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Fig. 1 Locations of voxels of interest (VOIs) for 1H-MRS.
(A) bilateral hippocampi; (B) posterior cingulate gyrus. In the posterior cingulate gyrus, the VOI was

located in the paramedian position.
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Table 1 Clinical characteristics of healthy control (HC) subjects, Non-Converters and Converters.
HC Non-Converters Converters

No. of subjects 52 12 10

Women/men 19/33 6/6 6/4

Age (years)* 69.4 = 6.1 72.5 £ 9.7 69.7 £ 7.7

Age range 60-81 58-84 56-79

Education (years)* 10.8 = 0.6 12.2 =+ 24 12.1 = 2.8

MMSE score* 29.0 * 1.3 27.9 = 1.9* 26.5 = 1.1*

*Data are given as the mean = SD. AP < 0.001 (Scheffe’s test) relative to HC. MMSE: mini-mental state
examination.
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Fig. 2 Examples of 1H-MR (proton magnetic resonance spectroscopy) spectra obtained from the left hippocampus (LH),
right hippocampus (RH) and posterior cingulate gyrus (PC) in a Non-Converter (77 year-old female) and a Converter

The concentrations of NAA (N-acetylaspartate) from both hippocmpi are lower in the Converter than in the Non-Converter.
The absolute concentrations of the Non-Converter are 8.703 mmol// for the LH, 7.938 mmol// for the RH and 8.207 mmol//
for the PC. Those of the Converter are 6.652 mmol// for the LH, 6.248 mmol// for the RH and 6.352 mmol// for the PC. MI:
myo-inositol; Cho: choline; Cr: creatine.
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BHEZIXIE3IrHI L IZ7r0—80, Db 34EM
1% aMCI 7 EICBATL T w2 L AR L 72,

NAA i

TH-MRS o #li ) il 72 5 3 % J v C NAA 32 & M08 L 7z
Fig. 2 12 Non-converter & Converter % 1 % D% 7% spectra
%, Table 212 3 BEDFIGME & FEHERZE (mmoll) % 7R L7z
ZAEETHOIATTIE 3 BERICATEZE (P < 0.01) 252072, NAA
TEREICEE LTI, B E AL E R — TR E O BT B AT,
ARG & PRl RN F B 2 R 7z A IZR L C
1%, Scheffe D#IEIZ LD, f&HHE & Non-Converter # & [H]12
IEEEZRDO Lo 7208 (P = 0.123), Converter £ NAA
VP13 BE B X U Non-Converter #f |2 B8~ T B 2R fil
(EBIZP<001)ThHo/, AHEHEIZHLTY, BwiHL
Non-Converter # & BB RED Lo 728 (P = 0.292),
Converter #: 0 NAA 2% L@ 5 # 5 & UF Non-Converter #12
BARTHZICEM (B 012P<0.01) Thotz KEAEMIEE
O NAABEFEOFIGMIZEI L CThH, @ & Non-Converter
LA EED 25 7278 (P = 0.212), Converter 0 NAA
e FE 3w B B & 1Y Non-Converter # 12 X CFH & I2MK
E(EHIZP<0.01)Tho7z HEFHRENCE LT, Non-
Converter #f & Converter #f @ NAA & FE i3\ 970 b 3 1

Table 2 Absolute concentrations of NAA (N-acetylaspartate)
from healthy control (HC) subjects, Non-Converters
and Converters.

VOI HC Non-converters Converters

LH 8.71 * 1.00 8.11 * 0.65 6.88 = 0.57*"
RH 8.45 = 1.00 8.20 = 0.54 6.81 = 0.86"
MH 8.58 = (.83 8.16 = 0.40 6.84 = 0.54*"
PC 9.78 = 1.02 8.74 = 1.02° 8.08 = 1.51*

Data are given as the mean = SD (mmol/l). RH: right hippocampus;
LH: left hippocampus; MH: Mean of NAA concentrations from right
and left hippocampi; PC: posterior cingulate gyrus.

