' ) Al http://rjms.iums.ac.ir IWAO il NOF o5lad VY o555 15l 1y Tailja sogle alan '

Syl 5oy Sl 33 (aal SYST 5 (wme Jolgs U

!l el lml S ss pote olRiily (S oaSitils  JgSIge (S5odgm 5 Sy St 09,3 sl Sy Al olid,lS 1 G pdnS (Gl ; dmabold
artmise.2010@yahoo.com

(Jgime 0w t) (il (it clyml (S pote oK iily ( Sy 0aS il ¢ JoSgo (53 Tom 5 (S S 09,5 litils : s 95T 8 ygmarion
akouchekian.m@iums.ac.ir

AN i doyb W/EINY il fo,b

s
Slolusl 5l (B g 63650k 2Vl 5 (oM i 5 (o (i)l Gloo)lee 5 (sloiz] ©els & cul (a8 HIFL (5)loss syl il SIS
ol 5l it plp & Blee gl 2 oo ol -l Gl & g) olpl doa jl g e dan )3 ilow cnl gowd S (o0 JHSTJl23 1) Sl
b S Slidod 5 39500 vl JLyiS5 (ge (Slacslan 095 1 syl (Silon 9ien 031 et (Sl o ) Lt WE 5 03
Syl sloyl3) 5 e (03, SMes sl bl a0y Ae I S el oS iy cnl 4l odgad paside SYMBI l o 2 1) (S5 s
wwgi)d pe e 51 (S Jawme Jalge 095 a5 4B)5 a5 )3 iyl 3)lge plos bl > i Jele b Sy Jl ool bl (S
ool 3529 D bty Loguasin bopuoling o 20lS g 51 i (oleowsd Slge (5pme 3 585 )8 Jlte lyie 2 il oo Syl (sl
2 Bl 2y da 1S <l g g ol (50 1 (585 )15 o4 YL e (600l loj )3 (Sl 25 (slag)ls Sl alisul b g olo )3 (S5l
Ao ol 53 ol b3, > munigl 4 Ml Jlas (il331 b oxgll o ad @ g Eolis Jlums sloyes )3 CogSw s oyl loj 53 yole ;> cubd g cplly
5 S3te ) iyl L M) s 2 0dle 3] sl Jlo 3 4B Cygo Sladd suiger plul 2 & Cusl 05 Gl (r S9p0
Sllls (bl 2398 03> zedgs (silow cnl Sigggml LY 5 g syl il JHST ) Jed> (oo Jolse Sl (S ccilom 3 il Le
Jos [)Sen ©y90 4 Lo 9 S05 ST (Jg 295 G365 3 Syl syl Sl el Wil o (2o @ arre Jolg (39S 43,5 &0
9 S8y St i 53 wilgi oo Jame (glaygiSTh Al g o 1) Situndsl 5 jlxial )l g (s S L (g)lon jo Cunl (S 2

lise iyt s |y niy) i Y] sl 3 s Joloe a5 3y, ol 48 21 J13 b o pally 50 1y (K55

Seiglsigarl (sloyeSl (Smij sl g ame Jelge ol s (JUygS8 (Hse (5 lons eyl il SIS : W0 39S

asly ioli8l asds gans Job ;o gl £ouds dodio

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

40 aSd oase Y| o L & ol ol g ol
3 denlond (5158 58 Gl sloysas fL-j
Lgs oo sl sl ol allas LS, ol
The US Department of Heath and (HHS)
2 Ve |y sl 905 (Human Services
()l 00,8 5,155 15 0l o ya5 Vev e
JLss (oo golem o Olyis 4 el
Golows ol &Sl o) e Jg el onls sl
= badlle 5 cl (S655 658 b o syl
cle cdgd cde a5 ooly lis lagldgs (g9,
Lol (F) el ) 2oy A0 51 55 s 00 ol
il La5s S o 2 il b S5 el
Py, o eell) g)lon j9—
o 9 e SlilasT (Saily 5ol Sledgamlioe

Autism Spectrum) sl cado Y|
4 085S ol L (Disorders (ASD)
2 Pl asile was;y (551555 sload i)
(L)l glod e ¢ eloiz Jalad slaclge
Glai s sloacJld 5 30 L8, 552
Jlw 3l e ASD g9l (V)09 e Lain
Ol Lo idgin g el ool ol 4w AV
S 89y = o Yb| o ASD oS W s
Sl L 039350 ;) S35 1O+ o 5l SaeS
2 Vgmosa (5 )la ol (VD035 o 55T (Lo
59 Slwas G 5l J8 el g (Sosy Ll
3t il i Bler Ol 5o 9 00,5
(V! Jogora ol sz
A5 ol i3 (Sslpman] Clalllan IS jsboe,


https://rjms.iums.ac.ir/article-1-4277-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

