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CHAPTER 1: INTRODUCTION

1.1 Autism Spectrum Disorders: what arethey?

Autism spectrum disorders (ASD) are pervasive eaolyset neurodevelopmental disorddisat
appearwith the notable incidence of 1%2%, according to different studies conducted in Asia,
Europe and North America. Thegcurrence seemisfluenced by gender, with a prevalence 4.5 times
higher among males than females, and can be found in all raciat; atfthsocieeconomic groups

(for a more detailed discussion see Christensen €046)

According to the Diagnostic and Statistical Manual of Mental Disorders @SNMAmerican
Psychiatric Association, 2013), these disorders are characterized by epersistficits in
communication and social interaction, which result in an abnormal approach or lack of initiative
towards the others, failure in normal corsatron and / or reduced tendencyshfring interestsA

deficit in understanding and implementatioof nonverbal communicative behaviors (e.g.
abnormalities in eye contact, lack of facial expression and gestsit@sp presenfll this results in
difficulties in establishing and maintaining social relationships

These difficulties arassociated witrestricted and repetitivieterestsactivitiesand behaviorghat

may occur in the context of languageg(eecholalia, idiosyncratic phrases), movamhémotor
stereotypies) andepetitive and stereotypagse ofobjects. A excessive adherence to roetina
resistance to change and a fixation in highly restricted interests with abnormal intensity @afocus
also be presenso that arexternal request to change activity can even elicituam or behaviors

that are inappropriat® the context.

All this can be accompanied by hypandor hyperreactivity to sensory stimuli (g. apparent
insensitivity to temperature, nuisance to loud noises) and unusual interests with respect to certain
aspects of the environmentdelright objectsYAmerican Psychiaic Association, 2013)

The symptoms, although present from early childhood, cannot become completely recognizable as
long as the social demand is not higher than the child's ability to cope. This is the reason why the
diagnosis is generally possible sitag from 23 years of age. However, it is not uncommon that these
disorders are diagnosed at school age or even in adulthoodaégpecmilder forms (Davidovitch

et al., 2015).

In a certain percentage of cases, moreover, parents report normapde@of the child up to 18

24 months and a subsequent loss of acquired skills: this is the case et#flediGautism spetrum
disorder with regressianStefanatos, 2008).



However the set of symptoms has mostly a chronic development (Aman, 200&it@mgrejudices
dramaticallythe persoa s f u n c t iewerydgnifg (Amamnican Asychiaic Association, 2013).
Neverthelessthe characteristics and severity of symptoms eamificantly vary from person to
person along a continuum: this is thes@abehindhe ue of the word "spectrum” in namirtigese
disorders.

In addition, the symptompattern described above can be assediavith delayeddevelopment or
evenabsence dinguageresulting inafurther impairment oEommunicative aspectkjelgaardand
TagerFlusberg2006.

Moreover consistent differences aognitive levelcan be founémong subjects on the spectium
particular, it comes to higlunctioning autism in the presence of éQual to otigher than70 and
low-functioning autis for I1Q below 70.

To concludethe frequent comorbidity with other disordesach agpilepsy, ADHD, schizophrenia,
anxiety disorders, and gastrointestinal disord=stributes to make thghenotypic frameworkven

more heterogeneowend complex(Kohare et al., 2012} ai et al., 2013; Mannion et al., 2013
Moreover, in the more severely impaired end of the spectrum, subjects can also shosiwaggres
selfinjurious behaviofKarst and Van Hecke012).

Taken together all the above mentioned diffiedtit becomes clear that many individuals need a
lifelong support, usually provided by family members, and that this may have negative consequences
also on the gquality of life of these relatives, in addition to economic costs and need for private and
pubic services (Karst and Van Hecke, 2012).

In this complex scenario it is easy to understand the high efforts that have been made to understand
the etiology of these disders, in order to finevays to prevent thepif possibleor at least to allow

early dagnosis and intervention with better outcomes for the child.

Thus, after a long time in which it has been believedAbism Spectrum Disorders wetcaused by

the poor responsiveness of inefficient mothers in their relationship with their mhwddag they
areconsidered the result of prand/or postnatally impaired neurodevelopmental processes. In fact,
neuroimaging studies showedterations inthe frontal and prefrontal areas, their linked structures
and th& connectiongo the temporeparietal @eas. (Minshew et al., 20p&uch abnormalities in ¢h
neurological development seeto underlie the child impaired ability to put hifinerself in
relationship with others in the early years of life, causing in this way cognitive and behavioral effects
(Trevarthen and Aitken 1998; Venuti, 2012; Vicari et al., 2012).

Interestingly postmortem analysis of brain tissues from individuals with ASD supports a role for
chronic neuroinflammatory processes that could potentially alter synaptic connections ayel chan
brain connectivity (Rodriguez and Kern, 2011). In fddferent studiesavehighlighted innate and

adaptive immune dysfunction &ASD, not only related to the brain but also at systemic levigh an



interestingcorrelation with worse behavioral nseaes (Li et al., 2009; Ashwood et al., 2011,
Ashwood et al., 2011; Depino, 2013; Ricci et al., 2013; Masi et al., 2014)

It seems also crucial to establish if these immune abnormalities are an epiphenomenon in ASD or if
they are cause or consequence ofttigrodevelopmental impairmerfdatelski and Van de Water,

2016).

Also a genetic basis for ASkas been hypothesized, evestifdyingit is challenging due to the lack

of large samples and the tendency of ASD individuals not to reproduce (Rish et4)., 20

Althoughthe first studies indicatea high genetic heritability (Folstein and Rutter, 1977; Stetiemnb

et al., 1989; Bailey et all995 Dowson et al., 2002; Rutter, 2008nore recent findings pubhese
resultson debate (Hallmayer et al., 2Q1in fact,even ifseveral tens of genes and genomic regions
have been identified as directly related to ASD etiology or at least to a susceptibility, only about 10%
of ASD caseseem to beyndromic, whereas théhers 90% seem to be idiopathic (Betancuf,120
lossifov et al., 2012).

In addition, the high presence of heterogeneous syngjpatterns among ASD must be taken into
account.

All these aspects suggest to consider ASD as a multifactorial disease resulting from the interaction
between genetic and ananmental factors (Herbert, 2010).

Therefore, a growing interest has been directed to epigenetics. In fact, it may be possible that a
genetically susceptible pattern becomes target of an environmental insult that causes dysregulating
changes in a specifiwindow of neurodevelopmental vulnerktyi (Stamou et al., 2013; Kim and
Leventhal, 2015Mazina et al., 2015

Unfortunately, dentifying these complex teractions ihallenging because of the high number of
environmental factors that theoretically twplay a role (Matelski and Van de Water, 2016).
Nevertheless, a possible way to additbese difficulties i consider not only the typical symptoms

of this pathology but alsother aspects that are often related to ASD, sufthr asstance the presice

of gastrointestinal disorders

1.2 Gastrointestinal disorders: an interesting comorbidity

In fact, many individuals with ASD areubjected t@astrointestinal problems (Parracho et al., 2005)
with a prevalence of constipation and diarrhea, follovilgd abdominal pain, vomiting and
gastroesophageal reflux (de Magistris et al., 2010; Kang.e@l14). According to a recent
populationbased prospective study in Norway, these symptoms seem to be more common in children



with ASD than intypically devel@ing children or irthose with developmental delégresnahan et

al., 2015.

Nevertheless, the actual incidence of gastrointestinal disorders among ASD patients is under debate.
In fact, ithasbeee st i mat eldettweaemd n®® %an dephenddyng( Buwi ¢ e
2010ni.s di scareplaeacgccount entt hsdolhegircabul it b eoude
characteampteataaaddol heetrvoerws with parents, di
anot heri g etab®endidgrnociud tgf odgagdtraoi ntestinal pr o
facanpnexpr eos paismombier bdtomamadaglv er(Baili ec eg.nmdl. s
I n recent years there has been a gr talisendy taovatrh
devel opment of guidelines for the assessment
individuals witmhum8bpuwiabreehalvinshfgegdhr ehaty di sc
could instead be indirkectdi spmgdeébmarpgys higmgt oad
towards the Dbell y,| ogrhietsdhir g ttteamé telta,r | Bigtbibm gvg | f «
apparent reaso/nphmaepesatri enlgatweod dtso pain, seemin
behawswi d st egietoisomal olpeplmavsoreamepygl i esehbbehav
di ffietuBldarnvwat h and MR&ArM rmra&n0i@Raxr0rDyeer®™e sc hr yyer , 2
Furthermore, Chaidez et dbund that childrerwith ASD presentingfrequent abdominapain,
gaseousness, diarrhea, constipation or pain on stealorgd worse on irritability, social withdrawal,
stereotypyand hyperactivity compared with childrevith ASD having no frequen&Gl symptoms
(Chaidez et al., 2034

In this scenario, a proper diagnosis and treatment of gastrointestinal disorders could lead to a
reduction or even the disappearance of some problem behaviors listed above.

In addition, hese resultsra in line with what has aldmeen highlighted by Adamet al, namelythat

there is an association between high severity of autistic symptoms, iculaartvith regard tahe
communication area, and the presence efrgatestinal disorders (Adams et &011). ltcouldbe

speculatd that more communicativenpairment may induce highdevels of stressresulting in
somatization.

On the other hand, however,cbuld also be assumed that gastrointestinal discomforfusteer
phenotypic manifestation of an organic condition implicated in the etiology ahawpectrum
disorders, oat least inra subgroup.

This would be in line with the above explained cdesations about possible geasvironment
interactions. A candidate for this role could be thengigrobiota, whichmeans the microorganism

inhabitingthe intestinal tract.
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1.3 Microbiota: a key role in the microbiota-gut-brain axis

There is, in fact, aomplex system of bidirectional connectidhat links the central nervous system,

the intestinal tract and the microbiota, known as microbiog@t - brain axis, of fundamental
importance for the mintenance of theomeostasis (Cryan and Mahony, 2011) and in which the
intestinalmicroorganismseemnto play an important role (Rhee et al., 2009).

The human gastrointestinal tract is a complex systemincludes more than ¥(bacteria, whose
genome is 100 tinwelargerthan the human genonfBel Chiericoet al., 2012) and thatdapted to
co-exist in a commensar symbioticrelationshipwith the host(Ley et al., 2008). In fact, these
microorganismglay a very important role fdheh o s t 0 spreteatiad thie mvasion of pathogenic
microorganismsdynamically exerting essential metabolic functions.d. fermentation of non
digestiblefiber, energy recovery from sherhain acids anditamin K production) and stimulatig

the proper development of thenmune system (Hooper ar@&ordon, 2001 Forsyhe et al., 2010
Moreover, these microorganisms promote the orderly development of the gastrointestinal mucosal
barrier function Interestingly,many individuals with ASD showalterations in gut permeability
(D6Euf emia et al ., 1996; de Magistris estasal .,
discussed above.

Moreover, gut microbiota develops in a timespan also sensitive for neurodevelopnfiact. ih the
maternalwomb the fetusas not microbiotget, but he/sheis exposed to the mother's microbiota
metabolism products through the placental circutatiburing and immediately after birththe
newbornis colonized by strains of thenaternal mtestinal and vaginal floraas well asby
microorganismg$rom breast milkenvironnent andater from food(Stanghellini et al., 2010).

The colonization procesempleesbetween théirst and seconglearof life with regard ¢ the amount

of bacteriawhile the composition of the microbiota influenced bythe genetis of each subject and

by environmental factors, sucls aiet andiving conditions therefore,it can vary during lifespan
(Parracho et gl2005; Chaste et al., 2012; David et al., 2014;dicb et al, 2014).

Regarding possible pathways by which microbiota might influence the nervous system, several
mechanisms have been highligh(€dyanandDinan 2012 Fig.1.1) such asagus nerve activation
(Wang et al., 2002; Wang et al, 2003; Goelderal., 2008; de Lartigue et al., 2Q,Limmune
activation (Sternberg et al., 2006; Dantzer et al., 2808)roduction ainetabolteswith neuroactive
propertieslike short chain fatty acelGundersen and Blendy, 2009; MacFabe et al., 2011; Thomas
etal., 2012). In addition, bacteria synthetize many neurotransmitters and neuromodulators that are
also active in the nervous system, such as GABA, noradrenalin, serotonin, dopamdine
acetylcholine (Lyte, 2011; Barrett et al., 2012).
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Therefore, it could béypothesized that an altered composition or activity of intestinal microbiota
could interfere with the proper neurological development, directly or through epigenetic processes

after birth and/or in the early years of life.

1.4 Animal models for microbiota-gut-brain interaction in Autism Spectrum Disorders

Animal models have been used dollect information about physiological pathwalyst could
actually banvolved in apossiblemicrobiotagut-braininteraction inASD.

In fact, micekeptfrom birthwithoutthe inestinal bacterial florahow increased motor activity and

a reduced state of anxiety associated with an alteration in the expression of genes involved in
intercellular communication processes and Hergn synaptic potentiation in specific braegions
alsoinvolved in ASD (frontal cortex, striatum, amygdala, and hippocampuarestingly, he
exposure of these mice to micrganisms of the intestinal microbiotathin a certain time window
immediatdy after birth leadsto behavior manifestaon that aresimilar to those of the control
organismgSudo et al., 2004; Heijtz et al., 2011).

Furthermore, the intraventricular administration of short chain fatty acids (onepbthécts of the
intestinal bacterlametabolism) in mices likely to affea cognition and social behaviawo of the

most compromised areasAsD (Shultz et al., 208) MacFabe et al., 20).1

In addition, n mouse models known to show characteristics related to ASD -(Md&) the
administration ofBacteroides fragilisa @mmensal bacteria of the gut flora, has allowed the
restoration of a proper intestinal permeability, the change in microbial composition and the
improvement of communication deficits and stereotypic behavior shown by this type of mice (Hsiao
et al., 2013).

It has also been demonstrated that the chronic administration of the probiogictobacillus
rhamnosusin mice leads to a modification in the expression of the receptors of GABA, a
neurotransmitter with inhibitory function in certain brareas also imslved in autism spectrum
disorders (Bravo et al., 2011).

These studies endorse thgpothesis of a possible role fibre microbiota irthe neurodevelopment

and seem to open new scenarios for the development of therapies based on the administration of

prokiotics to prevent the onset of ASD.
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1.5Previous studieson microbiota in ASD: many critical aspects

Following thesepromising results showed lapnimal modelssome researchbased on the analysis of
fecal samples ofASD subjectshave been conductedh@se studieseem to indicat@a microbiota
compositionparially different in individuals with ASD compared to typically developing controls.
Unfortunately, these findings are not only highly contrastingbut also affected byseveral
methodological problemgegarding the characteristics of the participants and the lack of
consideration for aspects tla@ninfluence microbiota compositiaiMayer et al., 204).

