[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-24 ]

[ DOI: 10.29252/koomesh.22.4.671 ]

WA 5050 ((Ar (2Ls) € oplauds FY Sda — Qo9

Cod g piid S g3l O g (w3 93 9 (b lido Wi (55185 b & )5
231 3T (5 slow 43 0I0d
(Ph.D)"™" sl oxe L e (MLSC) bl Lws (MLSC) Gl sl 06 0

Ol o idpuo Sy psle Ky (St K pd Sl S 0~
Ol hguo g Sy o sle ARy (St 0Kl o K3y Kb 05,5 Y

AYAA/YIYA 102 53 B AYAAN VY sl o 50,6 alireza.motazerabadi@gmail.com YA YYYO— 0V a0 o sicun sdicw o5 *

el cads Sl LS .conl Gl il w50 uilos cde (45 29 L (Alzheimer's disease, AD) JOOL LU P  POVENE RV
Sl g Sl Oy s s U ST o bt et sl pol 3T (6 lons Silois (gl 5o
Ol 05 aaledh inds oo sesllT 6 xlet 520 5slont ol 550 S1yl auoy3 10 W¥L 35 b 9 it pagliT (5 Lo
s T Jlonl b .adl oo 31 ool T 5 lows ol Jol 0 50 3o e g Cowly Cuomw jo (5 ylio . Ol juudi &5 WS 0
ol 99 9y owl 3 gy 39s0 (ANteroir Cingulate cortex, ACC) olud caudgfowmw pid )3 ¢y yliio gl &l g
337 5615 g 5 5 Wl sl y- iy (33l yod S s aslllng

W30S 50 03 )31 1) NINDS-ADRDA ;3131 (5 3Los (sl yluxo 4 cinis: 5o 13T 520 jlos 0590 VF (59, 2 LS9 9 2130
65155 i ((NC) J 5535555010 3 330 y0l 3T (55 loms b3, 35 y0 il (51 luno b (irllan Ui 35Uuds J551 3590 1Y
& ygu04g ACC ;3 MI/Cr 9 Cho/Cr NAA/CT NAAMI (glcauns g 5ol yskine &3 (CH-MRS) (3975 3 (ool oy oL
Lol )5 poc B ad JUT oo b Comim o7 bauwgi ) omebliio syoidd (6 icinb Sledbl .cd )5 ploil ad,b g3
De dm b 1y canly 9 w Cwouw ACC S gilin

SLud IS 50 (P<ef+0)) Cdld 3925 oz § Cawly ACC s MI/CE Cand 13 (5,10 iz glis ¢ pos| T 40 :laasdly
G 30 (FlaT ([ yiiS 09,5 50 .(P<e/e+)) Clild 352 Cawly 9 o ACC s MI/Cr o Hlo S Wgled SO jud nis
Lailai 9g29 MI/Cr g Cho/Cr NAA/Cr gvcud gslin

il i pagliT 5 let 3 s (st SIS 5y ol (5500 ACC 53 MICT ol -z )5 o 16 e o

Sl IS o T (6 Lo ¢ oo litio wy o (5,0 s 1 gudS” (s Loojl

sbeolil Joel b el gl (MR b ls C,,,;@Lz (Alzheimer's Disease, AD) ﬁ‘\ﬂ Sl

Ve MRI I )bl 2l b e o514 e el e b o e ay Il o o3 5 s e
5 Sl G il LS G e ol e 08 o Cob ez 0 15 358 Gsden YO/ 51 i il AT olen
welle S5d5l05 Sl gllis gl cad (S A a Yo Jle b sy, e sls) &S V] ams e L5 s

B WAy 6)\&4&..%}9 ‘6)\.~>L~ MRI 2 ajj\s— ‘ﬁ)Cﬁ~‘ J‘ .\.w\.u J“-"Jlﬁ\d LS)L“'-' 39, LS\M) LSL“fﬁ&A ‘JL"_J‘ L [Y] 55

SHansal Sy Sl S5 (MRS) @“LLM ﬁ.‘)” Solam ade (6 550 0le o T2 o Nad ) i)’u\S S
sbagl e oWl gl el blas wois

g G oaseis ool VY] 2l ssm s S8 (S o
Koo ass 53 el I 6olen sl glates K35 s 50

2 S0 [F] cd e Gan Sl I oley

A4 T ol sl Gt 5 adllae sl JSs &
K (tH-MRS) o555, ombline wazs Kb

@.‘) 2 S5 a5 (5,508 [OF ]l 05 Sy Conan

‘jj)ywxjk_g)\.&-\.wu‘fﬁuw)jd‘jb)b.«.u\))}ﬁ

42


http://dx.doi.org/10.29252/koomesh.22.4.671
https://koomeshjournal.semums.ac.ir/article-1-6180-en.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-24 ]

[ DOI: 10.29252/koomesh.22.4.671 ]

\“ﬁﬁ J-A:\J ‘(/\’ @Lu) f A)LM.: ‘YY .4\.1\3-

esS

5 JYA] el Ll olen Gl Sledie sal e A2
S it s sl s sl 3151w 0 sVl
Il gl 51 Y] K Lles Ll ol & ol
s Gl e Bun K plsea Aol Gis s lis
w8 s Slos oMl sl s ml T ol &~
Lol cd S a8 gy adlae opl Gus 35
L oS oolinel S plie Ol i b a3b o MRS 5l eslizud

g, 9 Slgo

s Slen VY s el lay Sles Jleg NF
WAV Jle iy 5l S 050 10 5 i et JDlas |
et il agie 6 plsler 53 VFAA plsl U
5 adlae 4 oas 350y 3ol saer s OLwl g2,
s 3T ol s 4 s pains pml 3T ke
oshi 4 Il e e bilaal, s S el
[F] e a8 5 s ) ol slen paiess
\ 3lael s MMSE g5 5o YF B Yo (go3game 5o Ol 3Ll
25 (CDR) b uiles ganas; 5o

