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Abstract

Background and Objectives: Children with autism spectrum disorders (ASD) are at
risk of insufficient nutrient intake due to inappropriate eating habits, problems in
sensory perception, and choosing monotonous foods. Minerals play an essential role
in the central nervous system, and their deficiency or excess can cause a variety of
health issues and can contribute to the development of ASD. This study aimed to
compare the dietary intake of zinc, copper, selenium, and manganese in two groups
of children, with ASD and healthy controls, in Gorgan City, Iran.

Materials and Methods: In this study, the food intake of 35 ASD children aged 6 to
12 years and 70 healthy children was recorded using the semi-quantitative Food
Frequency Questionnaire. The average daily intake of zinc, copper, selenium, and
manganese was estimated using ShaFA software.

Results: There was no statistically significant difference in the dietary intake of zinc,
copper, and selenium; however, the intake of manganese was significantly lower in
ASD children (median+IQR: 2.39x1.83) than in healthy children (median=IQR:
3.24+1.94; P=0.03).

Conclusion: Considering the existence of problems related to eating habits in
children with ASD, the results of this study showed the necessity of frequent and
regular nutrition assessment for ASD children. Studies with larger sample sizes are
recommended.
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Extended Abstract

Background and Obijective

Autism  spectrum disorder (ASD) is a common
neurodevelopmental disorder characterized by deficits in
social and communication interactions. Although the
cause of ASD is not fully understood, genetic and
environmental factors are important in the etiology of
autism. Minerals play an essential role in the central
nervous system, and the lack or excess of these minerals
and trace elements causes various health problems. Zinc
(Zn) is involved in numerous biochemical actions of the
cell. Measuring the level of Zn in the plasma, hair, and
nails of autistic patients has shown that the concentration
of this element in these children is abnormal. Copper (Cu)
is also an essential trace element that is crucial for
physical and mental health. Autistic children are often
exposed to oxidative stress. Hence, the level of major
antioxidant serum proteins, such as ceruloplasmin (the
copper-binding protein), is reduced in such children.
Selenium (Se) and its related proteins are also essential in
brain development and managing oxidative damage in
the brain. The results of several studies have shown that
sodium selenite has antioxidant and anti-inflammatory
effects. Manganese (Mn) has various physiological
functions, such as balancing the internal environment,
protein, lipid, carbohydrate breakdown, brain activity,
and cofactor for several enzymes. Manganese is
implicated in multiple dopaminergic dysfunctions.
Considering the importance of micronutrient levels in the
mechanisms involved in ASD, this study aimed to
compare the dietary intake of mineral elements Zn, Cu,
Se, and Mn in children with ASD and healthy control
children in Gorgan City.

Materials and Methods

This case-control study was conducted from February
2022 to May 2022 in Gorgan (northeast of Iran). The
participants included 35 children aged 6 to 12 years with
ASD and 70 healthy children. Matching was done in
terms of age and gender, and for each ASD child, two
healthy children were randomly selected. After obtaining
informed written consent from the parents, children's
food intake was recorded using the semi-quantitative
Food Frequency Questionnaire (FFQ). The ShaFA
software was used to estimate the dietary intake of Zn,
Cu, Se, and Mn from the FFQ data. Statistical analysis of
data was done using STATA software.

Results

This study was conducted on 35 ASD children (10 girls,
25 boys) and 70 healthy children (20 girls, 50 boys) aged
6 to 12 years. The mean age scores of the ASD and
healthy groups were 118.7+19.7 and 114.5+17.9
months, respectively (P=0.27). There was no statistically
significant difference in the dietary intake of Zn, Cu, and
Se; however, the Mn intake was significantly lower in the
ASD group than in the healthy control children
(Median+IQR: 2.39+1.83 vs. 3.24+1.94, respectively;
P=0.03).

Discussion
In this study, there was no significant difference in
dietary intake of Zn, Cu, and Se between children with

ASD and healthy control children; however, dietary
intake of Mn was significantly higher in healthy
children. Although there are no conclusive results
regarding the effect of Zn supplementation in
preventing or reducing the symptoms of autism,
correcting Zn deficiency is likely to minimize
comorbidities and improve overall health.

Copper stimulates the production of epinephrine,
norepinephrine, and dopamine neurotransmitters. It is
also required for monoamine oxidase, an enzyme
involved in serotonin production. Copper is a
component of several metalloenzymes involved in
dopamine synthesis in biochemical pathways that
antagonize dopamine production or catalyze its
degradation. Moreover, excessive amounts of Cu may
play a role in dopamine dysregulation.

Oxidative stress modulation by Se may be considered
the critical neuroprotective effect in ASD. Likewise,
Se deficiency is associated with brain protein
oxidation. These data are consistent with reducing
the role of selenium in H202-induced oxidative stress
and apoptosis.

Evidence also shows that low levels of Mn can
negatively affect a child's neurological development.
An inverse association has been reported between Mn
exposure measured in environmental and biological
samples and child cognition, memory, behavior, and
motor performance. There are various mechanisms for
proper buffering of cellular Mn levels, which include
transporters involved in Mn uptake and Mn efflux
mechanisms, that help to maintain a balance between
its normal function and neurotoxicity. The possible
relationship between exposure to neurotoxins and
neuropsychological disorders and child behavior, the
relative concentration of lead, mercury, and Mn in
the enamel areas of milk teeth before and after birth
of children with ASD and children with typical
development has been investigated, and no
significant difference has been found compared to
healthy children.

The results of similar studies are inconsistent. The
discrepancy in the obtained results in the studies may
be attributed to the difference in culture, diet, and
geographical region. On the other hand, limitations,
such as small sample size and limited geographical
area, reduce the generalizability and certainty of the
findings. It is suggested to conduct long-term
longitudinal studies with a larger sample size to
measure the relationship between micronutrient intake
and ASD pathophysiology. In addition, simultaneous
measurement of the amount of micronutrient dietary
intake and corresponding blood levels can help
strengthen the study results.

Considering the existence of problems related to
eating habits in children with ASD, the results of this
study suggest the necessity of assessing the nutritional
status of ASD children.

