3.

Table 3.17. Linear regression that tests the exposure to mediatoX(-> M) association between maternal
asthma and prenatal depression and between maternal atopy and prenatal depression.

ALL INFANTS
Maternal Atopy (Combined) Coef. p-value [95% Conf Interval] Sig
Prenatal depression 18 weeks 1.331 133 -41 3.072
Prenatal depression 36 weeks 1.76 .029 178 3.342
Maternal Asthma Coef. p-value [95% Conf Intervall] Sig
Prenatal depression 18 weeks  .127 .902 -1.9 2.155
Prenatal depression 36 weeks .829 374 -1.003 2.661
MALE INFANTS
Maternal Atopy (Combined) Coef.  p-value [95% Conf Interval] Sig
Prenatal depression 18 weeks 1.198 .288 -1.025 3.421
Prenatal depression 36 weeks 1.29 A71 -.561 3.142
Maternal Asthma Coef.  p-value [95% Conf  Interval] Sig
Prenatal depression 18 weeks  .909 467 -1.555 3.372
Prenatal depression 36 weeks -.093 931 -2.229 2.043
FEMALE INFANTS
Maternal Atopy (Combined) Coef.  p-value [95% Conf  Interval] Sig
Prenatal depression 18 weeks 1.474 .28 -1.217 4.166
Prenatal depression 36 weeks 2.229 .096 -.398 4.856
Maternal Asthma Coef.  p-value [95% Conf  Interval] Sig
Prenatal depression 18 weeks -.641 .702 -3.95 2.669
Prenatal depression 36 weeks 1.907 .218 -1.14 4.954

Note: Each row is a separate modet p<.01, ** p<.05, * p<.1

Based on the above Table Bresults that tests the mediation criterfor an exposure to
mediator associatiofX -> M), none of the associations between prenatal depression scores either
at 18 or 36 weeks were significantly related to maternal atopy or maternal asttimahe
exception of two models: (i) maternal atopygrenatal depression at 36 weeks in the all infants
group and (i) maternal atopy and prenatal depression at 36 weeks in the females group. Since an
X -> M association exists for these two models, the next step will be to tddt-th¥ association
T tha is, between prenatal depression at 36 weeks and infant neurodevelopmental scores (Table
3.18). Sincenone of the models show a significalt -> Y associationmy results do not fulfill

this criterionand thussequential mediation cannot be performed.
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Table 318 Linear regressions that tests the mediator to outcomeM -> Y) association between
prenatal depression at 36 weeks and infant neurodevelopmental scores at 1 and 2 years of infant
age.

All Infants at 1 Year

Cognitive 1 Year Coef. p-value [95% Conf Interval] Sig
Prenatal depression 36 weel .026 .78 -.157 .209
Language 1 Year Coef. p-value [95% Conf Interval] Sig
Prenatal depression 36 weel .007 .95 -.209 .223
Motor 1 Year Coef. p-value [95% Conf Interval] Sig
Prenatal depression 36 weel -.037 .798 -.317 .244
Socioemotional 1 Year Coef. p-value [95% Conf Interval] Sig
Prenatal depression 36 weel -.066 574 -.298 .166
All Infants at 2 Years
Cognitive 2 Years Coef. p-value [95% Conf Interval] Sig
Prenatal depression 36 weel -.062 .61 -.304 .18
Language? Years Coef. p-value [95% Conf Interval] Sig
Prenatal depression 36 weel -.066 .52 -.268 .136
Motor 2 Years Coef. p-value [95% Conf Interval] Sig
Prenatal depression 36 weel -.053 .54 -.221 116
Socioemotional2 Years Coef. p-value [95% Conf Interval] Sig
Prenatal depression 36 weel -.107 A4 -.376 .162

Note: Each row is a separate model; *** p<.01, ** p<.05, * p<.1

On the other hand, even if results do not support proceeding to sequential mediation
analysis, crudsignificant mediation (M) to outcome (YY) associations betweemtaat gut
microbiotaFirmicutes, Clostridia, an@lostridium difficilewith decreased male infant motor

scores at two yeaxgere observed (Table @1Table 320).
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3.5 Discussion
3.5.1 The relationship between aternal atopy andasthma andinfant neurodevelopment
In our study, maternal atopy generalwherein the mothemay have a combination of
atopic conditions)significantly lowersmaleinfant motor scoreat 2 yeas in the presence of
prenatal depression 48 weeksSimilarly, maternal asthma on its owalinked to an increase in

male infantdnguage scores at 1 yeard a decrease in male socioemotional scores in 2 years.

The former finding regarding maternal atopy is consistent with results from an Australian Cohort
wherein reduced motor scores were also observed in infants with any alemgitzatiorn(42).
Severalktudies support the link between maternal immune condith@hsding maternal asthma

and allergiesnd subsequent developmental delays in their offspnitly mosthighlightingthe

impact ofimmune dysregulatiom allergic diseaséli 3). In particularthe underlyingnaternal
immune activation (MIA)n asthma and allergies whicésult from genetic or environmental

factors became a key topic of intergsincreasing theisk of impaired child neurobehaviori(4

7). Some studies offer explanations wherein underlying MIA in maternal asthma and allergies
compr omi s es tlityéo regulate the matemdktsl imembne interface, which may

lead to increased inflammatory cells and signaling that disturb the developing immune system
and brain functions (11.3). Alarge populatiorbased caseontrol study found consistent
associatins betweean history of maternal immune disorders and childhood developmental
disorders, specifically child autism spectrum disorders (ASD) and developmental delays without
autism (DD) (8)In human infants, one particular study concluded that matereaatal total

IgE was positively and significantly correlated with infant ADHD (®)is is further supported

by another research study demonstrating that a positive immune history of maternal allergies or

asthma was associated with increased severityoidilssymptoms, including cognition and
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mannerisms in the child (%tven animal modelsave similar results whereallergenrinduced
modek of maternal inflammatiom rodents present increased abnormal motor, cognitive, and

social behaviors in offspring.0).

On the other hand, the latter finding of our stpdgsents thanaternal asthmencreass
in male infantanguage scorest 1 yeaand reduces male socioemotional scorésyaarseven
after controlling for prenatal depressi@€onsistent with our findingsn socioemotional
development,a positive maternal immune histaoy asthma and allergies increase the severity
of social symptoms of ASI#3). On the other hand, the increase it is noteworthy that the
increase in language scores does not support our original hypothesis that maternal allergy
impairsall neurodevelopmental scores in the offspring. Interestingly, several research findings
agree thabninconclusivefindings regarding the exact impact of maternal asthma on the
cognitive domains of child neurodevelopmé). For example, a comprehensive systematic
review looking specifically at maternal asthma and infanirodevelopment concluded thiad:
relationship between maternal asthma during pregnancy and neurobehavioral outcomes in the
offspring is weak44). A crosssectional studypublished aftethis systematic review also
produced consistent resuitshat is,infantsup to 1 year of age whose mothers hathma
during pregnancdisplayed no difference in sensory and temperament featiiess compared

to infants whose mothers did not have astli#&.

It is important to notéowever that findingsof the systematic reviestates thathe
neurodevelopmental trajectory iofants whosenothershave wellmanaged asthma during
pregnancydid not differ when compared to infants whose moms did not have agtding/e
speculate thatisce the majority of theparticipatingmothes of ourcurrentstudydo not smoke

havemid to above average income, and obtained university edudaibof which arepositive
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social determinants of healgh6)i it is likely that theyhavehadadequat@ccess to health
resources and asthma treatmeamil medicationdeading to better management of their asthma

symptoms

3.5.2 Determining potentialmetabolitemediators in the pathway between maternal atopy and
infant neurodevelopment
Our results show thalimethylamine and phenylalaniaeemetabolites that mediate the

effect between maternal asthma and female infant cognitive scores at 2 years3bjguable
3.14). However, structural mediation analysis reveals that the mediifiect of these two
metabolites are not significant (Figure 31B)our study, the observed association of maternal
asthma with increased levels of phenylalanine and the subsequent decrease in male infant
language scores is consistent witsearch evidere that state the harmful effects of prenatal
phenylalanine exposure on infant neurodevelopnsp#cifically onnfantcognition(47i 49).
For instance, atudy presented that prenatal phenylalanine exposure is not only related to
cognitive impairment at 1 year of infant age, but these detrimental effects on offspring

intelligence persist till early childhood, up to 7 years of @3je.

Meanwhile,previaus research suggest tlianethylamine has been implicated as one of
the volatile nitrogenous amino acids linked to hypergastrinemia in inants)dition that
suggests compromised digestive heédd). Additionally, dimethylamine is also one of the
urinary metabolites determined as a potential objective biomarker fonatadtdepressio(bl).
This is contrary to our research finding which observed an increase in dimethylamine associated
with increasd male infant language scores at 1 year. It is worth noting however, that this

observed mediating effect is not significant (p = 0.16).
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Althoughour study presents that the mediating effect of these metabolites are non
significant,research is starting tsmcover supporting evidence that point the potential role of
met abol ites i n mo dlifeimmune systemahe degreeftocawmitim@tabolikea r | y
impact infant health and immune or metabolic programming remains to be fully understood.
Consistenhwith existing literature, we recommend future studies to examine human milk and
microbiomeassociated metabolites that may play a role in programming immune and metabolic

functions in an infantés early 1|ife.
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3.5.3 Sexdependent patterns in thelationship between maternal atopy and infant
neurodevelopment
In our studythe impact ofmaternalatopy and maternal asthma on infant

neurodevelopmental scoreshibit a €x-dependent patterispecific to male infantS'hesemale
sexspecific associainshavealsobeenobserved irotherliteratureinvestigatingfactorsthat
shapenfant neurodevelopmenA recent studyresented thahaternal immune conditions
differentially have more adverdehavioraland emotionaimpact on male infants than females
(52). Furthermorethe same studyound a higher prevalence of maternal immune conditions in
male tha female infantssuggeshg that maternal immune conditionsayalso beinfluenced by
offspring sexOverall, ourstudies supposxisting research thatale infants appear to be more
vulnerable tanaternal inflammatiomediated neurodevelopmental disordétewever, the

biological pathways that describe this association remains unclear.

3.5.4 Determining the mediating effect of infant gut microbiome via prenatal depression in
the association between maternal atopy status and infant neurodevelopment
In ourstudy, the significant association between maternal atopy status and infant
cognitive or motor scores were rsgquentiallynediatedoy infant atopy (Table 3.17) @renatal
depressiorfTable 3.18)However, there were crudggnificantmediation (M) to outcome (Y)
associations between th#ant gutmicrobiota potential mediatorEirmicutes Clostridia, and
Clostridium difficilewith decreased male infant motor scores at two y@ale 3.17, Table

3.18)

In the early infant gut devagbonent, the early bacterial colonizers are dominated by
Bifidobacteria and Lactobacilliendlaterthe infant gueventuallybeconesenriched with

Bacteroides and Firmicutes (38). In Firmicutes, the Clostridium genera represent 95% of the
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Firmicutes phyla (39,40Meanwhile C. difficile remains a harmless commensal in neonates and
infants(41,42).In terms of a normal gut microbiomejectory,C. difficile is expected to peak
around the first month of life and then gradually decréaSedifficile is found to be present in
about 37% of healthy infants less than 1 month of age, with its levels gradually decreasing to
about 30% betweeh and 6 months of infant age (43). At 3 years of age, the infant gut

microbiota composition and diversity resembles that of the adult (44).

Noting the normal infant gut trajectories is important because deviation from the
expected colonization patterrssaften indicative of perturbations thhteaterinfant immunity
and overall health (45)n our study, a unit increase in Firmicutes at 3 months of infant age is
associated witla crudedecreas@ motor scores, a finding that is consistent with a study that
showed significant relationship between Firmicutes levelgedigcedyross motor behavior
scores in infants-3 years of age (46). However, contrary to our findings, higher proportions of
Firmicutes at the phylum level was proposed to be beneficial or protective for the development
of the neural system (46). This is further supported by another study from the CHILD cohort that
presented Firmicutes microbiota clustergate infancy to be asso¢e with enhanced
neurodevelopmental outcomes, specifically with cognitive scores (47). Since the association
between motor scores aRkitmicutes were not influenced by any of the covariates we measured,
the difference in our results witither previousesearch highlights the need to further assess
more pathways in which Firmicutes abundance and composition play a role in shaping infant

motor function.

The role ofC. difficile in the infant gut microbiota is mostly explored in certain
hypervirulent strains that colonizes the gastrointestinal tract leadi@gdifficile infection

(CDI) which is influenced by several factors including antibiotics (48). Current study in mice has
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linked CDI in altering specific brain regions that lead to the dysregulation in the metabolism of
brain dopamine, an important area of the brain that is known to play a role in the onset of
neurodevelopmental disorders (49). However, this leaves an ampgep for gut microbiome
research: that is, in exploring hd@v difficile impacts infant brain development of human

infants.

While much is yet to be uncovered about the pathways through which the infant gut
microbiome influences brain development, resbauggest that the gbtain interaction®egin
in utero and is shaped by maternal factors that include maternal stress, chemical exposures, diet,
immune conditions, and delivery mode among many others (50,51). Research evidence supports
that the gudbrain axis intersects with microbenmune activitiesvhereinneuroimmune cells
communicate with gut microbes and metabolites during early brain development (51,52). While
studies have explored the gut and brain connection in adults and animal modetsesiik
paucity in research regarditige microbiomebrain connectiomuringthe critical window of
early infant development (53,54)herefore we recommend additional prospective longitudinal
studies thawill further addpieces to the puzztbat will reveal a clearer picture of the

connection between atopic diseases, neurodevelopment, and the role of tigeibcaimection.
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3.6 Conclusion

Our study supports that maternal atopy statuss@ayitical role in shaping the gut
microbiome compositiorMale infants whose othershave atopic conditions are at a higher risk
of neurodevelopmental impairmeit/e show that this association is mediated by metabolites
creatinine. Although no mediation has been found by the gut microbiota, we found significant
associations betweegut microbiotaFirmicutes Clostridia, andC. difficile,and infant motor
scores. Our research supports that smaeernal inflammatiormediated expression of
neurodevelopmental challengesecoming more prevalerthe need to explore biological
mechanistic evidence that demonstrates clear pathways between the gut bacteria, gut metabolites,
and neuronal dysregulation should be a research priority. Information from theseistudies
important to identify potential interventions, early detection, and alternative therapeutic

recommendations that improve overall health of infants.
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3.7 Chapter 3: Tables

Table 3.1 Comparison of mean scores for neurodevelopmental domains at age 1 angars across combined maternal atopy and maternal asthma status at 1
year, all infants and stratified by infant sex.

All infants

Combined Maternal Atopgt MaternalAsthma Maternal Asthmat

Combined Materna‘ktopy 1YR - NO 1YR- YES 1YR- NO p-value
1YR- YES
N=223 N=112 p-value N=75 N=260
(66.57% overall) (33.43% overall) (22.39% overall) (77.61% overall)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Infant neurodevelopment 1YR
BSID-1Il cognitive 1 year 110.4395 (10.12777) 110.8482 (11.2684) 0.738 110.954 (10.758) 109.267 (9.54) 0.221
BSID-IIl language 1 year 109.4279 (12.32889) 107.2857 (12.21241) 0.134  108.328 (12.263) 110.027 (12.477) 0.294
BSID-IIl motor 1 year 103.6188 (17.17984) 101.8393 (13.24445) 0.337 102.408 (16.325) 105.16 (14.594) 0.189
BSID-1Il social-emotional 1 yeal 102.2897 (12.69506) 102.0909 (14.50058) 0.899 101.833 (13.343) 103.562 (13.215) 0.33
Infant neurodevelopment 2YR
BSID-IIl cognitive 2 year 105.3453 (14.45596) 105.2232 (12.45512) 0.939 105.135 (13.841) 105.893 (13.735) 0.676
BSID-IIl language 2 year 100.3767 (12.20367) 99.81982 (10.70361) 0.683 100.158 (11.811) 100.307 (11.445) 0.539
BSID-1Il motor 2 year 98.10314 (9.620883) 99.48214 (9.690696) 0.218 98.738 (9.647) 97.96 (9.709) 0.923
BSID-IIl social-emotional 2 yeal 108.6136 (16.21096) 107.7477 (15.07163) 0.639 109.533 (15.662) 104.122 (15.754) 0.009**
Sex stratified
Femaleinfants Male infants
Combined Combined Maternal Maternal Combined Combined Atopy  Maternal Maternal
Atopy 1YR- Atopy at Asthma Asthma at Atopy 1YR - at 1YR- NO Asthma 1YR  Asthma at
YES 1YR-NO 1YR- YES 1YR-NO YES N=218 (40.60% -YES 1YR-NO
N=40 (7.45% N=218 N=28 N=230 N=40 (7.45% among all N=28 N=230
among all (40.60% (5.21% (42.83% among all infants) (5.21% (42.83%
infants) among all among all among all infants) among all among all
infants) infants) infants) infants) infants)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Infant neurodevelopment 1YR
BSID-Il cognitive 1 year 110.99083 112.64151 110.313 111.831 109.91228 109.23729 108.488 110.077
(9.3823074) (11.033331) (8.322) (10.316) (10.807701) (11.326409) (10.382) (11.154)
BSID-IIl language 1 year 111.87156 110.50943 110.156 111.738 107.0708 104.38983 109.93 104.891
(11.118137)  (12.83718)  (13.026) (11.365) (13.012162) (10.938727) (12.207)** (12.217)*
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BSID-IIl motor 1 year 103.73394
(17.231884)
BSID-IIl social-emotional 1 yeal 101.05769
(11.817238)
Infant neurodevelopment 2YR

BSID-IIl cognitive 2 year 109.40367
(14.809356)

BSID-1Il language 2 year 104.44954
(10.986091)

BSID-IIl motor 2 year 99.981651

(9.7941608)
BSID-IIl sociatemotional 2 yeal 110.04587
(14.8526)

103.86792
(14.04257)
104.80392
(15.873273)

105.18868
(11.967997)
102.03846
(10.493624)
99.490566
(8.8331165)
110.57692
(15.199776)

105.875
(13.54)

104.677
(12.037)

110.156
(13.409)
106.219
(9.527)
101.313
(9.586)
106.719
(14.29)

103.262
(16.813)
101.694
(13.643)

107.5 (14.2)
103.039
(11.104)
99.454
(9.437)
111.085
(14.999)

103.50877
(17.205291)
103.45455

(13.422312)

101.46491
(13.033096)
96.482456
(12.080286)
96.307018
(9.1381987)*
107.20721
(17.39494)

100.01695
(12.319723)
99.745763

(12.879539)

105.25424
(12.979551)
97.864407
(10.590265)
99.474576
(10.477161)*
105.25424
(14.634151)

104.628
(15.467)
102.738
(14.108)**

102.721
(13.247)
95.907
(10.834)
95.465
(9.127)
102.143
(16.68)*

101.554
(15.842)
101.969
(13.005)*

102.769
(13.105)

97.3 (11.838)
98.023
(9.837)
107.969
(16.21)*

Note SD= standard deviation; Statistical comparison of meanspleted by ANOVA. **p<0.05
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Table 32. Univariate and multivariate linear regression for maternal atopic status and maternal asthma at 1 year versus neurodev@heental scores

at 1 and 2 years, all infants and stratified by infant sex (N=335).

