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Abstract

Attention Deficit/Hyperactivity Disorder (ADHD) is one of the most prevalent childhood disorders, mainly characterized by inattention, hyperactivity,
and impulsivity. These symptoms often manifest differently in males and females. This study investigates the relationship between ADHD and gray
matter (GM) density in the brain, with a focus on gender differences. Structural MRI data were obtained from the ADHD-200 database, including 164
male controls, 227 male ADHDs, 129 female controls, and 67 female ADHDs, all aged between 7 and 14 years. Voxel-based morphometry (VBM)
analysis was used to compare GM density between ADHD and control groups for each gender. The findings indicate significant GM alterations in
specific brain regions: the posterior cingulate gyrus, precuneus, hippocampus, and thalamus in males, and the cerebellum in females. These regions play
key roles in cognitive functions such as learning, memory, emotion regulation, and visual processing. As a result, male ADHD patients may experience
difficulties in managing these functions, while female patients may particularly struggle with attention compared to their healthy peers. This gender-
specific pattern highlights the importance of considering sex differences in the neurobiological basis of ADHD.
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1-  Short Paper (4-5 lines)

This section provides an overview of the foundation of ADHD, including its symptoms, the influence of genetic and environmental factors, diagnostic
methods, and the utilization of neuroimaging techniques such as VBM method to assess the gray matter density changes due to ADHD. It also highlights
disparities in ADHD prevalence and symptom presentation between genders, drawing upon several VBM studies that investigate structural GM changes
due to this disease. However, in light of inconsistencies in previous researches, the present study aims to examine MRI data from both male and female
participants (both ADHDs and controls) aged 7-14 years and employ just the VBM method to gain further insights.

2- Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

In this paper 587 structural MRI images (male ADHDs/male controls and female ADHDs/female controls) were extracted from the ADHD-200 database
to investigate the GM density changes due to ADHD between males and females. This paper’s methodology involved preprocessing, segmentation,
registration, and statistical analysis using the SPM12 software. The results showed significant differences in GM density in various brain regions
between ADHD patients and the healthy group, particularly in the posterior cingulate gyrus, precuneus, hippocampus, thalamus in male ADHDs, lingual
gyrus in both male and female ADHDs, and cerebellum in female ADHDs. These findings suggest potential difficulties in cognitive and behavioral
processes associated with ADHD in these patients.

3- Conclusion (4-5 lines)

The GM density changes in the posterior cingulate gyrus, precuneus, and hippocampus regions in boys ADHDs, suggested difficulties in emotion
management, motivation, and memory. Also, the thalamus region in male ADHDs is more involvement than in female ADHDs. So, male ADHDs
experience greater problems in visual processing, management of cognitive, behavioral, and motor functions. Furthermore, the lingual gyrus was
affected by ADHD in both male and females which may cause problems related to visual processing. The cerebellum is more affected by ADHD in
females than in males. This finding could be one of the factors contributing to the high occurrence of inattentiveness in ADHD girls.



XX dL.v o)Lo...ﬁ

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

ool 151 5 Ol punti (20351 Gl 2 IS e (5l 51 (6 e g s J56 () g
o S

g0l 000

Ol edgeiin (g (cwgd ,8 olKils (i 0aSiils) (Sbjy owdige 558 (gemmiils

Qowod Sl (G0

e e g 18 olSiild ¢ puwiige 0aSLIS By (cmsdige 05,5 ( Kb (5,10 ol sliinle;l & swgd b SFLid slas,slid 5 pale S e o Litils

SIS 5 b i s stz gie Jolis hol caodle dus L Btos a4 el (5355 g0 SIS 0 5l 51 s (ADHD) e ilazgs i D]

oly!

o Py o
andl b eloel oy U5 o0 Sy olSSls o Sy 0uSils Ky 5 SLl

oS>

"

L 350 (GM) (g 5S> oole o515 g ADHD Pl oo alal) cslllas ol 10 .0l oo 590 (Foldin Oygods Gl 5 51550 50 oDle (pl 00d o0 astine
YYV ol oy V2T ol a5 030 5 1 5ewl ADHD-200 o0ls ol 5IMRI (g L5l (515 paas (gloosls .l oads gy (gmiz loglis 5 55 03
anlie G1pVBM) ) JuSTy 5 (s (5 508590 (g, 5l adligo JLo VFBY v o3b ;0 ADHD a3 die 258 £V g ol 255 VYA AADHD & Mo g
(G oS Bl mSl le g 50 a5 was e lis meghy cpl bl ol esliiul iz je y0 S g ADHD sleog S e (s 5SS B oole oS5
S e a5 J j0 wisd Pl o s Slee cpl 1o cewl \Sow ADHD 4 Moo o)l jay eg,0ml 51 eailo (ids olos (5310 5 9 e eedas caladl>

Aildxlgo d> g5 OHISiw b

ol Olols’

MRI (5,65l (5518 00905 (6 yuuSE 00le 15155 ¢ sz Sglas (VBM) Sy sisis (5 508 y50 (ADHD) (JUd ool sz 9 i S|

S ) oY gad juy 5055 10 aS pl yogdle (g lews (! 4T wRs oo
ol e lo £l Sgd g0 0018 AT Jau g ju 50 sS4 Cond
3 OBals; Jyere yob @ (ibuasly, VST Lo gzmed 55 6 lo
aile Glolae g cnally Slot)liF ol (b iyl gleasliin
o395l hyb 5 [F] oS o eolinl wline &S laces K 5 Sy
SIS elgil (Saislsnzed oolol BBy S0 5 pais cqx ol
Bble » solowr Gl b oy 5 I8 Silom og & SSLdls,
=S sl sl eas ol Glais, cnl Seslinul JLS ) (siae calie
b g Shee 5 L as G)bpnsal Slaptees (e
oslicel pl Fellisly 2SIl clo UiSow v 51 & 5 MRIUAMRI yslas

3 Impulsivity

(G gmas SYS]

Aieiolaw o 258 1 Jgtum i g pb
saadatmand@um.ac.ir : Jgiums 00 g3 oo

VYN e allie Jlo) Gl
VECYNYIYO :allie Mol (sla)g b
VYY) i ol b

doddo—)
Attention Deficit Hyperactivity ) Jbd s /az>g aii S
Ohse 50 Jeese cxlisily, OYMS! 51 S olgie & (Disorder-ADHD
5 el (S daie OMSie sbul b Wil o a5 Wl o jlediay (SeS
DSl ol pdle aloz sl D] S Jike 5, oy Solsils 2
5 T Slhe Colld Jargal aasls a4 gl Sl
ot 53 JUeb s 5o ol e 4z 51 Y] 5 o L1 T g S
Jole g0 5o b o piite iz ladelos g s luly Lol el oats
2 oren I¥] atlie 55,5 o ol Gl 5o L 5 S5
ol Sl b (s et 42 S 55 Sy 5 g 6 L ala,

! Inattention
2 Hyperactivity



XX @L"‘ o)Lo...ﬁ

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

b 8 iz 51 86 ey o 5 [Ve] e 5 Sl a2
l) wé.wl) Couns )bln.) A dub o> u,..mls T ) (G asllls SO
5 els (3155 053 Guizred ol 05,5 4 S Jla8 i slo (1350 50
2 sHe ez by ol b 3 (Y] 1)K 5 g,y (6,500 aalllas
e (6 lows ool 45T Wsly lid cle O-F Jld o o les g5, » VBM
O35S )3 (gaVl g (gddlly LogalS Jlops dtes (g5 e halS 4
DA G ey G5355 50 ALl a5 005 o0 A jie 41 999 5l Gy et 0
3979 (Ko (3B g (eligy (g 2> Dl g 5ilem 0ol e
oolig al azgs b pome 2lS 55 [YY] () Ken 5 o izmen cuils
oz Slin O @ bgye 4l w2 az gy BB Gl blae o 5 oo,
ol 2 odle s S ams Wl VY s St oo o 1) Vet
5 pierle Lasgs 01 28,8 ol slas Uil Sy 55 daiags, g5
Olitew 53 1) M iie o peaS ol alasde bl poe talS [YY] Ko
aba>de S pxe ialS Jilie ;0 9050 o) lew 45 Cued ADHD & Mo (5
G Jbite s Gllsz s 5 5055 j0 1T elad gy par 4L
Jdo 4 Jaoro jobo 4y SVl 5l plas” ozl Ly jo S <l (o iaisls
O el e (518,935 (58,57 a0 50 pas 0allS S8 8 Cosex (S9Kenl
oddlice slog 5 5Lul g ,uSojlul calizee slo g, 500,10 5 Coni g
@l 0 G5l pae (ol 2 I 4l cuz Gl cnl 99
dsie 50 Gy bLI )l 052y ol 5 ol Bas 4y Al 8L izmen
o 99 )0 (i (srlem @dle jop Db g g9 50 lalglis 992y Juo
3 e 3l ool (Bl 595 2 OM o515 Sl 5 RuSu b Sdge 5 S
o 0093w 8 |y 095 MRI g ,bisbe slaosls  soled s lon ol i
St Edge g ,Sde i 90 ,» 0 dlflas Sygo 4 g (JL VE-Y) asis
a2 oo 4B VBM g, Jles!