Conclusion

Considering the eating habits problems in ASD
children, the results of this study highlight the
necessity of routine nutritional assessment of children
with autism. Studies with larger sample sizes are
recommended.



http://dx.doi.org/10.61186/psj.21.4.235
https://psj.umsha.ac.ir/article-1-1043-fa.html

[ Downloaded from pg.umsha.ac.ir on 2026-06-11 ]

[ DOI: 10.61186/ps.21.4.235]

b g3 ools alono 3%

g R
Y/ PRY-YYD wlriuo AF-Y s F oylad ¥ 0y90 L EAY N
el DOI: 10.61186/psj.21.4.235
UMSHA Press http+/psj.umsha.ac.it/ g
)

o g Lo YW 49 Wiao (395 33 35S0 g s ¢ o (0 (SIS SO 43 SAmlio
Il dals 5865

HTE Syl dlgol T yg yid L oo ! comiiiane ouilo ! o dougd

Ol e85 plnlS (S psle oSl ggzmtils Sliiod saieS

Ol OB F (s (S pole olSails crublagy (gouSails elaiz] (sarmg 5 edlo Zo e Olinios 35 5o T

Ol O 5 plnls (S pole olKasls criblagy oaSails (linlS 0S5 (3155 Sligios 35 e T

Ol el cplaan  Sig pole olRails ( Sy (goaSiails «aydss Cuodlw Dlidsd 35 10 o olie olge Clllags g 4335 pole 05,5 ¥

ouuS>

. . VE-Y/-OFA sallie el 4o gu,b
15 e cnlials e Shole JuJods (ASD) iyl cisls NS & Mise (5055 1348 g sl o eshr e

VE-Y/SITY o gyl g,
VE-Y/ VY callie by gyl
VE-Y/ QY callie Ao g b

O (e Slge aliwd (gdie dlge ST il jo s biae 0 (S lpSS sbalie Skl g cw STl

Cadlw EMSiea glgil Sloul el s 10 o] 09 ABLSI b 95008 5 35,15 (635 1o (cmal pls ;O ool

e yolie olde cdl o s sannlis aslllas )l Bus .0iS SS ASD (gaxawgi 4 WilgS oo 5 398 o0

29 QB el plle 535S 5 ASD & Mie (5055 09,5 93 55 5i5e 5 b e 453,

Ve g pansdgl cids SYMS] 4 Mo Al ¥ 15§ S0gS YO oldé il yo alllas ol o i (g g 8150

S salyg, olie b o hawgie g o b STyg dluy  caSdas (gaal i 5l oolainl b ol SogS

A 8yl s 138l 53 5l eolasul b 558 g puides ¢ o Sy pole olEadls sl 55 g solas

b0 liae Lol 6las 9929 mutles 5 o oS5 (2108 2Bl 0 lie 48 (5,0 sire (5Ll glas aSl Gl Bgazme o
ol sals (5855 5l (gl sxe jsbay (Median £ 1QR = Y/¥- £ V/AY) oyl 05,5 50s5 [0 3K
(P=+/+Y) 59 yinS (Median £ IQR = ¥/Y¥ £ 1/4Y)
cot gl Cdo SYMEST a4 Mie 5868 jo lie Slole 4y bgy o OSLie 3529 o58,5 lai o L ig pS azss
w283 go HLaS |y iyl 4 Mive G055 53 slandas Comdy plate 5 ) oy p poi) adllbe @S

g se ol 555 saiged a b lalllas e sty Al i ghme odiuuggi

0aSizdly (S WS g 5l lidss

5 fihes t e £l Sl 0 trndyl il VNS gl (g bl (S5 psle oRadls itlag

Cllage 5 s pole 09,5 1ol pl (B

WA Cedles Sladss 35 e o glie olge

‘Siw): |n5l.c olKsls ‘tSi“')’ (GO ilo

Ol (oldes ¢ laan

a.sharifi1983@gmail.com : ||

sl Cinl SYMS 4 D 5555 1 3iKie g ruthes o S ) (2hié Bl ;0 (guglie all ol ¢ iy 15t jhazme ¢y i fou3lo ¢ soniiiume tosd ¢ ginne 1O L]
TEY-YYO DYV TV 50l iylagiy (oole almo plles aals olSo5 L

Aovdio

e @as 0 Sl ell 5 g patie g3l o Slee o Conl ol (g0 cmae S| (ASD) iyl cinds Ol
I a5 o sanazas b M 5 el (blsyl 5 eleiz] el jo palis L oS
slalo ;2 1, ASD g5:8 (CDC) lags oy J5u5 55 5 Pl 5 > (slas lomial ogazme 5 (51,55 (sl lid, (S 2

VPeY 5ml oF o)lods YV 0y90 4y (ode adxo | YTV


https://orcid.org/0000-0002-3164-0479
http://dx.doi.org/10.61186/psj.21.4.235
https://psj.umsha.ac.ir/article-1-1043-fa.html

[ Downloaded from pg.umsha.ac.ir on 2026-06-11 ]

[ DOI: 10.61186/ps.21.4.235]

s 35 e SV e b ation Ly Loidly 13 (55, o5 ile
o &Sy b S woadpiiie Slalllae Bk el ol en
G ol 00l Slgaiion V1) 4 S0 (Yo S )50 5 505 (o
IS 00 69y 39008 (oS uSiais Zansl (Sen S5 e 1 (59,
losls e VY NV P] aitly (g5, sliate comw Sl3E mazsi b o
e o Slyy 5 s Dl slp &5 Sl (55958 9 (Some
95 WS (oo &Sl ok 0l 5 2SS Slapasile 10 e e
2 &3 35 Gl e DA NV] el a5y g0 (555155
Wied Sl gmac Solal 0 uien Cwl Sl b gl
Mg pate Gl ole A (el gl g (Fgse ol
Se25 ) Oeeligs 5 el (B! (smas lrosias Jlis]
A b badpe mopl GlaasT eelgise slp orizeen 35 g
oy o el Seansgl (ees NA] cadd p3Y cigig
pro SBOEgn gl g)cnlil S o0 1B glannST ]
(oo 2 Jlail (B9 ] mansMysl oo il o ol GlaruS| il
o Shile &5 ol b oo 28 el 4 die (S 05ST 5
o S 9§ 0 omal phe Slp 09 lee (s 4
Slr e 5 83y pedplio Somnl 4 4z LIV VAL 05t e
SONE IR IV E-PS IR SOCH [YER IS SO INUIUSPSINL  JVS
axls e ASDS 5565h 50 Cawl (\Sew SloS paie g0 cpl a5
Ivy] axsl

