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Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a disorder that occurs during childhood
development, which presents with signs of reduced attention and hyperactivity [1]. Necessary
nutrients, such as trace minerals, including manganese, iron, zinc, iodine, selenium, copper, and
chromium, are associated with changes in neuronal function that can lead to adverse effects on
behavior and learning [2]. In addition to these, social, emotional, behavioral problems, and cognitive
impairments such as executive dysfunctions are common in ADHD [3].

Goal
To evaluate the hair elements and intelligence quotient in children with ADHD.
Materials and Methods

This is a cross-sectional comparative study conducted at elementary schools of Ulaanbaatar city. All
in all 60 children of both genders aged between 7-12 years old were included in the study. Children
were divided into two groups as children with ADHD group and a control group. Each group had 30
children. For assessment of emotional Intelligence EQ-i:YV - Emotional Quotient Inventory: Youth
Version (Bar-On & Parker, 2000; it ad. Sannio Fancello, & Cianchetti, 2012) was used. Scalp hair
samples were randomly collected from approximately ten sites around both sides of posterior parietal
eminences and external occipital protuberance. Samples were then packed at room temperature and
submitted for laboratory analysis. The study was approved by the Research Ethics Committee of
Mongolian National University of Medical Sciences (Reg. No. 2018/[1-10).

Results

The 1Q of children with ADHD group were 85.03+16.86 p<.0001 and the IQ of control group
=108.9+21.22, p<.0001. We identified hair minerals such as Mg, Zn, Pb, Se, Mn. We have then
compared to each group and normal ranges of ages. ADHD group and the control group had Pb
concentration that was slightly higher and inversely Mg concentration was slightly lower (r=-0.502,
p=.005). Concentration of Pb, 1Q were directly opposite (r=-0.38, p=.03).
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Conclusion

group 108.9+21.22, p<.0001.

Magnesium, Zinc.
Pp. 13-18, Tables 2, Figures 2, References 7

1. 1Q was lower in the ADHD group compared to control group 85.03+16.86 p<.0001, monitored

2. The group with ADHD had lower Mg, Zn, and higher Pb, Se, Mn (p<.0001). The 1Q decreased
when there was increased Pb and decreased Mg.
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Opwwun

AHxaapan gyTMarLumx, XaT Xe4enreeHTex daMrarumr
“AHXaapan TeBnepyynax yagBapryn xumraag xaT
XOOONreeHTeX LWMHXYYOAI3P WNIapAsar XyyxauiH
catraumiH amrar (AOXX3)” rox TOOOPXOMICOH
Ganpar [4]. 2011 oHp BekcnepuiH 2 paxb ygoaa
3aceapnacaH Ttoed copun (Wechsler Abbreviated
Scale of Intelligence-Second Edition - WASI-
I) Hb 6-90 HacCHbI XYHWA OKYHbI YadaMXXUIr
yHangaar [5]. Typk yncag AOXX3-tanm 110, AXX3
0a Oycag xaBcapcaH awmrartam 82, apyyn 111
XYYXS4TaM xapbuyynaH BekcnepunH copunoop
OHOYHbI YaJaMXWUIr TOOOPXOMNOXod cyaarnraaHbl
OYNrvMiH OlOYHbI YagamXK apyyn Oynrasc cTaTucTuk
a4y xonborgon Oyxun 6Gara rapcaH GavHa [6].
ConoHroc yncag 5-15 HacHbl, DSM-IV aHrunnbIH
wanryypaap AOXX3 oHownorgcoH 41 xyyxag,
XAHaNTbIH BYNarT Hac, XYWCaap WMXWUMCYYNCaH 42
XYYXOWAT COHIrOH cyanaxaf OlYHbl YaJamKXunH
ayHoax oHoo 100.90 (£15.37), xaHanTbiH Oynart
112.14 (+11.40) Gytoy cTaTucTuK Anraatan 6annaa
(p<.001). OtoyHbl 4YagamMXKUMH OHOO LaNpbIH
XOMKIITAN LUYYA, Xap TyranraHbl XaMX33T31 ypByY
XamaapanTtan, xap TyranraHbl XaMX33 HAMIr4axaa
XYYXOMIAH aHxaaparn TeBnepyynax yagamx oyypy,
ragHbl LoYpong amapxaH capHwxk 6are (r=0.587,
p<.01) [7]. TannaHg yncag 2017 oHf 3-17 HacHbI,
COTraUMIH siMap Har amrarryih, DSM-V aHrunnbiH
aaryy AOXX3 odownoracoH 45, apyyn 6ynart
66 Xyyxag COHrOH aBY cyaarnraa siByyrmkaa. Xoép
OynrnH HUNT 111 XYyXOUAH YCIHA XaMrMnH Yyxan
waapgnaratain 10 makpo 6a MWKpPOSNEMEHTUIr
TOAOpXONoxoq MarHm, LanpbiH XOMXKI9
cyganraaHbl Oynart 6ara xamka3Tal rapcaH [8].
LlycaH paxb xap TyranrbiH TyBWWH 5 Mr/gn-2ac
MXCcax OypA XYyxauiH owoyHbl Yagamx (1Q) 1-5
XyYpTan oHooroop byypaar, AOXX3-uiiH aHxaapan
AyTMarwmx WNHXYYA, 3aH YAUAH 3MIaryya unyy
UN3apaar, MeH 3U3r 3XuUiH O0NOBCPOSbIH TYBLUMH,
HUIAMAM SOUNH 3acriH gopon Gawmpgan 33par
Hb Herneenex XyyuH 3ywnc 6Gongor 6GanHa [9].

