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This study was aimed to examine the changes in auditory event-related potentials (AERPs)
and their relationship with brain metabolic changes in mild cognitive impairment (MCI). 34
MCI patients and 34 healthy elderly controls were subjected to auditory stimulus oddball
task, and then post-stimulus potentials (P50, N100, P200, N200, and P300) were obtained,
levels of N-acetylaspartate (NAA), creatine (Cr) and the ratio of NAA/Cr were measured by
proton magnetic resonance spectroscopy (1H-MRS) in left frontal, left temporal and right
parietal cortex. Compared with the control group, the MCI group had significantly increased
P50 amplitudes and P300 latency, and the NAA/Cr was abnormal. Linear progression
analysis revealed a strong negative correlation between P50 amplitudes and NAA/Cr in left
frontal cortex, and negative correlation between P300 latency and NAA/Cr in left frontal and
left temporal, as well as correlation of AERP components and MRS metabolites with clinical
scores of cognitive tests. These findings suggest that metabolic abnormalities of different
brain regions may reflect the changes of underlying brain activities that are instrumental in
the MCI. Therefore AERPs and MRS measurements may offer a mean to track changes of
brain activities associated with functional changes, and to assess early cognitive
impairment in MCI.
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1. Introduction

Characterized as disturbances in cognitive functions such as
memory and language, mild cognitive impairment (MCI) is a
disorder in elderly people and a major risk factor for
Alzheimer's disease (AD). The risk of progression to Alzhei-
mer's disease (AD) in MCI patients is approximately six times
higher than that in the some population without memory
impairments (Petersen et al., 1999a, b; Celsis, 2000). Some
hou).
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investigators believe that MCI is in fact a syndrome prodromal
AD because neuropathological characteristics of MCI resemble
those of AD (Morris and Price, 2001). Previous studies
suggested that Alzheimer-type neurofibrillary degeneration
constitutes the majority of the pathologic abnormality in MCI
(Mufson et al., 1999; Price and Morris, 1999; Bennett et al.,
2005). Because neuropathology is present before the clinical
expression of cognitive deficits (Ohm et al., 1995; Morrison and
Hof, 1997), early detection of MCI is necessary.
.
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AERP is a reliable neuroelectric measure of brain activity in
responses to auditory stimuli that help to confirm the assess-
ment of mental status and cognitive disorders (Polich et al.,
1990). Event-related potentials in response to auditory stimulus
oddball task have been used to quantify activities of cortical
sensory and cognitive functions. Subjects are required to
identify infrequent target stimuli embed within a sequence of
standard tones (Sutton et al., 1965). Frequent non-target tones
elicit three event-related potential waves, the P50, N100, and
P200; infrequent targets elicit N200 and P300 waves (Donchin
and C. M, G, 1988). In MCI, P50 amplitudes and P300 latency are
enhanced (Golob and Starr, 2000, 2007). Changes of electrophys-
iological sensory and cognitive responses can occur prior to
behavioral dysfunctions, which is consistent with the clinical
experience that the disease symptoms may be delayed relative
to the abnormal laboratory and imaging findings.

Proton magnetic resonance spectroscope (1H-MRS) pro-
vides a noninvasive in vivo measure of biochemical compo-
nents in the brain. Using this methodology, prior studies have
found decreased NAA in the temporal, parietal and frontal
regions in patients with AD (Valenzuela and Sachdev, 2001).
Interestingly, decreases in NAA and NAA/Cr have also been
identified in MCI patients from the same brain regions
(Kantarci et al., 2000; Catani et al., 2001; Pilatus et al., 2009).
Since a lower NAA level has been associated with poor
performance in memory tests in AD patients (Ross and
Sachdev, 2004), decreased NAA and NAA/Cr in MCI patients
predict a higher risk for AD (Modrego et al., 2005; Metastasio
et al., 2006).

A number of previous studies have reported changes in
auditory cortical potentials, brain metabolitic levels and
cognitive performance in MCI (Golob et al., 2002; Modrego
et al., 2005; Golob et al., 2007; Pilatus et al., 2009), but the
relationships among these physiological parameters have not
Table 1 – Neuropsychological testing results.