Capie 5 e o) o il @y aialy Slooetsn 5 il
qotbos jLimgon 1o PLS|alien (65950 oy guilarnST ol
3 el Son ¢ ST 5T s e o L] s Joay
twgen auiber VY YV] wsl as 0 ASD L ol bem ks
lod Slos 5 JUuSow JUES slojnne e 8L 3 1) (S99,
Lix g jhe wd) @lp (Seo &5 WS S (Selgrar
petb (S jlade aties vpe (ormb (Sigln e lao Slae
Slalllae 5l (gl el (Sl (Jobo (1593, Lanzee i ol
5 Tl ol Gl mawceils a5 wilesls olas
slroaias JUisl elaw malais b el (Ko guithos .l Slellos
pror 5 omae Dl alS (g5lannST il 2alS (g
Ll Lo ge cualSgan o (lablne (185 ¢ sras lasho ool
@Bly 55 aeibes sl asuie 1S ASD o aeibe ralvY]as
1o il cmac OS] 10 5 Cel e Jly (maas 0 Slos (6l
ASD (o 5 pibos 25 b Bl s obline sl o bl
.[\Y]a)lo AYE

Sfles pizr shls sh9re B plgea 2
G (B beme (05 Joluie wsle (Sjols s
S5 Bs5 g e Collad ot (Dliaeeg S g s (atg
e golie ¢ Sl BT gls jo 38 ol 31 iz sl
soba 35 YR o jls i cal e 0 Shee 5 (555
@ P el b SO peelgs o Slee ST L oo

FA 5V g A 50 ) Ve ) s gay Y ) g YA X ef
Slanlllas ¢ il 3l gy ol g o AY] el 0s,5 5155 SagS
«S0sSVF yo 51 S0s5 ) dgum a5 Cawl 00,5 lexe Y- TY Jlo yo
ez Ol 5o Solem (nl wsdi oo 0ols (il sl 4 M
A3 RO RS BT

39 owl 00is S po JulS jeboas ASD g5 e aSul 0929 L
Jolge 5l (B Sl paacgl (oulidile o banme 5 S5 Jole
ool IR L (aee slaS e 136w pdypdlel asre
WAl (S Cowlas b oS 5 50 9 el oljen guilanS]
b Sgl loljg 0)lge (B 50 a5 a0 S5 4 1] D9 o
Blyes o J oy 2 g0 355 reibs gty (S b S,
Szl Jle . casl ASD 542 (sodimaylis a5 aes oo &, SLSU
Condg bS5 50 o SBlE (oyme j0 (28,5 )15 5l o)l
e clle s ol58ss ol 8] cudl bl saiws
5 cleiSy bl bl (e STl o EMSEs canliol
Slga Jlaz (oyme 13 95 (28 3, )3 (35 Slge 5l (F 35S
o 005 plo 4 S Lo il pli o (SBU (s30s
s (nl g Wb o0 99, (5 futn Sl DM b 355 Jlog
IV] a8 a0zs 1, ASD oidle ol (o

S 2,00 (635 50 (sras piams )3 (sotee G (Sixo Sy
e omas slbonias JUil pedsilie 5 a5 ol o) oo
SleaS polie g (Jama dlge ul (ag 92 5l G b 095 20,138 e
Garwg 4 Wlgi o g 098 o0 Ceodles DI glgl slowl el
5365 oS aims o ylis Slalllae 51 S (A £l ais SLs"ASD
b aS Wls gons D1 85 (gl (6508 Ulg5 gl 4 e
18] 09 o0 oo s po Sl el yrien

D)l S Jsk lieedign Jlos 516k 50 (S0 9,
Sl S il 3 Sl dys Vo b gy VAo Lyl
O JUd oo )0 (oulal (28 (59, sbaom 9 il 59, sl
Jole DNA L o3 blsyl ;o (g5, 35l mpl gg5 Yoo
@3l oely Aoz 3l ol anld s )3 ey gouiiTdgume
Vel sims o JSas S jsbots 1) (nSg ik lal 45 ]
5 238 o0 b iz (S59l5hy90 2 Wy 5l B (55, zabaw 1)
SguaS ¢ yuiedd Dyl el da>gi ,95,0 ASD o x> o Slas
FoS,5 b 50k g alidls p Wlgs o ( Shal> ;5 (59, 1,35
o9kt 315 3925 Blsl Ot jae 53 (53, Y] 51, b
Goxadlis oS Cewl gy Sl i plp Ve Gae 50 65, gl oS
bl slp s Stz walsd ol qras 08 )5 yaie Gl A8
e (55505l I¥T 515 5925 ASD wy Ml 5 (59, SgaaS O
oS ol ool L Syl hlom 53U 5 50 dowsdly o (s,
DO NVENY ¥ s s 5065 ol o yaie ol clale

SgeS 45 (5 sboas S oo Lad> (53 50 e L) Jole g,
238 e (CU) e Coogonne & Col (Son Lol 50 59,

YYA | \FeY )-al.v ¥ c)l.o..'b AARITH “'_,thj.; GQJ-C alxo


http://dx.doi.org/10.61186/psj.21.4.235
https://psj.umsha.ac.ir/article-1-1043-fa.html

[ Downloaded from pg.umsha.ac.ir on 2026-06-11 ]

[ DOI: 10.61186/ps.21.4.235]

Jley @255 b (o8 Sledlbol gaslio s plonil g3 panldy S50lsS
259 Gl o5 CleMbl (gaunlin § Jis & s 3l oolaial b
a8 ol p0m Sl oslisal b Jlas