nima Osapx cyganraaHyydad yHOOCNAOH gapaax
30puUnreir TaBunaa.

3opunro

AHxaapan AyTMarLumx, XaT Xe4eNreeHTexX aMrartan
XYYXOUNH OKOYHbI YagamK, YCHUA 3apuM apacuiiH
LUMHXXWUIT3SHUIA OHLUJTOTUAT Ccyanax;

3opunrT:

AOXX3-Tart MoHron xyyxguH OlyHbI YagamKumir
TOOOPXONIIOX;

AOXXS-Tan XYYXOURH YCHUR
LUMHXKUTISHUIA ©6PYNenTUAr UNpyynax

3pOCUNH

MaTtepuman, apra 3yu

YnaaHbaaTap XOTblH epeHxun OOonoBCpOrbIH
CypryynuiH 7-12 HacHol AOXX3-1ar 30, xaHanTbIH
Oynart yr amrarryn 30 XyyXQuir COHroH TOXMONAOoN
XSHanNTblH ~ cydanraa xunnda.  OponuoryabiH
OlYHbl Yajamxuir BekcnepuiiH TOBY COpPUIbIH
x0ép paxb xyBunbapbiH (Wechsler Abbreviated
Scale Of Intelligence - Second Edition (WASI-
II)) cTaHgapTbiH garyy TOOOPXOWNOB. XYYXAWWH
YC3H, 3pACUIAH X3MXKI3I TOAOPXONIIOX 30pUNroop
cyganraaHg opornuory 0ypasc 3 cM opuum ycunr
anb 6onox xyWxaHg OWp XandnaH ae4, Tycram
nnacTvk yyTanHd XulH kognood, nabopatopug
WNI93X, YC3H A3X 3NEMEHTYYAWUAH aryynamxuir
WHAOYKUMIAH XON600CT NnasMbIH Macc CNEKTPOMETP
(ICP-MS, Induvtively coupled plasma mass
spectrometry)-uiAH apraap Tortoosnoo.

CypanraaHbl éc 3y

OHaxyy cygmanraanbl  axnbir  AWYYUC-uiH
BroaHaraaxblH EC3yNH XsHaNTbIH canbap XOpOoHbI
2018 oHbl 4 oyraap capbiH 20-Hbl 64PWIAH Xypriaap
XAnanuyynaH cyganraa Xumx €c 3yvH 3eBLUeepert
(2018/3-08) aBcaH. Cyganraang opornuordgos
siMap Har XyH4pan apcaan rapaarymn.
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Yp AyH

CypanraaHa xampargcaH XYyXauiH OlYyH yxaaHbl
XODKNUAH  TYBLUMHI  XOEp OynarT xapbuUyynaH
cyanax 30puntbiH - XypaaHg AOXX3-tan 30,
XgHanTbIH 6ynruind 30 Xyyx4ag YHINrad Xunnaa.
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Figure 1. Comprehensive T-score for healthy children with ADHD

ALOXXD-Talt OynrMir amHan3ymH xanbdapasp Hb
aHrMIMK Y3BAN aHxaapan AyTMarwmx xan6apTai
oynart GycablH sipua OWrox 4YagBap, Tepernx

YCaHA 9pA3C TOAOPXOMSIOX WNHXUITTI3HA ALXXO-
Tan 30, xaHanTbiH 30 XyyxXaunur xampyynaH ycaHA
MarHu, uamnp, 33C, xap Tyranra, cefleH, MaHraH

XAnaspad xapbUax, YruiH Gasanar, YyrumH yTroir TOOOPXOMIMK  cydanraaHbl  Oynryyg  XoopoHA
OypaH Tannbapnax 4agsapyyn Hb unyy Oara xapbllyynaH cygannaa (XycHart 1).
OHOOTOW Oaliraa Hb sMapBaa Har acyygang
aHxaapnaa HapuiH TeBMepyyhK Yagaxrymrasac
OlYHbI YaJaMX LWaapaax gaanraspyygaac syrrgar
raCaH oHonbIr 6atamnx GarvHa.