Name of the test Contro

Cognitive status
Mini-Mental State Examination—Chinese version 28.

Recall of Auditory Verbal Learning Test
First time recall 5.
Second recall 7.
Third recall 8.
Short delayed recall 6.
Long delayed recall 6.

Wechsler Memory Scale (Chinese Revised Version)
Logical memory immediate recall 12.
Logical memory delayed recall 12.

Language
Verbal fluency test 13.
Boston Naming Test (30 item)—Chinese version 25.

Executive function
Trail Making Test A—Chinese version (s) 68.
Trail Making Test B—Chinese version (s) 177.

Visual–spatial
WAIS-RC Block Design 7.
Clock-drawing test 2.

Control subjects were matched to MCI subjects for age and education leve
complete the tests presented as instructed. Test scores are expressed as
been well-studied. By examining AERP and brain biochemical
components, this study was aimed to identify the changes of
these parameters in MCI subjects, correlate abnormalities of
AERP components with the biochemical components in
different brain regions, and correlate abnormalities in AERP
and MRS with the clinical cognitive test scores.
2. Results

2.1. Neuropsychological testing

As shown in Table 1, among the set of cognitive tests,
performance of all the healthy control subjects was within
the normal range, but the MCI group received significantly
lower scores on all the items in the two memory tests (Recall
of Auditory Verbal Learning Test andWechsler Memory Scale)
and the language test Boston Naming Test 30 items. However,
patients and controls showed no significant differences in the
results of the other language test Verbal Fluency Test, the two
visual–spatial function tests (WAIS-RC Block Design and
Clock-Drawing test), and the two executive function tests
(Trail Making Tests A and B).

2.2. Auditory event-related potentials

2.2.1. In response to non-targets
Auditory event-related potentials in response to non-target
frequent tones at the Cz site are presented as a time-curve for
all elderly subjects in Fig. 1A. P50 amplitudes in MCI patients
were significantly increased over those of the controls (t=3.4,
P<0.001). P50 amplitudes and latencies for individual subjects
are depicted as a dot-plot in Figs. 2A and B. P50 amplitudes
were larger in 28/34MCI subjects than themean P50 amplitude
ls (n=34) MCI (n=34) P value (t tests)

1±1.5 24.4±3.8 <0.0001

3±2.2 3.3±1.3 <0.001
2±1.4 5.4±2.0 <0.001
0±1.4 6.4±1.8 <0.001
6±1.2 4.8±2.4 <0.001
9±1.6 5.2±2.2 <0.001

1±2.7 9.0±3.8 <0.001
3±2.4 9.5±3.6 <0.001

4±3.2 12.8±3.8 0.86
0±2.5 22.9±3.6 <0.01

6±25.2 63.6±27.5 0.66
0±52.6 208.4±101.2 0.11

0±2.2 6.4±2.5 0.58
8±0. 6 2. 5±1.2 0.36

l. All subjects received the same neuropsychological text battery, and
means±standard deviations.



Fig. 1 – Auditory event-related potentials in response to non-target tones at the Cz site (A), or to targets at the Pz site (B). The
vertical lines for (A) and (B) indicate stimulus onset.
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of the control subjects, but there were no significant group
differences in the latency of P50, the amplitudes or latencies of
N100 and P200 components.

2.2.2. In response to target infrequent tones
Auditory event-related potentials in response to targets at the
Pz site for all elderly subjects are shown in Fig. 1B. MCI patients
showed a prolonged P300 latency (t=2.5, P<0.05) and lower
amplitude (t=2.4, P<0.05) than the controls. P300 was delayed
by 35 ms in MCI group compared with the controls. P300
amplitudes and latencies in response to targets tones for
individual subjects are depicted in Figs. 2C and D. 62% of the
MCI patients had P300 latencies above the mean of controls.

