EEEPEYNQNTAZ TO POAO TON
MEPIBAAAONTIKQN ENIAPAZEQN
STHN EKAHAQEH
NEYPOANANTYZIAKQN

AIATAPAXQN Mapiva FaBadc

Mawdovevpordyog

191 Exkmadsvtikn Amuepida «H Suvapikn Twv EMTMTOOE®WVY TOV
TEPBAALOVTOG 0TIV VYL TOV ToS10V: e€eAiielg, avaduopevol kivduvol
KoL TpoAnyYm» , 12 OktwBpiov 2023
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2HMEIA OMIAIAX

JEme&nynon tov 0pov «veupoavaTTuELaKES SLOTOPOYESY

dXvyvomnta NA - avénTikn emdNULIOAOYLIKT) TAOT) Kol
emediynon

JALtioAdynon ¢ evaloBNoLAg TOL AVATTTUGCOUEVOU
EYKEQPAAOV

dOpLopog ¢ avamTuélak G VEVPO-TOELKOTNTOG

dMnyxaviopol aAAnAemiSpaons mepAAAOVTOGC KL YOVISIWV

dEmiotnuovika Sedopeva veupo-TolkOTN TG

TEPLLAAAOVTIKWYV TTAPAYOVTWV
JEmmtwoels kal evkalpies Tpwtofaduiag mpoAnYmg /////



AN NN NEYPOANANTYZEIAKEY AIATAPAXEY
VAVAVA VAN

LIV o TIKEG KOL CURTIEPLPOPLKEG ,
SLATAPAYEG IOV 001)YOUV GE ONUAVTIKE
OUOKOALEG 0TIV ATOKTI O] KAL EKTEAEO]
CUYKEKPUEV@WV SLAVONTIK®WYV, KLV TIK®WV,
YAWOGIK®V KOL KOLVWVIK®WV AELTOVPYLWV

LEkSNAwvovTal Katd TNV avanTtudLak)
TEPLOOO

dXpoviec Slatapoyeg
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Diagnostic and Statistical Manual of Mental Disorders, 5 Edition

Language
communication
disorders




Frequently Encountered Neurodevelopmental Disabilities

Etepoyevelg
MeyaAn aAAnAosTiKaAvym
Yuveyec daopa

Attention-deficit/hyperactivity disorder
Autism spectrum disorder

Cerebral palsy

Communication disorders

Global developmental delay

Epilepsy

Hearing impairment

Intellectual disability

Learning disorders
Leukoencephalopathies

Neurogenetic disorders and inborn errors of metabolism
Neuromuscular disorders

Visual impairment

2013

DSM-5

NEURODEVELOPMENTAL
DISORDERS

ADHD INTELLECTUAL
- DISABILITY

SPECIFIC

LEARNING \ COMMUNICATION
DISABILITIES DISORDERS
A 4 AUTISM
MOVEMENT SPECTRUM

DISORDERS DISORDER

LIFE-SPAN
PERSPECTIVE
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VN EMMOAQAGOC avamTuELaKwV Statapoywv //%/

TABLE 5 Trends in Prevalence of Specific Developmental Disabilities in Children Aged 3 to 17 Years, NHIS, 2009 to 2017

Condition N (Unweighted) 2009-2011, 2012-2014, 2015-2017, Percent Change P for Linear Trend
% % % 2009-2011 vs 2015-2017

Any developmental disability 14743 16.22 16.80 17.76 9.5 <.001
ADHD 7918 8.47 9.10 9.54 126 001
ASD 1550 1.12 1.60 2.49 1223 <001
Blind or unable to see at all 139 0.16 0.16 0.16 0.0 87
CP 264 0.31 0.34 0.28 —97 .64
Moderate to profound hearing loss 037 0.64 0.68 0.58 —94 48
LD 6871 7.86 751 7.86 0.0 99
ID 1021 0.93 1.21 1.17 25.8 .04
Seizures, past 12 mo 668 0.83 0.70 0.78 —6.0 .61
Stuttered or stammered, past 12 mo 1771 2.04 1.90 213 44 61
Other developmental delay 3798 4.65 4.43 4.06 =127 01

In 2011, “mental retardation” was replaced with “intellectual disability, also known as mental retardation.” In addition, the autism categorization was expanded to include “autism
spectrum disorder.” In 2014, the question on ASD became a standalone question with an expanded list of eligible conditions, including Asperger’s disorder and pervasive developmental
disorder. No test of quadratic trends over the 3 trend periods was significant at the P << .05 level for any condition.