Srosolae bug aas sale Dsl ol
SHas 5 o5 Lo mle Sl Ll JT ey Lins
sl 3l mus ColSe K s am s (A i ool Lasis
alsi (o 1250 a5l o8T 55 K by bnm 5 08 55
slas Shas 53 (ab (g toaal oS sl Plasl j5 e
Sl LI L a1 sbal pae (5 1S asbs b
RS TS Su5 sbedbe 1l | Jsane slaa
55 /0 5 MMSE s YA=YY 1 h3kael U [YA] € uiles
Jle 5 5l Lim kioy Ceimcl, oblen 4er DR
Sl b gy Jle Ae=80 e ol 5 aizils Epans
Sy gn 5 Slos ol «S5s,8 Dl gaile |
Lo & Ghlay omizer oS ool adles 511, S
G L anlo F 5l s L>omm ks | ganls 5
S 5 amals 65 oSV UMRI g oo mm O—+
oBuauls L) oBusSes o gas was oo anllls
L3 sals &)1 ol sSe abBT cls, (ola sl
Sy pske oS8l Ol gaeS by ragy US55,
ol 02 205 (AN FAA :C,L BLY VN

Kkd 5 (MRI) blin wals ¢ls pp o
5 mablite w25 (6)l5 5 5 92 (MRS) publiae & o5
et 3) e /0 8o oy pblise s 5, Koib
Pl JUSA (536 T e oS Sl ealinad L (525

VY

S a5 Sl L plhadans o sl C}J‘“
Sles 51 8 sae Lo G55k Ganss GeaS St
o) 4 ol e L glie cpl alem 51 ol gkl
—se s (S Sl glee 4 (NAA) obsLd
S (Cho) o 58 LS s Kolis ol e (M) s %)
(Cr) o1 8 5 el Joho Lo b 5 i goansplss
5Li) (6 S50 o o ks 5 e il 51 (5 K0S ol e
5 e R Sl eblie oz b s
V]l sns szl Lul)l ol 3181 asas
ooles 53 uelSomr caml bl woas s Kb
s NAA > eals aas sl Pl PUTIRTI
o 2 S I s cd wals glas 1 ml 3l
b Giis gals PDesl Las oS i NAA/CT
e O s [V V] el 035 0] L el 3T (e
sty SlS 5 b s Bl e Sl o131 s Glasmb
Nl K ‘ﬂ.\)ﬂ Solew 5 s ol
oS sed Co Cann |l 5o aS 0 e LiS 1) ae g gl 350
Coi | Gy o S Jlo 3 3 13 5 o |
S 55 o el Ol s 4 jzie &S A il B ﬁL
pas aeU o alie Oluw VY] 0500 mbline Lais
G S5 p e Ol 3 ulSpn o)l
2 Sl Sl B pas ol sl IV-VF] ws
Solaw a5l Jol o haiin Code Sl (s alS g
Asl el

) Sned s )2 6J<€-° Sl A-A-Jﬁi**-w A2
el s el e st 4 (ACC) salus o S a8
o 23 50 Jle Gl s el olas
53 4l Ll BIMICT cans el I olan ololas 5o ol
(Jlae oo Y] sl SL e osa NAA/CK &S -
558 om NAAICT , mICr s ol o 5s sadla
e [YF] 55 G318 (NC) S o5 8 5 il oolew
5 50 e plie Ol canl sad 2wl sl S e
SIS MICT cos () 3l &y 4 1) ol o Kt
ools ol el T ole @i b ol Llasl el o S
oo Ssdslo,s Cdag S s At &S el s
BRI PN C FER R SN U\ SIS IR GOSN i}
[X0] e B 238 08 5 5 53ty ams Lo s

A3 Cwlymoa oolil cdpbe O w el il
Sl ol @3l & e S
Nl el I lan 4 i sl Plas) s @b
s s Pl sl ge 55856 K ale B )


http://dx.doi.org/10.29252/koomesh.22.4.671
https://koomeshjournal.semums.ac.ir/article-1-6180-en.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-24 ]

[ DOI: 10.29252/koomesh.22.4.671 ]

oL 5 plarcela o e

Il 55 5 55 g0 Sy o 5 skite 4 (TRITE=S - - /20
AL A e e Vo) e
Al eSS o w505 b S,
OV o) < 8 5 501y S Js 3o, 25 5 cod S
Les MRS s MRI 6l IS5 5 Jali oSl S ol [7Y]
o Saten ) el b aad Sledbl Lol aids VO
A3 Gl 25se (SYNGO) S I\Kiab 231,
Ve G A S VA« )11 IO LY SNV 3K ¢
ol sl 5 Bas 5,51, Cr s ml NAA Sy s
asls U1 aan 5 6, &ib ¢ JuSs 518 ()
s oo A S 4 Coed &S S S0l S Lo s