In fact, Parrachaat al.found an ncreasegresence o€Clostridia speciesn an ASD group(N=58)
compared to sibling€N=12)andto typically developingontrok (N=10). Moreover, siblings showed
abacterial floracomposition intermediate compared to those in healthy and ASD subijects, indicating
that environmental factors, such as diet and living d¢andi, and the genetics of each subject can
have an impact on the intestinal bacterial populatitarraclo et al, 2005). Nevertheless, this study
presents some critical aspects, sucthasmall number of siblings and contr@lsdthe participants
heter@eneity interms of age, sexjastrointestinal problemdjetandantibioticfprobioticintake.

In another study, aldeinegoldet al.compared thregrougs, but with even less participants: 33 ASD
children, 8 siblings and 7 controls. In this casereasd Bacteroidesand cecreasedrirmicuteswere
highlighted. Additionally, Desulfovibrio speciesand Bacteroides vulgatusvere present in higher
number in ASD. Again, this study presents differentale:female ratioin the groups,some
paticipantswere on spe@l diets orweretaking antifungal agentsand there iso regardto the
presence ofjastrointestinasymptomgFinegold et al., 2010

Similarly, De Angeliset al. foundowerFirmicutesand higheBacteroidesn an ASD group (N=10)
compaed tol10 contrds. Also in this casghesample size is small and there is a different male:female
ratio in the groups. In additioASD subjects witlgastrointestinasymptomsad been excluded from
the study(De Angelis et al., 2013

Williams et al., instead, compate group of 15nale ASD children with gastrointestinal problems
and 7malecontmwols also with gastrointestinal problems and showed, differently from the previous
studies lower levels oBacteroidesand higherratio of Clostridia to Bacteroidesand Firmicutesto
Bacteroidedn ASD. Despitethe attempt to control some variableuch as sex and gastrointestinal
problems, the number of participants is still exigu@dliams et al., 2011

FurthermoreWang et alfound an increased presenceSoitterellaspeciesand a decreasedlative
abundance oBifidobacteriumin an ASD group (N=23), differently from siblings (N=22) and
controk (N=9). Again, there is a different male:female ratio in the groupsamgle size between

ASD/siblings and controls. Moreovesven if information about gastrointestimabblemshas been

13



collected no distinction has been made between children taking probiotics/antitlmo@csording
to different dietary habitd/fang et al2011; Wang et ak013)

Adamset al. compare&8 children with ASD and 39 typicdl developingchildren of similar ages.
The ASD group showed lower leveté Bifidobacter speciesand higher levels oEactobacillus
species, whereas other bacteria hadllar levels Althoughthe number of subjects involved this
study is higher and a particular attention for gastrointestinal problems has been payed, thiele is a
age rangesome children took probiotics and no information about diet is provididdnts et al.,
20117).

In contrastKang et al.highlighteda less diversity in gut microbiota in ASD (N=2@. a control
group (N=20). Also in this case, the participants aretdrogeneous irterms of sex, age,
gastrointestinabymptoms, diet, and probiotics/prebiotics int@ikang et al., 20183

To conclude Gordalia at al. compared 28 ASD with gastrointestinal proble®3 ASD without
gastrointestinal problems arB sibling control They did not find anymeaningful differences
betweergroups Nevertheless, it must be considered the differences among theppatsti terms
of age, sex, probiotic use and the absenderafal dietary assessment

Furthermorealsothe techniques useid analyzegut microbiotain these studiesare worthy of a
considerationall of themfocus on bacterial genome in order to pdavinformation on microbiota
composition but are fdrom descriling functional activity, which could play a key role, instead. For
this purpose, metaproteomics techniques coulhap more intriguingcenario Xiong W. et al.,
2015;Zahng et al., 2016).

In addition the resultof these studieare notput in associationvith the micrdiota of the family
memberswith thar eating habitsand/orgastrointestiniadisorders in ordeto better assess genetic
and environmental influences.

In the studies condusd so far however, there is s another criticahspect Autism Spectrum
Disorders aréreated as aingle diseasavhereashey area complex phenomenon that includiéghly
different cognitive levels and different severity of autistic symptofisis wuld mean thathe
associatiorbetween ASD and microbiota mag valid for certain subgups of individuals and not
for others.Therefore this could be an additional possible explanationthe mixed resultachieved
so far.

It seems clear thahére isthe need for further studies that try to better cdrnlr® so many variables
implicated in the possible relationship between microbiota and &ithatallow to collectenough
informationin orderto identify different subgroups among ASD. This coalseb lead to a better

understanding of the molecular mechanism underlying this complex pathology.
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1.6 Hypothesis and aims

Considering all the aspects discussed abovecéh&ral hypothesisthat has guided this research
projectis that gut microbiota cdd play a role in Autism Spectrum Disorder
In order to address thig/pothesis theims of thiswork have been
1. to developan interview tocollect information about factorthat influence gut microbiota
development anis presentomposition
2. to compareASD children and typically developing children for these fagtors
3. to compare ASD childrethemselvedor these factorgaken into consideratioat the same
time also level of functioning as well asverity of autistic traitsn order to identifypossille
subgroupsnd also to follow the onsef presentof both gastrointestinal disorders and food
selectivity in relation to the onset of autistic symptoms;
4. to typify microbiotaactivity of ASD families (two biological parents, an ASD child and a
typically developing siblingjvith regard to the above mentioned factasell as tshared
environment and genetics orderto find out a possible biomker for the development of

ASD, or at least for a subgroup.

Another more clinical aim of th work has ben to explore a r edifficuti€s in managing mealtime

with their ASD childrento collect information useful for planning future support interverstion
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CHAPTER 2: ANEW INTERVIEW to PARENTS

2.1 Introduction

According to the literaturenumerousdifferent factors can theoretically exeath influence on gut
microbiota development.Nevertheless previous studies on gut microbiota in ASBcused on
typifying its composition withoutontrolling thesepossible confoundindactorssufficiently. this

could be a possible explanation for the contrasting results prosadiza(Mayer et al., 204).

Thus, first step of myork has beethe development of an interweto parents that could allote
collect easily this kind of information.

In this chater, the main factors that can have an influence on gut microbiota will be described
together \ith thedevelopment of thdedicated secti@of theinterview. Alsq all questions will be

presentedh details.

2.2 Method

2.2.1Interviewdevelopment

Gereralinformation about parents andepatal factors

Different studieseportthe association betwe&$D and some risk factors, such as the age of mgrent
especially fathers, arabpects related to the prenatal perladact,advanced parental ageens to
contribute toaltered mdtylationin gametes due tincreased oxidative stress causing DNA damage
and fragmentatio(Menezo et al., 2015)

Othersfactors associated with autism rigiematernableeding, gestational diabetes daing first

born vs.third or later Instead, factors witlevidence against alein autism risk includ@revious
fetal lossand matenal hypertensiompreeclampsia, and swellif@ardener et al., 2009)

Also medicineintake during pregnanaseemso be involvedn ASD: valpoic acid, thalidomide, and
antidepressants (specifically selective serotonin reuptake inhibitors), especially during the first
trimester of pregnancy, has been associated with an increased risk of ASD in tli€rciafdet al.,
2011;Chrisensen et al2013). Howeverthese resultshould be carefullinterpretecbecause of the
difficulty to isolatemedicationrelated effects from those of the mother's underlying condition that

may also influence autism rigkyall et al., 2014.
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Therefore, the effectfemoke and alcohol during pregnancy on the onset of ASDI igrster debate

(Tang et al., 2015).

Thus,questions about these topiugsre insertedh thisinterview, even if they seem not to be dirgctl
connectedo the microbiotaf the child In fact, they could be important anyway in order to identify
subgroups with similarisk factorsamong ASD children.

Moreovef some of these factors could have (@ad fect
antibiotics intake, particular food choigeprebiotics/piobiotics intakeetc..) and possibly its
metabolites, exerting in this way an effect on the fétusughthe placental circulation.

Alsoa question about p avaeinciudedecause & saa bet related ithe at |
edua@tional lewel (ahigherp a r eeducagianal level has been associated with an incregsguaosis

rate ofASD in the childi Van Meter et al.2010 and also with the perceived stress level in managing
mealtime with the ASD child, which explored inanother sectio of thisinterview.

In this section there is also a question about where the child has been living after birth. Since
environment has a role in microbaotlevelopment, it may be assumed theliild who experienced

often moving in the first years of lifeould have been exposed to different environmental microbes

and this could have played a role in shaping his/her microbiota.

GENERAL INFORMATION
parentsod age
p ar eacupation
parentsdé place of Dbirth
childdés place of birnth and where he/ she ha
c hi tat &f birth;

other children and their dates of birth

PREGNANCY:
general information about pregnancy course
1 problemge.g.gestaéional diabete8);
T motheroés diseases/infections
use ofmedicires(which and for how long
special dietary attein;
positivity totoxoplasmos;
use of backing soda to wash vegetables and jfruits
supplementintake

food intolerances not present previously
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consumption of alcohpl
smoke

previous miscarriagggauss).

Delivery

Microbiota starts to évelop duriig delivery, wherthe baby is colonized by strains of the maternal
intestinal and vaginal flordominguezBello et al., 201p

To dateliterature indicates that there areeaningfuldifferencesin gut microbiota composition in
babies born through-8ectioncompared to vaginal delivefueller et al., 201pandthat babies
born through &ection and swabbed soon after birth withternal vaginal microbes shanpartially
restoration othemicrobiometheyhadmissed DominguezBello et al.,2016.

RegardingASD, the role of Gsection is still under debatin fact, dthough somevorksshowed an
association a new studyhas found thatthis association did not persist when usitygpically
developingsibling controls, implying thatamilial genetic and/or envdnmental factorsould play a
role in the incidence of &ection, independently of the subsequent onset of ASD dCuiotan et
al., 2015).

Thus, not only a questions about the type of delivesgs put in the interviewut also about the
reasons for a Gection, if any, and also about possible diffi@dthappened duringaginal delivery.
Also, aher perinatal fetors, such as being preteremall for gestational agend low Apgar index
have beeimighlighted as possible autism risk factors (Schieve g2@1.4).

Also a question about medicine intake (e.g. antibiotics) in the perinatal peasdincluded
hypothesizing a possible effect on the microbiota development of the balyyoasithly on the
composition of motherds mil k.

Furthermore, alsoeonatal aundicehas beenssociated with Autism Spectrum Disordéfsnin et
al., 2011).

BIRTH:
mode of delivery
1 vaginal problemge.g. waterbreaking breech birthbaby stuck betweesubsequent
contractionsumbilical cord around the neck)
1 caesarean sectioreasongconveniencer due toparticular problems
preterm birth

1 at how many weeks
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1 incubator for how long
1 medicine administeréd
child's weight and length
Apgarindex
jaundice
infections (for both the mother and the child) aredtments.

Lactaion, weaning and introduction of solid faod

The development of a healthy microbiota strongly depends on the neonatal and early childhood period
(Koshaleva et al., 2016). For instance, the gut microbiota of forfadlahildren differsfom that of
breas-fed infants(Bezirtzoglou et al., 2011).

Later, significant changes in the gut microbiota occurred after weaning (Koening et al., 2011;
Bergstrom et al.2014) and letween the second and third year of life an alkdt microbiota is
establishedFallaniet al., 2010)Nutritional habitglayan important role in this process: for instance
a diet rich in polysaccharides promotes the presence of bacteria able to fermenti(igeféippo

et al., 2010). Neverthelesshealthy microbiota establishmentasicial because about 60% to 70%
of microbiota bacteria remain stable for the whole IFaith et al., 201.3Raijlic-Stojanovic et al.,
2013).

Moreover,the risk of ASDwasfound to beincreased byhe late initiation of breadteeding, a non
intake of olostrum, prelacteal feeding, and bofiéedng and to bedecreasd by longeperiods of
exclusive breasteeding andcontinued breadeeding(Al-Farsi et al., 2012).

Thus,this interview section was structureal lbe able to colledhis information.

Also a questioabout the brand of formula milk, if anyas includedthat could How to control its
actualcomposition

For al 3 parts ofbaby nutritiondevelopment reported belpva question laout gastrointestinal
disordersvas addedin order to studyhe onset and development of these disorders, if pres®t
alsoto possibly associate them with particular food, revealing in this way possiblerances
Furthermore, in these sectiahere isalsoa question abowwupplementationsecause ahe pssible

role of prebiotics/probiotics on microbiota composition.

Also characteristis of sleep and crying of tHeabiesare addressedoth these aspects could be
affected by problems in digesting some foods or by gastrointestinal problems, sometimesteven

expressed in other ways.
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Inthe sectiomi L a c t ,guestiasmd o ut rdisede and Mmedicine intake during lactatiom
presenbecause aher possible consequenceslmeast milk compositio(direcly and everthrough

an i nfl ue nsomecrolmata) mot her 0

Moreoveral so t he topic fismokeo i s a didthees ssloasmoked | n
15 or more cigarettes a day were twiceiksly to have babies with colic (Reijneveld et al., 2005
and smoke seems to be also associatdd wib a b y 6 s rbantedMepnelld et al.t 2007).

In the sectionsi We anamdy 0fil nt r o d u c dthecensa quédstios abbut hdaw thecclold s
accepted the new tastand consistencie#t is well know that children with ASD have restricted
interests and food selectivity (as described later in this chaptes thisiquestiomllows to explore
when thisaspects, if present, startedaffect the child nutrition.

Il n t he s e coadsoaquestidreabouhenegtry to thewurserywas includedoecause it

repreent s a big change in the childdéds everyday

LACTATION
mode
breast feeding
1 sincewhen? Colostrum intake?
1 for how long eclusive breast milR
1 for how long breast milk in total (even after having started weapjing)
formula (brangt
1 reasons for introductign
1 integration proportion since wherand for how long
1 only formula since when and for how long
growth trend
supplements intaki.g vitamirs, fluorine);
gastrointestingbroblemg(reflux, regurgitation, colic....):for how lorg?
cry characteristics before, during and after feeding
sleep characteristics
mo t Is éseafes and medicines intgke

smoke.

WEANING
age
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duration

difficulty in accepting new tastes/textupes

growth trend

supplements intake

food intolerancs/allerges

gastrointestinal problems

behavioral problems, especially afeatingcertain foods / after the meal
cry characteristics beforeudng and after the meal

sleep characteristig¢since whersleptall night lon@);

nursery(specify age

INTRODUCTION of SOLID FOODS

age

duraton (since when started eating like the parejts

difficulty in accepting new tastes/textuPes

growth trend

supplements intake

food allergies/intollerances

gastrointestinal problems

behavioral problems, especially afeatng certain foods / after the meal
cry characteristics beforeuydng and after the meal

sleep characteristics

Currentdiet

30%

to 40% of adultsd gut microbiota

powerful factors (Kashteova et al., 2016).

c

an

be

In this scenario it is imptant to consider the remarkalieidence of food selectivity among autistic

children Bandini et al., 2010 becausef its possible effect omicrobiotaand also on gastrointestinal

disorders, although indictly.

To date, it has been hypothesized that food selgctould be the end effect ah dtered sensory

sensitivity ora form ofrestricted and repetitive patterns of bebaysuarez et al., 20})4
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On the other hand, food selectivitguld result fom gastrointestinal discomfort experienced in the
past. This aversion could also be generalized to a broader food category in the years (Buie et al.,
2010).