Combined Maternal Atopy Multivariate Model Adjustments - All Infants

BSID - lll Scores at 1YR Crude Estimate p-value Fully -Adjusted Model p-value? Fully-Adjusted Model Estimate p-value?
(95% CI) Estimate (95% CI)? (95% Cl)®

Cognitive TYear -0.409(-2.806, 1.988) 0.74 -1.343¢3.875, 1.189) 0.30 0.139 ¢2.439, 2.716) 0.92

Language 1Year 2.14 ¢0.670, 4.944) 0.13 2.664 ¢0.490, 5.819) 0.10* 2.509 ¢0.497, 5.516) 0.10*

Motor 1-Year 1.78 ¢1.860, 5.419) 0.34 1.840 ¢2.230, 5.909) 0.37 2.541(-1.414, 6.496) 0.21

SociatEmotional 1Year 0.199 ¢2.879, 3.276) 0.90 -1.132 ¢4.569, 2.305) 0.52 0.422 ¢2.863, 3.706) 0.80

BSID - lll Scores at 2YR Crude Estimate p-value Fully-Adjusted Model p-value? Fully-Adjusted Model Estimate p-value?
(95% ClI) Estimate (95% CI)? (95% CI)®

Coghnitive 2Year 0.122 ¢3.027, 3.271) 0.94 -0.565 ¢3.980, 2.850) 0.75 -0.114 ¢3.471, 3.243) 0.95

Language 2Year 0.557 (2.123, 3.238) 0.68 -0.420 {3.466, 2.625) 0.79 1.139 (1.565, 3.843) 0.41

Motor 2-Year -1.379 ¢3.576, 0.818) 0.22 -1.783 ¢4.265, 0.698) 0.16 -1.200 ¢3.569, 1.168) 0.32

SociatEmotional 2Year 0.866 ¢2.762, 4.494) 0.64 0.270 ¢4.076, 4.616) 0.90 1.519 ¢2.289, 5.327) 0.43

Maternal Asthma Multivariate Model Adjustments - All Infants

BSID - lll Scores at 1YR Crude Estimate p-value Fully -Adjusted Model p-value? Fully-Adjusted Model Estimate p-value?
(95% CI) Estimate (95% CI)? (95% CI)®

Cognitive Year -1.687 ¢4.394, 1.02) 0.22 -1.655 ¢4.553,1.243) 0.26 -1.130 ¢4.082, 1.821) 0.45

Language 1Year 1.698 ¢1.477, 4.874) 0.29 1.953 ¢1.660, 5.567) 0.29 2.718 ¢0.741, 6.176) 0.12

Motor 1-Year 2.752 ¢1.362, 6.866) 0.19 2.832 (1.800, 7.465) 0.23 4.841 (0.348, 9.335) 0.87

SociatEmotional 1Year 1.730 ¢1.754, 5.212) 0.33 0.398 ¢3.521, 4.318) 0.84 -3.703 ¢8.046, 0.64) 0.09*

BSID - lll Scores at 2YR Crude Estimate p-value Fully -Adjusted Model p-value? Fully-Adjusted Model Estimate p-value®
(95% Cl) Estimate (95% CI) (95% Cly®

Coghnitive 2Year 0.759 ¢2.804, 4.321) 0.68 -1.048 ¢4.966, 2.870) 0.60 1.821 ¢2.069, 5.712) 0.36

Language 2Year 0.148 ¢2.878, 3.174) 0.92 -1.743 ¢5.262, 1.776) 0.33 1.231 ¢2.014, 4.475) 0.46

Motor 2-Year -0.778 €3.269, 1.712) 0.54 -2.178 ¢4.994, 0.637) 0.13 -0.542 ¢3.257, 2.174) 0.70
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SociatEmotional 2Year -5.41 ¢9.48,-1.34) 0.009** -6.141 ¢11.043,-1.239) 0.014** -3.703 ¢8.046, 0.640) 0.10*
Combined Maternal Atopy Multivariate Model Adjustmentsi Male Infants

BSID 1 Il Scores at 1YR Crude Estimate p-value Fully -Adjusted Model p-value? Fully-Adjusted Model Estimate p-value®
(95% CI) Estimate (95% CI)? (95% CI)®

Cognitive TYear 0.675 €¢2.803, 4.153) 0.70 0.322 ¢3.387, 4.03) 0.86 1.989 ¢1.698, 5.676) 0.29

Language iYear 2.681 ¢1.233, 6.595) 0.18 4.113 ¢0.429, 8.656) 0.08* 3.712 ¢0.608, 8.03) 0.09*

Motor 1-Year 3.492 (1.485, 8.468) 0.17 -5.503 ¢0.324, 10.681) 0.39 5.283 ¢0.156, 10.724) 0.06*

SociatEmotional ZYear 3.709 ¢0.508, 7.926) 0.29 1.948 ¢2.976, 6.873) 0.44 4.607 (0.131, 9.084) 0.34

BSID - lll Scores at 2YR Crude Estimate p-value Fully-Adjusted Model p-value? Fully-Adjusted Model Estimate p-value®
(95% CI) Estimate (95% CI)? (95% CI)®

Coghnitive 2Year -3.79 ¢7.91, 0.33) 0.07* -3.636 (8.447, 1.175) 0.14 -3.87 ¢8.278, 0.536) 0.09*

Language 2Year -1.382 (5.053, 2.289) 0.46 1.568 (2.451, 5.587) 0.441 2.715 ¢0.894, 6.323) 0.14

Motor 2-Year -3.17 ¢6.21,-0.124) 0.04** -4.035 ¢7.600,-0.470) 0.03** -3.003 ¢6.276, 0.270) 0.07*

SociatEmotional 2Year 1.953 ¢3.293, 7.199) 0.46 -1.306 ¢6.721, 4.11) 0.63 0.515 ¢4.87, 5.901) 0.85

Maternal Asthma Multivariate Model Adjustments - Male Infants

BSID - lll Scores at 1YR Crude Estimate p-value Fully-Adjusted Model p-value? Fully-Adjusted Model Estimate p-value®
(95% CI) Estimate (95% CI)* (95% Cly®

Cognitive Year -1.589 ¢5.398, 2.221) 0.41 -1.966 ¢5.976, 2.045) 0.33 -0.674 ¢4.887, 3.539) 0.75

Language 1Year 5.038 ¢0.792, 9.285) 0.02** -5.385 (0.482, 10.287) 0.76 6.56 (1.76, 11.37) 0.008**

Motor 1-Year 3.074 ¢2.395, 8.543) 0.27 3.159 ¢2.579, 8.897) 0.28 5.707 ¢€0.458, 11.871) 0.07*

SociatEmotional tYear 0.770 ¢3.92, 5.76) 0.75 -0.653 ¢6.069, 4.763) 0.81 1.55 ¢3.58, 6.69) 0.55

BSID - lll Scores at 2YR Crude Estimate p-value Fully-Adjusted Model p-value? Fully-Adjusted Model Estimate p-value®
(95% CI) Estimate (95% CI)? (95% CI) ®

Coghnitive 2Year -0.048 ¢4.611,4.515) 0.98 -1.430 ¢6.727, 3.867) 0.59 1.411 ¢3.674, 6.496) 0.58

Language 2Year -1.393 (5.421, 2.635) 0.50 -5.314 ¢10.086,-0.543) 0.74 0.258 (4.167, 4.683) 0.91

Motor 2-Year -2.558 ¢5.915, 0.799) 0.13 -4.290 ¢8.176,-0.404) 0.65 -1.914(-5.664, 1.837) 0.32
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SociatEmotional 2Year -5.826 ¢11.56,-0.094) 0.04** -6.595 ¢14.065, 0.876) 0.08* -3.68 ¢9.80, 2.44) 0.24
Combined Maternal Atopy Multivariate Model Adjustments - Female Infants

BSID - lll Scores at 1YR Crude Estimate p-value Fully -Adjusted Model p-value? Fully-Adjusted Model Estimate p-value?
(95% CI) Estimate (95% CI)# (95% CI) °

Cognitive kYear -1.651 ¢4.941, 1.640) 0.32 -3.093 ¢6.619, 0.432) 0.09* -1.433 ¢5.056, 2.189) 0.44

Language 1Year 1.362 ¢2.509, 5.233) 0.49 1.169 ¢3.155, 5.493) 0.17 1.468 ¢2.603, 5.538) 0.48

Motor 1-Year -0.0001 ¢0.005, 0.004) 0.96 -1.487 ¢7.739, 4.764) 0.86 -0.013 ¢5.855, 5.829) 0.10*

SociatEmotional tYear -0.005 ¢0.01, 0.0009) 0.10¢ -3.879 ¢8.678, 0.920) 0.11 -3.752 ¢8.599, 1.095) 0.13

BSID - lll Scores at 2YR Crude Estimate p-value Fully-Adjusted Model p-value? Fully-Adjusted Model Estimate p-value?
(95% CI) Estimate (95% CI)? (95% CI)®

Cognitive 2Year 4.21 ¢0.398,8.82) 0.07* 2.603 €2.217, 7.424) 0.29 4.115 ¢0.852, 9.083) 0.10*

Language 2Year 0.005 ¢0.002, 0.011) 0.19 1.568 ¢2.451, 5.587) 0.44 2.715 ¢0.894, 6.323) 0.14

Motor 2-Year -0.134 ¢5.513, 5.245) 0.96 0.641 ¢2.788, 4.071) 0.71 0.646 ¢2.791,4.083) 0.71

SociatEmotional 2Year -3.746 ¢8.231, 0.739) 0.15 -1.306 ¢6.721, 4.110) 0.63 0.515 ¢4.870, 5.901) 0.85

Maternal Asthma Multivariate Model Adjustments - Femalelnfants

BSID - lll Scores at 1YR Crude Estimate p-value Fully -Adjusted Model p-value? Fully-Adjusted Model Estimate p-value®
(95% CI) Estimate (95% CI)? (95% Cl)®°

Cognitive Year -1.518 ¢5.400, 2.364) 0.44 -1.033 ¢5.341, 3.276) 0.64 -1.562 ¢5.745, 2.621) 0.46

Language 1Year -1.582 ¢6.144, 2.980) 0.50 -1.285 ¢6.506, 3.936) 0.63 -1.546 ¢6.327, 3.234) 0.52

Motor 1-Year 2.614 ¢3.712, 8.940) 0.42 3.198 ¢4.211, 10.607) 0.71 3.525 ¢3.116, 10.167) 0.30

SociatEmotional tYear 2.984 (2.310, 8.277) 0.27 1.585 ¢4.213, 7.382) 0.59 2.195 ¢3.458,7.847) 0.44

BSID - lll Scores at 2YR Crude Estimate p-value Fully-Adjusted Model p-value? Fully-Adjusted Model Estimate p-value®
(95% CI) Estimate (95% CI)? (95% CI)®

Cogpnitive 2Year 2.656 ¢2.820, 8.132) 0.34 0.367 ¢5.438, 6.173) 0.90 2.446(-3.377, 8.268) 0.41

Language 2Year 3.180 ¢1.038, 7.398) 0.14 3.638 ¢1.249, 8.526) 0.14 2.352 ¢2.037, 6.742) 0.29

Motor 2-Year 1.857 ¢1.831, 5.548) 0.32 0.938 ¢3.112, 4.988) 0.65 1.080 ¢2.869, 5.030) 0.59
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SociatEmotional 2Year -4.37 €10.16, 1.43) 0.14 -3.944 ¢10.127, 2.239) 0.209 -3.94 €10.13, 2.24) 0.21

Note 2Prenatal depression at 18 weeks was a covaPRttenatal depression at 36 weeks was used as a covapiedel0 **p<0.05
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Table 3.3. Frequency characteristics for categorical variables in the study sample of maternal atopy status at 1 year and
neurodevelopmental data at 1 and 2 years of aga=335)

Maternal characteristics Total N n (%) Infant characteristics Total N n (%)
Family Income 331 Child Sex 335

Less than 39,999 13 (4.14) Boys 173 (51.64)
40,000 to 79,999 77 (24.52) Girls 162 (48.36)
80,000 to 99,999 53(16.88) Breastfeeding 3 Months 335

Exceeds 100,000 171 (54.46) None 60 (17.91)
Maternal Education 332 Partial 104 (31.04)
ISome/finished high school 23 (6.93) Exclusive 60 (17.91)
ISome university/college 130 (39.16) Birthmode 331

University degree 179 (53.92) Vaginal no IAP 181 (54.68)
Maternal Asthma 335 Vaginal IAP 72 (21.75)
Yes 260 (77.61) CS-Elective 35 (10.57)
No 75 (22.39) CSEmergency 43 (12.99)
ICombined Maternal Atopy 335 223 (66.57)

Yes 112 (33.43)

No

Prenatal Smoking 335 Gestational Age 333

Yes 15 (4.48) 37 weeks+ 314 (94.29)
No 320 (95.52) 34-36 weeks 19 (5.71)
Maternal Depression 335 Siblings 334

Yes 41 (12.24) Yes 186 (55.69)
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No

Maternal Age 335
18-29

30-39

40+ 16 (4.78)
Maternal Ethnicity 335

White Caucasian
lAsian 26 (7.76)

Other

294 (87.76)

93 (27.76)

226 (67.46)

274 (81.79)

35 (10.45)

No

148 (44.31)
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Table 34. Percentage distribution of combined maternal atopy and maternal asthmsatatus at 1 year across candidate covariates
(n=335)

Categorical variables ~ Combined Maternal Combined Maternal  p-value Maternal AsthmaYES) Maternal Asthma 1YRNO) p-value
Atopy 1YR (YES) Atopy on 1YR (NO)

(22.39% overall)
(66.57% overall) (33.43% overall) (77.61%)

N© (%) N° (%) N© (%) NE (%)

Maternal Characteristics

Maternal age 0.9142 0.0292
18to0 29 63 (67.74) 30 (32.26) 29 (31.18) 64 (68.82)

30 to 39 150 (66.37) 76 (33.63) 45 (19.91) 181 (80.09)

Over 40 10(62.5) 6 (37.5) 1 (6.25) 15 (93.75)

Maternal education 0.561 0.029
Someffinished high schol6 (69.57) 7 (30.43) 9 (39.13) 14 (60.87)

Some university/ college90 (69.23) 40 (30.80) 33 (25.38) 97 (74.62)

University degree 114 (63.69) 65(36.31) 31(17.32) 148 (82.68)

Prenatal smoking 0.266¢ 0.751
Yes 8 (53.33) 7 (46.67) 4 (26.67) 11 (73.33)

No 215 (67.19) 105 (32.81) 71 (22.19) 249 (77.81)

Maternal ethnicity 0.09¢ 0.026
White Caucasian 189 (68.98) 85 (31.02) 68(24.82) 206 (75.18)

Asian 16 (61.54) 10 (38.46) 1(3.85) 25 (96.15)
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Other 18 (51.43) 17 (48.57) 6 (17.14) 29 (82.86)
Infant characteristics
Child sex 0.788 0.263
Boys 114 (65.90) 59 (34.10) 43 (24.86) 130 (75.14)
Girls 109 (67.28) 53 (32.72) 32 (19.75) 130 (80.25)
Older siblings 0.749 0.167
Yes 125 (67.20) 61 (32.80) 47 (25.27) 139 (74.73)
No 97 (65.54) 51 (34.46) 28 (18.92) 120 (81.08)
Birth mode 0.084 0.164
VaginatnolAP 112 (61.88) 69(38.12) 34 (18.78) 147 (81.22)
VaginatIAP 49 (68.06) 23 (31.94) 23 (31.94) 49 (68.06)
CS-elective 29 (82.86) 6 (17.14) 8(22.86) 27 (77.14)
CSemergency 31(72.09) 12 (27.91) 10 (23.26) 33 (76.74)
Infant introduction to solids 0.169 0.6902
at 3 months
Yes 4 (44.44) 5 (55.56) 1(11.11) 8 (88.89)
No 218 (67.08) 107 (32.92) 74 (22.77) 251 (77.23)
Infant breastfeeding duration (months) | 0.141 0.187
Mean (Standard Deviation)
9.17 (6.63)  10.34 (7.05) 8.61 (6.43) 9.82(6.87)
Prenatal Depression | Mean (Standard 0.133 0.902
Deviation)
18 weeks 10.27 (7.23) 8.93 (5.47) 9.91 (6.99) 9.78 (6.63)
Prenatal Depression | Mean 0.029 0.374
(Standard Deviation)
36 weeks 10.64(7.10) 8.88 (5.32) 10.70 (7.41) 9.87 (6.37)
Maternal prenatal fruit intake | Mean 0.493 0.651
(Standard Deviation)
3.15(1.99) 3.32 (2.43) 3.31 (2.42) 3.18 (2.06)
Gestational age (in weeks)| Mean (Standard Deviation) 0.912
39.07 (1.42) 39.34(1.26) 0.093 39.15(1.41) 39.17 (1.36)

UFi s her 6 %Bolévalaes are stastically significafifotal number of observations (N) is based per column per atopy/food sensitization yes/no
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Table 35. Fully adjusted model results for the association between combined maternal atopy and neurodevelopmental scores including
maternal ethnicity and prenatal depression at 36 weeks as covariates.

Fully -Adjusted Models for Combined Maternal Atopyi All Infan ts

Cognitive Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -.114 -3.471 3.243 .947
White Mom$ 0 . . .
Asian Moms -9.59 -15.686 -3.495 .002 rrx
Other Ethnicities -5.756 -11.172 -.339 .037 *x
Prenatal depression 36 weeks -.109 -.352 134 .378

Language Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy 1.139 -1.565 3.843 408
White Mom$ 0 . . .
Asian Moms -14.506 -19.499 -9.514 0 ok
OtherEthnicities -4.57 -8.921 -.218 .04 *x
Prenatal depression 36 weeks -.146 -.341 .049 143
Motor Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -1.2 -3.569 1.168 319
White Moms 0 . . .
Asian Moms -4.526 -8.827 -.225 .039 *x
Other Ethnicities -1.765 -5.587 2.057 .364
Prenatal depression 36 weeks -.066 -.237 .105 449
Socicemotional Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy 1.519 -2.289 5.327 433
White Momg 0 . . .
Asian Moms -3.923 -10.818 2.972 .264
Other Ethnicities -3.534 -9.767 2.699 .265
Prenatal depression 36 weeks -.138 -.413 137 .325

Fully -Adjusted Models for Combined Maternal Atopyi Male Infants

Cognitive Scores at 2 Years Coef. [95% Conf Interval] p-value Significance
Combined Maternal Atopy -3.872 -8.28 .536 .085 *
White Momg 0 . . .
Asian Moms -9.862 -18.742 -.983 .03 **
Other Ethnicities -4.718 -10.867 1.431 132
Prenatadepression 36 weeks -.171 -.551 .21 377
Language Scores at 2 Years Coef. [95% Conf Interval] p-value Significance
Combined Maternal Atopy 2.715 -.894 6.323 139
White Moms 0 . . .
Asian Moms -13.341 -19.487 -7.194 0 ok
OtherEthnicities 2.281 -55 10.063 .563
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Prenatal depression 36 weeks -.088 -.318 141 448

Motor Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -3.003 -6.276 .27 .072 *
White Momg$ 0 . . .

Asian Moms -6.029 -12.623 .564 .073 *
Other Ethnicities -3.377 -7.944 1.189 146

Prenatal depression 36 weeks -.065 -.347 .218 .651

Socioemotional Scores at 2 Years  Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy 515 -4.87 5.901 .85

White Momg 0 . . .

Asian Moms -5.863 -14.803 3.078 197

Other Ethnicities -9.398 -21.063 2.267 113

Prenatal depression 36 weeks -.062 -.405 .282 723

Fully -Adjusted Models for Combined Maternal Atopyi Female Infants
Cognitive Scores at 2 Years Coef. [95% Conf Interval] p-value Significance

Combined Maternal Atopy 4.115 -.852 9.083 .104

White Momg$ 0 . . .

Asian Moms -9.787 -18.033 -1.541 .02 **
Other Ethnicities -4.698 -15.456 6.061 .389
Prenatatepression 36 weeks -.165 -.482 152 .305

Language Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy 2.715 -.894 6.323 139
White Momg 0 . . .
Asian Moms -13.341 -19.487 -7.194 0 ok
OtherEthnicities 2.281 5.5 10.063 .563

Prenatal depression 36 weeks -.088 -.318 141 448

Motor Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy .646 -2.791 4.083 711
White Mom$ 0 . . .
Asian Moms -3.413 -9.119 2.293 .239

Other Ethnicities 3.846 -3.598 11.291 .309

Prenatal depression 36 weeks -.078 -.298 141 481
Socioemotional Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy 515 -4.87 5.901 .85
White Mom$ 0 . . .
Asian Moms -5.863 -14.803 3.078 197
Other Ethnicities -0.398 -21.063 2.267 113

Prenatal depression 36 weeks -.062 -.405 .282 723

aReference group?* p<.01, ** p<.05, * p<.1

90



Table 36. Fully adjusted model results for the association between combined maternal atopy and neurodevelopmental scores including
maternal ethnicity and prenatal depression at 18 weeks asvariates.

Fully -Adjusted Models for Combined Maternal Atopy i All Infants

Cognitive Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -.565 -3.98 2.851 .745
White Momg$ 0 . . .
Asian Moms -4.189 -11.035 2.657 229
Other Ethnicities -5.835 -11.216 -.454 .034 *x
Prenatal depression 18 weeks -.152 -.392 .088 214

Language Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -42 -3.466 2.625 .786
White Mom$ 0 . . .
Asian Moms -9.939 -16.223 -3.654 .002 rrx
Other Ethnicities -2.518 -7.31 2.275 .302
Prenatal depression 36 weeks -.128 -.342 .086 .24
Motor Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -1.783 -4.265 .698 .158
White Mom$ 0 . . .
AsianMoms -.443 -5.417 4,531 .861
Other Ethnicities .014 -3.896 3.924 .994
Prenatal depression 18 weeks -.158 -.332 .016 .075 *
Sociaemotional Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy 27 -4.076 4.616 .903
White Moms 0 . . .
Asian Moms -3.907 -12.841 5.027 .39
Other Ethnicities -1.207 -8.154 5.74 .733
Prenatal depression 36 weeks -.309 -.615 -.003 .047 *x

Fully -Adjusted Models for Combined Maternal Atopy i Male Infants

Cognitive Scores at 2 Years Coef. [95% Conf Interval] p-value Significance
Combined Maternal Atopy -3.636 -8.447 1.175 137
White Momg$ 0 . . .
Asian Moms -5.107 -19.79 9.576 492
Other Ethnicities -4.246 -10.875 2.382 .207
Prenatadepression 18 weeks -.306 -.692 .08 119
Language Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy 1.568 -2.451 5.587 441
White Momg 0 . . .
Asian Moms -9.709 -16.518 -2.901 .006 rrx
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OtherEthnicities -1.352 -9.099 6.394 .73

Prenatal depression 36 weeks -.057 -.313 .199 .661

Motor Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -4.035 -7.6 -A4A7 .027 o
White Mom$ 0 . . .