4

5 olen &S ualS ke 4 pgdas 5 e b Loy Sl
St s S ool oy iy 5 o8 Glas 2alS
So s S sl JBo5a 5sb ay ebliae olae a2y
b s eslited PRESS S5y e JuSy S5 IS5 5
sj J&w @S ol ea @“*LL“ ) d)&%l’
4 owly 5 o ol Cd S a5l ples ba
(TE) 59 ol 13w le oslizal 5550 (s el | s
sl 5 4l e 0+ - (TR) LS5 ol ast e YO
K las JoSs gl «ons g S F oo S, o
(Lo 0k VXNE S Sl geslal s eolad
VO s, Cwuls VOI=A: mm FOV=mm\?#-
ol o35S il CHESS 56 (,li808 s o e sl
) 52 5 dUs S sl ST obsl ST2 5la oz esliza

4

o VHEN Y LSy sl sl i858 s 5 o oalud calsSi a8 55 48 i sy0e sl JuSy Cundge preal cgm JUWST uguas ALY g

3 bt LudS S cirds 93] irs C -yalill Sl g a8 S, 48 51 gualolide il GG cadds g3l cadde Buoiil sus iad e

58 el 1, (F=VA/EYA P<-/+++\) MMSE i3l
ol °3J§ 5> MMSE &bl o Ll pae ialS L &S
058 rimpp 5 (P<e /1) J S 05 8 b alia s eyl
MMSE &kl L(P<e/++)) 5p canis glia JDus
sla Psl ey 5 on olbine Si 4 iz
AP/ V) sy Soglate J 1S 5 s
slacd ple cus Hlade s o = WSS e S s
o K 523 o MI/Cr 5 Cho/Cr NAA/Cr NAA/mI
2 (Y Joax) (P>+/:0) cusls sy Cnly 5 o ol8
Golsgae IS 4 MICK o i sls Dl oy 8
caly Gl cwly, 5 a8 o i R
P<-/eeN w4 +/-EFV/4 VS < /OVE-/-0)
PRUC RGN s I AT N S ARA L
(P>+/-0) culn semy 5 cbadaple o), cul,

VY

el sl el (018 g, 45

oll ey 31 eslizal b oLl b JUT Wasls 56T
sbazsis s el VO akad Hsany sl SPSS
Il Sl JT 5l slaes S s s ol 5 Sl S5
2 b S ANOVA o pe5l bo s J 5805 8 5 Cinis i
Sl s gae ool x.é\-%y‘j Loy 5 as P53
5o o8 e S 83 e Lol s Jls (LSD)
NAA/Cr Cr (NAAIMI & cos bed ol s o,
3] ead s s 5 ¢ se5] Law s MI/Cr) 5 Cho/Cr
A s P /00 55 oll (ol gme [FY] a

Jj.,\:.- BE Aaj\.L.a 6\.&33; d‘JL 9 &‘ﬁ}né A_)L‘—)\L‘
oile 5l 25 5 el ANOVA L sloss o g


http://dx.doi.org/10.29252/koomesh.22.4.671
https://koomeshjournal.semums.ac.ir/article-1-6180-en.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-24 ]

[ DOI: 10.29252/koomesh.22.4.671 ]

WA 5L dA L) P oeolas Y uls

esS

Jsaa) (t=Y/£FF0 P=-/-\0\) tews 5 & +/-FINNY

Aolw plas e el

Coged MUCT Lol ol 058 5 (Y Jsas)
P<e/eoN e i o4 o/-EAP/AY VS < /OVE-/\F)

B g_;)‘-’@"“ Coyoh @ Cho/Cr .(t=¥/%-AY

_ . o>l
P value JysS 09,5 ool T o Lo i gels s -
°9
<INEO VO (AIY) VF (VIY) VY (VIb) (O3l s o)l
SAARE YYIY (Y/20) YV/Q (O/-Y) \AARIAI)) (JLo) e
<efeeed YN (YY) Y\/$ (VI0F) YO/IR (VYD) MMSE 5051

oot 4 (5sSiles can SN ol 435,513 2 5,50 ANOVA 1ysasl 5l ooliiully 45 addllas slaog 5 (ol 5 Sl Fges Slodol ) Jgur
MMSE: Mini-Mental State Examination.(ce.l sai ol 550, 0 Las Gl

P value t cwl, ACC <= ACC Sglie slo cas B
095
< [AFAY —+/-OVF YIYY (+1AY) YIYY (+/AY) NAA/mI
< IAYOF <JYAY . V0 (/%) VPO (+150) NAA/Cr _
LS,
< IFOAY -+/fayy DAANCIAYS) <IAS(-IVY) Cho/Cr S o0
< INFON EARAR <[P0 (-IYY) <IEY (-IXY) ml/Cr
< JOAYY —+/FOY) Y/PO (-IYY) YIOF (+170) NAA/mI
ARYA ¢ VIYEOF VYD (+1VD) MACXCIARD) NAA/Cr sebs Plsl
«[+AQY V/AAYY AANCIARD) AV NCIARD) Chol/Cr apb>
ofee eV INARENYS <JOY (<1 0) N ANCERY) ml/Cr
< IYOYF VIYYON YIZD (+10F7) YIAD (+IYD) NAA/mI
<IYYOY VIYOY - VIEY (- Y) VIOY (- IYY) NAAJ/Cr .
ol s len
<[ \Yhs YIVOYD <INY (-1\A) 1A VYY) Cho/Cr
ofee e Vi fIFAVE <IOY (+1NF) IS ECIAND) ml/Cr

