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Abstract

Research into environmental risk factors for autism has grown dramatically over the past 10 years,
providing evidence that non-genetic factors acting during the prenatal period may influence

the underlying neurodevelopmental processes. This paper reviews the evidence on modifiable
preconception and/or prenatal factors that have been associated with autism spectrum disorder
(ASD), including only human studies with at least 50 cases of ASD, having a valid comparison group,
conducted within the past decade, and focusing on maternal lifestyle or environmental chemicals.
Consistent results have been reported for an association of higher maternal intake of certain nutrients
and supplements with reduction in ASD risk, with the strongest evidence for folic acid supplements.
A number of studies have demonstrated significant increases in ASD risk with estimated exposure to
air pollution during the prenatal period, particularly for heavy metals and particulate matter. A few
studies suggest a link with organophosphate pesticides. More rigorous ascertainment of exposure

is needed for studies of substance use; most investigations adjusting for potential confounders, but
relying on self-reported use, have shown no links between maternal smoking or alcohol consumption
and ASD. Little research has assessed other persistent and non-persistent organic chemical
pollutants, such as are found in common household or personal care products, in association with
ASD specifically. More work is needed to examine fats, vitamins, and other maternal nutrients, as well
as endocrine-disrupting chemicals and pesticides, in association with ASD, given sound biological
plausibility and evidence regarding other neurodevelopmental outcomes. In addition, the field could
be advanced by the use of large-scale epidemiologic studies, attention to critical etiologic windows
and how these vary by exposure, interactions with genetic susceptibility, and a focus on underlying
mechanisms.

Introduction

In the past decade there has been an exponential growth in the number of environmental factors
studied in association with autism spectrum disorder (ASD). Although genetic factors are clearly
involved in ASD risk, evidence supports a substantial environmental contribution. Furthermore, both
genetic and environmental research points to the complexity of the disorder, with multiple causes
likely to be acting in one individual. Although postnatal influences may also contribute to risk, this
review covers exposures occurring during the preconception and prenatal periods. We focus on
maternal lifestyle factors and environmental chemical exposures that can potentially be modified at
the individual or societal level; only human studies with adequate sample sizes (at least 50 cases) that
examined an ASD diagnosis or a scale score for ASD symptoms are reviewed.

Environmental exposures may influence brain development at different stages, acting directly on
signaling or receptors in neuronal tissue, or through immune dysregulation, hormonal aberrations,
oxidative stress, nutrient deficiencies, epigenetic alterations, and/or by inducing de novo DNA
changes. Some environmental factors may be markers rather than causes of higher risk, but are

CEPIP.org Issue 4 September 2014



(1-3) and short

on

examples include season of birth or concept

inter-pregnancy interval (IPI) (4-6). The former may be related to factors that vary by season, such as

7

useful in providing etiologic clues

ient

, vitamin D levels or pesticide use, while the latter could result in maternal nutri

ons

lencies.

| infect

defic

Vira

1. Maternal lifestyle factors

Ism

Summary of Maternal Lifestyle Factors Associated with Auti

Table 1

(syuswainseaw
SINDT PRy Os|e jesqns e)

‘oleosqns )1y Aesseounwiwi swAzus

‘papaau aJe pIyd a8y} ul sisoubelp Sy 01 uonejas | Buiydoums uonuale ayl YIm punoy Sem UOeIO0SSE ue Buisn Aoueubaud (Apnis auiey)
ul @ ulweyA [eulajew Buluiwexa saipnys {Apnys uoneindod yeam e ‘(juanonb wnijoads-wsine Buisn) S$)9am g| Je painseaw eljessny
|esauab e ul sadAjouayd wsine Buudsyo yum pajeloosse sadAjouayd wsiine Buudsyo yym pajeroosse SUOI}BJ)USU0D (asy yum ¢ Buipnjoul z102
aq 0} Jeadde jou seop g ulwelA [euole)sab [eussjepy JOU 9J9M S[DAS| WINJas [euoleisab [eulaie|y a ulwepr-(HO)GZ wnies ‘6Z6=U) HoyoD ““|e 12 8SNOYsHUM
g ulwejipn

"Buiwn (ssoyjow
auIWEXd pUE ‘sjuswainseaw aAloa[qo asn ‘pajeslidal 3SI SV Pasealoul Yim pajeioosse ulog sem pjiyo |01u02 82/ /1 (11 Apmis

9( 0} PaBU S}NSaY "YSH Pasealoul UM pajeloosse ayejul
¢-eBawo mo| A1an pue spioe Aje} 9-ebawo pasealoul
UM ¥Sl SV pasesloap Joj aouspire Aleujwiald

sem ayejul g-ebawo moj Aia “spioe Aney
9-eBawo Ajjeroadse ‘eyelul 1e} pajenjesunijod
|eulajew pasealoul Yum s dSy paseslsssqg

ay) Jeak ay) Buunp 181p Jo}
alleuuolsanb Aouanbaly
P00} paJdisiuiupe-}|8s

‘asy Uim uaipjiyo
4O s1ayjow / L€)
|0J}UOD-8SED Pa)SON

yjleaH .sasinN)
sejelg pajun
€102 "I e |1ek]