Asian Moms -3.545 -14.426 7.335 .52

Other Ethnicities .82 -4.092 5.731 742

Prenatal depression 18 weeks -.373 -.658 -.087 .011 **

Socioemotional Scores at 2 Years  Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -1.306 -6.721 4.11 .634
White Moms 0 . . .
Asian Moms -10.54 -19.696 -1.383 .024 *x
Other Ethnicities -7.943 -18.369 2.483 134

Prenatal depression 36 weeks -.268 -.612 .076 126

Fully -Adjusted Models for Combined Maternal Atopy i Female Infants
Cognitive Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance

Combined Maternal Atopy 2.603 -2.217 7.424 .287
White Mom$ 0 . . .
Asian Moms -4.461 -12.36 3.439 .266
Other Ethnicities -6.837 -16.142 2.469 .148
Prenatadepression 18 weeks -.096 -.402 .21 .536

Language Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy 1.568 -2.451 5.587 441
White Mom$ 0 . . .
Asian Moms -9.709 -16.518 -2.901 .006 ok
OtherEthnicities -1.352 -9.099 6.394 73
Prenatal depression 36 weeks -.057 -.313 .199 .661
Motor Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy .641 -2.788 4.071 712
White Mom$ 0 . . .
Asian Moms .309 -5.311 5.929 914
Other Ethnicities -.084 -6.705 6.537 .98
Prenatal depression 36 weeks -.049 -.267 .169 .656
Socioemotional Scores at 2 Years Coef.  [95% Conf Interval] p-value Significance
Combined Maternal Atopy -1.306 -6.721 4.11 .634
White Moms$ 0 . . .
Asian Moms -10.54 -19.696 -1.383 .024 *x
Other Ethnicities -7.943 -18.369 2.483 134
Prenatal depression 36 weeks -.268 -.612 .076 126

aReference group** p<.01, ** p<.05, * p<.1
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Table 3.7. Fully adjusted model results for the association between maternal asthma and neurodevelopmental scores including materttatieity and
prenatal depression at 36 weeks as covariates.

Fully -Adjusted Models for Maternal Asthmai All Infants at 1 Year

Language Scores at 1 Year Coef. [95% Conf Interval] p-value Significance
Maternal Asthma 2.718 -741 6.176 123

Prenatal depression 36 weeks -.002 -.217 214 .988

Socioemotional Scores at 2 Years Coef. [95% Conf Interval] p-value Significance
Maternal Asthma -3.703 -8.046 .64 .094 *
Prenatal depression 36 weeks -.096 -.365 173 .482

Fully-Adjusted Models for Maternal Asthmai Male Infants

Language Scores at 1 Year Coef. [95% Conf Interval] p-value Significance
Maternal Asthma 6.561 1.758 11.365 .008 i
Prenatal depression 36 weeks =177 -.537 .183 .332

Socioemotional Scores at 2 Years Coef. [95% Conf Interval] p-value Significance
Maternal Asthma -3.681 -0.799 2.438 .236

Prenatal depression 36 weeks -.373 -.826 .08 .106

Fully-Adjusted Models for Maternal Asthmai Female Infants

Language Scores at 1 Year Coef. [95% Conf Interval] p-value Significance
Maternal Asthma -1.546 -6.327 3.234 523
Prenatadepression 36 weeks .069 -.19 327 .602

Socioemotional Scores at 2 Years Coef. [95% Conf Interval] p-value Significance
Maternal Asthma -3.944 -10.127 2.239 .209

Prenatal depression 36 weeks .026 -.309 .361 .88

Note: Only models thatesulted in significant associations in the crude, univariate analysis are included in the above multivari@efetdgiece group;*
p<.01, ** p<.05, * p<.1
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Table 38. Fully adjusted model results for the association between maternal asthma anduredevelopmental scores including maternal ethnicity and
prenatal depression at 18 weeks as covariates.

Fully-Adjusted Models for Maternal Asthmai All Infants

Language Scores at 1 Year Coef. [95% Conf Interval] p-value Significance
Maternal Asthma 1.953 -1.66 5.567 .288

Prenatal depression 36 weeks -.071 -.292 151 .531

Socioemotional Scores at 2 Years Coef.  [95% Conf  Interval] p-value Significance
Maternal Asthma -6.141 -11.043 -1.239 .014 o
Prenatabepression 18 weeks -.301 -.601 -.001 .049 **

Fully-Adjusted Models for Maternal Asthma i Male Infants

Language Scores at 1 Year Coef. [95% Conf Interval] p-value Significance
Maternal Asthma 5.385 482 10.287 .032 *
Prenatablepression 18 weeks -.043 -.399 313 .81

Socioemotional Scores at 2 Years Coef.  [95% Conf  Interval] p-value Significance
Maternal Asthma -6.595 -14.065 .876 .083 *
Prenatal depression 18 weeks -.388 -.93 .154 .159

Fully-Adjusted Models for Maternal Asthma i Female Infants

Language Scores at 1 Year Coef. [95% Conf Interval] p-value Significance
Maternal Asthma -1.285 -6.506 3.936 .627

Prenatal depression 36 weeks -.136 -.413 141 .333

Socioemotional Scores at 2 Years Coef.  [95% Conf  Interval] p-value Significance
Maternal Asthma -5.091 -11.59 1.409 124

Prenatal depression 36 weeks -.264 -.61 .081 132

Note: Only models that resulted in significant associations in the crude, univariate analystualed in the above multivariate tati@eference group:*
p<.01, ** p<.05, * p<.10
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Table 39 Linear regression results assessing to M and M to Y associations with maternal atopy as the exposure (X), individual male infant gut
metabolites as potentl mediators (M), and male infant cognitive scores at 2 years as the outcome (Y).

Linear Regression Results of the Association between Combined Maternal Linear Regression Results of the Association betwe@achMetabolite (M) and
Atopy (X) and eachMetabolite (M) Male Infant Cognitive Scores at 2 Years
X->M M->Y

Metabolites b-coefficient [95% C.I.] p-value R? N b-coefficient [95% C.I. ] p-value R? N
formate -2.035e01 -1.534e+00 1.127e+00 0.761 0.002 58 9.426e02 -6.112e02 2.496e01 0.229 0.030 50
acetate 1.140e+01 -1.511e+01 3.790e+01 0.394 0.010 73 1.372e+00 1.490e01 2.595e+00 0.029 0.080 60
butyrate -1.284e+00 -5.473e+00 2.905e+00 0.543 0.005 73 -1.022e01 -2.591e01 5.467e02 0.197 0.028 60
propionate 3.137e+00 -4.460e+00 1.073e+01 0.413 0.009 73 -5.413e02 -3.410e01 2.328e01 0.707 0.002 60
valerate 2.118e01 -6.809e01 1.104e+00 0.638 0.003 73 -1.214e02 -5.319e02 2.891e02 0.556 0.006 60
isobutyrate 2.002e01 -3.283e01 7.286e01 0.453 0.008 73 -5.316e03 -2.482e02 1.419e02 0.587 0.005 60
isovalerate 2.158e01 -4.660e01 8.976e01 0.530 0.006 73 -1.508e02 -4.592e02 1.575e02 0.332 0.016 60
lactate -4.110e+00 -9.293e+00 1.074e+00 0.118 0.038 66 3.843e01 2.274e02 7.459e01 0.038 0.078 56
succinate -2.760e01 -1.060e+01 1.005e+01 0.958 0.000 73 6.167e01 2.201e02 1.211e+00 0.042 0.069 60
hydroxyglutarate 3.417e+00 1.026e+00 5.808e+00 0.012 0.000 8 -1.974e01 -1.464e+00 1.069e+00 0.298 0.797 3
aminobutyrate 2.132e01 -6.934e01 1.120e+00 0.628 0.013 21 1.122e01 3.295e03 2.210e01 0.044 0.137 30
hydroxyphenylacetate 1.717e02 -3.988e01 4.331e01 0.933 0.000 29 -8.658e03 -2.361e02 6.295e03 0.247 0.042 34
aminopentanoate 3.819e01 -3.033e+00 3.797e+00 0.820 0.002 27 -5.567e02 -1.937e01 8.233e02 0.415 0.026 28
acetoin 3.674e01 -7.958e01 1.531e+00 0.515 0.024 20 2.612e02 -5.334e02 1.056e01 0.504 0.019 26
alanine 3.258e+00 -1.235e+00 7.751e+00 0.152 0.036 58 1.046e01 -2.598e02 2.351e01 0.114 0.051 50
aspartate 1.125e+00 -6.898e01 2.940e+00 0.219 0.027 57 1.788e02 -4.754e02 8.330e02 0.585 0.006 49
betaalanine 5.686e01 -2.894e01 1.427e+00 0.165 0.226 10 -1.779e02 -9.292e02 5.734e02 0.583 0.053 8
cadaverine -2.614e01 -3.499e+00 2.976e+00 0.870 0.001 33 -1.198e01 -2.793e01 3.971e02 0.136 0.068 34
choline 1.105e02 -2.750e01 2.971e01 0.939 0.000 56 2.627e02 1.581e02 3.674e02 0.000 0.362 47
creatine 1.165e01 -2.008e01 4.338e01 0.465 0.010 56 1.324e02 -8.576e04 2.733e02 0.065 0.075 46
creatinine -9.876e02 -3.987e01 2.012e01 0.512 0.008 57 1.376e02 3.238e03 2.428e02 0.011 0.128 49
dimethylamine 3.230e02 -5.124e02 1.158e01 0.436 0.020 32 -2.561e03 -5.832e03 7.091e04 0.120 0.076 33
ethanol -2.611e+00 -5.779e+00 5.576e01 0.104 0.052 52 1.329e01 3.860e02 2.273e01 0.007 0.158 45
fucose -7.763e01 -4.430e+00 2.877e+00 0.667 0.007 30 2.239e01 -3.782e01 8.261e01 0.454 0.018 34
fumarate 1.168e01 -2.575e01 4.912e01 0.534 0.007 57 3.049e03 -7.677e03 1.377e02 0.570 0.007 49
galactose 7.896e01 -2.700e+00 4.279e+00 0.648 0.007 34 2.066e01 -1.887e02 4.321e01 0.071 0.090 37
glucose 1.398e+00 -1.662e+00 4.458e+00 0.364 0.015 58 2.917e01 1.270e01 4.565e01 0.001 0.209 50
glutamate 2.982e+00 -4.924e+00 1.089e+01 0.453 0.010 57 1.223e01 -2.764e01 5.210e01 0.540 0.008 47
glycerol -2.559e01 -2.423e+00 1.911e+00 0.811 0.002 34 2.269e02 -1.937e02 6.474e02 0.281 0.033 37
glycine 4.370e01 -2.027e+00 2.902e+00 0.724 0.002 57 1.069e02 -8.755e02 1.089e01 0.828 0.001 49
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histidine 3.732e01 -3.721e01 1.119e+00 0.317 0.028 38 -1.541e02 -4.626e02 1.545e02 0.311 0.049 23

hypoxanthine -1.475e02 -1.117e+00 1.087e+00 0.978 0.000 23 -2.258e02 -9.001e02 4.484e02 0.476 0.047 13
isoleucine 4.718e01 -5.854e01 1.529e+00 0.375 0.014 58 5.910e03 -4.269e02 5.451e02 0.808 0.001 50
leucine 1.195e+00 -3.658e01 2.755e+00 0.131 0.040 58 -1.957e02 -9.581e02 5.666e02 0.608 0.006 50
lysine 2.634e01 -5.345e+00 5.871e+00 0.925 0.000 46 -1.454e02 -2.610e01 2.319e01 0.905 0.001 30
malonate 6.403e02 -1.874e+00 2.002e+00 0.947 0.000 58 4.950e02 -8.140e03 1.071e01 0.091 0.058 50
methanol 3.735e01 -5.368e01 1.284e+00 0.415 0.012 58 -2.108e02 -4.899e02 6.827e03 0.135 0.046 50
methionine 3.967e01 -2.795e01 1.073e+00 0.245 0.024 58 3.033e03 -2.460e02 3.066e02 0.826 0.001 50
methylamine 1.360e02 -1.365e01 1.637e01 0.855 0.001 33 -3.907e03 -8.240e03 4.258e04 0.075 0.098 33
methylhistidine 2.787e01 -2.695e01 8.270e01 0.309 0.029 38 -2.183e03 -2.292e02 1.856e02 0.829 0.002 23
myoinositol 3.678e+00 -1.397e+00 8.754e+00 0.137 0.207 12 1.912e01 2.585e02 3.566e01 0.027 0.324 15
pcresol -6.843e02 -1.865e01 4.968e02 0.222 0.160 11 -2.183e03 -1.326e02 8.892e03 0.575 0.116 5

phenylacetate 2.234e01 -5.807e01 1.027e+00 0.570 0.016 23 -3.089e02 -5.505e02 -6.723e03 0.017 0.418 13
phenylalanine 8.285e01 -2.363e01 1.893e+00 0.125 0.042 58 8.874e03 -2.496e02 4.271e02 0.600 0.006 49
proline -6.258e+00 -1.120e+01 -1.312e+00 0.019 0.516 10 5.317e02 -6.900e02 1.753e01 0.345 0.112 10
propyleneglycol -7.793e01 -2.473e+00 9.140e01 0.360 0.016 56 1.528e01 1.799e02 2.876e01 0.027 0.104 47
putrescine -3.272e01 -9.277e01 2.732e01 0.271 0.052 25 -6.876e03 -4.318e02 2.943e02 0.698 0.007 24
pyroglutamate 1.646e+00 -1.827e+00 5.118e+00 0.312 0.113 11 2.831e04 -7.601e02 7.658e02 0.994 0.000 16
pyruvate 5.186e01 -8.584e01 1.896e+00 0.454 0.010 58 8.664e02 8.372e03 1.649e01 0.031 0.095 49
serine 7.821e01 -1.723e+00 3.287e+00 0.531 0.011 38 6.074e02 -2.291e02 1.444e01 0.147 0.089 25
taurine -4.608e01 -1.299e+00 3.769e01 0.269 0.043 30 7.228e03 -3.272e02 4.717e02 0.713 0.005 29
threonine 6.243e01 -8.660e01 2.115e+00 0.404 0.014 51 -6.672e03 -7.381e02 6.047e02 0.842 0.001 48
trimethylamine 8.081e02 -7.851e02 2.401e01 0.313 0.022 49 9.351e04 -4.524e03 6.394e03 0.732 0.003 47
tryptophan 3.690e02 -5.711e02 1.309e01 0.436 0.009 70 -3.308e03 -7.007e03 3.916e04 0.079 0.053 59
tyrosine 6.215e01 -3.456e01 1.589e+00 0.203 0.029 58 1.050e02 -2.833e02 4.933e02 0.589 0.006 49
uracil 2.606e01 -4.967e01 1.018e+00 0.493 0.009 57 7.402e03 -1.745e02 3.225e02 0.552 0.008 47
valine 1.044e+00 -5.421e01 2.629e+00 0.193 0.030 58 1.397e02 -5.605e02 8.399e02 0.690 0.003 50
xanthine 4.437e02 -1.868e01 2.755e01 0.698 0.005 32 -5.608e05 -1.030e02 1.019e02 0.991 0.000 36
lactate -4.110e+00 -9.293e+00 1.074e+00 0.118 0.038 66 3.843e01 2.274e02 7.459e01 0.038 0.078 56

Note: Bo(l;i)ed rowin red textare metaboliteshiat passed th& to M and M to riteria for mediation | n each cell, the | etter fA®Dmedns hamultipedbpOwer s of 1
1.23 X 10).
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Table 310 Linear regression results assessing to M and M to Y associations with maternal atopy as the exposure (X), individual male infant
gut metabolites as potential mediators (M), and male infant motor scores at 2 years as the outcome (Y).

Linear Regression Results of the Association between Combinbthternal Atopy Linear Regression Results of the Association betwe@achMetabolite (M) and
(X) and eachMetabolite (M) Male Infant Motor Scores at 2 Years
X->M M ->Y

Metabolites b-coefficient [95% C.I.] p-value R? N b-coefficient [95% C.I.] p-value R? N
formate -2.035e01 -1.534e+00 1.127e+00 0.761 0.002 58 2.960e02 -7.291e02 1.321e01 0.568 0.003 108
acetate 1.140e+01 -1.511e+01 3.790e+01 0.394 0.010 73 6.085e01 -4.351e01 1.652e+00 0.251 0.010 133
butyrate -1.284e+00 -5.473e+00 2.905e+00 0.543 0.005 73 -6.835e02 -2.162e01 7.951e02 0.362 0.006 133
propionate 3.137e+00 -4.460e+00 1.073e+01 0.413 0.009 73 1.022e01 -1.636e01 3.680e01 0.448 0.004 133
valerate 2.118e01 -6.809e01 1.104e+00 0.638 0.003 73 1.402e02 -2.033e02 4.838e02 0.421 0.005 133
isobutyrate 2.002e01 -3.283e01 7.286e01 0.453 0.008 73 -4.337e03 -2.273e02 1.406e02 0.642 0.002 133
isovalerate 2.158e01 -4.660e01 8.976e01 0.530 0.006 73 -1.926e03 -2.814e02 2.429e02 0.885 0.000 133
lactate -4.110e+00 -9.293e+00 1.074e+00 0.118 0.038 66 1.239e01 -1.485e01 3.964e01 0.370 0.007 122
succinate -2.760e01 -1.060e+01 1.005e+01 0.958 0.000 73 4.294e01 -3.484e02 8.936e01 0.070 0.025 133
hydroxyglutarate 3.417e+00 1.026e+00 5.808e+00 0.012 0.000 8 3.896e02 -2.382e01 3.161e01 0.758 0.011 11
aminobutyrate 2.132e01 -6.934e01 1.120e+00 0.628 0.013 21 7.999e02 -7.979e03 1.680e01 0.074 0.064 51
hydroxyphenylacetate 1.717e02 -3.988e01 4.331e01 0.933 0.000 29 -8.379e03 -2.113e02 4.367e03 0.194 0.028 63
aminopentanoate 3.819e01 -3.033e+00 3.797e+00 0.820 0.002 27 -6.887e02 -1.816e01 4.384e02 0.226 0.028 55
acetoin 3.674e01 -7.958e01 1.531e+00 0.515 0.024 20 2.605e02 -3.385e02 8.596e02 0.386 0.017 46
alanine 3.258e+00 -1.235e+00 7.751e+00 0.152 0.036 58 8.093e02 -5.511e02 2.170e01 0.241 0.013 108
aspartate 1.125e+00 -6.898e01 2.940e+00 0.219 0.027 57 1.862e02 -4.165e02 7.888e02 0.541 0.004 106
betaalanine 5.686e01 -2.894e01 1.427e+00 0.165 0.226 10 -2.567e02 -7.087e02 1.952e02 0.246 0.083 18
cadaverine -2.614e01 -3.499e+00 2.976e+00 0.870 0.001 33 -3.225e02 -1.575e01 9.304e02 0.609 0.004 67
choline 1.105e02 -2.750e01 2.971e01 0.939 0.000 56 7.965e03 -2.099e03 1.803e02 0.120 0.024 103
creatine 1.165e01 -2.008e01 4.338e01 0.465 0.010 56 7.822e03 -3.702e03 1.935e02 0.181 0.018 102
creatinine -9.876e02 -3.987e01 2.012e01 0.512 0.008 57 2.882e03 -7.241e03 1.300e02 0.574 0.003 106
dimethylamine 3.230e02 -5.124e02 1.158e01 0.436 0.020 32 -1.154e03 -3.985e03 1.677e03 0.418 0.010 65
ethanol -2.611e+00 -5.779e+00 5.576e01 0.104 0.052 52 1.095e01 6.601e03 2.125e01 0.037 0.045 97
fucose -7.763e01 -4.430e+00 2.877e+00 0.667 0.007 30 2.327e01 -1.546e01 6.200e01 0.234 0.023 64
fumarate 1.168e01 -2.575e01 4.912e01 0.534 0.007 57 -5.038e04 -1.166e02 1.065e02 0.929 0.000 106
galactose 7.896e01 -2.700e+00 4.279e+00 0.648 0.007 34 1.435e01 -2.033e02 3.073e01 0.085 0.042 71
glucose 1.398e+00 -1.662e+00 4.458e+00 0.364 0.015 58 6.279e02 -7.167e02 1.973e01 0.357 0.008 108
glutamate 2.982e+00 -4.924e+00 1.089e+01 0.453 0.010 57 1.897e01 -1.223e01 5.018e01 0.231 0.014 104
glycerol -2.559e01 -2.423e+00 1.911e+00 0.811 0.002 34 4.818e02 -7.369e03 1.037e01 0.088 0.042 71
glycine 4.370e01 -2.027e+00 2.902e+00 0.724 0.002 57 -3.208e03 -8.782e02 8.141e02 0.940 0.000 106
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histidine 3.732e01 -3.721e01 1.119e+00 0.317 0.028 38 2.801e02 1.657e03 5.436e02 0.038 0.071 61