@ Serdgl (slayld) bl s (il SV 5 e Jelge 3

g ol i gl L o 485 &0
2 GLFlw 5 0 b)) sl il LS
592 5% = Shaeme Jelge GBS (s jlen )
Lo ] Jlain ] g s) cinls LS
ol obaml joly (Seiedgigenl 5 (Ses Jsloe

o2 Trd g (5 ben

o 9l Dloo guas
Neurodevelopmental s ,los S& o

Sl sl iiSTy () rdasiin dw b as Col
5 =N Slbls )l o oW S (V el
g odigdogazme sla,lis) 0g >y (¥ NS ,u8
le (Shs oldbe 09 0wzl ()|
Sy sl Lily, jo S e (2l
sl [l hls zman 5 Ly 9 LS o
G-Me 5l (SO, oogae SO Ly g sl aalls
sbeizl boly, bl Glhle s wii
il 50,190 ol

3,90 93 B 4O J)L..‘>| Ol ate—io ()
OMolss > 0 (NS e g (S Slbls )
Joline Jloel o Lol g st (¥ el
L by, 6 dnwg o cnss (¥ el
$358 08 gohe b ceslite (Yl

(FB)A=S o 59 Solom Gigd WIS (oo
e S o gl S alex sl
085 B e o il (e sl 935
Chile S o g 0ger Gered (i D3l
S B e 9 9,8 (o 0 ZN/CU
30 Gloas el sode Sl oo 65T Jg
olom! o Aaome Jslge ol 136 ol 0550
ools i La ol8 90 (59, y» oaud plil Slalllas
Lol sl 5355500 53 1y omten 5 Sy o
2SS 5l alizee 1 5Me ol (ASD) s sl
oS LSl Sl g5 wdlios (oras
(National Hedth Interview Survey) NHIS
O S35 Veee 2 S YY/F (YNY L o
oo S B .00l oo Jo VWY LY
L Lo e (09559,5 Bblis 5l 65l 9 0
ool (g . (VP)al oo S ol ASD

S aslil soes Hobay 5900 ASD S5
uL.b..a.?u G g uuL..;‘)J aS Cwl 039y U"‘

30
B Q<70
25 B IQunknown
[ 1Q>70
20 4
" ——
o
=
[+¥}
™ 154
>
e
(=
10 <
5
0
Male Female Non-Hispanic  Non-Hispanic Hispanic
white black
Sex Race/Ethnicity

(M) VoV Jlo 3 2l dlo A 83557 (53 (B9 0500 (iem 9315 5 iz (bl 2 waigl 9d (ie (038 =) g

IAD Wbl VO 6 las Y o555 15jl) igTiid s ogle alan

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-4277-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

Ko 5 55k ganl; a0bls w

PDD-NOS

Asperger

Syndrome

(VY Y OV) 5,8 sla oUlg b o] bl g gl cibs JMs] 0y il =Y gun

00—y rbbu‘ LS...._W...:“" “"3| 61_(::)1;23) Go—a 4 E..b
3 ASD (g Lo somifyrip (5955uwly ailsis
&‘)9‘5} :'"LSLQ’;‘. AJ_AU u.»l_wL....u

ATYYV=YF Y V)00 5 (6 ke So5edgm5,90

ASD ) ‘S)LO’LMS‘S}&O M)

30 G Sy Gliae Aol sla ol 5l SO
bwgie 0gb oo ploxl Glolig )0 p g GISosS
S Y 5l iy y90 sl oljei a5 S )90
9 (PlawgSle o Mo ally (oo b e (5lw)
Syl an wil oo Jlawg e Sl Y5 yieS
) )L:.’.a d‘)_’zv‘ Y )‘ J.mS)m 599 o)'L.\S‘ )i;.o
V5 i e 90 0jlail g (Jlig Soe (oSl
o 2S5 Jlhag Sle (5o YL JLne Sl
Ao oleel B awgpy SO g, ol (YA)OS
30 e gud, sl g lmal skl jglaie
(M =-YO)ewl oy 5l 8 oy90

ol )8l s aes o lis Sldllas 51 (6 ke
o Sl )55 593 LIS sl 250

Jol Jbw )8 gl shyls sy >

http://rjms.iums.ac.ir

JALM» S 6)‘)it LBJ)LC FRESTRTRE S )Lu.o
] 2 »))13.4 )‘ S0 9O JB‘ S>>
ol G gl (V Jore 58 (oules
(7 Slar 25 g (o 059y 618, slagSl
ol Jlo o as ol oads dgaze g ol 3Me
S35 Olsd ol ) sl slo ailis 952
‘S—.’. O)Lo_:b Hg—ad (Y’—\V)..bs_w (SR Do
Ol 5o padsl lylo 0sS a5 s o lis
(YV)ae PLa! 6lls 50 e 0,40