'sjoeye
asop ajeblisanul pue sbuipuly 8y} 8)eoidal 0} papasu
ale Aoueubaid Buunp axejul |10 ysii pue ysi buiuiwexs
SaIpN}s [euolippy Hodai-jjas uo paljal saipnis yjog
‘siepunojuod ajendoidde 1oy Juswisnlpe pue uoios||0d
ainsodxa aAnoadsolid yym saipnis Hoyoo abie| omy

spioy Aped
uone)sab Jo 8| doam je
alieuuopsanb uo papodal (SON-aad uum 001
Aoueubauid ‘awolpuAs Jabiadsy
(dIN1 Apea ul pue uoidaouod UM 9G ‘wsine (ego)
IB)E S399M g — 810j9( SHBdM ) uodaduod Jeau EIJET| UNM {1 | ‘UaIpliyo KemioN

USYE} |10 Yslj [eusajew Joj punoy UOIEIO0SSe ON

ayejul Juswa|ddns |10 ysi4

9/1'G8) Hoyod yuig

€102 "[e 18 uging

S¥BjuUI YSI) [BUISJEW 1O} PUNO} UOIRIOOSSE ON

aJleuuonsanb
Kouanbauy pooy pajepliea
Buisn pa}oa)||0o axejul ysi4

(s1ayjow

|onuod 82/ L
‘asy yum ualpjiyo
JO sayjow /L€)
|0JJU0D-2SED PaISaN

(11 Apms

yjeaH ,sasinN)
S9je]sS pajun
€102 “le e |led]

Aoueubaud jo Joysawiy
pa1yy Bureys uopdwnsuod

(jonuoo pzg ‘asv

©8.I0y YINos

sl JO yslj [eulajew Joj uoneroosse ou sysabbns sousping 2Insodxe Pooyess Ul 80UaISyip ON  Poojess jo Jodal [eusalely 901) |0Jju0o-8seD 0L0Z “le 1o wry
110 ysid B ysid
uoneysab
10 g| Yeem je Jodal
aJleuuonsanb
ybnoiyy paurelqo (SON-aad unm ool
Aoueubaid ‘aWwolpuAs Jabiadsy
SON-add Jo awoipuAs sabiadsy jou ‘wsnpne 1oy Ales ul pue uoidaouod Upm 9gG ‘wsine (egon)
3SI PaoNPal YIm pajeloosse (N7 Joue syoam g — a10j8q axejul UNM {1 | ‘UaIpliyo KemioN

"uoljelapISUOD Spasu aje|o} Alejelq “uoneoljdal spasu
sjueLeA 8UBB JaY)o pue Sjolle-L /29 YHLA PIUD pue
|eulsjew Aq UOIEOIPOW J08Y8 pue pusl) asuodsal-8so(q
"pajesldas SY/WSHNe 10} ¥SH peonpal pue uo)deouod
Jeau axejul pioe 210} [ejuswa|ddns ussmiaq UOHBID0SSY

210J8q S}9OM ) Uodaouoo Jeau eyelul pIoe 21|04

juswsa|ddns pioe 21|04

9/1'G8) Hoyod yuig

€102 “le e uaing

paAIasqo

puaJ) esuodsal-asoq ‘8l9|le-1 //9 Y4H.LW Sey
pIIyo Jo Jayjow Ji Ajleroadse ‘QSy Joj YsH paonpal
Y}IM pajeloosse uofjdaouod Jeau axejul pioe o1jo4

alleuuonsanb
paJsjsiuiwpe-suoyda)e}
eln pauodal Ajjejusied
spuelq [ealad pue
juswsa|ddns jo axejul Jo
Aouanbauy wouy payiuenb
pIoe 21|04 ueaw [ejo |

(sjonuoo g/z ‘asvy
62¥) |0Juoo-ase)

(394VHO)
VSN ‘eluioyied
Z10Z [ 19 Iplwyos

POV dljo4

‘pajeolidal aq o} spasu sadAjouab wsijogelaw
U0QIeD-3UO UIEYSD U}IM UOIOBISIU| "PApaauU dJe SUIWE)A
|eyeuald Jo sujweAlNW Buluiwexs saipn)s [BUOIPPY

sadAjouab

WISI|OCE}dW UOGIED-8UO UIBHSD UM UONeulquiod
ul Ajleioadsa uondasuod Jeau Jo aloyaq

uaye) JI ASY 404 YSH POSEDII8P )M PB)EIDOSSY

alleuuonsanb
paJajsiuiwpe-auoyda)s}
elA Jodal [ejuaied

(sjonu00 822 ‘ASY
62¥) |0Jjuoo-ase)