Dgd g 03l Zib a5 Jiee 4 dalol o ragh ol (IS Sl o
Ded o 00l Fdgi goloiivn g,y Sluw ¥ iSn 50 005 co (san B
0318 o0l Cand 133 50,0 AT ouds ()15 tegh opl gl 55 Y isu po
w‘mjw&g'}:ﬁfM)o.w‘cweobtﬁﬁ@u&)l}fj
(Jsoz 5 Oloedgi plgi LB 1) gy Slalllas b alizes Sloz jo gy
5 S Gubrer (STl A 35 0 (iu Coly jo el oad aBlo
sl 00 00l ual..m‘ 6_:] 61.;»&..05).: 6‘)‘.‘ LS'Lb‘)Le"‘“""

@Ol 09 T Y
gl 8l Jldo 4 o0l plaxil regy al S35ty &5 jsbles
odle (59, 2 35790 Sie 5l o plS &S aBl e (wlol g )]
OS50 5B Sige g Sde iz 93 53 (Jd e )l 25U o 54 GM
=19 (g ool G i b L e Dglite wdle o5 pdy 3 Gl ST 0 oS
gl 58L @Bly 50 0ad e Hall Eige g S Jladlter (hles )0 (5,0
Slalllas plo b iy (nl pled a2y g Sus (5 lal plye 4 Jlgw ol
Sz SR Bas Gixd sliuly )3 g)0nl 5l adlioe aey ol o i
o 99 52 50 JW8 i Oliler (5 LSLO MR pyslas 10 GM oS15 b5
55 aS [V CATI2 5l axs 0 VBM 5045 Lolas g, 3l eign g ,Sike

12 Right temporal

13 Anterior cingulate cortex
14 Occipital cortex

I* Bilateral globus pallidus

16 Right caudate nucleus

17 Frontal eye field

18 Splenium

19 Anterior corpus callosum

sloylpl 5 logts, 5l Ysane ol Kimgh jolhize ol slp [4-Y] aus
ol i) ez (VBMY' Sy 5 (e (5 %eg 90 byy s (Jslate
‘52?“‘95[-"] Sl 0,505, S hsy ool @ly 50 8 S e 0 Ol
Fihe (gan it el (B30 p e kel UTpe 09 [l b oS 035y (e
el srme golo 9 (WM) ¥ s sole ((GM) % (g pnS o0le (DS dus &
Slge bl Gzl 5 Ngilejlsen (e Gglilloy (CSF)
(GM) 3o 5 2S5 0ol ooz 4 (s5ae sl (515 oo slacgls
S0l Sy xlans 13 ADHD yolis Jly, 5 o YL glgil 51 501,
oole o515 Slyis 2l ez VBM (g 5l 35 oy ol po ) o] s
3l el slom 5 @il 09,5 93 (e ADHD (g lac i1 )3 (GM) s (5 oS>

ol s oliiasl Eige 5 S

Oy SRS 2§90 —)-)
b e S le Sl (e 3 VBM () 5l souste slagiagy
w0 [NV e 5 Sy s (sl slos S solitul Jed i s ,lows 5]
s Obloz g g (5355 ;3 ADHD 6 Loy oS aidly ;o () cnl oo )80 b
@lyjobj?yébujﬁ)ogslmb)wdqé)wl} osle px> yialS 4
09,5 b awslie ,o Ve, 2B Ve, slabal ad b go slis
Soslaal b 50 Y] o5 5 ooy cons 5 ot 4 095 o0 wll o131
Olszs Jwdiier ohlem yo |, GM o> 2als VBM (o> )
O g b T elad gan e 2E 4 bgrye (lgse albiV-Y)
GRS 50 b Byl 5l aiiE S ams daske g 4yb g0 SISl S gn
Oizren g ADHD (6 5lem £908 )3 s Jolge 51 (o Dlgie 0 iz Jole
a3 o i Slidzs VY] ()lew cpl b oads a5l lagye odle o
Jeily (IS g 0 (V 4 F (o) Cond 1) G5 b dmlie o ploye oS
s riomen 110 VFL 0 ls b iy (6 lows anieis 9 Dl )0 (6 i
Eo kol g mao S sz 5956 p (e B9 e sl gl Sl S
B APl (izeed 9 015 4 Camd (lope )0 (Jad b )lom 00
&2ls Oygo 4 ADHD (6 lacy mdle 50 50 1) Sde iz )0 )ler o
Oty 535538 aS g9k 4 [VF] il 005 lgie She i o
A LB Gl )l 5ol e olled ane o (Jed i g lom p2dle
Wbl oo 5K, n o 9 P mdle 5 (055 40 g o
bt s o gt 553 5355 aally 3] gy et IS8 il
AV S8 o £9,05 3395 1, Sloys g carseas Slaladl g oad oliaslass 3 e
23 o Lt Sl o5 )lon (nl (oS i 5 gl 2 odle VA
oz 98 2 58 (It ol mdle $95 52 59 ol LYo 5l (o oS
by sy it ( 2y 5o 6yl Slnss 4 plgee |) Sige g She
Sgegme dawgd a5 Lagh jo dwl) ol jo ol s @ Me ol 5l plaS e
Lise g She iz 39 50 b 5)lors 3 ae o 18] S
ALAY-A g (5055 10 (gHlom pl a5 wisls (jlis gy ouls 4385 ol
Hadbgs Gugudy pslS (Pl 0 pm azg BB SalS 4 e
Gl (Jl 50 001.08,5 o 995 Wllos legion 4 Cud oS g g JloKs]
opdle oti odalive g BB 5,5l i Jlay 150 S 5 a5

4 Voxel Based Morphometry (VBM)
5 Segmentation

¢ Gray Matter

7 White Matter

8 CerebroSpinal Fluid

° Smoothing

10 Bilateral frontal

! Right parietal



XX @L"‘ o)Lo...ﬁ

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

& pgas b kol JWiie Jlew 9 ol Sl el (635,5 MR sl
IYV] e 5 soleiel (ggine ks g, oled b ayaz g yo o il
e Jlae 31 my shms S5l g oo o0ls S MNI sl (sLiss 4
slad o 0ud gl el GM jyglas colod il 4y bgype «(599,9 sloosls
B lbn Jole Al el gz o laibial lad a4 gl Lol
P (59955 MRI yi505 10 o Col ily il o o5y ()bl sl
oat 4l sz o Joilil 5 g b o kil (lb &) CotlSs g
bl oe Sl (693 4 pazie 5 patine d hod bR a5
2Ry B (AR g A dne b i (nl Bl S gl cal o
S ol azs 008 oo Jlesl byl Lol (glad o ol sy GM plas
Sppo s a5 Saly ol 40 o il sl o GM sl &5 4
a8 55 4 VBM g, 18 00,5 o0 0,58 el 0dds adeies (3500 (oled
Sleiz! g jmals g sl un idn C85 gy Cuz dalllas (ol jo 00l
O3 3 99750 GM pglai (soled s uiniou 9 Gaeal sloal 3,5 35250
S B beg gilojlser Sllee cos ) S 6l 5Ly Sk o
OO0 Emly @ Sugialope ol 5l Gy Jl S (o0 18 (e A0
S plas 5o (g kil il s g P allie (pl (3 (ol Jlgw @
Ohlow ;o Golate @dle 590 & e e GM 9250 S33e (>3
4 boe loSsl o alo ol a3l e 0005 o Eige 5 S he Jlb e
Ssh ol 0 pshite ol gl ile colys B bl slajull] plol
C SPM12 158l 5 o (2sample t-Test) (gl aiges 93t (yg05] (b9, ol Sbo
ol aS Canl S8 @ ¥ el oals Gl Limgh ol s ylel Julos g s se
5 5530 ol 05,5 5 Jlebiian S8 Ohlons mtbe e 99 53 )bl oo
Otz ool o a1 S plnil Siga plle 098 g Sige Jld i Gllen
Cawd gy (0,551 caalllae pl 0 colatwl 0y50 (g kel Jow iy e yo
e Gy 4 GM S o 9 (S8 o iite (lgie 4 0390 (o2 9 (S,
ol oy Bl Sige 5 S de iz (29,5 LT 8 50 (sases (5 pSosll
iz (52955 56T 90 o 5o (g lel Jas s aile I ey sam o8 50
alie sla Sig b plodeSs 5l JSiie plaades Cunlor i2ige 5 ;S de
$ox03)5 5 @bl QLT VBM () )3 gonadgs @l )3 .00 5 (asive
@lad GlgSl b oo S wald ) lapl )bl Gla Sy wlol 5 oSy
sob 400,85 jaseie ADHD plas cslissly, oWl 51 s see Ol s
23 buSy slass Jlas s mls 515 Ca (oheon s Jyene
Vool i sleadgd Laid ps ek (al 0 S (o atie )l
plod ragh oul 50 &5 el 55 (LS aizmes el oad (815 JuSy
ol oals a8 I alosl (P value=0.05) o sxe Solas b (g Lol (sla Ul
S e Pl oolol sl 4 0ad e pl 5L Sob o ol e
S5 by lad)S 5 o | lagl 8 alo o 5 00 (el sloadiss
Pl Sz Gl cnl 5o Spdyen bl s Kz anld Gl o oS
oo Lls Jds a4 [YA] AAL3VE suty (6 08wz Sudbl 51 ol ol
AR sl hp (B olad £edy (97 o bl
S e (Pl b g eVl it Sladtis (oolad (gon oS 115
Sl Gy 00l NS ez glogbl ple 4 co 1) sieelr
b e (Plg s Djpge 4 plSho Sob 5l Al e cpl @S aes
03,5 35 & 3 pllw 09,5 9 ADHD (Jllows (2 455 JBGM o515 L

