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euroimaging is increasingly being used to assess
patients with dementia. Magnetic resonance imag-
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Background: In vivo proton magnetic reso-
nance spectroscopy is a safe and noninvasive tool
that can be used to study aspects of brain chemis-
try and metabolism. This study was designed to
evaluate its role in routine application to reveal
the diagnostic reasons for cognitive impairment.

Method: 37 Alzheimer’s disease patients
(NINCDS-ADRDA criteria), 31 patients with
subcortical ischemic vascular dementia (Chui
et al. criteria), and 13 subjects with subjective
cognitive impairment (DSM-IV criteria) were
included in this retrospective study. Magnetic
resonance images were used for atrophy rating;
additionally, proton magnetic resonance spectros-
copy was performed.

Results: Significantly reduced N-
acetylaspartate levels (p < .05) were found in both
patients with Alzheimer’s disease and patients
with subcortical ischemic vascular dementia com-
pared to the group with subjective memory com-
plaints. The ratios of N-acetylaspartate/creatine
and N-acetylaspartate/myo-inositol were signifi-
cantly lower in Alzheimer’s disease patients
compared to patients with vascular dementia
(p = .012) or patients with subjective memory
impairment (p = .002). N-acetylaspartate/creatine
and N-acetylaspartate/myo-inositol ratios were
positively correlated to the degree of cerebral
atrophy. Disoriented patients displayed a low
N-acetylaspartate/creatine ratio. In contrast,
we were not able to relate concurrent psychotic
or behavioral symptoms to any spectroscopic
parameter.

Conclusion: This study indicates that proton
magnetic resonance spectroscopy parameters
could provide additional information in differen-
tiating between Alzheimer’s disease, subcortical
ischemic vascular dementia, and subjective cog-
nitive impairment. Therefore, this method can
contribute to the routine diagnosis of dementia.
Psychiatric and behavioral symptoms associated
with dementia or due to a major psychiatric dis-
order cannot be related to changes in the mea-
sured proton magnetic resonance spectroscopy
parameters.
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N
ing (MRI) of patients with Alzheimer’s disease demon-
strates accelerated total brain atrophy and greater enlarge-
ment of ventricular and sulcal cerebrospinal fluid spaces,
compared with signs of normal aging.1–3 Furthermore,
MRI of the hippocampus in patients with Alzheimer’s dis-
ease has demonstrated marked volume loss.4,5

The technique of in vivo proton magnetic resonance
spectroscopy (1H-MRS) is able to monitor metabolic pro-
cesses noninvasively in the brain. It is sensitive to the
presence of several metabolites that provide a means for
early detection of diseases and treatment responses.
Proton MRS concurrently measures N-acetylaspartate
and N-acetylaspartylglutamate (NAA), myo-inositol
(mI), choline-containing compounds (Cho), and total
creatine (Cr). Choline and Cr are present in all brain cells,
whereas NAA has been localized mostly in neurons and
therefore has been proposed as a neuronal marker.6 Al-
though the precise physiologic role of NAA remains
uncertain, it may reflect mitochondrial function.7 A recent
in vitro report suggests that NAA may be involved in my-
elination processes in the adult human.8 Proton MRS
measures of brain metabolites in Alzheimer’s disease
have been demonstrated to be possible markers of neuro-
degeneration that have prognostic value even in the earli-
est stages of Alzheimer’s disease.9 Several cross-sectional
invivo or postmortem 1H-MRS studies have reported de-
creased NAA and raised mI concentrations in Alzheimer’s
disease patients compared with matched controls. For the
more challenging task of discriminating Alzheimer’s dis-
ease from other possible dementia diagnoses, NAA/mI
ratio was reported to yield a modest positive predictive
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value (74%).10 In the same study, an 80% negative predic-
tive value was estimated.10

Vascular dementia is the second most common form of
permanent cognitive impairment.11 Subcortical ischemic
vascular dementia (SIVD) is most commonly associated
with subcortical lacunae and white matter signal hyperin-
tensities. SIVD is hypothesized to be caused by a loss or
disruption of subcortical neurons leading to a disconnec-
tion of cortical neurons from subcortical structures.12