oy 2D 550 00 b = 5 (6 )loT (yge3] 5l eolatil b aS pacboline syatd (6,55 il g0l 5l Jeol poliasig s slo Cdgilio slo Cans ¥ Jgax
MI: myo-. Cho: Choline. ela3 coJgSis ;28ACC.(Canl oads o 55l 50 Jlas Blymul ol jas a4 (1Sl o SleMbl) Ll 418 51,8

o d«\.,\é | ,§\..w/ S8 D \.hg_,vj))\.«ﬁ )\.sgzn u._m\S xals
sad 218 8K S0 olan s S SS 4 s
B g_a.»jj{.u.«u et &S el su uﬂ)bg ‘A})LCA.: [Ylf] S
D).z jf)j ﬁ‘)T k_;)La...t DL ‘-{‘:-“5.\ L;M P CMN‘) Conn
S Al gl oMl o) &8 [PF] cudl osn, ST 4
anlls o I¥Y] cwlosg 5w ju\Jﬂ Solew o V\J)i.w
r\fq.ns oo\ pas ub\.w T ml/Cr ASV.Q::AL’.J; L ‘f‘a\:-
L mlI/Cr .os . Cho/Cr 5 NAA/Cr NAA/MI | 4l
Ly ﬂ.‘)ﬂ Solew oo b e S5dsL slaag)
nazs L,ab el b oadsl oWl [0V] el
el a3y lzs NAA/Cr le&w 23 S pie ml/Cr s

Cr: creatin.NAA; N-acetylaspartat.inositol

nazs L& Gb ) el b ool cadlas s

5o G o b Sple Ol i 4 eblia
Dl J a8 sbey 5 50 ol cd Ko a8 ol
Soana il oS bl Cns ml I (Solen 5 i s
G p g S eslatal bl s, se) 55 aG) B
A el fS slaslys ein oblae (g ksl
o abls Pl hag geaS o e o8 g.,uj}{wu
ol (Sas 4l ol dms e plis &S el ool
O3 Ju\a S ﬁ“jﬂ Solaw os90 b 5o g \M«w
Ot G35 2 &S 6,50 gadlas S s [TY] 0K
AT & s e Pl ) e Sl
olas 1y ol s Ky, & ool 3l Lo ol sas asls


http://dx.doi.org/10.29252/koomesh.22.4.671
https://koomeshjournal.semums.ac.ir/article-1-6180-en.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-24 ]

[ DOI: 10.29252/koomesh.22.4.671 ]

oL 5 plarcela o e

Q‘ﬁijw)ﬂjiwwawd)&@bﬂjls

W skl LS 5 NFTs [YA] el saz 25158
o3b OWlas s ol ey K550 camiia
SN 5856 5l G Sl See NFTS a8 s o olis
il e oamaplas cul (San 5 da3 e F 25 gl
JECIPR SR} L1 £ IV R NS’
N OO o1 RV WS pLNT YC S
Sed lajslinle b (81 e g4 by Obls ) 4 by e
[FV] o5 00 o Al ol 35 ol o &S sl
o |y g o2y (5 Ailg o el g5l 5o NFTS
e slazel 53 ol e 5 \am a5 5 ans )5 5b
S ool S S 2555 5500 b 2 S sl
oblls osmlsse Js 4 bl di plpea ol
5 NFT JSes 552 s (Wallerian degeneration)
Golaw bl St Joses ©f Gabs e 528 s
oLl any el 53 4 glan s o [¥Y] cd Lyl
o a5l a5l addllae oyl 5l ol sbaasly ol suz
88 Goyo 53 [FO] el saz (215 Sy 5 I s mi/Cr
Cho/Cr , NAA/Cr C_,lzw 2 ol Ol & o
[55] cml sz )8

e an Sl ol e paiis &S o]
5 adlas L5 loanld JSa 4 ae ls s Cwl
Sool el 03 S Iy el Ll I (oley b Lasiis
i s Sl o3kl 3500 gl ras Sl 05
o 0 il ol behan s el 5 sl
Sl ole Jil b awd oolisle MRI o
el 3 6 b Jol e oS Sts Ypane MR
S plls ol cul (Sae s ol S
bl wass 0D il el S350,
e 5 Sdas s Sl p e 053 K (PH-MRS) (555
&S o Se3lil 1y el plin pdan il e S A3l e ol
Slwis 51 U8 e 53 G5ISL ez GeaS S &S
el ol

shaw abas ) asdles oyl Gy iz 3 5 o s |
3l 55 0 48 Ms 1/0 2o S ealial iz ad 5 oS sl o
Ol s osa g icwle b LS sbul 4 2
oolite b Ol ok 3550 55 G5 ke olebl b ol o sam
S e g5 b sl
5 bed sl r\i'@ 395 Olii pwsn 4 aadllae ol s
e MICT &S lss 5 wnls el 31 ol )3
5 NAAICT NAA/MI | syl o8 )5 pas a3l
osb 4wl i cd S 28 42U s CholCr