205 o0 Cu 1ige 5 e

2 Affine registration
24 Cross-correlation coefficient
25 Parcellation

Doy onl 45 byl .ol sads oalitwl wanl s92g0 [YO] SPMI2 15810 5
13 S oo byl JuSg 4 Sy Oyg0 4 1) e (6,nS 1 osle (ST
Sy dale el o 5580 Gimghy 40 edel sy mls

Sob o o5 @ ol ©pgo a Giaghy (al )0 ead a8 SIS & s,
50 plShe Sy cpl o dle e sl el oo eols s VS 6l Sho
3l oo MRI ji5las (634,9 sloosls (g9, » adsl (Ld3lon Ollae b alaf,
Cembisr (#5510 adgl Slas o)L )0 medgs 5l 5 &5 (oot 319 5 (S
Slawd Gl yaizan 5 (Jlo VF-Y) s Codgame b i 0,5 oSG o] 5
O MRI (15 5 gai gloosls 5l (Cige Jd jiw diged FY 5 ,Sde Jlad oo
Sz b solem &5 ol bl Lige 5 She Guiz g0 o
VY o g, 0,5 Lk e il e elSs slisly, oYM )
Ll Jupgh ool 0g8 bls 5l S olere 4 olgi oo |y osls Gl o Jlo
@ 99)9 9 (5355 Ohgs JalSS g ab; anld 0 (s osl cpl &S 1z oS
Sde iz 98 52 50 It )l e (o) 0 Sloz g Ryl g
s Sudgaze bpd pogdle 098 o0 (AL pe (S slBog S > Sige g
3 ol GBSl MRI glaosls ooz Slgl 3 c it ) 5o ool Ll
5 S Wl (6 See e 0dds Jeole s 5l liell 0 Vb yo Wilgs oo
Ssb cnl Gl 2 63955 slaoshs 555 » adgl LAl Sllee L alal,
wws 90 4 Jd i g b 5| pel MRE (6099 pglai ples Tl ¢l SLo
03liiul b (53959 yolal (soled o Nigh(oo ol Sigo 5 S he (slie
ool Jleel cov poas ol slas o [YF] CATI2 5l ass
P 5l Jol sla il p azeis 15 o0 )18 (o tdu 5 (D3l e
CATI2 |l ass by psai o Lol slad ;0 GM polas &je0 4

odd azgi Gl Ghegh oal 0 45 (cetn 3l 5l S0 (S miznen
5 CATI2 (92 6320 5 5% ilon laghs) x5 54 ol
93 1IS eI 4 550UT 158l 5 el sl oo MRT (635 sl (oo
Fonds ools Gerlas v (san it (081 9y 4 057 ik ST Rs
Tz S obyion (AMAP) Maii gols aiie o ise
S iladles 5 S laghildn i rg B (I3 Sbiogye
Gl Sl sladulod g 4320 Sldlhae o 1) 5y 3 ,5kes Ygono
a8 [¥8] sas o 451 SPMI2 L 5 VBMS Cors 4y (s 50 cilises >os
@ Loy sty Jlesl 4 Lo e 0ads oo pl,Sho Sob ool )5 g0
o Sl 5 IS Sl (o5 By g Tsgts s urks
S vl @ ro (o i b o (6 T ez 5 03l 1olaS (39,9 Pl g
D3Ikl @z pe paglai b adye 59 (5999 nslal Giaghy (al o Sblise
sokie 4 a5 (g 9bdy gD oo 0010 Gl (Mo 6oXl gas g ICBMIS2
lasl et gs opl sloosls Laisee wyaz o laibis] a2 1o oS gas (il
Ly ICBMIS52 o jlaibisl a2 50 pgai b (95,9 pllo MRI y5las oles
Simme Gl Jloel coows [YY] o) IKan 5 (goloiel oas ools sloiioy (g,
0059 s (sl 2 Bkl g (nl (S olasl 45 555k 4 03 S 0 518
wipsSl 5 el (Shon oy 08wt G | g o
ol a8l sodas polar golad 5l anlol jo ail o ¢ gindas LolS Jo
Sllivl gz po 65 gl Glyie 4 503,56 55 ilhe iy al> 50
ol om pl5 305 (o0 )13 ool 590 (D105 J2lpe plu o o

20 Local adaptive segmentation
21 Adaptive maximum a posteriori-AMAP
22 Partial volume



XX @L.t o)Lo..fa

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

Olgie a ol ool jasie layT ogy (6,008 o Lo piacns oLl 5 (Cigo
Gl ol 4 oad gl il abs oyl 0aiiS aend Mi adgs o Jlis
ol 131 05,5 5 ADHD S ol oy ot 53 GM 515 Slyds sy 5
S (8955 JeloS g a3 50 () Jeox) oo cnl elulp o Se
9 Sde iz 93 50 (I Silen 5 (A6 OM (oS15 DlpsS (o)
ol oSy s 53 AlioMla BB Sl b 4293 % 5 ¥ i 4 ign
Ly alS b oSy il slass (sl Loy ol 51 (S o oS 5
Gre o Sars @ 0 T 5] slcadle b oS il o (oo o515 (il
o @S 58 Y Jeus o et aseine (Left-L/Right-R)  cfcwl,
e g Jsoz nl 0 85655k sl oa (Koo sS4 gl
Sz 09,5 dw yo bl Voojlad Jgaz )0 g s sloadys caias J.S45
Olis g 9 00 Ganall Ao 5 Srre 35 (Sie 3 (Al
st 155 (5 1) Gl 5 2ol Sl el ia GM o515 Sy
Ol S o las aly 3 wige g S (29,5 U 9 e 5o JWd e
sl sy olaw Cralols 1 goae polas cpl &5 (g 5b a4 ailead
Slwlivl o pgai JuSy ploys sre 4l o onins JSis
0] Cowds gl S S0 Caa ol ool ey yio e V/BxV/Ox /0
Oz 9 50 ozl Suul gladdgs i diges Wz ¥ g ¥ oo leds o IS o
033 uled (gam dw By g Sled O30 93 4 S 4 Sige g Sde
T slaalior oanle K5y 0,5 loasd 5l plaS 2 ¥ Ss jo el onls
A oo Gwlei |y bades S5 50,8 sloas 50 Y S [0 5 004
HE 3 sgzse (g ¥ Jouzr o esel Censs @l (eloly (izpen
S s 5 Lib VoS s 5 TS Al S i she
4 eloss GM (15 815 s 855 olla legias & o Jlbi
T oS 3 G peS (A @SS 4nl GM o135 Slpis oS so2u
Gl 095 i 4l .l ool ey mm® Y Conl) 0 Ko ,0 gmm® V¥
ol @B GM. oxo o515 2alS Jad i (5 ke ST o mm?® ¥ Lads 5.5
5750 >l | Ko (S Ol a4 Gy S 4l oS cl o
Sl Jed i ilons Sl 50 Eige g Sde iz 90 8 )0 (G0 HE5 o
Ol Sde iz e ohlem jo aSseb 4 ol anils GM oS5
555 5| GM. oST35 Gl mm) ¥ g iz ollont o 5 mm* V¥ sl
30 39290 4>l 98 (6,5 0 Voo )lad Joao mli Bk 5l .ol ool lis
JUdi olom S 5o 1) ogaVl 5 ool gn Jold 500 2305 (>3
oz Jlbgiar hler 50 bl culS g 42l &5 655k 4 amd o0 (i
siels mm® Y¥ i 0 S 10) GM 1S15 zals &0 4 bowe S
siels mm? YF ool 0,5 40 GM (515 iolidl mm® Y 3 GM (S5
oz 93 52 50 (b cpl Wit saiun) wge¥U 4l o (GM oS5
cpizman Canl 00 a4 hless 02l 50 GM (ST Liglal b Gge 5 S
Sige g Sde iz 93 0 53 GM oS15 Slpess (g sladtan )
Syzge (>l edle .l sl Cewdy il lillae & g0 a4y (Jlad i
S0 olow 150 GM o515 Sl i (it e 30 128 g 228 50
Judiie Ohles yo 4z (g az STl ools 7, aze 4l 0
755 IS5 3 Jlo ol b il €65 18 (s o ) 36 S 35k
19 25 5 50 OM o515 Sl ki game o0 g (195 25 E9%5 o2 ADHD
ad )by 5 ohalidl lillas © 00 4 Bass g 039 oy U055 5l iy azpies
505 01 I8 5 s 42U Grizmen wSlise 3 (G 5 Sl 0 Serd)
G978 4 Sl Ails GM (ST Jiolidl sy o2 g ;253 ADHD )l jles jo