Patients with dementia manifest not only progressive
memory impairment, cognitive deficits, and functional
alterations but also a variety of neuropsychiatric distur-
bances like agitation, aggression, hallucination, and delu-
sions. These symptoms ultimately affect up to 75% of in-
dividuals with Alzheimer’s disease and, once present, tend
to be sustained or recurrent.13–18

It is still a very challenging task to differentiate be-
tween the various causes of subjective and/or objective
cognitive impairment. For our patients, the most frequent
diseases causing cognitive complaints are Alzheimer’s
disease, SIVD, and subjective memory impairment due
to psychiatric illness. Therefore, we were interested in in-
vestigating in this retrospective study the applicability and
validity of 1H-MRS as a routine diagnostic tool to dis-
criminate between these diseases associated with objec-
tive and subjective memory complaints.

The main goal of this study was to evaluate the use
of 1H-MRS in routine diagnosis for patients admitted to a
district hospital with objective as well as subjective
memory impairment. We hypothesized that (1) decreased
NAA levels would separate the Alzheimer’s disease group
from the SIVD and subjective cognitive impairment
groups and (2) decreased NAA levels would be correlated
with greater dementia severity. In addition, we compared
1H-MRS parameters in relation to psychiatric and behav-
ioral symptoms.

METHOD

Subjects
This study was performed with subjects admitted to a

district psychiatry hospital. Patients’ characteristics are
described in Table 1. Inclusion criteria were subjective and
objective memory impairment. Criteria for exclusion in-
cluded acute head trauma, history of head injury involving
loss of consciousness, neurologic illness, substance abuse,
acute infectious diseases, tumor, decompensated meta-
bolic disease, or MRI scan evidence of diffuse or focal ce-
rebral lesions.

Patients were assessed by standardized diagnostic pro-
cedures including neurologic, psychiatric, and general
medical examination. All subjects underwent laboratory
tests to exclude secondary causes of dementia, including a
chest radiograph, electrocardiogram, chemistry profile,
complete blood count, thyroid function tests, vitamin B12

level, folic acid level, and syphilis serology. Additional
studies including a cerebrospinal fluid analysis and elec-
troencephalogram were performed as the clinical situa-
tion indicated. Patients underwent an extensive battery
of neuropsychological testing including Mini-Mental
State Examination (MMSE),19 Verbal Fluency Test,20

Trailmaking A,21 Trailmaking B,21 Boston Naming Test,22

Word-List memory,23 Constructional Praxis,24 Word-List
recall,23 and Word-List recognition.25 Patients with mild
cognitive impairment  were staged on the Clinical De-
mentia Rating scale (CDR).26 Magnetic resonance exami-
nation was part of the routine. All enrolled subjects gave
their informed consent to undergo magnetic resonance as-
sessment and to be included in this retrospective study.

According to the performed diagnostic steps, patients
were assigned into 3 diagnostic groups: (1) Alzheimer’s
disease: patients fulfilled criteria for probable Alzhei-
mer’s disease on the basis of guidelines from the National
Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Dis-
orders Association (NINCDS-ADRDA)27; (2) subcortical
ischemic vascular dementia: subjects were clinically di-
agnosed on the basis of criteria proposed by Chui et al.28;
the presence of at least 1 lacunar infarction on MR images
was mandatory; and (3) subjective cognitive impairment:
diagnosis for these patients was established according
to the Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition (DSM-IV).29 In this group, 3 patients
had a major depression, 1 had a depressive episode from a
bipolar affective disorder, 1 had a neurotic disorder, and 1
had schizophrenia. Seven subjects had mild cognitive im-
pairment according to the criteria published by Petersen et
al.30 These patients had a CDR score of 0.5. None of these
patients fulfilled criteria for beginning Alzheimer’s dis-
ease or vascular dementia.