hypoxanthine -1.475e02 -1.117e+00 1.087e+00 0.978 0.000 23 2.266e02 -1.589e02 6.120e02 0.241 0.040 36
isoleucine 4.718e01 -5.854e01 1.529e+00 0.375 0.014 58 -3.780e03 -4.285e02 3.529e02 0.848 0.000 108
leucine 1.195e+00 -3.658e01 2.755e+00 0.131 0.040 58 -6.688e03 -6.685e02 5.348e02 0.826 0.000 108
lysine 2.634e01 -5.345e+00 5.871e+00 0.925 0.000 46 -7.145e02 -2.925e01 1.496e01 0.522 0.006 76
malonate 6.403e02 -1.874e+00 2.002e+00 0.947 0.000 58 -1.302e03 -6.035e02 5.774e02 0.965 0.000 108
methanol 3.735e01 -5.368e01 1.284e+00 0.415 0.012 58 -2.691e02 -5.445e02 6.324e04 0.055 0.034 108
methionine 3.967e01 -2.795e01 1.073e+00 0.245 0.024 58 -3.037e03 -2.659e02 2.052e02 0.799 0.001 108
methylamine 1.360e02 -1.365e01 1.637e01 0.855 0.001 33 -6.268e03 -1.048e02 -2.060e03 0.004 0.122 66
methylhistidine 2.787e01 -2.695e01 8.270e01 0.309 0.029 38 -9.409e03 -2.858e02 9.762e03 0.330 0.016 61
myoinositol 3.678e+00 -1.397e+00 8.754e+00 0.137 0.207 12 8.926e02 -4.544e02 2.240e01 0.184 0.069 27
pcresol -6.843e02 -1.865e01 4.968e02 0.222 0.160 11 -7.982e04 -6.064e03 4.468e03 0.750 0.007 16
phenylacetate 2.234e01 -5.807e01 1.027e+00 0.570 0.016 23 -2.125e07 -2.353e02 2.353e02 1.000 0.000 36
phenylalanine 8.285e01 -2.363e01 1.893e+00 0.125 0.042 58 -4.288e03 -3.826e02 2.969e02 0.803 0.001 107
proline -6.258e+00 -1.120e+01 -1.312e+00 0.019 0.516 10 3.407e02 -1.190e01 1.872e01 0.646 0.012 20
propyleneglycol -7.793e01 -2.473e+00 9.140e01 0.360 0.016 56 9.541e02 -3.087e03 1.939e01 0.057 0.035 103
putrescine -3.272e01 -9.277e01 2.732e01 0.271 0.052 25 1.001e02 -1.623e02 3.625e02 0.447 0.012 49
pyroglutamate 1.646e+00 -1.827e+00 5.118e+00 0.312 0.113 11 -6.157e02 -1.368e01 1.362e02 0.104 0.102 27
pyruvate 5.186e01 -8.584e01 1.896e+00 0.454 0.010 58 3.360e02 -2.623e02 9.343e02 0.268 0.012 107
serine 7.821e01 -1.723e+00 3.287e+00 0.531 0.011 38 2.261e02 -5.606e02 1.013e01 0.568 0.005 63
taurine -4.608e01 -1.299e+00 3.769e01 0.269 0.043 30 -1.027e02 -4.633e02 2.578e02 0.571 0.006 59
threonine 6.243e01 -8.660e01 2.115e+00 0.404 0.014 51 -1.658e02 -7.256e02 3.941e02 0.558 0.004 99
trimethylamine 8.081e02 -7.851e02 2.401e01 0.313 0.022 49 2.988e03 -2.283e03 8.260e03 0.263 0.013 96
tryptophan 3.690e02 -5.711e02 1.309e01 0.436 0.009 70 -4.276e03 -7.567e03 -9.854e04 0.011 0.049 129
tyrosine 6.215e01 -3.456e01 1.589e+00 0.203 0.029 58 -4.532e03 -3.846e02 2.939e02 0.792 0.001 107
uracil 2.606e01 -4.967e01 1.018e+00 0.493 0.009 57 1.865e03 -2.179e02 2.552e02 0.876 0.000 104
valine 1.044e+00 -5.421e01 2.629e+00 0.193 0.030 58 1.480e02 -4.268e02 7.228e02 0.611 0.002 108
xanthine 4.437e02 -1.868e01 2.755e01 0.698 0.005 32 -2.496e03 -1.075e02 5.755e03 0.548 0.005 68
lactate -4.110e+00 -9.293e+00 1.074e+00 0.118 0.038 66 1.239e01 -1.485e01 3.964e01 0.370 0.007 122
Note: Bo(l;i)ed rowin red textare metaboliteshiat passed th& to M and M to riteria formediaton | n each cell, the | etter fA®Dmedns hasmetpledbyider s of 1
1.23 X 10).
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Table 311 Linear regression results assessing to M and M to Y associations with maternal atopy as the exposure (X), indiiial female infant
gut metabolites as potential mediators (M), and female infant sociemotional scores at 1 year as the outcome (Y).

Linear Regression Results of the Association between Combined Maternal Linear Regression Results of the Association betwe@achMetabolite (M) and
Atopy (X) and eachMetabolite (M) Female Infant Socieemotional Scores at 1 Year
X->M M ->Y

Metabolites b-coefficient [95% C.I. ] p-value R? N b-coefficient [95% C.I. ] p-value R? N
formate -3.506e+00 -8.009e+00 9.962e01 0.124 0.049 50 4.392e02 -3.804e02 1.259e01 0.290 0.011 102
acetate 3.724e+01 1.439e+00 7.304e+01 0.042 0.070 60 3.958e01 -4.113e01 1.203e+00 0.334 0.007 127
butyrate 3.303e+00 -1.248e+00 7.854e+00 0.152 0.035 60 3.146e02 -8.106e02 1.440e01 0.581 0.002 127
propionate 6.147e+00 -2.057e+00 1.435e+01 0.139 0.037 60 7.087e02 -1.337e01 2.754e01 0.494 0.004 127
valerate 6.875e01 -4.973e01 1.872e+00 0.250 0.023 60 -1.501e02 -4.151e02 1.149e02 0.264 0.010 127
isobutyrate 4.202e01 -1.381e01 9.785e01 0.137 0.038 60 1.205€03 -1.305e02 1.546e02 0.867 0.000 127
isovalerate 7.670e01 -1.151e01 1.649e+00 0.087 0.050 60 -5.594e03 -2.584e02 1.465e02 0.585 0.002 127
lactate -5.986e01 -1.139e+01 1.019e+01 0.912 0.000 56 1.987e01 -4.408e03 4.018e01 0.055 0.032 117
succinate -4.268e+00 -2.217e+01 1.364e+01 0.635 0.004 60 -9.254e02 -4.361e01 2.511e01 0.595 0.002 127
hydroxyglutarate 4.009e+00 -3.535e+01 4.337e+01 0.419 0.626 3 -2.743e02 -2.728e01 2.180e01 0.803 0.008 10
aminobutyrate 9.195e01 -2.062e+00 3.901e+00 0.533 0.014 30 3.295e02 -3.643e02 1.023e01 0.344 0.019 48
hydroxyphenylacetate 7.132e02 -2.742e01 4.168e01 0.677 0.005 34 -7.428e03 -1.843e02 3.573e03 0.182 0.031 59
aminopentanoate 6.610e01 -2.870e+00 4.192e+00 0.704 0.006 28 4.657e02 -3.795e02 1.311e01 0.274 0.024 51
acetoin 1.101e+00 -8.387e01 3.041e+00 0.253 0.054 26 2.615e02 -1.941e02 7.171e02 0.253 0.030 45
alanine 1.567e+00 -2.328e+00 5.462e+00 0.423 0.013 50 6.334e02 -4.544e02 1.721e01 0.251 0.013 102
aspartate 1.551e+00 -3.199e01 3.422e+00 0.102 0.056 49 1.222e02 -3.543e02 5.988e02 0.612 0.003 100
betaalanine 2.634e01 -2.124e+00 2.651e+00 0.796 0.012 8 -1.857e02 -6.440e02 2.726e02 0.401 0.047 17
cadaverine -2.279e+00 -5.943e+00 1.385e+00 0.214 0.048 34 6.409e02 -2.797e02 1.562e01 0.169 0.031 63
choline -1.756e01 -5.535e01 2.022e01 0.354 0.019 47 1.034e02 2.191e03 1.848e02 0.013 0.063 97
creatine 1.224e01 -2.936e01 5.384e01 0.556 0.008 46 6.530e04 -8.457e03 9.763e03 0.887 0.000 96
creatinine 6.272e02 -2.552e01 3.807e01 0.693 0.003 49 4.741e03 -2.821e03 1.230e02 0.216 0.016 100
dimethylamine 6.412e03 -8.253e02 9.535e02 0.884 0.001 33 1.758e03 -4.523e04 3.969e03 0.117 0.040 62
ethanol 5.814e01 -2.446e+00 3.608e+00 0.700 0.003 45 4.805e02 -2.954e02 1.256e01 0.222 0.017 91
fucose 3.084e+00 -1.300e+01 1.916e+01 0.699 0.005 34 1.051e02 -3.080e01 3.290e01 0.948 0.000 60
fumarate 2.112e01 -9.929e02 5.217e01 0.178 0.038 49 -7.221e04 -9.583e03 8.139e03 0.872 0.000 100
galactose 2.586e+00 -3.293e+00 8.466e+00 0.378 0.022 37 -2.793e02 -1.629e01 1.070e01 0.681 0.003 67
glucose 3.741e+00 -1.568e+00 9.050e+00 0.163 0.040 50 8.060e02 -2.605e02 1.873e01 0.137 0.022 102
glutamate -3.551e+00 -1.539e+01 8.290e+00 0.549 0.008 47 -1.882e01 -4.354e01 5.891e02 0.134 0.023 98
glycerol -1.009e+00 -2.028e+00 9.487e03 0.052 0.104 37 -1.615e02 -6.196e02 2.967e02 0.484 0.008 67
glycine -1.073e+00 -3.939e+00 1.794e+00 0.455 0.012 49 3.150e02 -3.442e02 9.742e02 0.345 0.009 100
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histidine 3.354e01 -6.944e01 1.365e+00 0.506 0.021 23 -1.737e02 -3.697e02 2.224e03 0.081 0.052 59

hypoxanthine 1.781e+00 -2.021e01 3.763e+00 0.074 0.262 13 1.394e03 -2.952e02 3.231e02 0.927 0.000 34
isoleucine 1.183e+00 -1.975e01 2.564e+00 0.091 0.058 50 2.607e04 -3.046e02 3.098e02 0.987 0.000 102
leucine 1.722e+00 -4.579e01 3.902e+00 0.119 0.050 50 -7.810e03 -5.593e02 4.031e02 0.748 0.001 102
lysine 4.207e+00 -3.400e+00 1.181e+01 0.267 0.044 30 -5.860e02 -2.081e01 9.091e02 0.437 0.009 71
malonate 1.642e+00 -2.980e02 3.313e+00 0.054 0.075 50 1.308e02 -3.382e02 5.998e02 0.581 0.003 102
methanol -3.447e01 -1.175e+00 4.853e01 0.408 0.014 50 -1.377e02 -3.595e02 8.418e03 0.221 0.015 102
methionine 8.509e01 8.070e02 1.621e+00 0.031 0.093 50 7.843e03 -1.031e02 2.600e02 0.394 0.007 102
methylamine 9.349e02 -3.637e03 1.906e01 0.059 0.111 33 -1.998e04 -3.728e03 3.328e03 0.910 0.000 62
methylhistidine -5.165e01 -1.158e+00 1.252e01 0.109 0.118 23 -3.149e03 -1.734e02 1.104e02 0.659 0.003 59
myoinositol 6.275e01 -3.827e+00 5.082e+00 0.766 0.007 15 -2.240e02 -1.236e01 7.883e02 0.652 0.009 26
pcresol 8.620e02 1.528e02 1.571e01 0.028 -0.000 5 1.487e03 -2.832e03 5.806e03 0.470 0.041 15
phenylacetate 3.252e01 -7.114e01 1.362e+00 0.504 0.042 13 -1.462e02 -3.244e02 3.191e03 0.104 0.080 34
phenylalanine 6.326e01 -3.611e01 1.626e+00 0.207 0.034 49 1.544e02 -1.150e02 4.239e02 0.258 0.013 101
proline -1.945e+00 -5.997e+00 2.106e+00 0.300 0.133 10 6.304e02 -5.797e02 1.841e01 0.288 0.062 20
propyleneglycol -1.519e+00 -5.751e+00 2.713e+00 0.474 0.011 47 1.614e02 -6.123e02 9.351e02 0.680 0.002 99
putrescine -3.414e01 -1.293e+00 6.102e01 0.465 0.025 24 1.016e02 -1.118e02 3.150e02 0.342 0.021 45
pyroglutamate 9.414e02 -1.399e+00 1.588e+00 0.894 0.001 16 1.116e02 -5.852e02 8.084e02 0.742 0.005 23
pyruvate -1.385e+00 -3.803e+00 1.033e+00 0.255 0.027 49 5.063e03 -4.303e02 5.315e02 0.835 0.000 101
serine 1.956e01 -2.714e+00 3.105e+00 0.891 0.001 25 -4.462e02 -1.078e01 1.851e02 0.163 0.033 61
taurine 4.460e01 -6.107e01 1.503e+00 0.394 0.027 29 3.975e04 -2.648e02 2.727e02 0.976 0.000 55
threonine -5.166e01 -2.502e+00 1.469e+00 0.603 0.006 48 3.171e03 -4.314e02 4.948e02 0.892 0.000 93
trimethylamine 6.871e02 -9.693e02 2.343e01 0.408 0.015 47 -1.202e03 -5.325e03 2.920e03 0.564 0.004 90
tryptophan 4.047e02 -7.020e02 1.512e01 0.467 0.009 59 -6.666e05 -2.699e03 2.566e03 0.960 0.000 123
tyrosine 9.168e01 -2.121e01 2.046e+00 0.109 0.054 49 9.459e03 -1.760e02 3.652e02 0.490 0.005 101
uracil 3.504e01 -3.760e01 1.077e+00 0.336 0.021 47 5.816e03 -1.327e02 2.490e02 0.547 0.004 98
valine 1.667e+00 -3.273e01 3.661e+00 0.099 0.056 50 4.666e04 -4.529e02 4.622e02 0.984 0.000 102
xanthine 1.231e01 -1.333e01 3.795e01 0.336 0.027 36 4.818e03 -1.636e03 1.127e02 0.141 0.035 64
lactate -5.986e01 -1.139e+01 1.019e+01 0.912 0.000 56 1.987e01 -4.408e03 4.018e01 0.055 0.032 117
Note: Bo(l;i)ed rowin red textare metaboliteshiat passed th& to M and M to riteria for mediation | n each cell, the | etter fA®Dmedns hamultipedbpOwer s of 1
1.23 X 10).
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Table 312 Linear regression results assessing to M and M to Y associations with maternal atopy as the exposure (X), individual female infant
gut metabolites as potential mediators (M), and female infant sociemotiond scores at 2 years as the outcome (Y).

Linear Regression Results of the Association between Combined Maternal Linear Regression Results of the Association betwe@achMetabolite (M) and
Atopy (X) and eachMetabolite (M) Female Infant Socieemotional Scores at 2 Years
X->M M->Y

Metabolites b-coefficient [95% C.I. ] p-value R? N b-coefficient [95% C.I.] p-value R? N
formate -3.506e+00 -8.009e+00 9.962e01 0.124 0.049 50 5.827e02 -9.795e03 1.263e01 0.093 0.027 106
acetate 3.724e+01 1.439e+00 7.304e+01 0.042 0.070 60 2.098e01 -4.563e01 8.760e01 0.534 0.003 130
butyrate 3.303e+00 -1.248e+00 7.854e+00 0.152 0.035 60 -3.333e03 -9.894e02 9.227e02 0.945 0.000 130
propionate 6.147e+00 -2.057e+00 1.435e+01 0.139 0.037 60 -2.573e02 -1.978e01 1.463e01 0.768 0.001 130
valerate 6.875e01 -4.973e01 1.872e+00 0.250 0.023 60 4.746e03 -1.747e02 2.697e02 0.673 0.001 130
isobutyrate 4.202e01 -1.381e01 9.785e01 0.137 0.038 60 -5.899e03 -1.773e02 5.927e03 0.326 0.008 130
isovalerate 7.670e01 -1.151e01 1.649e+00 0.087 0.050 60 -7.719e03 -2.453e02 9.088e03 0.365 0.006 130
lactate -5.986e01 -1.139e+01 1.019e+01 0.912 0.000 56 1.801e01 4.419e03 3.559e01 0.045 0.034 119
succinate -4.268e+00 -2.217e+01 1.364e+01 0.635 0.004 60 1.266e01 -1.758e01 4.290e01 0.409 0.005 130
hydroxyglutarate 4.009e+00 -3.535e+01 4.337e+01 0.419 0.626 3 6.575e03 -1.801e01 1.933e01 0.937 0.001 10
aminobutyrate 9.195e01 -2.062e+00 3.901e+00 0.533 0.014 30 3.262e02 -2.409e02 8.932e02 0.253 0.027 50
hydroxyphenylacetate 7.132e02 -2.742e01 4.168e01 0.677 0.005 34 -1.467e03 -9.879e03 6.944e03 0.728 0.002 62
aminopentanoate 6.610e01 -2.870e+00 4.192e+00 0.704 0.006 28 1.040e02 -6.018e02 8.097e02 0.769 0.002 54
acetoin 1.101e+00 -8.387e01 3.041e+00 0.253 0.054 26 3.867e02 1.077e03 7.627e02 0.044 0.091 45
alanine 1.567e+00 -2.328e+00 5.462e+00 0.423 0.013 50 8.113e02 -8.144e03 1.704e01 0.074 0.030 106
aspartate 1.551e+00 -3.199e01 3.422e+00 0.102 0.056 49 1.838e02 -2.168e02 5.845e02 0.365 0.008 104
betaalanine 2.634e01 -2.124e+00 2.651e+00 0.796 0.012 8 2.990e04 -2.795e02 2.855e02 0.982 0.000 17
cadaverine -2.279e+00 -5.943e+00 1.385e+00 0.214 0.048 34 3.888e02 -3.245e02 1.102e01 0.280 0.018 66
choline -1.756e01 -5.535e01 2.022e01 0.354 0.019 47 3.919e03 -2.941e03 1.078e02 0.260 0.013 101
creatine 1.224e01 -2.936e01 5.384e01 0.556 0.008 46 5.583e03 -1.994e03 1.316e02 0.147 0.021 100
creatinine 6.272e02 -2.552e01 3.807e01 0.693 0.003 49 5.362e03 -1.229e03 1.195e02 0.110 0.025 104
dimethylamine 6.412e03 -8.253e02 9.535e02 0.884 0.001 33 9.555e04 -8.315e04 2.742e03 0.289 0.018 64
ethanol 5.814e01 -2.446e+00 3.608e+00 0.700 0.003 45 5.758e02 -7.611e03 1.228e01 0.083 0.032 95
fucose 3.084e+00 -1.300e+01 1.916e+01 0.699 0.005 34 3.079e01 6.836e02 5.475e01 0.013 0.098 63
fumarate 2.112e01 -9.929e02 5.217e01 0.178 0.038 49 1.052e03 -6.459e03 8.562e03 0.782 0.001 104
galactose 2.586e+00 -3.293e+00 8.466e+00 0.378 0.022 37 1.092e01 4.231e03 2.143e01 0.042 0.060 70
glucose 3.741e+00 -1.568e+00 9.050e+00 0.163 0.040 50 6.563e02 -2.411e02 1.554e01 0.150 0.020 106
glutamate -3.551e+00 -1.539%e+01 8.290e+00 0.549 0.008 47 6.823e02 -1.451e01 2.816e01 0.527 0.004 102
glycerol -1.009e+00 -2.028e+00 9.487e03 0.052 0.104 37 -2.276e02 -5.880e02 1.328e02 0.212 0.023 70
glycine -1.073e+00 -3.939e+00 1.794e+00 0.455 0.012 49 3.488e02 -2.062e02 9.038e02 0.215 0.015 104
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histidine 3.354e01 -6.944e01 1.365e+00 0.506 0.021 23 -1.036e02 -2.667e02 5.950e03 0.209 0.028 59

hypoxanthine 1.781e+00 -2.021e01 3.763e+00 0.074 0.262 13 9.666e03 -1.848e02 3.782e02 0.490 0.015 35
isoleucine 1.183e+00 -1.975e01 2.564e+00 0.091 0.058 50 4.022e03 -2.063e02 2.867e02 0.747 0.001 106
leucine 1.722e+00 -4.579e01 3.902e+00 0.119 0.050 50 -7.568e03 -4.610e02 3.096e02 0.698 0.001 106
lysine 4.207e+00 -3.400e+00 1.181e+01 0.267 0.044 30 -1.967e02 -1.631e01 1.238e01 0.785 0.001 74
malonate 1.642e+00 -2.980e02 3.313e+00 0.054 0.075 50 1.684e02 -2.273e02 5.640e02 0.401 0.007 106
methanol -3.447e01 -1.175e+00 4.853e01 0.408 0.014 50 4.443e03 -1.434e02 2.322e02 0.640 0.002 106
methionine 8.509e01 8.070e02 1.621e+00 0.031 0.093 50 5.447e03 -1.020e02 2.110e02 0.492 0.005 106
methylamine 9.349e02 -3.637e03 1.906e01 0.059 0.111 33 -2.003e03 -4.782e03 7.753e04 0.155 0.032 65
methylhistidine -5.165e01 -1.158e+00 1.252e01 0.109 0.118 23 -3.885e03 -1.612e02 8.354e03 0.528 0.007 59
myoinositol 6.275e01 -3.827e+00 5.082e+00 0.766 0.007 15 -1.783e02 -9.813e02 6.248e02 0.651 0.009 26
pcresol 8.620e02 1.528e02 1.571e01 0.028 -0.000 5 3.201e04 -2.737e03 3.377e03 0.826 0.004 16
phenylacetate 3.252e01 -7.114e01 1.362e+00 0.504 0.042 13 -1.577e02 -3.191e02 3.757e04 0.055 0.107 35
phenylalanine 6.326e01 -3.611e01 1.626e+00 0.207 0.034 49 1.118e02 -1.067e02 3.304e02 0.313 0.010 105
proline -1.945e+00 -5.997e+00 2.106e+00 0.300 0.133 10 7.059e02 -4.692e02 1.881e01 0.223 0.081 20
propyleneglycol -1.519e+00 -5.751e+00 2.713e+00 0.474 0.011 47 2.811e02 -3.835e02 9.458e02 0.403 0.007 100
putrescine -3.414e01 -1.293e+00 6.102e01 0.465 0.025 24 3.045e03 -1.428e02 2.037e02 0.725 0.003 48
pyroglutamate 9.414e02 -1.399e+00 1.588e+00 0.894 0.001 16 -1.124e02 -5.952e02 3.703e02 0.635 0.010 26
pyruvate -1.385e+00 -3.803e+00 1.033e+00 0.255 0.027 49 1.096e02 -2.935e02 5.128e02 0.591 0.003 105
serine 1.956e01 -2.714e+00 3.105e+00 0.891 0.001 25 -2.400e02 -8.097e02 3.297e02 0.403 0.012 62
taurine 4.460e01 -6.107e01 1.503e+00 0.394 0.027 29 1.229e02 -8.142e03 3.272e02 0.233 0.025 58
threonine -5.166e01 -2.502e+00 1.469e+00 0.603 0.006 48 9.455e03 -2.931e02 4.822e02 0.629 0.002 97
trimethylamine 6.871e02 -9.693e02 2.343e01 0.408 0.015 47 -2.564e03 -6.178e03 1.050e03 0.162 0.021 94
tryptophan 4.047e02 -7.020e02 1.512e01 0.467 0.009 59 -1.122e03 -3.319e03 1.074e03 0.314 0.008 126
tyrosine 9.168e01 -2.121e01 2.046e+00 0.109 0.054 49 3.266e03 -1.931e02 2.585e02 0.775 0.001 105
uracil 3.504e01 -3.760e01 1.077e+00 0.336 0.021 47 7.567e03 -8.635e03 2.377e02 0.356 0.009 102
valine 1.667e+00 -3.273e01 3.661e+00 0.099 0.056 50 1.094e02 -2.477e02 4.666e02 0.545 0.004 106
xanthine 1.231e01 -1.333e01 3.795e01 0.336 0.027 36 1.516€03 -3.814e03 6.846e03 0.572 0.005 67
lactate -5.986e01 -1.139e+01 1.019e+01 0.912 0.000 56 1.801e01 4.419e03 3.559e01 0.045 0.034 119
Note: Bo(l;i)ed rowin red textare metaboliteshiat passed th& to M and M to riteria for mediation | n each cell, the | etter fA®Dmedns hamultipedbpOwer s of 1
1.23 X 10).
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Table 313 Linear regression results assessing to M and M to Y associations with maternal asthma as the exposure (X), infant gut metabolites
as potential mediators (M), and infant socieemotional scores at 2 years as the outcome (Y).