(394VHO)
VSN ‘eluioyied
1102 “[e 39 IPIWyos

82UapIAT JO 3)e)S

sjinsay

juswssassy ainsodx3 |

uBisaqg Apmis

sujwellA |ejeudid
awieN pue ‘uoljesoT]

‘aoualayay Apnig pue
10joB4 |[EJUBWIUOIIAUT

<
s
o
Q
—
@
o
=
0]
Qo
%
o)
(]
<
)
>
0
@
>
o
o
o
L
©]




ice

Pract

N

>
S
)

la

Edge Psych

ing

Cutt

.org

CEP

"Jo8}jo UE N0 8|nJ 0} papasu ale (S|ans|

auIuoo wnias "a'l) Bupjows apalebio Jo siexiew aAldalqo
Buiziiyn pue ‘suonoelaiul JuswuolIAuS X auab |enusjod
pue sy Buiuonouny-ybiy Bunebisaaul saipnys Jayun4
‘suoljejiwl| Jayjo pey pip jey} 8soy} pue ‘ainsodxa

yows a)a.ebio [BJUSLUUOIIAUS PAIBPISUOD SaIPN)S

M&4 "Japunojuod BuoJs e sem yolym ‘S3s Joy isnipe jou
pIp uayo salpnis Ae3 ‘eyeindoeul 8q UED YDIYM ‘Spiodal
yMig wody uayo ‘Buijows papodal-|as uo paljal saipnys
IV "asy Buluonpouny-ybiy yjm UOIIBIDOSSE UE IO} UOHEDIpUI
aWoS "ASY J0} Jojoe} ysi Buosis e se Bupjows ayalebio

abe jo sieah g pue
/ Je sainjes} ayI|-onsiine pue payows sajalebio
10 Jaquinu usamiaq UoNje[a110d aAlisod Jueoyiubig

pIO Siedh

G'| punoJe sem p|Iyo ayy
uaym pa3o9||0d Aoueubauid
Buunp ainsodxa o Jodal
-|ejualed annoadsosiay

sosed QSV [enusjod
¥G1 ‘(eyep Joyoea} yum
1osqns)

SuIM} 069°€ | JO HOYOD
paseq-uone|ndod

sale A\ pue puelbug
0102 “[e1e pleuoy

wisine yyum uaipjiyo
J0 s1ayjow Aq papodal Aoueubaid Buunp axows
puUBY-puUODSS 0} 8INS0dXd |eula)jew pasealou|

alleuuonsanb
paJajsiulupe

-J|@s uo Jodal
|eyuaied aAloadsosay

(sjonuoo Buidojonap
AjjeoldAy g ‘wsnne
GB) |04ju02-aseD

euyy ‘ulfuer
0102 “[e }o Bueyz

(uonoalip aAnoajold Ul puall) Sy pue Bupjows
|leusajew Aue usamiaq uoneloosse juesiiubls oN

ejep
pauodai-jjas pJodal yuig

(eyep bupjows

UYnm asy gezl L ‘1ejoy
022'51.2) Asy yim
8¢ Buipnjoul uaipjiyo
068812 ‘Apnis poyoo
paseg-uoneindod

epeue) ‘epeqly
0102 “e }8 uAising

jueoyiubis-uou Bupjows |eusayed
UIM Uofeoossy ‘Buiyows [eussiew pue sy
40} s JayBiy ploj-z ypm uoneroosse Juedyubls

sieak 9-| abe
sem p|iyo uaym Aoueubaid
10} Pa}09||00 Yodal-jusled

sased Qsy
2/ Buipnjour ‘ua.p|iyo
6..'t ‘Apnys poyoo
paseg-uoljejndod

(Apnis

uyesH pue sbulping
ul ssaudweq)
uspams

6002 “'|e }© uossien]

¥Su pesealosp
SPJEMO} puaJ} ‘UoleIoosSe Juedliubls oN

BJEp PJ0OS) Ylig

S|0JJU0D QQZ'E) ‘Sesed
adsy zg| ‘|onuod-esed
pajsau
paseq-uolne|ndod

(waav)
sejels pauun
600Z “'[e 1o Joplig

Aoueubaud bunnp

ainsodxa Buisjows yym pajeroosse AlBuolis sem
(asy Buluonouny ybiy Joj usalos e se) AJAlIsSuas
|BI00S 10} 8100 WNS DSSY ‘S}uddssjope pasodxa
Burjows a8y} 10} Yg3SY U0 8109s swe|qold |e1oos
J8ybiy papodal s18yoes) pue ‘siayie} ‘siayjop