Sy pole oKty B saneS gl 5l ey adlas
Cyld, 5 4 alol IR GOUMS.REC.1398.308 : D31 o) lwls
A 33 adllae o &8 L8 gl 58S pally 5l alalST S

Ladl

eas) el YN aieds b S8 ¥ sl ol o
B0 5 Z3 V0 meassl g S395 Vo 9 (g YO 5 2231 0)
5ASD 05,5 93 o puSiles [V ot o) LAY B F (Gan
M a8 39y ol VNV £ VYA 5 VAV £VAY s sy ol
P=IYY) sials 6o sire (ke

el (e oSy (2l 28l laosls (35 Loy o
B T e R )
bl Jloy @98 o piia nlo

Gl ol a5 ols Glis 0g,F g5 (gAmglie (uimen
)5 3925 el 5 e (S A8 2L, Gliee 55 (5 l0 e
=YY 2 VAY) gl 09,5 5055 10 5:Kie il ,o olhee Ll
£1/9F) fle aals (5065 515 lo cine jsbay (Median + IQR
() Jgaz) (P=+/+¥) 58y zaS (Median + IQR = Y/Y¥

ASD & Mie 55065 10 1550 5 paides (e « Sy (2l il o

S5 el 90 e (lont a5 50 Shos (LSl Dl i
wals L) ASD L wisise Bk ol 5 5 osdee e
Ivolast

Joo Slapacil )3 lagdiny ) mhw Coenl 4 axgi L
Olie aunlin dslllas (pl Bos (andyl i OYST o
99 50 P 5 e e 1S9, (S polie (238 Bl
D9 OS5 et ol (5095 9 ASD 4y s (1045 055

L gy g 3190

AP gl B VE e a5l ualis,ge sadlas oyl
ol G eSS ol almil (Gl 30 Jled) QB 5 el 5
olian 5 gl cads OS] 4 e (LY U F SogS YO
Al ploil iz g e bl (g5l 030y Wl SogS
tolal O jgods plls S555 50 ASD 4y M Sog5 ,0 lila g
Ivs] woas Sl

Lgd.cl)w).) )‘ oolawl L\ LJ'“‘\'HB ‘) ulSQBS LSJLX.C uSLa)Q
wlde cdlye fliw madd glp s S ol delay eSdas
s LI585 51 ST 95 dalug SleMbl 51 528K g oo ¢ o «S03
s ool [YV]

ey NdD Jdodigay s STATA 38le 5 5l oolaul b laosls
S jloslasunl b oS sloools auies s Jbo s

G5 Vo) ol aals 1555 b (i ¥O) sl el Y & e (15355 15 5500 5 s 0 om oSy gl 2l (otlin 1) Jgim

; aali 69,5 i 9l 09,5
ok Hlxe Syl oSSl Hlere Syl
-IYY vy Y/ Y AIFY /A~ (Mg/d) S
<18V VAV /¥ Vav/A \YAA/ Vat) (ug/d) o
A AYIVO YAIVY vas VY (Mg/d) il
- YIYE Vv F YIVY VY (ugld) 5:Sie
Mie S5g5 00 (s0,b,0 ;50 slanllas o [¥elogs Wlo o505 )

Soy cdale Lgi T 0 LoV P B0 Sdy e SosS FF g ASD o
I T el o obine sl 09,5 gy

zobw a5 olo plas s oly8l ol palive san]las
P kTP 55700 b e A S5y Cumd 5 S5y o
o DAL g 5ol oole ol 31 b awslio ;o ASD 4l les
ASD (5355 13 (59, yieS ghaw jui o)) e g Faber axlas
I sls olas |,

o a5 3l yLas slosalive clalllas LTk gulis opl 3525 b
orizeen [V F] 2105 0925 (5 loline (salaly musssl 5 (53, ol
SR L R )0 69y JeSe Bran Sl golys ik
el 55, a8 ol Yoo i 15 13,105 3529 aensl e
Bedios (sogee Cdle 3guy 5 ol e Slags Lo alS

09,5 4 Camd ASD (5555 ;5 (o 2L 50 0l (gaslllas o

(895 2 28l 0 e 10 (6 ol Gglas aS ols lis s
SISS5S 5 iy o VST 4 M 5055 i 5
OBsS 05,5 ;0 3Kk plde cdl o Ll )l 0929 e vals
D i SIS b plle
Clle R0, L eadplxl slogw,n @l (IS jsba
il (59, 99005 ASD & Mits ol,8l o)lge > 0 5 sl
5 ldly (g5, cdale (o Dldlas Lan o &5 Jbjo il
el 0085 I35 Sl sulls 15055 &3 et Syl oo
5,3 VA sladly so,b,0 oo g RUSSO (sanlllas gulis [YA]
3l 31 50 Lewdly (g9, o a5 ols lis (ol 03 VA 5 St
s Ll el o0g yiaS (ol o131 4 coes ASD @ M
ol 1y g ol cigls ol gasdlas wile 1o byl (gasllae
L ASD (5555 sla s ;o (55, pxbaw slanlllas ;o [Yal sl

VFY 5l oF o)lods YY) 0y90 sy oode adma | YYAQ


http://dx.doi.org/10.61186/psj.21.4.235
https://psj.umsha.ac.ir/article-1-1043-fa.html

[ Downloaded from pg.umsha.ac.ir on 2026-06-11 ]

[ DOI: 10.61186/ps.21.4.235]

8 55 g 09 oy (o SIS (S05 518, 5 (LAY,
S35 W5 5l 5 g 5] S e ol sl (s
6@:);.:9[.0490&.“ w)fMM)LUUongSD da)l.uao
;9 ASD 4 e 5555 slp (ras pgam pl Zokaw yo (5)ls
G b g Lol ol oaid o oo 5055 L awslis
Sromb 38K mhe ASD 4 M 5058 ol> saslllas
Sl 3l (s 350 5o Jsb (slanlllae o ocpuizmen [F+ Juiials
S395 FFA o adyl 58 (Byme o 85 3 SS90
OB 9> Ko s G (owgSae 9 JSHU Bl (o) 2
olid 45wl csslin Glojes o3 Wby Oles g (Sala\Y o
2 kel sl il sl (Soe 3350 SV 5 by sl Sa0 0
Irals i Jlus,m 5865 4o (o 0,

alie Slallae plo b ol sasllae mls Gamalis (5 sboa;
usl&u )‘ JJLA Sl USAA OM]WOAJ @Lu 3 uij aS AR 0 uL.uJ
el saihia g diged oS e Wile 3929 sloZudgue
28l o ol | oty i (5859m b Sutany o
s Spe Seiin ASD L Sigdnndsl 5 lasdnen,
S5 Tobw 5 (2E Sl s 3 lagdien; (i plejen (5 S ojll
WS SaS Dlallas zuls o gl 4y Wilgs o