Sincea childrenfood frequency questionnaire validated in Itelyhot yet availablea new one wa
created specifically for thisesearch.

Thus,conmon f oods dietwere $eledtedndgrou@edon the basis ather composition
affinity, with special attention tbbers content, given thevell-knownrole of the microbiota in the
fibers metabdism and the role agrebiotics of some types of fiberRegarding meatfish and
potatoesa special categorywas dedicatedo the fried preparation, because of the especihigh
content of fat and its possible influence on microbiota.

For eacHood item, alsoa standargortionwas providedo facilitate the quantificatioby theparens.
("Referenceassumption levels of nutrients and enefgy the lalian populatiod V. Rev-i si on
"Livelli di Assunzione di Riferimento di Nutrienti ed energi@r la poplazione italiana IV
Revisioné, 2014)

However,also a questiowas includedabout other foods eaten by the cHaldt rot present in the
guestionnairethis should allow not to miss possible strange food choices, which are not likely to be
excluded, coridering the tendency of ASD children to have sbmes strange interests (American
Psychiatric Association, 2013

In order to better assess food selectivity,each itermthat parents categorized as not eaten by the
child, it is askedf it is actually eten by theest of the family or if it isa kind of food the child could

have not came in contasithb ecause of parent sd ftoabhd/she woald c e s ,
eat outside the fanyil

Parentsaarealso asked about the tendencytd child totry easily new foodandto selecs foods on

the basis of some characteristics like shape, color, consistpresentatioraccording to some
previous studies (Bandini et al., 2010; Postorino et al., 2015).

In addition, there is alsa question about picaincethis practicas sometimes associateadth ASD
(Kinell, 1985) depending on Wwat is eaten, it can have an influence astgintestinal conditions
andgut microbiota.

In this sectioralsothe highlydebated topic of special diets is explored.

In fad, diets gluterlactose and / or casenfree have been associated with reduced gastrointestinal
disorders anavith improvementsof autistic symptoms (Knivsberg et al., 2002).

But according to theexperts such diets shoulde followed only inpresence ofa confirmed

intolerance / allergylike for typically developing childre(Buie et al., 2010).
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Even the Linea Guida "Il trattamento dei disturbi dello spettro autistico nei bambini e negli
adolescenti'(Guideline "The treatment of autism spectrum disarderchildren and adolescents”
Istituto Superiore di Sanit2012) agrees with this approach.

Moreover thewrongadoption of such dietsould only add discomfort to thehild. Indeed, it must

be consideretbr example the difficulties a parent who g®ives her child of a very welcordéood

like pastaand who should manage the oppositional reactfi@ne child with whom the father already
has difficulties to communicat@&nother problematic topic is nutrition at school: hére child with
ASD, alreay considered different, ialso forced tdfollow a different dietcompared to hiker
schoolmates

In addition it is also askedf the child eats in a hasway and if he can regulate Hiserself on
guantities Both these aspects mhgve an effect othe subsequent digestion of food.

At the end of this sectiomgain nformationa bout possi bl e notable chil

foods and about the quality of slespequested

CURRENT DIET

special die{ovo-lacto-vegetarianvegan lactose fregcaseinfree gluten freeor a
combination of them)

If YES:
a. since whefl
b. for how lon@

c. why (if on medical advice, specify the type of doctor; if as a result of clinical
examinations, specify the type of exam

d. changes in the child's behavior

e. reasons for hamg stopped the diet

Weight and heighof the child at the moment
Impressiol on the amount of eaten fogo muché proper amouhtew)
Hasty swallowing of food

Ability to self-regulate the amount of eaten food

Food items (portion and frequency
(foreachitemn ot eaten by t he chi |sfoodohaieiofifthei f t he
parents usuallydo not presernthatfood to the child)

23



Food item

Reference serving

N° servings
Iweek

Pasta and rice (not whetgain)

1medum serving80Q)

Y servingif in soup

Pastaand rice(whole-grain), spelt
barley

1medium serving (809)

% serving if in soup

Pizza

1 piece(200 g)

Bread(not wholegrain)

11 i trosétte litffe Italian
bread

1 medium slicg50 g)

Bread(whole-grain)

1 | it t | (ktle fiatiam s ¢
bread

1 medium slice (50 g)

Crackerspreadsticksrusks....

1 crackersserving
2,5 rusks

Meat hamburgeincluded

1 little slice (70g)

ACotoletta (Italian breaded
meat)Cordon bleu

1 little slice/1 piece

Ham 3-4 medium slice$50Q)
Sausages 5 slices salami2 slices

fibologna, %2 wurstel (50 g)
Fish 1 little slice (100q)

Breaded fish

1 little slice (100g)

Cheese 1 medium serving (fresh 100 ¢
hard50q)

Uova 1 eqgg

Soy 1 medium serving80-1209)

Soy productgtofu, tempeh, seitan,
vegetarian hamburger.)

1 medium serving70g)

Other legumegpeas, beans, chickped
lentils ...)

1 medium serving (8220g,
cooked
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French fries and chips

2 small potatoe$200g) o 50 g
chips

Potatoegother preparationncluding
gnocchi)

2 small potatoe$200g)

Total vegetablegexcludingpotatoeg

Cabbage (cauliflower, cabbage,
broccol i, Brjussel

1 medium serving125 g)

Salads (all types) and spinach/chard

1 medium serving sala@0g)
or spina¢v/chard(200g
cooked

Carrot

1 medium carro{75 g)

Peppers, eggplastzucchini,
cucumbers

1 medium sevin@150 Q)

Tomatoes

1 medium serving150 g)

Vegetable soup

1 plate

Garlic and onion

2 cloves of garlicl medium
onion

Totde fruits

Apple and pear

1 medium fruit(150 g)

Kiwi

2 pieceq150 g)

Banana

1 medium fruit(150 g)

Citrus (including citrus juices)

1 medium fruit(150 g)

Summer friutgstrawberries, cherries,
melon...)

1 mediumserving(150 g)

Nuts (walnuts, hazelnuts, peanuts ...

3 pieces

Milk 1 glasq125 ml)
Soy milk 1 glass(125 ml)
Yogurt  §pecify type and brand 1 cup(125g)

Cakes, cookies, sweet snacks

2-4 coockies / 1 snack
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Cereals 1 serving(30 @)

Jam, Nutella 1 tea spooii3g)

Ice cream, pudding 2 scoops of ice creafi00g) o
1 pudding

Candies 1 piece

Chocolate 2 pieces/Kinderbar (12,5 g)

Fruit juices 1 small bottlg(125 ml)

Sweet beveragd€ocaCola, thé) 1 glass(125 ml)

Tea and herb teas 1 glasq125 ml)

Sugar 1 tea spooif3g)

Honey 1 tea spooii3g)

Oil 1 little spoon(10 g)

Butter 1 serving(10qQ)

Food items not listed above but usually eaten by the child (seamth@requency
Different foad choices at school

Tendency to try new foods

Food selectivityshape, colorgexture, presentatiobrand

Pica (type e frequengy

Daily amount of drunk water

Probiotics/ prebiotics/ vitamin supplements intake (type and frequency
Problems behavior aftéraving eaten some foods

Sleep quality

Gastrointestinal disorders

Many individuals with ASD are also subjected to gastrointestimddlems (Parracho et al., 2005).
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Moreover, it has been highlighted a possitble f f i cul ty of di amomtose spr en

pain or discomfort through verbal and/ or non
apparently disconnected, could inste@BRuibe etnds
2010) .

Considering the possible associati@ivieen gastrointestinal problems, microbiota, food selectivity
and maybe different cognitiveehavioral ASD phenotypeaumerous questionsere includedo

assess presence, development and charactenstigastrointestinal problemsn particular, one
guestion is about gastrointestinal problems in conjunction with stress events, in order to better
distinguish the etiology of the disorders.

For gastrointestinal disorders, reference was made R then e Ibcsiteria (Drossman D.A. and
Dumitrascu D.L,. 200)

GASTROINTESTINAL DISORDERS

sphincter control

gastrointestinal disorders

dysphagigliquid? solid?);
gastroesophageal reflux or regurgitation
gastrtis;

early satiety

vomiting;

recurrent abdominal pain

flatulence or bloating

= = =4 =4 =4 -4 -4 -

diarrhea (> 3 timesaily) (ask for frequency ifliarrheaattributed to inteshal viruses at
kindergarteix

constipation (< 3 times per week

mixed disorde(diartheaand constipation together

stools with foul smejl

=A = =4 =

infections

if gastrointestinal disorders
time of ongt;
evolution

frequency

= = =4 =4

appearance after having eaten specific fpods
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il

appearance in case of specific events

previousgastroenterological assessnsent

il

1
1
il

when
medical exams undertaken
diagnoss,

therapy.

specific behaviors, possible sign of gastroitited discomfort(especially in no speaking
children:

=A = =4 =4 =4 =4 -4 -4 -4 -4 a4 -4 -4 -4 -4

lethargy;

pressing hands/objects into abdomen

special sensitivity when touched on the abdgmen
grimaces

teeth grinding

biting clothes

often clearing throat

frequent swallowing

tics,

sobbing fomo apparent reaspn

echolalia related to pain

seemingly inexplicable increase in repetitive / stereotypic behaviors
restlessness, motor agitatjon

screams

aggressiveHf-injurious behaviors

Vaccinations

There is a hot debate about a possible folevaccinatims in Autism Spectrum Disorders

Neverthelesshie official position of the scientific community isagst this hypothesis.

This interview sectionnot only collect information about possible adverse reactions of the child

against the vacces, but alstriesto assess these vaccination procedures could have had effects on

microbiota and its development, showed by the child possibly through a change in gastrointestinal

habits or through other reactions, dermatitis for example.
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VACCI NATI ONS

which and at thow many mont hs
di scamfort
gastrointestinal probl ems

behavior.al changes

Diseasesind medicine intake

Microbiota can also be influenced by medisiigtake. In particular, ASD subjects seem to be
exposed to antibiotic therapies moreduently thartypically developing children due to several
health problems (especially bronchitis and otifid)is facthasbeen put in relatioto a reduction of
theintestinal commensal flora and to the proliferation of potentially pathogenic micresngamble

to produce neurotoxins, which reachmice models the CNS viaagus nerve (Bolte, 1998). In this
context, the administration of vancomycin, an antibiotic effective against this type of bacteria, seems
to register an improvement of autistic syiops, suggesting that the intestinal microflora may have
arole in autism (Sandler et al., 2000).

Therefore this interviewsectionallowsto collect information about diseases and hospitalizatfon

the childand related medicisdntake (especially antibtics), with special attention fathe first 3
yearsof life, given the importance of this timespan for microbiota development, as already discussed
before.Possible changes in gastrointestinal habits and behavioral symptoms as consequences of these

healh problemsare also assessed.

DISEASES

diseases and medicines intake
1 typical children diseasds.g. varicella) when?
1 infections(otitis, bronchits, flu): occurrence, especially in the first 3 years of life

1 intestinal virusesevents (vomiting, diarga ..) and recurrence

hospitalizations: when, for how long, treatments / therapies
changes in gastrointestinal disorders related to diseases and hospitajizations
changes in the behavioral phenotype in relation to diseases and hospitalizations

dermatits;
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allergies;

currentintakeof medicines

Other information

There aresome other information that can be usefubétter evaluate microbiota composition.

In fact, energing literature show how living with petarcshape its composition (Fujimura et al
2013. Thus,also a questioabout this topits presentwith particular attentioto animals with whom
the child could have spent time in the first period of life

Therefore, individuathat live together tend to have a mesmailar microbiota. It msat be considered,
in fact, that there are multiple ways in which bacteria can pass fgeensanto anotheroneg e.g.
saliva, skinn contact etfKashtanova et al., 2016)/ith theaim of studying similarities in microbiota
composition among families, ibald be helpful to know the time rate the child usually spavith
each parent.

Finally, a question about genetics teatready conductedas includedsince literature evidences
indicate how individuagjenetics shape microbiota (Goodrich et al., 20THis kind of information

is also useful to identify subgroups among ASD children.

OTHER I NFORMATI ON

genetics tes)t;s (when and why
pets gti nhagnraaritnicceu g enred ff glyisfte

mut ual contamination in then f(atminhey sbpeetmie e\
parent) .

Other children

In order to better studighe microbiota composition of ASD subjedtsan be useful textend the
analysisalso b siblings.In this wayit is possible to better evaluate the effect of genetic proximity
and shared environment.

Therefore, a sectiois especially dedicated to explore the presence of gastrointestinal problems and

also food selectivity in siblings.
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OTHER CHI LDREN

Meanielgéménts related to eati ngohaibn $ssi balnidn goso
ASD c(hiifl d ntergestingdappbctsel|l |l owing theASREme ¢
ch)l d

Information about parenend theirfamilies

Since it seem probable that alteoats in themmune gstem are relatetb ASD (Matelskiand Van

de Watere, 2015 some questionare includedabout the incidence of some autoimmune diseases in
the family (not only parents but also grandparemtgven brothers and sistgrabout allergies or
intolerances and about the pnese of gastrointestinal disorders and their origin.

The idea ighat an alteration in immune system function can have been acquired by the child from
the parentsThus, having allergic parents could represent a risk factor for ASD.

Moreover, these inform@in are also important again for better evaluate microbiota composition if

the analysis is extended also to parents.

| NFORMATI ON ABOST TRARERNFAMI LI ES

di seases

celiac disease

Type | ;diabetes

rheumatoid arthritis

Hashi moto' @utimymei dypophyroi di sm
Systemic LupuGLE®SYthematosus
Mul ti ple Sclerosis

Fi bradngyi a

al leer §f ood, seasonal, .medicines, ot her sub
persistent gast(rddiagtnesatdinbheanlh hdeirs mla adite)r ;s

spor adi c ngaals tdriosi awrhdeesrtsi e(ses f u | occasions) .

2.2.2 Participants

The interview wasdministratedo a first group of parents of 10 ASD children and to parents of 10
typically developing children. All 10 ASD children were patients of the LaboratbObsrvation

Diagnosisand EducationUniversity of Trento.
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The parents of typically developing children were recruited among acquaintances whose children
matched with the ASD children for gender and age réhge. 2.1).

Group | Size | Age (average + SD) Age (minimum) | Age (maximum) | Male | Female
ASD 10 7.98+ 3.33 years 3 years 10.08 years 7 3
TD 10 7.78+ 3.23 years 3.5 years 11.67 years 8 2

Tab.2.1: Participanimge and gender

2.2.3 Interview procedure

The first contact with the parents of ASD chddtook place in persor®©n this occasion the purpose

of thisstudy was explained tbeparents and it was agreed on when to meet to carry out the interview.
All interviews were conducted at the Laboratory while the child was attending an interventan sec
Instead, contact to parera$typically developing children was took by phone and intervievek

placea t p ahoneenint csdér to make it more convenient for them.

All interviews were recordedfter having obtained the pernfiom the parents.