28 Lingual

ool oty gl (513 9 gy 0310 oKLY

ok 5l g paitie b 4 Il B wls Ja5 o (egly 5l Cend ol o
ol 50 el Gty S g 9 4310 Lidg (ol 50 ool 5,50 s0l
oS 55,155 15 et

g5 ol 5o oolaswl 8590 0810 oSG V-
D9 g0 0318 58 oolaul 590 oals oL Tl ezl 5155 51 i
2 Ol 5 esee Dyso 4 a5 (I MRI g lsbe pglad 5l eyl (ol
Olcal 005 00latwl NITRC ol g 4o 39250 ADHD-200 ools oL
285 Adloe (Shp Sluwge 5 baglejle 5l (029, I JSiie ools oSG
o Slis el Gaa by lr cull, o oleie cod YoV Jle
50 IVA] Wog ousl wa 9,8 ADHD (5 lew (anseiss g ool )
ol a5 (6,5l MRI 55 OAY Legozmo 55 ools oSl 5l asllias ]
oals GBSl JL Y F-Y o eogaoee )0 ADHD jlas YAY 5 oIl o0ls YAY
VP (Lo MRI 555 YAY 0 5lilaosls cpl 5l Old iz #0850 .l
ADHD Loy aigei YAT | ioran aiiud Cige 3550 Y1V 5 S3e 550
6955 pL skl (nl 5l plaS 50 il oo Cige diged PV 5 ;S0 500 VYV
o &5 gk 009 S b (Fglite bl (sls (G35l Jlosl g0)
L) 53,5 e o 5 dned Saas b o il bl s b o
WY VRO < ATY LT olagl 5y loe VOXV/OXN /D 4y Kot slo S

(60l oS

ICBMI152

ol sLid 43 1a GM

(yal Fia)

o83 sl MRI

sl stag
slel Jos aslad

w19 ook

e b s30e
5 GM ot
iyl AALIVI
{iigal Fia) b 8 M ey g el

SOl gy ol 5L Sob - JSi

@ hl5-Y-¥
sladelod g a5 oz 5l (SB5l0n lasnld (oled Aagh cnl 5o
kol adasl> | g Intel Core i7 Slastivn b slail!) mhiuws S lawgs gLl
el o 4135 bl MATLAB cwugi 4sliy dams ;5 collKS VP
J9az 9955 bty gy Jlosl 5l ol onal conas gl plod (rimon
Glrabgs oaims las Y ojlads Jeaz aS g sk 4 .l sals (5,155 Y o)
olyad a4y o pme Sls b (Cige 5 Sde iz 90 0) odd gyl
Syzge Slasl Jrdly ol 4 adl e algS o 50 oains JoSis sla S
b o oaipd JSis gle Sy IS slaws sacmolid Voojleds Jgu o
ol 03ls 5 (solpiiig g, Jlesl I e jls pixe Ol s b o 2l 5l
Jsl B ol o 55 ¢ panin o K, b a3 o sz ol 5o il on
5 Sde gbeaiws gl Female="F” sMale-“M” 55 ) Comdz ,»

% Cingulate-Post
%7 Precuneus



XX @L.t o)Lo..fa

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

oo il YY) ) )5en 5 gL a5 ol Jls 50 ol isls (5155 8 5
09 JWBte Ohlen 59 098 i 9 (G oS (A Sl 4L 93 ;0 GM
2 o5 sl @Sl a4l o Bk ) A S 285,10 9
g 5 de iz 90 50 )0 a5 Wl Cluo @ (e, sla g 5l Ko
p ol cwl aisls GM (ST5 iul38 AADHD (g ,lew 51 50 Cige
Jole (58,5 5k 50 oy Jld i ohlen 5o il mSs 4>l o GM
oa (555 5 [¥Y] e 5 jgpolas awg cpion anlllae )3 s
O g (ymdezsS Lawgs odd a8 )5 ploxil haghy jo ke jo o
i s Jb8im ohlem o 6lal; @SS 10 GM g als V¥
055 e S oS (A miS8) a4l (nl (IS Il o el ont a8 3
g b Co e 53 ol 4 (550 GM 23 55 35290 (k) st
sbgbilon alad Akl s g)ld, (ols glaanlp
B0 (oo 5 (2l 5 (D310 095 Slilos @il bk (o LaH ol
L pe i L ADHD ¢l )l 45 8,18 S99 ol ol 5,1 51 [¥V-val
Crizmed Wsd azlse 593 eanl s et (Sa5) 50 ead hy s b
5 i) culSema b g0 Aoy (nl o 0ad B)IF wls peluly
723 55 4l > (Soge 5 T3 iz 93 8 53) (ee¥B 5 (S Lo
Loakal, jo wlaesls GM (515 @lpess Jdin olem S 50 33w
Sitigh iz 51 S8 5l i o by welSsnd 4ol o 0l 236
Olayed o5 Jubin olilam o |y 426 cnl e il [Y4] o lSem
3 Wog a8 )5 18 5318 By Lou (izren 5 4RI (eje (5Ol Al
Gpg 5 5 [YA] Len 5 Sig wsols 3,155 el o131 05,5 b dslie
09,5 13 (Jdim low Sl )0 culisd 4ol oo o wisls (lid 255
Ol by sl senn (255 ishol @ly ) ol aidly a5 Loy S
Slbls LS 5 Soe oty 4 Sae oS abibls )l ledbl cos 4
S e g b (e daslag; aesiis Bayb sl was SIS sngl b S9!
I i ol ylew 45 8,18 0929 Jlezm! ol 130 I¥A] ols cns wyax la
Copde dine) 50 (Mhe s uelSgne 4l ol 25,0 Js 4 py
Sige g S e i 93y 53 4z S gVl a4l Bk g o alidl>
€55 02 oy Ohlem 50 0529 (ol b Lol cesl oads Jed i (g)loms 55 )0
ADHD I ;o a3l 035 GM 515 gg0ome o g 4>l ol 105 00 slaaiin
Olpie 4 4>l cnl ggemme jo allbie flin S50 jlem 095 S 4
@b 2l o (o DIL] a5 Sy e 53 i o al oL S
SleMbl fows g JUitl g alddlo 5 253k (s )lbgn «DloS ol (2l 5
S S Ol 0 S sk [FY-Felasl . dise s ol
8 5 Lol slaains @S oS Hlgie g g eVl 4l slaains
Ghain a5 > o @il 2d ololas! g aliils o bas 5 uge
@ "Ll aien rizen WS 1B a5 (Sl eelits o B
9 A3 Slon Coond ds ay (U e b ugaVB Al (0 3555 Olge
4>y wilize slaby, jl (o Sledbl (53,5 42 LS5 0 s 5 4 Slos
opdle LFYTatsS o il pogee a5 lin 0 bgye slo sl o Shyel g
Sl melal 5 Capae ;3 50 a4l ol T CelsSiir s nly
5 910l o [FF] o lSen 5 55 i ol [F 0] wijls s iy @ Boge o
Ohlest Sln oseWE 4>l 0 1, GM (o ST5 Gl 5 [¥o] o Ken
Ol 5 (og 5 [F7] GiSen o (o Jlo ool b aiis 5 s Jlab i
05,5 b auglio ;o ADHD () les ;0 |, Loge¥b aumb poe ials ¢ [Y1]
Oblom (i 98 3 50 3 azdee (g py mizren W08 515 @l ol 3