S 5 Ao
P 2l oble 4 bgyye O 092y (18,5 Sl 0 L
poy) axdllas ol gl eandyl ik SYNLS 4 M S0sS

4 e (15055 o glandsd Cumdy phiie g S Slo) 2

SN0y g S
(e g LS o pole olRiils (6,9l 5 wlaass Cigles )
Dgdge 10,08 Zob ol s Bases ) les

2l ol
Ay g 5 (Jlo adlie oLy aisSone a5 S oo el Baig s

OB W 95 o

Sl llie G gi iy 450 G515 Lo 001 (655 o s iome daned
aslllas glo aiz plod 3550 )3 (2555l slp Bl (ol 4t 20l

aslog Glalng o ools (55l aax )9, Loyaese ( paniinws odile
aslllas sla aviz plod 8550 )3 (2555ly sl Bl55 (2led 4t

o aalllas (slzl ol g oyl calie symia 1oy b 4l ol
5 ol lie g Gha O3S e 03l s 5 )bl el 5 ]
Aaddllas lo 4z pled 9590 )0 (2555ly (sln BBl (2l 45 w0l

SR ol Mo
s 35 adllas o o808 sl ossS cpally 5l AblET a5 eols,

sanlive ) San ¢ EI-BAZ « s 1o .cuilas (g loline wglds amls
Sasl J S 09,5 5l ity sl (hlow )3 (e rlaw 45 W3S
5 ASD 4 Me 5555 YV (50,l,0 4 (6,55 saslllas o [¥Y]
Toho hls ASD 535S i all JyuS 09,5 SoeS YV
Sl oy e 1Y) oy 3o Slatigns 53 e 5l 0l
S5 1y oeelied 9 GEiely ) ras slaosias
Mg b b pe w3l et (eelgise sl (mizen S o
28 Sl @3l paiz giz Ges [Vl 0¥ igig e
VS b Geaygs a5 ol Joli o5 aloandsns slp s
ol Byl Sl aies baye ualigs i b el ol sa 2
L35 5 el elais P 53 Sl (s e 8 3l i
b bgie jsboas 1) o Wil oo (gom sl o e [YY] aly
Ive VF] ams 15 o sboos wgad Jlew

Sglds 09,5 g0 ;0 puibes i Bl e adlllas oyl o
s 8 e 4y bogy po (sloools clalllas [0 o .cilad (g lolize
YOV slojg,dm ié aulol ganllas ;o ool (a8lin 5 S
5 Zeodw o sloosls L1, ASD 4y Me (JLw VY B Y) SogS
golae ols w (sloog S a5 ol sdalice 5 WSS auglie 43855
Slanlllas ,o o blie [ol¥0] Wo 5 o Bpae | il 5 5L
Sl Gl 3 epSedz jebar eile il s
LY 5gr yiaS Wl o131 b anslie ;0 ASD & dice slilowl i
Slga g DleeS polie v byl o0 ladllae o (uizmen
oS ols oles lle o55eS Jlie ;5 ASD & Mie oy SShne
039 yaS ¢ ]S 09,5 b awslie )0 ASD ()l ler ;o il hans
ol Son muitbs sabanlsdy sulonST oyl oy [YY] el
4 .09 a3 )5 L3 SASD o ae cdadlxe Sl (gulS S
Lol b o 3he 2559 5 gl b il 39005 o 5 e
5 guilonnST ool o puiles godimo jialS yidi b bools ()
(970 Slaalllas 5o [YVXP] &5 )ls cllas H202 5l (56 59001
3 slline Dolds 3550 Jlez w0dd oy p saalllas Ve ggorne
aslllas 9 9 al8l addllas 5o (loe cnl 3 a5 08 oy ook lans
aisls Lz 1 ASD (8058 40 puides zrhaws 51 o295 5950 SralS
Ira xs vl

904 ASD 095 jo 5i5e by (i pol> gaddllae yo
Eoh 45 5m 0 i al5 g alh 03, Sl S w5 o stes
2N e 5B Sos s by Sl (Sen 3Se Gmly
P e > 555 5 om oesSxe b eimen
abdls (el b (So5elem 5 shaoee sladiged ;o 0uli 5,50 5lu]
Las jelatea [YA] cdlons (558 SagS 35 1o 0 Shoe ¢ 513,
Gy s SlapanilSis o] oeas Carons g Cable G Joles
ko0 Sl JBU Jols a5 315 9929 Jobw 1350 ol canlio 5L
Ll V] 0900 55800 (b2 Slopunilsin 5 5500 Ci> 5o
ras OS] g (crae poo (om0 ;0 B )15 G (Jleso]

Yfe | AFeY b F oylods ¥V 090 (oS (oole almo


http://dx.doi.org/10.61186/psj.21.4.235
https://psj.umsha.ac.ir/article-1-1043-fa.html

[ Downloaded from pg.umsha.ac.ir on 2026-06-11 ]

[ DOI: 10.61186/ps.21.4.235]

Sb ol
oBadls (55l 5 Dlihios Cugleo ) VAVNIY-Y 05 L ciwgh )b
sl 00,5 I Colom ldS Sij pgle

REFERENCES

1. Arons MH, Lee K, Thynne CJ, Kim SA, Schob C, Kindler S,
Montgomery JM, Garner CC. Shank3 Is Part of a Zinc-
Sensitive Signaling System That Regulates Excitatory
Synaptic Strength. J Neurosci. 2016;36(35):9124-34. PMID:
27581454 DOI: 10.1523/JNEUROSCI.0116-16.2016