During the interviewsguestions were proofed for their understandability to the parents. It was also
payed attention to the questions order, so that it allowed to conduct the interview like a fluent talk

and that the parents could feel comfortable.

2.3Results

Talking with the parents made cleghat some factors had to be addressed with more precise and in
depth questions in order to realquire the informatiomeeded.For example,jn a couple of
interviews parents mentioned that their child hadrstd to reduce the number of eaten foods after a
first period in whichhe was used teaing a large variety of different foods. Therefore, a special
guestion about this topic was added at the end of the séctiont r o d u c t i o(niedoctions o | i
in the number of foods after initial variddi e Modepver, with regard to intestinal viruses, after the

first interviews it became clear the need to explore this topic with particular attention in order to
distinguish between pure infections and recurgastrointestinal problems. In fact, some parents

have the tendency to attribute recurrent episodes of diarrhea to common wheEesdt seemed
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more probable that they were actual gastrointestinal problems, considering the high frequency of
these eodes.

In addition, some parents of ASD children told us about their difficulties in managing the food choices
of their ASD children and the mealtime in genehalfact, food selectivity is part of the everyday
management of feedings problems in ASD anal challenge for the families (Dominick et al., 2007),
since problematic mealtimes and a negative impact on dietary habits of other members of the family
have beenaported (Curtin et al., 2019Yloreover, parents of children with ASD and food selectivity

tend to show higher levels of parenting stress (Postorino et al., 2015) and even spousal stress (Curtin
et al., 2015).

Thus, a section dedicated to this topic was inserted at the end of the interview with the idea to use this
information in the future tplan possible support interventions.

In this way it is also possible to collect information about strategies parents use with their children,
for example to get them sited or to bring them to eat some food they kilee. These practices could

be sharedaith other parents in the future.

Also a question about the nutrition at scha@ls includedconsidering that it could be potentially a

source of concerns for the parents, especially in the case of children with high food selectivity

PSYCHOLOGICAL EXPERNCE RELATED TO THE MEALTIME WITH THE ASD CHILD

meal as a stressful event;

concerns rel at ftdthetmealtinédte chi |l dés di et
agreement between the parents about food choices for the child or conflicts;
parenté donforimed to that of the childnd related feelings;

rituals;

= =/ 4 A A =2

eating at school: organization and related concerns.

To conlcudethisinterview presents the minimum set of questions that has to be asked. In fact, given
the extreme vaety of answers that parents gaesome of these gagonsduring the first 20
interviews(such as diseas##e child had or stress theytfan managing the mealtime), it is obviously
necessary to improvise time by time new questions during the inteiviewder to follow pareh s 6
speechand obtain richedata.

This is one of the reasomdy theuseof an interviewseemsnore appropriate tmeaquestionnaire.
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And it is also the reason why thexquired time for the interviesan vary it generally ranges between

45 minutes and 2 hours. As expected, intevgigvith parents of ASD children tended to be longer,
especially for the cases with gastrointestinal problems and/or food selectivity.

Another i mportant point is to ask parents to

because of the fficulties to remember some information in detail.

2.4 Conclusion

| strongly believe that it is essential to establish an alliance with the family in order to explore such
complex and intimate topics, where facts and personal representations of udt#t isormal, and

healthy interweave. This covenaotfered by an interviewer interested not only to the mere data but
also open to listen to the doubts of the parents, their effort and discomfort, allows on one hand to get
richer data for studies on mabiota andnthe other hand to gather information about parents' needs,

useful to design support interventioiis interview wishes to b& valid tool for these purposes.
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CHAPTER 3: LOOKING FOR DIFFERENCES

3.1 Introduction

In the lasttwo decades an increasing numizdérstudies on Autism Spectrum Disordéras been
focusing on a possible role for gut microbiota in this patholbgfact, t seems plausible in light of
the high incidence of gastrointestinal disorders among ASDOdrehil (Buie et al., 2010) and
considering the lack of a welkcognized genetic bagiBetancur et al., 2011all this suggestto
takeinto consideratioralsoenvironmental factors thanight act as a trigger for ASID susceptible
individuals

Unfortunatly, different attempts towards a definitive typing of gut microbiota in ASD childien
not help to makegrogress in solving the puzzlthey provided, insteadhighly contrasting results
(Mayer et al., 204).

This could mean thainicrobiota isnot involved in Autism Spectrum Borders, andhat the
gastrointestinal disorders, whichany peoplsuffer by arethe result of psychological distress caused
by thedifficulties in communication and social interactitrat are typical for these disorders

But onthe other hand it is now well recogniztitht there is a systeof bidirectional connections
between gut and brain, where the microbg#ams to play an important role: thas, alteration in
microbiotacompositionor activity could indeed affdcthe cetral nervous system, as it has been
demonstratingn the case of depressi¢@ryan et al, 2012).

It could therefore be assumed that the mixed results achieved @e fatherattributable to some
methodological problemsuch as not properly considerifagtors that may affect the microbiota
such as medical and nutritional history of the subj€bese factors dve been describeth depth
previously in Chapter &f this thesis.

In addition, thestudies conducted so faend to consideASD as a unitary dseasewhile they include
different cognitive levels andutisticsymptoms severity. Thug, is possible thatnicrobiota may
play a role not for all subjects with ASD hartly for a subgroup.

Following these caosiderations, it becomes clear the ndedcanduct this kind ofstudieson
microbiota and ASD involving onlwell characterized subjects both cognitivalydwith respect to
the severity of autistic symptoms, as well as collectinthe same timmformation on he various
factors that camfluencethe microbiotaall thisin order tobetter controthe different variables in
play.

Therefore, the aim of this secopdrt of my work has beein assespossible differences in factors
that can affect microbiota in ASD children compared to typically ldgweg children and among
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ASD children themselves, considering their differences in cognitive level and severity of autistic

traits.

3.2 Method

3.2.1 Participants

Parentsof 24 children with ASD andarentsof 18 typically developing children were intxed in

this study.

19 of theseASD childrenwere patients of the.aboratoryof ObservationDiagnosis and Education
of the University of Trentpltaly. The majority of them wasllowed not only for the diagnostic
process but alstor the subsequermterventionthat sometimedastsover several year3.he othes
of them instead have beemecruited among those whcameto the Laboratory only to receive
diagnosis or a revaluatiaf previous diagnosisnade by the &boratory itself or ¥ other facilities
within theltalianterritory. Thef ami | i es 0 fabbowedtoh e
have a good adhesion to theesent study ani establish immediately goodrelationshipwith the
researcher based on the trust ofpiheents.

In all these cases, childrevere subjected to an assessment of autistic symptoms by psychologists

satisfacti

on

ac

well experienced in the use of the elective instrument for this purpose, the Autism Diagnostic
Observation ScheduleSecond EditiofADOS, Lord et al., 200

This tool also allowso assess the gravitf autistic symptms by matching the ADOS scores with

four levels of increasing severityaurding to the following scal@ab. 3.1)

Minimum- )
Gravity _ Low Moderate High
no evidence
ADOS
1 2 6 7 8 9 10
score

Tab. 3.1: Correspondence between ADOS score and gravityolieaetistic symptoms.

Furthermore, Il children were subjected to an assessment ofirtheognitive profile through

intelligence sales, such ashE Leiter International Performance Sgalhird Edition (Leitef3,
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Leiter, 1940 and The Wechsler Intelligence Scale for Children (W]S&echsler, 2003)and / or
through The Griffith Mental Development Scales (GMSBiffith, 2006 that assegsthe quotient
of development of the chijdespeally useful in the case of children witheficits in verbal

communication, that for this reason cahre assessed through the other intelligescales.

Regardless of the tool used for the assessniames to higHunctioningASD in presence of 1Q

eqgual to orhigher thari70 andto low-functioning ASD for 1Q below 70.

Finally, 1 family wererecruited thanks to igsarticipationin a summer camp for children with ASD

organized bythe Laboratory of Observatiobiagnosis andeducation whose name i%Tergia in

v a c a n hemapy of Moliday In this casgereference was made to the evaluation documents

submitted ly the parents at the time efrolling for the summer camp

The following table summarizes cognitive level asyinptoms gravityof the ASD partigpants

(Tab.3.2)

Cognitive level Symptoms gravity
High Low Low Medium High
11 13 10 10 4
Tot. subjects 24 Tot. subjects = 24
Tab.322Partici pantsdé cognitive | evel and gravity of

aut i s

With regard to thegroup of parents of typadly developing children, friendsacquaintances and

acquaintances of acquaintances who had chilsirarar tothe group ofASD childrenby age and

gendemwere asked to take part into this study.

The following table displays the general characteristicshef ASD group and of the typical
developing (TD) grougTab.3.3)

Group | Size | Age (average + SD) Age (minimum) | Age (maximum) | Male | Female
ASD 24 8.04+ 3.32years 2.92 years 13.92 years 20 4
TD 18 8.18t 3.36years 2.92 years 13.67 years 15 3

Tab.3.3 Age and gender of ASTand TD group.
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3.2.2 Interview

Espeally for thisstudy, an interviewwas set up irder tocollect information about different factors
that can affect microbiota development discictual composition.

The creatiorprocesf this tool haslreadybeendescribed in Chapt& of this thesis.

The first contacbetween the researcher athé families took place in person in the labat the
summer camp 0T earlyphoaeOn this odvtasorainwvasserplainedheparents the
purpose othis study and it was agreed on when to meet to carry out the interview.

Regarding the parents of children with ASBterviewswereconducted in the daboratory or at the
facility that housed the summer camp

Instead, mterviews withparents otypically developing childretook placeat ther home, in order to
make itmore convenient for them

All interviewswere recordedfter havirg obtainedhe permitfrom the parents.

3.2.3 Data analysis

According to the contents of the integw and the information about ASD childi@r&) andautistic
symptoms gravityseveralvariableswvereanalyzedFollowing tablesumnarize the main features of

thesevariables, presenting categorical and numerical variables separately (Tab. 3.4 and 3.5)

Categorical variables

Name Levek

Type of delivery 0 = vaginal 1 = caesarian

0= maternal only
Lactation 1= maternal+formula

2= formula only

Shift to a restricted diet betweer2b years of age 0=no 1=yes
Special diets 0=no 1=yes
Pica 0=no 1=yes
No selfregulation of amount of eaten food 0=no 1=yes
Hasty swallowing of food 0=no 1=yes
Gastrointestinal disorders 0=no 1=yes
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Parentsod6 persistent ¢ 0=no 1=yes
Grandparent sdé persiste 0=no 1=yes
Chil dés food intole 0=no 1=yes
Chi dés other intole 0=no 1=yes
Parentdo food intol € 0=no 1=yes
Parent sdé mialeigy i nt o 0=no 1=yes

Chil ddés other intol 0=no 1=yes
Grandparentsodé food i 0=no 1=yes
Grandparentsd other 0=no 1=yes
Autoimmune disease in the family 0=no 1=yes

Celiac diseasm the family 0=no 1=yes
Mealtime as a stressful experience 0=no 1=yes

Level of cognitive function 0 = high 1=low

Tab. 3.4 Categorical variableghame and levels)
Numerical variables
Name Unit of measure
Maternal age at child birth years
Paternal age at child birth years
Duration of exclusively breast feeding months
Total duration of breast feeding (even after weanir, months
Food selectivity percentage of refused foods
ADOS score integer (range: 10t10)

Tab. 3.5 Numerical variablegwith unit of measure).

Regarding 1Q values, cognitive functioning lev@igyh or low)were preferrednstead ofiQ scores,
since children had beesssessed using different tools. fact, the correspondence betwdggh
functioning level for 1Q scores equal or above 70 and low functioning for 1Q scores below 70 is valid

anyway.
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Regarding statistical analysis, a model was designed to identify variablesghgpredispos to the
development of ASDSincehaving ths pathologyor not is a categorical variable on two levels, the
modelwastested through a logistic regressamalysisand a stepwisbackwardprocedure with the

R software

The same wa performedwith respect to the variables that mighscriminatebetveen ASD and
typically developingchildren but without having a predisposing effect.

Moreover, the incidence qf a r epercesréd stres related tanealtime was tested for statistical
significane usi ng Fi sherds exact test.

Subquently, only the groupfcchildren with ASD was considered and further analysis were
conducted in order to find differences betwekitdren with high and low cognitive level. Again, one
model for predisposing variables and omeodel for discriminating variables were tested wath
logistic regression analysis and a stepwise backward procedure using R software.

Finally, the relationship between ADOS scores as indicator of symptoms severity and possible
predisposing/discriminating variables wassessedn this case, since ADOS secare a numerical
variade, a multiple regression analysis and subsequent stepwise backward procedure were

performed.

3.3 Results ASD vs TD

Il n this section, a possible relationshi-pr bet w
the TD group isassessk

First, the results of the interviews are presented. Then, logistic regression analysis on possible
explanation models are describEthally, the incidence of stress at mealtime perceived by parents is

reported.

3.3.1Description of inteviews results

Parent al age at chil dodés birth

Considering thaadvanced parental age, especially of the father, has been highlighted as possible risk
factor for ASD through methylation pathwafidenezo et al., 2015mother$and father8 age a't
c h i bithivere assessexkparatelypetweenASD- and TD grougTab.3.6)
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Group Father age(average + SD) | Mother age (average + SD)

ASD 34.29 + 4.62 years 3179 = 4.39 years

TD 34.61 = 4.27 years 3194 + 3.89 years

Tab.35Mot her s6 agd &ntthhbrkd6s bi

Delivery

Since microbiota starts to develop during delivatiyferences in the incidence ofc-section and
vaginal section between ASD children and typically developing childeze hypothesized.

A higher incidence of &ection amon@SD children was found.

Type of delivery

100%

78%

80%

62%
60%
38%

I = .

Vaginal Cesarean

40%
20%

0%

mTD mASD

Fig. 3.1 Type of celivery

Breast feeding

So far,there are some evidences about increased ASD risk and suboptimafd@das) pactices
(Al-Farsi et al., 2012)Therefore ASD- and TD groupwvere compared for different tgpof lactation
(Fig. 3.2) A higher incidence of formula milkombined with breast millvas found among ASD

children Furthermore, only 1 ASD child received formula milk exclusively.
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Lactation
80%

61%

60%

50%

46%
39%

|

Maternal Maternal+Formula Formula Only

40%

20%

0%

mTD mASD

Fig. 3.2 Type of lactation

In addition given the importance of breafteding for microbiota development, alpossible
differences between ASIand TD children regarding thauration of exclusive breast feeding and
the total duration of breast feeding, eventually also together with foronalaring weaning,were
assessedComparing the two groupsyerage duration of breast feediffgpth exclusive and total)
seens almost similar(Fig 3.3).

Maternal milk only Maternal milk TOTAL

ETD EASD B TD W ASD

Fig. 3.3 Duration of exclusive breast feediagd of total breast feedirfqh months).

Food selectivity

Food selectivity was measedaspercentage of refudéoodsout of thelist provided in the interview.
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ASD children showed a higher selectivitigig result is in line with the currehterature as discussed
previouslyin this thesisMoreover, some parents reported that thieidovasless selective at school

compared to at homay an almost similar percentage in both groups (Fig). 3.