Linear Regression Results of the Association betwedaternal Asthma (X) Linear Regression Results of the Association betweeachMetabolite (M) and
and eachMetabolite (M) Infant Socio-emotional Scores at 2 Years
X->M M ->Y

Metabolites b-coefficient [95% C.I. ] p-value R? N b-coefficient [95% C.I.] p-value R? N
formate -1.074e+00 -3.570e+00 1.423e+00 0.396 0.007 108 5.827e02 -9.795e03 1.263e01 0.093 0.027 106
acetate 6.473e+00 -1.861e+01 3.156e+01 0.611 0.002 133 2.098e01 -4.563e01 8.760e01 0.534 0.003 130
butyrate 1.518e+00 -2.023e+00 5.060e+00 0.398 0.005 133 -3.333e03 -9.894e02 9.227e02 0.945 0.000 130
propionate 2.308e+00 -4.057e+00 8.673e+00 0.475 0.004 133 -2.573e02 -1.978e01 1.463e01 0.768 0.001 130
valerate -3.264e01 -1.149e+00 4.962e01 0.434 0.005 133 4.746e03 -1.747e02 2.697e02 0.673 0.001 130
isobutyrate 3.251e02 -4.082e01 4.732e01 0.884 0.000 133 -5.899e03 -1.773e02 5.927e03 0.326 0.008 130
isovalerate -2.163e02 -6.493e01 6.061e01 0.946 0.000 133 -7.719e03 -2.453e02 9.088e03 0.365 0.006 130
lactate -2.041e+00 -8.388e+00 4.305e+00 0.525 0.003 122 1.801e01 4.419e03 3.559e01 0.045 0.034 119
succinate -8.779e01 -1.213e+01 1.038e+01 0.878 0.000 133 1.266e01 -1.758e01 4.290e01 0.409 0.005 130
hydroxyglutarate -1.538e+00 -8.863e+00 5.788e+00 0.646 0.024 11 6.575e03 -1.801e01 1.933e01 0.937 0.001 10
aminobutyrate 2.575e+00 6.165e01 4.534e+00 0.011 0.125 51 3.262e02 -2.409e02 8.932e02 0.253 0.027 50
hydroxyphenylacetate 2.289e02 -2.650e01 3.107e01 0.874 0.000 63 -1.467e03 -9.879e03 6.944e03 0.728 0.002 62
aminopentanoate 6.157e01 -1.923e+00 3.155e+00 0.629 0.004 55 1.040e02 -6.018e02 8.097e02 0.769 0.002 54
acetoin 4.142e02 -1.248e+00 1.331e+00 0.949 0.000 46 3.867e02 1.077e03 7.627e02 0.044 0.091 45
alanine 3.113e01 -3.030e+00 3.653e+00 0.854 0.000 108 8.113e02 -8.144e03 1.704e01 0.074 0.030 106
aspartate 1.396e01 -1.326e+00 1.606e+00 0.851 0.000 106 1.838e02 -2.168e02 5.845e02 0.365 0.008 104
betaalanine -3.645e01 -1.177e+00 4.485e01 0.356 0.053 18 2.990e04 -2.795e02 2.855e02 0.982 0.000 17
cadaverine -2.036e+00 -4.732e+00 6.605e01 0.136 0.034 67 3.888e02 -3.245e02 1.102e01 0.280 0.018 66
choline -2.011e01 -4.499e01 4.773e02 0.112 0.025 103 3.919e03 -2.941e03 1.078e02 0.260 0.013 101
creatine -1.062e01 -3.830e01 1.705e01 0.448 0.006 102 5.583e03 -1.994e03 1.316e02 0.147 0.021 100
creatinine -1.082e01 -3.490e01 1.327e01 0.375 0.008 106 5.362e03 -1.229e03 1.195e02 0.110 0.025 104
dimethylamine 6.531e02 1.042e03 1.296e01 0.047 0.061 65 9.555e04 -8.315e04 2.742e03 0.289 0.018 64
ethanol -6.448e01 -3.064e+00 1.774e+00 0.598 0.003 97 5.758e02 -7.611e03 1.228e01 0.083 0.032 95
fucose -2.620e+00 -1.206e+01 6.822e+00 0.581 0.005 64 3.079e01 6.836e02 5.475e01 0.013 0.098 63
fumarate 2.934e02 -2.436e01 3.023e01 0.832 0.000 106 1.052e03 -6.459e03 8.562e03 0.782 0.001 104
galactose -8.113e01 -4.696e+00 3.074e+00 0.678 0.003 71 1.092e01 4.231e03 2.143e01 0.042 0.060 70
glucose -2.736e01 -3.568e+00 3.021e+00 0.870 0.000 108 6.563e02 -2.411e02 1.554e01 0.150 0.020 106
glutamate 1.850e+00 -5.996e+00 9.696e+00 0.641 0.002 104 6.823e02 -1.451e01 2.816e01 0.527 0.004 102
glycerol 2.429e01 -1.077e+00 1.563e+00 0.715 0.002 71 -2.276e02 -5.880e02 1.328e02 0.212 0.023 70
glycine 2.024e01 -1.864e+00 2.268e+00 0.846 0.000 106 3.488e02 -2.062e02 9.038e02 0.215 0.015 104
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histidine 1.917e01 -4.809e01 8.644e01 0.571 0.005 61 -1.036e02 -2.667e02 5.950e03 0.209 0.028 59

hypoxanthine 1.650e01 -8.724e01 1.202e+00 0.748 0.003 36 9.666e03 -1.848e02 3.782e02 0.490 0.015 35
isoleucine -2.180e01 -1.171e+00 7.347e01 0.651 0.002 108 4.022e03 -2.063e02 2.867e02 0.747 0.001 106
leucine -4.329e01 -1.899e+00 1.033e+00 0.560 0.003 108 -7.568e03 -4.610e02 3.096e02 0.698 0.001 106
lysine 1.666e+00 -3.161e+00 6.494e+00 0.494 0.006 76 -1.967e02 -1.631e01 1.238e01 0.785 0.001 74
malonate 4.796e01 -9.584e01 1.918e+00 0.510 0.004 108 1.684e02 -2.273e02 5.640e02 0.401 0.007 106
methanol 5.979e01 -7.617e02 1.272e+00 0.082 0.028 108 4.443e03 -1.434e02 2.322e02 0.640 0.002 106
methionine -4.883e02 -6.237e01 5.261e01 0.867 0.000 108 5.447e03 -1.020e02 2.110e02 0.492 0.005 106
methylamine 2.134e02 -7.882e02 1.215e01 0.672 0.003 66 -2.003e03 -4.782e03 7.753e04 0.155 0.032 65
methylhistidine 1.613e01 -3.135e01 6.362e01 0.499 0.008 61 -3.885e03 -1.612e02 8.354e03 0.528 0.007 59
myoinositol 1.305e+00 -2.247e+00 4.858e+00 0.456 0.022 27 -1.783e02 -9.813e02 6.248e02 0.651 0.009 26
pcresol -6.723e02 -1.989e01 6.447e02 0.292 0.079 16 3.201e04 -2.737e03 3.377e03 0.826 0.004 16
phenylacetate 2.889e01 -3.243e01 9.021e01 0.345 0.026 36 -1.577e02 -3.191e02 3.757e04 0.055 0.107 35
phenylalanine 3.910e01 -4.262e01 1.208e+00 0.345 0.008 107 1.118e02 -1.067e02 3.304e02 0.313 0.010 105
proline -1.052e+00 -4.679e+00 2.575e+00 0.550 0.020 20 7.059e02 -4.692e02 1.881e01 0.223 0.081 20
propyleneglycol 1.677e01 -2.287e+00 2.623e+00 0.892 0.000 103 2.811e02 -3.835e02 9.458e02 0.403 0.007 100
putrescine -2.474e01 -8.409e01 3.461e01 0.406 0.015 49 3.045e03 -1.428e02 2.037e02 0.725 0.003 48
pyroglutamate -4.428e01 -2.588e+00 1.703e+00 0.674 0.007 27 -1.124e02 -5.952e02 3.703e02 0.635 0.010 26
pyruvate -3.862e01 -1.854e+00 1.082e+00 0.603 0.003 107 1.096e02 -2.935e02 5.128e02 0.591 0.003 105
serine 1.041e01 -1.956e+00 2.165e+00 0.920 0.000 63 -2.400e02 -8.097e02 3.297e02 0.403 0.012 62
taurine -6.365e01 -1.393e+00 1.198e01 0.097 0.047 59 1.229e02 -8.142e03 3.272e02 0.233 0.025 58
threonine 4.737e01 -8.979e01 1.845e+00 0.495 0.005 99 9.455e03 -2.931e02 4.822e02 0.629 0.002 97
trimethylamine 1.954e02 -1.055e01 1.445e01 0.757 0.001 96 -2.564e03 -6.178e03 1.050e03 0.162 0.021 94
tryptophan -4.370e03 -8.754e02 7.880e02 0.917 0.000 129 -1.122e03 -3.319e03 1.074e03 0.314 0.008 126
tyrosine 2.793e01 -5.384e01 1.097e+00 0.500 0.004 107 3.266e03 -1.931e02 2.585e02 0.775 0.001 105
uracil 2.515e01 -3.266e01 8.296e01 0.390 0.007 104 7.567e03 -8.635e03 2.377e02 0.356 0.009 102
valine -2.556e02 -1.430e+00 1.379e+00 0.971 0.000 108 1.094e02 -2.477e02 4.666e02 0.545 0.004 106
xanthine 1.092e01 -8.443e02 3.029e01 0.264 0.019 68 1.516€03 -3.814e03 6.846e03 0.572 0.005 67
lactate -2.041e+00 -8.388e+00 4.305e+00 0.525 0.003 122 1.801e01 4.419e03 3.559e01 0.045 0.034 119
Note: Bo(l;i)ed rowin red textare metaboliteshiat passed th& to M and M to riteria formediaton | n each cell, the | etter fA®Dmedns hasmetpledbpider s of 1
1.23 X 10).
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Table 314 Linear regression results assessing to M and M to Y associations with maternal asthma as the exposure (X), individual male infant
gut metabolites as potential mediators (M), and male infant language scores at 1 year as the outcome (Y).

Linear Regression Results of the Association betwedaternal Asthma (X) Linear Regression Results of the Association betweeachMetabolite (M) and Male
and eachMetabolite (M) Infant Language Scores at 1 Year
X->M M ->Y

Metabolites b-coefficient [95% C.I. ] p-value R? N b-coefficient [95% C.I.] p-value R? N
formate -6.654e01 -2.045e+00 7.138e01 0.338 0.016 58 -7.057e04 -9.139e02 8.998e02 0.988 0.000 108
acetate 2.059e+01 -8.071e+00 4.926e+01 0.156 0.028 73 7.563e01 -8.836e02 1.601e+00 0.079 0.023 133
butyrate 1.652e+00 -2.915e+00 6.219e+00 0.473 0.007 73 8.193e03 -1.127e01 1.291e01 0.894 0.000 133
propionate 7.212e+00 -9.415e01 1.537e+01 0.082 0.042 73 5.708e02 -1.598e01 2.739e01 0.603 0.002 133
valerate -5.974e02 -1.035e+00 9.159e01 0.903 0.000 73 1.308e02 -1.489e02 4.105e02 0.357 0.006 133
isobutyrate 2.146e01 -3.622e01 7.914e01 0.461 0.008 73 -5.313e03 -2.029e02 9.659e03 0.484 0.004 133
isovalerate 4.663e01 -2.717e01 1.204e+00 0.212 0.022 73 5.331e03 -1.601e02 2.668e02 0.622 0.002 133
lactate -1.918e+00 -7.399e+00 3.562e+00 0.487 0.008 66 9.732e02 -1.252e01 3.199e01 0.388 0.006 122
succinate 6.317e+00 -4.850e+00 1.748e+01 0.263 0.018 73 2.486e01 -1.320e01 6.293e01 0.199 0.013 133
hydroxyglutarate -2.079e+00 -1.257e+01 8.407e+00 0.645 0.038 8 4.823e02 -2.521e01 3.485e01 0.725 0.014 11
aminobutyrate 5.647e01 -4.396e01 1.569e+00 0.254 0.068 21 2.570e04 -7.289e02 7.341e02 0.994 0.000 51
hydroxyphenylacetate 2.323e01 -2.376e01 7.023e01 0.319 0.037 29 1.097e02 4.148e04 2.153e02 0.042 0.066 63
aminopentanoate -1.948e+00 -5.385e+00 1.489e+00 0.254 0.052 27 7.908e02 -1.038e02 1.685e01 0.082 0.056 55
acetoin -1.446e01 -1.585e+00 1.296e+00 0.835 0.002 20 -5.704e03 -6.274e02 5.133e02 0.841 0.001 46
alanine 2.208e+00 -2.534e+00 6.951e+00 0.355 0.015 58 -1.002e01 -2.196e01 1.919e02 0.099 0.025 108
aspartate 1.077e+00 -8.210e01 2.974e+00 0.260 0.023 57 -4.086e03 -5.753e02 4.936e02 0.880 0.000 106
betaalanine 1.096e01 -1.106e+00 1.325e+00 0.840 0.005 10 5.805e03 -2.603e02 3.764e02 0.704 0.009 18
cadaverine -1.995e+00 -5.658e+00 1.669e+00 0.275 0.038 33 7.846e02 -1.766e02 1.746e01 0.108 0.039 67
choline -1.633e01 -4.598e01 1.331e01 0.274 0.022 56 -1.442e03 -1.041e02 7.526e03 0.750 0.001 103
creatine 8.509e02 -2.380e01 4.081e01 0.600 0.005 56 4.234e03 -5.752e03 1.422e02 0.402 0.007 102
creatinine 3.661e02 -2.773e01 3.506e01 0.816 0.001 57 -3.027e03 -1.178e02 5.726e03 0.494 0.005 106
dimethylamine 1.074e01 1.941e02 1.954e01 0.018 0.172 32 4.216e01 1.958e03 6.474e03 0.000 0.181 65
ethanol -8.530e01 -4.151e+00 2.445e+00 0.606 0.005 52 5.906e03 -8.154e02 9.336e02 0.894 0.000 97
fucose -1.378e01 -4.627e+00 4.352e+00 0.950 0.000 30 -8.484e02 -4.300e01 2.603e01 0.625 0.004 64
fumarate 1.498e01 -2.400e01 5.396e01 0.444 0.011 57 2.215e03 -7.727e03 1.216e02 0.660 0.002 106
galactose -1.847e+00 -5.803e+00 2.109e+00 0.349 0.027 34 -1.019e01 -2.417e01 3.792e02 0.151 0.030 71
glucose 1.004e+00 -2.204e+00 4.211e+00 0.533 0.007 58 1.327e02 -1.059e01 1.325e01 0.826 0.000 108
glutamate 6.313e+00 -1.799e+00 1.443e+01 0.125 0.042 57 -2.421e02 -3.000e01 2.515e01 0.862 0.000 104
glycerol 9.812e01 -1.478e+00 3.441e+00 0.422 0.020 34 -1.470e02 -6.286e02 3.346e02 0.545 0.005 71
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glycine 1.781e+00 -7.948e01 4.357e+00 0.171 0.034 57 4.007e03 -7.069e02 7.871e02 0.915 0.000 106

histidine 3.262e01 -4.407e01 1.093e+00 0.394 0.020 38 5.547e03 -1.583e02 2.693e02 0.606 0.005 61
hypoxanthine 3.218e01 -6.590e01 1.303e+00 0.502 0.022 23 2.355e02 -1.293e02 6.002e02 0.198 0.048 36
isoleucine 6.318e01 -4.670e01 1.731e+00 0.254 0.023 58 -1.511e02 -4.951e02 1.928e02 0.386 0.007 108
leucine 6.563e01 -9.977e01 2.310e+00 0.430 0.011 58 -1.490e02 -6.798e02 3.818e02 0.579 0.003 108
lysine 2.989e+00 -2.456e+00 8.434e+00 0.275 0.027 46 4.234e02 -1.226e01 2.073e01 0.611 0.004 76
malonate 7.649e01 -1.249e+00 2.779e+00 0.450 0.010 58 7.233e03 -4.490e02 5.937e02 0.784 0.001 108
methanol 7.296e01 -2.066e01 1.666e+00 0.124 0.042 58 1.157e02 -1.308e02 3.623e02 0.354 0.008 108
methionine 4.302e01 -2.752e01 1.136e+00 0.227 0.026 58 -5.941e03 -2.672e02 1.484e02 0.572 0.003 108
methylamine 2.672e02 -1.462e01 1.996e01 0.755 0.003 33 1.624e03 -2.097e03 5.346e03 0.386 0.012 66
methylhistidine 2.125e01 -3.532e01 7.781e01 0.451 0.016 38 -3.551e03 -1.867e02 1.157e02 0.640 0.004 61
myoinositol -2.760e+00 -9.089e+00 3.569e+00 0.354 0.086 12 -1.067e01 -2.295e01 1.603e02 0.085 0.114 27
pcresol 3.660e02 -1.849e01 2.581e01 0.717 0.015 11 -6.260e04 -6.076e03 4.824e03 0.809 0.004 16
phenylacetate 4.617e01 -2.367e01 1.160e+00 0.184 0.083 23 -2.281e03 -2.463e02 2.006e02 0.837 0.001 36
phenylalanine 1.187e+00 9.617e02 2.277e+00 0.033 0.078 58 -2.717e02 -2.17G-00 2.029e03 0.068 0.031 107
proline -2.602e+00 -9.383e+00 4.178e+00 0.402 0.089 10 -1.050e01 -2.554e01 4.547e02 0.160 0.107 20
propyleneglycol -1.143e+00 -2.916e+00 6.294e01 0.202 0.030 56 2.918e02 -5.222e02 1.106e01 0.479 0.005 103
putrescine 1.076e01 -5.638e01 7.790e01 0.743 0.005 25 9.885e03 -1.216e02 3.193e02 0.372 0.017 49
pyroglutamate -5.158e01 -5.099e+00 4.067e+00 0.805 0.007 11 -3.884e02 -9.737e02 1.970e02 0.184 0.070 27
pyruvate -4.224e01 -1.863e+00 1.018e+00 0.559 0.006 58 -1.391e02 -6.702e02 3.920e02 0.605 0.003 107
serine 6.685e01 -1.936e+00 3.273e+00 0.606 0.007 38 -1.549e02 -8.921e02 5.823e02 0.676 0.003 63
taurine -7.069e01 -1.660e+00 2.467e01 0.140 0.076 30 1.301e03 -2.558e02 2.819e02 0.923 0.000 59
threonine 1.465e+00 -5.236e02 2.982e+00 0.058 0.071 51 -3.274e03 -5.230e02 4.575e02 0.895 0.000 99
trimethylamine 6.935e02 -9.790e02 2.366e01 0.408 0.015 49 6.286e05 -4.504e03 4.629e03 0.978 0.000 96
tryptophan 4.098e02 -6.294e02 1.449e01 0.434 0.009 70 8.963e04 -1.861e03 3.654e03 0.521 0.003 129
tyrosine 1.101e+00 1.201e01 2.083e+00 0.029 0.083 58 -3.192e03 -3.281e02 2.643e02 0.831 0.000 107
uracil 7.340e01 -3.426e02 1.502e+00 0.061 0.062 57 2.231e03 -1.910e02 2.357e02 0.836 0.000 104
valine 1.258e+00 -3.894e01 2.905e+00 0.132 0.040 58 -3.345e02 -8.388e02 1.697e02 0.191 0.016 108
xanthine 6.871e02 -1.929e01 3.303e01 0.596 0.009 32 7.882e04 -6.188e03 7.765e03 0.822 0.001 68
lactate -1.918e+00 -7.399e+00 3.562e+00 0.487 0.008 66 9.732e02 -1.252e01 3.199e01 0.388 0.006 122
N(;t3e: Bo(l;:l)ed rowin red textare metaboliteshiatpassed th& to M and M to riteriafor mediaion | n each cell, the |l etter f®Dmednsha8melpledbpder s of 1
1.23 X 10).
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Table 315 Linear regression results assessing to M and M to Y associations with maternal asthma as the exposure (X), individual male infant
gut metabolites as potential mediators (M), and male infant sociemotional scores at 2 years as the outcome (Y).