2.3. Metabolite levels and ratios by MRS

The levels of two metabolites NAA and creatine and their
ratios in the three brain areas of controls and MCI patients are
shown in Table 2. Compared with the healthy subjects, MCI
patients had significantly lower mean values of NAA and
NAA/Cr in the left prefrontal (P<0.01) and left temporal cortex
Fig. 2 –Dot-plots of P50 amplitudes (A) and P50 latency (B) in respo
targets. Averaged potentialsweremeasured at the Cz site for P50,
at the Pz site for N200 and P300 components. Black horizontal bar
patients.
(P<0.05), but not in the right parietal cortex. On the other
hand, mean values of Cr were not significantly different
between the two groups in all the three brain areas. In Fig. 3,
examples of proton spectra of NAA and Cr in one control
subject and one MCI patient also confirmed the same
observation. Scatter plots for the NAA/Cr ratios in the
prefrontal cortex also showed a decreased mean value in
MCI patients (Fig. 4).

2.4. Relationship of P50 and P300 with cerebral
metabolites

Relationship between AERP parameters and cerebral NAA/Cr
ratios were examined by linear regression analysis. For the
correlations between P50 and NAA/Cr, we examined P50 to the
standard tones at the Cz site. For the correlations between
P300 and NAA/Cr, we examined P300 at the Pz site in response
to the target tones. P50 amplitudes were negatively correlated
with NAA/Cr in the left prefrontal cortex (r=−0.71, P<0.001,
Fig. 5A), but not with NAA/Cr in left temporal (r=−0.20, P>0. 1,
not shown) and right parietal cortex(r=−0.22, P>0. 1, not
nse to non-targets; P300 amplitudes (C) and P300 latency (D) to
N100 and P200 components in response to frequent tones and
s indicate mean values in A , B, C and D for the controls or MCI

image of Fig.�1
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Table 2 – NAA, Cr concentrations and NAA/Cr ratios
measured by H1-MRS.

Brain
metabolite

Location Control
(N=34)

MCI
(N=34)

t,
P value

NAA Left
prefrontal

58.59±12.46 50.23±12.95 2.71, <0.01

Left
temporal

57.18±12.00 51.72±10.41 2.00, <0.05

Right
parietal

60.57±15.77 64.07±11.67 −1.04, 0.30

Cr Left
prefrontal

39.44±7.52 39.19±10.50 0.11, 0.91

Left
temporal

37.62±7.07 38.62±7.38 −0.57, 0.57

Right
parietal

43.90±9.28 46.67±10.01 1.18, 0.24

NAA/Cr Left
prefrontal

1.50±0.22 1.32±0.29 2.76, <0.01

Left
temporal

1.56±0.21 1.40±0.34 2.41, <0.05

Right
parietal

1.40±0.28 1.43±0.44 −0.39, >0.05

NAA: N-acetylaspartate; Cr: creatine. P values were obtained from t
test.

Fig. 4 – Scattered plots of NAA/Cr ratios obtained from the
prefrontal cortex in two subject groups. Black horizontal bars
indicate respective mean values (t=2.3, P=0.02).
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shown). P300 latency at the Pz site was negatively correlated
with NAA/Cr in left prefrontal (r=−0.53, P<0.01, Fig. 5B) and
left temporal cortex (r=−0.60, P<0.01, Fig. 5C). Individuals with
longer P300 latency exhibited significantly lower levels of
NAA/Cr in both areas.

2.5. Relationship between the cognitive test scores and
auditory and MRS measures

MCI patients and control subjects showed significant differ-
ences in all the memory scores but not other cognition test
scores. Through a simple linear regression analysis, all the
memory scores were positively correlated with NAA/Cr in the
left prefrontal and left temporal cortex but negatively corre-
lated with P50 amplitudes and P300 latencies (Table 3).
Fig. 3 – Proton spectra showing peaks of N-acetylaspartate and cre
right parietal (E,F) cortex in a randomly picked control subject (A
3. Discussion

In this study, we presented data to show that MCI subjects
responded with significantly larger P50 amplitudes and
prolonged P300 latencies to auditory stimulus oddball task,
and had significantly lower levels of NAA andNAA/Cr ratios in
selected brain regions. The changes of P50 amplitudes and
P300 latencies are associated with the changes of NAA/Cr
ratios in different brain regions, and both AERP components
and brain metabolites measured by MRS are correlated with
clinical scores in the cognitive tests.