Prevalence and Trends of Developmental Disabilities among children in the US: 2009-2017
B.Zablotsky et al. Pediatrics 2019

1/6 (~17%) madwwv 3-17 eTwv
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Prevalence and Trends of Developmental Disabilities among children in the US: 2009-2017
B.Zablotsky et al. Pediatrics 2019



REVIEW ARTICLE

Autism Research. 2022

Global prevalence of autism: A systematic review update

Jinan Zeidan®

Eric Fombonne

Maureen S. Durkin” |
Mavada Elsabbagh'

2

Julie Scorah'

Shekhar Saxena®

TABLE 2 Summary of autism prevalence estimates across world regions from 2012 to 2021

Alaa Ibrahim! 1
Afigah Yusuf!

I Andy Shih®

7

ASD prevalence

Sample size (/10,000) Gender ratio

Region # estimates  IQR Range Median IQR Range Median IQR Range Median
Americas 30 200,737.5 465-8,129,270 54,960 82.3 11.1-250  132.3 0.7 2.7-53 43
Europe 31 454,113.5 1796-2,431,649 32,342 63.5 24-268 100 1.3 0.8-54 4.1
Western Pacific 22 4,236,842.3 3300-51,529,338 19,349 203.1 1.09-436 283 2.1 2.2-6.1 4.7
South-East Asia 8 94423 3964-28,070 8143 34.0 7.5-140 232 1.0 1.15-3 1.75
Eastern Mediterranean 6 98,253.0 998-837,655 30,754 86.5 10-153 62.6 1.9 1.1-43 285
Africa 2 - - - - 120-290 205 0.1 1-1.2 1.1

All 99 323,890 465-51,529,338 31,000 119.25 1.09-436 100 1.66 0.8-6.1 42

Prevalence is defined as the number of children suffering from an illness



AVAVAN Explaining the Increase in the Prevalence
VAV of Autism Spectrum Disorders

Original Investigation

N\

o

The Proportion Attributable to Changes in Reporting Practices

Stefan N. Hansen, MSc; Diana E. Schendel, PhD; Erik T. Parner, PhD

JAMA Pediatr. 2015;

 H adénon otov emmoAacuo tov avtiopov eényeitatl kata 60%
OLTTO UM ALTLOAOYLKOUG TIOAPAYOVTEG OTIWG UEYAAVTEPN
gvaloOnTomolnon Tov Kowvov, pebodoroyia avagpopdg,
AAAAYEG OTA SLAYVWOTIKA KPLTN L (NALKLA, AVTIKOATAGTAOT
SLYVWOoEWV)

 To vtoAoLTo TOGOOTO UTIOPEL VA OPEIAETAL OE AAAOVG
TIAPAYOVTEG TIOV OPEIAOLY va peAeTnOoUV
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NNVNN AvantuEn Neupikou
UG TNHIOTOC
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d H énpovpyla tov avBpwmivov

o
& &

4 ’
SYK 8 (p aAOU ES“ s v a Kae 8 aMn (l’ First Trimester Second Trimester  Third Trimester Ql Childhood Adolescence  Adulthood
4 4

OLEPYAOLA GE TOAVTTAOKOTI T, N

Neuronal Profileration

Neuronal Migration

d Katd toug mpwtoug 9 unveg g {w)g o o
EYKEQAAOG Bt avaTTTUXOEL ATIO pLor Tavia —
KUTTAPWV KATA UIKOG TOV paxLaiou
£CWOEPHATOG OE EVX TIOAUTTAOKO 0PYQVO Mylnain
TIOV ATIOTEAELTAL ATIO SIGEKATOUPUPLY
TIOAU EEEISIKEVUEVA KUTTAPA T OTIOL
elval Tomo@eTnueva pe akpifera kat
ovvdedepeva petady Touc.
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Avarntuin Neupikou ~AAAN
TUCTHNATOC NN

dH BEATLOTI aVATITUEN TOU EYKEPAAOV ATIOLTEL TNV UETAKIVIOT TWV
VEUPWVWV KATA U1KOG TTOAD CUYKEKPLUEVWV LOVOTIATLWV KTTO TO OTUELD
TIPOEAEVOT)G TOUG- UEXPL TIG TIPOKABOPLOUEVES TOUG BECELG KAL TNV
ETIIKOLVWVIA 0UTWV TWV KUTTAPWV LECW CUVOETEWV.

(1'0Aec autég oL Stadikaoies mpEmeLl va ouufovv HEoK GE EVX OTEVX
EAEYYXOLEVO YPOVIKO TANLGLO KATA TO OTIOL0 TO KABE avamtulakd oTadLo
TIPETEL VA ETITEVYOEL e BAoT XPOVOSLAYPALILA KO LLE TT) WO TT) GELPA.



O O

0 AVATITUGGONEVOC AVOPWTIVOC EYKEPAAOC ELVAL EYYEV®C TILO ETILPPETHC OE
BAaBEC aTtO TOEIKOUC TAPAYOVTEC ATIO TOV EVIJALKO EYKEPAAO.