2. Lord C, Elsabbagh M, Baird G, Veenstra-Vanderweele J.
Autism spectrum disorder. Lancet. 2018;392(10146):508-20.
PMID: 30078460 DOI: 10.1016/S0140-6736(18)31129-2

3. Goyal DK, Neil J, Simmons S, Mansab F, Benjamin S,
Pitfield V, et al. Zinc deficiency in autism: a controlled study.
Insights in Biomedicine. 2019;4(03). DOI: 10.36648/2572-
5610.4.3.63

4. Alsufiani HM, Alkhanbashi AS, Laswad NAB, Bakhadher
KK, Alghamdi SA, Tayeb HO, et al. Zinc deficiency and
supplementation in autism spectrum disorder and Phelan-
McDermid syndrome. J Neurosci Res. 2022;100(4):970-8.
PMID: 35114017 DOI: 10.1002/jnr.25019

5. Freitag CM, Staal W, Klauck SM, Duketis E, Waltes R.
Genetics of autistic disorders: review and clinical
implications. Eur Child Adolesc Psychiatry. 2010;19(3):169-
78. PMID:19941018 DOI: 10.1007/s00787-009-0076-x

6. Blaurock-Busch E, DESSOKI HH, RABAH T. Toxic metals
and essential elements in hair and severity of symptoms
among children with autism. Maedica. 2012;7(1):38. PMID:
23118818

7. Lai X, Zhang Q, Zhu J, Yang T, Guo M, Li Q, et al. A weekly
vitamin A supplementary program alleviates social impairment
in Chinese children with autism spectrum disorders and vitamin
A deficiency. Eur J Clin Nutr. 2021;75(7):1118-25. PMID:
33328600 DOI: 10.1038/s41430-020-00827-9

8. Dufault R, Lukiw WJ, Crider R, Schnoll R, Wallinga D, Deth R.
A macroepigenetic approach to identify factors responsible for
the autism epidemic in the United States. Clin Epigenetics
2012;4(1):6. PMID: 22490277 DOI: 10.1186/1868-7083-4-6

9. Bjorklund G. The role of zinc and copper in autism spectrum
disorders. Acta Neurobiol Exp (Wars). 2013;73(2):225-36.
PMID: 23823984

10. Frassinetti S, Bronzetti G, Caltavuturo L, Cini M, Croce CD.
The role of zinc in life: a review. J Environ Pathol Toxicol
Oncol 2006;25(3):597-610. PMID:17073562 DOI: 10.1615/
jenvironpatholtoxicoloncol.v25.i3.40

11. Andreini C, Banci L, Bertini I, Rosato A. Counting the zinc-
proteins encoded in the human genome. J Proteome Res.
2006;5(1):196-201. PMID: 16396512 DOI: 10.1021/pr050361]

12. Behl S, Mehta S, Pandey MK. Abnormal Levels of Metal
Micronutrients and Autism Spectrum Disorder: A
Perspective Review. Front Mol Neurosci. 2020;13:586209.
PMID:33362464 DOI: 10.3389/fnmol.2020.586209

13. Chowanadisai W, Kelleher SL, Lénnerdal B. Maternal zinc
deficiency reduces NMDA receptor expression in neonatal
rat brain, which persists into early adulthood. J Neurochem
2005;94(2):510-9. PMID: 15998301 DOI: 10.1111/j.1471-
4159.2005.03246.x

14. Babaknejad N, Sayehmiri F, Sayehmiri K, Mohamadkhani
A, Bahrami S. The Relationship between Zinc Levels and
Autism: A Systematic Review and Meta-analysis. Iran J
Child Neurol. 2016;10(4):1-9._ PMID: 27843460

15. Sensi SL, Paoletti P, Bush Al, Sekler I. Zinc in the physiology
and pathology of the CNS. Nat Rev Neurosci. 2009;10(11):780-
91. PMID: 19826435 DOI: 10.1038/nrn2734

16. Faber S, Zinn GM, Kern JC 2nd, Kingston HM. The plasma
zinc/serum copper ratio as a biomarker in children with
autism spectrum disorders. Biomarkers. 2009;14(3):171-80.
PMID: 19280374 DOI: 10.1080/13547500902783747

17. Leary SC, Winge DR, Cobine PA. “Pulling the plug” on cellular
copper: the role of mitochondria in copper export. Biochimica et
Biophysica Acta (BBA)-Molecular Cell Research. 2009;
1793(1):146-53. DOI: 10.1016/j.bbamcr.2008.05.002

ASD 4 Mie (5855 10 53K 5 paihes ¢ e « Sy lde il o

05 pludS Sg psle olRails D aneS wnl e addllae ol
el (VWAA 3TV iy gas ol JR.GOUMS.REC.1398.308 : 355!
i ol abgs e Ol 5ae 5 b el s cule, b asdllae cpl s

18. Li S-0, Wang J-l, Bjgrklund G, Zhao W-n, Yin C-h. Serum
copper and zinc levels in individuals with autism spectrum
disorders. Neuroreport. 2014;25(15):1216-20. PMID:251
62784 DOI: 10.1097/WNR.0000000000000251

19. Uriu-Adams JY, Keen CL. Copper, oxidative stress, and
human health. Mol Aspects Med. 2005;26(4-5):268-98.
PMID: 16112185 DOI: 10.1016/j.mam.2005.07.015

20. Chauhan A, Chauhan V. Oxidative stress in autism.
Pathophysiology. 2006;13(3):171-81. PMID: 16766163 DOI:
10.1016/j.pathophys.2006.05.007

21. Raymond LJ, Deth RC, Ralston NV. Potential Role of
Selenoenzymes and Antioxidant Metabolism in relation to
Autism Etiology and Pathology. Autism Res Treat.
2014;2014:164938. PMID: 24734177 DOI: 10.1155/2014/
164938

