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Abstract

Background/Aims: Amnesic mild cognitive impairment
(aMdl) is thought to represent a transitional state between
healthy aging and very mild Alzheimer’s disease (AD). It is
very important to diagnose aMCl for early treatment. In or-
der to investigate biochemical changes in aMCl, we mea-
sured metabolite concentrations using proton magnetic
resonance spectroscopy ("H-MRS) from patients with aMCl
and compared the results with healthy controls (HCs) and
patients with AD. Methods: The subjects were 52 HCs, 70 AD
patients and 47 aMCl patients. "H-MR spectra with single-
voxel point-resolved spectroscopy at a short echo time (TE)
were acquired from 8 volumes of interest in the brain. Re-
sults: The bilateral hippocampal N-acetylaspartate (NAA)
concentrations from aMCl patients showed intermediate
values, which were lower than those from HC subjects but
higher than those from AD patients. The patients with aMCl
also had lower concentrations of NAA than HCs in the bi-
lateral posterior periventricular and deep white matters
(PDWM) and posterior cingulate gyrus and had lower levels

of choline compounds in the left posterior PDWM. Conclu-
sion: Using a single-voxel "TH-MRS at a short TE, we revealed
that absolute quantification is useful to detect the charac-
teristic patterns of metabolite concentrations in patients
with aMCl as compared with AD patients and HCs.

Copyright © 2010 S. Karger AG, Basel

Introduction

Amnesicmild cognitiveimpairment (aMCI) is thought
to represent a transitional state between healthy aging
and very mild Alzheimer’s disease (AD) [1]. Previous
studies reported that several neuroimaging tools such as
PET or SPECT are useful to discriminate aMCI from AD
and healthy controls [2, 3]. However, these tools are inva-
sive and do not always have a high specificity for clinical
diagnosis. Proton magnetic resonance spectroscopy (*H-
MRS), a noninvasive tool, has also been used to measure
the metabolite concentrations in patients with aMCI [4-
22]. Among various substances assessed using 'H-MRS,
functional significances in 3 kinds of metabolites are in-
teresting and have been discussed at length in the litera-
ture reporting on cognitive disorders: N-acetylaspartate
(NAA), myo-inositol (MI) and choline compounds (Cho)
[23, 24]. NAA is predominantly intraneuronal and has
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been widely used as a marker of neuronal density and vi-
ability. MI is primarily located in glial cells and has been
interpreted to be a marker of gliosis. Cho may reflect the
damaged cholinergic neurons in AD or aMCI. Although
several previous studies reported a significant Cho eleva-
tion in AD patients, there is no consistent agreement on
the change for this metabolite [23]. Most of the previous
TH-MRS studies have evaluated the relative ratio of NAA/
creatine (Cr), MI/Cr or Cho/Cr assuming that the con-
centration of Cr is stable. However, the Cr concentration
has in fact been reported as variable with respect to the
age of the patient, the site in the brain and the clinical
stage of AD [25, 26]. It is therefore desirable to measure
absolute concentrations of these metabolites. Several
studies have measured the absolute concentrations of me-
tabolites in the medial temporal lobe of aMCI, but the
target voxels contained a large amount of brain tissue
other than the hippocampus which is important for
memory consolidation and believed to be damaged in
early-stage AD [11, 20, 22], or arbitrary units were em-
ployed to express metabolite concentrations, which had
made interinstitutional comparisons difficult [14]. In our
previous studies [25, 26], we reported that absolute quan-
tification in 'H-MRS from the hippocampus is superior
to relative ratios to discriminate AD and vascular demen-
tia from healthy aging. In this study, we would like to re-
veal the biochemical characteristics of aMCI by absolute
quantification using 'H-MRS. By means of LC Model
[27], which is fully automatic and lacks subjective interac-
tions, we assessed the absolute metabolite concentrations
from aMCI patients in the bilateral hippocampi and re-
lated regions, and then compared the results with those
from AD patients and healthy controls (HCs). Aside from
the bilateral hippocampi, we selected 6 volumes of inter-
est (VOIs) for several reasons. Concerning the posterior
cyngulate gyrus (PCG), recent functional studies includ-
ing PET and SPECT suggest that a decrease in the me-
tabolism or perfusion of the PCG is an early sign of AD
[2, 3]. Some "H-MRS studies also investigated relative ra-
tios of metabolites in the PCG. From a pathophysiological
point of view, it is interesting to measure the metabolite
concentrations from a patient with AD or aMCI in both
hippocampi and PCG in vivo at one time. As for the peri-
ventricular and deep white matter (PDWM), we revealed
in a previous paper that not only patients with subcortical
ischemic vascular dementia (Binswanger’s disease), but
also patients with AD have reduced concentrations of
NAA in the PDWM as compared with HCs [26]. In that
same paper, we disclosed that the NA A concentrations of
the patients with AD were reduced more prominently in
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the posterior PDWM than in the anterior PDWM as com-
pared with healthy controls. Therefore, we are interested
in examining the difference of NAA concentrations be-
tween the anterior and posterior PDWM in patients with
aMCI. The occipital VOI was set as a reference position
because the occipital lobe is thought to be relatively pre-
served in even advanced AD patients.