Ogeniculate

Cams GM (o515 1035 08 5 nyy (=190 555 02 ;530 ol jo oS
Bl sy Sige hlew 4

0 ool Zl il sbabgs 51 golawy Silod (gio los -V JSC&
IUT (1) . ADHD (g5lous 351 30 Eigo gy B ,S b jIUT
515 Gl 50T () S do Guizr fles 35 GM o515 Jals
ablost 53 GM (ST ol 36T :(g) S S uir Glles ;5 GM

Eige (i ol sle 30 GM o515 Gl33) 5IUT :(0) ige (pir

@
sadss il golani (il Glod) gom auw (b i led - Sl
olens 1 50 Cign 9 S (89,5 S5ILT )5 s 7 yins!
H(0) o0 iz 3lylow 13 GM o515 ials 3JUT :(l) ADHD
Gl 3T (@) S de (i lows 30 GM o515 381 50T
39 GM o515 G331 5JUT :(0) ign (i slylons )0 GM 5155
Lige i (olylos

T (59) 5 S g Ay lio-F

b odel Cowds lis (g9, » o g duslie 4 iogh 5l Cuwwd oyl
A aslet oy g9 (pl b alaly 1o lawslio Jsux g Sluisgs

=S 4l g0 Wy )8 ojlal lay b (3,155 Ceend j0 a5 j5bylen
Olegion & S JW i ;S0 lilem ;0 il 098 i 9 o peS A
O9% 4>l g0 u;l e Suals Cewloas GM @Sy seals jls 0 Wl
S 5 (Y] lSen 5 Lga)lS (gl 50 Stz jiST6 (0,8 Ll
5 IS8 0 i 4l 6pd sl Loakl, o Gusmes sl ool
Jus i ol o hadd 1) 4l ol 0 GM g alS 55 [¥ ] ]S

? Thal-Pulvinar



XX @L"‘ o)Lo...ﬁ

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

2o o 50 bools Cumax Jlgl 3 og YU aS |z o)ls ilaie o Sles
23,5 oo ool Cemy @l o 28s 5 pliabl CGll (23, Vb 4
Loools Sl 55 by cal (sis Cadpame by b alal, o aien
IS5 (K ST s @ St sl a5 0,5 Lol g
s 03k Olyie @ (JLo VFY) (pw ) cnl W b oo (JolSS (bl
e (omyn 50 Slozg blol g (Foo5 Gge JolSS 5 a8, )3 Sl
2 odle il Slos 4 Bige 5 She iz 53 2 50 Jlbiian slen
@ o Gogh (nl s s bols Gle 0 s mee &5l
9 SRR gy &9 LB Bl os die cnl 55 gl sla gl ple
Gl 3 4S5 ysb 40,8 o Lal gl ol )3 esliial 0590 (LBl sla)ll
Solew Sl 0 e G SE esle (515 Sl oLl Su adlls
393 Labes g 5l e g S0 iz 99 50 Al &yg0 4 (S
U595 ol 45 byl el 00 ool CATI2 34l a4 35250 VBM
WS oo byl oS5 4 oSy Sogo |y Sae 5081 00le o515
CATI2 (550U1 3810 5 5l oolaiwl crioren .dl dalss Canay (5,5 5285 s
3oy ol 4 jie &5 bl b @l ppsal gloosls gunide caz
(S~ sl 5330 Jlgm Ely) (Sgime Bokad 025500 (6 5 ) e g Sl 00
5 gl Koo 5l dYY] () Ken 5 (soleiel Lawgs oas ools sloiiny wos
loe olax @ iy (b )3 SVl plo @ S gk l Glas i n
@ O3 MR ol 53 edel Censy @l Ganger bakal, o coled o
(S HE Gy i (g (ool Sl G bl 092
Azt by Sde JW i (hlem 13 sVl 5 uelSn 098 Ay
A5 Gk 5l S Glen Gisledsl b Sige S (lilen
15 sSe adl sl i g ol 5l Al e Lol sleo Shes (28,5

Al oo she

& S A=
S a4y g ol 00l -l g Ol gl Ao Caend ] o
e asl an o5 il ssiie a3y legh ol 5l K
S ey JWB A 525550 add oS CalSTgrnn g 055 iy g oS AL
bl by (28,5 )0 b I wiloads (g )lens (! S1 55 GM o515 & s
lans 45 ol 1y Jlazd el g ce camslodds 55 5y 45 gl ds o
sl (GWhs (oyme 50 Jidiw (230 jlow (B34S S 4 puy ADHD
Slozsi 5 (I Glygo o abble pgad 4 5 05Kl lulual o pas
9 5% i 95 52 0 oS glall) @iSh 4l izres 8 pS oe 515 095
a3l 392y GBSl (nl g wB S 18 JWb i )l b Cow Zige
2 ople dgd Sl s 5 ol @ bape slagiilon o ol ol
by 50 JWdiin Ohlem 50 (ee¥b 4l (VL 6 236 s & 0l
@ bgye oW 59y Jizl @l ol ol sloih (28,5 ki
@ ohlem orl 30 (52 9 1S, (LD slaanl b ol slagtils
oo Sl @ azg b Sole ol Vb 130 Jldie olilen S
Sy anse 15,0 slalsing 55 w2 5 GM (ST Dl ggome
She iz ohlew 5l i Sise e Ollen 3 St )l
s e (LD laailb )0 4ol cnl B (185 50 LI il o
g Jlom Q355 S @ 120 Lo 395 50 45 5 S el g5 o0 a2 g5
OlFs s il Sgme Sz 53 eizmes L Posede (4250wl
B 60)l50 5 FEES 5 e @l 0oy S cqr ST Slalllae
oz 99 5 50 i olew wdle (o p o Job Sllllas 5 S
Olozon (o) p Jlo 93 sl patiiie (G slaganaiils )3 Eige 5 Soe

2 &S ol J ol b aileads (6 )lew ol 55 )0 Eige g S0 Jlad i
@ bowe g 03 e jes Hlow (U355 Cud 4 ADHD 255 (5358
alal) )0 0lb oo jui (G 5 ol 0,S0d) a8)bgs 5 (i li8l lillae & 50
wirnj ;o ol 2 glls 4l ol 4 ol gy b cdzmien 4l Lol 2ii b
S sl Shos i 5 Jl ol b Ul sl n Joles 5 (35 52
FY] o)l s 5 o 7S 5 SlalS (uilss by S i ez g ol
el s dzmsie dmb a8 wiols (ylas s Slalllae 51 (S0 )b cnl o [FA
&y o 59 asl [FA] wsl Lo 55 owlel 5 able azgs Jows jo
JWin 230 505 )0 (Bo (9 Mo (39 s Yo (S
o9 @l b 4 cnl (riomes WS (o0 g2 | pe Ohlew S 4
009 @li anw; 4o (Cleveland Clinic) adglS SoolS lawgs ool piiise
sogdle oty (6 55k (Jlad i Pl 4 M (U5 0 azgie cde
yelad Mo 5l g Jlad i o)l ylow a2 5T 45 Wloals e lidze oy
S g azgi pae O LS o LIS sla)ld; g oo 5l e e
Solow al pdle s Cod 4 bl 0 (z i Sl Ll i o)
cadle o waly j [V o5n 5 Jlaby 0] asb o posein
oo azih 5 et Jlsb e oo & e St o5 0 2 S
Ol 15025 5 s 4l (b olons Sl 5 azie 4 (555,
ol a8l GM o515 iol38l Jlad i Cige 5 ;S uiz 93 ;2 )0 5
o @y S0 hless )0 ey 4b 50 ()l (ol (5,518 &5 (5 jsboay
b Gy 4l o eagilbl Comdsn Jai 1ol oo Fogede Sige ooy
Swond g 5l ) (o laogs (£18 aze Iy (285 18
ol 405550 5 00,8 s gagro Sl Gl Bk 5l o S0
Gl s sl (Sopmdl & i Wy 4ol ol SV
LoY] 55,5 55 ol lom ol )3 (55, YN o 5 conlils (sl i3,
25150 b ilow Al 00 ey 5 a35e GM (5155 Sl s 4z 51
2 Jb ool b Ll [0F dF] wloas 3,135 cs0l5 & 90 4y g Slalllas
oy 9 4350 (Hlginj 5l (S n e Gl Qliions clallas 5 (S,
Lo0] wols (3155 wllo o131 09,5 blie ;8 yes ADHD (Lo o
S5 ol o i 585 8 b gy S al &2 b
N A PP A PSR SR SR
L) cige g S0 iz 93 59 ADHD @3le 59 £95 50 99290 slatglis
(st ool (shol B L Lol 108) (5o () 51 50 520 GM o515 5l i
3% alie dllda VL (Aaghy ool caldl )3 (rizren S (oo gz LB
S gy coolainl 8,50 sbosls sla S5y cadllas o Lol Boa Ll
degliio 390 ¥ 0 )lods Jgazr BB 1 odal eyl (reizre 5 ool a5
S oo pleite (it Slalllas 5l 1) Wlis (pl a5 055 0 I3 (o g
azg boakul, )0 allie cnl o id ) ) plaS e ;5 a5 (63,150 sanpex
e g 33 0ad (ly (6990 g 4 SVl plo b allie (nl ples
kol Gaa Lld jlHlal jiagh cplaS aes co Lis Yoo leds Jeuo dlas
39 50 G0 ol @dle 9 p3 WS 292y Jds (8L o5 allie
Sloe §)len (rl 150 GM (ST Slesi b SeaSu b Sige 9 S0 (i
plo S cwl Jb o cplojls oy g ol Golas aglie @Yo plo b
P S5 Wog 4Bl algie (ul 4 Sdly 5 5 b 4 alie SVl
2l banlie o Ghagh cnl jo eoliial 3550 glaosls (Fius L alal, 5o
5 e andllas ol 45 (6osb 4 ilie ol 03ls 28 alie slaiagy,
Eige § S de iz 90 ;o 0 oolatwl 8)50 ool Coxex Slgl,8 Ll
Swosls g s, blod 5l oo g (Jldyias jlow 03l YAF 5 L o0ls YAY)
g 00g Dglaie Al ol 50 wlie OV K0 3 (JLw VE-Y) (g)lo 0 00