Table 1. Characteristics of Patients With Alzheimer’s Disease
(AD), Subcortical Ischemic Vascular Dementia (SIVD), and
Subjective Cognitive Impairment

Diagnostic Group

AD SIVD Subjective Cognitive
Variable (N = 37) (N = 31) Impairment (N = 13)

Age,a y, 75.6 ± 8.7 70.3 ± 8.5 68.2 ± 10.3
mean ± SD

Sex, N (%)
Men 11 (30) 10 (32)   7 (54)
Women 26 (70) 21 (68)     6 (46)

MMSE score,b 20.9 ± 6.0 23.2 ± 5.6 27.7 ± 1.6
mean ± SD

aPatients in the AD group were significantly older than those in the 2
other diagnostic groups (p < .05, Kruskal-Wallis test; p < .05 in post
hoc Mann-Whitney U tests).

bPatients in the AD and the SIVD groups had significantly lower
MMSE scores than patients in the subjective cognitive impairment
group (p < .01, Kruskal-Wallis test and post hoc Mann-Whitney U
tests). No significant difference between the AD and SIVD groups
(p = .114, Mann-Whitney U test).

Abbreviation: MMSE = Mini-Mental State Examination.
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Assessment of Behavioral Symptoms
Behavioral symptoms were diagnosed according to

DSM-IV. Additionally, impaired orientation was defined
as being clearly impaired in at least 2 of 4 qualities of ori-
entation (time, place, self, situation). For the analysis
of the data, symptoms were grouped into 3 clusters: psy-
chotic symptoms (hallucination, delusion), aggression
and restlessness (wandering), and disorientation.

MRI and 1H-MRS Data Acquisition
MRI and single voxel 1H-MRS data were acquired

on a 1.5-T GE Signa scanner (GE Medical Systems, Mil-
waukee, Wis.) using a standard quadrature headcoil.

Each MRI examination included sagittal T1-weighted
MR imaging (FMPSPGR), performed to exclude a diag-
nosis of obvious focal lesions and neurologic disease. A
T2-weighted fast spin-echo (FSE) in the paracoronal
plane parallel to the brain stem (slice thickness = 5 mm,
interslice gap = 1 mm) and axial FLAIR images (slice
thickness = 6 mm, interslice gap = 1 mm) were obtained
to exclude a diagnosis of multi-infarct dementia, stroke,
tumor, and other T2-sensitive abnormalities.

Brain MRS examinations were automated with a
single voxel. First, an auto-prescan was performed to
suppress the water signal (shim). The measurement pa-
rameters were repetition time (TR), 1700 ms; echo time
(TE), 35 ms with point-resolved spectroscopy (PRESS)
volume preselection; and number of acquisitions, 128.
The voxel size was 8 cm3. The PRESS volume, from
which the MRS metabolite data were obtained, was lo-
cated reproducibly in the midline of the occipital lobes
(gray matter). The volume of interest (VOI) in each sub-
ject was placed in a uniform manner by the same investi-
gator (H.V.), located medially of the perpendicular line
between scull and the line connecting the backs of left
and right splenium corporis callosi. This region was se-
lected because it is the most reproducible place and not
sensible to motion artifacts. The combined MR imaging
and MR spectroscopy examination lasted approximately
20 minutes. Metabolite measurements were made blinded
to clinical details.

Atrophy Rating
Images were assessed by an investigator who was

blinded to diagnosis and age of the subjects. Essentially,
rating was performed as described by Scheltens et al.31

The degree of medial temporal lobe atrophy was judged
on the slice that best depicted the hippocampal formation
and surrounding structures. As we included in our study
less severe patients, score 4 was not achieved. Rating was
performed by the same, blinded investigator twice. When
there was disagreement after the second rating, data were
reanalyzed and a final assignment to a group was per-
formed. Frontal cortex atrophy and generalized cerebral
cortex atrophy were rated on a 4-point scale (0 = normal,

1 = mild atrophy, 2 = moderate atrophy, 3 = severe atro-
phy) in the same manner.

Data Analysis
Analysis of the spectra was performed using the

manufacturer-supplied, semiautomated spectroscopy
software package PROBE/SV of the MR system. Rela-
tive metabolite concentrations for NAA, Cho, Cr, and mI
were determined.