VO

Solen sl LMI/CE o Ko sadlllas S, )5 [0Y]
36,5 (Sied gd S I 55 ctls Sawser il
352 P ol sl K550 Jol e L NAA/CK
Ot 5 i Sl See M Sl co,00) 51 Lol
S (..iaJS\S sanlin b AT JOY] ams &) oles ;o NAA
Cd S 2850 S sl oo s J S 058 ol
Oy pody S Lol cadllas s amss glas Y
Can Sl 355 o S BT b-*e.ﬁu.«.-wT s
oles A3 635580 1 i OWlas oy VW C
s gals Plsl js o S gosle 2l a8 wlesls
STOV-FOF] 55 5t o o Semi 53 ol I ol 5
2 S gole (2alS oyt o8l edle
[OA] a8 oo cSHlae sl b 2l 50 Co 5o S
OSar 5 el Gre (b paE s sy, by
e o 1) Sl i 6 1S cosle LualS o S
ol X5 S ool pani 5 plebs ol ol Sl ol
Soles b Spls aa e S Sl o WT Ry
Jlaes) 5 Js 3 s 4 Samd 5 s b us
K3y ool sk lagab ol Ll g S
s Caass by (Culy o Sad <o e S)
$aSe ool LS ol ol Saon sy
GBS Sy & S o S0 Sad 53 o 2D e
Sl pae NS hlSas 5 Jus Sos [04] ol s
2 (ca<ewl)) --‘3<- P Sl (S0 S
—om 0 e o [Fe ] Wa 00 IS I (e
Ol {PV] e 03sne S 4 cd (See il
NSl S 556 L [FY] el 4 canlis
[PY] el e o S
ax g a by e Godemy by 5o L8 o 5t g
A S ol Goldon s ax g s cd Jeis oldn
PP R CCE S | P PRI SN P - 0
Y V,.Jﬁi,..“ b aS sl ol ol gadlls S VO]
[r7] cwl o cdshe 5l o &S cul 55 0 gal
SoNmdsrs LN candlas ol Lo A sba
AT ol KPSl S (NFTS)
L3S gy 28 50 o2 Bps, 5 00 @Bl &) son
SlWles [rf] sl gl sy 5l ola s s
=2 I ol 45 wlools ol 55 S350,
Mg 2s cbaY ;5 S5 A bl 5ol ol sme
o2l ez 5 [YV] sias e ol dbs e S5 Vo
s o p GLoss 5 S sl


http://dx.doi.org/10.29252/koomesh.22.4.671
https://koomeshjournal.semums.ac.ir/article-1-6180-en.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-24 ]

[ DOI: 10.29252/koomesh.22.4.671 ]

WA 5L dA L) P oeolas Y uls

esS

ageing: is Alzheimer disease an exaggerated aging process? AJNR
Am J Neuroradiol 2001; 22: 1680-1685.

[16] Derflingera S, Sorgb C, Gaserc C, Myers N, Arsic M, Kurz
A, et al. Grey-Matter Atrophy in Alzheimer’s disease is Asymmetric
but not lateralized. J Alzheimers Dis 2011; 25: 347-357.

[17] Shi F, Liu B, Zhou Y, Yu C, Jiang T. Hippocampal volume
and asymmetry in mild cognitive impairment and Alzheimer’s
disease: Meta-analyses of MRI studies. Hippocampus 2009; 19:
1055-1064.

[18] Tumati S, Martens S, Aleman A. Magnetic resonance
spectroscopy in mild cognitive impairment: systematic review and
meta-analysis. Neurosci Biobehav Rev 2013; 37: 2571-2586.

[19] Kantarci K, Jack CR, Xu YC, Campeau NG, O'Brien PC,
Smith GE, et al. Regional metabolic patterns in mild cognitive
impairment and Alzheimer's disease: a 1H MRS study. Neurology
2000; 55: 210-217.

[20] Modrego PJ, Fayed N, Sarasa M. Magnetic resonance
spectroscopy in the prediction of early conversion from amnestic
mild cognitive impairment to dementia: a prospective cohort study.
BMJ Open 2011; 1: e000007.

[21] Wang Z, Zhao C, Yu L, Zhou W, Li K. Regional metabolic
changes in the hippocampus and posterior cingulate area detected
with 3-Tesla magnetic resonance spectroscopy in patients with mild
cognitive impairment and Alzheimer disease. Acta Radiol 2009; 50:
312-319.

[22] Kantarci K. 1H magnetic resonance spectroscopy in
dementia. Br J Radiol 2007; 80: 146-152.

[23] Siger M, Schuff N, zZhu X, Miller BL, Weiner MW.
Regional myo-inositol concentration in mild cognitive impairment
using 1H magnetic resonance spectroscopic imaging. Alzheimer Dis
Assoc Disord 2009; 23: 57-62.

[24] Mihara M, Hattori N, Abe K, Sakoda S, Sawada T.
Magnetic resonance spectroscopic study of Alzheimer’s disease and
frontotemporal dementia/Pick complex. Neuroreport 2006; 17: 413-
416.

[25] Lima TS, Honga YH, Leeb HY, Choi JY, Kim HS, Moon
SY. Metabolite investigation in both anterior and posterior cingulate
gyri in Alzheimer’s disease spectrum using 3-tesla MR
spectroscopy. Dement Geriatr Cogn Disord 2012; 33: 149-155.

[26] Bozzali M1, Padovani A, Caltagirone C, Borroni B.
Regional grey matter loss and brain disconnection across Alzheimer
disease evolution. Curr Med Chem 2011; 18: 2452-2458.

[27] Salat DH1, Chen JJ, van der Kouwe AJ, Greve DN, Fischl
B, Rosas HD. Hippocampal degeneration is associated with
temporal and limbic gray matter/white matter tissue contrast in
Alzheimer's disease. Neuroimage 2011; 54: 1795-1802.