Food selectivity

20%

17%

15%
11% 11%

10%
5% 3%
o R

Percentage of refused food Less selectivity at school
(average)

mTD mASD

Fig. 34: Percentage of refused fooaishomeandincidence of being less selectiaeschool.

Therefore parentsf 6 ASD childrerreportal a new interesting observation: their childnexlstarted
to eat everything and thehey had switched to a more and more restricted diet. This happened
between 2 and 2,5 years of age. None of the parents of typically developing aleifdresd a simdr

experience (Fig. 3).

Shift to a restricted diet
(2-2.5 years of age)

30%
25%
20%
15%
10%

5%

0%

25%

0%

mTD mASD

Fig. 3.5: Shift to a restricted diet between 2 and 2,5 years of age
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Self-regulationof the amount of eaten food

According to the interviewsASD children weremore oftenreported as not able to regulate
themselvesn the amout of eaten food compared tioe typically developing children. This aspect

might be related tgastrointestinal disorde(Eig. 3.6).

No selfregulation of the amount of
eaten food

25%

21%

20%
15%

10% 6%

» N
0%

No self-regulation

mTD mASD

Fig. 3.6 No seltregulation of the amount of eaten food

Hasty swallowing of food

Also the tendency to swallof@od hastily mightoe involved in gastrointestinal disordefgjain, the
incidence was higer in the ASD group (3.7):

Hasty swallowing of food
40%

33%

30%

20%
11%

- -
0%

ETD mASD

Fig. 3.7. Hasty swallowing of food
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Special diets

4 ASD childrenwereon a gluten caseirfree dietand3 are on a diet without milk (B6 all together).

All these children sufferd from gastrointestinal problems and the parents reported an improvement
in gastrointestinal symptoms, but only 2 of them reported also an improvement in behavioral aspects
that could be related to ASD.

Moreover,3 other families triea gluen, casein free diet in the past but stopped it soon after because
the child had lost too much weight, or because this kind of diet was too complicated to follow or
because they had not seen any results on behavioral level.

None of TD children waen a special diet (Fig. 3.8)

Special diets
40%
30%
30%
20%
10%

0%
0%

ETD mASD

Fig. 3.8: Special diets

Pica

An incidence oB % of pica among th&SD goup (2 children)was reportedwhereasione of the
TD children showed this kind of behavigtig. 3.9).
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Pica

10%

8%

5%

0%

0%

mTD mASD

Fig. 3.9 Pica

Gastrointestinal disorders

A considerable incidence of gastrointestip@blems amon@\SD children was found as expected
according to the literaturédgain, none of the TD children suffered from gastrointestinal disorders
(Fig. 3.10)

Gastrointestinal disorders

50%

42%

40%

30%

20%

10%
0%

0%

mTD mASD

Fig. 3.10 Gastointestinal disorder ASD and TD children

Moreover,alsodifferences impersistengastrointestinal disorders among parents and grandparents of
ASD children and TD childrewere assessed, in orderfitad apossiblegenetic predisposition.

A higherincidence was found in the ASD group, especialith regard to the grandparents (Fig.
3.11).
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Persistent gastrointestinal disorders

in the family
0,

30% 2506
25%
20%
15% 13%
10% 6% 6%

v IR =

0%

Parents Grandparents
mTD mASD

Fig. 3.1 Gastrointestinal disorders in the family.

Immunological aspects

Consicering the welknown role ofgut microbiota in the immune system developtmamd their

continuousmutualinteraction and the reportedbnormalitiesat immune level in ASQas discussed
in Chapter 1) ASD- and TD groupwere comparedor some aspects that coube related to the
immune system

In particular,a higher incidence ofood intolerances/allergiegas found inthe ASD group whereas

the opposite for other typef intolerances/allergies (Fig. 3.12).

Intolerances/Allergies
33%

35%
30%
25%
20%

28%

21%

15% 11%
10%
W
0%
Food Others
ETD mASD

Fig. 3.12 Intolerances/allergies.
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Moreover,the incidence of dermatitis was slightly highe 8D children (Fig3.13).

Dermatitis

25% 21%
20% 17%
15%
10%

5%

0%

mTD mASD

Fig. 313 Incidence of dermatitis.

In addition,also parents and grandparewesre comparefbr the incidence of allergies, looking for
possible genetic predisposition.

Interestingly, parents of ASD showed a higher incidence of food intolerances/allenggesaksfor
milk, whereas parents of TD children had a higher incidenothef types oéllergies not related to
food (Fig. 3.14).

Parents' Intolerances/Allergies
80%
70%
60%

67%

50%

50%
40% 587 33%
30% 22%
20%
10% l 6%
0% .

Food Milk Others

uTD mASD

Fig.3.14Parentsd intolerances/ allergies.
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Opposite results were obt@d forgrandparents (Fig. 3.15)

Grandparents' Intolerances/Allergies

35%
30%

30%

25%

20% 17%
15%

0,

10% 6% o

0% ]

Food Others
= TD mASD
Fig.3.15Gr andparentso6 intolerances/ allergies.

Finally, a higheincidence osome autoimmune diagesin the family(celiac diseasaype | diabetes,
rheumatoid arthritis Hashimoto's thyroiditis, systemiadus erythematosus multiple sclerosis
fibromyalgig was foundn the TD group

Interestingly,eventhe incidence of celiac disease wagher in the TD goup compared to the ASD
group (Fig. 3.16).

Autoimmune diseases in the family

60%

50%
50%
40%

30% 28%

20% 17%
0% [ |
Any kind Celiac disease

mTD mASD

Fig. 3.16 Autoimmune diseases in the family.
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3.3.2Logistic regressionvith predisposing variables

Some ofthe above described variables have been reported as possible predisposing factors for ASD,
as preiously discussed irhis thesis. Moreover, some are known also for having an effect on
microbiota development. In addition, some aspects related to the trABD children (parents an
grandparents) coulgerhapsepresena further risk factgmbeing sign of alterations gastrointestinal
andor immune system. In this cagbe reason for these alterations could be related to the genetics
of the subjectdut also to microbiota, as discussed before.

SincehavingASD or not is a categorical variable on two leveldpgistic regression analysis on a
modelmade ofthesesupposegbredisposing variables wagrformed.

Considering théeaturesof thiskind of amalysis, variable®avinglevels with only 1 or O occurrense
were not included in the model.

Following table shows the list of predisposing variables and specifies whéswere not included

in the model (Tab. 3.6)

Predisposing variables

Maternalageta chi | ddéds birth

Pat ernal age at chil da@

Type of delivery

Lactation Not included

Duration of exclusive breast feeding

Total duration of breast feeding

Parent® p e r gastrairttestinal disorders Not included

Gr andpar e n gadréintgstimal disordetse  Not included

Parentsdé food intolerece
Parentsd milk i1 ntol er g Notincluded
Grandparentsdé food int Not included
Parentsd others allerg

Grandparents other allergies

Autoimmune diseses in the family

Celiac disease Not included

Tab. 3.6 Possible pedisposing variables for ASD vs TD.
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Using R softwarefollowing logistic regression modeltput was obtaine@Tab. 3.7)

Estimate Std. Error z value p-value
(Intercept) 8.15749 4.76402 1.712 0.0868
Mat er nal age 0.07183 0.14670 -0.490 0.6244
Paternal age at child birth -0.16381 0.15026 -1.090 0.2756
Delivery1 2.26341 1.35033 1.676 0.0937
Exclusive breast feeding -0.23072 0.18108 -1.274 0.2026
Total breastdeding 0.11070 0.07197 1.538 0.1240
Par entatledgieslo o 2.13772 1.22418 1.746 0.0808
P a r eothérallérges -1.22800 1.00764 -1.219 0.2230
Grandparents other allergig 0.83889 1.02279 0.820 0.4121
Autommunediseassl -3.10546 1.33106 -2.333 0.0196

Null deviance: 57.364 Residual deviance: 39.071 AIC: 59.071

Tab. 3.7 Logistic regressiomn amodel withpredisposing variables.

A stepwisebackwardprocedureon this modelwere performedvith the Rsoftwase, resulting in a

reduced modewith 2 variables as follow§Tab. 3.8)

Deviance AIC
Parentsod6 food int 51.972 55.972
Autoimmune diseases in the family 1 56.216 60.216
Null Deviance: 57.36  Residual Deviance: 46.94 AIC: 52.94

Tab. 3.8 Stepwise backward procedure on logistic regression model.

Hence, dogistic regresion analysiscorducted on the reduced model provided following output
(Tab. 3.9)
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Estimate Std.Error z value p-value
(Intercept) 0.5149 0.4233 1.216 0.2239
Parentso6 food 21325 1.1465 1.860 0.0629
Autoimmune diseasesl -2.7064 1.1190 -2.419 0.0156

Null deviance: 57.364 Residual deviance: 46.945  AIC: 52.945

Tab. 3.9 Logistic regression on reduced model.

According to these resultthe only variables that seem to have a possible predisposing effect are
parentsdé food iamdtaadimremure diseasss/inghe family.g i e s

Il n particul ar, p ar e n sesend mofeaatated to maviam IASD child,ceeas / a | |
though thep-value is slightly above thstatisticakignificance(p-value= 0.06)

Instead, ahigher incidence of autoimmune diseases in the faseglgmsto favor the opposite
condition(p-value=0.015)

3.3.3Logistic regressionvith discriminating variables

A similar analysisvas performedwith respect tovariables tht mightdiscriminatebetween ASD
andTD children but without having a predisposing effect.

Also in this case, variables having levels with only 1 or 0 occurrenaesneeincluded in the model.
Following table shows the grougd the discriminating variables and specifies whimfeswere not
included(Tab. 3.10)

Discriminating variables

Food selectivity

Less selectivity at school

Shift to a restricted diet &t2,5 years of age Not included

No-self regulation of amount of eaten food Not included

Hasty swallowing of food

Special diets Not included
Pica Not included
Chil dés gastrointest i nNotincluded
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Chil doés

food i

nt ol er ar

Childés otherallergies

Chil doés

dermati ti s

Tab. 3.10Possible discriminating variables for ASD vs TD.

A logistic regression analysis was conducted usingfiRvare, resulting as follow§ab. 3.11):

Estimate Std. Error z value p-value
(Intercept) -0.47219 0.52604 -0.898 0.369
Food selectivity 0.11382 0.06392 1.781 0.075
Less selectivity at school -0.46411 1.29509 -0.358 0.720
Hasty swallowing of food 0.98504 0.94908 1.038 0.299
Chil dbés food in 1.72738 1.0570 1.634 0.102
Chil dés other a -1.17665 0.97862 -1.202 0.229
Chil ddéds der mat.i - 0.44237 0.98938 - 0.447 0.655

Null deviance: 57.364

Residual deviance: 45.442 AIC: 59.442

Tab. 3.11 Logistic regression model with discringiting variables for ASD vs TD

Again, astepwisebackwardorocedureon this modelvasperformedwith the Rsoftware resulting in

a reduced mael with 2 variables as follow@ab. 3.12)

Deviance AIC
Chil dés food into 51.686 55.686
Food selectivity 54.369 58.369

Null Deviance57.36

Residual Deviance: 48.39 AIC: 54.39

Tab. 3.12 Stepwise backward procedure on logistic regression model.
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Finally, a logistic regression analysis on the reduced model was perferittethis output (Tab.
3.13):

Estimate Std.Error z value p-value
(Intercept) 0.56257 0.44577 -1.262 0.2069
Childés food i n|151829 0.89963 1.688 0.0915
Food selectivity 0.09709 0.05342 1.817 0.0692
Null deviance: 57.364 Residual deviance: 48.391 AIC: 54.391

Tab. 3.13Logistic regression on reduced model.

According to these results, among the hypothesized discriminating variables only food selectivity
seems to be related to tASD condition, even though its\@mlue is slightly above the statistical
significance (pvalue= 0.06). In fact, ASD participants seem to be more selective than TD children.

This result is in line with the literature on this topic, pregiguliscussed in Bapter 2.

3.3.4Mealtime asa stressful experience

Surprisingly, ncstatistical difference in the incidencepfa r eperteweadl stress related to mealtime
was found Fisheb exact testodds ratio2.42,p-value = 0.73Fig. 3.17).

Mealtime as a stressful experience
35%

30%

30%
25% 22%
20%
15%
10%

5%

0%

mTD mASD

Tab. 3.17Incidence of mealtime perceived as a stressful experience by parents.
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3.4. Results comparison betweerdifferent cognitive levelamong ASD

I n this section, a p adeson differentlevidbfeagiitiornamong ASDe r v i
children is expleed. High functioning level corresponds to IQ equal or above 70, whereas low

functioning level to IQ less than 70.

3.4.1.Description ofinterviewsresults

Parent al age at childds birth

Following chartsshow the distributions of maternal and patemna e at rth,lwhidhdegm b i

similar in average between high and low cognitive functioning ASD children (Fig. 3.18).

Mother age at child birth Father age at child birth
45,00 50,00
40,00

45,00
35,00 ’-'I'-I 40,00
'
3000 X T 35,00 ’ﬁ i X
I —

30,00 g
25,00

25,00

20,00 20,00

15,00 15,00

10,00 10,00

5,00 5,00

O HGH ELow [ HIGH W Low

Fig. 3.18:Mat er nal and paternal age at childés birth

Type of delivery and lactation

Althoughaccording to previous describebultstype of delivery and lactatiseenmot significantly
different between ASDband TD children, it could be hypothesized that theght play an indirect
role among ASD subjects in influencin@gerhapghroughthe gut microbiota someaspects such as
cognitive level

Among theparticipants, low cognitive level children showed a higher incidehcsection(Fig.

3.19) wheaeas a less use of formula milk (Fig.3.20)
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Type of delivery

80% 73%

54%

60%
46%

- I

40%

20%

0%

Vaginal Cesarean
® HIGH m LOW
Fig. 3.19 Type of delivery
Lactation
70% 62%
60% 55%
50%
40% 36% 38%
30%
20%
10% 9%
0
CKC
0%
Maternal Maternal+Formula Formula Only
m HIGH mLOW

Fig. 3.20 Lactation

Also regardingthe actuamonths ofbreast feeding, low functioning children received maternal milk

for a longer period, both exclusive as well as total (Fig. 3.21).
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Maternal milk only Maternal milk TOTAL
35,0

25,0
20,0

15,0

X 1
100
50 X
1 0,0 —1
[ HIGH [ Low mHiGH [ Low

Fig. 321: Duration of exclusive breast feedingddurationof total breast feeding (in months).

Food séectivity and other aspects related to nutrition

High functioning children were more selective in their food cho{€&s. 3.22) and none showed
pica behaviorlnstead)ow functioning chidren hadmore often the tendency to swallow food hastily
(Fig. 3.23).

Regarding less selectivity at school (Fig. 3.2hjft to a restricted dieit 22,5 years of agandthe
difficulty to self- regulate in the amount of eaten food (Fig43.2nd the use of special diets (Fig.