Statistical Analysis
In an initial analysis, the 3 diagnostic groups were

compared with respect to sociodemographic variables
and MMSE score using the Kruskal-Wallis test (posthoc
comparisons by Mann-Whitney U test) for continuous
variables, and the chi-square test for dichotomous vari-
ables. Analysis of covariance (ANCOVA) was then ap-
plied for comparing the 3 diagnostic groups with regard
to MR spectroscopy parameters, considering age and sex
as covariates. In addition, ANCOVA with MMSE score as
a further covariate was performed to check if the extent of
dementia affected the results. A logarithmic or squareroot
transformation was used, where appropriate, to obtain an
approximately normal distribution of the dependent vari-
able. Subsequent pairwise group comparisons were cor-
rected for multiple testing using the Bonferroni method.
Spearman correlation analysis was used to explore rela-
tionships between MR spectroscopy parameters and the
degree of atrophy as well as behavioral and psychological
symptoms.

RESULTS

All patients included in this study could be attributed
to one of the following diagnostic groups: Alzheimer’s
disease patients; subcortical ischemic vascular dementia
patients; and patients with subjective cognitive impair-
ment but no evidence for either Alzheimer’s disease or
vascular dementia. Patients of this third group had vari-
ous psychiatric illnesses, as described in Method.

NAA levels were significantly reduced in both patients
with Alzheimer’s disease and patients with SIVD com-
pared to the control group (p = .001 and p = .021, respec-
tively), whereas Cr, Cho, and mI levels did not differ
significantly between the 3 groups (Table 2). Moreover,
NAA levels were significantly lower in subjects with Alz-
heimer’s disease than in those with SIVD (p = .015).
When potential effects of MMSE score were adjusted for
in the ANCOVA, the difference between the Alzheimer’s
disease and SIVD groups remained statistically signifi-
cant (p = .018). The ratio of NAA/Cr and NAA/mI was
significantly lower in the Alzheimer’s disease group
compared to patients with SIVD (p = .012) or the control
group with subjective memory impairment (p = .002).
The statistical significance of these findings is retained
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when adjusting for MMSE score. No difference between
the SIVD group and the subjectively impaired group was
found for NAA/Cr and NAA/mI, although NAA levels
were significantly lower in the SIVD group.

The ratio of NAA/Cr was positively correlated with
the MMSE score (p = .029), while none of the other
MRS parameters showed a significant correlation with
MMSE score. A decreased ratio of NAA/Cr and NAA/mI
correlated significantly with the degree of the cerebral
atrophy (p < .001) (Table 3 and Figures 1 and 2). These
ratios also correlated strongly with medial temporal lobe
atrophy (p < .001 in both cases) (Figure 3) and, to a
lesser extent, with frontal atrophy (p = .035 and p = .028,
respectively) (Figure 4). Elevated levels of the mI/Cr
ratio were found to correlate with general atrophy and
medial temporal lobe atrophy (p = .014 and .035, respec-
tively).

Patients with an impaired orientation had a signifi-
cantly reduced ratio of NAA/Cr (p = .005) (Table 4). In
patients with delusions and or hallucinations, no changes
in any of the MRS parameters compared to patients with
no psychiatric symptoms were found. Behavioral symp-
toms like aggression and wandering could not be corre-
lated to changes in any of the MRS parameters.

DISCUSSION

In vivo proton magnetic resonance spectroscopy of ab-
solute metabolite concentrations in the occipital cortex
revealed that concentrations of brain metabolites are sig-
nificantly lower in patients suffering from Alzheimer’s
disease or subcortical ischemic vascular dementia when
compared to patients reporting subjective memory im-
pairment only. The reduction in levels of NAA, NAA/Cr,
and NAA/mI ratios was significantly more pronounced in
patients with Alzheimer’s disease compared with the
SIVD and subjective cognitive impairment groups. Our
results are in line with several previous studies. The re-
duction of NAA levels in Alzheimer’s disease brains has
been demonstrated in the occipital lobe, temporoparietal
region, temporal lobe, parietal lobe, and in the frontal

Table 3. Correlation of MRS Parameters With Atrophy for
Patients With Alzheimer’s Disease (N = 37), Subcortical
Ischemic Vascular Dementia (N = 31), and Subjective
Cognitive Impairment (N = 13)a

MRS Degree of Frontal Medial Temporal
Parameter Atrophy Atrophy Lobe Atrophy

NAA/Cr ratio –0.67** –0.24* –0.41**
Cho/Cr ratio 0.09 0.21† 0.03
mI/Cr ratio 0.26* 0.17 0.24*
NAA/mI ratio –0.51** –0.25* –0.40**
aSpearman rank correlation.
*p < .05; ** p < .01;  †p < .1 (2-tailed significance levels).
Abbreviations: Cho = choline-containing compounds, Cr = total

creatine, mI = myo-inositol, NAA = N-acetylaspartate.