[28] Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S,
Fagan AM, et al. Toward defining the preclinical stages
of Alzheimer's disease: recommendations from the National Institute
on Aging-Alzheimer's Association work groups on diagnostic
guidelines for Alzheimer's disease. Alzheimer’s Dement 2011; 7:
280-292.

[29] Knopman DS, Boeve BF, Petersen RC. Essentials of the
proper diagnoses of mild cognitive impairment, dementia, and major
subtypes of dementia. Mayo Clin Proc 2003; 78: 1290-1308.

[30] Neugroschl J, Wang S. Alzheimer's disease: diagnosis and
treatment across the spectrum of disease severity. Mt Sinai J Med
2011; 78: 596-612.

[31] Jones BF, Barnes J, Uylings H, Fox NC, Frost C, Witter
MP, Scheltens P. Differential regional atrophy of the cingulate
Gyrus in Alzheimer disease: a volumetric MRI study. Cereb Cortex
2006; 16: 1701-1708.

[32] Blair RC, Karniski W. An alternative method for
significance testing of waveform difference potentials.
Psychophysiology 1993; 30: 518-524.

[33] Killiany RJ, Gomez-Isla T, Moss M, Kikinis R, Sandor T,
Jolesz F, et al. Use of structural magnetic resonance imaging to
predict who will get Alzheimer’s disease. Ann Neurol 2000; 47:
430-439.

[34] Fouquet M, Desgranges B, Landeau B, Duchesnay E,
Mézenge F, de la Sayette V, et al. Longitudinal brain metabolic
changes from amnestic mild cognitive impairment to Alzheimer’s
disease. Brain 2009; 132: 2058-2067.

[35] Mesulam MM, Nobre AC, Kim YH, Kim YH, Parrish TB,
Gitelman DR. Heterogeneity of cingulated contributions to spatial
attention. Neuro Image 2001; 13: 1065-1072.

[36] Smith AD. Imaging the progression of Alzheimer
pathology through the brain. Proc Natl AcadSci U S A 2002; 99:
4135-4137.

#VF

Ol s oy\he 8 G a8 sl ples adlas ol Ao
S5 b 55 pabline sz ()b b 5 4 S ke

Al Gaes ﬂ.‘}ﬂ Solam 2ol 55 age K55 o

i Sezd oS yan b Sl pe A
il AFAN las & agie Sap ooke o8l
paaiia b S5 BT Ol 5 dlie o oy
e el Lo olil plieslay o3y SlS S sols)
Sl 1 S JWS 655 sl o

el.i.o

[1] Alzheimer's Association. Alzheimer's disease facts and
figures. Alzheimer’s Dement 2015; 11: 332-384.

[2] Yan Y, Yang H, Xie Y, Ding Y, Kong D, Yu H. Research
progress on Alzheimer's disease and resveratrol. Neurochem Res
2020; 107: 9-14.

[3] de Oliveira FF, Bertolucci PH, Chen ES, de Arruda Cardoso
Smith M. Pharmacological modulation of cognitive and behavioral
symptoms in patients with dementia due to Alzheimer's disease. J
Neurol Sci 2014; 336: 103-108.

[4] Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S,
Fagan AM, et al. Toward defining the preclinical stages of
Alzheimer's disease: recommendations from the National Institute
on Aging-Alzheimer's Association work groups on diagnostic
guidelines for Alzheimer's disease. Alzheimer's Dement 2011; 7:
280-292.

[5] Chincarini A, Bosco P, Calvini P, Gemme G, Esposito M,
Olivieri Ch, et al. Local MRI analysis approach in the diagnosis of
early and prodromal Alzheimer's disease. Neuroimage 2011; 58:
469-480.

[6] Liu Y, Paajanen T, Zhang Y, Westman E, Wahlund LO,
Simmons A, et al. Analysis of regional MRI volumes and
thicknesses as predictors of conversion from mild cognitive
impairment to Alzheimer's disease. Neurobiol Aging 2010; 31:
1375-1385

[7] Risacher SL, SaykinAJ. Neuroimaging and other
biomarkers for Alzheimer's disease: the changing landscape of early
detection. Annu Rev Clin Psychol 2013; 9: 621-648.

[8] Bayer AJ. The role of biomarkers and imaging in the clinical
diagnosis of dementia. Age Ageing 2018; 47: 641-643.

[9] Li TQ, Wahlund LO. The search for neuroimaging
biomarkers of Alzheimer's disease with advanced MRI techniques.
Acta Radiol 2011; 52: 211-222.

[10] Targosz-Gajniak MG, Siuda JS, Wicher MM, Banasik TJ,
Bujak MA, Augusciak-Duma AM, Opala G. Magnetic resonance
spectroscopy as a predictor of conversion of mild cognitive
impairment to dementia. J Neurol Sci 2013; 335: 58-63.

[11] Gao F, Barker PB. Various MRS application tools for
Alzheimer disease and mild cognitive impairment. Am J
Neuroradiol 2014; 35: S4-11.

[12] Menezes TL, Andrade-Valona LPA, Valona MM.
Magnetic resonance imaging study cannot individually distinguish
individuals with mild cognitive impairment, mild Alzheimer’s
disease, and normal aging. Arq Neuropsiquiatr 2013; 71: 207-212.

[13] Watanabe T, Shiino A, Akiguchi 1. Hippocampal
metabolites and memory performances in patients with amnestic
mild cognitive impairment and Alzheimer's disease. Neurobiol
Learn Mem 2012; 97: 289-293.