Ot avantuilakec Sladikaoleg oty apxn ™S {wng ival auoTNPd TTPOYPAUUATICUEVES KAl
ETTOUEVWG ETILPPETELS OE SLATAPOYES

Ta madd Adyw Tax0TEPNS AVATITLUENG EXOVV LEYUAAVTEPESG AVAYKEG OE KATAVAAWGCT) TPOPTNSG,
VEPOU KL aépa aTtd TOV EVIALKA KL CUVETIWG KAL LEYQAVTEPT €KOEOT O TOEIKEC XNUIKEC
OVGLEC VA BAPOC CWUATOC

Ot petaBoAkéG 080l yio TNV AmOpAKPUVGT) OTIO TO CWUA TOELKWV 0VGL®V EVAL TILO XVWPLUES
‘Otav pa €ékBeon ocvuPel oe veapn NALKIA 1) EMIMTTWOT TG CLUVOSEVEL TO ATOUO YLK TIOAAX XPOVIX

EMOUEVWS VEAVOVTAL OL TILOAVOTNTEC AVATITUENC VOO OU YIX KATIOLEC AGOEVELEC (KapKivog,
VEUPOEKPUALOTIKA VOOT|LATA)

National Research Council. Pesticides in the Diets of infants and children. Washington Press, 1993
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Figure 1. Timelines of developmental processes in the nervous system of rats compared to timing of fertilization,

organogenesis, and histogenesis. Modified from Vorhees (75) and reprinted with permission of Plenum Press.
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d Tnv 31 pe 41 gfSopada kumone, oxnuatiletat
0 VEVPLKOG owAnvag (vevpldiwon)

d Zmn ovvexela SlaopoToleital oTo TANPES
VEUPIKO oVotnua petaéyd 4 kou 12
eBSopnadwv(opyavoyeveon/vevpoyéveon).

Ta kOTTapa moAAamAacialovtal kat dnutovpyolv

VEUPWVEC.

A6 12 éw¢ 20 eBdopadec, avtoi ot
VEUPWVEC UETAVAGTEVOVV KATA UNKOC TWV
OKTIVIKWOV KUTTAPWVY OTOV TEALKO TIPOOPLOUO
TOUG KaL oYNUaTi{ouV TOV (PAOLO

A Meta&d 24 eBSopadwv kvnong £wg 4
eBSonadwV peTA TN YEVVIION, sp@pavileTal N
TMPWTN AMOTMTWOT], HELWVOVTAS TOV aplOuod
TWV VEVPWVWV KATA TO TLLLOV.

D.Rice, S.Barone ]JR “Critical Periods of vulnerability for the developing nervous system: evidence from hymans

and animal models”
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0 0 mAakoVVvTaCg SV eVl ATIOTEAEOUATIKO EUTIOSL0 Yo TIEPLBAAAOVTIKOUE pUTIOUG.

(ITx n ovykévipwon tov Hg otov opu@dAio Awpo eival YmAdTepn amd To oo TG UNTEPAG)

d 0 dUoTO-EYKEPAALKOC @POYNOC eV elval TTANPWS AVETTTUYUEVOS OTIWS GTOV EVIALKO EXPL
TOUG 6 pves e Jons.

0 Ammo@ideg ovoieg O6TIwS kAol evtopoktova kol ta PCBs (polychlorinated biphenyls)

OLVOOWPEVOVTUL 6TO ALTIOEN LOTO TG UNTEPAG KL TIEPVAVE GTO U TPLKO YOUAQ UE ATTOTEAECHO VL
UTIAPXEL EKATOVTATAACLX EKOEOT TOV VEOYVOU /BPEPOUG 0E GXEDT UE TN UNTEPA KoL TN pala

OWUATOG.






EIIITENENETIKH

0 6pog mepLypda@el aAdayég Tov AEN
TPOTIOTIOLOVV TNV dAANAovyia fAcewV TOU
DNA AAAA aAAd&lovv Tn Aettovpyia Tov.

To emiyovidiwpa petafeAretatl SuvapKa
oTA KUTTAPA TWV SLAPOPWV LOTWYV, OE
avtiBeon pe v akoAovBia Tov DNA, tov
TUPAUEVEL 0TADEPT], KAL XPTOLULOTIOLWVTOS EVX
LEYAAO aplOud evOUWV GE GUVTOVIOUO
LETAED TOVG, pLOULLEL TNV EKPPAOT) TWV
YoviSiwv Kal SLapop@wVveL SLa@opeTIKOUG
(POLVOTUTIOUG OE€ SLOLPOPETIKA KUTTAPOL.
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AVZAAVAN EMIFTENETIKOI MHXANIZMOI
AVAVAN

To emyoviSilwpa elvat o KUPLOC GTAOXOC TAV®W GTOV OTOLO
TEPLLAAAOVTIKEC TPOGPLOAEC LTTOPOVV VU §pAGOVV KAL VX
SLatapatovv v EK@PAOT) T®WV YOVISIwV TTov puvoOuilovv
TN PUGLOAOYIKT] AVATITUEN KL VX 081Y1)60VV OE
LOKPOTIPOOEGLEC CUVETIELEG 0T SOOI KAL T1) AELTOVPYLX
TOV EYKEPAAOV.