Aoueubaud jo yeem
0Z B} 210J3q ‘JuswWljoIud
je payodal Ajjeulaley

(s1eah p|

abe) sjusose|ope {8
J0 Apnjs aAipoadsoud
paseg-uoneindod

AemioN

100¢
““|e 19 Inepaipu|

WISIINE Y)IM UONBI0SSE ON

ISYEET
Z1 1e Ajjesauab

JISIA |BJRUS)UR

1841} 9Y3 jB seAMplu

0} podal-j|as aAjoadsold

Aunod

UHIq pue Jeak ‘xas uo
1:0l Paydjew s|ouod
0EL'y ‘sesed g1y
{ApN}s |0)u02-ased
paseg-uoneindod

sewusq

9002
“le 1@ Bunquiiepy

$19pUNOJUO0D 10} JusLiSnipe JNoyIM
wsnne [eoldAje Jo sjuBUl YlIM UOIBIDOSSE ON

JISIA |ejeusjue
}sdy Je podau-yjog

ejep Bupjows

Ylim sjonuod 018°g
‘sased ggz ‘Apnis
|0J}u0O—aseD pajsau
paseqg-uone|ndod

slewuaq
G00Z ‘e 1o uossie

S19punojuod
1o} yuawisnipe jnoyym ‘Bupjows |eyeusid Buipodal
sJayjow Jo uoiodold ul @ouasayip juesyiubis oN

Jodau |eussyew
Pa309]|02 AjoAoadsold

(wsnne noyym
S|0J1U0D pa|gesIp
Ajjeyuswdojanap

901 ‘wsnyne
Z01) |onu0o-asen

Aonjuay
€002 “'[e 18 Swellip

2Jed |ejeusjue
Joj uonedysibal

S|0J}U0D 0F0'Z ‘SOsed
wsnine goy ‘Apnis

Jeusajew poddns Jou op S3S Joj Juswisnipe sjendoidde WISiNe a|ijuBjul Jo} YS1 pasealoul 18 SoAIMpIW |0J]U0O—3SED Pa)SaU uspamg
UM saipnis Jo Jaquinu e ybnoy) ‘Jusisisuooul sI 90uspiAg | pue Bupjows Ajlep usamiag uonjeioosse jueoyiublg 0} Jodal-jjes paseg-uonjejndod 2002 “|e 1@ uewyny
Bunjows

90UapIAT JO dje)S

STEEN

juawissassy ainsodxgy

ubisag Apmig

QWIeN pue ‘uoijeson]
‘aouaiayey Apnis pue
Jojoe4 |ejuswiuodiAug

<
s
o
Q
=
@
o
=
0]
Qo
%
o)
(]
<
)
>
0
@
>
o
o
o
|
©]




aJleuuonsenp Buluseslog wnioedg WSy =DSSY ‘Juswssessy paseq Ajjeouidws Jo We)sAg yorquayoy=ygaSYy :SuoieinaIqqy

"dA31YdE 0} JINJIIPp

JUBWISSASSE 8INS0dXd 8)eINJJY 'SISPUNOJUOI [elusdjod Joy
juawisnipe yum Apnis e ul uoneoldal spaspN ‘uoidwnsuoo
|oyoo|e [eulajew ajesapowl 0} Jybi| Wolj YSl pasealou] oN

(aad
pue Qv Joj awes) sjuaied [01U0D UBY) 8SN |0Yyoo|e
Jamo| Appueoniubis papodal syjusied ased Sy

sjuawissasse olsoubelp
0] Joud pass)siuipe
alleuuonsanb

-jualed aAjoadsoliay

(sjonuoo
[eodAy L1g ‘ASY 961)
|0JJU0D-8sB)) pPoISaN

(3INvIQ)
spuejayleN

€102 “1e 38 JassIA

Aoueubaud Bunnp Jo ai048q uondwnsuod joyoole

Aoueubaud Buunp
pue alojaq uoidwnsuoo

(jonuod pze ‘asy

B810Y YINog

Buiodal siayjow jo uoodoid ul @oualayip ON  [0Yyoole jo Hodal [eulalely 901) [0Jjuoo-ase) 0L0Z “le 18 wry
Aoueubaid (wsnpne
Bunnp meinisul yim 2G| Buipnjou
auoydasje) ybnouyy ‘Z2G6G6‘08=u) Apnis

uondwnsuod joyoole pa109)|00 uondwnsuod 1oyoo aApoadsoud yewuaq

|eusaew ajesspow 0} Jybi| Wouy ysu pasealoul oN

Joyoo|e papodal-jjeg

paseq-uoneindod

010Z “Ie 32 ussel 3

uaJpjiyo ps|gesip

Ajleyuswdojanap Jo siayjow 0} pasedwod wsine
YlIM UBIP|IYo JO sIsylow ul ainsodxe joyooje
|ejeuaid Buiodas uoniodold Jemoj Ajjueoyiubig