AP < 0.01 and °P < 0.05 relative to HC. ®P < 0.01 relative to Non-
Converters.
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D FBIZBEE L T receiver operating curve (ROC) Hh#t % {/E 1%
L72d @7 Fig. 3 TH 5. W kR, 2 0933,
W85 0.925, eI O FI9ME 1.00, #RERHTIKIAI0.617 & 22 1),
e A5 g FS O 3415 aMCI @ Non Converter # 7> Converter #f
P THT DI DM BT 55 D55,

WIZ, NAA/Cr (creatine) O3l & BMEfRA%ZH T2
&, Non-Converter # D/ 1.220 £ 0.137, 13ifEE 1.218 =
0.185, f&ifwr ikl 1.359 = 0.109, Converter #ED /i 1.077
* 0.120, 3Rk 1.142 £ 0.161, EEFHEIRAI 1.303 £ 0.110 &
%%, WEOERAL Z L 12 NAA/Cr OFH41E % Scheffe {212 £ 1
MEST 5 L, A TIdaEE (P =0.018) 28505, 1l
% (P=0315) L&REFFIRE (P =0.250) TIIHBENTZ
V. E 512, ROC HI#E T IHAR b 2 0.792, iR 0.600,
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Fig. 3
Comparison of the receiver operating characteristic curves for NAA
(N-acetylaspartate) concentrations in the left (—LH) and right (—RH)
hippocampi, posterior cingulate gyrus (— PC), and for the mean NAA
concentration of both hippocampi (—MH).
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% Table 3 12 F & 97>, Metastasio & (2006)” 1%, 25 %D
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Converter # (n=20) L) dHEEIZMHE (P <0.05) THbH
EL7z. LA L%ADS, Converters DMERE SN2, F
PR R B LB L 35 LT . Fayed 5 (2008)° 13,
119 %0 MCI % % #:5%% & L C, AD ~® Converters 49 %
& AD NEIBAT L e r o 72 70 %4 (2 OIS Lewy /MARIZE
HHEZFAT L7256 bEEND)IOWT, HEHGEFIKE O NAA/
Critd PIglEZ I L2 2, B TRAEEIRMETH -
72. F 72, NAA/Cr @ cut off i % 1.40 |27 7 L 725 @ Converter
ORI 0.82, FRELEIX 0.72, & 512 ROC I FHIREDS
0.82 Tdh5HZ L %45 L7, Modrego 5 (20117 1&, 71 %D
aMCI B& % B & LC, AD ~® Converters 27 % & Non-
Converers 44 #122WC, fREFHFIKEIO NAA/Cr Lo T35 {E
L7282 A, BIBCEAREICKETH- 7. 512
NAA/Cr = 1.43 | cut off fifl & 5% 7€ L 72%54 @ Converter D
JKREIL 0.74, FFEEPEIX 0.84, 512 ROC M T HiFEA 0.84 T
HHTLERE L. Targosz & (2013)% 1F 41 %4 @ aMCI &
HaERE L LT, AD~® Converters 12 % & Non-Converters
20 4122w T, K %E 5 < & 4 A FTD NAA/Cr & MI/Cr ©
SFHAE A L L 72 JEEES & SRR IR 1Bl O NAA/Cr 8 & O
MI/Cr O FIE LT CHEAELZ RO o 7205, fE
THIZE D MI/Cr O -3l 25 Converter HECTHEIZREMETH 1,
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Converter OIRILEKE L 0.70, FFHREIL0.85 ThHDH I & &
HL7
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1H-MRS 52 T % 7%, Pilatus & (2009)° 13478 & [ U <
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(n=6) & Non-Conver (n=9) Oz HE L. Lol
BNE, WEEEN LR,z LA EEL T, W
AL BT H MO NAA REEICAEAZ i 2 &3l
K droiz,

DEoRATHI RIS S 5 &, RIFEICB T 5 MCL-
Converter DM HEEE & FEEEEE, & 512 ROC Hi TR IE
TNHE ST DD, ZOHMPOE 1IZMEETA 2 #H IR
SEL722 &, 45213 TH-MRS Ofll5E#: & L T NAA/Cr DAk
flEiTId7 < NAA DFERHEEEEZ W2 LI2d b EER
LN,