G aab 0a83 |08 llan ol
Sl sl Sa syl sla )l so oy
b b s gy sl o OS5I el
Aiwd Sl g sleixl g g L8, S
Ohles o aib ;o e o0l slo 0O
olo) o S L —olas| &0 4y ASD
Slmogas ol alen a S Sle 09,5 5
S5 e Ay (e85 6)li8, K
LLs,I LT ASD 5l gl eolss gui 4ol ¥ oo Lo

0A S pgal 4 0,8 Lasd gla ollg b ]

R

Syems 3 e aS Sl g5l l ailinslis

IAD Wil O o,led T¥ 0,55 1§jl) 1xSaisja oglealan


https://rjms.iums.ac.ir/article-1-4277-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

Serdgl (slayld) bl s (il SV 5 e Jelge 3

s 91 (5 5low 3 brumo U
Sy Sl bl e 0 a5 SLS 5l (S
CWUS 1 (S e Ssl s (oo W)l
Jl=e sl (Y o )le—i pguad) Mg s
ol g 50 e e 3l ale ol gS
oyi g Lo 1S el il sl (g
2t Sl Sogdl g e G slo 1S
Setadsl lo)ls) (55505l 5o ailgs co (Son
2 6xS 58 e jsba Jy (TA) ail 5o
(Hy 932 (oS ASD jom il bo o o yne
ol 0S| ol 4o cpnles Wiy o
U Sl 2)lse Wl e (I S5 gy
5 Sy ;51 oS was |y e Jelse
Sl (pSon 0S” Jos | Ko &j90 4y Laee
Jomal sla,ld, 5 as OMSie b (5 ,lew 5,
Sy 3925 (FNNs—8 o |) Siol 5
A Wlgie o es )0 00 STy comw g (oo liond

S s (595 32 i 3£ by padivens O j50
Slalllanos 5 36 ASD s Jods SedliSw
Db, S 8 pyee o a S cowleols s
Q‘)so )OL.Q ,M_S o,_m..>"‘ )‘ @’fjl-“’wfvdi

LDV DI PSS IeT

(VF YY) Gl Sgdin iy S5
VYF o5, 2 1998 Jlu o a5 ol aslllas o

2 Syl sl )lisy gl Jlw 7oV Sogs
VEIY 45 ols i o ploml sl oo gt
Ao M 2o 0 VO g Jlawg Sle (sl ls as o
(YA)sing: Miws Seco

0y Ly emas sbe oSl ol i w0
d ;oo Wlg5 oo Jols w5l )l 5 05 Sl
5 e Ot it sla Gudgid olxl
ASD o e 0,y (slo s YS!
Sla s o 5] s el e (sl 9
i 3 Gl YLl @ i g0, SIS
Cules 40 093 &S oud (Jolw 5 (crae la S
byl gaz a5 WS oo | ol iy wilgie
) sl 5o JlawgSle Stogyoiw sl 2>
LV XY AY) 0,50 o 0929 4

ALl ASD ¢ )ans 0 45 lalllae , 5]
= 8L Ol At iz e 05 e
Jls 5 ms 2 azgi b (T 0 5 530 0 Shoe (5
Ol g (S ol S el oo 1) e
Sl OB 5 Golem =l 5 =550 s yne
SLLd ST Wl oo 055 Gloyo (sl (28L
S50 bl = sbem (o Al @
V) eas Y las! Lgo)iLo.c ) Lg)tlé-Lu

(Y2 &FA) ASD sbg) p3 (Sij sliatl g (Jame Jolge 36 Y pouas

IAD Wbl VO 6 las Y o555 15jl) igTiid s ogle alan

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-4277-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

e 5 (5 e sual; aabld @

(FF ) Syl slajlid) 3 Jid> (lams Jolgs jl (S0 ) Jo>

e Jols i, o Jole i,
I o o Lo 150 g g IS ol Spme 5 ol o 3 IS iy JS5 pseedlS il b oles \
o 38 <8l 5.5 )5 (opme 3 v g o D ol S9sa8 & oxin o8l \
Sk g ple Wl Cigis 3924 A 039l g ol Jlows (sl jad 1 S v
G e 53 le dasie sla Ly il 2959 ! W el )y w i)l ¥
A