1odal [eussjew
pa109]100 AjaAnoadsold

(wsnne Jnoyym
S|0Jjuod pajqesip
Ajjejuswdojanap

90| ‘wsnne
Z0l) |101u02-ase)

VSN ‘Aonjuey

€002 “1e 18 swelip

92UdPIAT JO 3je)S

10yod|y
sjuawissasse onsoubelp (sjonuod
NV "SA SON 0} Joud passjsiuiwpe  [ealdAy L L¢ [SON-add (aNwvia)
-aad ut esn saybiy Apuesyiubis sjouod “sa ASY aseuuopsenb g/ ‘v Lzl ASY 961) spuepayloN

10} &SN 000Bq0) |eleusld Joybly SpJemo} pusl|

-lualed aAoadsolay

|0J}U0D-8SBD Po)SaN

€102 “Ie 38 JassIA

‘s Jobiadsy

10 NV Yim uoneroosse o "Bupjows Jaysawiy
1811} Y}IM UOJBIOOSSE OU ‘ddd YNM pajeroosse
Aoueubaud aius Buunp Bupows |eussjep

Hodal
-J|os ‘ejep piodal |esipawl
Pa109]109 AjaAnoadsold

(eyep

@C_V_Orcw YlIM s|oJjuod
2859l ‘ASV 610%)
Ayjiqesip [enjosjjsiul
919A8S 10 SV INoyIm
S|0JJU0D Z8G‘9g| ‘Ssosed
asyv svov ‘Apnis
|0J]u0d—ased pajsau
paseq-uolne|ndod

puejui4

€10Z “[e1e uel|

SI9PUNOJU0D IO} Juswisnipe
1818 ‘SON-ASY YIIM UONBID0SSE Js8powl
$19PJOSIP OSIINE JO SV YHM UORBIOOSSE ON

Hoday 91eoy1e0 Yuig

(SoN

-asy G.¢ ‘Uspiosip
onsine 0Lg‘L) asy
UM GLg‘e Buipnjoul
‘ualpliyo 686°€E9
‘Apn)s 1I0y0o-8sED
paseq-uone|ndod

S9}elS pajun

[434

‘|e }8 JauuBIgy[EY

SJopunojuod
10} Juswysnlpe Jaye ‘qsy pue Aoueubaid
Buunp Bujows |euiajew UsaM}aq UOIBID0SSE ON

uondaouod Jaye syaem
Z1—8 Ajrewixoidde

JISIA |ejeuald

181l Y} 18 SBAIMPIW

Aq papiooal Ajaaoadsoud
Buisjows uo uonewlojul
pauodal-jjes

S|0JU02 £86°8E

pue sesed ASY 856°¢
10 Apn}s |osju00-8sED
pajsau paseq-Assiboy

uspemg
210z “|eje 997

Bupows papodal SV YIm ualpjiyo
10 sJ1ayjow jo uoruodoud saybiy Apuesyiubig

sjinsay

BJEp piodal yuig

jJuswssassy ainsodx3y

S|0U02 $69°28S
‘'sesed gSV ¢09¢
‘Apn)s |0Jju09-ased
paseg-uoiie|ndod

ubisaq Apmg

sylewusq
1 L0Z ‘e 3o uIofipinH
aweN pue ‘uoieso]

‘aouauajay Apnis pue

10})0B |[EJUBWIUOIIAUST

1
o
Q
—
@
o
=
0]
Qo
%
o)
(]
<
)
>
0
@
>
o
o
o
L
©]




CEPiP.org Cutting Edge Psychiatry in Practice

Maternal Nutrition

Few autism studies have explored maternal nutrition, which is essential to fetal brain development.
Maternal nutrient deprivation has been associated with increased risk of other adverse
neurodevelopmental outcomes (7-12). Nutritional insufficiencies are common during pregnancy
because of the greater metabolic demands of the growing placenta, fetus, and maternal tissues
(13,14), and have been shown to influence brain structure and function.

Prenatal Vitamins and Folate

Two population-based studies found that taking supplements high in folic acid near conception,

but not other time points, was associated with a 40% lower risk of autism (15,16). In further work,
Schmidt and colleagues (17) reported that ASD risk decreased as mean daily folic acid intake from
vitamins, supplements, and breakfast cereals increased (Ptrend = 0.001). Significant gene-environment
interactions suggested even stronger protection from folic acid supplements or higher folic acid when
the children or their mothers carried gene variants leading to less efficient folate metabolism (15,18).

These findings present a possibility of reducing risk for autism by increasing maternal folic acid intake.
As folate provides an abundant source of methyl groups, mechanisms involving methylation changes
and resultant alterations in expression or activity of genes, proteins, and neurotransmitters may link
folic acid to ASD (17,19,20).