Methods

Subjects

All patients were recruited consecutively and prospectively for
longitudinal studies of cognitive disturbances at our outpatient
clinic. They underwent comprehensive diagnostic evaluations,
including medical histories, neurological and psychiatric exami-
nations, neuropsychological testing, laboratory tests as well as
brain MRI and SPECT. The exclusion criteria were medical histo-
ries of cortical stroke or other major neurological diseases, thy-
roid dysfunctions, seizures, alcohol abuse and psychiatric disor-
ders. Dementia was diagnosed in accordance with the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition [28].
Patients with AD fulfilled the NINCDS-ADRDA criteria for
probable AD [29]. Dementia severity in AD was assessed with the
Clinical Dementia Rating Scale [30], and only patients with mild
to moderate severity (scores 1 or 2) were studied. Patients with
aMCI had to meet the operational criteria proposed by Grund-
man et al. [1] including: (1) memory complaint, corroborated by
informants; (2) abnormal memory function, documented by de-
layed recall of 1 paragraph from the Logical Memory II subtest of
the Revised Wechsler Memory Scale; (3) normal general cognitive
function, as determined by a clinician’s judgment based on a
structured interview with the patient and informant (Clinical De-
mentia Rating) and the Mini Mental State Examination (MMSE)
score [31] =24; (4) no or minimal impairment in activities of dai-
ly living, as determined by a clinical interview with the patient
and informants, and (5) not sufficiently impaired, cognitively and
functionally, to meet NINCDS-ADRDA criteria for AD. Cogni-
tive function was examined with the MMSE, the Alzheimer’s Dis-
ease Assessment Scale cognitive subscale, Revised Wechsler Adult
Intelligence Scale [32] and Revised Wechsler Memory Scale [33].

Eighty-seven patients with AD and 64 patients with aMCI
were recruited during May 2001 and August 2009. On the basis of
the above-mentioned criteria, however, we studied 70 patients
with AD, 47 patients with aMCI and 52 age-matched HC subjects.
The HC subjects were volunteers for the study project of MCI in
our facilities. None of the control subjects had any severe neuro-
logical or medical diseases. The protocol was approved by the lo-
cal ethics committee, and informed consent was obtained from
all participants and their responsible caregivers in accordance
with the Declaration of Helsinki.