OL KUPLOL ETILYEVETIKOL Y OVLIOOL TTOU SLAOPPWVOUV TNV
ETILYEVETIKT] KATAOCTAOT TOVU YOVISLWUATOG TIEPLAAUBAvVoLV:

O ™ peBuvAiwon tov DNA
v Tpomomoinon Twv LloTovVWwY

O ta un kwdwkomolovvta RNAST
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TO IIEPIBAAAON AITIOTEAEI KAOOPIXTIKO
IIAPAI'ONTA I'lA THN YTEIA TOY ITAIAIOY

Prenatal environment

[TepiBarrovTikoi kivduvol

Timing of exposure to

environmental factors
J Xnuwkol §
n l"l Genetic factors or

D CI)U OLKO [ predispositions

J BloAoyikol

J Yuyoxkowwvikol

Postnatal environment

Neurodevelopmental disorder (NDD) risk factors.



NevpoTOEIKOTNTA 0PL{ETUL OTTOLXSNTIOTE
dvopevnc emidpaon ot ynuela, Sopn N
AELTOVPYLA TOV VEVPLKOV GUOTI|UATOC KOTH TNV
QVATITUEN 1] TV WPLHOTNTA IOV TIPOEPYETAL ATIO
XTNULKEC 1] (PUOLKEC ETLPPOEC.

AvaTTuiLakn] VEVPOTOEIKOTNTA OplleTol KAOE
aQVaTTUELOKT] SVOTTAACLX GTO AVATITUGOOLEVO
VEUPLKO GUOTILQ IOV TIPOKAAELTAL AXTIO

TOELKOTNTA EVOC XT|ULKOV 1] AAAov taBoyovov.




[IEPIBAAAONTIKOI IIAPATONTEX KINAYNOY I'lA AYTIZXMO

MOavoAoyovpevol pnyaviopot
JHAKlo YOVEWV

dITepryevvntikot Ilapdayovteg Yl P Xay
dXtepoeldn) tov puAOL B
dAwatpo@n) untepag

Neural tube development
A

[ ’ ’ ’
J’ExBeomn epfpvov gappoxka
JKamv LOU(X, QAAKOOA ommyv C L |
EYKLUHOOLVT B Y e R S
j AGG év ELEC Trlg ll‘r]'tépag Pt %&:;:Q: . A
a7 ’ % \ N/
|
J’ExBeon su[,SpUOU O0TO TO§LKQ S Yela
£eVOBLOTIKA g T [ —

E.Masini et Al “An Overview of the Main Genetic, Epigenetic and Environmental Factors Involved in Autism Spectrum Disorder
Focusing on Synaptic Activity” Int. J. Mol. Sci. 2020



[TIPOXQPHMENH I'ONIKH HAIKIA

YUOO®WPEVON
LETAAAXEEWV

REVIEW
Advanced paternal age effects in neurodevelopmental

disorders—review of potential underlying mechanisms

M Janecka", J Mill'%, MA Basson®, A Goriely®, H Spiers’, A Reichenberg?, L Schalkwyk®” and C Fernandes'”

Parental Age and Offspring Psychopathology in the Philadelphia
Neurodevelopmental Cohort

A.K. Merikangas et Al, ] Am Acad Child
Adolesc Psychiatry. 2017

©
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[IEPIFENNHTIKOI IIAPAI'ONTEX

Pediatrics, 2011

Avopain mpofoAn
Hsp LYEVVNT [Kfl 1)1'[0{{(1 / K(’XK(A)O'T] Perinatal and Neonatal Risk Factors for Autism: A Comprehensive Meta-analysis

Hannah Gardener, ScD,% Donna Spiegelman, ScD,?? and Stephen L. Buka, ScD°¢

XaunAo Apgar score 5" kakwon
ETUTAOKEG QATTO TOV OLPAALO AW PO

Nature 2017
Alpoppayila
I I 4 4 4 Prenatal, perinatal, and neonatal risk factors of autism
[ToAvdupun kunon, xapnio Bapog yevvnong cpectrum disorder
E l,G p(’)(pn GTI l,ln va (,OU Elizabeth Hisle-Gorman', Apryl Susi', Theophil Stokes?, Gregory Gorman', Christine Erdie-Lalena” and Cade M Nylund'
Avaluia veoyvou

Autism Spectrum Disorders in Survivors of Extreme Prematurity C.