Fish and Fish Oil Supplements

Maternal fish intake may confer either protective effects as a source of fatty acids and vitamin D, or
increased risks of harm from accumulated mercury and other contaminants. Higher fish intake has
also been associated with improved neurodevelopmental scores (21). Studies to date on maternal fish
and fish oil intake have found no association with ASD (16,22), possibly the net result of two opposing
effects.

Fatty Acids

Developing fetuses require maternal stores of omega-3 fatty acids for optimal brain development
(23,24). Higher intake of polyunsaturated fatty acids (PUFAs) before and during pregnancy, measured
using validated food frequency questionnaires, was associated with reduced risk of ASD in a large
U.S. prospective cohort study. Very low intakes (the lowest 5% of the distribution) of omega-3 fatty
acid were linked to a significantly increased risk of ASD. Replication and identification of optimal or
threshold levels are needed.

Vitamin D

Although low maternal (and thus fetal) vitamin D levels have been hypothesized as risk factors for
ASD (25), few studies have examined prenatal exposure. In one of these studies, maternal serum
25-hydroxyvitamin D concentrations measured around the 18th week of pregnancy did not predict
the child’s Autism-Spectrum Quotient (AQ) scores in early adulthood (26) but the sample size was

too small to examine ASD diagnoses. Other reports provide indirect support for an association, e.g.
increased rates of ASD among children of dark-skinned immigrant mothers who moved to high
latitudes (27) and among children born or conceived in certain seasons (3,28). Biologic plausibility for a
role of vitamin D comes through its influence on neuronal differentiation, metabolism of neurotrophic
factors and neurotoxins, protection from brain inflammation, endocrine functions, and fetal brain
growth.

Substance use

Cigarette Smoking

Numerous investigations have assessed maternal smoking in association with ASD, each with
limitations, and overall produced inconsistent findings (29-41). Earlier work lacked adjustment for
socioeconomic factors that were likely to have confounded associations (29-32), or adjusted for
potentially mediating variables (i.e. birthweight) (35,36), which could have masked an elevated risk.

CEPIP.org Issue 4 September 2014



Studies that did adjust for sociodemographic factors generally do not support a large association
with ASD (35,37,38,41). Two studies found an association of maternal smoking with high-functioning
autism or pervasive developmental disorder but not with lower functioning cases (37,38,41).
Nevertheless, data on smoking may be subject to under-reporting in medical records, self-report or
birth certificates (40), which could lead to bias towards the null.

Though evidence to date of an association with ASD is weak, maternal smoking could influence
neurodevelopment and risk for ASD through mechanisms such as placental insufficiency, reduced
blood flow and oxygen deprivation in the brain (42), changes in fetal brain gene expression (43),
altered nicotinic receptors (44), persistent changes in neurotransmitter activity and turnover (45,46),
and/or increased intrauterine testosterone (47). Prenatal smoking in some mothers may also be an
indicator of underlying psychological problems that themselves could influence risk in the offspring
(48). Effects of second-hand tobacco smoke exposure and interactions with genetic susceptibility
should be further explored.

Alcohol

Maternal alcohol consumption can be teratogenic; high prenatal alcohol exposure impairs
neurodevelopment in humans (49-51) and in animal studies produces social avoidance (52).
Surprisingly few rigorous studies have examined maternal alcohol use and ASD risk. Those conducted
to date do not support an association with low to modest maternal alcohol intake but studies suggest
a potential association with levels high enough to induce fetal alcohol syndrome (39,49,53).

2. Environmental Chemicals

Despite historical evidence of reproductive and neurodevelopmental aberrations with exposure to
chemicals like lead or pesticides, federal requirements to test substances for long-term behavioral
consequences have been slow to evolve, and thousands of compounds remain unregulated (58).

Air Pollution

A growing literature has emerged on air pollution, or proxies for it, in relation to ASD (55-61). Many of
these studies linked household addresses to U.S. Environmental Protection Agency (EPA) models to
derive exposure information. Most have reported modest increases in the risk of ASD, with an odds
ratio (OR) around 1.5 to 2, for those individuals with higher estimated exposure to air pollution. Two
large studies, one with data across the United States, found elevated risk for ASD with higher levels of
chlorinated solvents, heavy metals, diesel particles, and other specific compounds (62,66).

Residential proximity (<309 m) to a major freeway, a major source and strong predictor of high
pollutant levels, has also been linked to a near doubling of odds of having a child with ASD, as
compared to further distances, in a large population-based case control study (59). Elevated risks
were also found with gestational and first year of life exposures for overall traffic-related air pollution,
nitrogen dioxide, and particulate matter less than 2.5 and less than 10 um in diameter (PM2.5 and
PM10). Gene-environment interaction was identified: children homozygous for the MET C allele were
especially vulnerable to the effects of air pollution: ORs for top quartile CC genotype vs. bottom three
quartiles CT or TT genotype were 3-fold or higher for PM10 and nitrogen dioxide (67).