3.25), high and low functioning childreseemed to be almost similar.

Food selectivity

20% 18%
18%
16% 15% 15%
14%
12%
10%

8% 7%

6%

4%

2%

0%

Percentage of refused food (average) Less selectivity at school
HIGH m LOW

Fig. 3.22 Food selectivity.
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PICA Hasty swallowing of food

0,
40%
14% 35%
12% 30% 27%
10% 25%
8% 20%
6% 15%
4% 10%
2% 0% 5%
0% 0%
= HIGH m LOW = HIGH mLOW

Fig. 3.23 Pica and the tendency of swallowing food in a hasty way.

Shift to a restricted diet (2.5 No selfregulation of the amount
years of age) of eaten food
30% 27% 25% 23%

23%

25%
20% 18%

20%
0
15% 15%

10% 10%

5%
5%

0%

1 0%

= HIGH m LOW = HIGH mLOW

Fig. 3.24:Shift to a restricted didietween 22,5 years of agand no selegulation of the amount of eaten food
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Special diets
40%

31%

30% 21%
20%

10%

0%

HIGH m LOW

Fig. 3.25: Use of special diets

Gastrointestinal disorders

A higher incidence of gastroirggnal disorders was found low functioning children and slightly
higher onén their parents. Instead, grandparents of high functioning childrenregoeted to have

more often gastrointestinal problems (Fig. 3.26).

Gastrointestinal disorders Persistent gastrointestinal
50% 46% disorders in the family
45% 40% 36%
40% 36% 35%
30% 2504
25%
0° 20% 15% 15%
20% 15%
15% 10% %
10% 5%
5% 0%
0% Parents Grandparesnts
HIGH m LOW HIGH m LOW

Fig. 3.26 Gastrointestinal disorders in the children (left) and in the family (right).

59



Immunological aspects

A higher incidence of food intolerances/allergies and dermatitis occam®ng high functioning
children, whereas other type of allergies dneast similar in the two groups (Fig. 3.27).

Intolerances/Allergies Dermatitis
50% 45% 30% 27%
40% 25%
20%
30% 23% 23% ’ 15%
20% 18% 15%
10% 10%
%
0% %
Food Others 0%
HIGH m LOW HIGH m LOW

Fig. 3.27: C h i lintblérancefllergies (left) and dermatitgight).

As far as immunological aspects in the family are concepaéntf low functioning children had

more likely milk or other types of allergies not related to f(feid. 3.28)

Parents' Intolerances/Allergies

60% 54%

50% 45%

40% 360 38% 38%

30% 27%

20%

10%

0%

Food Milk Others
HIGH m LOW
Fig.3.28Parentsd intolerances/ allergies.
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Instead, grandparents of high functioning children hadenoften other types of allergievhereas
none hadood allergieqFig. 3.29).

Grandparents' Intolerances/Allergies

40% 36%
35%
30%
25% 23%
20%
15%
10% 8%
5%
0%
0%
Food Others
HIGH m LOW
Fig.3.29Gr andparentso6 intolerances/ allergies.

To conclude, the incidee of autoimmune diseases seéonise similar in botlyroups(Fig. 3.30)

Autoimmune diseases in the family

20% 18%

15%

15%

10%

5%

0%

HIGH m LOW

Fig. 3.30 Autoimmune diseases in the family
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3.4.2Logistic regressionvith predisposing variables

The same predisposing variables, already considered for the comparison between ASD and TD
children, were used to assegsossibleeffect on cognitive level among the ASD group.

In fact, it could be hypo#sized that these variables do not predispose themselves to the ASD but
that they can influence some aspects of this pathology in a subject already genetically predisposed to
develop ASD.

Since cognitive level is a dichotomous variafievels: 0 = high, 1= low), a logistic regression
analysis wagerformed.

Again, ®onsidering the features of this kind of analysis, variables having levels with only 1 or O

occurrences were not included in the model (Tab)3.

Predisposing variables

Maternalage atcldl6 s bi rt h

Paternal age at chil dda

Type of delivery

Lactation Not included

Duration of exclusive breast feeding

Total duration of breast feeding

Parent® p e r gastraeirtestinal disorders Not included

Gr andpar e n gastiingstieal disordets €

Parentsd food intol ersg
P ar e n tistderancedlleigy

Parentsodé6 others aller

(@]

Grandparentsdé food int Not included

Grandparents other allergies

Autoimmune diseases in the family

Tab. 314: Possible pedisposing variables for higts low cognitivelevel.
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Using R software, fotlwing output was obtained (Tab.15):

Estimate Std. Error z value p-value
(Intercept) 10.9606 11.8184 0.927 0.354
Mat ernal age 0.5265 0.4863 1.082 0.279
Paternal age at child birth -0.9791 0.6793 -1.442 0.149
Type of celivery 1 6.2333 6.4753 0.963 0.336
Exclusive breast feeding -0.7709 0.7716 -0.999 0.318
Total breast feeding 0.7828 0.5672 1.380 0.168
Grandparents
gastrontestinal disorder% 0.3491 1.8957 0.184 0.854
Parentsé6é foo
intolerancesdliergies 1 -13.8326 3956.1973 -0.003 0.997
Parentsd mil
intolerance/allergy 18.5448 3956.1971 0.005 0.996
Parentso oth -2.7325 2.6933 -1.015 0.310
Grandparentsther allergies 3.0690 3.6753 0.835 0.404
Autoimmune diseasesl -7.7397 12.0529 -0.642 0.521

Null deviance: 33.104 Residual deviance: 16.171  AIC: 40.171

Tab. 315: Logistic regression model with predisposing variables.

A stepwisebackwardprocedureon this modewas performedwith the Rsoftware resulting in a

reduced modewith 1 variable as followgTab. 316)

Deviance AIC
Total breast feeding 33.104 35.104
Null Deviance:33.1 Residual Deviance: 27.28 AIC: 31.28

Tab. 316: Stepwise backward procedure on logistic regression model.

Hence, a logistic regression analysis conducted on the reduced model provided the following output
(Tab. 317):
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Estimate Std.Error z value p-value
(Intercept) -1.11082 0.73029 -1.521 0.128
Total breast feeding 0.14106 0.07002 2.015 0.044

Null deviance: 3.104

Residual deviance:72280 AIC: 31.28

Tab. 317: Logistic regression othereduced model.

Accordingto this analysisthe total durion of breast feeding, even together with formula or during

weaning, is positively related with a low level apgnitive functioningp-value=0.044) The other

variables seem not to play any role in shaping the cognitive level of ASD children.

3.4.3Logistic regressiorwith discriminating variables

A similar analysisvas performed witlvariables tat mightdiscriminatebetween ASxhildren with

high and low cognitive levédut without having a predisposing effect.

Also in this casevariableshaving lewels with only 1 or O occurrencesere not included in the model

(Tab. 3.18.

Discriminating variables

Food selectivity

Less selectivity at school

Shift to a restricted diet at25 years of age

No-self regulation of amount of eaten food

Hasty svallowing of food

Special diets

Pica Not included
Chil dé gastrointestinrn

Chil do food intol eranm

Chil dé ot her all ergi €

Chil do dermatitis

Tab. 3.18Possible dcriminating variables between high and low cognitivele
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A logistic regression analysis was conducted using R softwesglting as followgTab. 3.19:

Estimate Std. Error z value p-value
(Intercept) 0.7376 0.8762 0.842 0.3999
Food selectivity -0.1391 0.0687 -2.024 0.0430
Less selectivity at schoo 2.7709 2.3316 1.188 0.2347
Shift to a restricted diet at25
years of age 2.6784 2.0987 1.276 0.2019
No-self regulation of amount of
eaten food -1.1238 1.8366 -0.612 0.5406
Hasty swallowing of food 1.4717 1.5204 0.968 0.3331
Special diets 2.4260 2.3647 1.026 0.3049
Chil ddés gastroi 0.3028 1.6734 0.181 0.8564
Childos food inl 31784 1.8635 -1.706 0.0881 .
Childos other al _02139 1.3559 -0.158 0.8747
Childos der mati -1.0850 1.7233 -0.630 0.5289

Null deviance: 33.104 Residual deviance: 23.200 AIC: 45.2

Tab. 3.19Logistic regression model with discriminating variables for A8Ih high and low cognitive level.

Again, astepwisebackwardprocedureon this modelvere performeavith the Rsoftware resulting

in a reduced model with Zaviables as follow¢Tab. 3.20

Deviance AIC
Childés food into 31.150 35.150
Food selectivity 31.755 35.755
Null Deviance:33.1 Residual Deviance: 29.07 AIC: 35.07

Tab. 3.20 Stepwise backward procedure on logistic regression model.

Finally, a logistic regression analysis on the reduced model was perf(Fateds.2):
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Estimate Std.Error z value p-value
(Intercept) 1.14190 0.69023 1.654 0.098
Chi | ddénsolerbnces/allergies| -1.33652 0.95457 -1.400 0.161
Food selectivity -0.04925 0.03403 -1.447 0.148
Null deviance: 33.104  Residual deviance: 29.071 AIC: 35.071

Tab. 321: Logistic regression on reduced model.

Although stepwse backward analysis provided a reduced model that discriminates better than the

null model between high and low cognitive leve variables seem to be directly related to

differences irfunctioning amag ASD children

3.5. Results: comparison betweedifferent symptoms gravity among ASD

In this section, a possible connection betwaen er vi e wd s symatons grdvity @amonga n d

ASD children isexplored.Symptoms gravity is referred a0 Sscores.

3.5.1. Description of interviews r

Parenth aqge at c hi

esults

| db6s bi

t h

Following chars show therelationship between maternal prat er n a |
ADOS scores otheir children (Fig 3.31)

Symptoms severity and maternal age at

child's birth
12

10 .

Symptoms severity
[=a]
L ]
L
L ]
L ]

18 23 28 33
Maternal age at child's birth

Fig.3.31Rel ati onshi p

38 43

age at

Symptoms severity and paternal age at child's

12

10

Symptoms severity

20 25

birth

30 35

40 45

Paternal age at child's birth

bet wesbinh apd&ADQSrsdores. 6 age at
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Type of ddivery and lactation

ADOS scores wertound similar in average regardless the type of delivery and lactatith the

only exception of formula milk exclusive, which was the case of only 1 participant who had 4 as
ADOS scorgFig. 3.32)

12

10

Fig. 3.32 ADOS scores and type of delivery and lactation

Symptoms severity and type of delivery

T

—
1L

[T Vaginal

il

[ Cesarean Section

12

10

Symptoms severity and lactation

T

|

1

il

[ Maternal [] Maternal+Formula [ Formula only

In addition, followingchars show the relationship between ADOS scores and duratibneast

feeding, exclusive anital (Fig. 3.33).

12

10

Symptoms severity
[=)]

Fi

Symptoms severity and maternal milk ONLY

6 8 10 12 14 16
Months

g. 3.33 ADOS scores and duration of breast feeding.
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Food seletivity and other aspects related to nutrition

Following chart shows the relationship between ADOS scores &ood selectivity reported as

percentage of refused foods out of a list included in the interview.

Symptoms severity and food selectivity

R o =3}
[=] o o

w
o

Percentage of refused foods

20 0 . .
.
10
. .
0 . . . . . . .
0 2 4 6 8 10 12

Symptoms severity
Fig. 3.34 ADOS scores and percentage diised foods.

Moreover, asimilar average ADOS score wimind in case of presence/absencsedfregulation

of the amount of eaten foppicaand shift to a restricted diet at225 years of agé-ig. 3.35)

Symptoms severity and no self-regulation of the

Symptoms severity and pica
amount of eaten food

12
12

10

10
8
8

6 % 6
_—
4 J_ 4
2 2
0 0
NO self-regulation [ Self-regulation NO pica [ Pica
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Symptoms severity and shift to a restricted diet
12

10
8

no SHIFT [ SHIFT

Fig. 3.35 ADOS scores in presenadsence of selfegulationof eaten foodspicaor shift to a restricted diet at25
years of age.

In contrast, ASD childreon special diets and children who tended to swallow food hastily showed

a lowe average ADOS score (Fig.3.36)

Symptoms severity and special diets Symptoms severity and hasty swallowing of food
1 12
10 10
8 8
6 6
4 4
L
2 2
0 0
NO diets [ Special diets NO hasty Hasty

Fig. 3.36 ADOS scores in presence/absence of special diets and tendency to swallow food hastily.
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Gastrointestinal disorders

Regarding gastrointestinal disorders, ADOS average score was higher @midren without these
problems (Fig. 3.37).

Symptoms severity and gastrointestinal problems
12

10

6
4
noGl [ Gl

Fig. 3.37 Gastpintestinal disorders in children and ADOS scores.

Also parents and grandparents without persistent gastrointestinal problems tended to have
childrengrandchildrerwith higher ADOS scores (in averag€)g. 3.38).

Symptoms severity and persistent gastrointestinal Symptoms severity and persistent gastrointestinal
problems in the family (parents) problems in the family (grandparents)

12 12
10 10
8 8

1
6 6
4

) T
2 2
0 0

noGl M@ Gl noGl @6l

Fig. 3.38 Gastrointestinal disorde in parents and grandparergtatedtoc hi | dr endés ADOS scor es.
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Immunological aspects

ASD children without any intolerance/allergy and children without dermatitis had a slghligr
average ADOS score (Fig. 3.39)

Symptoms severity and intollerances/allergies Symptoms severity and dermatitis
12 12
10 T 10
g 8
T T
6 6
X
4 4
o 1
2 2
0 0
1 NO intollerances/allergies [l Intollerances/allergies NO dermatitis [] Dermatitis

Fig. 3.39 ADOS scores relatei presence/absence of intolerances/allergies and dermatitis.

Regarding immunological aspedtsthe parents, an almost similar ADOS average seaefound
in the childrerregardless the presencefodd or milk intolerances/allergieis the parentswheeas
a higher symptoms gravity was related to parents without other types of al(&igi€3.40)

Symptoms severity and parents'
intollerances/allergies
12

(=]
X
K

[l NO food M Food [ NO milk [ Milk [l NO other [l Other

Fig. 3.39 ADOS scores related to presence/absence of intolerances/allergies in the parents.
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As far as immunological aspects in the grandparents waceawed, higher symptoms gravity were
found in case of no intolerances/allergies, lofiood or not. In addition, the presence of autoimmune
diseases wa®lated to a slightly lower ADOS average scitig. 3.41).

Symptoms severity and grandparents'
intollerances/allergies
12 12

Symptoms severity and autoimmune disease in the
family

10 10
6
X
4
—

[l NO food [M Food [ NOother [l Other

[+

[=al

~

NO disease [] Disease

Fig. 3.41 ADOS scores related tatolerances/allergies igrandparents and tmtoimmune diseases in the family.

3.5.2 Multiple regressiowith predisposing variables

Since ADOS scores asenumerical variable, a multgregressiomn amodelwith symptoms gravity

as dependent variabhndpossible predisposimgspects as independefatriables was tested using R
software.