L o pole bawgs (59 pudl s glag)ly By Ve

)k pl > ol oy 5 le g 4 (Bl 3929

Sy bl cle b e glo g lom S0
5 =231 lans oma g Sl S aiile
Slallas (F8 FA) Wigd oo JUeb 55 Oypmie
O =] i Cdled a5 cl ooy lis
s s sleizl sk, p Gres SIS Wiy oo
aiile ol ilS 52, Lo i A Syl (sl 3,
iy atly o TGF-B odlgils 4 IL-1B TNF-a
A i 30 Fgy98 Cadlad p pediine O )ja0
g Sl b s a5 TNF-a e ylsie
el o Se Ly g S e sl Wl (0 098 o0
O 5y g 99l gmas gl Jole 2SS
S b Gl 8300 b Sépy 0 ) (ot
omial ol osls s g Lo lid ) slml el 5 iS5
2l o5l L (B4)355 sl i
S5y 2 |y eilize &S IL-64 IL-1B asils
Lo (5595 nled 9 e prlen comlionm 2S5 i
6)les yo algl oo 3 IL-2 g 05,105 s
OF-0V)05d o 1) pogal 5 5,55 slo)lis,
9 BDNF Lo ab, gla )56 5l (&0 Guiran
»IL-12 P40 4 IFN-y, CCL2Z o —on
|y ol a8l l330 i Mipe 15055 slawadly
(OF DO) slo oo ol
3 =) 0, Sae P! Lo ailis 5 oDl
(s—as ol alex 5L ASD 4 M of 81 oy
5 T Jobow by alidl ool (l5sl i
S92 Lo Cogige (515 (ol Gl 9 NK Joloo
adoz ) e 5l 6ol Hoebo 4 e Wl oo
i Ol 99 LS 5 (g, 8, DL
6‘)"5 2GR s Joo yo oo O yg0 A G.w.:‘
Ol 60—t 4 e STl sla LS,
o aS ol adlas 0 .(BY)00,5 o WS
il LS g Atlad6ttir HO Lawgs Yo -4 Lo
03— ‘BL‘>U| f"‘“““’ﬁ‘ L )Lu.o 5055 YYYo K9y ¥

http://rjms.iums.ac.ir

Sy 5§y S gie 0, Shes o Pl g eae
ogde (Fr)ogl (Lo ,Slas jo LS 5 (9,98
sloos VT as cal ools ylas Slalllas ol
&3y 3= Sl (o g adls oline S 55 I
g aildS 5L S SIS sl e
Wlonle e g )9 0, Sloe o LS 4y joie
S relygs sle i 5 LI (S5 98
(Dopaminergic Cholinergic, GABAergic,)
(FY Y) Wes

Lug Verdh Jhw jo0aS glasdlas bl 5
ad osly s s bl il San 9 Cannell
L Sy bls,l wilgs co D (yaeling 9gueS aS
ity (LS0sS o Syl sl (Shg olx
Sany ) golaws G oylels Jga 50 (FY) wlb
Lgu)tl_é) 03— OL_?L.{‘ é_b..:z.o L;L.Jbﬁ.‘lflé
(FF Pl ous 0891 St gl

gl 592 50 (Soul OIS i
P R DN VR VISP IS X I i
sl Syl 59, 2 48 S D50 Slallas
S e Lo dsged ;5 (555 oy, Gy DLl
JL.u Y-Yo o.b).'i.....f S TRE I f”‘“““’ﬁ‘ S
aS cewlools s ey ol el Glule
Slsi (ol g a8l (38l e LIS S e
aiile Lo lS5aS 5 olgl olo oSyl
IFN)-y, IL-1B, IL-6, IL-12p40, tumor)
chemokine C-C 4 necrosis factor (TNF)-a
8L zoly el s motif ligand (CCL)-2
sy Sl LISy Ko sla Jslu (FF ,¥0)Cl
30 g i CNS ST oo S jaiwgS
(VS e o5 5 ONS (el oo
L o3 S po 5l o 5in sl ipad 53 LISy Ses

IAD Wil O o,led T¥ 0,55 1§jl) 1xSaisja oglealan


https://rjms.iums.ac.ir/article-1-4277-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