£ AT, NAA ZHESHHEMILIC & T, (1) MR
DIFIAYF)TIEBITLZANVF—EEICHET S, (2)
FFEAIEN OEETE L IIEREORIE LT, (3) Akl
EBARL (glia) OB OEFmEICRS T2, (4) MMz
B A58 (myelin) GOFEME %2, (5) W LEDE
N-acetylaspartylglutamate (NAAG) OHIIRAE 7%, &
ez o & | neuronal marker X E 2 LN TEY,
FESY, AD BEOWE 2B W THEN T2 5 NAA 23K
T2 &% aMClLEH OO NAA 33 &
ADBEOHIICALET 5 2 &% & SICHEMFRETIE 4 i
55 NAA R F£75 WMS-R OFLIERRE O pei & BB 2R3 2
RS LTEALY, BEEIRE X ) b S 0 NAA Lk
D3 aMCLEZ O AD ~OBITE LD IWFEICTFHITE 5 &
V) RWFFE DA R, NAA TBREEEDSER 0Ny 7 AL 221L
ZRCBLL, AD OFEREIIT B IRE X 0 e O AL
IEDOTHRL R BEGTHIEEZRELTVLLDEEZD
n5.

Table 3 Studies predicting conversion of MCI to AD using 1H-MRS.

Study Sample No. of VOI Indicator Sensitivity Specificity Area under
Size Converters ROC curves
Metastasio et al. 2006 25 5 LPDW NAA/Cr NR NR NR
Fayed et al. 2008 119 49 PC NAA/Cr 0.82 0.72 0.82
Modrego et al. 2011 71 27 PC NAA/Cr 0.74 0.84 0.94
Targosz et al. 2013 41 12 RPL MI/Cr 0.70 0.85 0.86
Pilatus et al. 2009 15 6 PC, LPL NAA NR NR NR
Present study 22 10 LH NAA 0.90 0.83 0.93
Present sudy 22 10 RH NAA 0.90 0.92 0.93
Present study 22 10 MH NAA 1.00 1.00 1.00
Present study 22 10 PC NAA 0.60 0.50 0.62

MCI: mild cognitive impairment; AD: Alzheimer's disease; 1H-MRS: proton magnetic resonance spectroscopy; VOI: voxel of interest; ROC:

receiver operating curve; LPDW: left posterior deep white matter; NAA: N-acetylaspartate; Cr: creatine; NR: not reported; PC: posterior

cingulate gyrus; RPL: right parietal lobe; MI: myo-inositol; LPL: left parietal lobe; LH: left hippocampus; RH: right hippocampus; MH: mean

of both hippocampal NAA concentrations.
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Abstract

Prediction of conversion from amnestic mild cognitive impairment
to Alzheimer’s disease using proton magnetic resonance spectroscopy

Toshiyuki Watanabe, M.D., Ph.D."”?, Akihiko Shiino, M.D., Ph.D.?" and Ichiro Akiguchi, M.D., Ph.D."”

YFaculty of Health Science, Kyoto Koka Womens’ University
“Department of Neurosurgery, Faculty of Medicine, Shiga University of Medical Science
®Higher Brain Function Research Center, Uji Takeda Hospital
“Molecular Neuroscience Reserch Center, Shiga University of Medical Science

Amnestic mild cognitive impairment (aMCI) has been considered to be a transitional state between healthy aging
and very mild Alzheimer’s disease (AD). Most patients with aMCI convert to AD over time, but some of them remain
stable as aMCI. In this study, 22 patients with aMCI underwent proton magnetic resonance spectroscopy (1H-MRS) of
hippocampus and posterior cingulate cortex. Ten patients converted to AD had significantly lower N-acetylaspartate
(NAA) concentrations in both hippocampi when compared to 12 patients remained stable to be aMCI. The mean NAA
concentration of both hippocampi equal to or lower than 7.6 mmol// predicted conversion to AD at 1.0 sensitivity and 1.0
specificity and the area under receiver operating curve (ROC) was 1.0. Absolute quantification of 1H-MRS of
hippocampus seems to be a useful marker for predicting conversion to AD from patients with aMCI .
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