Table 2. Magnetic Resonance Spectroscopy (MRS) Parameters by Diagnostic Group
Diagnostic Group

Subjective Cognitive
AD (1) SIVD (2) Impairment (3)

MRS Parameter Mean SD Mean SD Mean SD Significant Group Differencesa

NAA 91.1 17.1 100.9 20.2 112.4 25.0 (1) < (2),* (1) < (3),** (2) < (3)*
Cr 67.8 12.8 70.1 14.5 74.7 15.4 NS
Cho 40.0 8.7 41.2 9.0 41.2 8.8 NS
mI 45.1 11.2 43.9 9.7 45.5 9.1 NS
NAA/Cr ratio 1.35  0.14 1.45 0.11 1.50  0.11 (1) < (2),* (1) < (3)**
Cho/Cr ratio 0.59 0.09 0.59 0.08 0.56 0.08 NS
mI/Cr ratio 0.66 0.12 0.63 0.08 0.61 0.04 NS
NAA/mI ratio 2.09 0.46 2.34 0.31 2.47 0.29 (1) < (2),** (1) < (3)**
aAnalysis of covariance with adjustment for age and sex.
*p < .05 (adjusted for multiple testing by Bonferroni method).
**p < .01 (adjusted for multiple testing by Bonferroni method).
Abbreviations: AD = Alzheimer’s disease, Cho = choline-containing compounds, Cr = total creatine, mI = myo-inositol,

NAA = N-acetylaspartate, NS = no significant group differences, SIVD = subcortical ischemic vascular dementia.

Figure 1. Correlation Between Degree of Atrophy and
NAA/Cr Ratio for Patients With Alzheimer’s Disease
(N = 37), Subcortical Ischemic Vascular Dementia (N = 31),
and Subjective Cognitive Impairment (N = 13)a

aSpearman rank correlation, r = –0.67, p < .001.
Abbreviations: Cr = total creatine, NAA = N-acetylaspartate.
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lobe.32 In the present study, using the occipital cortex as
the area of interest, no increase in mI levels was detected
in any of the groups, whereas a correlation of general at-
rophy and medial temporal lobe atrophy with a significant
elevation of the mI/Cr ratio was found. This is in line with
a previous study in patients with mild Alzheimer’s disease
(5 patients with MMSE score of ≥ 20) in which mI levels
were unchanged in the occipital cortex but increased in
the parietal cortex.

In moderate and severe Alzheimer’s disease patients
(11 subjects with MMSE scores between 10 and 19 and 5

subjects with MMSE scores between 1 and 9, respec-
tively), mI levels were also significantly elevated in the
occipital cortex compared to levels in healthy controls.33

Studies reporting elevated levels of mI also in the occip-
ital cortex10,34,35 have mostly investigated patients with
a more advanced stage of Alzheimer’s disease (MMSE
scores between 5 and 25 in the largest trial published by
Shonk et al.,10 with 114 patients with dementia included),
whereas in the present study patients were examined hav-
ing a mean MMSE score of 20.9 and 23.2 in the Alzhei-
mer’s disease and the SIVD groups, respectively. Neuro-
pathologic studies in correlation to clinical parameters
also indicate that key features for Alzheimer’s disease are
found late in the course of the disease.36

What Can Be Expected From the Use of
1H-MRS in the Diagnosis of Cognitive Impairment?