Linear Regression Results of the Association betwedfaternal Asthma (X) Linear Regression Results of the Association betweeachMetabolite (M) and Male
and eachMetabolite (M) Infant Socio-emotional Scores at 2 Years
X->M M ->Y

Metabolites b-coefficient [95% C.I. ] p-value R? N b-coefficient [95% C.I. ] p-value R? N
formate -6.654e01 -2.045e+00 7.138e01 0.338 0.016 58 5.827e02 -9.795e03 1.263e01 0.093 0.027 106
acetate 2.059e+01 -8.071e+00 4.926e+01 0.156 0.028 73 2.098e01 -4.563e01 8.760e01 0.534 0.003 130
butyrate 1.652e+00 -2.915e+00 6.219e+00 0.473 0.007 73 -3.333e03 -9.894e02 9.227e02 0.945 0.000 130
propionate 7.212e+00 -9.415e01 1.537e+01 0.082 0.042 73 -2.573e02 -1.978e01 1.463e01 0.768 0.001 130
valerate -5.974e02 -1.035e+00 9.159e01 0.903 0.000 73 4.746e03 -1.747e02 2.697e02 0.673 0.001 130
isobutyrate 2.146e01 -3.622e01 7.914e01 0.461 0.008 73 -5.899e03 -1.773e02 5.927e03 0.326 0.008 130
isovalerate 4.663e01 -2.717e01 1.204e+00 0.212 0.022 73 -7.719e03 -2.453e02 9.088e03 0.365 0.006 130
lactate -1.918e+00 -7.399e+00 3.562e+00 0.487 0.008 66 1.801e01 4.419e03 3.559e01 0.045 0.034 119
succinate 6.317e+00 -4.850e+00 1.748e+01 0.263 0.018 73 1.266e01 -1.758e01 4.290e01 0.409 0.005 130
hydroxyglutarate -2.079e+00 -1.257e+01 8.407e+00 0.645 0.038 8 6.575e03 -1.801e01 1.933e01 0.937 0.001 10
aminobutyrate 5.647e01 -4.396e01 1.569e+00 0.254 0.068 21 3.262e02 -2.409e02 8.932e02 0.253 0.027 50
hydroxyphenylacetate 2.323e01 -2.376e01 7.023e01 0.319 0.037 29 -1.467e03 -9.879e03 6.944e03 0.728 0.002 62
aminopentanoate -1.948e+00 -5.385e+00 1.489e+00 0.254 0.052 27 1.040e02 -6.018e02 8.097e02 0.769 0.002 54
acetoin -1.446e01 -1.585e+00 1.296e+00 0.835 0.002 20 3.867e02 1.077e03 7.627e02 0.044 0.091 45
alanine 2.208e+00 -2.534e+00 6.951e+00 0.355 0.015 58 8.113e02 -8.144e03 1.704e01 0.074 0.030 106
aspartate 1.077e+00 -8.210e01 2.974e+00 0.260 0.023 57 1.838e02 -2.168e02 5.845e02 0.365 0.008 104
betaalanine 1.096e01 -1.106e+00 1.325e+00 0.840 0.005 10 2.990e04 -2.795e02 2.855e02 0.982 0.000 17
cadaverine -1.995e+00 -5.658e+00 1.669e+00 0.275 0.038 33 3.888e02 -3.245e02 1.102e01 0.280 0.018 66
choline -1.633e01 -4.598e01 1.331e01 0.274 0.022 56 3.919e03 -2.941e03 1.078e02 0.260 0.013 101
creatine 8.509e02 -2.380e01 4.081e01 0.600 0.005 56 5.583e03 -1.994e03 1.316e02 0.147 0.021 100
creatinine 3.661e02 -2.773e01 3.506e01 0.816 0.001 57 5.362e03 -1.229e03 1.195e02 0.110 0.025 104
dimethylamine 1.074e01 1.941e02 1.954e01 0.018 0.172 32 9.555e04 -8.315e04 2.742e03 0.289 0.018 64
ethanol -8.530e01 -4.151e+00 2.445e+00 0.606 0.005 52 5.758e02 -7.611e03 1.228e01 0.083 0.032 95
fucose -1.378e01 -4.627e+00 4.352e+00 0.950 0.000 30 3.079e01 6.836e02 5.475e01 0.013 0.098 63
fumarate 1.498e01 -2.400e01 5.396e01 0.444 0.011 57 1.052e03 -6.459e03 8.562e03 0.782 0.001 104
galactose -1.847e+00 -5.803e+00 2.109e+00 0.349 0.027 34 1.092e01 4.231e03 2.143e01 0.042 0.060 70
glucose 1.004e+00 -2.204e+00 4.211e+00 0.533 0.007 58 6.563e02 -2.411e02 1.554e01 0.150 0.020 106
glutamate 6.313e+00 -1.799e+00 1.443e+01 0.125 0.042 57 6.823e02 -1.451e01 2.816e01 0.527 0.004 102
glycerol 9.812e01 -1.478e+00 3.441e+00 0.422 0.020 34 -2.276e02 -5.880e02 1.328e02 0.212 0.023 70
glycine 1.781e+00 -7.948e01 4.357e+00 0.171 0.034 57 3.488e02 -2.062e02 9.038e02 0.215 0.015 104
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histidine 3.262e01 -4.407e01 1.093e+00 0.394 0.020 38 -1.036e02 -2.667e02 5.950e03 0.209 0.028 59

hypoxanthine 3.218e01 -6.590e01 1.303e+00 0.502 0.022 23 9.666e03 -1.848e02 3.782e02 0.490 0.015 35
isoleucine 6.318e01 -4.670e01 1.731e+00 0.254 0.023 58 4.022e03 -2.063e02 2.867e02 0.747 0.001 106
leucine 6.563e01 -9.977e01 2.310e+00 0.430 0.011 58 -7.568e03 -4.610e02 3.096e02 0.698 0.001 106
lysine 2.989e+00 -2.456e+00 8.434e+00 0.275 0.027 46 -1.967e02 -1.631e01 1.238e01 0.785 0.001 74
malonate 7.649e01 -1.249e+00 2.779e+00 0.450 0.010 58 1.684e02 -2.273e02 5.640e02 0.401 0.007 106
methanol 7.296e01 -2.066e01 1.666e+00 0.124 0.042 58 4.443e03 -1.434e02 2.322e02 0.640 0.002 106
methionine 4.302e01 -2.752e01 1.136e+00 0.227 0.026 58 5.447e03 -1.020e02 2.110e02 0.492 0.005 106
methylamine 2.672e02 -1.462e01 1.996e01 0.755 0.003 33 -2.003e03 -4.782e03 7.753e04 0.155 0.032 65
methylhistidine 2.125e01 -3.532e01 7.781e01 0.451 0.016 38 -3.885e03 -1.612e02 8.354e03 0.528 0.007 59
myoinositol -2.760e+00 -9.089e+00 3.569e+00 0.354 0.086 12 -1.783e02 -9.813e02 6.248e02 0.651 0.009 26
pcresol 3.660e02 -1.849e01 2.581e01 0.717 0.015 11 3.201e04 -2.737e03 3.377e03 0.826 0.004 16
phenylacetate 4.617e01 -2.367e01 1.160e+00 0.184 0.083 23 -1.577e02 -3.191e02 3.757e04 0.055 0.107 35
phenylalanine 1.187e+00 9.617e02 2.277e+00 0.033 0.078 58 1.118e02 -1.067e02 3.304e02 0.313 0.010 105
proline -2.602e+00 -9.383e+00 4.178e+00 0.402 0.089 10 7.059e02 -4.692e02 1.881e01 0.223 0.081 20
propyleneglycol -1.143e+00 -2.916e+00 6.294e01 0.202 0.030 56 2.811e02 -3.835e02 9.458e02 0.403 0.007 100
putrescine 1.076e01 -5.638e01 7.790e01 0.743 0.005 25 3.045e03 -1.428e02 2.037e02 0.725 0.003 48
pyroglutamate -5.158e01 -5.099e+00 4.067e+00 0.805 0.007 11 -1.124e02 -5.952e02 3.703e02 0.635 0.010 26
pyruvate -4.224e01 -1.863e+00 1.018e+00 0.559 0.006 58 1.096e02 -2.935e02 5.128e02 0.591 0.003 105
serine 6.685e01 -1.936e+00 3.273e+00 0.606 0.007 38 -2.400e02 -8.097e02 3.297e02 0.403 0.012 62
taurine -7.069e01 -1.660e+00 2.467e01 0.140 0.076 30 1.229e02 -8.142e03 3.272e02 0.233 0.025 58
threonine 1.465e+00 -5.236e02 2.982e+00 0.058 0.071 51 9.455e03 -2.931e02 4.822e02 0.629 0.002 97
trimethylamine 6.935e02 -9.790e02 2.366e01 0.408 0.015 49 -2.564e03 -6.178e03 1.050e03 0.162 0.021 94
tryptophan 4.098e02 -6.294e02 1.449e01 0.434 0.009 70 -1.122e03 -3.319e03 1.074e03 0.314 0.008 126
tyrosine 1.101e+00 1.201e01 2.083e+00 0.029 0.083 58 3.266e03 -1.931e02 2.585e02 0.775 0.001 105
uracil 7.340e01 -3.426e02 1.502e+00 0.061 0.062 57 7.567e03 -8.635e03 2.377e02 0.356 0.009 102
valine 1.258e+00 -3.894e01 2.905e+00 0.132 0.040 58 1.094e02 -2.477e02 4.666e02 0.545 0.004 106
xanthine 6.871e02 -1.929e01 3.303e01 0.596 0.009 32 1.516€03 -3.814e03 6.846e03 0.572 0.005 67
lactate -1.918e+00 -7.399e+00 3.562e+00 0.487 0.008 66 1.801e01 4.419e03 3.559e01 0.045 0.034 119
Note: Bo(l;i)ed rowin red textare metaboliteshiat passed th& to M and M to riteria for mediation | n each cell, the | etter fA®Dmedns hasmetpledbypider s of 1
1.23 X 10).
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Table 3.19. Identifying mediators from infant gut microbiome at 4 months data, that mediate the association between (i) maternal atopydn
male infant gut microbes (M) and (ii) male infant gut microbes (M) and male infant motor scores at 2 years of age (Y).

Linear Regression Results of the Association between Maternal Atopy Linear Regression Results of the Association between Infant Gut
(X) and Infant Gut Microbiome (M) Microbiome (M) and Male Infant Motor Score at 2 Years (Y)
X->M M->Y
Infant Gut Bacteria b- b-
coefficient [95% CI] p-value R? N coefficient [95% CI] p-value R? N

p__Actinobacteriac__A 1.24E02 -4.17E02 6.66E02 0.651 0.001 172 3.38E04 -2.30E03 2.98E03 0.801 0 172
p__Actinobacteriac__ C 9.10E04 -6.18E03 8.00E03 0.8 0 172 -1.02E04 -4.47TE04 2.44E04 0.562 0.002 172
p__Bacteroidetesc__Ba -3.87E02  -1.39E01 6.18E02 0.448 0.003 172 2.56E03 -2.34E03 7.45E03 0.303 0.006 172
p__Firmicutesc__Bacil -3.47E03  -1.91E02 1.21E02 0.661 0.001 172 -2.26E04 -9.86E04 5.34E04 0.558 0.002 172
p__Firmicutesc__Clost -1.60E02 -9.17E02 5.98E02 0.677 0.001 172 -3.64E03 -7.29E03 1.10E05 0.041** 0.022 172
p__Firmicutesc__Erysi -8.16E03  -1.98E02 3.49E03 0.169 0.011 172 1.68E04 -4.03E04 7.38E04 0.562 0.002 172
p__Proteobacteriac__ B 1.26E03 -8.13E03 1.06E02 0.792 0 172 -1.79E04 -6.36E04 2.78E04 0.44 0.004 172
p__Proteobacteriac__ D 9.73E04 -3.46E03 5.40E03 0.665 0.001 172 7.56E05 -1.40E04 2.91E04 0.49 0.003 172
p__Proteobacteriac__E 8.17E06 -1.02E03 1.04E03 0.987 0 172 -1.45E05 -6.45E05 3.56E05 0.568 0.002 172
p__Proteobacteriac__ G 3.50E02 -3.64E02 1.07E01 0.335 0.005 172 -4.73E04 -3.97E03 3.02E03 0.79 0 172
p__Verrucomicrobiac__ 1.30E02 -2.72E02 5.32E02 0.525 0.002 172 1.44E03 -5.05E04 3.39E03 0.145 0.012 172
0__Actinomycetales 3.32E03 -2.96E03 9.60E03 0.298 0.006 172 -1.48E04 -4.54E04 1.58E04 0.342 0.005 172
o__Bifidobacteriales 9.10E03 -4.33E02 6.15E02 0.732 0.001 172 4.86E04 -2.07E03 3.04E03 0.708 0.001 172
o__Coriobacteriales 9.10E04 -6.18E£03 8.00E03 0.8 0 172 -1.02E04 -4.47E04 2.44E04 0.562 0.002 172
o__Bacteroidales -3.87E02  -1.39E01 6.18E02 0.448 0.003 172 2.56E03 -2.34E03 7.45E03 0.303 0.006 172
o__Bacillales 2.65E04 -8.79E04 1.41E03 0.648 0.001 172 2.66E05 -2.91E05 8.22E05 0.347 0.005 172
o__Gemellales -2.96E05 -3.44E04 2.85E04 0.853 0 172 6.36E06 -8.92E06 2.16E05 0.413 0.004 172
0__Lactobacillales -3.72E03  -1.89E02 1.15E02 0.631 0.001 172 -2.59E04 -1.00E03 4.83E04 0.492 0.003 172
o__Clostridiales -1.60E02 -9.17E02 5.98E02 0.677 0.001 172 -3.64E03 -7.29E03 1.10E05 0.018* 0.022 172
o__Erysipelotrichales -8.16E03  -1.98E02 3.49E03 0.169 0.011 172 1.68E04 -4.03E04 7.38E04 0.562 0.002 172
o__Fusobacteriales 1.31E04 -2.29E04 4.91E04 0.475 0.003 172 4.83E06 -1.27E05 2.24E05 0.588 0.002 172
o__Burkholderiales 1.25E03 -8.14E03 1.06E02 0.793 0 172 -1.81E04 -6.38E04 2.76E04 0.435 0.004 172
o__Desulfovibrionales 9.73E04 -3.46E03 5.40E03 0.665 0.001 172 7.56E05 -1.40E04 2.91E04 0.49 0.003 172
o__Campylobacterales 8.17E06 -1.02E03 1.04E03 0.987 0 172 -1.45E05 -6.45E05 3.56E05 0.568 0.002 172
o__Enterobacteriales 3.81E02 -3.31E02 1.09E01 0.292 0.007 172 -5.19E04 -4.00E03 2.96E03 0.769 0.001 172
cdifflog_3m 4.01E01 -6.61E01 1.46E+00 0.457 0.004 158 -4.10E02 -9.00E02 8.10E03 0.024**  0.017 158
cdifflog_1ly 1.45E01 -1.34E+00 1.63E+00 0.847 0 133 -8.14E02 -1.49E01 -1.37E02 0.019** 0.041 133
g_Bacteroides_3_12_mos -1.55E02 -1.07E01 7.63E02 0.74 0.001 172 2.12E03 -2.35E03 6.58E03 0.35 0.005 172
g_Bac_1yr -2.17E02  -1.07E01 6.40E02 0.618 0.002 133 4.82E04 -3.51E03 4.47E03 0.811 0 133

Note: Bolded rows are pathways that have statistically significant association; ** = p < 0.05
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Table 320. Identifying mediators from infant gut microbiome at 4 months data, that mediate the association between (i) maternal asthmada
male infant gut microbes (M) and (ii) male infant gut microbes (M) and male infant motor scores at 2 years of age (Y).

Linear Regression Results of the Association between Maternal Asthma Linear Regression Results of the Association between Infant Gut
(X) and Infant Gut Microbiome (M) Microbiome (M) and Male Infant Motor Score at 2 Years (Y)
X->M M->Y
Infant Gut Bacteria p- p-
coefficient [95% CI] p-value R? N coefficient [95% CI] p-value R? N

p__Actinobacteriac__A 1.03E02 -4.88E02 6.95E02 0.73 0.001 172 3.38E04 -2.30E03 2.98E03 0.801 0 172
p__Actinobacteriac__ C 1.24E03 -6.50E03 8.98E03 0.751 0.001 172 -1.02E04  -4.47E04 2.44E04  0.562 0.002 172
p__Bacteroidetesc__Ba -3.24E02  -1.42E01 7.74E02 0.561 0.002 172 2.56E03 -2.34E03 7.45£03  0.303 0.006 172
p__Firmicutesc__Bacil -4.80E03  -2.18E02 1.22E02 0.579 0.002 172 -2.26E04  -9.86E04 5.34E04  0.558 0.002 172
p__Firmicutesc__Clost 3.77E02 -4.49E02 1.20E01 0.369 0.005 172 -3.64E03  -7.29E03 1.10E05 0.041* 0.022 172
p__Firmicutesc__Erysi -4.47E03  -1.72E02 8.30E03 0.49 0.003 172 1.68E04 -4.03E04 7.38E04  0.562 0.002 172
p__Proteobacteriac__ B 8.68E03 -1.49E03 1.88E02 0.094 0.016 172 -1.79E04  -6.36E04 2.78E04 0.44 0.004 172
p__Proteobacteriac__D -1.31E03  -6.15E03 3.53E03 0.593 0.002 172 7.56E05 -1.40E04 2.91E04 0.49 0.003 172
p__Proteobacteriac__E 8.04E04 -3.11E04 1.92E03 0.156 0.012 172 -1.45E05  -6.45E05 3.56E05 0.568 0.002 172
p__Proteobacteriac__G -1.19802  -9.01E02 6.64E02 0.765 0.001 172 -4.73E04  -3.97E03 3.02E03  0.79 0 172
p__Verrucomicrobiac__ -1.11E02  -5.50E02 3.28E02 0.618 0.001 172 1.44E03 -5.05E04 3.39E03 0.145 0.012 172
0__Actinomycetales 4.72E04 -6.40E03 7.35E03 0.892 0 172 -1.48E04  -4.54E04 15804 0.342 0.005 172
o__Bifidobacteriales 9.87E03 -4.73E02 6.71E02 0.734 0.001 172 4.86E04 -2.07E03 3.04E03 0.708 0.001 172
o__Coriobacteriales 1.24E03 -6.50E03 8.98E03 0.751 0.001 172 -1.02E04  -4.47E04 2.44E04 0.562 0.002 172
o__Bacteroidales -3.24E02 -1.42E01 7.74E02 0.561 0.002 172 2.56E03 -2.34E03 7.45E03  0.303 0.006 172
o__Bacillales -3.89E04  -1.64E03 8.59E04 0.539 0.002 172 2.66E05 -2.91E05 8.22E05  0.347 0.005 172
o__Gemellales -6.38E05 -4.07E04 2.79E04 0.714 0.001 172 6.36E06 -8.92E06 216605 0.413 0.004 172
0__Lactobacillales -4.34E03  -2.10E02 1.23E02 0.607 0.002 172 -2.59£04  -1.00E03 483604 0.492 0.003 172
o__Clostridiales 3.77E02 -4.49E02 1.20E01 0.369 0.005 172 -3.64E03  -7.29E03 1.10E05 0.018* 0.022 172
o__Erysipelotrichales -4.47E03  -1.72E02 8.30E03 0.49 0.003 172 1.68E04 -4.03E04 7.38E04  0.562 0.002 172
o__Fusobacteriales 1.15E04 -2.78E04 5.08E04 0.564 0.002 172 4.83E06 -1.27E05 2.24E05 0.588 0.002 172
o__Burkholderiales 8.64E03 -1.52E03 1.88E02 0.095 0.016 172 -1.81E04  -6.38E04 2.76E04  0.435 0.004 172
o__Desulfovibrionales -1.31E03  -6.15E03 3.53E03 0.593 0.002 172 7.56E05 -1.40E04 2.91E04 0.49 0.003 172
0__Campylobacterales 8.04E04 -3.11E04 1.92E03 0.156 0.012 172 -1.45E05 -6.45E05 3.56E05 0.568 0.002 172
o__Enterobacteriales -1.91E02  -9.70E02 5.88E02 0.629 0.001 172 -5.19E04  -4.00E03 2.96E03  0.769 0.001 172
cdifflog_3m 3.96E01 -7.16E01 1.51E+00 0.483 0.003 158 -4.10E02  -9.00E02 8.10E03  0.024** 0.017 158
cdifflog_1ly -3.96E01 -2.02E+00  1.23E+00 0.63 0.002 133 -8.14E02  -1.49E01 -1.37E02  0.019** 0.041 133
g_Bacteroides_3_12_mos -1.86£02  -1.19E01 8.16E02 0.715 0.001 172 2.12E03 -2.35E03 6.58E03 0.35 0.005 172
g_Bac_1yr -4.26602  -1.36E01 5.10E02 0.37 0.006 133 4.82E04 -3.51E03 44703 0.811 0 133

Note: Bolded rows are pathways that have statistically significant association; ** = p < 0.05
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Table 321 Interaction term results between maternal atopy status and infant sex

Motor Scores at 2 Years Coef. [95% Conf Interval] p-value Sig
Interaction

Combined atopy infant sex 0 . . .