Following table displays the independent variable that were chosen and the output of this analysis in
R (Tab3.22)

Estimate Std. Error t value p-value
(Intercepy 4.841835 3.858927 1.255 0.238
Mat er nal age -0.296094 0.176805 -1.675 -0.296094
Paternal age at child birth 0.315197 0.176243 1.788 0.104
Type of delivery 1 -0.570272 1.718321 -0.332 0.747
Exclusive breast feeding 0.04632 0.222758 0.208 0.840
Total breast feeding 0.118168 0.087119 1.356 0.205
Parentsd per -0.008087 1.991879 -0.004 0.997
gastrointestinal disorders
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Grandparents -0.098747 1.417765 -0.070 0.946
gastrointestinal disorders 1

Parentso6 foo 0.204088 3.363695 0.061 0.953
intolerances/allergies 1

Parentsé mil 0.595169 3.068405 0.194 0.850
intolerance/allergy

Parentsdé oth -3.165571 1.814968 -1.744 0.112
Grandparents 2.396247 3.028054 0.791 0.447
Grandparents other aligies -0.790965 1.582570 -0.500 0.628
Autoimmune diseasesl -1.503191 2.437733 -0.617 0.551

Residual standard error: 2.016 Multiple R-squared: 0.5838 Adjusted Rsquared: 0.0427
F-statistic: 1.079 p-value: 0.4607

Tah 322 Multiple regression model with predisposing variables

A stepwisebackwardprocedureon this modelwere performedvith the Rsoftware resulting in a
reduced mdel with 4 variables as follos(Tab. 3.23)

Sum of Sq RSS AIC
Total breast feeding 12.145 59.972 29.980
Parentsd ot her|18.875 66.703 32.533
Mat er nal age al20.483 68.310 33.104
Paternal age at child birth 24.055 71.883 34.328

Tab. 3.23 Stepwise backward procedure on multiple regression model.

Finally, a multipleregression analysis conducted on the reduced model provided the following output
(Tab. 3.24):

Estimate Std.Error t value p-value
(Intercept) 4.40808 2.65706 1.659 0.11353
Total breast feeding 0.09151 0.04166 2.197 0.04067
Parentsd ot he|-205262 0.74960 -2.738 0.01306
Mat er nal age |-0.33415 0.11714 -2.853 0.01019
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Paternal age at child birth 0.34976 0.11314 3.091 0.00601
Residual standard error: 1.587 Multiple R-squared: 0.5101 Adjusted Rsquared: 0.4069
F-statistic: 4.946 p-value: 0.006652

Tab. 3.24 Multiple regression on the reduced model.

According to this analysis, the total duration of breast feeding, even together with formula or during
weaning and paternal a g e begositivehh reldtedl Gosa higher grality gaf e e m
symptoms, wher eas mashavstheoppositegefectat chi | d6és bir
Also the presence ofon-food allergies in the parents seetode related to lower ADOS scores.

3.5.3 Multiple regressiowith disciminating variables

Similarly, a multiple regression analysis was performed to explore the effect of possible
discriminating variables on symptoms gravity.

Following table displays the independent variable that were chosen and the output of thisianalysis
R (Tab3.25.

Estimate | Std. Error | t value p-value

(Intercept) 7.03575 | 0.72645 9.685 | 2.6e07
Food selectivity -0.02976 | 0.04177 -0.713 | 0.489
Less selectivity at school -0.88265| 1.60815 -0.549 |0.592

Shift to a restricted diet at25 yeas of age | 0.83840 | 1.32121 0.635 | 0.537
No-self regulation of amount of eaten food | 0.73836 | 1.33683 0.552 | 0.590
Hasty swallowing of food -1.46816 | 1.04885 -1.400 | 0.185
Special diets 0.53217 | 1.56864 0.339 |0.740
Chil dés gastrointes]|-1.50359|1.22140 -1.231 | 0.240
Chil dés food intol e]|-092918|1.22114 -0.761 | 0.460
Childés other all er |-0.01354|1.20764 -0.011 | 0.991
Childbés dermatitis -0.17310 | 1.32047 -0.131 | 0.898
Residual standard error: 2.05 Multiple R-squared: 0.440  Adjusted Rsquared: 0.00991
F-statistic: 1.023 p-value: 0.4746

Tab. 3.25Multiple regression model with discriminating variables
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A stepwisebackwardprocedureon this modewas performedwith the Rsoftware resulting in a
reduced moel with 2 variables (Tab. 3.26)

Sum of Sq RSS AIC
Hasty swallowing of food 9.480 75.929 31.642
Chil dés gastro 12.427 78.875 32.555

Tab. 3.26 Stepwise backward procedure on multiple regression model.

To concludea multipleregression analysis was conducted on the reduced model (Tab. 3.27):

Estimate Std.Error t value p-value
Hasty swallowing of food -1.3971 0.8071 -1.731 0.0981
Chil doés ga
) -1.5294 0.7718 -1.982 0.0608
disorders

Residual standard error: 1.779  Multiple R-squared: 0.3193 Adjusted Rsquared: 0.254"
F-statistic: 4.926  p-value: 0.01761

Tab. 3.27 Multiple regression on the reduced model.

In this analysisc h i lgadtioistestinal problems seem to be related tower symptora gravity

although correspondingyalue is slightly abovéhe statistically significance {palue=0.06).

3.6. Discussion

Considering that microbiotdevelopment happens @ timespan also sensitive fibre development

of the nervous systeifiKoshalevaet al., 2016)and that there is a twway communication system
between gut and brain on which the microbiota has an importdumee(Cryan et al., 2012)pan
implication of mcrobiota in ASD has been hypothesized.

Therefore, factors that influence nobtiota could play a role also in ASD, or at least in a subgroup.
According to the findings of this studigpwever, it emergeso statistically significant association

between ASCanddeliverymode,despite the fact that some studieséreported ias rik factorfor
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ASD (Curran et al., 2015)The small number of participants in this study might be a plessi
explanation for this discrepancilevertheless, this aspect should be better addressedtherfu
studies.

Regarding the type of lactation, it didtrappear statisticallyifierent between ASD and TD children
However, within theASD group, the total duration of breastfeediagencombined with artificial

milk and weaningseensto be associated with lower lexa#lcognitive tinctioning and higher gwity

of autistic symptomsThis is an unexpectedinding because of the protective role of breast feeding
on microbiota developmenAl(-Farsi et al., 2012

Moreover, acording to the literature (Bandini et al., 2010), a higbed selectivitywas foundin

ASD children Also a possible associatidretween food selectivity and I®@as exploredwith the

idea that a higher cognitive level could lead to a greater awareness in foods chime®ver, no
statisticaly significant association was foundn@he dher handthe small number of participants
must alsdoe considered as a possible explanation

In addition, it has beeypothesized that a greater severityautistic symptomatology ctd cause a
stronger food selectivity, consideritftat having narrownterests is one of the diagnostic criteria for
ASD. However, even in this case, the two conditions do not seem related.

Instead, a differeninteresting resulivas highlighted. In fa¢t notable percentage of ASD children
had a normal diet at the begingiand started to restrict their food repertoire more and more starting
between 2 and 2,5 years ofeagvhereas no TD children had the same beha@bicourse it is
common for ach child to start to show his/hierod preferences at one point, but it tetmfiappen

later in typically developing children and also not in such a dramatic way. Further studies are needed
to better explore this aspeealso on a statistical levaF confirmed, it could be considered an early
sign of the development of the pathgy.

Furthermore, some ASD participants whygs selective at schoobmpared to at home, likbke TD
group. It could be important to be aware about that because it seems that the food choices of the
children are not as rigid as expected and maybe itldmeilpossible to introduce also at home some
foods that the child is used to eating at school

According to the literature (Buie et al.,2010) , also a high incidence of gastrointestinal disorders were
found in the ASD group, while no TD participants wesparted to have this kind of problems. This
conditionmay be linked to an alteregttivities of the microbiotal hereforethis should beaddressed
in-depthin studied that enrollpaticipants with aclear diagnosis of the disorder and its manifestations
Furthermore, these studies should sigiciently sensitive techniques, such as metaproteorimcs.
the next chapter of this work the attempt to proceed in this direction will be described.
Neverthelessin this studygastrointestinal problems wefeund b bealmost statistically related to

lower autistic symptoms gravitysiving an explanation for this result is challenging: autd be
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argued that children with less severe symptoms nmgtite better account of their conditiamdaget
more frustratedhanchildren with more severgymptoms which aremore isolated from the world
around them. This could take them to a sort of somatizafiorexplore this issue, further studies
focused on the assessment of the secretion paffiéress hormones, such @stisol, over a long
period, should be conducte@n the other hand, thidoes not exclude a possible alteration in the
activity of microbiotain the subgroup afubjectswith less severe symptomghis aspect should be
betterinvestigated throughewstudes thatcombine for examplenetaproteomicanalysis and clear
cognitivebehavioral assessment.

A role for gut microbiotan ASD could beplausible also because of itdeon shaping the immune
system Katelskiand Van de Watere, 201@).fact, in this tudy we foundahigher incidence of food
allergies among ASD children amadigherfood andmilk intolerance in their parents. These could
be considered sitp of a possible altereattivation of the immune system and could account for the
benefic effectitat some children have thanks to glutand casein free diets. Interestingly, celiac
diseases seem to be morencoon in families of TD children, instead.

To concl udge atchidakirth seéenstd have an effect on ASD symptoms gravity. In fact,
increased paternal age is positively related to higher gravity, whereas increased maternal age has the

opposite effect. Further studies are needed to leets®s this aspect.

3.7. Conclusion

As already mentioned several timése issue of having a wetharacterized sample is critical for
complex studies as those who attempt to find the causes behind the onset dh A&SMD, these
disorders include highly differemthenotypes. Thus, atiological explanation could be valid only

for a subgroup andot necessailty for all.

The interview that was developed for this study allows to collect a wide range of information that can
be used, together with 1Q, ADOS scores and other cogigbavioral features, tadentify
subgroupsThis is crucial also for ealucting studies that attempt to relate phenotype characteristics
with biological aspects, such as for example studies on gut microbiota in ASD.

Moreover,the possibility to highlight the relationship betan extremely different aspects (such as

for exampé gastrointestinal disorders and symptoms severity) alltwsnove forward in

understanding the complex mechanisms of this pathology.
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CHAPTER 4: GUT MICROBIOTA and ASD FAMILIES

4.1 Introduction

As discussed previouslin this thesis, studies on microbiota composition in ASD have shown
contrasting results. A possible explanation could be the lack of control on interfering variables such
as age and gender of participants, different dietary habits, antibiotics / prebiptebiotics intake

and presence of gastrointestinal disorders (Mayer et al., 2014). In fact, all these aspects can have a
role in shaping microbiota composition (Kashtanova et al., 2016).

In addition, studies conducted so far ignore possible differeincdse autistic phenotype of the
subjects, such as different cognitive level and severity of autistic symptoms. These aspects, together
with the variables mentioned above, could be useful to define subgroups within children with ASD
and to assess whethtiiere are differences in the microbiota between subgroups and compared to
typical developing children.

Moreover, another important factor influencing microbiota composition is the genetics of each
individual Zang et al., 201,0Goodrich et al, 2014 Therdore, it may be helpful to involve in this

kind of studies even the family of the ASD child, i.e. parents and a typically developing sibling, if
present. In fact, if similarities are found in the microbiota among ASD children and the other family
membersthat would speak against a possible involvement of microbiota in the ASD: in this case, a
similar composition would be a probable consequence of affinities related to diet, to gastrointestinal
problems or to shared genetics.

Another crucial point to address the kind of biological analysis conducted in previous studies. In

the past, in fact, cell cultures were the only way to obtain information about microbiota, but
unfortunately they allowed the growth only of some bacterial strains. This obviouslgeeiad a

big limit (Finegold et al., 2002; Song et al., 2004; Wang et al., 2015).

But in the last two decades a new and more sensitive technique has emerged: metagenomics. This
technique makes it possible to acquire a picture of the composittbe aficobiota by sequencing

a highly variable portion of bacterial DNA, obtainable from fecal samples and attributable
unequivocally to a certain taxon (Wang et al., 2015).

Nevertheless, even this technique has some weaknesses. In fact, it allows to recoghibactéia

are present and in what concentration, but it does not offer any information on the degree of activation
of metabolic pathways in these bacteria. But these processes are actually the basis of the bacterium

ability to exert an effect on the host
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Nowadays, an evamewertechnique, called metaproteomics, allows to assess the enzymatic bacterial
proteins present in fecal samples and, in this way, to highigich pathways are activat@diong

W. et al., 2015; Zahng et al., 2016).

Thus, for this gidy metaproteomics technicuevere used to analyze fecal samples from ASD
children and their families. Moreover, other information was collected, such as about diet and
gastrointestinal problems of each subject, and also regarding the cognitive le@&E achAdren.

The protocol of this study was approved by the Ethical Committee of Bambin Gesu Hospital, Rome.

4.2 Method

4.2.1 Participants

10 families were involved in this study, each of them consisting of 1 ASD child and the two biological
parentsin 7 families also a typically developing sibling was present.

Most of the families (7) were recruited in summer 201& ssimmer camp for ASD children, whose
name is "Terapia in vacanzao (Therapy ony hol i
of Observation, Diagnosis and Education, University of Trento. 3 more families jointed this project
in December 2015.

9 ASD children were regular patients of the Laboratory for Observation, Diagnosis and Education of
the University of Trento, Italy angad already been subjected to an assessment of autistic symptoms
by Laboratoryds psychol ogists well experience
Schedule Second Edition (ADOS, Lord et al., 2001).

Furthermore, also the cognitive profileedch child had already been evaluated through intelligence
scales, such as The Leiter International Performance Scale, Third Edition-8, ¢itster, 1940) and

The Wechsler Intelligence Scale for Children (WISC, Wechsler, 2003), and / or through Title Grif
Mental Development Scales (GMDS, Griffith, 2006).

Finally, 1 family involved in this study had contact to the Laboratory only because of the summer
camp. In this case, reference was made to the evaluation documents provided by the parents at the
time of enrolling for the summer camp.

Because of technical problems occurred during the biological analysis, it was possible to obtain
results only about 8 whole families and 1 father of a further family.

Following tables summarize information regarding ortys tgroup of participants: participant
identification codes and family structure (Tab.4.1), age (Tab 4.2), gender of ASD children and their
siblings (Tab. 4.3) and ASD children cognitive level (Tab. 4.4).
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Tab. 4.1 Identification codes and family structures

Code Family member Code Family member
Al ASD son Al9 ASD son
_ A2 brother _ A20 sister
Family 1 Family 6
A3 mother A21 mother
Ad father A22 father
A5 ASD son A23 ASD son
_ A6 sister Family 7 A24 mother
Family 2
A7 mother A25 father
A8 father A26 father
A9 ASD son _ A27 mother
_ Family 8
Family 3 Al10 mother A28 ASD son
All father A29 sister
Al12 ASD son Family 9 A30 father
Family 4 Al3 mother
Al4d father
Al5 ASD son
_ Al6 brother
Family 5
Al7 mother
Al8 father

Group Size Age (average + SD)| Age (minimum) Age (maximum)
ASD 8 6.74 £ 2.08/ears 4 years 10.66 years
siblings 5 8.57 + 3.24ears 4.42 years 12.75 years
mothers 8 40.3+ 5.65 28.75 46.91 years
fathers 9 43.48+ 8.80 32.58 64.33
Tab. 4.2 Participantsd age.
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siblings

male female none

ASD male 2 3 3

Tab.4.3: Childrends gender.