Table 1. The concentration of minerals measured in children’s hair with

ADHD and control group
Minerals ADHD Control P-value
Average SD Average SD

Magnesium 18.22 213 46.63 5.98 .0001***
Zinc 106.41 3.39 119.5 3.31 .008*
Copper 15.77 1.62 14.35 1.07 0.46
Lead 14 0.13 0.8 0.08 .001**
Manganese 0.59 0.07 0.38 0.03 .01*
Selenium 1.3 0.13 1.0 0.10 215

(*p<.05, *p<.001, ***p<.0001)




AOXXD-Tat  Oynart marHuW, UavpblH  AyHOAX
Xamxa3 bara, 33c, xap Tyranra, MaHraHbl gyHaax
XOMX33 MX OONoBY CeneH, 33CUIAH XYyBbA XOEP
OYNMMnH XOOpOHA, CTaTUCTUK a4y XonborgonTon
snraa rapcaHrym.

OPACYYONNH X3MXKI3r X0E€p OynarT xapbLyyrk
Yy33X34, Xap TyranraHbl X3MXK33 HAIMIraaxad
MarHumH Xxamxkaad OyypcaH Oyly ypBYyy Xy4dTam
xamaapantan 6Gawnaa (r=-0.502, p=.005). MeH
Xap TyranraHbl XaMX33 ©0a OwyHbl Yagamx
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XOOpOHA YypBYY Xxamaapantan 6ams (r=-0.38,
p=.03). OpacyyamiH xamxaa 6a OlyHbl YagamxK
XOOPOHAbIH XamMaaprbir cygarnmk A00PX XYCHIrTaap
y3yynaB (XycHart 2). MarHumH xamxaa Oyypax
Hb MaHraH, xap TyranraHbl X3MX33 MWXCOXTIN
ceper, OlYHbl YagamKTanh 3epar xamaapantan
fanB. LlanpbiH xamxaa 6aracax Hb xap TyranraHbl
XOMKI3 HIMIIAIXTIN Ceper, OyHbl YagamkTan
3epar xaMaapanTtan 6arHa.

Table 2. Correlation between hair minerals and I1Q in children with

ADHD and control group.

ADHD Control
Level IQ >90 IQ <90 IQ >90 1Q <90 P-value
n % n % n % n %
. Normal 4| 13.3 8| 26.7 11 36.7 13 43.3
Magnesium .046*
Decreased 3 10 15 50 0 0 6 20
Normal 6 20 11 36.7 8| 26.7 16 53.3
Copper .095
Decreased 1 3.3 12 40 3 10 3 10
. Normal 1 3.3 6 20 9 30 12 40
Zinc .258
Decreased 6 20 17 56.7 2 6.7 7 23.3
Normal 1 3.3 8| 26.7 11 36.7 10 33.3
Lead .006**
Increased 6 20 15 50 0 0 9 30
Normal 2 6.7 15 50 10| 33.3 14 46.7
MManganese 0.101
Increased 5 16.7 8 26.7 1 3.3 5 16.7

AOXX3-Talh XyyXAMNH OKYHblI 4YadamX, YCHWUA
3pOCUAH  eepynenT 9pCOdNT  XYYUH  3YyWnc
BGonox 3Cax Tanaap Perpecc LUMHXUITID XUMXK
y3axag AOXXO-tan xyyxasg aspyyn Oynartan
xapbLyynaxag otoyHbl Yagamx 5 gaxuH (OR=5.5)
Oara Gaiiraa 6a MarHUMH Xamxad Gara Oalx Hb
6 paxvH (OR=6), 33cuiiH xamx33 Garacax Hb 3
faxvH (OR=3.32), uarpblH Xxamx33 baracax Hb 7

(*p<.05, *p<.001, ***p<.0001)

AaxvH (OR=7.6), xap TyranraHbl XaMXa33 UXCAX Hb
5 paxuH (OR=5.4), MaHraHbl X3MXX33 MXC3X Hb 3
AaxuH (OR=3.1) nx ux apcaant Xy4nH 3ynnc 6omxk
bannaa.

AOXX3-MNH acyyMXXMINH OHOOTOW YCHUIM 3pACUNH
XOMX33 X3pPX9H xamaapanTanw Oawvraar cyganmx
A0opx 3ypraap y3yynas (3ypar 2).
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Figure 2. The correlation of ADHD diagnostic scores and minerals

3ypar 2-00C xapaxag XyyXauiH YC3H A3X MarHuimH
XaMx33 byypaxag AOXXO-uH OHOO HAM3rgCcaH
Oytoy ceper (r=-0.38) xamaapanTtail, UaNpbIH
xamxa3tan (r=0.27) ceper, maHraH (r=0.33), xap
Tyranradbl (r=0.34) XaMX33Tan 5epar xamaapanTau
bavinaa.