XX dL.v o)Lo..i‘

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

PG gyl

o 48,5 13 Culom 590 ol 25ld lan,5lid 5 pale drmsgs ol

o >l o, Sles obj)l )0 (MRIUMRI) (65,Sles 5 (5 LSl pglas
WNgy ewyy Sz JSn sbesls ailS (Jb i g)lem 36
FUS 55 Olhed 59 Sige g S de iz 99 50 S)lew (nl e § GM Sl pois
2 VBM (s) g o 5050k loghs, (oS 5 eolitul fizen

2,5 oolazwl (6,18 p paas gloosls LT g Judow

Gt ld o (g S g Sluad (aligS oy pp Joll AF Eigo g ;S 30 i 9o j0 subzl yriwl Hlo S saaligs o Lwlil - Jgu
(1= xo o5y Gl b | = Axo o515 Juals) abgs g45 g (Left-L/Right-R) 330 o ySous

X)) S Cigo
oy | Ol L/R Sols] Gl58l | ez | Sl L/R Sl i 581

Mi 20 L ! Fi 1100 L |
Mii 2 L ! Fii 121 R |
Miii 15 R ! Fiii 290 L&R 1
= Miv 9 L ! Fiv 10 L 1
3 Mv 34 L&R 1 Fv 314 L 1
5 Mvi 1622 L&R 1 Fvi 22 R 1
Mvii 191 R 1 Fvii 32 R 1
Fviii 7 L 1
Fix 12 R 1

Olegiod 4 G Cigo g ;530 (i 99 )0 ADHD (g ko 51 58 00l Zl 5wl s 330 (> 195 j0 GM o515 sbboglay auwslis .V Jous

Mo
Gy >lg GM cdale Ol puidi GM cdale Ol puii
FAYEY) Cdgo yo
(mm’®) (mm®)
Cingulate_Post-(L]|R) 141 ][24] -I-
52 | Tingual-L]R) 141]- 7H-
Precuneus-(L||R) -[134 -I-
Hippocampus-(L || R) 71,24 || 24| - || -
Thal_VPL-(L||R) 312531 -[371
- Thal_IL-(L|[R) 781241 -I-
i‘ Thal_LGN-(L||R) 101][911 -I-
E) %4 Thal_ MGN-(L||R) 411|271 3|3t
2 < | Thal_PuA-(L[R) 5711371 -T-
Thal_PuM-(L|R) 1521371 -I-
Thal_Pul-(L||R) 1221] 1761 1417]|-
Cerebellum_Crus2-(L|R) -I- 1761 ]|14]
Cerebellum_3-(L||R) 8341[ 11041 3341|741
Cerebellum_4_5-(L||R) 6751]5811 6251781
Cerebellum_6-(L||R) -I- 10111301
§ Cerebellum_7b-(L[[R) -I- 5771|681
- Cerebellum_8-(L||R) 681] - 2960 [|3271,31
3} Cerebellum_9-(L||R) 81t]201 36115031
Vermis_1 2 1721 271
Vermis_3 4251 741
Vermis 4 5 9991 -
Vermis_9 141 1111




XX @L"‘ o)Lo...ﬁ

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

Cowdy gl ppudzmon g Wools gbd S5 9 coolaswl 890 (o9 cadllian o Lol Bua Bl 51 i ol b aliv dlio ¥ owyw-Y Jouo

odwl

ool Cawdy gl Lools slusi g £ ooliiwl 3590 b9 O 95 kol Bun SRR
9 5% Judiie hlem ;5 GM x> als- (o T L‘E’“fl T ez slaghg sleslital | ol 55 Slin ool o2 (o2 osele
N LS5 5 > oSheaS a5l 43 Eige J.W = ool 4l oo ,Shes wluly | olul y ADHD & Sie o)l 535 o en
o S o o i 5 GM als | T T 22 T L, Slae b s o (slo i (o5
2 P8 0 OM e b ] 3 2l e SR
. de) Il o™ JLav-A S T L ’
Soge o Ohlem )0 o >R
5 VaSaal 7T ralST o5 e ianls— Vol 5: \WMS _r iz slohgy jeslital | e ols i slaslis oy Sy
. R .
o5l Al oo Gal38l e 5 calS s s (J” oo g liae sl bl s S riByy ol S i s s
S50 Jebiier Ohlows 55 T gl . Srrarting (5 eangie | 0sS b anlie o Jlabies e [vAl
S s © LG el ) Jl W-F i 8, .
Jedin oo 0 axgr BB Gols 9929 pus ol ol 8l
S JWie olhlen )3 GM o> 2alS- MRI oud alngp VBM g, 5l oslital 2 Sz 58l (KisS gy | Seisasks
. . W isnS 55 Jidins VW) o Y+ . L
4>l yo b Glegion 4 Cos W ADHD & M 55555 330 Lsle o) 5
oS salaB gun oS 23 Cige 5 Sha e g0 b 40 [av]
e b i oo 5 GM sl VWS 5 Jubin V) 220 ¥ ’
—oge o2 Ohles 5o x> 8-
e o o (Wl
S peS y23 4l 53 Wl plegion & o
Lo 10V i
LERPNE J )
Sy Cows dziie 4l )0 GM o> oS- - )MRI s VBM s, 5l oolazul axdee 4l 0 GM (515 aglie omige
P50 =S5 e 3l e Jedte lles 5 - r(_”/ N ));!i - Ol g5 (5355 (g 09,5 4 om0 OLes 5
e g P ] S . s oo es c .
VLS 132 5 bl (OIS0 (ghs 038 ds o &9 3 JW i 3o (VLS50 5 [oA]
Ju i oo )0 cul) azdes amb (625 50~ e el S35 Covganin nd (oS 5
, ) Jlo Vo8 o lSaes
FLS552 B (S e 5 550
JLo YV F :Quﬁ?ﬁj
JLo TO-Y0 VLS 5
T 5,55 95 g 0 GM oS5 als- MRI I S o581 5 eslitl 3 GM Cdalé Sl s oy bl
Mt o oms o dien 3 Pl iy | e TO) SPD Pl Jled ; Soly | okl g e i 4 Yiee oS o Kan
oy JW8GE Glen 5o azee 5 T gl LS 23 (s Geoe G50k | Py (Jub i 4D (S0sS O 4
=
SPD lejen D3 gl,ls s o B3I 3 Shos lagan [aa]
(55 VY juu YY) SPD POl
) (SPD)
] y29) ol
Jlo Y s g,
L s e ol e o K> P pdle Srals- (Il YA/ Jled s YR) e FA 89,8 5,8, ‘sLm‘:Lu)')l 31 oolazul e Ol s Gy LS )| gy &S
o plly (lo i IS Ly (Sopmdl pMle | (ol VAIJLid 2 Y8 255 OF bl 5 e cnolly sl S oo Shoe ¢ Jlb i (6 5lows Oen s
Ol 58 95 5l Sz oMle ials- Jl V- s slos Shoe ¢ Jd i mdle b 5 Ol g0 (SO pudl g7 Sl [s-1
Lsgs (5o pdl oMo 2alS L Jlad s AR CERSRE W PO o Sy b ADHD & s ) 250
Jlow 095 3l a2 ADHD 4 Moo () oy Al Y ooyg0
20 5% i gl 10 GM e hals- - M;UJLe b g5y 5T 5l eslil Folse o Jolie Lalyy () 2 59
by 4>l ol 558) s oy 555 ;U oy p Stz | ez Ol iz b (S5 OhSes 5
ias
5 ige Jlad i ologs 55 GM o ials— el 22 ol il 5 ,Sie Jld s ohles jo GM [#1]
: . JL AP &, .
=7 s 9 ol >l e
[4] F. Mowlem, J. Agnew-Blais, E. Taylor, and P. Asherson, "Do &l

(3]

(6]

(7]

different factors influence whether girls versus boys meet ADHD
diagnostic criteria? Sex differences among children with high ADHD
symptoms", Psychiatry research, vol. 272, pp. 765-773, 2019.