® Syl sla)lid) sl 3 (el SBT3 (asme Jelge 36

olwlye Lo Jele s sy (Jl ol b el
Jolge 9 095 i 43,5 S5 )3 gl 090 ple
SLo)bd; dnugi > A8 G Feke sl e
OS5 R b plgre ar anil (o Setl
39 oedls pre g (ploen Slys (o0 5
Lo Gmeling gl (2alS ols )l ol
20 SOyl 5 gl 2525 D (ol Loguase
Ol 50 (SO il s slaglo ool ul L
S92 Lo S 8l gay YL G ol 5500
(It pley 5o pole jo Zubs 5 cndlly yo Sl
033l ()l & s 5 g5l Jlamr (glo 0 )0 oS
e BL5 ) ) iyl 4 Ml s 2al53l |
Eois Hili8l allyy o Jolse ol den il
S g | (G955 A iy aaelsz 50 el

g9y 2 03ynS Slalllas 092y (nlple
!9 SifiPgel (S5 59y 2 e Jalse
sl Sle caas ol e Blate 5 ol 81 (S5
slaSik) Jeee ple o (S polais]
S e jo Jo0 slo () Logas (S35
(Ssdel slo Sl 5 (sime o) SJlSem
e cwlie OBl g a0y aris sl
5 S e i azye 65l jslais
e y0 55 4 Sl Olilew (ol 5o (sras

w05 Uy oaiiS ooyl asme alge el
Slallae Slilae 4 18 Syl sla, L8, oS
5 nledion 61908 sl (Seigigel § (S5
G oz Sl 5 g Sl (B)b
s 5o 4] 5 ] sla Lo 0aiST, lalllas
Lo by, Sdyia ;o Slalllas () 5l aels
O e (LS gl caslio yleyo 5’u"""“”
Wl Lo

&b

1. Carter MT, Scherer SW. Autism spectrum
disorder in the genetics clinic: a review. Clin
Genet. 2013;83(5):399-407.

2. Johnson CP, Myers SM. Identification and
evaluation of children with autism spectrum
disorders. Pediatrics. 2007;120(5):1183-215.

3. Pons R, Andreu AL, Checcarelli N, Vila MR,
Engelstad K, Sue CM, et al. Mitochondrial DNA
abnormalities and autistic spectrum disorders. J.

IAD Wbl VO 6 las Y o555 15jl) igTiid s ogle alan

O M Sog5 Wy s aS ol eols ylid el

55299 ) et by (Lol allw b el
Sslow 9 9gileg; c T s olacs )L
Yiaiol il Jloy > ) i s ole STl
O9—oslgigl sl (6 Lows 4365 ol osml o
=S 092y e 4y gl 0yl o Solgls
2O L8 S e (S ) S
o by 6ylob olhee o gle ool (Sl o yme
S50 Olhes 5o i bae ysd IS 00

G Al 9 Sy

A5 Sl 9,5l (§)la So panS|
W OO | EST RN B ) R VY PV W g SV
cle ) alS g A BdS ans wix 0 Sl
1) 59t cnl Sl syl (5551 5o Jeso
Cowlus oloul jo S5 a5 Canl 00,5 sl
S obml g (21> Jolse ar (5095 51 (&
SS9, 9 S S Gl sle s o
009 ade an alawlio WS oo 3L 1) ot
aib pac g polaidl g s BB sla Sl
sloys Bl Logas g )len (nl b g0
el Oloyd g (2l aseds Glires ( f>o
Solo Ol (03 5 9,10 2929 (055 (nl sl
Olgd ) az 5 adgi g o aa |, 0sS
o 352 5 M 45 iy S by 5L
Joss 3 ol e SosS 4l o Lo zb, wisS
@l ool 5155 sl 03 50 e sz el
b OS] olog! jo oslyy oo 5 ke 0]
5 Garg S Sie wiS Uiyl ool Lok gy
3 e &S ol Las YO e o il e
SLoeeisd b Ll asdllas 550 (f)lery 2o )5 FO
595 NFL 15 5 iz shls ASD I it
ASD 5 S slwog, 5 5 04 S aiwn
gl so (gl

shele Wz Gl (5lo 09,5 3 eyl (5 5bowe
ol w3l slelle Sldllas 5 39 0 o ail
sle bual ws,o A0 5l iy cde oS wilools
) Sl sl L3 5 jne (60, Sos

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-4277-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

18. Burrows EL, Hannan AJ. Characterizing
social behavior in genetically targeted mouse
models of brain disorders. Methods Mol Biol
(Clifton, NJ). 2013;1017:95-104.

19. lvanov HY, Stoyanova VK, Popov NT,
Vachev TI. Autism Spectrum Disorder - A
Complex Genetic Disorder. Folia medica
2015;57(1):19-28.

20. Robinson EB, Neale BM, Hyman SE.
Genetic research in autism spectrum disorders.
Curr Opin Pediatr. 2015;27(6):685-91.