14 4
YUYYEVELC SUOTTAAGLEG Limperopoulos 2009

Acovupatommta ABO, Rh .
25% tested positive on MCHAT

LITIOTIKEG SUOKOALEG



2019
Original Investigation | Pharmacy and Clinical Pharmacology
Association of Prenatal Exposure to Valproate and Other
Antiepileptic Drugs With Risk for Attention-Deficit/Hyperactivity
Disorder in Offspring

Jakob Christensen, MD, PhD, DrMedSci; Lars Pedersen, PhD; Yuelian Sun, PhD; Julie Werenberg Dreier, PhD; Isabell Brikell, PhD; Seren Dalsgaard, MD, PhD

2021

Review
Emerging mechanisms of valproic acid-induced neurotoxic events in autism
and its implications for pharmacological treatment

Abdoh Taleb ™', Wen Lin™', Xiang Xu ", Gang Zhang *, Qi-Gang Zhou ", Muhammad Naveed *,
Fan Meng b, KOh]] Fukunaga d’ Feng Han a,e, i«

Y~ ANTIENIAHIITIKA ®APMAKA KAI EFKYMOXYNH

Valproic Acid

/\O)\;Oia\

d A/YM GLUVATITIKNG
AstrTovpylac
d dAsypovn KNX

d A/xm vevpoyEveong
1 018 wTIKO Sress
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KAIINIXMA KAI AAKOOA

Maternal Smoking and Autism Spectrum Disorder: A

Meta-analysis

Brittany N Rosen ', Brian K Lee, Nora L Lee, Yunwen Yang, Igor Burstyn

A Meta-Analysis of Maternal Smoking during Pregnancy and Autism Spectrum

Disorder Risk in Offspring

Shiming Tang,T Ying Wang,T Xuan Gong, and Gachua Wang’ 2015

Maternal Smoking and Attention-
Deficit/Hyperactivity Disorder
in Offspring: A Meta-analysis

Lan Huang, PhD,2® Yan Wang, MD,2® Li Zhang, MD,2° Zhen Zheng, PhD,2
Tingting Zhu, MD,2® Yi Qu, PhD,2® Dezhi Mu, MD, PhD20 PediatriCS 2 O 1 8

Evidence of altered brain regulatory gene expression in tobacco-
exposed fetuses

Hamisu M. Salihu [, Arnut Paothong, Rachita Das, Lindsey M. King @, Anupam Pradhan, Bridget Riggs, Eknath Naik, Erin M. Siegel and
Valerie E. Whiteman

J Autism and Dev Disorders 2015

FETAL ALCOHOL SYNDROME

Fetalalcohol syndrome is a conditionin a child that results
fromalcohol exposure during the mother's pregnancy.

Symptoms:

R
M-Q/
Small head circumference
Poor coordination
Delayed development
Poor memory
Difficulty with reasoning and
- problem-solving
Hyperactivity
Rapidly changing moods
Problems with behavior
-and impulse control

-

Heart defects

QP General_
Slow physical growth

Poor judgment skills
Poor social skills

Small eyes, Vision difficulties
Exceptionally thin upper lip
Smooth skin surface
-between nose & upper lip
Hearing problems

R 7) _ Bones

Deformities of joints, limbsand fingers

\




XHMIKOI NEYPOTOZIKOI [IAPATONTEE
VAN ////

N\ \ 200 xMuxég EVwoelg ackovV VEVPO-TodLkT Spdomn otov avBpwmo
80000 YNUIKEC EVWOELS 6T AYOPA
Atyotepo ano 20% T®wV OVGLWV IOV X PN CLUOTOLOUVTAL £XOUV EAEYXOEL YL QG @AAELX KL
TOELKOTN T

 Mo6AvBdog

 Yopapyvpog

1 Apoeviko

d MoAvyAwplwpeva dupatvuiia (PCBs) 00C
 AtaAvteg

d dvtodppaka
d Mayyavio

@ 4 Bl Chemicals known to be toxic to human B Chemicals known to be
e O p lO neurodevelopment NeUrotoxic in expenments

[:] Chemicals known to be neurotoxiK - Chemical universe
in human beings

 YmepyAwpiko

P Grandjean, P] Landrigan “Developmental neurotoxicity of industrial chemicals “ The Lancet 2006
PJ] Landrigan et Al “Pollution and children's health”, 2019
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Panel: Chemicals (n=201) known to be neurotoxicin man

Metals and inorganic compounds
Aluminum compounds
*Arsenicand arsenic compounds
Azide compounds