Xanuamx

bugHun  cypanraaHg  BekcnepuiH - copunoop
OKYHbl YaJaMXXUNH JyHAax OHoo AIXX3-tan
oynart 85.03+16.86 p<.0001, spyyn Oynart
108.9+21.22, p<.0001 Oytoy apyyn Oynartam
XapblUyynaxag CcTatucTuk sanraa Oyxunm ©Oara
oHooTow Garnaa. Dong-Won Shin Hap 2015 oHp
AOXXS-tan 40, apyyn 43 xyyxaunr BekcnepuitH
copunoop  xapblyynaH  cyanaxag — OlYHbI
YyagaMXuWAH HUWAT OHOO cydanraaHbl 6ynart
bara (xaHant 112.39+10.44; cypanraaHbl 6ynart

101.79+£14.90, t=3.199, p=.001) GalicHaac ragHa
YI3H copwnbiH 6a rYMUSTIafMAH  OHOO CTaTUCTUK
anraa  Oyxuin ©Oara xamxkaaTam  BalicaHTan
YHOC3HAO33 Aaymk OGanHa [10]. AOXX3O-tanm 334
TaneaH xyyxasn BekcnepuiitH copunoop OKYHbI
Yagamxuir togopxonmk ANOVA-TecTaap BynruiiH
Anraar wanraxag LWOOH 3areap, Yr spuaHsbl
bagnar xaBcapcaH 6a aHxaapan gyTMmariumx
XaNnbapyyaAMNH XOOpOHA dAfraaryn, YraH copwn,
rYMUSTIaNMAH OHOO sAnraaTtan rapcaH Hb GugHun
cyganraatan agun yp AyH rapcad [11]. LWanxanH
Ux cypryynunH spaamtag AOXX3-Tan XyyxgunH
OlOYHbI Yagamxunr BekcnepunH copunoop apyyn
OynarTanm xapbLUyynaH Cyaanmkas.

ALOXXD-Tar Oynart OwyHbl YadaMXUMH OyHOAX
0HO00 99.26+11.79, xsiHanTbIH 6ynart 111.38+11.29
OancaH 0a yr gpuaHbl Gasnar, yump OWrox, yraH
Oyc YaaBap Hb CTaTUCTUK sinraa Oyxun Gara 6aiB.



AOXX3-MMH  xanBapyyduiH  XOOPOHA,  OHOYHbI
YyagamXuiH OHOO snraaryn GawcaH 6a ron Hb
TaHWH M3O3XYWH yYagBap apyyn O6ynrasc Gara
Oanraar oHuomkas [12]. MaHai cyganraaHpg
MarHumH Xamxaa cyganraadbl 6ynart 80 xyBbA Hb
X3BUIMH X3aMX33H33C Oara Gaviraa Hb Erunet yncag
Farida (2016 oH) HapblH xuncaH AOXX3-tan 25,
apyyn 25 xyyxauur xapbuyyrncaH cydanraaHg
TOXMONANbIH OYNMUAH 72 XyBbA Hb YCHUA MarHunH
XaMxa33 bara rapcaH [13]. 2019 oHp TaviBaH yncag
AOXXO-MAH YEUNH 3pOCUMAH LUMHXUITTS XUNC3IH
cyganraaHyyaag MeTa-aHanms  Xuixag —LYCHb
CUINBAH 6a YCIHA MarHWMH XaMKa3 apyyn 6ynartan
Xapbuyynaxag CcTatuctuk snraa Oyxunm 6ara
X3MXK33TOW, Xap Tyrasnra eHgep rapcaH 6a AXX3-
WAH WNHXYYOTOA MarHu ceper Xxamaapantan
OancaH [14] 33par cyganraatan wxun 6an..
ALOXXO-Tar BYNarT MaHraHbl XamMxaa eHaep Ganx
Hb 3MFar YyCrax 3pCcaanuir 3 gaxvH HaMIrayysnkK
fancaH Hb LWBen yncbiH cygnaad Amanda Ode
HapblH cyganraaHg MaHraHbl X3MX33 ux Oanx
Hb 2.5 paxvH [15]. ConoHroc yncag AOXX3-tan
40, apyyn 6ynrunH 43 XyyXOUWMH AOyHO  YC3HA
3pA3C, XYHO METanmblH X3MX33r TOLOPXONNIOX
cyganraaHg yr aMmrar  yycrax apcaan  apyyn
Oynartan xapbuyynaxag 6 gaxvH mnx, (OR=6.4,
p=.017) otoyHbl Yagamk Oyypax apcaan 2 AaxuH
nx (OR=2.6) 6arnicaH16 33par cyganraatan agun
YP AYH rapnaa.
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