A large investigation from Los Angeles (55) also reported an elevated risk of ASD for higher

estimated ozone and NO, exposure during the entire pregnancy, in models adjusted for numerous
sociodemographic confounders. Stronger associations were found for those in the lowest educational
stratum.

Thus, a growing literature suggests air pollutant exposure during pregnancy may increase ASD risk.
Because air pollution is a complex and variable mixture of compounds that are highly correlated,
impact of any specific chemical is unclear. Additionally, although most analyses adjusted for socio-
demographic factors, residual confounding factors could be present, particularly socio-economic
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factors, that influence the likelihood of a diagnosis. Confounding by other predictors of child
outcomes, e.g. noise pollution through sleep disturbances, should also be considered. Further work is
needed to elucidate potential biological pathways.

Persistent Organic Pollutants

Persistent organic pollutants (POPs) are widely distributed throughout the environment and are
toxic to both wildlife and human health. These include certain pesticides, industrial chemicals, and
by-products of industrial processes. Several POPs, including dioxins, polychlorinated biphenyls
(PCBs), and polybrominated diphenyl ethers (PBDEs) are endocrine-disrupting chemicals (EDCs). A
pilot investigation (64) found a non-significant elevation of the odds for ASD associated with higher
measured concentrations of PCBs in maternal samples taken at delivery. Another recent study
found that higher scores on a scale of autism traits were associated with greater concentrations of
2,3,7,8-tetrachlorodibenzodioxin (the most toxic dioxin) in the mothers’ breast milk (69).

EDCs may influence neurodevelopment through disruption of maternal thyroid hormones (66),
essential for neuronal growth, cell migration and differentiation during early gestation (67). A human
study on ASD and thyroid hormones found an association with very low levels at birth (68). The strong
male: female ratio in autism of over four may indicate a role for steroid hormones or their targets

(69) in early sexual differentiation of the brain. A number of EDCs alter production or activity of sex
steroids; both testosterone and estradiol influence fetal brain development.

Pesticides

Some pesticides are POPs (http://chm.pops.int/Convention/ThePOPs/tabid/673/Default.aspx) and/or
EDCs (70) and are designed to damage the nervous systems of the targeted species, often acting on
neurotransmission.

Organochlorine pesticides, originally used to control malaria but still applied agriculturally, were
linked, when exposures were in the first trimester, with elevated ASD risk in children from nearby
residences (75).

Organophosphate insecticides degrade rapidly; they have been widely applied both agriculturally
and residentially, though use in residential products was banned by the U.S. EPA in 2001. Agricultural
organophosphate applications near the home at any point in pregnancy were associated with
elevated ASD risk (71) in two independent California studies, both with adjustment for confounders
and one of which had confirmed cases. Symptoms for pervasive developmental disorder (PDD) were
associated, in two different cohorts of mother-child pairs, with higher levels of metabolites in urine
samples (72) or of chlorpyrifos, a common organophosphate, in umbilical cord blood plasma (73).
Other investigations support behavioral and cognitive deficits (74,75), as well as differences in brain
volume (81), associated with organophosphates.

Other pesticides that have become increasingly common and are ubiquitously used (77) warrant
scrutiny, including synthetic pyrethroids or their naturally-derived counterparts, pyrethrins (78), and
imidacloprid and fipronil. The latter are used in insecticides and other products to eliminate pests,
and frequent use during pregnancy was reported more often by mothers of ASD children than by
those of typically developing controls. These products might influence neurodevelopment through a
variety of mechanisms (79), including interference with serotonergic systems, altered GABA function,
mitochondrial dysfunction, endocrine disruption (66) and alterations in calcium signaling (80,81).

Non-persistent Organic Pollutants

Several short-lived compounds in common household or personal care products may act as
neurodevelopmental toxicants. Two of these compounds, bisphenol A (BPA), and phthalates, have
also been linked to thyroid dysfunction, which could lead to neurodevelopmental consequences.
Phthalates have anti-androgenic properties and are found in cosmetics, lotions, fragrances and
building materials (82). In children, prospective research found associations of some phthalate
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metabolites with body size (83), conduct disorder or attention problems (84) and social deficits (85).
Phthalate metabolites in third trimester maternal urine were associated with poorer scores on several
subscales of the Social Responsiveness Scale (SRS) (85). A doubling of ASD risk was reported in one
study in children whose homes had vinyl (PVC) flooring (34), which is a significant source of airborne
phthalates (86). No studies to date (87) have been conducted on prenatal BPA exposure and ASD
diagnosis, though two studies found no evidence for an association ASD symptoms as assessed by the

SRS.