MRI and 'H-MRS

"H-MRS was performed on all patients suspected of AD or
aMCI excluding those for whom MRI is contraindicated, such
as patients with an artificial pacemaker or claustrophobia. The
study protocol has been previously described in detail [26]. Brief-
ly, both MRI and '"H-MRS were performed on a 1.5-tesla appara-
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Fig. 1. Locations of VOIs for 'H-MRS: bi-
lateral hippocampi (a); bilateral anterior
and posterior PDWM (b); PCG (c); occipi-
tal lobe (d). In the PCG and the occipital
lobe, VOIs were located in paramedian po-
sitions.

tus (Signa LX; General Electric Medical System, Milwaukee,
Wisc., USA) using a standard head coil suited for MRI and MRS.
The protocol for structural MRI included axial fluid-attenuated
inversion recovery images with repetition time/echo time (TE)/
inversion time = 4,000/124/2,000 ms with a slice thickness of
4 mm. As shown in figure 1, the VOIs for 'H-MRS were assigned
to 8 areas in the brain: bilateral anterior PDWM, bilateral poste-
rior PDWM, bilateral hippocampi, PCG and occipital lobe. To
establish the VOIs for the hippocampi, sagittal images were ob-
tained, followed by tilted T,-weighted (repetition time/TE
4,000/107 ms) coronal images perpendicular to the long axis of
the hippocampus with a slice thickness of 3 mm. A rectangular
VOI was placed along the long axis of the hippocampus and con-
tained the hippocampal head and body about 15 mm from just
posterior to the amygdala. With repetition time/TE 2,000/30 ms
and 192 signal averages, 'H-MRS spectra were acquired with
point-resolved spectroscopy volume selection. Spectral analyses
were performed using a spectroscopy software package for the
Sun Workstation. Absolute concentrations were calculated using
LC Model [27]. Corrections for gray and white matter with respect
to T- and T,-weighted relaxation times were performed accord-
ing to data by Kreis et al. [34] and for hippocampi by Choi and
Frahm [35]. As to the hippocampus, the voxel contained variable
amounts of CSF due to tissue atrophy. We compensated for CSF
by calculating T, components of water in each coronal slice [26].

'H-MRS of aMCI

Statistical Analyses

All comparisons of the means from the demographic data
were tested by an analysis of variance (ANOVA) followed by
Scheffé’s post hoc test. As for metabolite concentrations obtained
with 'H-MRS, group differences were analyzed by 3-factorial
multivariate ANOVA using voxels (X8) and metabolites (Xx4) as
within factors and as between factors for the 3 groups, followed
by post hoc univariate ANOVA with Scheffé’s test to determine
differences between groups. The statistical analyses were per-
formed with SPSS version 13.0 (SPSS Inc., Chicago, Ill., USA). A
p value <0.05 was considered to be statistically significant.

Results

The demographic and clinical characteristics of the
subjects are summarized in table 1. We found no group
difference on age or education using one-way ANOVA.
It showed significant differences in the mean score of
MMSE among the 3 groups (p < 0.001), and the post hoc
Scheffé’s test disclosed significant differences between
HC and AD groups (p < 0.001), between HC and aMCI
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Table 1. Clinical characteristics of patients with AD, aMCI and of
HC subjects

HC AD aMCI
Number of subjects 52 70 47
Women/men 33/19 51/19 23/24
Age, years 69.4%6.1 72.1%7.6 71.2%73
Age range 60-81 55-83 54-84
Education, years 10.8 £0.6 114*0.4 11.9%0.5
MMSE score 29.0x14  208*3.6° 27.2%1.8%P

Data for age, education and MMSE score are given as the mean
+ SD.?p < 0.01 (Scheffé’s test) relative to HC; b p < 0.01 (Scheffé’s
test) relative to AD.
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groups (p < 0.001), and between AD and aMCI groups
(p < 0.001). The report concerning the results of other
neuropsychological examinations will be prepared for
the next paper.

Using 'H-MRS, the absolute concentrations of N-acetyl
compounds, MI, Cr and Cho were obtained. The N-acetyl
compounds contained not only N-acetylaspartate, but also
N-acetylaspartylglutamate, and were expressed as NAA.