21. Developmental DMNSY, Investigators P.
Prevalence of autism spectrum disorder among
children aged 8 years-autism and developmental
disabilities monitoring network, 11 sites, United
States, 2010. Morbidity and mortality weekly
report Surveillance summaries (Washington, DC:
2002). 2014;63(2)

22. Bernier R, Golzio C, Xiong B, Stessman HA,
Coe BP, Penn O, et a. Disruptive CHD8 mutations
define a subtype of autism early in development.
Cell. 2014;158(2):263-76.

23. Ellegood J, Markx S, Lerch JP, Steadman
PE, Genc C, Provenzano F, et a. Neuroanatomical
phenotypes in a mouse mode of the 22ql11.2
microdeletion. Mol Psychiatry. 2014;19(1):99-107.

24. Neves-Pereira M, Muller B, Massie D,
Williams JH, O'Brien PC, Hughes A, et al.
Deregulation of EIF4E: a novel mechanism for
autism. JMed Genet. 2009;46(11):759-65.

25. Lynch NE, Lynch SA, McMenamin J, Webb
D. Bannayan-Riley-Ruvalcaba syndrome: a cause
of extreme macrocephaly and neurodevel opmental
delay. Arch Dis Child. 2009;94(7):553-4.

26. Lintas C, Persico AM .Autistic phenotypes
and genetic testing: state-of-the-art for the clinical
geneticist. JMed Genet. 2009;46(1):1-8.

27. Johnson CP, Myers SM. Autism spectrum
disorders: what's new, and what to do. Pediatr Ann.
2009;38(1):5-8.

28. Fombonne E, Roge B, Claverie J, Courty S,
Fremolle J. Microcephaly and macrocephaly in
autism. J Autism Dev Disord. 1999;29(2):113-9.

29. Bartholomeusz HH, Courchesne E, Karns
CM. Relationship between head circumference and
brain volume in healthy normal toddlers, children,
and adults. Neuropediatrics. 2002;33(5):239-41.

30. Aylward EH, Minshew NJ, Field K, Sparks
BF, Singh N. Effects of age on brain volume and
head circumference in autism. Neurology.
2002;59(2):175-83.

31. Morhardt DR, Barrow W, Jaworski M,
Accardo PJ. Head circumference in young children
with autism: the impact of different head
circumference  charts.  J  Child  Neurol.
2014;29(3):412-4.

32. Courchesne E, Carper R, Akshoomoff N.
Evidence of brain overgrowth in the first year of
lifein autism. JAMA. 2003;290(3):337-44.

http://rjms.iums.ac.ir

e 5 (5 e sual; aabld ®

Pediatr. 2004;144(1):81-5.

4. Freitag CM. The genetics of autistic disorders
and its clinical relevance: areview of the literature.
Mol Psychiatr. 2007;12(1):2-22.

5. Hens K, Peeters H, Dierickx K. Shooting a
moving target. Researching autism genes. an
interview study with professionals. Eur J Med
Genet. 2015.

6. Persico AM, Napolioni V. Autism genetics.
Behav Brain Res. 2013;251:95-112.

7. Lakshmi Priya MD, Geetha A. Leve of trace
elements (copper, zinc, magnesium and selenium)
and toxic elements (lead and mercury) in the hair
and nail of children with autism. Biol Trace Elem
Res.2011;142(2):148-58.

8. Sayehmiri F, Babaknejad N, Bahrami S
Sayehmiri K, Darabi M, Rezaei-Tavirani M. Zn/Cu
Levels in the Field of Autism Disorders: A
Systematic Review and Meta-analysis. Iran J Child
Neurol. 2015;9(4):1-9.

9. Russo AJ, Bazin AP, Bigega R, Carlson RS,
3rd, Cole MG, Contreras DC, et al. Plasma copper
and zinc concentration in individuals with autism
correlate with selected symptom severity. Nutr
Metab Insights. 2012;5:41-7.

10. Halsey NA, Hyman SL. Measdes-mumps-
rubella vaccine and autistic spectrum disorder:
report from the New Challenges in Childhood
Immunizations Conference convened in Oak
Brook, Illinois, June 12-13, 2000. Pediatrics.
2001;107(5):E84.

11. Klein KC, Diehl EB. Relationship between
MMR vaccine and autism. Ann. Pharmacother.
2004;38(7-8):1297-300.

12. Yassa HA. Autism: a form of lead and
mercury  toxicity. Environ Toxicol Phar.
2014;38(3):1016-24.

13. Toriello HV. Approach tothe genetic
evaluation of the child with autism. Pediatr. Clin.
North Am. 2012;59(1):113-28, xi.