U. Klefsjo, A. K. Kantzer, C. Gillberg, and E. Billstedt, "The road to
diagnosis and treatment in girls and boys with ADHD-gender
differences in the diagnostic process", Nordic journal of psychiatry,
vol. 75, no. 4, pp. 301-305, 2021.

A. S. Bell, "A critical review of ADHD diagnostic criteria: What to
address in the DSM-V", Journal of Attention Disorders, vol. 15, no.
1, pp. 3-10, 2011.

C. Sridhar, S. Bhat, U. R. Acharya, H. Adeli, and G. M. Bairy,
"Diagnosis of attention deficit hyperactivity disorder using imaging

31
32
33
34
35
36
37

Supplementary Motor Complex
Lateral premotor cortex
Accumbens

Globus pallidus

Neocortex

Limbic cortex

Executive Function

(1]

[2]

A. Bikic, J. F. Leckman, J. Lindschou, T. @. Christensen, and S.
Dalsgaard, "Cognitive computer training in children with attention
deficit hyperactivity disorder (ADHD) versus no intervention: study
protocol for a randomized controlled trial", Trials, vol. 16, pp. 1-13,
2015.

A. E. Vierhile, D. Palumbo, and H. Belden, "Diagnosis and treatment
of attention deficit hyperactivity disorder", The Nurse Practitioner,
vol. 42, no. 10, pp. 48-54, 2017.

1. W. Hwang, B. N. Kwon, H. J. Kim, S. H. Han, N. R. Lee, M. H.
Lim, and et al., "Assessment of associations between mitochondrial
DNA haplogroups and attention deficit and hyperactivity disorder in
Korean children", Mitochondrion, vol. 47, pp. 174-178, 2019.




XX @L"‘ o)Lo...ﬁ

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

[23]A. Hutchinson, J. Mathias, and M. Banich, "Corpus callosum
morphology in children and adolescents with attention deficit
hyperactivity disorder: a meta-analytic review", Neuropsychology,
vol. 22, no. 3, p. 341, 2008.

[24]C. Gaser, R. Dahnke, P. M. Thompson, F. Kurth, E. Luders, and A. s.
D. N. Initiative, "CAT—A computational anatomy toolbox for the
analysis of structural MRI data", biorxiv, p. 2022.06. 11.495736,
2022.

[25]. Ashburner, G. Bamnes, C. C. Chen, J. Daunizeau, G. Flandin, K.
Friston, and et al., "SPM12 manual", Wellcome Trust Centre for
Neuroimaging, London, UK, vol. 2464, no. 4, 2014.

[26]F. Farokhian, I. Beheshti, D. Sone, and H. Matsuda, "Comparing
CATI12 and VBMBS for detecting brain morphological abnormalities
in temporal lobe epilepsy", . Frontiers in neurology, 8: p. 428, 2017.

[27]S. Etemadi, M. Saadatmand-Tarzjan, M. Shamirzaei, and J. Khosravi,
"An efficient 3D gradient-based algorithm for medical image
registration using correlation-coefficient maximization", in 2014 4th
International Conference on Computer and Knowledge Engineering
(ICCKE), pp. 663-668: IEEE, 2014.

[28]E. T. Rolls, C.-C. Huang, C.-P. Lin, J. Feng, and M. Joliot,
"Automated anatomical labelling atlas 3", Neuroimage, vol. 206, p.
116189, 2020.

[29]P. Bellec, C. Chu, F. Chouinard-Decorte, Y. Benhajali, D. S.
Margulies, and R. C. Craddock", The neuro burcau ADHD-200
preprocessed repository", Neuroimage, vol. 144, pp. 275-286, 2017.

[30]S. Carmona, O. Vilarroya, A. Bielsa, V. Trémols, J.C. Soliva, M.
Rovira, and et al., "Global and regional gray matter reductions in
ADHD: a voxel-based morphometric study", Neuroscience letters,
vol. 389, no. 2, pp. 88-93, 2005.

[31]K. Nickel, L. T. v. Elst, J. Manko, J. Unterrainer, R. Rauh, C. Klein,
D. Endres, and et al., "Inferior frontal gyrus volume loss distinguishes
between autism and (comorbid) attention-deficit/hyperactivity
disorder—a FreeSurfer analysis in children", Frontiers in psychiatry,
vol. 9, p. 521, 2018.

[32]T. Nakao, J. Radua, K. Rubia, and D. Mataix-Cols, "Gray matter
volume abnormalities in ADHD: voxel-based meta-analysis
exploring the effects of age and stimulant medication", American
Journal of Psychiatry, vol. 168, no. 11, pp. 1154-1163, 2011.

[33]M. Haddadpour, F. Wallois, and M. Saadatmand, "Statistical analysis
of brain volume changes in T1-weighted magnetic resonance images
of attention deficit hyperactivity disorder (ADHD) based on voxel-
based morphometry", in 2020 8th Iranian Joint Congress on Fuzzy
and intelligent Systems (CFIS), pp. 93-98: IEEE, 2020.

[34]0O. Gonchigsuren, M. Harada, S. Hisaoka, K. Higashi, Y. Matsumoto,
N. Sumida, and et al., "Brain abnormalities in children with attention-
deficit/hyperactivity disorder assessed by multi-delay arterial spin
labeling perfusion and voxel-based morphometry", Japanese Journal
of Radiology, vol. 40, no. 6, pp. 568-577, 2022.

[35]H. Y. Seok and D. H. Lee, "Magnetic resonance imaging of idiopathic
herniation of the lingual gyrus: A case report", Investigative Magnetic
Resonance Imaging, vol. 21, no. 3, pp. 195-198, 2017.

[36]R. Leech and D. J. Sharp, "The role of the posterior cingulate cortex
in cognition and disease", Brain, vol. 137, no. 1, pp. 12-32, 2014.

[37IN. B. Dadario and M. E. Sughrue, "The functional role of the
precuneus", Brain, vol. 146, no. 9, pp. 3598-3607, 2023.

[38]Y. Wang , Q. Xu, S. Li, G. Li, C. Zuo, S. Liao, and et al., "Gender
differences in anomalous subcortical morphology for children with
ADHD", Neuroscience letters, vol. 665, pp. 176-181, 2018.

[39]K. A. Kovacs, "Episodic memories: how do the hippocampus and the
entorhinal ring attractors cooperate to create them?," Frontiers in
systems neuroscience, vol. 14, p. 559168, 2020.

[40]J. Pearson, "The human imagination: the cognitive neuroscience of
visual mental imagery," Nature reviews neuroscience, vol. 20, no. 10,
pp. 624-634, 2019.

and signal processing techniques”, Computers in Biology and
Medicine, vol. 88, pp. 93-99, 2017.

DA S lan (A o (g Ol 0L Mgy pade Layd [8]
9y 5 S B (e DlbL )l Jdod SeS e Jd ey
CYPY-YTY Slris gy ol8ils 5y (owdigee dlome &gy Sloj (59,9500
AfF-Y
SOk s Sl els (S e ool ol pl dlllls (S il s [9]

Wl g ey Dloalme sla Sy ol slapt ) 5l ealitnl b yol3IT (sle

DFY-00Y Slomivo 5,5 oKiils 5y wdige alze «SMRI 4 rs-fMRI

AYAA
[10]C. Scarpazza and M. Stefania De Simone, "Voxel-based
morphometry:  current  perspectives",  Neuroscience  and

Neuroeconomics, pp. 19-35, 2016.

[11]V. Vilgis, L. Sun, J. Chen, T. J. Silk, and A. Vance, "Global and local
grey matter reductions in boys with ADHD combined type and
ADHD inattentive type", Psychiatry Research: Neuroimaging, vol.
254, pp. 119-126, 2016.

[12]B. Bonath, J. Tegelbeckers, M. Wilke, H.-H. Flechtner, and K. Krauel,
"Regional gray matter volume differences between adolescents with
ADHD and typically developing controls: further evidence for
anterior cingulate involvement", Journal of attention disorders, vol.
22, no. 7, pp. 627-638, 2018.

[13] U. P. Ramtekkar, A. M. Reiersen, A. A. Todorov, and R. D. Todd,
"Sex and age differences in attention-deficit/hyperactivity disorder
symptoms and diagnoses: implications for DSM-V and ICD-11",
Journal of the American Academy of Child & Adolescent Psychiatry,
vol. 49, no. 3, pp. 217-228. 3, 2010.