None Female .016 -3.541 3.573 .993

Present Male -3.168 -6.182 -.153 .04 ke

Present Female .507 -2.531 3.545 743

Coghnitive Scores at 2 Years Coef. [95% Conf Interval] p-value Sig
Interaction

Combined atopy infant sex 0 . . .

None Female -.066 -5.082 4951 .98

Present Male -3.789 -8.04 462 .08 *

Present Female 4.149 -.135 8.434 .058 *

Socioemotional Scores at 2 Years Coef. [95% Conf Interval] p-value Sig
Interaction

Maternal Asthma infant sex 0 . . .

None Female 3.117 -72 6.953 11

Present Male -5.826 -11.294 -.357 .037 ki

Present Female -1.25 -7.328 4.828 .686

Language Scores at 1 Year Coef. [95% Conf Interval] p-value Sig
Interaction

Maternal Asthma infant sex 0 . . .

None Female 6.847 3.921 9.773 0

Present Male 5.039 .892 9.185 .017 >

Present Female 5.265 .614 9.915 .027 **

Note: *** p<.01, ** p<.05, * p<.1
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CHAPTER 4: Conclusions
The purpose of this thesis is to investigate the associations between both infant and maternal
sensitization and infant neurodevelopmental outcomes at 1 and 2 years of age. Chapter 2 describes 1
association between infant atopic sensitization at 1 yehirdiant neurodevelopmental outcomes at
and2 years. Chapter 3 covers maternal atopic status and aatithits impact on infant
neurodevelopmental scores at 1 and 2 years. The major findings for each chapter will be summarizec
followed by a discussioaf the strengths and limitations of the CHILD Cohort Study. The final section

of Chapter 4 will cover the implications and future directions for future research.

4.1 Key findings and general conclusions
Research Study I:The main finding of the first search study is the cresectional and segpecific
associations found between infant atopic sensitization at 1 year and subsequent decrease in
socioemotional scores at 1 year of infant age. Specifically, this decrease hesmtional scores at 1
yearwas observed in the male infant group. Although temporal associations were analyzed, neither
infant food nor atopic sensitization at 1 year predicted infant neurodevelopmental scores at 2 years o
age.Mounting research evidence supports that immune dyktgn and inflammation as an effect of
IgE-mediated sensitization arises in parallel with infant neurodevelopmental challenges (45). Howeve
since none of our study covariates were associated with these effects, we believe the association we
found posdly acted through covariates we were not able to measure in the CHILD study. The first
potential explanation has to do with parental stress associated with raising children living with food
challenges, as parents often need to more vigilant in closeltnwonii ng t hei r i nf ant
postpregnancy experiences harm the bond between mothers and babies, affecting their ability to forr
secure attachments, which in turn may impair the semotional development of the child. On the

otherhand,wealsopr opose the idea of a fAreve-emoonat ausat
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impairment may be in the pathway to atopic or food sensitization. For example, when mothers
experience a stressful pgategnancy, it may lead to consequences including redueedtieeding
duration which Iimits the childbés access to e
development. Therefore, the stress experienced by the child impairs their connection with their mothe
and decreases their so@motionalsor es. Lastly, | iterat emdonalupp:
impairments in response to a stressful environment may enhance existing inflammatory signals and

stimulate immuneelated conditions including atopic and food sensitization.

Research StudylI: The main finding of research studydbnsists of three parts. First, maternal atopy

is associated with a decrease in male motor scores at 2 years. Second, maternal asthma is associate
with decreased sociemotional scores at 2 years in all infants, and an increase in male language score
at1 year. Third, phenylalanine and dimethylamine are key metabolites that mediate the pathway
between maternal asthma and its associations with infant neurodevelopmental score. We proposed t
our research reflects strong research evidence regarding temat@atnmune activation (MIA)

hypothesis that suggests maternal immune cells have the ability to cross the placental barrier, influen
fetal brain programming which may include adverse effects on the developing infant brain.
Furthermore, both phenylalagirand dimethylamine have been identified in the literature as
metabolites suggested to interfere with normal development of infant brain. Phenylalanine was showt
to have a strong effect on offspring cognitive outcomes at 1 year of age, and dimethylagnine wa

identified as one of the potential biomarkers elevated in mothers exhibiting depressive disorders (39)

4.2 StudyStrengthsand Sources oBias
Theprospective and longitudinal nature of BEILD Study, in addition to its high retention rate
(92% retation rate), allows us access to extensive documented data on maternal and early childhood
factors and covariates (55). Additionally, our large sample size was sufficient to be able to uncover ar

detect meaningful results in our fuldjusted models. Weere also able to further existing studies by
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not only testing crossectional, but also temporal associations between infant and maternal atopy and
neurodevelopmental scores. However, we also recognize that there are potential sources of bias in o

study.

Selection Bias

Our sample size consists of participants who are mostly White Caucasian and miodeigtie
income parents who live in urban centers in Candéfiarecognize thahts limits the generalizability of
our studies to other population grouggcludinginfants from low income families may greatly reduce
the sample size of infants with atopic sensitization and/or neurodevelopment impairment, leading to a
biased comparisofiowever, the main justification of recruiting from urban centers is since 80% of the
Canadian population is urban (75). Furthermore, compared to other historical birth cohorts, the recruite
population of the CHILD study is more ethnically varied ancdie and children represented mixed

ethnic populations to a greater degree compared to other studies (75).

Measurement Bias
Measurement bias happens when there are discrepancies in how certain variables were meast
or collected between comparison gredpfant atopic sensitization in research study | was measured
using a standardized skin prick test (SPT); while maternal atopic sensitization and asthma were
measured from seleport questionnaires in research study Il. Althoughregbrted questionnas
may reduce systemic inconsistencies among mothers, the difference in how sensitization was assess
between infants and mothers may contribute to less validity in our comparison of the effect of

sensitization to neurodevelopmental scores in mothessisénfants.

Despite this limitation, the CHILD study strived to minimize bias through standard operating

procedures that uses the same recruitment and selection methods at all sites. Furthermore, the self
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reported questionnaires that indicated matertogdyeand asthma status has been thoroughly validated

in previous studies.

Confounding Bias
Our study also aimed to reduce confounding bias by using a Directed Acyclic Graph (DAG) to
determine direct associations between covariates and their relati@nghipfant and maternal atopic
status and neurodevelopmental scores. The DAGdbst covariate selectianethod used in many
epidemiological research studies that helptermine causaklationships and properly identify a
minimally sufficient adjustment set. This use of DAG, followed by additional statistical verification of
true confounds using a 15% change in estimate method consisted our robust approach to model

adjustment that helped us avoid over or under adjustment of our models.

4.3 Implications for future research

In conclusion, both research studies emphasize the importance of further research in exploring
early antecedents that shape infant neurodevelopmental outcomes, as impact during this critical winc
may have lasting effects infantsthat persist until lar yearsand impair the quality of life of children
and their familiesin both of our research studies, finding an association between infant and maternal
atopic status and infant neurodevelopment adds support to research ekigahgbtingthe role of
infant andmaternaimmunerelated conditions anits potentialability to program fetal development.
Moreover, heemergencef the potential role of metabolitg®intsto promising future research that
may uncover more mechanistic pathways that will/ghe us with insights on how infant and maternal
atopy impact child neurodevelopmental outconf@sthermore, sespecific associations our study
encourages additional research that further investigates the role of certain biological sex differences i

infant brain development.
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Appendix A

Table B1. Unique adjustment sets for each multivariable egression model.

Cognitive
Covariate

Atopic Sensitization Multivariate Model Adjustments

Motor
2-Year

SociatEmoti
1-Year onall-Year

Motor
1-Year

Language
1-Year

Cognitive
2-Year

Language
2-Year

SociatEmotio
nal2-Year

Maternal Age

MaternalEthnicity

MaternalPrenatal
Diet Fruit Intake

MaternalPrenatal
Smoking

MaternalPrenatal
Depression

MaternalAsthma

Siblings

InfantDiet
(Solids)

Breastfeeding
Duration

Mode of Birth

Gestationahge
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Food Sensitization Multivariate Model Adjustments

Cognitive Language  Motor SociatEmoti Cognitive Language Motor SocialEmotio
Covariate 1-Year 1-Year 1-Year onall-Year 2-Year 2-Year 2-Year nal 2-Year
MaternalAge

Maternal Ethnicity

MaternalPrenatal
Diet Fruit Intake

MaternalPrenatal
Smoking

MaternalPrenatal
Depression

MaternalAsthma

Siblings

Infant Diet
(Solids)

Breastfeeding
Duration

Mode of Birth

Gestationahge

Note:Variables identified as potential covariates from the DAG (Figure 1) india@dually tested for a greater than 15% change to the estimate. Only covariates that were
identified in both the DAG and caused a greater than 10% change to the estimate (shown in pink) were added to the usinieal selj for the corresponding rivdtiable
model.
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Table B2. Frequency characteristics for categorical variables in the study sample of infants with atopic and food sensitization atehr and

neurodevelopmental data at 1 and 2 years of age (n=537)

Maternal characteristics

TotalN n (%)

Infant characteristics

TotalN n (%)

Family Income 48¢ Atopic Sensitization 537

Less than 39,999 26 (5.3) Yes 88 (16.4)
40,000 to 79,999 121 (24.8) No 449 (83.6)
80,000 to 99,999 79 (16.2) Food Sensitization 53

Exceeds 100,000 262 (53.7) Yes 72 (13.4)
Maternal Education 51t No 456 (86.6)
Some/finished high school 36 (7.0) Child Sex 53

Some university/college 193 (37.5) Boys 279 (52.0)
University degree 286 (55.5) Girls 258(48.0)
Maternal Asthma 51¢ Breastfeeding3 Months 53¢

Yes 123 (23.7) None 77 (14.4)
No 396 (76.7) Partial 146 (27.3)
Prenatal Smoking 51¢ Exclusive 312 (58.4)
Yes 19 (3.7) Birthmode 53

No 500 (96.3) Vaginalno AP 277 (52.1)
Maternal Depression 48: VaginallAP 127 (23.9)
Yes 96 (19.9) CS-Elective 58 (10.9)
No 387 (80.1) CS-Emergency 70 (13.2)
Maternal Age 53i GestationalAge 53

1829 150 (27.9) 37 weeks+ 506 (5.8)
30-39 366 (68.2) 34-36 weeks 31 (5.6)
40+ 21 (3.9) Siblings 53t

Maternal Ethnicity 53: Yes 302 (56.5)
\White Caucasian 420 (78.8) No 233 (43.5)
Asian 51 (9.6)

Other 62(11.6)
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Table B3. Frequency characteristics for continuous variables in the studgample of infants with atopic and food sensitization at 1 year and
neurodevelopmental data at 1 and 2 years of age (n=537)

Continuous variables TotalN Mean (SD) Min Max
BSID-IIl Cognitive1Year 537 110.04(10.3) 75 145
[Missing, n (%) 0 (0)

BSID-Ill Languagel Year 536 107.9(11.9) 65 147
[Missing, n (%) 1(0.2)

BSID-IIl Motor 1Year 535 102.8 (13.6) 70 154
missing, n (%) 2(0.4)

BSID-Ill SociatEmotional 1 Year 519 102.6 (13.8) 60 145
[Missing, n (%) 18 (3)

BSID-IlIl Cognitive 2 Year 537 105.7 (14.3) 70 145
[Missing, n (%) 0 (0)

BSID-Ill Language2 Year 536 100.2 (12.0) 68 135
[Missing, n (%) 1(0.2)

BSID-IIl Motor 2 Year 537 98.9 (9.5) 67 127
[Missing, n (%) 0(0.0)

BSID-lll SociatEmotional 2 Year 527 108.7 (15.7) 60 145
Missing, n (%) 10 (1.9)

Maternal PregnancyFruit Intake 508 3.2(2.0) 0.14 134
Missing, n (%) 29 (5.4)

BreastfeedingDuration 517 10.2 (6.7) 0 25

|Missing, n (%) 10.2 (6.7)
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Table B4. Percentagdistributionof food andatopicsensitizatiorat 1 yearacrosscandidatecovariate§n=537)

Categorical variables  Atopic Sensitization Atopic Sensitizatioon p-value Food sensitizatiofY ES)  Sensitization on 1YR p-value
1YR (YES) 1YR (NO) (NO)
(16.4% overall) (83.6% overall) (13.4% overall) (86.6%)
N¢ (%) N¢ (%) N¢ (%) N¢ (%)
Maternal Characteristics
CESD 0.3862 0.5532
Never 77 (16.8) 382 (83.2) 64 (13.9) 395 (86.1)
Prenatal 7 (23.6) 24 (77.4) 5(16.1) 26 (83.9)
Postnatal 4(10.3) 35 (89.7) 3(7.7) 36 (92.3)
Persistent 0(0.0) 8 (100) 0 (0.0) 8 (100.0)
Maternal age 0.6382 0.2942
18 to 29 21 (14.0) 129 (86.0) 15 (10.0) 135 (90.0)
30to 39 64 (17.6) 302(82.5) 55 (15.0) 311(85.0)
Over 40 3(14.3) 18 (85.7) 2(9.5) 19 (90.5)
Maternal education 0.0382 0.0102
Some/finishedigh 4(11.2) 32 (88.9) 3(8.3) 33 (91.7)
school
Some university/ 23(11.9) 170 (88.1) 16 (8.3) 177 91.7)
collegeUniversity
degree 58 (20.3) 228 (79.7) 50 (17.5) 236 (82.5)
Prenatal smoking 0.2232 0.0912
Yes 1(5.3) 18 (94.7) 0 (0.0) 19 (100.0)
No 86 (17.2) 414 (82.8) 71(14.2) 429 (85.8)
Maternal ethnicity <0.001 <0.001
White Caucasian 53 (12.6) 367 (87.4) 43 (10.2) 377 (89.8)
Asian 19 (37.3) 32 (62.8) 15 (29.4) 36 (70.6)
Other 15 (24.2) 47 (75.8) 13 (21.0) 49 (79.0)
Maternal asthma 0.838 0.822
Yes 20 (23.0) 95 (22.0) 15 (13.0) 100 (87.0)
No 67 (77.0) 337 (83.4) 56 (12.9) 348 (86.1)
Infant characteristics
Child sex 0.595 0.095
Boys 48 (17.2) 231 (82.8) 44 (15.8) 235 (84.2)
Girls 40 (15.5) 218 (84.5) 28 (10.9) 230 (89.2)
Older siblings 0.529 0.236
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Yes 47 (53.4)
No 41 (46.6)
Birth mode

VaginaknolAP 43 (15.5)
VaginatlAP 19 (15.0)
CS-elective 13 (22.4)
CS-emergency 11(15.7)

Infant diet - solids at 3M

Yes 1(7.7)

No 86 (16.6)

Infant breastfeedingduration (months)
85(16.4%)

Maternal prenatalfruit intake
83 (16.34%)

Gestational age (in weeks)
88 (16.54%)

255 (57.1)
192 (82.4)

234 (84.5)
108 (85.0)
45 (77.6)
59 (84.3)

12 (92.3)
432 (83.4)

432 (83.6%)
425 (83.66%)

444 (83.46%)

0.593

0.704
1(7.7)

70 (13.5)
0.220

0.086

0.097

36 (15.5)
36(11.9)

37 (13.4)
15(11.8)
8 (13.8)

10 (14.3)

266 (88.1)
197 (84.6)
0.958

240 (86.6)
112(88.2)
50 (86.2)
60 (85.7)

1.0002

12 (92.3)
448(86.5)
0.200

70 (13.54%) 447 (86.46%)

0.059
68 (13.39%) 440 (86.61%)

72(13.53%) 460 (86.47%)  0.1713

UFi sdxacttedts
bBold values arestatisticallysignificant

‘Total numberof observationgN) is basedbercolumnperatopy/foodsensitizatioyes/no
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Table B5. Distribution of 1-year BSID-IIl neurodevelopmentsubscalescoresacrosscandidatestudy covariates(N=537).

Neurodevelopmental Scores at 1 YR

Cognitive Score

Language Score

Motor Score

Socio Emotional Score

Covariates N (%) Mean (SD) P Value Mean (SD) P Value Mean (SD) PValue Mean (SD) P Value
Maternal Categorical Factors Mean (SD}
CESD 0.463 0.739 0.470 0.409
Never 459 (85.5) 110.03(10.20) 107.85 (12.18) 102.64 (14.71) 102.99 (13.96)
Prenatal 31 (5.8) 108.23(11.07) 106.10 (10.59) 99.13(13.40) 99.35 (10.23)
Postnatal 39 (7.3) 110.77(9.97) 109.33 (10.95) 104.38 (15.82) 101.43 (14.78)
Persistent 8(1.5) 114.38(14.50) 107.88 (10.26) 105 (9.09) 98.57 (15.20)
Maternal Age 0.595 0.118 0.118 0.595
18t0 29 150 (27.9) 109.35 (9.79) 107.94 (12.16) 103.74 (13.52) 103.60 (14.65)
30to 39 366 (68.2) 110.40(10.46) 107.90(11.93) 101.85 (15.20) 102.22 (13.54)
Over 40 21 (3.9) 108.67(11.24) 106.43(11.71) 107.57(11.45) 102.25 (13.33)
Prenatal Smoking 0.783 0.039 0.275 0.748
Yes 19 (3.7) 110.79(9.02) 113.53(11.03) 106.05 (13.75) 101.39 (10.12)
No 500 (96.3) 110.12(10.36) 107.69 (12.13) 102.32 (14.66) 102.45 (13.87)
Maternal ethnicity 0.001 0.001 0.137 0.007
White Caucasian 420 (78.8) 110.47(9.99) 108.71(11.80) 102.66 (15.15) 103.13 (13.64)
Asian 51 (9.6) 105.10(11.02) 101.94 (13.01) 99.29 (13.50) 99.26 (16.05)
Other 62(11.6) 111.21(11.08) 106.92(11.31) 104.81 (12.06) 101.55 (13.19)
Infant Categorical Factors Mean (SD}
Child Sex

0.217 0.000 0.436 0.406
Males 279 (52.0) 109.51 (10.73) 106.08 (12.04) 102.13 (14.25) 103.09 (14.29)
Females 258 (48.0) 110.61(9.78) 109.76(11.62) 103.12 (15.09) 102.08 (13.34)
Breastfeeding at 3 months 0.549 0.278 0.265 0.503
Exclusive 312 (58.3) 109.29 (9.79) 107.25(11.78) 101.49(11.71) 100.97 (14.88)
Partial 146 (27.3) 109.60(11.34) 106.74 (13.28) 101.32 (17.52) 102.53 (13.27)
None 77 (14.4) 110.46(9.94) 108.57(11.37) 103.47 (13.84) 103.07 (13.86)
Birth mode
VaginatnolAP 277 (52.1) 110.56(10.58) 0.342 107.98 (12.50) 0.881 101.79 (15.74)  0.099 102.90 (13.88)  0.943
VaginatlAP 127 (23.9) 110.16(10.35) 107.83 (10.57) 102.61(13.58) 101.97 (13.12)
CS-elective 58 (10.9) 108.79 (8.90) 106.71 (13.21) 100.78 (13.73) 102.68 (15.43)
CSemergency 70 (13.2) 108.39 (10.36) 108.31(11.35) 106.33(11.85) 102.46 (14.00)
Introduced to Solids 0.144 0.115 0.864 0.111
No 518 (97.6) 109.40 (10.36) 108.33(11.76) 102.79 (14.39) 100.85 (13.01)
Yes 13 (2.4) 110.50(10.27) 107.53 (12.13) 102.43 (14.91) 103.91 (14.34)
Older siblings 0.220 0.443 0.779 0.012
No 233 (43.6) 109.40 (10.36) 107.53 (12.13) 102.79 (14.39) 100.85 (13.01)
Yes 302 (56.4) 110.50(10.27) 108.13 (12.25) 102.43 (14.91) 103.91 (14.34)
NeurodevelopmentaDutcomes or b (95%Cl)°
Breastfeeding duration 10.16(6.69f 0.18 (0.05, 0.31) 0.007 0.08 ¢€0.069, 0.24) 0.281 0.14(-0.05, 0.32) 0.157 0.21 (0.03, 0.39) 0.023
Maternal fruit intake 3.16(1.99Ff  0.14 ¢0.30, 0.59) 0.531 0.263 (0.26, 0.79) 0.326 0.03¢0.61, 0.67) 0.924 0.57¢€0.04,1.17) 0.068
Gestational age (in weeks) 39.11(1.39f 1.13(0.50, 1.76) 0.000 0.67(-0.05, 1.42) 0.067 1.05(0.15,1.95) 0.022 0.59¢0.28, 1.46) 0.182

Note BISD-llI=Bayley Infant Scalesof DevelopmentThird Edition; SD=standardleviation;b = C o e f fatatnuneberdf observationgN) is basedercolumncovariateand
i tcoresponding categories
aAnalyzed byttest or oneway analysis ofariance PAnalyzed by linear regressiohReported in means (standard deviation). Gestational age is measured in weeks and maternal
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prenatal fruit intake assessed using the Healthy Eating Index (HEI)

Table B6. Distribution of 2-year BSID-IIl neurodevelopmentsubscalescoresacrosscandidatestudy covariates(N=537).