22. Tinkov AA, Skalnaya MG, Simashkova NV, Klyushnik TP,
Skalnaya AA, Bjarklund G, et al. Association between catatonia
and levels of hair and serum trace elements and minerals in
autism  spectrum  disorder. Biomed Pharmacother.
2019;109:174-80. PMID:30396074 DOI: 10.1016/.biopha.
2018.10.051

23. Wu H, Zhao G, Liu S, Zhang Q, Wang P, Cao Y, et al.
Supplementation with selenium attenuates autism-like
behaviors and improves oxidative stress, inflammation and
related gene expression in an autism disease model. J Nutr
Biochem. 2022;107:109034. PMID:35500829 DOI: 10.10
16/j.jnutbio.2022.109034

24. Chen P, Chakraborty S, Mukhopadhyay S, Lee E, Paoliello
MM, Bowman AB, et al. Manganese homeostasis in the
nervous system. J Neurochem. 2015;134(4):601-10. PMID:
25982296 DOI: 10.1111/jnc.13170

25. ljomone OM, Olung NF, Akingbade GT, Okoh COA, Aschner
M. Environmental influence on neurodevelopmental disorders:
Potential association of heavy metal exposure and autism. J
Trace Elem Med Biol. 2020;62:126638. PMID: 32891009 DOI:
10.1016/.jtemb.2020.126638

26. Moeini F, Mostaghimi M, Honarvar M R, Sharifi A.
Comparison of Dietary Intake of Vitamin A in Children with
Autism Spectrum Disorders with Healthy Children in Gorgan
City in 2021: A Case-control Study.[in persian]. Pajouhan
SciJ .2023; 21 (2) :97-103.

27. Sharifi A. ShaFA, A new Microsoft windows-based software
for food intake analysis. JNFS. 2023.

28. De Palma G, Catalani S, Franco A, Brighenti M, Apostoli P.
Lack of correlation between metallic elements analyzed in
hair by ICP-MS and autism. J Autism Dev Disord.
2012;42(3):342-53. PMID: 21503799 DOI: 10.1007/s10
803-011-1245-6

29. Russo AJ. Increased Copper in Individuals with Autism
Normalizes Post Zinc Therapy More Efficiently in Individuals
with  Concurrent Gl Disease. Nutr Metab Insights.
2011;4:49-54. PMID: 23946661 DOI: 10.4137/NMI.S6827

30. Adams JB, Romdalvik J, Ramanujam VM, Legator MS.
Mercury, lead, and zinc in baby teeth of children with autism
versus controls. J Toxicol Environ Health A. 2007;70(12):1046-
51. PMID: 17497416 DOI: 10.1080/15287390601172080

31. Adams JB, Audhya T, McDonough-Means S, Rubin RA, Quig
D, Geis E, et al. Nutritional and metabolic status of children with
autism vs. neurotypical children, and the association with
autism severity. Nutr Metab (Lond). 2011;8:1-32. PMID:
21651783 DOI: 10.1186/1743-7075-8-34

32. El-Baz F, Mowafy ME, Lotfy A. Study of serum copper and
ceruloplasmin levels in Egyptian autistic children. Egyptian
Journal of Medical Human Genetics. 2018;19(2):113-6.
DOI:10.1016/j.ejmhg.2017.08.002

33. Al-Farsi YM, Waly MI, Al-Sharbati MM, Al-Shafaee MA, Al-Farsi
OA, Al-Khaduri MM, et al. Levels of heavy metals and essential
minerals in hair samples of children with autism in Oman: a

VPY 5ml oF o)los ¥ 0y90 (g (oode ado | YFY


https://pubmed.ncbi.nlm.nih.gov/27581454/
https://pubmed.ncbi.nlm.nih.gov/27581454/
https://10.0.5.243/JNEUROSCI.0116-16.2016
https://pubmed.ncbi.nlm.nih.gov/30078460/
https://10.0.3.248/S0140-6736\(18\)31129-2
https://www.primescholars.com/articles/zinc-deficiency-in-autism-a-controlled-study-95538.html
https://www.primescholars.com/articles/zinc-deficiency-in-autism-a-controlled-study-95538.html
https://pubmed.ncbi.nlm.nih.gov/35114017/
https://10.0.3.234/jnr.25019
https://pubmed.ncbi.nlm.nih.gov/19941018/
https://10.0.3.239/s00787-009-0076-x
https://10.0.3.239/s00787-009-0076-x
https://pubmed.ncbi.nlm.nih.gov/23118818/
https://pubmed.ncbi.nlm.nih.gov/23118818/
https://pubmed.ncbi.nlm.nih.gov/23118818/
https://pubmed.ncbi.nlm.nih.gov/33328600/
https://pubmed.ncbi.nlm.nih.gov/33328600/
https://10.0.4.14/s41430-020-00827-9
https://pubmed.ncbi.nlm.nih.gov/22490277/
https://10.0.4.162/1868-7083-4-6
https://pubmed.ncbi.nlm.nih.gov/23823984/
https://pubmed.ncbi.nlm.nih.gov/17073562/
https://10.0.6.79/jenvironpatholtoxicoloncol.v25.i3.40
https://10.0.6.79/jenvironpatholtoxicoloncol.v25.i3.40
https://pubmed.ncbi.nlm.nih.gov/16396512/
https://10.0.3.253/pr050361j
https://pubmed.ncbi.nlm.nih.gov/33362464/
https://10.0.13.61/fnmol.2020.586209
https://10.0.13.61/fnmol.2020.586209
https://pubmed.ncbi.nlm.nih.gov/15998301/
https://10.0.4.87/j.1471-4159.2005.03246.x
https://10.0.4.87/j.1471-4159.2005.03246.x
https://pubmed.ncbi.nlm.nih.gov/27843460/
https://pubmed.ncbi.nlm.nih.gov/19826435/
https://10.0.4.14/nrn2734
https://pubmed.ncbi.nlm.nih.gov/19280374/
https://10.0.4.56/13547500902783747
https://doi.org/10.1016/j.bbamcr.2008.05.002
https://pubmed.ncbi.nlm.nih.gov/25162784/
https://pubmed.ncbi.nlm.nih.gov/25162784/
file:///E:/graphic/صفحه%20آرایی/پژوهان/دوره21-شماره4/2_a-10-1090-2-2/10.1097/WNR.0000000000000251
https://pubmed.ncbi.nlm.nih.gov/16112185/
https://pubmed.ncbi.nlm.nih.gov/16112185/
https://10.0.3.248/j.mam.2005.07.015
https://pubmed.ncbi.nlm.nih.gov/16766163/
https://10.0.3.248/j.pathophys.2006.05.007
https://10.0.3.248/j.pathophys.2006.05.007
https://pubmed.ncbi.nlm.nih.gov/24734177/
https://10.0.4.131/2014/164938
https://10.0.4.131/2014/164938
https://pubmed.ncbi.nlm.nih.gov/30396074/
https://10.0.3.248/j.biopha.2018.10.051
https://10.0.3.248/j.biopha.2018.10.051
https://pubmed.ncbi.nlm.nih.gov/35500829/
https://10.0.3.248/j.jnutbio.2022.109034
https://10.0.3.248/j.jnutbio.2022.109034
https://pubmed.ncbi.nlm.nih.gov/25982296/
https://pubmed.ncbi.nlm.nih.gov/25982296/
https://10.0.4.87/jnc.13170
https://pubmed.ncbi.nlm.nih.gov/32891009/
https://10.0.3.248/j.jtemb.2020.126638
https://10.0.3.248/j.jtemb.2020.126638
https://pubmed.ncbi.nlm.nih.gov/21503799/
https://10.0.3.239/s10803-011-1245-6
https://10.0.3.239/s10803-011-1245-6
https://pubmed.ncbi.nlm.nih.gov/23946661/
https://10.0.16.41/NMI.S6827
https://pubmed.ncbi.nlm.nih.gov/17497416/
https://10.0.4.56/15287390601172080
https://pubmed.ncbi.nlm.nih.gov/21651783/
https://pubmed.ncbi.nlm.nih.gov/21651783/
https://10.0.4.162/1743-7075-8-34
https://doi.org/10.1016/j.ejmhg.2017.08.002
http://dx.doi.org/10.61186/psj.21.4.235
https://psj.umsha.ac.ir/article-1-1043-fa.html