14. Tick B, Bolton P, Happe F, Rutter M,
Rijsdijk F. Heritability of autism spectrum
disorders: a meta-analysis of twin studies. J Child
Psychol Psychiatry 2015.

15. Zablotsky B, Black LI, Maenner MJ, Schieve
LA, Blumberg SJ. Estimated Prevalence of Autism
and Other Developmental Disabilities Following
Questionnaire Changes in the 2014 National Health
Interview Survey. Natl Headth Stat Report.
2015(87):1-20.

16. Varga EA, Pastore M, Prior T, Herman GE,
McBride KL. The prevalence of PTEN mutations
in a clinical pediatric cohort with autism spectrum
disorders, developmental delay, and macrocephaly .
Genet. Med. 2009;11(2):111-7.

17. Subramanian M, Timmerman CK, Schwartz
JL, Pham DL, Meffert MK. Characterizing autism
spectrum disorders by key biochemical pathways.
Front. Neurosci.2015;9:313.

IAD Wil O o,led T¥ 0,55 1§jl) 1xSaisja oglealan


https://rjms.iums.ac.ir/article-1-4277-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

47. Bessis A, Bechade C, Bernard D, Roumier A.
Microglial control of neuronal death and synaptic
properties. Glia. 2007;55(3):233-8.

48. Kim SU, de Véllis J. Microglia in health and
disease. J Neurosci Res. 2005;81(3):302-13.

49. Zerbo O, losif AM, Delwiche L, Walker C,
Hertz-Picciotto I. Month of conception and risk of
autism. Epidemiology. 2011; 22(4):469.

50. Harden LM, du Plessis |, Poole S, Laburn
HP. Interleukin (IL)-6 and IL-1 beta act
synergistically within the brain to induce sickness
behavior and fever in rats. Brain Behav Immun.
2008;22(6):838-49.

51. Deverman BE, Patterson PH. Cytokines and
CNS devel opment. Neuron. 2009;64(1):61-78.

52. Stellwagen D, Malenka RC. Synaptic scaling
mediated by glial  TNF-alpha  Nature.
2006;440(7087):1054-9.

53. Widera D, Mikenberg |, Elvers M,
Kaltschmidt C, Kaltschmidt B. Tumor necrosis
factor alpha triggers proliferation of adult neural
stem cells via IKK/NF-kappaB signaling. BMC
Neurosci. 2006;7:64.

54. Zalcman SS. Interleukin-2-induced increases
in climbing behavior: inhibition by dopamine D-1
and D-2 receptor antagonists. Brain Res.
2002;944(1):157-64.

55. Ashwood P, Krakowiak P, Hertz-Picciotto I,
Hansen R, Pessah |, Van de Water J. Elevated
plasma cytokines in autism spectrum disorders
provide evidence of immune dysfunction and are
associated with impaired behavioral outcome.
Brain Behav Immun. 2011;25(1):40-5.

56. Gottfried C, Bambini-Junior V, Francis F,
Riesgo R, Savino W. The Impact of Neuroimmune
Alterations in Autism Spectrum Disorder. Front in
psychiatry. 2015;6:121.

57. Mead J, Ashwood P. Evidence supporting an
altered immune response in ASD. Immunol Lett.
2015;163(1):49-55.

58. Atladottir HO, Pedersen MG, Thorsen P,
Mortensen PB, Deleuran B, Eaton WW, et al.
Association of family history of autoimmune
diseases and autism spectrum disorders. Pediatrics.
2009; 124(2):687-94.

IAD Wbl VO 6 las Y o555 15jl) igTiid s ogle alan

® Syl sla)lid) sl 3 (el SBT3 (asme Jelge 36

33. Campbell DJ, Chang J, Chawarska K. Early
generalized overgrowth in autism spectrum
disorder: prevalence rates, gender effects, and
clinica outcomes. J Am Acad Child Psy.
2014;53(10):1063-73 5.

34. Chawarska K, Campbell D, Chen L, Shic F,
Klin A, Chang J. Early generalized overgrowth in
boys with autism. Arch Gen Psychiat.
2011;68(10):1021-31.

35. Courchesne E, Pierce K, Schumann CM,
Redcay E, Buckwalter JA, Kennedy DP, et al.
Mapping early brain development in autism.
Neuron. 2007;56(2):399-413.

36. Keown CL, Shih P, Nair A, Peterson N,
Mulvey ME, Muller RA. Loca functiona
overconnectivity in posterior brain regions is
associated with symptom severity in autism
spectrum disorders. Cell reports. 2013;5(3):567-72.