Barium compounds

Bismuth compounds

Carbon monoxide

Cyanide compounds
Decaborane

Diborane

Ethylmercury

Fluoride compounds
Hydrogen sulphide
“Lead and lead compounds

Lithium compounds

Manganese and manganese compounds

Mercury and mercuric compounds
*Methylmercury

Nickel carbonyl
Pentaborane

Phosphine

Phosphorus

Selenium compounds

Tellurium compounds

Thallium compounds

Tin compounds

Organicsolvents
Acetone

Benzene

Benzyl alcohol
Carbon disulphide
Chloroform

Chloroprene

Cumene

(yclohexane

(yclohexanol

(yclohexanone
Dibromochlorapropane
Dichloroacetic acid

1,3-Dichloropropene

Diethylene glycol

N,N-Dimethylformamide

2-Ethoxyethyl acetate

Ethyl acetate
Ethylene dibromide
Ethylene glycol
n-Hexane

Isobutyronitrile

Isophorone
Isopropyl alcohol

Pesticides

(I O OO VAR T SO S Y R Y SO SN T SO S WIS I R T T T NS TN 5 V)

Aldicarb
Aldrin
Bensulide
Bromophos
Carbaryl
Carbofuran
Carbophenothion
a-Chloralose
Chlordane
Chlordecone
Chlorfenvinphos
Chlormephos
Chlorpyrifos
Chlorthion
Coumaphos
Cyhalothrin
Cypermethrin
2,4-D

DDT
Deltamethrin
Demeton
Dialifor
Diazinon
Dichlofenthion
Dichlorvos
Dieldrin
Dimefox
Dimethoate
Dinitrocresol
Dinoseb
Dioxathion
Disulphoton
Edifenphos
Endosulphan
Endothion
Endrin

EPN
Ethiofencarb
Ethion
Ethoprop

Isopropylacetone
Methanol

Methyl butyl ketone
Methyl cellosolve
Methyl ethyl ketone
Methylcyclopentane
Methylene chloride
Nitrobenzene
2-Nitropropane
1-Pentanol

Propyl bromide
Pyridine

Styrene
Tetrachloroethane
Tetrachloroethylene
*Toluene
1,1,1-Trichloroethane
Trichloroethylene
Vinyl chloride
Xylene

Other organic substances

» Acetone cyanohydrin

«  Acrylamide

+ Acrylonitrile

« Allyl chloride

+ Aniline

+ 1,2-Benzenedicarbonitrile

+ Benzonitrile

« Butylated triphenyl phosphate
« Caprolactam

+ Cyclonite

+ Dibutyl phthalate

+ 3-(Dimethylamino)-propanenitrile
« Diethylene glycol diacrylate
+ Dimethyl sulphate

« Dimethylhydrazine

+ Dinitrobenzene

- Dinitrotoluene

» Ethylbis(2-chloroethyl)amine
« Ethylene

« Ethylene oxide

+ Fluoroacetamide

+ Fluoroacetic acid

+ Hexachlorophene

+ Hydrazine

= Hydroquinone

« Methyl chloride

+  Methyl formate

+  Methyl iodide

+  Methyl methacrylate

» p-Nitroaniline

+  Phenol

P Grandjean, PJ Landrigan “Developmental neurotoxicity of industrial chemicals “ The Lancet 2006
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Fenitrothion
Fensulphothion
Fenthion
Fenvalerate
Fonofos
Formothion
Heptachlor
Heptenophos
Hexachlorobenzene
Isobenzan

Isolan
Isoxathion
Leptophos
Lindane
Merphos
Metaldehyde
Methamidophos
Methidathion
Methomyl
Methyl bromide
Methyl demeton
Methyl parathion
Mevinphos
Mexacarbate
Mipafox

Mirex
Monocrotophos
Naled

Nicotine
Oxydemeton-methyl
Parathion
Pentachlorophenol
Phorate
Phosphamidon
Phospholan
Propaphos
Propoxur
Pyriminil

Sarin

Schradan
Soman
Sulprofos
2.4,5-T
Tebupirimfos
Tefluthrin
Terbufos

Thiram
Toxaphene
Trichlorfon
Trichloronat



Is developmental neurotoxicity a “silent” pandemic?
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BLouNnYavIKWV XNUK®OV O€ VTTO-KALVIKO £TTITESO
aToLTEL SEKAETIEG EpEVVAG.
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The worldwide problem of lead in petrol
Philip J. Landrigan’

" WARNIN

Even low-dose lead exposure is hazardous

LEAD CONTAMINATED' {8
T AREARSS

0.24 mmol/L

Low-level environmental lead exposure in
childhood and adult intellectual function: a
follow-up study

Maitreyi Mazumdarm*, David C Bellinger]'z, Matthew GregasLB, Kathleen Abanilla’, Janine Bacic® and
Herbert L Needleman®
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Evidence on the Human Health Effects of Low-Level Methylmercury Exposure

Margaret R. Karagas,” Anna L. Choi,2 Emily Oken,? Milena Horvat,* Rita Schoeny,’ Elizabeth Kamai,'
Whitney Cowell,® Philippe Grandjean,? and Susan Korrick?®