[14] G. H. Gudjonsson, J. F. Sigurdsson, I. D. Sigfusdottir, and S. Young,
"A national epidemiological study of offending and its relationship
with ADHD symptoms and associated risk factors", Journal of
attention disorders, vol. 18, no. 1, pp. 3-13, 2014.

[15] L.-J. Wang, S.-Y. Lee, S.-S. Yuan, C.-J. Yang, K.-C. Yang,
T.-S. Huang, and et al., "Prevalence rates of youths diagnosed with
and medicated for ADHD in a nationwide survey in Taiwan from
2000 to 2011", Epidemiology and psychiatric sciences, vol. 26, no. 6,
pp. 624-634,2017.

[16] O. Slobodin and M. Davidovitch, "Gender differences in objective
and subjective measures of ADHD among clinic-referred children",
Frontiers in human neuroscience, vol. 13, p. 441, 2019.

[17]P. Quinn, 100 Questions & Answers About Attention Deficit
Hyperactivity Disorder (ADHD) in Women and Girls. Jones &
Bartlett Learning, 2010.

[18]K. Bruchmiiller, J. Margraf, and S. Schneider, "Is ADHD diagnosed
in accord with diagnostic criteria? Overdiagnosis and influence of
client gender on diagnosis", Journal of consulting and clinical
psychology, vol. 80, no. 1, p. 128, 2012.

[19]K. E. Seymour, X. Tang, D. Crocetti, S. H. Mostofsky, M. 1. Miller,
and K. S. Rosch", Anomalous subcortical morphology in boys, but
not girls, with ADHD compared to typically developing controls and
correlates with emotion dysregulation", Psychiatry Research:
Neuroimaging, vol. 261, pp. 20-28, 2017.

[20]A. M. H. Onnink, M. P. Zwiers, M. Hoogman, J. C. Mostert, C. C.
Kan and J. Buitelaar et al., "Brain alterations in adult ADHD: effects
of gender, treatment and comorbid depression”, European
Neuropsychopharmacology, vol. 24, no. 3, pp. 397-409, 2014.

[21]K. S. Rosch, D. Crocetti, K. Hirabayashi, M. B. Denckla, S. H.
Mostofsky, and E. M. Mahone, "Reduced subcortical volumes among
preschool-age girls and boys with ADHD", Psychiatry Research:
Neuroimaging, vol. 271, pp. 67-74, 2018.

[22]L. Lu, Z. Lianging, T. Shi, B. Xuan, C. Ying, H. Xinyu, and et al.,
"Characterization of cortical and subcortical abnormalities in drug-
naive boys with attention-deficit/hyperactivity disorder", Journal of
affective disorders, vol. 250, pp. 397-403, 2019.



XX @L"‘ o)Lo...ﬁ

X Jad Xoojlods XX ol 5 15 R3S 3 (wiige e XX

Proceedings of the National Academy of Sciences, vol. 108, no. 38,
pp. 16068-16073, 2011.

[53]A. Wyciszkiewicz, M. A. Pawlak, and K. Krawiec, "Cerebellar
volume in children with attention-deficit hyperactivity disorder
(ADHD) replication study", Journal of child neurology, vol. 32, no.
2, pp. 215-221,2017.

[54]L. Fernandez, A. Burmester, J. D. Duque, T. J. Silk, C. E. Hyde, M.
Kirkovski, and et al.,"Examination of cerebellar grey-matter volume
in children with neurodevelopmental disorders: a coordinated
analysis using the ACAPULCO algorithm", The Cerebellum, vol. 22,
no. 6, pp. 1243-1249, 2023.

[55]L. C. Rice, R. N. Rochowiak, M. R. Plotkin, K. S. Rosch, S. H.
Mostofsky, and D. Crocetti, "Sex Differences and Behavioral
Associations with Typically Developing Pediatric Regional
Cerebellar Gray Matter Volume", The Cerebellum, pp. 1-12, 2023.

[56] E. M. Mahone, M. E. Ranta, D. Crocetti, J. O'Brien, W. E. Kaufmann,
M. B. Denckla, and S. H. Mostofsky, "Comprehensive examination
of frontal regions in boys and girls with attention-deficit/hyperactivity
disorder", Journal of the International Neuropsychological Society,
17(6): p. 1047-1057, 2011.

[57] T. Villemonteix, S. A. De Brito, H. Slama, M. Kavec, D. Balériaux,
T. Metens, and et al., "Grey matter volume differences associated with
gender in children with attention-deficit/hyperactivity disorder: a
voxel-based morphometry study", Developmental cognitive
neuroscience, 32-37, 2015.

[58] L. G. A. Montes, J. Ricardo-Garcell, L. De La Torre, H. P. Alcantara,
R. B. Martinez Garcia, D. Avila Acosta, and A. Fernandez Bouzas,
"Cerebellar gray matter density in females with ADHD combined
type: a cross-sectional voxel-based morphometry study. Journal of
attention disorders", 15(5): p. 368-381, 2011.

[59] E. D. Gennatas, J. Wren-Jarvis, R. Powers, M. C. Lazerwitz, 1.
Bourla, L. T. Cai, and et al., " Gray matter correlates of attention-
deficit hyperactivity disorder in boys versus girls with sensory
processing dysfunction", Imaging Neuroscience, 2, 1-14, 2024.

[60] M. @ie, K. T. Hovik, P. N. Andersen, N. O. Czajkowski, and E. W.
Skogli, "Gender differences in the relationship between changes in
ADHD symptoms, executive functions, and self-and parent-report
depression symptoms in boys and girls with ADHD: A 2-year follow-
up study", Journal of attention disorders, 22(5): p. 446-459, 2018.

[61] X. Luo, W. Fang, X. Guo, Y. Chen, Y. Tan, L. Wang, and et al., "Sex-
different interrelationships of rs945270, cerebral gray matter
volumes, and attention deficit hyperactivity disorder: a region-wide
study across brain", Translational Psychiatry, 12(1): p. 225, 2022.

[41]T. Bailey and A. Joyce, "The role of the thalamus in ADHD
symptomatology and treatment," Applied Neuropsychology: Child,
vol. 4, no. 2, pp. 89-96, 2015.

[42]S. M. Sherman, "Thalamus," Scholarpedia, vol. 1, no. 9, p. 1583,
2006.

[43]J. V. M. Gordana Sendi¢. (November 03, 2023). Thalamic nuclei.
Available:  https://www.kenhub.com/en/library/anatomy/thalamic-
nuclei

[44]C. Fu, S. Chen, A. Qian, R. Zhou, J. Zhou, J. Li, and et al., "Larger
thalamus correlated with inattentive severity in the inattentive subtype
of ADHD without comorbidity", Psychiatry Research, vol. 304, p.
114079, 2021.

[45]1. Ivanov, R. Bansal, X. Hao, H. Zhu, C. Kellendonk, L. Miller, and
et al., "Morphological abnormalities of the thalamus in youths with
attention deficit hyperactivity disorder", American Journal of
Psychiatry, vol. 167, no. 4, pp. 397-408, 2010.

[46]M. J. Batty, L. Palaniyappanet, G. Scerif, M. J. Groom, E. B. Liddle,
P. F. Liddle, and et al., "Morphological abnormalities in prefrontal
surface area and thalamic volume in attention deficit/hyperactivity
disorder", Psychiatry Research: Neuroimaging, vol. 233, no. 2, pp.
225-232,2015.

[47]H. Li, Q. Yuan, Y.-J. Luo, and W. Tao, "A new perspective for
understanding the contributions of the cerebellum to reading: the
cerebro-cerebellar mapping hypothesis", Neuropsychologia, vol. 170,
p- 108231, 2022.

[48]M. M. Bruchhage, M.-P. Bucci, and E. B. Becker, "Cerebellar
involvement in autism and ADHD", Handbook of clinical neurology,
vol. 155, pp. 61-72,2018.

[49]0. Baumann, R. Borra, J. M. Bower, K. E. Cullen, C. Habas, R. B.
Ivry, and et al., "Consensus paper: the role of the cerebellum in
perceptual processes", The Cerebellum, vol. 14, pp. 197-220, 2015.

[50]C. Clinic. ADHD in Women: Symptoms, Diagnosis & Treatment.
Available: https://my.clevelandclinic.org/health/diseases/24741-
adhd-in-women.

[51]V. U. Vildalen, E. J. Brevik, J. Haavik, and A. J. Lundervold,
"Females with ADHD report more severe symptoms than males on
the adult ADHD self-report scale", Journal of attention disorders, vol.
23, no. 9, pp. 959-967, 2019.

[52]K. A. Coffman, R. P. Dum, and P. L. Strick, "Cerebellar vermis is a
target of projections from the motor areas in the cerebral cortex",