Cognitive level

High Low
4 4

Tab. 4.4: ASD childrenbés cognitive |l evel.

All parents signed an informed consent.

4.2.2. Food diary

In order to better control the effect of diet microbiota, parents were asked to fulfill a 5-dagd

diary, recording the amount of what they and their children had eaten.

To assess the amount of the main nutrients (proteins, fat, cholesterol, simple carbohydrates, complex
carbohydrates and fibetaken by each participant every day, the Food Composition Database for
Epidemiological Studies in ltaly (www.bdeo.it) was used. This is the most updated repository
related to Italian foods.

Nevertheless, if the food brand was provided by the paretigmiucomposition was obtained
directly from the brand official webpage.

For foods that were not present in either of the two databases, a search was conducted in the food
composition database of CRANEA (Coinsdgll @epen
agraria- Council for Agriculture Research and Agricultural Economy Analysis, www.nut.entecra.it)

or, if again not present, in the Fatsecretltalia Database (www.fatsecret.it), which is the food

composition database connected to a famowsdngartphone App for estimating calories intake.
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4.2.3 Interview

For this study also the previously described interview (Chapter 2) was used to collect various
information about factors that can influence gut microbiota composition, such as the padsence
gastrointestinal disorders.

Al | i nterviews took place at the c aerprecorfedr api
after having obtained the parentsd per mit.

4.2.4. Fecal samp$ollection

Parents were instructed about how to collecdaf sample from themselves and their children and
were asked to bring the samples as soon as possible to the camp or to the Laboratory.
Since a8 0AC freezer facility was present neithe
Laboratory, fecal samplegere frozen initially at20 °C and then transferred-80°C at the end of

the whole collection. This procedure is commonly used and does not affect the quality of the samples
(Wang et al., 2011).

Subsequently, all samples were sent in dry ice to theadulicrobiome Unit, Bambino Gesu

Chil drends Hospital, Rome, for metaproteomics

4.2.5 Metaproteomics protocol

Bacterial pellet extraction

Samples were weighed and aliquoted (about 0.5 g). 2 ml of PBS were added to the aliquots and
agitated at 3 ° C for 10 minutes. Subsequently, a centrifugation at 1500 rpm was performed, lasting
15 minutes. The supernatant was taken and centrifuged at 15,000 rpm for 15 minutes.

After removing the supernatant, three washings were performed by adding 2 mL e&élBime,
centrifuging for 10 minutes. The recovered bacterial pellet was sto/@d aC until the sample was
processed.

Proteins precipitation

Bacterial pellets were resuspended in 200 eL
40mM, CHAPS 4%, dithiothreitol 50 mM) previously heated at 37 ° C. Samples were sonicated with

a needle sonicator for 20 seconds with an intensity of 60% for 7 cycles. Subsequently, they were
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incubated at 37 ° C for 1 hour. A centrifugation at 15,000 rpm was pextbfor 30 minutes by

taking the supernatant by transferring it to a new test tube. Six volumes of an organic solution (50%
EtOH, 25% Acetone, 25% MeOH) were added (stored(t C) to induce protein precipitation after

one night at20 ° C. After centfugation at 4 ° C, 15,000 rpm for 45 minutes, the pellets were washed
with the same solution and finally resuspended & 10e L Di | ui ti on Buf fer (I
100 mM, pH 78), sonicating for 5 minutes and incubating at 37 ° C for 20 minutes. The remaining
insoluble material was separated by centrifugation at 15000 rpm for 15 minutes and the supernatant

was transferretb a new test tube.

Proteins Dosage: BCA Protein Assay

The Piercé™ BCA Protein Assay Kitvas used to determine the total protein concentration of the
individual samples. The spectrophotometer absorbance at the 562 nm was measured and the
concentratona@s esti mated in a working range from 20

In this study, 96wnell microplates were chosen. The measurement was done in double reading and

cali brated through a calibration |ine cg@ghstru
eL) . 190 eL of reagent solution was added to
concentration, 2 to 10 eL of sample solution.
30 minutes.

Tryptic digestion in solution

Forthe digesi on of a quantity of about 100 e€g of p

taken, Dbringing the finalOvolume of the 30 ¢lL
To reduce di sul fi d-Bithidthreitol @€T3 (0.1M) wds adddd, leaving the 4
solutionforthour at 37 A. Subsequently, 3 gL of 1 odc

the cysteine residues by incubating at room temperature in the dark for 1 hour.

Additional 0.5 €L DTT were added to eliminate
After checking that the  was around -B , a trypsin solution was a
considering a protein / protease ratio of about 50. Digestion was continued at 37 ° C for All night

interrupting it by adding 1 €L of 10% formic

Purification and enrichment

Extractpurification and enrichment were performed using micropipette tips containing a small silica
C-18 septum. These must be conditioned prior to their use. Thus, the following buffers were prepared:

A) acetonitrile (50%, 1% formic acid) and B) formic acid (1%he stationary phase was conditioned
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with solution A and then washed with B. Peptides were loaded onto the silica by letting the sample
solution flow through the tips several times. Finally, peptides were eluted with solution A.

LC-MS / MS analysis
Three biological replicates of the triptic digest were analyzed using an HM8_CMS approach by

a Eksigent Ekspert NanoLC 400 chromatograph (Sciex, Toronto, ON, Canada) interfaced with a
SCIEX TripleTOF 5600+ mass s p e puttdgesioddachisampld w o
were injected and preoncentrated for 5 min on a Eksigent Trap column (350 mm x 0.5 mm Chrom
XP C18.3 mm, 120 N nano LC) with a flow of 5 mL / min. The peptide elution gradient was carried
out on a C18Acclaim PepMap100 (25 cnid mm ID, 5 mm ps, Thermo Fisher Scientific, Waltham,

MA USA) with a flow rate of 0.3 €L [/ o0 n, a
CHsCN 98: 2 + 0.1%; (B) CECN / H.O 98: 2 C 0.1% formic acid and a gradient of 5 to 25% B in

120 min. MS d&a was acquired in informatieshependent acquisition mode (IDA).

4.2.6 Data processing and bioinformatics

Raw data was processed through the ProteinPilot 4.0 software and database research was carried ou
using the NCBInr database, containing all th&tgin sequences known for the kingdbatteria.

Protein lists of the three technical replicates were merged together, removing duplicates.

Protein sequences in FASTA format were retrieved from the NCBI protein and uploaded on the web
open source service WKIGA for functional analysis (Wu et al., 2011). Proteins were classified in

Clusters of Orthologs Groups (COG) and by molecular functions.

4.2.7 Data analysis

Data analysis was conducted in cooperation with the Unit of Predictive Models for Biomedhidine
Environment (MPBA) of Bruno Kessler Foundation, Trento, Italy.

At first, Wilcoxon-MannWhitney test was conducted on COG abundance between ASD children and

all others participants, and then between ASD children and parents and siblings separattdy to b
assess possible effects related to age differences between groups.

Furthermore, random forest analysis (Breiman, 2001) was performed considering all COGs together.
Finally, network analysis (Jurman et al., 2015) were also conducted. Networks w&reced by
calcul ating Pearsono6és Correlation (PC) bet we e
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corresponds to a value of 1. Only links between COGs with PC> 0.9 were considered. First, a
comparison between ASD children vs all other subjects per®rmed. Then, also differences in
COGs pattern among ASD children were explored, with regard to different cognitive level, type of
delivery and presence of gastrointestinal disorders.

In addition, differences related to nutrient intake between ASDrehiland the other family members

were assessed. In fact, if present, these could cause differences in microbiota activity and could act
as confounding variable for the actual relationship between microbiota and ASD. Therefore, average
intake of each nutrieg was calculated for each participant over the 5 days of food diary. Hence,
Wilcoxon-MannWhitney test was performed for each nutrient comparing the ASD children group
and their relatives. Finally, also a random forest analysis was conducted consitlarutgemnts
together.

4.3 Results

4.3.1Univariate statistical analysis 080Gs

Following chart (Fig 4.1) shows COG abundances for each participants (reported with the
identification code):
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Fig 4.1: COGs abundance in each subject. ASD childre highlighted in red circles.
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Wilcoxon-Mann-Whitney test did not provide any statistical significance in the comparison between

ASD children and all other participants taken together, as shown in Tab. 4.5.

ASD children vs parents + siblings
COGs p-value statistic (W)
J- Translation, ribosomal structure and biogenesis 0,496444135 73
G - Carbohydrate transport and metabolism 0,452933474 71,5
C - Energy production and conversion 0,452732232 71,5
E - Amino acid transport and metabolism 0,67282863 78,5
O - Posttranslational modification, protein turnover, chaperones 0,39836876 69,5
| - Lipid transport and metabolism 0,43863224 71
P - Inorganic ion transport and metabolism 0,74250246 80,5
H - Coenzyme transport and metabolism 0,742169777 80,5
R - General function prediction only 1 88
F - Nucleotide transport and metabolism 0,925163382 85,5
M - Cell wall/membrane/envelope biogenesis 0,981252501 89
K - Transcription 0,851032937 83,5
U - Intracellular trafficking, secretion, and vesicular spart 0,249235909 63
N - Cell motility 0,396945885 69,5
Q - Secondary metabolites biosynthesis, transport and catabolism 0,742225314 80,5
L - Replication, recombination and repair 0,723319593 80
S - Function unknown 0,635834526 98,5
T - Signal transdction mechanisms 0,162962603 58

Tab.4.5: WilcoxomMann-Whitney test on COGs for ASD children vs all others.
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Moreover, WilcoxoAMannWhitney test did not provide any statistical significance in the
comparison between ASD children and only pareagshown in Tab. 4.6:

ASD children vs parents
COGs p-value statistic (W)
J- Translation, ribosomal structure and biogenesis 0,510988142 56
G - Carbohydrate transport and metabolism 0,641121712 59,5
C - Energy production and conversion 0,502570704 56
E - Amino acid transport and metabolism 0,70483316 61
O - Posttranslational modification, protein turnover, chaperones 0,683257762 60,5
| - Lipid transport and metabolism 0,502406037 56
P - Inorganic ion transport and metabolism 1 67,5
H - Coenzymdransport and metabolism 0,930192982 66
R - General function prediction only 0,907194772 65,5
F - Nucleotide transport and metabolism 1 68,5
M - Cell wall/membrane/envelope biogenesis 0,906980589 70,5
K - Transcription 0,884029929 65
U - Intracellulartrafficking, secretion, and vesicular transport 0,306489019 50
N - Cell motility 0,395722469 53
Q - Secondary metabolites biosynthesis, transport and catabolism 1 68,5
L - Replication, recombination and repair 0,976549976 69
S - Function unknown 0,76871206 73,5
T - Signal transduction mechanisms 0,082327307 38

Tab. 4.6: WilcoxoAmMannWhitney test on COGs for ASD children vs all parents.

Again, WilcoxonMannWhitney test did not provide any statistical significance in the comparison

between ASD didren and all siblings, as shown in Tab. 4.7:
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ASD children vs siblings
COGs p-value statistic(W)

J- Translation, ribosomal structure and biogenesis 0.724164724 17
G - Carbohydrate transport and metabolism 0.271594161 12
C - Energy production andoaiversion 0.55709939 155
E - Amino acid transport and metabolism 0,769080645 175
O - Posttranslational modification, protein turnover, chaperones 0127428127 9

| - Lipid transport and metabolism 0523698524 15
P - Inorganic ion transport and metalsoh 0340685192 13
H - Coenzyme transport and metabolism 0462363854 145
R - General function prediction only 0.768770129 225
F - Nucleotide transport and metabolism 0,712498805 17
M - Cell wall/membrane/envelope biogenesis 08832987 185
K - Transciption 0,883138334 18,5
U - Intracellular trafficking, secretion, and vesicular transport 0338681291 13
N - Cell motility 0,659230371 16,5
Q - Secondary metabolites biosynthesis, transport and catabolism 0284382284 12
L - Replication, recombinatiomd repair 0.207688719 11
S - Function unknown 0.505351711 o5
T - Signal transduction mechanisms 1 20

Tab. 4.7: WilcoxoiMannWhitney test on COGs for ASD children vs all siblings.

4.3.2Multivariate statistical analysis 080Gs

Since single COGdid not seem to be significantly different between ASD children and typically
development subjects, a possible combined effect was hypothesized. Thus, a random forest analysis
was performed.

Nevertheless, the best performance was obtained cangidety 1 single COG, with a MC = 0.24,

as shown in the following table (Tab. 4.8) However this COG represents a group with unknown

function.

90



STEP MCC MCC_MIN MCC_MAX
1 0.24 0.13 0.34
2 0.18 0.06 0.29
3 0.19 0.07 0.29
4 0.14 0.03 0.25
5 0.14 0.05 0.24
6 0.12 0.03 0.23
7 0.02 -0.03 0.09
8 -0.01 -0.04 0.02
9 0.01 -0.04 0.07
10 -0.01 -0.04 0.02
18 -0.03 -0.06 -0.01

Tab. 4.8: RF analysis for COGs distribution in ASD children and their families.

Nevertheless, also models with until 4 COGs could besidered, since their MCCs are in the
confidence interval of the highest MCobtained. This could open more intriguing explanation
scenarios than considering only 1 variable, and even with unknown function. In fact, these additional
COGs woul d rmeduwdEtniesmgyampd conversiono, ATransc!
met abolismo (in the same order as in the RF o

However, the RF performance remains low.

4.3.3Network analysis o€ROGs

Net wor ks were constr uctrelhtobh(lPC) betwken edcrapair af QOGP e a r
(nodes). Maximum correlation corresponds to a value of 1. Only links between COGs with PC> 0.9

were consideredlhe intensity of links colors is proportional to the correlation modulus.

ASD children vs parents armsiblings

First of all, a comparison between ASD children and all other subjects (nonASD group) was
performed (Fig. 4.2nd 4.3
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Fig. 4.2: COGs network in ASD children
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Fig. 4.3: COGs network in nonASD group.

Although network analysis repode HIM of 0.15 (HIM=0 in case two networks are equal, whereas
HIM=1 in case they are completely different), the network for ASD group showed more edges (11)
compared to the network for nonASD group (2 edges).

Moreover, the only edge shared by both groups b et ween MANucl eotide tr

AAmMi noacid transport metabol i smo.
In addition, a network analysis was performed considering different cognitive level of ASD children.

In fact, among ASD participants, 4 children were high functioninggd@al or above 70) and 4
children were low functioning (IQ less than 70).
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