3.1. Auditory event-related potentials in MCI

3.1.1. N100 and P200
In this study, N100 and P200 auditory cortical potentials were
not significantly different between MCI and controls. Previous
studies also reported that change in N100 amplitudes (Golob
et al., 2002) is not significant or just a small increase at slow
stimulus rates (Golob et al., 2001) in MCI patients. Therefore,
our results are consistent with these previous studies.
atine ratio from the left prefrontal (A,B), left temporal (C,D) and
,C,E) and one MCI patient (B,D,F).

image of Fig.�3
image of Fig.�4


Fig. 5 – Scattered plots of linear analysis regression showing correlation between NAA/Cr in left prefrontal cortex and P50
amplitude (A); between NAA/Cr in left prefrontal cortex and P300 latency (B); and between NAA/Cr in left temporal cortex and
P300 latency.
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3.1.2. P50 abnormalities
Previous studies reported that P50 amplitudes increased (Reite
et al., 1988; Boutros et al., 1995) or both P50 amplitudes and
latency increased in auditory target detection in MCI patients
(Golob et al., 2002). MCI has been considered a prodromal stage
of AD and increased P50 amplitudesmay present a greater risk
for AD. MCI patients who later developed AD showed larger
P50 amplitudes at the time of diagnosis as compared with
those MCI subjects who did not develop AD (Golob et al., 2007)
later in life. Since pathological change in auditory cortices
occur only late during the AD progression (Romanski and
Goldman-Rakic, 2002; Apostolova et al., 2007), abnormality of
P50 in MCI patients is unlikely attributed to the pathology
within the auditory cortical areas that generate the P50
component.

Cortical responses to auditory stimuli may be modulated
by impairment in auditory cortex or areas such as the
prefrontal cortex. The prefrontal cortex plays an important
role in auditory communication. By receiving auditory affer-
Table 3 – Correlations between AERP and MRS measure and co

Test NAA/Cr
(left prefron

r
P value

Recall of Auditory Verbal Learning Test
First time recall 0.68

<0.01
Second recall 0.65

<0.01
Third Recall 0.66

<0.01
Short delayed recall 0.67

<0.01
Long delayed recall 0.65

<0.01
Wechsler Memory Scale (Chinese Revised Version)
Logical memory immediate recall 0.67

<0.01
Logical memory delayed recall 0.64

<0.01

The memory scores of MCI subjects had a positive correlation with NAA/C
correlation with P50 amplitudes and P300 latencies.
ents, it can influence other brain regions involved in temporal
auditory association cortex. The connectivity of the frontal
lobes makes it a likely candidate for integrating auditory
signals (Jacobson and Trojanowski, 1977; 3rd GGW et al., 2005;
Evans et al., 2005; Romanski et al., 2005). Previous studies
showed the link of prefrontal cortices with superior temporal
areas (Petrides and Pandya, 1988; Chao and Knight, 1997;
Hackett et al., 1999; Kondo et al., 2003).

3.1.3. P300 abnormalities
The P300 wave is a reliable neuroelectric marker for brain
cognitive functions often used to assess cognitive disorders
(Polich et al., 1990). The P300 amplitudes are reduced and P300
latencies prolonged in AD patients (Kugler et al., 1996). One
recent report showed the similar prolongation of P300
latencies among MCI patients and its positive correlation
with the severity of dementia. P300 latency prolongation thus
may indicate an increased risk for developing dementia inMCI
patients (Egerhazi et al., 2008). Similar P300 abnormalities in
gnitive test scores.

tal)
NAA/Cr

(left temporal)
P50

amplitudes
P300

latencies

r
P value

r
P value

r
P value

0.54 −0.64 −0.53
<0.05 <0.01 <0.05
0.48 −0.68 −0.55

<0.05 <0.01 <0.05
0.53 −0.67 −0.48

<0.05 <0.01 <0.05
0.55 −0.63 −0.51

<0.05 <0.01 <0.05
0.49 −0.64 −0.52

<0.05 <0.01 <0.05

0.51 −0.66 −0.52
<0.05 <0.01 <0.05
0.52 −0.63 −0.49

<0.05 <0.01 <0.05

r in the left prefrontal and left temporal cortex, as well as a negative

image of Fig.�5


Table 4 – Demographic information.