Neurodevelopmental Scores at 2 YRs

Cognitive Score

Language Score

Motor Score

Socio Emotional Score

Covariates N (%) Mean (SD) P Value Mean (SD) P Value Mean (SD) P Value Mean (SD) P Value
Maternal Categorical Factord Mean (SD}
CESD 459 (85.5) 106.09 (14.42) 0.364 100.40(11.86) 0.105 99.03 (9.45) 0.915 109.34(15.73)  0.015
Never 31 (5.8) 104.52 (13.87) 100.84 (12.88) 98.13 (10.64) 102.67 (14.49)
Prenatal 39 (7.3) 104.23 (14.80) 98.90(13.22) 98.26 (8.77) 108.29 (15.65)
Postnatal 8 (1.5) 98.13 90.25 (9.45) 98.13(11.89) 95.01(11.55)
Persistent (5.94)
Maternal Age
18t0 29 150 (27.9) 107.33 (15.12) 0.226 101.52(11.35) 0.153 99.65 (9.27) 0.512 109.18(15.18)  0.856
30to 39 366 (68.2) 105.02 (13.94) 99.48 (12.24) 98.59 (9.64) 108.57 (16.04)
Over 40 21 (3.9) 107.14 (15.13) 102.33 (12.60) 99.10 (8.50) 107.38 (14.72)
Prenatal Smoking 0.135 0.358 0.664 0.274
Yes 19 (3.7) 100.79(13.15) 97.63 (9.62) 98 (8.02) 104.74 (16.79)
No 500 (96.3) 105.77 (14.30) 100.23 (12.15) 98.98 (9.66) 108.76 (15.67)
Maternal ethnicity
White Caucasian 420 (78.8) 106.90 (14.41) 0.002 101.45(11.39) 0.000 98.98 (9.33) 0.528 109.40 (15.77)  0.201
Asian 51 (9.6) 101.27 (13.30) 93.02 (13.31) 97.53(10.35) 105.60 (15.41)
Other 62(11.6) 101.81 (13.77) 97.63 (12.93) 99.44 (10.19) 107.25 (15.42)
Infant Categorical Factorsi Mean (SD}
Child Sex 279 (52.0) 103.36(13.41) 0.000 97.18(11.86) 0.000 98.02 (9.45) 279 (52.0) 103.36 (13.41) 0.000
Males 258 (48.0) 108.33 (14.88) 103.41(11.38) 99.87 (9.46) 258 (48.0) 108.33 (14.88)
Females 0.018 0.002 0.018
Breastfeeding at 3 months 312 (58.1) 102.86(10.71) 98.05 (10.48) 97 .66(8.29) 312 (58.1) 102.86 (10.71)
Exclusive 146 (27.2) 104.25 (13.23) 97.94(11.13) 98.4 (9.45) 146 (27.2) 104.25 (13.23)
Partial 77 (14.3) 107.23 (15.45) 101.71 (12.56) 99.4 (9.80) 77 (14.3) 107.23 (15.45)
None 0.068 0.082 0.068
Birth mode 277 (52.1) 107.03 (15.14) 101.12(11.16) 99.58 (9.01) 277 (52.1) 107.03 (15.14)
VaginatnolAP 127 (23.9) 104.53 (12.35) 100.08 (12.67) 98.29 (9.14) 127 (23.9) 104.53 (12.35)  100.08 (12.67)
VaginatAP 58(10.9) 101.98 (14.23) 96.78 (13.18) 97.05 (10.87) 58 (10.9) 101.98 (14.23) 96.78 (13.18)
CS-elective 70 (13.2) 105.86 (14.17) 99.26 (12.99) 98.91 (10.49) 70 (13.2) 105.86 (14.17)  99.26 (12.99)
CSemergency 0.423 0.386 0.423
Introduced to Solids 518 (97.6) 105.93 (14.47) 100.31(11.93) 98.97 (9.42) 518 (97.6) 105.93 (14.47)
No 13 (2.4) 102.69 (9.04) 97.38 (15.63) 97.77 (12.62) 13 (2.4) 102.69 (9.04)
Yes 0.931 0.596 0.931
Older siblings 233 (43.6) 105.64(14.73) 100.44 (12.00) 97.58 (9.33) 233 (43.6) 105.64 (14.73)  100.44 (12.00)
No 302 (56.4) 105.75 (14.05) 99.88 (12.08) 99.91 (9.51) 302 (56.4) 105.75 (14.05) 99.88 (12.08)
Yes 279 (52.0) 103.36 (13.41) 0.000 97.18(11.86) 0.000 98.02 (9.45) 279(52.0) 103.36 (13.41) 0.000
NeurodevelopmentaDutcomes or b (95%Cl)®
Breastfeeding duration
10.16(6.69f 0.26 (0.08, 0.44) 0.006 0.30 (0.14, 0.45) 0.000 0.07 ¢€0.05, 0.20) 10.16(6.69f 0.26 (0.08, 0.44) 0.006
Maternal fruit intake 3.16(1.99F  -0.39 ¢1.01,0.23) 0.217 0.39 ¢0.13,0.92) 0.144 0.17 ¢0.25,0.59) 3.16(1.99f -0.39 0.217
Gestational age (in weeks) 39.11(1.39F 1.12 (0.25,2.00) 0.012 1.13 (0.40,1.86) 0.002 0.82(0.24, 1.40) 39.11(1.39Fy 1.12 0.012
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Note BISD-IlI=Bayley Infant Scalesof Developmenthird Edition; SD=standardleviation;b = C 0 e f fTatatnuneberdf observationgN) is basedercolumncovariateand

i tcoresponding categories

aAnalyzed byttest or oneway analysis ofarianceAnalyzed by linear regressiohReported in means (standard deviation). Gestational age is measured in weeks and maternal
prenatal fruit intake assessed using the Healthy Eating Index (HEI)
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Figure B1. Residuals resulting from regressing neurodevelopmental scores at 1 year-[A and 2 years (EH) of infant age against infant

atopic sensitization status.

Note: Sw = skewnessS, = kurtosis;p = p value
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Figure B2. Residuals resulting from regressing neurodevelopmental scores at 1 year-[A and 2 years (EH) of infant age against infant

food sensitization status.

Note: Sw = skewnessS,, = kurtosis;p = p value
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Table B1.Frequency characteristics for continuous variables in the study sample of maternal atopic status at 1 year and neurodeveloptak
data at 1 and 2 years of age (n=335)

Continuous variables Min

Total N Mean (SD) Max
BSID-IIl Cognitive 1 Year 335 110.58 (10.51) 75 145
Missing, n (%) 0(0)
BSID-11l Language 1 Year 334 108.71 (12.31) 68 147
Missing, n (%) 1(0.2)
BSID-I1l Motor 1 Year 335 103.02 (15.97) 9 154
missing, n (%) 0(0)
BSID-I1l Social-Emotional 1 Year 324 102.22 (13.31) 70 140
Missing, n (%) 11 (0.03)
BSID-III Cognitive 2 Year 335 105.30 (13.80) 70 145
Missing, n (%) 0(0)
BSID-IIl Language 2 Year 334 100.19 (11.71) 74 129
Missing, n (%) 1(0.2)
BSID-I1l Motor 2 Year 335 98.56 (9.65) 70 127
Missing, n (%) 0 (0.0)
BSID-III Social-Emotional 2 Year 331 108.32 (15.82) 60 145
Missing, n (%) 4(1.2)
Maternal Pregnancy Fruit Intake 325 3.2 (2.14) 0.44 13.42
Missing, n (%) 10 (3.0)
Breastfeeding Duration 327 9.56 (6.79) 0 24
Missing, n (%) 8(2.4)
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Table B2. Linear regression results assessing the association betweka exposure(X) or combined maternal atopy andthe potential mediator (M) or
infant gut microbiome abundance at 4months of infant age

Testing X -> M Association in All Infants

Infant gut microbe at 4 months of [95% Confidence Interval] p-value
infant age b-coefficient

p__Firmicutesc__Erysi -0.009 -0.016 -0.002 0.018
o__ Erysipelotrichales -0.009 -0.016 -0.002 0.018
p__Actinobacteriac~A -0.001 -0.04 0.038 0.969

__Actinobacteriac~C -0.003 -0.01 0.003 0.344
p__Bacteroidetesc_~a -0.013 -0.086 0.059 0.715
p__Firmicutesc__Ba~| -0.012 -0.01 0.01 0.992
p__Firmicutesc__ Cl~t 0.01 -0.045 0.065 0.727
p__Proteobacteriac~B 0 -0.009 0.009 0.955
p__Proteobacteriac~D 0.001 -0.002 0.004 0.579
p__Proteobacteriac~E 0 0 0.001 0.845
p__Proteobacteriac~G -0.004 -0.054 0.047 0.892
p__Verrucomicrobia~_ 0.018 -0.01 0.046 0.212
o0__Actinomycetales 0.001 -0.002 0.005 0.48
o__Bifidobacteriales -0.002 -0.04 0.036 0.912
o__Coriobacteriales -0.003 -0.01 0.003 0.344
o__Bacteroidales -0.013 -0.086 0.059 0.715
o__Bacillales 0 -0.001 0.001 0.869
o__Gemellales 0 0 0 0.963
o__Lactobacillales 0 -0.01 0.01 1
o__Clostridiales 0.01 -0.045 0.065 0.727
o__Fusobacteriales 0 -0.001 0 0.4
o__Burkholderiales 0 -0.008 0.009 0.949
o__Desulfovibriona~s 0.001 -0.002 0.004 0.579
o__Campylobacterales 0 0 0.001 0.845
o__Enterobacteriales 0.005 -0.046 0.055 0.852
cdifflog_3m 0.4 -0.367 1.167 0.306
cdifflog_1y 0.323 -0.649 1.296 0.513

Note Bolded pvalues indicate statistical significance
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Table B3 Linear regression results assessing the association betwdla exposure(X) or maternal asthmaand the potential mediator (M)
or infant gut metabolite abundance at 4months of infant age

Linear Regression Results of the Association betwe&@ombined Maternal Atopy (X)

and Metabolite (M)

Linear Regression Results of the Association between and Metabolifd) and Female
Infant Cognitive Scores at 2 Years

X->M M->Y
b- p-
Metabolite coefficient [95% CI] p-value R2 b-coefficient [95% CI] value R?
formate -3.51E+0C -8.01E+0C 9.96E01 0.124 0.049 50 943802 -6.11E02 2.50E01 0.229 0.03 50
acetate 3.69E+01 5.67E+00 6.82E+01 0.021 0.07 60 5.37E-02 6.8%-03 1.0E-01 0.0 0.08 60
butyrate 3.30E+00 -1.25E+00 7.85E+0C 0.152 0.035 60 -1.02E01 -2.59E01 5.47E02 0.197 0.028 60
propionate 6.15E+0C -2.06E+00 1.44E+01 0.139 0.037 60 -5.41E02 -3.41E01 2.33E01 0.707 0.002 60
valerate 6.88E01 -4.97E01 1.87E+0C 0.25 0.023 60 -1.21E02 -5.32E02 2.89E02 0.556 0.006 60
isobutyrate 4.20E01 -1.38E01 9.79E01 0.137 0.038 60 -5.32E03 -2.48602 1.42E02 0.587 0.005 60
isovalerate 7.67E01 -1.15E01 1.65E+0C 0.087 0.05 60 -1.51E02 -4.59E02 1.58E02 0.332 0.016 60
lactate -5.99E01 -1.14E+01 1.02E+01 0.912 0 56 3.84E01 2.27E02 7.46E01 0.038 0.078 56
succinate -4.27E+0C -2.22E+01 1.36E+01 0.635 0.004 60 6.17E01 2.20E02 1.21E+000.042 0.069 60
hydroxyglutarate 4.01E+00 -3.54E+01 4.34E+01 0.419 0.626 3 -1.97E01 -1.46E+0C 1.07E+00 0.298 0.797 3
aminobutyrate 9.20E01 -2.06E+00 3.90E+0C 0.533 0.014 30 1.12E01 3.30E03 2.21E01 0.044 0.137 30
hydroxyphenylacetat  7.13E02 -2.74E01 4.17E01 0.677 0.005 34 -8.66E03 -2.36E02 6.30E03 0.247 0.042 34
aminopentanoate 6.61E01 -2.87E+0C 4.19E+0C 0.704 0.006 28 -5.57E02 -1.94E01 8.23E02 0.415 0.026 28
acetoin 1.10E+0C -8.39E01 3.04E+0C 0.253 0.054 26 2.61E02 -5.33202 1.06E01 0.504 0.019 26
alanine 1.57E+00 -2.33E+00 5.46E+0C 0.423 0.013 50 1.05E01 -2.60E02 2.35E01 0.114 0.051 50
aspartate 1.55E+00 -3.20E01 3.42E+0C 0.102 0.056 49 1.79E02 -4. 7502 8.33E02 0.585 0.006 49
betaalanine 2.63E01 -2.12E+00 2.65E+0C 0.796 0.012 8 -1.78E02 -9.29E02 5.73E02 0.583 0.053 8
cadaverine -2.28E+0C -5.94E+00 1.39E+00 0.214 0.048 34 -1.20E01 -2.7901 3.97E02 0.136 0.068 34
choline -1.76E01 -5.54E01 2.02E01 0.354 0.019 47 2.63E02 1.58E02 3.67E02 0 0.362 47
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creatine
creatinine
dimethylamine
ethanol
fucose
fumarate
galactose
glucose
glutamate
glycerol
glycine
histidine
hypoxanthine
isoleucine
leucine

lysine
malonate
methanol
methionine
methylamine
methylhistidine
myoinositol
pcresol
phenylacetate

phenylalanine

1.22E01

6.27E02

6.41E03

5.81E01

3.08E+0C

2.11E01

2.59E+00

3.74E+00

-3.55E+0C

-1.01E+0C

-1.07E+0C

3.35E01

1.78E+0C

1.18E+0C

1.72E+0C

4.21E+0C

1.64E+00

-3.45E01

8.51E01

9.35E02

-5.17E01

6.28E01

8.62E02

3.25E01

6.33E01

-2.94E01

-2.55E01

-8.25E02

-2.45E+00

-1.30E+01

-9.93E02

-3.29E+00

-1.57E+0C

-1.54E+01

-2.03E+00

-3.94E+00

-6.94E01

-2.02E01

-1.98E01

-4.58E01

-3.40E+00

-2.98E02

-1.18E+0C

8.07E02

-3.64E03

-1.16E+0C

-3.83E+00

1.53E02

-7.11E01

-3.61E01

5.38E01

3.81E01

9.54E02

3.61E+0C

1.92E+01

5.22E01

8.47E+0C

9.05E+0C

8.29E+0C

9.49E03

1.79E+0C

1.37E+0C

3.76E+0C

2.56E+0C

3.90E+0C

1.18E+01

3.31E+00

4.85E01

1.62E+0C

1.91E01

1.25E01

5.08E+0C

1.57E01

1.36E+0C

1.63E+0C

0.556

0.693

0.884

0.7

0.699

0.178

0.378

0.163

0.549

0.052

0.455

0.506

0.074

0.091

0.119

0.267

0.054

0.408

0.031

0.059

0.109

0.766

0.028

0.504

0.207

0.008

0.003

0.001

0.003

0.005

0.038

0.022

0.04

0.008

0.104

0.012

0.021

0.262

0.058

0.05

0.044

0.075

0.014

0.093

0.111

0.118

0.007

0.042

0.034

46

49

33

45

34

49

37

50

47

37

49

23

13

50

50

30

50

50

50

33

23

15

13

49

1.32E02

1.38E02

-2.56E083

1.33E01

2.24E01

3.05E08

2.07E01

2.92E01

1.22E01

2.27E02

1.07E02

-1.54E02

-2.26E02

5.91E03

-1.96E02

-1.45E02

4.95E02

-2.11E02

3.03E03

-3.91E0¢

-2.18E083

1.91E01

-2.18E083

-3.09E02

8.87E03

-8.58E04

3.24E03

-5.83E03

3.86E02

-3.78E01

-7.68E03

-1.89E02

1.27E01

-2.76E01

-1.94E02

-8.76E02

-4.63E02

-9.00E02

-4.27E02

-9.58E02

-2.61E01

-8.14E03

-4.90E02

-2.46E02

-8.24E03

-2.29E02

2.59E02

-1.33E02

-5.51E02

-2.50E02

2.73E02 0.065 0.075

2.43E02 0.011 0.128

7.09504 0.12 0.076

2.27E01 0.007 0.158

8.26E01 0.454 0.018

1.38602 0.57 0.007

4.32E01 0.071 0.09

4.57E01 0.001 0.209

5.21E01 0.54 0.008

6.47E02 0.281 0.033

1.09E01 0.828 0.001

1.55E02 0.311 0.049

4.48E02 0.476 0.047

5.45E02 0.808 0.001

5.67E02 0.608 0.006

2.32E01 0.905 0.001

1.07E01 0.091 0.058

6.83E03 0.135 0.046

3.07E02 0.826 0.001

4.26E04 0.075 0.098

1.86E02 0.829 0.002

3.57E01 0.027 0.324

8.89E03 0.575 0.116

-6.72E03 0.017 0.418

427202 0.6 0.006

46

49

33

45

34

49

37

50

47

37

49

23

13

50

50

30

50

50

50

33

23

15

13

49
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proline
propyleneglycol
putrescine
pyroglutamate
pyruvate
serine

taurine
threonine
trimethylamine
tryptophan
tyrosine

uracil

valine
xanthine

lactate

-1.95E+0C

-1.52E+0C

-3.41E01

9.41E02

-1.39E+0C

1.96E01

4.46E01

-5.17E01

6.87E02

4.05E02

9.17E01

3.50E01

1.67E+0C

1.23E01

-5.99E01

-6.00E+0C

-5.75E+00

-1.29E+0C

-1.40E+00

-3.80E+0C

-2.71E+0C

-6.11E01

-2.50E+0C

-9.69E02

-7.02E02

-2.12E01

-3.76E01

-3.27E01

-1.33E01

-1.14E+01

2.11E+0C

2.71E+0C

6.10E01

1.59E+0C

1.03E+0C

3.11E+0C

1.50E+0C

1.47E+0C

2.34E01

1.51E01

2.05E+0C

1.08E+0C

3.66E+0C

3.80E01

1.02E+01

0.3

0.474

0.465

0.894

0.255

0.891

0.394

0.603

0.408

0.467

0.109

0.336

0.099

0.336

0.912

0.133

0.011

0.025

0.001

0.027

0.001

0.027

0.006

0.015

0.009

0.054

0.021

0.056

0.027

10

47

24

16

49

25

29

48

47

59

49

47

50

36

56

5.32E02

1.53E01

-6.88E03

2.83E04

8.66E02

6.07E02

7.23E03

-6.67E03

9.35E04

-3.31E03

1.05E02

7.40E03

1.40E02

-5.61E05

3.84E01

-6.90E02

1.80E02

-4.32E02

-7.60E02

8.37E03

-2.29E02

-3.27E02

-7.38E02

-4.52E03

-7.01E03

-2.83E02

-1.75E02

-5.61E02

-1.03E02

2.27E02

1.75E01 0.345 0.112

2.88E01 0.027 0.104

2.94E02 0.698 0.007

7.66E02 0.994 0

1.65E01 0.031 0.095

1.44E01 0.147 0.089

4.72E02 0.713 0.005

6.05E02 0.842 0.001

6.39E03 0.732 0.003

3.92E04 0.079 0.053

4.93E02 0.589 0.006

3.23E02 0.552 0.008

8.40E02 0.69 0.003

1.02E02 0.991 0

7.46E01 0.038 0.078

10

47

24

16

49

25

29

48

47

59

49

47

50

36

56

Note: Bolded rows are metabolites that passed the criteria for mediation.
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