As demonstrated in this study and in others, proton
magnetic resonance spectroscopy is a valuable tool to de-

Table 4. Correlation of MRS Parameters With Psychiatric
Symptoms for Patients With Alzheimer’s Disease (N = 37),
Subcortical Ischemic Vascular Dementia (N = 31), and
Subjective Cognitive Impairment (N = 13)a

Delusions/ Aggression/
Hallucinations Unrest Disorientation

NAA/Cr ratio 0.16 –0.15 –0.32**
Cho/Cr ratio –0.11 0.02 0.05
mI/Cr ratio –0.03 0.12 –0.04
NAA/mI ratio 0.07 –0.19 –0.14
aSpearman rank correlation.
**p < .01
Abbreviations: Cho = choline-containing compounds, Cr = total

creatine, mI = myo-inositol, NAA = N-acetylaspartate.

Figure 3. Correlation Between Medial Temporal Lobe
Atrophy and NAA/Cr Ratio for Patients With Alzheimer’s
Disease (N = 37), Subcortical Ischemic Vascular Dementia
(N = 31), and Subjective Cognitive Impairment (N = 13)a

aMann-Whitney U test, p < .001.
Abbreviations: Cr = total creatine, NAA = N-acetylaspartate.
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Figure 4. Correlation Between Frontal Atrophy and NAA/Cr
Ratio for Patients With Alzheimer’s Disease (N = 37),
Subcortical Ischemic Vascular Dementia (N = 31), and
Subjective Cognitive Impairment (N = 13)a

aMann-Whitney U test, p = .035.
Abbreviations: Cr = total creatine, NAA = N-acetylaspartate.
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Figure 2. Correlation Between Degree of Atrophy and
NAA/mI Ratio for Patients With Alzheimer’s Disease
(N = 37), Subcortical Ischemic Vascular Dementia (N = 31),
and Subjective Cognitive Impairment (N = 13)a
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aSpearman rank correlation, r = –0.51, p < .001.
Abbreviations: mI = myo-inositol, NAA = N-acetylaspartate.
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tect ongoing metabolic changes leading to cognitive de-
cline. N-acetylaspartate/creatine measured in the occipital
cortex correlates with the degree of atrophy in the frontal
cortex and medial temporal lobe as well as with the de-
gree of general atrophy. Magnetic resonance imaging
studies of hippocampal atrophy including larger numbers
of subjects showed some overlap between Alzheimer’s
disease patients and healthy elderly.37,38 A possible reason
for this overlap, resulting in difficulties in detecting Alz-
heimer’s disease patients, is that, to the degree degenerat-
ing neurons are replaced by glial cells,39 tissue atrophy
in Alzheimer’s disease is attenuated. It was demonstrated
that measurement of hippocampal NAA taken together
with volume provides better discrimination between Alz-
heimer’s disease patients and control subjects than either
measure alone.40 In Alzheimer’s disease, neuronal dys-
function is likely to occur before neuronal loss, and
chemical changes measured by MRS may occur before
tissue volume loss in Alzheimer’s disease. This study pro-
vides evidence for a different mechanism in subjects with
subjective cognitive impairment, as NAA levels were
higher in these patients than in patients with Alzheimer’s
disease and SIVD.

Thus, MRI and 1H-MRS may be useful in discriminat-
ing between degenerative and non-degenerative patho-
logic processes leading to cognitive impairment. For ex-
ample, it may have a potential as a diagnostic tool in
differentiating between psychiatric diseases associated
with subjective cognitive impairment and cognitive defi-
cits due to Alzheimer’s disease. Although significant dif-
ferences were found in this study between patients suffer-
ing from Alzheimer’s disease compared to patients with
SIVD, there remains uncertainty whether MRS is able
to differentiate between these different diseases. For ex-
ample, Capizzano et al.41 showed a reduction in cortical
NAA among patients with dementia with lacunes inde-
pendent of atrophy and tissue composition and hypoth-
esized that these changes represent neuronal loss or meta-
bolic impairment or both caused by subcortical injury. In
a study using a lower-field (1.0 Tesla) MR scanner,  Alz-
heimer’s disease patients had a significantly higher ratio
of mI/Cr (data were obtained in the midline of the occip-
ital lobe) compared with patients with multi-infarct de-
mentia.42 Significantly lower levels of NAA/Cr and NAA/
Cho were observed across both gray and white matter
voxels in subjects with Alzheimer’s disease.43 In the same
study, in patients with SIVD, NAA/Cr levels were signifi-
cantly lower in frontal gray and white matter voxels.43

Nevertheless, a valuable role for 1H-MRS, which seems
to be able to detect subtle neurobiological abnormalities
in mental disorders, for monitoring disease progression
and treatment response is suggested.