Controls MCI

Number of patients 34 34
Age 71.6±5.7 72.5±5.4
Education 7.8±1.2 7.6±1.2
F/M 11/23 13/21

All subjects (controls and MCI patients) were matched for age and
educational level. Values are mean±standard deviation.
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MCI subjects were also identified in this study and by others
(Golob et al., 2007); thus, P300 latencies can provide useful
information about MCI patients. P300 may have multiple
intracerebral generators, with the hippocampus and various
association areas of the neocortex all contributing to the
scalp-recorded potentials (Polich, 2004). P300 latency increases
may be associated with neocortical dysfunction that shortly
precedes, and then accompanies the presence of dementia.

3.2. Brain metabolism abnormalities in MCI

Primarily located in neuron bodies, axons and dendrites, NAA
is amarker for neuronal integrity, neuronal density or viability
(Braak and Braak, 1991). Cr is another marker for the health of
systemic energy use and its storage is relatively stable
(Valenzuela and Sachdev, 2001). NAA has been suggested as
a surrogate marker for progressing pathology and decline in
neuronal integrity during the transition from MCI to manifes-
tation of dementia (Pilatus et al., 2009). A decrease in NAA/Cr
develops later in the course of the disease (Kantarci et al.,
2000), and the decrease of NAA or NAA/Cr occurs in various
brain regions in MCI patients (Braak and Braak, 1991; Schuff
et al., 1997; Falini et al., 2005; Sarazin et al., 2007). The similar
regional changes of NAA or NAA/Cr in MCI and AD suggest
that NAA/Cr may be sensitive to the biochemical changes
during the pathologic progression of AD. Therefore NAA/Cr
may be useful for predicting prodromal AD.

We also identified brain metabolic abnormalities in MCI
patients affecting the prefrontal and temporal cortex, consis-
tent with previous reports from the literature (Kantarci, 2007).
The decreased NAA levels and NAA/Cr ratios might be
resulted from neural cell death in the neocortex and/or
anterograde axonal degeneration of neurons and axons
following neuronal damage and decreased functionality or
metabolic integrity. MCI displays the same metabolic pattern
with AD, suggesting a similar pathological process in these
brain regions. Our data demonstrated that 1H-MRS is a useful
research modality to characterize brain metabolic alterations
in MCI.

3.3. Relationship between AERPs and brain metabolism

The present AERP and MRS results replicate previous findings
of increased P50 amplitudes, prolongation of P300 latency
(Golob et al., 2002, 2007), and reduction of NAA/Cr ratio in the
frontal cortex and temporal (Schuff et al., 1997; Pilatus et al.,
2009) in MCI. Moreover, our study extended the above findings
by identifying the relationship of auditory cortical potentials
with MRS measures in MCI.

P50 amplitudes were found to be negative correlated with
NAA/Cr ratio in the left prefrontal cortex, but not in the
temporal and parietal cortex. This relationship indicates a
potential contribution of P50 to the metabolic changes in
prefrontal cortex, which is in agreement with the regional
distribution of pathology in AD (Arnold et al., 1991). Therefore,
examination of metabolite concentrations in prefrontal cortex
and P50 amplitudes may be important in MCI assessment.
Change of NAA/Cr in prefrontal and temporal cortex was also
correlated with a longer P300 latency. Previous observations
also showed that AERPs and regional brain metabolism
changes are consistent with pathological alterations (Tira-
raboschi et al., 2004; Forman et al., 2007).