Several short-lived compounds in common household or personal care products may act as
neurodevelopmental toxicants. Two of these compounds, bisphenol A (BPA), and phthalates, have
also been linked to thyroid dysfunction, which could lead to neurodevelopmental consequences.
Phthalates have anti-androgenic properties and are found in cosmetics, lotions, fragrances and
building materials (82). In children, prospective research found associations of some phthalate
metabolites with body size (83), conduct disorder or attention problems (84) and social deficits (85).
Phthalate metabolites in third trimester maternal urine were associated with poorer scores on several
subscales of the Social Responsiveness Scale (SRS) (85). A doubling of ASD risk was reported in one
study in children whose homes had vinyl (PVC) flooring (34), which is a significant source of airborne
phthalates (86). No studies to date (87) have been conducted on prenatal BPA exposure and ASD
diagnosis, though two studies found no evidence for an association ASD symptoms as assessed by the
SRS.
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|
Summary and Future Directions

A number of the factors reviewed here have associations with a broader class of neurodevelopmental
or psychiatric conditions and therefore may not be unique risk factors for ASD. Furthermore,

genetic factors or critical time periods may influence whether these exposures result in ASD as
opposed to other deficits. Considerable progress has been made recently in uncovering clues about
environmental contributions to autism. Evidence regarding a protective association of maternal
nutrition with ASD, particularly folic acid, is strong. The literature on air pollution shows remarkable
consistency, though possible residual confounding factors need to be addressed. A few studies
support associations with organophosphate pesticides and with phthalate exposures. For most

other modifiable environmental factors in the periconception and prenatal periods, the literature

is inconsistent and/or of insufficient quality and quantity. Infections, medications and pregnancy
complications, not discussed here, have also been associated with ASD and may operate as co-factors.
In addition, numerous endocrine-disrupting compounds deserve careful scrutiny. Additional research
gaps include large gene-environment interaction studies, determination of critical etiologic windows
for environmental exposures (see Figure 1), and disentangling the roles of maternal and paternal
influences. Although the preconception and prenatal periods are likely to have the strongest impact,
continued plasticity of the central nervous system implies that exposures in the first year or two of life
may also contribute to risk of ASD. It is clear that there is no single or universal cause of autism; rather,
many environmental and genetic factors are likely to be involved and the specific subset of factors will
vary across different individuals.
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Neuropathology (autopsy and imaging) studies of brains of individuals with autism spectrum
disorder found evidence of dysregulated neurogenesis, neuronal migration, and neuronal maturation
compared to brains of typically developed individuals, processes that generally occur in the first half
of pregnancy. Figure 1 shows windows of critical periods indicated by evidence from epidemiological
studies of environmental factors demonstrating an association with autism spectrum disorder. Not
all exposures shown in the figure are covered in this review, but they are included as exemplary of
critical time windows. Time periods of higher risk within pregnancy have variable results, but tend to
congregate in the first half of pregnancy. Days=Fetal days after conception. For exposures with more
than one study, dark blue indicates overlapping period and light blue indicates timing suggested by
one but not all studies. Images adapted from those in The Developing Human: Clinically Oriented
Embryology, 6th Edition (1998). This material is reproduced with permission of John Wiley and Sons,
Inc.

a The study by Suren et al." indicated that up to 6 weeks prior to (and 6 weeks after) conception (4
weeks before LMP to 8 weeks after) was important.

b The study by Rai et al. collected information on use since becoming pregnant at the first antenatal
visit which usually takes place before the end of the first trimester (median 10 weeks gestation).

Please note: These references refer only to fig.1.
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GP Comment.

What have | learned from this paper?

1. Although much of the emphasis on determining risk factors for autism has rightly been on genetic
research, this paper provides surprisingly strong evidence for environmental factors in pregnancy
either protecting against or increasing the risk of autism in the offspring.

2. As with many other conditions, the interaction between genetic and environmental factors may be
of major importance.

3. Folic acid supplements during pregnancy seem to protect against ASD, while very poor intake of
omega-3 fatty acid appears to increase the risk.

4. It is surprising that the research on smoking and alcohol consumption during pregnancy has not
given us clear answers, although it seems likely that these would be risk factors.

5.1t was particularly interesting to see that there seems to be quite strong evidence for maternal
exposure to air pollution increasing the risk of ASD.

Perhaps we should all move to the country, away from air pollution, and have a healthy diet with
plenty of fresh food to provide the folate and enough oily fish to provide the necessary omega-3. We
might feel healthier ourselves and also reduce the risk of ASD in our children.

Dr Yan Tak Choi, BMBS, BSc, MRCGP, MSc
Bennetts End Surgery
Hemel Hempstead.
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