37. Osterweil EK, Chuang SC, Chubykin AA,
Sidorov M, Bianchi R, Wong RK, et al. Lovastatin
corrects excess protein synthesis and prevents
epileptogenesis in a mousemodel of fragile X
syndrome. Neuron. 2013;77(2):243-50.

38. Durkin MS, Maenner MJ, Newschaffer CJ,
Lee LC, Cunniff CM, Daniels JL, et a. Advanced
parental age and the risk of autism spectrum
disorder. Am J Epidemiol. 2008;168(11):1268-7.

39. Pessah IN, Seegal RF, Lein PJ, LaSdlle J,
Yee BK, Van De Water J, et al. Immunologic and
neurodevelopmental  susceptibilities of autism.
Neurotoxicology. 2008;29(3):532-45.

40. Shelton JF, Hertz-Picciotto |, Pessah IN.
Tipping the balance of autismrisk: potential
mechanisms linking pesticides and autism. Environ
Health Persp. 2012;120(7):944-51.

41. Herbert MR.  Contributions of  the
environment and environmentally vulnerable
physiology to autism spectrum disorders. Curr
Opin Neurol Neu. 2010;23(2):103-10.

42. Cannell JJ. Autism and vitamin D. Med
Hypotheses. 2008;70(4):750-9.

43. Kinney DK, Barch DH, Chayka B, Napoleon
S, Munir KM. Environmental risk factors for
autism: do they help cause de novo genetic
mutations that contribute to the disorder? Med
hypotheses. 2010;74(1):102-6.

44. Lyall K, Schmidt RJ, Hertz-Picciotto |.
Materna lifestyle and environmental risk factors
for autism spectrum disorders. Int J Epidemiol.
2014;43(2):443-64.

45.Li X, Chauhan A, Sheikh AM, Patil S
Chauhan V, Li XM, et a. Elevated immune
response in the brain of autigtic patients. J
Neuroimmunol. 2009;207(1-2):111-6.

46. Morgan JT, Chana G, Pardo CA, Achim C,
Semendeferi K, Buckwalter J, et a. Microglia
activation and increased microglial density
observed in the dorsolateral prefrontal cortex in
autism. Biol Psychiat. 2010;68(4):368-76.

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-4277-en.html

Review Article http://rjms.iums.ac.ir

[ Downloaded from rjms.iums.ac.ir on 2025-12-14 ]

The effects of environmental factorsand immune deficiency in the etiology
of autistic behavior

Fateme Zahedi Abghari, MSc in Human Genetics, Department of Medical Genetics and Molecular
Biology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran,
artmise.2010@yahoo.com

*Mansoureh Akouchekian, Associate Professor, Department of Medical Genetics and Molecular
Biology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran (* Corresponding
author). akouchekian.m@iums.ac.ir

Abstract

Background: Autism Spectrum Disorder (ASD) is a devastating, developmental disease and
has several significant impacts on the patient’s life: impairment in social interactions as in
both verbal and nonverbal behaviors, failing to develop relationships and respond to normal
teaching methods, intellectua disabilities, and repetitive behaviors, being unable to
instinctively express natural empathy, pragmatic language impairment and severely limited
activities.

The prevalence of ASD has increased in children globaly including our country. Latest
studies conclude that ASD affects boys four to five times more than girls and the average age
of initial diagnosis is often before the age of 3 years.

ASD is a multifactorial disorder and studies so far indicate a strong genetic basis for its
devel opment, showing the cause for more than 90% of brain function disorders and autistic
behavior to be of genetic roots. However, genetics only do not consider for al cases of
autism. Environmental factors are crucial issues in the development of autistic behaviors for
example, prenatal exposure to the chemicals, low levels of vitamins especially vitamin D,
stress, maternal depression or antidepressant use, advanced paternal age, exposure to air
pollutants and pesticides, parental obesity and diabetes in the mother during pregnancy, live
in crowded infected in the brains, has been linked to increased risk of autism.

In this review, we discussed the definition and prevalence of ASD immune dysfunctions and
genetic factorsin autism.

According to the previously studies, environmental factors aone cannot cause autistic
behavior in children, but genetics and environmental factor can converge to causes disease
with neurological problems and may cause abnormal autistic behaviors in children. However
environmental factor can affect genetic and epigenetic in the parents that this event created a
prominent role of environmental factors in autism spectrum disorders.

Keywords: Autism Spectrum Disorder, Multifactorial diseases, Immune system
Environmental factors, Genetic factors, Immunological factors
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