The absolute metabolite concentrations are presented
as means * SD (mmol/l) in table 2 and figure 2. We
checked the metabolite concentrations of NAA, MI, Cho
and Cr for normality of distribution. Concerning gender,
there were no differences between men and women in
each metabolite concentration in any VOI. Overall, mul-
tivariate ANOVA revealed a significant group difference
among the 3 groups (p <0.01). Concerning NAA concen-
trations, post hoc univariate ANOVA was performed in-
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Table 2. Absolute concentrations of metabolites (mmol/l) from patients with AD, aMCI and of HCs

Metabolites Group RH LH R@ OL RA LA RP LP

NAA HC 8.45+1.00 8.71+1.00 9.78£1.02 9.59+0.81 9.25+1.33 9.48+1.36 10.60£1.18  10.80%1.17
AD 6.80+1.12*  6.82+1.12*  887*1.35  9.16%£0.93 8.61+£1.34 8.97*1.16 9.43%1.56*  9.57+1.21°
aMCI 7.61£1.05%¢ 7.45+0.85%¢ 8.97*x147*°  9.62%0.82 8.82+1.53 9.14*1.46 9.49%+1.27*  9.70*1.40°

MI HC 7.21%£1.32 7.33%£1.12 5.03£0.65 4.331£0.54 4.31%1.10 4.17£1.06 4.18£0.83 4.371£0.98
AD 8.01%£1.82>  7.70£1.60 5.37£1.04 4.39%0.89 3.94£1.09 423%1.11 4.42%1.10 4.45+1.28
aMCI 7.62%1.19 7.24%1.45 5.34%1.30 4.33%0.71 3.75£0.92 3.89+£0.94 4.24%0.97 4.30+0.94

Cho HC 1.89%+0.29 1.87+0.30 1.33+0.18 0.93£0.18 1.84%0.27 1.84%0.30 1.76 £0.22 1.78+£0.22
AD 1.71 £0.40° 1.61£0.29* 1.34+0.22 0.88+0.14 1.69 £0.22° 1.72%£0.25 1.61%0.25° 1.64+0.27°
aMCI 1.74%0.35 1.76 £0.26¢ 1.30+0.25 0.89+0.11 1.78+£0.27 1.75%£0.32 1.70%£0.27 1.62£0.26°

Cr HC 7.06 £0.96 7.11%£1.13 6.51%0.81 6.23£0.46 4.99+0.73 5.01£0.88 4.87%0.61 5.23%0.61
AD 655 1.16°  6.51%£1.03*  6.43+0.86 6.03£0.67 4.65+0.74 4.73£0.68 4.79%0.78 4.93%+0.71
aMCI 6.64+1.02 6.58+0.95*  6.51%1.01 6.19£0.56 4.86%0.81 4.90£0.78 4.62%0.65 4.79+0.65°

Data are given as the mean * SD. RH = Right hippocampus; LH = left hippocampus; PC = PCG; OL = occipital lobe; RA = right anterior PDWM;
LA = left anterior PDWM; RP = right posterior PDWM; LP = left posterior PDWM. ?p < 0.01, b p < 0.05, relative to HC; © p < 0.01, relative to AD.

dividually on each region and showed a group difference
in the PCG, bilateral hippocampi and posterior PDWM.
With regard to the bilateral hippocampi, Scheffé’s test re-
vealed that aMCI patients had intermediate values, which
were lower than those of HC subjects (p < 0.01) but high-
er than those of AD patients (p < 0.01). Patients with
aMCI and AD had lower levels of NAA than HC subjects
in the PCG and bilateral posterior PDWM. The NAA
levels of these 3 VOIs were not significantly different be-
tween aMCI and AD groups.

As to MI concentrations, post hoc analyses showed no
difference between aMCI and HC groups in any VOLI. In
the right hippocampus, patients with AD had signifi-
cantly higher levels of MI than HC subjects (p = 0.046).