'Section of Biostatistics and Epidemiology, Geisel School of Medicine at Dartmouth, Hanover, New Hampshire, USA; 2Department of
Environmental Health, Harvard School of Public Health, Boston, Massachusetts, USA; 3Department of Population Medicine, Harvard
Pilgrim Health Care Institute and Harvard Medical School, Boston, Massachusetts, USA; “Department of Environmental Sciences, Jozef
Stefan Institute, Ljubljana, Slovenia; U.S. Environmental Protection Agency, Washington, DC, USA; éChanning Laboratory, Department
of Medicine, Brigham and Women's Hospital, Harvard Medical School, Boston, Massachusetts, USA

* MoOAuvon Yaplwy (st8Ika HeyaAa)

* ERSoupadlalo 0plo KATavAAWONG
0.7-1.6 ug/kg
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The Relationship between Prenatal PCB Exposure and Intelligence (1Q)
in 9-Year-Old Children
Paul W. Stewart,” Edward Lonky," Jacqueline Reihman,’ James Pagano,? Brooks B. Gump,’ and Thomas Darvill’

1Center for Neurobehavioral Effects of Environmental Toxics, and 2Environmental Research Center, State University of New York at
Oswego, Oswego, New York, USA

RESULTS: For each 1-ng/g (wet weight) increase in PCBs in placental tissue, Full Scale IQ dropped
by three points (p = 0.02), and Verbal IQ dropped by four points (p = 0.003). The median PCB level
was 1.50 ng/g, with a lower quartile of 1.00 ng/g and an upper quartile of 2.06 ng/g. Moreover, this

association was significant after controlling for many potential confounders, including prenatal expo-

sure to methylmercury, dichlorodiphenyldichloroethylene, hexachlorobenzene, and lead.

CONCLUSIONS: These results, in combination with similar results obtained from a similar study in
the Great Lakes conducted 10 years earlier, indicate that prenatal PCB exposure in the Great Lakes
region is associated with lower IQ in children.
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Table 2. Mechanisms by which gestational exposure to certain classes of pesticides may induce observed pathophysiologic symptoms of autism.

Mechanism of action/
Route to autism pathaphysiology Observed effects Specific pesticides Class of pesticide Reference
Developmental neurotoxicity
Alteration of excitation/ Decrease in GABA receptors Dieldrin (prenatal exposure in rats) 0Cs Brannen et al. 1998;
inhibition mechanisms Liuetal. 1998
Inhibition of GABA General function of OC, pyrethroid pesticides  OC, pyrethroid
Inhibition of AChE General function of OP, CB pesticides OPs, CBs
Mitochondrial dysfunction
Oxidative stress Apoptosis of neuronal cells Dichlorvos (rat brain) OPs
Inhibition of mitochondrial respiration Methoxychlor (mice brain) 0Cs Kaur et al. 2007;
Schuh et al. 2005
Immune toxicity
I[mmunosuppression Decreased DTH and antibody production Atrazine (gestational exposure to rats) Triazine Rooney et al. 2003
Neuroinflammation Activation of human fetal astrocytes, increased ~ Cyfluthrin, chlorpyrifos (primary human fetal ~ Pyrethroid, OPs Mense et al. 2006
expression of proinflammatory cytokines astrocytes)

Maternal hypothyroxinemia
Insufficient gestational thyroid ~ Decreased Ty, inhibition of T, deiodinationto  Acetochlor, alachlor, mancozeb, thiocyanates, 0Cs, thiocyanates,  Cheek et al. 1999;
hormones Ts, prevention of iodine uptake 2,4-D, aminotriazole, endosulfan, malathion ~ OPs Colborn 2004;
(multiple animal studies) Goldner et al. 2010;
Rathore et al. 2002

J. E. Shelton et Al “Tipping the Balance of Autism Risk: Potential Mechanisms Linking Pesticides and Autism”
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Neurodevelopmental Disorders and Prenatal Residential Proximity
to Agricultural Pesticides: The CHARGE Study

Janie F. Shelton,’ Estella M. Geraghty,? Daniel J. Tancredi,>* Lora D. Delwiche,” Rebecca J. Schmidt,’
Beate Ritz,>%7 Robin L. Hansen,?® and Irva Hertz-Picciotto'’8

Department of Public Health Sciences, University of California, Davis, Davis, California, USA; 2Division of General Medicine,
3Department of Pediatrics, and “Center for Healthcare Policy and Research, School of Medicine, University of California, Davis,
Sacramento, California, USA; °Department of Epidemiology, 6 Department of Environmental Health Sciences, and ’Department of
Neurology, Fielding School of Public Health and School of Medicine, University of California, Los Angeles, Los Angeles, California, USA;
8UC Davis MIND (Medical Investigations of Neurodevelopmental Disorders) Institute, Sacramento, California, USA

Children of mothers who live near agricultural areas, or who are
otherwise exposed to organophosphate, pyrethroid, or
carbamate pesticides during gestation may be at increased risk
for neurodevelopmental disorders. Further research on gene-
environment interactions may reveal vulnerable subpopulations.