[ Downloaded from pg.umsha.ac.ir on 2026-06-11 ]

[ DOI: 10.61186/ps.21.4.235]

34.

35.

36.

37.

case—control study. Biol Trace Elem Res. 2013;151:181-6.
PMID: 23188679 DOI: 10.1007/s12011-012-9553-z

Lakshmi Priya MD, Geetha A. Level 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.
PMID: 20625937 DOI: 10.1007/s12011-010-8766-2
Hyman SL, Stewart PA, Schmidt B, Cain U, Lemcke N,
Foley JT, et al. Nutrient intake from food in children with
autism. Pediatrics. 2012;130(Sup2):S145-S53. PMID:
23118245 DOI: 10.1542/peds.2012-0900L

Skalny AV, Skalnaya MG, Bjgrklund G, Gritsenko VA,
Aaseth J, Tinkov AA. Selenium and Autism Spectrum
Disorder. Molecular and Integrative Toxicology Selenium.
2018: 193-210. DOI: 10.1007/978-3-319-95390-8 10
Moskovitz J, Stadtman ER. Selenium-deficient diet
enhances protein oxidation and affects methionine sulfoxide
reductase (MsrB) protein level in certain mouse tissues.

38.

39.

40.

Proc Natl Acad Sci U S A. 2003;100(13):7486-90._PMID:
12792026 DOI: 10.1073/pnas.1332607100

Saghazadeh A, Ahangari N, Hendi K, Saleh F, Rezaei N.
Status of essential elements in autism spectrum disorder:
systematic review and meta-analysis. Rev Neurosci.
2017;28(7):783-809._PMID: 28665792 DOI: 10.1515/
revneuro-2017-0015

Claus Henn B, Ettinger AS, Schwartz J, Téllez-Rojo MM,
Lamadrid-Figueroa H, Hernandez-Avila M, et al. Early
postnatal blood manganese levels and children's
neurodevelopment.Epidemiology. 2010;21(4):433-9.
PMID:20549838 DOI: 10.1097/ede.0b013e3181df8e52
Abdullah MM, Ly AR, Goldberg WA, Clarke-Stewart KA,
Dudgeon JV, Mull CG, Chan TJ, Kent EE, Mason AZ,
Ericson JE. Heavy metal in children's tooth enamel: related
to autism and disruptive behaviors? J Autism Dev Disord.
2012;42(6):929-36. PMID: 21735299 DOI: 10.1007/s10
803-011-1318-6

YfY

[ VP 3l oF oylous ¥) 0,90 (g5 (colde alxo


https://pubmed.ncbi.nlm.nih.gov/23188679/
https://pubmed.ncbi.nlm.nih.gov/23188679/
https://10.0.3.239/s12011-012-9553-z
https://pubmed.ncbi.nlm.nih.gov/20625937/
https://10.0.3.239/s12011-010-8766-2
https://pubmed.ncbi.nlm.nih.gov/23118245/
https://pubmed.ncbi.nlm.nih.gov/23118245/
https://10.0.6.6/peds.2012-0900L
https://doi.org/10.1007/978-3-319-95390-8_10
https://pubmed.ncbi.nlm.nih.gov/12792026/
https://pubmed.ncbi.nlm.nih.gov/12792026/
https://10.0.4.49/pnas.1332607100
https://pubmed.ncbi.nlm.nih.gov/28665792/
https://10.0.5.235/revneuro-2017-0015
https://10.0.5.235/revneuro-2017-0015
https://pubmed.ncbi.nlm.nih.gov/20549838/
https://pubmed.ncbi.nlm.nih.gov/20549838/
https://10.0.4.73/ede.0b013e3181df8e52
https://pubmed.ncbi.nlm.nih.gov/21735299/
https://10.0.3.239/s10803-011-1318-6
https://10.0.3.239/s10803-011-1318-6
http://dx.doi.org/10.61186/psj.21.4.235
https://psj.umsha.ac.ir/article-1-1043-fa.html
http://www.tcpdf.org