3.4. Relationship of AERP and MRS measurements with
cognitive tests

Our results also showed that the brain metabolism and brain
functional abnormalities in MCI patients are related to clinical
scores. Memory scores in clinical cognitive tests are positively
correlated with NAA/Cr ratio measured by 1H-MRS in the left
prefrontal and left temporal cortex. They are also negatively
correlated with P50 amplitudes in response to frequent tones
at the Cz site and P300 latencies in response to targets at the Pz
site. These results demonstrated the clinical values of the
AERP and the MRS measurements in the assessment of MCI.

Together, data presented in this study suggest that
abnormalities in metabolites and AERP may be the primary
dysfunction in MCI that can be identified during the MCI
evaluation. 1H-MRS and AERP yield quantitative measure-
ments to track cortex metabolic and functional changes, in
support of the clinic observation of cognition impairments.
Future studies investigating the course of metabolic and AERP
changes in association with cognitive changes would help
better characterize the functional progression of MCI to AD
throughout the brain cortex.
4. Experimental procedures

4.1. Subjects

In this study, 34 MCI patients and 34 age-matched healthy
elderly control subjects were recruited from the neurological
department and the health examination center, respectively,
in the People's Hospital of Guizhou Province. Demographic
information for the study groups is presented in Table 4. The
diagnosis of MCI was made based on clinical neurological
and neuropsychological assessments, routine blood tests,
family interviews and magnetic resonance imaging (MRI)
according to the guidelines of Petersen et al. (Petersen et al.,
1999a, b). MCI subjects showed moderate to severe deficits in
memory; their performance levels were typically 1.5 times
the standard deviations below the age-appropriate mean but
without impairments on other neuropsychological func-
tions, or daily life activities. Control subjects scored within
the normal range on all neuropsychological tests. All subjects
signed informed consent forms, and the study protocol was
approved by the Institutional Review Board of the hospital in
accordance with the Declaration of Helsinki.
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4.2. Study design

MCI and the control subjects were compared for the ERPs in
responses to auditory stimuli and MRS recordings of the
neurometabolic activities in three brain areas at the study
entry and during the study. Brain metabolic data were
collected three days after AERPswere examined in all subjects.
Statistical analyses were applied to all the measurements in
order to assess the significance of the differences between
groups, the relationship between AERP components and brain
neurometabolism in three brain areas, and the association of
AERP and brain neurometabolism with the cognitive tests.

4.3. Neuropsychological testing

Memory was assessed using the WMS-CR Logical Memory
Subtest (Yao-xian, 1983) and the Recall of Auditory Verbal
Learning Test (GUO et al., 2001). Language tests included the
30-item version of the Boston Naming Test—Chinese version
and Verbal Fluency Test (GUO et al., 2006). Executive function
was tested with the Trail Making Tests A and B—Chinese
version (LU et al., 2006). Visual–spatial skills were evaluated
with the Wechsller Adult Intelligent Scale-Reversed Chinese
(WAIS-RC) Block Design test (Yao-xian, 1983) and Clock-
Drawing Test (ZHOU and JIA, 2008). The Mini-Mental State
Examination—Chinese version was used as a screening test of
dementia (SUN et al., 2008).

4.4. Event-related potential recordings

Subjects were seated inside an electrically shielded and sound
attenuated room. Depending on the subject, between 8 and 10
Ag/AgCl recording electrodes were placed on the scalp
according to the 10/20 system (Homan et al., 1987). All subjects
had electrodes at Fz, Cz, Pz, C3 and C4 sites. Electrode
impedanceswere kept below 5 kΩ. Two electrodeswere placed
above and below the left eye to monitor eye movement, and
one ground electrode was placed on the forehead. A reference
electrode was placed on the rightmastoid. Subjects performed
a target detection task by listening to a sequence of tones
having a constant inter-stimulus interval of 2 s. Tones were
presented through headphones (70 dB SPL, 100 ms duration,
5 ms rise/fall times). Pure tones were either 1000 Hz “non-
targets” or 2000 Hz “targets”. Probability of presentation was
0.80 and 0.20 for non-target and target tones, respectively. A
total of 300 tones were presented (240 non-targets and 60
targets). Subjects were instructed to listen to the tones and
quickly, but accurately, press a button with the thumb of their
dominant hand after hearing them. The sequence of tones
was randomly determined except that two targets were never
presented in a row, and no more than nine non-targets were
allowed to be presented in a row.