The reasons for behavioral changes associated with de-
mentia are manifold and poorly understood.44 In the
present study, 1H-MRS measurement was done only in

the occipital lobe, which is a limitation of the present
study since data acquisition in the prefrontal lobe and
amygdalo-hippocampal complex could have lead to cor-
relations with behavioral symptoms and MRS parameters.
At the neurobiological level, damage to the prefrontal
lobe has been associated with increased hostility, impul-
sivity, and aggression.45–47 Abnormal neuronal activity in
medial temporal lobe—as in temporal lobe epilepsy—has
been associated with increased aggression and vio-
lence,48–50 whereas damage to medial temporal lobe struc-
tures may reduce aggression.51,52 Recently, in violent pa-
tients with mild mental retardation, significantly lower
levels of NAA in the prefrontal lobe and a lower ratio of
NAA/Cr in the amygdalo-hippocampal complex were
found.53 In patients with schizophrenia, hallucinations are
thought to be mediated by a distributed network of corti-
cal and subcortical areas.54,55 To our knowledge, it is not
demonstrated yet if the same brain regions are involved in
patients with dementia suffering from behavioral symp-
toms. In the present study, no evidence could be found
that different behavioral symptoms are caused by meta-
bolic changes that can be determined in the occipital lobe,
since no correlation exists between the presence of delu-
sions/hallucinations or aggression/unrest and changes in
the ratios of the investigated metabolic parameters.

However, a significant correlation was detected be-
tween MMSE scores and the ratio of NAA/Cr indicating
that the metabolic changes detected by 1H-MRS are more
likely to reflect an underlying pathology responsible for
the observed cognitive decline. Accordingly, impaired
orientation as a cognitive function also correlated with a
low NAA/Cr ratio. This is consistent with previous stud-
ies, in which the NAA/Cr ratio in patients with Alz-
heimer’s disease has also been shown to significantly cor-
relate with MMSE scores,56 and even to significantly
predict change in MMSE score 12 months later.57 A recent
longitudinal study confirmed a correlation of NAA/Cr ra-
tio with cognitive decline.58 In contrast to these results
and the present study, another group was not able to detect
significant correlations between 1H-MRS parameters
with MMSE scores in subjects with Alzheimer’s disease
or SIVD.43

The present study has several limitations. Our patients
were diagnosed according to established guidelines.
Nevertheless, without pathologic confirmations, we do
not know whether the patients with clinically diagnosed
probable Alzheimer’s disease have the characteristic Alz-
heimer’s disease pathology of neuritic plaques and neuro-
fibrillary tangles. In the SIVD group, there may be some
subjects with neuropathologic changes found in Alzhei-
mer’s disease. Although all subjects were normotensive at
the time of examination, some subjects with Alzheimer’s
disease may have had some cerebrovascular damage due
to an unidentified history of hypertension. Another draw-
back is that there was only 1 person rating atrophy. This
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was due to the fact that data were collected in a district
hospital. Our control group suffering from subjective
memory complaints, including different psychiatric dis-
eases, is more heterogeneous than the Alzheimer’s disease
and SIVD groups.

Automated 1H-MRS shows potential as an accessible
adjunct to clinical assessment and structural imaging in
discrimination of objective and subjective cognitive im-
pairment. Except disorientation, psychiatric and behav-
ioral symptoms associated with dementia or due to a ma-
jor psychiatric disorder cannot be related to changes in
the measured 1H-MRS parameters in this study. To our
knowledge, we are the first to correlate behavioral symp-
toms associated with dementia with 1H-MRS parameters.
As our study was spatially limited to the occipital region,
this is an area for further research, to examine if there are
more regionally specific neurobiological abnormalities
that might contribute to these symptoms. MRS is certain
to play an important role in correlating cognitive im-
provements as a response to antidementia drugs. For in-
terpreting its role in monitoring behavioral symptoms,
which produce more stress for caregivers than the cogni-
tive impairments, further work is needed.
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