[14] Frisoni GB, Testa C, Zorzan A, Sabattoli F, Beltramello A,
Soininen H, Laakso MP. Detection of grey matter loss in mild
Alzheimer’s disease with voxel based morphometry. J Neurol
Neurosurg Psychiatry 2002; 73: 657-664.

[15] Ohnishi T, Matsuda H, Tabira T, Asada T, Uno M.
Changes in brain morphology in Alzheimer disease and normal


http://dx.doi.org/10.29252/koomesh.22.4.671
https://koomeshjournal.semums.ac.ir/article-1-6180-en.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-24 ]

[ DOI: 10.29252/koomesh.22.4.671 ]

oL 5 plarcela o e

Q‘%w)ﬂ)iwwawd)&@bﬂjg

[52] Kantarci K, Jack CR Jr, Xu YC, Campeau NG, O'Brien PC,
Smith GE, et al. Regional metabolic patterns in mild cognitive
impairment and Alzheimer's disease: A 1H MRS study. Neurology
2000; 55: 210-217.

[53] Kantarci K, Knopman DS, Dickson DW, Parisi JE,
Whitwell JL, Weigand SD, et al. Alzheimer disease: postmortem
neuropathologic correlates of antemortem 1H MR spectroscopy
metabolite measurements. Radiology 2008; 248: 210-220.

[54] Karas GB, Scheltens P, Rombouts S, Visser PJ, van
Schijndel RA, Fox NC, Barkhof F. Global and local gray matter loss
in mild cognitive impairment and Alzheimer's disease. Neuroimage
2004; 23: 708-716.

[55] Karas GB, Burton EJ, Rombouts SA, van Schijndel RA,
O'Brien JT, Scheltens Ph, et al. A comprehensive study of gray
matter loss in patients with Alzheimer’s disease using optimized
voxel-based morphometry. Neuroimage 2003; 18: 895-907.

[56] Thompson PM, Mega RS, Woods RP, Zoumalan ClI,
Lindshield CJ, Blanton RE, et al. Cortical change in Alzheimer’s
disease detected with a disease-specific population-based brain
atlas. Cereb Cortex 2001; 11: 1-16.

[57] Baron JC, Chetelat G, Desgranges B, G Perchey, Landeau
B, de la Sayette V, Eustache F. In vivo mapping of gray matter loss
with voxel-based morphometry in mild Alzheimer’s disease.
Neuroimage 2001; 14: 298-309.

[58] Sabine D, Christian S, Christian G, Myers N, Arsic M,
Kurz A, et al. Grey-Matter atrophy in Alzheimer’s disease is
asymmetric but not lateralized. J Alzheimers Dis 2011; 25: 347-357.

[59] Thompson PM, Hayashi KM, de Zubicaray G, Janke AL,
Rose SE, Semple J, et al. Dynamics of gray matter loss in
Alzheimer’s disease. J Neurosci 2003; 23: 994-1005.

[60] Janke AL, de ZubicaraGy, Rose SE, Griffin M, Chalk JB,
Galloway GJ. 4D deformation modeling of cortical disease
progression in Alzheimer’s dementia. Magn Reson Med 2001; 46:
661-666.

[61] Ott BR, Heindel WC, Tan Z, Noto RB. Lateralized cortical
perfusion in women with Alzheimer’s disease. J Gend Specif Med
2000; 3: 29-35.

[62] Smith ME. Bilateral hippocampal volume reduction in
adults with post-traumatic stress disorder: a meta-analysis of
structural MRI studies. Hippocampus 2005; 15: 798-807.

[63] Giannakopoulos P, Kovari E, Herrmann FR, Hof PR,
Bouras C. Interhemispheric distribution of Alzheimer disease and
vascular pathology in brain aging. Stroke 2009; 40: 983-986.

[64] Abedelahi A, Hasanzadeh Namaghi H, Hadizadeh Khrazi
H, Joghtaie MT, Negahdar F, Shakeri N. A morphometeric magnetic
resonance imaging study of age and gender-related volumetric
changes of putamen nucleus in healthy humans. Koomesh 2010; 11:
231-239. (Persian).

[65] Chen Q, Boeve BF, Tosakulwong N, Lesnick T, Brushaber
D, Dheel C, et al. Frontal lobe 1H MR spectroscopy in
asymptomatic and symptomatic MAPT mutation carriers.
Neurology 2019; 93: 758-765.

[66] Yeh YC, Li CW, Kuo YT, Huang MF, Liu TL, Jaw TS, et
al. Association between altered neurochemical metabolites and
apathy in patients with Alzheimer's disease. Int Psychogeriatr 2018;
30: 761-768.

144

[37] Brun A, Englund E. Regional pattern of degeneration in
Alzheimer's disease: neuronal loss and histopathological grading.
Histopathology 1981; 5: 549-564.

[38] Mesulam MM. A plasticity-based theory of the
pathogenesis of Alzheimer's disease. Ann N 'Y Acad Sci 2000; 924:
42-52.

[39] Thal DR, von Arnim C, Griffin WS, Yamaguchi H, Mrak
RE, Attems J, Upadhaya AR. Pathology of clinical and preclinical
Alzheimer's disease. Eur Arch Psychiatry Clin Neurosci 2013; 2:
S137-145.

[40] Braak H, Zetterberg H, Del Tredici K, Blennow K.
Intraneuronaltauaggregationprecedes diffuse plaque deposition, but
amyloid-B  changes  occurbeforeincreases  of  tau in
cerebrospinalfluid. Acta Neuropathol 2013; 126: 631-641.