With regard to Cho concentrations, Scheffé’s test dis-
closed that aMCI patients had significantly lower levels
than HC subjects in the left posterior PDWM and higher
levels than AD patients in the left hippocampus. Decreas-
es in Cho levels in the bilateral hippocampi, bilateral an-
terior PDWM and the right posterior PDWM were also
measured in patients with aMCI relative to controls, but
the decrease did not reach statistical significance. Cho
concentrations of AD patients were significantly lower
than those of HC subjects in the bilateral hippocampi,
right anterior PDWM and bilateral posterior PDWM.

Concerning Cr concentrations, Scheffé’s test revealed
that Cr levels of the aMCI group in the left hippocampus
and left posterior PDWM were significantly lower than
those of HC subjects. AD patients had significantly lower
levels of Cr than HC subjects in the bilateral hippocampi.

'H-MRS of aMCI

Discussion

In this study, we revealed that aMCI patients have in-
termediate levels of NAA concentrations in the bilateral
hippocampi, which are lower than those of HC subjects
but higher than those of AD patients. This biochemical
finding is compatible with the fact that aMCI patients
have MMSE scores that are in-between those of HC sub-
jects and AD patients (table 1). Patients with aMCI have
lower concentrations of NAA than HC subjects in the
PCG and bilateral posterior PDWM which are not sig-
nificantly different from those of AD patients. NAA isan
amino acid found primarily in neurons of the adult brain
and has been proposed as a marker of neuronal function
and density involved in facilitating energy metabolism in
neuronal mitochondria [24]. Our present findings sug-
gest that degenerative biochemical changes in the PCG
and posterior PDWM may precede those in the hippo-
campi, but that the latter may reflect the cognitive chang-
es observed in aMCI patients because test scores of the
MMSE and Revised Wechsler Memory Scale have stron-
ger correlations with the concentrations of the hippo-
campi than those of the PCG [manuscript in prepara-
tion].

As to MI concentrations, there is no difference be-
tween aMCI and HC groups in any VOI. Patients with
AD have significantly higher levels of MI than HC sub-
jects only in the right hippocampus. MI is mainly located
in glial cells and has been interpreted to be a marker of
gliosis [23]. Several studies reported elevated MI/Cr in
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the PCG of AD [7, 12] and MCI [7], but others have not
confirmed the increase in MI/Cr in the paratrigonal
white matter of aMCI [17] or in the left temporal lobe of
AD or MCI [20]. Our present data suggest that there is a
tendency of elevation of MI concentration in the brain of
aMCI but that the tendency is lower than that of NAA
concentration.

Concerning Cho concentrations in AD or aMCI, pre-
vious studies are perplexing. The Cho peak in 'H-MRS
measures total levels of mobile Cho, which include free
choline, acetylcholine (present in relatively minute quan-
tities), glycerophosphorylcholine (a byproduct of phos-
phatidylcholine breakdown) and phosphocholine (a
phosphatidylcholine precursor) [23]. Membrane phos-
phatidylcholine is invisible on 'H-MRS. Kantarci et al. [8]
reported that Cho/Cr of patients with aMCI or AD was
higher than that of HCs in the PCG and described that
one possible explanation for elevation of Cho in 'H-MRS
studies of these patients was increased membrane turn-
over due to neuronal degeneration. In contrast, Jessen et
al. [36] showed that Cho/Cr in the medial temporal lobe
was decreased in patients with AD as compared with con-
trol subjects. In addition, Jessen et al. [37] described that
Cho/Cr correlated with the decline of the MMSE and that
their finding would represent a reduction of Cho with
cognitive deterioration seen in AD patients. Chantal et al.
[11] reported decreased Cho/H,0 in the medial temporal
lobe of AD patients but no difference between aMCI pa-
tients and HCs. Franczak et al. [38] showed that patients
with aMCI had lower levels of Cho concentrations than
controls in the bilateral hippocampi.

Our present study revealed that absolute Cho concen-
trations of AD patients were reduced in the bilateral hip-
pocampi, right anterior PDWM and bilateral posterior
PDWM. Patients with aMCI also showed reduced Cho
levels in the left posterior PDWM. There was a trend to-
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