Prenatal Exposure to Organophosphate Pesticides and 1Q in 7-Year-Old
Children

Maryse F. Bouchard,’? Jonathan Chevrier,” Kim G. Harley,” Katherine Kogut,” Michelle Vedar,” Norma Calderon,?
Celina Trujillo,” Caroline Johnson,” Asa Bradman,” Dana Boyd Barr,* and Brenda Eskenazi’

TUniversity of California—Berkeley, Center for Environmental Research and Children’s Health, School of Public Health, Berkeley,
California, USA; 2CHU Sainte-Justine Research Center and Université de Montréal, Department of Environmental and Occupational
Health, Montreal, Quebec, Canada; 3Center for the Health Assessment of Mothers and Children of Salinas (CHAMACQS), Clinica de
Salud del Valle de Salinas, Salinas, California, USA; *Emory University, Rollins School of Public Health, Atlanta, Georgia, USA

RESULTS: Urinary DAP concentrations measured during the first and second half of pregnancy
had similar relations to cognitive scores, so we used the average of concentrations measured during
pregnancy in further analyses. Averaged maternal DAP concentrations were associated with poorer
scores for Working Memory, Processing Speed, Verbal Comprehension, Perceptual Reasoning, and
Full-Scale intelligence quotient (IQ). Children in the highest quintile of maternal DAP concentra-
tions had an average deficit of 7.0 IQ points compared with those in the lowest quintile. However,
children’s urinary DAP concentrations were not consistently associated with cognitive scores.

CONCLUSIONS: Prenatal but not postnatal urinary DAP concentrations were associated with poorer
intellectual development in 7-year-old children. Maternal urinary DAP concentrations in the present
study were higher but nonetheless within the range of levels measured in the general U.S. population.
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[TeplEyovtal o€ MAAOTIKA, TTPOTOVTA TIPOCWTILKNG PPOVTISAC,
POAPUAKEVTIKA TIPOLOVTA, LATPLKO EEOTIALOUO

Oulhote Y et Al, “Gestational
Exposures to Phthalates and Folic

Acid, and Autistic Traits in Canadian
Children”, 2020

PHTHALATES

JEvdokpivikol Statappakteg umopel va
eTMNPEACOVV TNV AVATITUEN TOVU EYKEPAAOV
HEoW SlaTapoayms TG BupeoelSIKNG
AcLTovpylag 1 pelwons Twv avépoyovwy
TOU EUfpvov

dIMBavOG ETYEVETIKOC UNXAVIOUOC LECW
TPOTIOTIOMNONG TNG EKPPAOTG YOVISiwV oV
£XOUV POAO OTT VELPOAVATITUEN
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Movo&eidlo Tou dvBpaka SUGYE ,
UOXETLOT) TIPO- KOl LETO YEVVITIKTG

MoAvBSog . , ‘

) , EKOEOTG UE LELWOT) TG GUYKEVTPWOT)G
Aloeiblo Tov alwTov ‘e § .
0Zov KOL YVWOTIKEG SLATAPAYEG KAl

QUTLONO O€ ETSULOAOYIKES LEAETEG KAl

Alo&eiSlo Tou Belov . .
0€ UEAETEG UE TELPAUATOLW

Alwpovpeva ocwpatidia (ultra fine particulate
matter)

Kicinski M et Al “Neurobehavioral performance in
adolescents is inversely associated with traffic exposure”
2015

Sunyer J et Al.“Pre-natal brain development as a target for
urban air pollution”, 2019
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Prust et Al ,“The plastic Brain: neurotoxicity of micro-and nano plastics”. Particle and Fibre Toxicology ,2020
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Economic Gains Resulting from the Reduction in Children’s Exposure to Lead
in the United States
Scott D. Grosse,! Thomas D. Matte,! Joel Schwartz, and Richard J. Jackson'

National Center for Environmental Health, Centers for Disease Control and Prevention, Atlanta, Georgia, USA:; 2School of Public Health,
Harvard University, Cambridge, Massachusetts, USA

OKOVOULKX 0@ EAT QO
QATOLAKPUVGT] TOV HoAVBSov and
™™ Bevlivn 110 -319 810 SoAdapla

H oAokAnpwpevn, TANPNG avTiAnym ™G emidpaons mepLBaAAoVTIKWVY
TUPAYOVTWV OTO VEVPLKO GUOTNUX TIPOCPEPEL LA CUVAPTIACTIKN
svkalpla ya Tpwtofaduta mpoAnym vocov.
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