[41] Arriagada PV, Marzloff K, Hyman BT. Distribution of
Alzheimer-type pathologic changes in nondemented elderly
individuals matches the pattern in Alzheimer's disease. Neurology
1992; 42: 1681-1688.

[42] Giannakopoulos P, Hof PR, Michel JP, Guimon J, Bouras
C. Cerebral cortex pathology in aging and Alzheimer's disease: a
quantitative survey of large hospital-based geriatric and psychiatric
cohorts. Brain Res Brain Res Rev 1997; 25: 217-245.

[43] Rami L, Gémez-Ans6n B, Bosch B, Sanchez-Valle R,
Monte GC, Villar A, Molinuevo JL. Cortical brain metabolism as
measured by proton spectroscopy is related to memory performance
in patients with amnestic mild cognitive impairment and
Alzheimer’s disease. Dement Geriatr Cogn Disord 2007; 24: 274-
279.

[44] Tumatia S, MartensaS, Alemana A. Magnetic resonance
spectroscopy in mild cognitive impairment: Systematic review and
meta-analysis. Neurosci Biobehav Rev 2013; 37: 2571-2586.

[45] Good CD, Johnsrude I, Ashburner J, Henson RN, Friston
KJ, Frackowiak RS. Cerebral asymmetry and the effects of sex and
handedness on brain structure: a voxel-based morphometric analysis
of 465 normal adult human brains. Neuroimage 2001; 14: 685-700.

[46] Luders E, Gaser C, Jancke L, Schlaug G. A voxel-based
approach to gray matter asymmetries. Neuroimage 2004; 22: 656-
664.

[47] Watkins KE, Paus T, Lerch JP, Zijdenbos A, Collins DL,
Neelin P, et al. Structural asymmetries in the human brain: a voxel-
based statistical analysis of 142 MRI scans. Cereb Cortex 2001; 11:
868-877.

[48] Luders E, Narr KL, Thompson PM, Rex DE, Jancke L,
Toga AW. Hemispheric asymmetries in cortical thickness. Cereb
Cortex 2006; 16: 1232-1238.

[49] Kim JH, Lee JW, Kim GH, Roh JH, Kim MJ, Seo SW, et
al. Cortical asymmetries in normal, mild cognitive impairment, and
Alzheimer’s disease. Neurobiol Aging 2012; 33: 1959-1966.

[50] Carter SF, Scholl M, Almkvist O, Wall A, Engler H,
Langstrom B, Nordberg A. Evidence for astrocytosis in prodromal
Alzheimer disease provided by 11 C-Deuterium-L-Deprenyl: a
multitracer PET paradigm combining 11C-pittsburgh compound B
and 18F-FDG. J Nucl Med 2012; 53: 37-46.

[51] Kantarci K, Lowe V, Przybelski SA, Senjem ML, Weigand
SD, Ivnik RJ, et al. Magnetic resonance spectroscopy, B-amyloid
load, and cognition in a population-based sample of cognitively
normal older adults. Neurology 2011; 77: 951-958.


http://dx.doi.org/10.29252/koomesh.22.4.671
https://koomeshjournal.semums.ac.ir/article-1-6180-en.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-24 ]

[ DOI: 10.29252/koomesh.22.4.671 ]

Volume 22, Issue 4 (Autumn 2020), 671 - 677

Application of magnetic resonance spectroscopy for
evaluating metabolic alteration in anterior cingulate cortex
in Alzheimer's disease

Erfan Saatchian (M.Sc)??, Sina Ehsani (M.Sc)??, Alireza Montazerabadi (Ph.D)"2?
1 - Medical Physics Research Center, Mashhad University of Medical Sciences, Mashhad, Iran
2 - Dept. of Medical Physics, School of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

« Corresponding author. +98 51 38002325 alireza.motazerabadi@gmail.com Received: 27 Jan 2020; Accepted: 17 May 2020

Introduction: Alzheimer’s disease (AD) is the most common cause of dementia worldwide. Mild cognitive
impairment (MCI) is often the prodromal stage to AD. Most patients with MCI harbor the pathologic changes of AD
and demonstrate transition to AD at a rate of 10-15% per year. Accumulating evidence indicates that the asymmetry
changes of left and right brain have happened in the early stage of AD. However, the features of asymmetry changes
in anterior cingulate cortex (ACC) is still unclear.

Materials and Methods: We examined the left-right asymmetry changes of metabolites in ACC. In this account,
14 cases of mild AD patients meeting criteria for probable AD of NINDS-ADRDA, 12 cases of MCI according to the
Mayo Clinic Alzheimer’s Disease Research Center criteria, and 15 cases of age-matched normal controls (NC)
received Proton magnetic resonance spectroscopy (1H-MRS) for measurement of NAA/ml, NAA/Cr, Cho/Cr, and
ml/Cr ratios in the ACC bilaterally. We analyzed MRS data by paired t-test to validate the left-right asymmetry of
MRS data in the ACC.

Results: In AD, there was a significant difference in ml/Cr between the left and right ACC (P<0.001). In MClI,
there was a significant difference in ml/Cr between the left and right ACC (P<0.001). In NC, there were no differences
in the ratio value of metabolites NAA/mI, NAA/Cr, Cho/Cr, and ml/Cr between the left and right ACC.

Conclusion: The left-right asymmetry of mI/Cr in the ACC may be an important biological indicator of mild AD.
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