4.5. Event-related potentials

Electrophysiological (EEG or EOG) and behavioral data were
collected continuously, and digitally amplified (DC —
100 Hz, sample rate=500 Hz). Data were further processed
and analyzed. An eyeblink algorithm was used to correct
artifacts. Individual sweeps were then sorted and averaged
according to stimulus type (non-target or target). Sweeps
to targets were visually inspected for artifacts before being
accepted into the average. Sweeps to non-targets were
automatically rejected if the voltage on any electrode site
exceeded 75 µV. Analysis focused on midline electrodes
(Cz, Pz). For the overall comparisons, P50, N100, P200, and
N200 measurements were taken from the Cz site, and P300
measurements were taken from the Pz site.

The EEG was digitally filtered using FFT and inverse FFT
procedures, and filter settings were adjusted depending
on the component of interest. A low-pass filter was used
(DC—3 Hz, 12 dB/octave) for RP and a band-pass filter
was used for P50, N100, P200, N200, and P300 components
(0.1–16 Hz, 12 dB/octave). Peak latencies of components were
calculated relative to the stimulus onset. Amplitudes of
components following stimulus presentation (P50, N100,
P200, N200, and P300) were defined relative to a 100 ms
baseline period immediately before stimulus presentation.
P50, N100, and P200 components were measured for both the
frequent and target tones, and additional N200 and P300
potentials were measured for target tones. Amplitude and
latency of the P50 were defined as the point of maximum
positivity between 40 and 80 ms post-stimulus. N100 ampli-
tude and latency were defined as the maximum negativity
between 80 and 160 ms, while P200 amplitude and latency
were the maximum positivity between150 and 250 ms. The
N200 was defined as the maximum negativity between 175
and 250 ms that immediately preceded the large P300 wave.
P300 amplitudes and latencies were defined as themaximum
positivity between 300 and 600 ms.

4.6. 1H-MRS measures

Upon completion of the medical history, neuropsychological
examination and AERPs, all participants underwent 1H-MRS
of the brain in three different areas constituting most of the
brain tissue (Fig. 6): left frontal, left temporal and right
parietal cortex. McLean et al. have not identified any
differences between the right and left sides of the brain
regarding the concentrations of brain metabolites (Sijens et
al., 1997). Single-voxel 1H-MRS was performed on a 1.5-T
clinical scanner (SIEMENS Symphony 1.5 T MR system,
Germany) using a standard head coil (Vision; Siemens AG,
Erlangen). An automated hybrid two-dimensional chemical
shift imaging (CSI) sequence (repetition time [TR]/echo time
[TE] 1500/30 ms) was used (Irimajiri et al., 2005). The volume
of region-of-interest selection was 10×10×15 (cm). 1H-MRS
acquisition time was 6:31 min. The automated post-proces-
sing procedure included multiplication of the time domain
data with a Gaussian function, three-dimensional Fourier
transformation, phase and baseline adjustment, and quan-
tification using the standard Numaris-3 software package
provided with the MR system (Irimajiri et al., 2005). Each
spectrum was automatically fitted to two peaks
corresponding to levels of N-acetylaspartate (NAA)
(2.02 ppm) and total creatine (Cr) (3.03 ppm). The metabolite
intensity ratios were obtained using physiologically stable
metabolite Cr as the reference metabolite. Conventional
biochemical ratios averaged over the whole spectral maps
were calculated.



Fig. 6 – Images of proton magnetic resonance spectroscopy on region-of-interests (ROI) selected from the controls and MCI
patients in three indicated brain areas.
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4.7. Statistical analysis

The SPSS16.0 software package was used. Results are pre-
sented as mean±SE. AERP and 1H-MRS data were analyzed
with analysis of variance using t test. P values <0.05 were
considered significant. Correlation of variables was assessed
via the Pearson correlation coefficient. Linear regression
analysis was computed to correlate the MRS data, P50
amplitudes, AERP and brain neurometabolism with the
cognitive tests.
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