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Objectives. Magnetic resonance spectroscopy (MRS) allows the contents of many metabolites in living 
tissues to be assessed. There is a good number of studies analyzing MRS data in Alzheimer’s disease (AD), 
though their results are contradictory. In this regard, there is value in comparing MRS data with fl uoro-
deoxyglucose (FDG) positron emission tomography (PET) results, which assess the functional state of 
nervous tissue. The present study provides a comparison of MRI scan data in AD and moderate cognitive 
impairment (MCI) with the characteristics of cerebral glucose metabolism assessed from FDG-PET data. 
Materials and methods. Multivoxel proton MRS of the supraventricular region was carried out in patients 
with AD (n = 16) and MCI (n = 14). The following metabolite ratios were determined: NAA/Cr, Cho/Cr, and 
NAA/Cho (NAA is N-acetylaspartate, Cr is creatine, and Cho is choline). Patients underwent neurological 
investigation, assessment of cognitive status, and PET scans with FDG. Results. Patients with AD showed 
decreases in NAA/Cr and Cho/Cr in the white matter of the medial cortex of the supraventricular areas of 
both hemispheres. The MCI group showed a decrease in the NAA/Cr ratio in only one area of the white mat-
ter of the left hemisphere, adjacent to the parietal cortex. Positive correlations were found between NAA/Cr 
and Cho/Cr with measures of cognitive status and with the rate of glucose metabolism measured from PET 
data in the frontal, parietal, and temporal areas and the cingulate cortex. Conclusions. The decrease in the 
NAA/Cr ratio in the supraventricular white matter and the medial cortex in AD and the correlation of this 
parameter with cognitive test results and cerebral glucose metabolism constitute evidence that it may have 
diagnostic value, refl ecting the severity of cognitive impairments. Assessment of the NAA/Cr ratio should 
be carried out with consideration of the fact that dementia alters the concentrations of both metabolites 
(NAA and Cr).
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 Introduction. The diagnosis of Alzheimer’s disease 
(AD) is one of the most serious in psychiatry. As the most 
widespread form of dementia in patients over 65 years of 
age, this neurodegenerative disease has onset with extreme-
ly minor symptomatology, which becomes manifest as an 
unstoppable decline in cognitive functions as the disease 
progresses. Short-term memory is affected fi rst, followed 
by long-term memory; speech functions are degraded; the 

ability to orient in the spatial environment is lost, as is the 
capacity for self-care; patients become desocialized [1].
 Current methods for treating AD ameliorate the symp-
toms, but do not provide a cure, which signifi cantly increas-
es the role of the early diagnosis of the disease, preferably 
at the preclinical stage. Along with cognitive tests and lab-
oratory investigations, the diagnosis of AD also uses neuro-
imaging methods: magnetic resonance imaging (MRI), and, 
more rarely (because of lower availability), positron emis-
sion tomography (PET) with different radiopharmaceuticals 
(RP) – both for assessment of β-amyloid accumulation, this 
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correlated with the number of amyloid plaques, tau protein, 
and nervous tissue density (cited in [12]). Decreases in NAA 
in the hippocampus, posterior cingulate cortex, and the GM 
of the parietal region are very characteristic of AD [12, 
13]. Data reported by Kantarci et al. [12] indicate that the 
NAA/Cr ratio in the superior temporal lobe and posteri-
or cingulate gyrus decreases in AD. As disease develops, 
changes in NAA become more widespread and are seen in 
the parietal, temporal, frontal, and occipital lobes [13, 14], 
i.e., virtually the whole cortex is involved in the process.
 Along with decreases in the NAA level in AD, there 
are also increases in the ratio of myoinositol (mI) to Cr 
(mI/Cr). mI is believed to be linked with increases in glial 
proliferation [14]. Data from a number of studies indicate 
that AD is associated with increases in mI content in the 
parietal lobe and posterior cingulate cortex, while changes 
in its content in the frontal cortex or WM are not seen [13]. 
Several studies [15–17] have revealed a combination of an 
increased mI level with a decrease in NAA. The increase 
in mI precedes the decrease in NAA. Pathomorphological 
studies have shown that the premortal NAA/Cr and mI/Cr 
levels correlate with the severity of AD, the strongest pre-
dictor of the severity of pathological changes in AD being 
the NAA/mI ratio.
 Views on the signifi cance of changes in Cho concentra-
tions in AD are contradictory. Some studies have observed 
increases in the Cho level [12, 18], while others have found 
no change [19]. Chantal et al. [20] reported a decrease in the 
Cho/H2O ratio in the medial temporal lobe in AD, though 
this could be explained by an increase in signs of hydro-
cephaly and, as a result, an increase in the water concentra-
tion. Wang et al. [13] found frequent increases in the Cho/Cr 
ratio in the posterior cingulate cortex in AD, though studies 
in which the Cho concentration was determined rather than 
its ratio to the contents of other metabolites did not fi nd any 
such changes.
 Signifi cant decreases in the NAA concentration and 
the NAA/Cr ratio in the hippocampus and posterior cingu-
late cortex were seen at the stage of moderate cognitive im-
pairment (MCI) subsequently progressing to AD [21]. The 
posterior cingulate cortex also showed a decrease in the Cr 
content. The Cho/Cr ratio could increase, probably due to a 
decrease in Cr, as studies in which the Cr concentration was 
estimated identifi ed a decrease [21]. Of particular practical 
interest is the ability to predict progression of MCI to de-
mentia. Thus, Zhang et al. [22] reported that patients with 
MCI subsequently progressing to AD, as compared with 
patients with MCI progressing to Lewy body dementia, 
showed more marked decreases in NAA/Cr in the posterior 
cingulate cortex.
 Despite numerous studies addressing MRS in cogni-
tive impairments, the diagnostic value of MRS in this pa-
thology remains unclear [24]. Clarifi cation of this point 
and improvement of our understanding of the pathogenetic 
mechanisms of cognitive impairments requires comparison 

being regarded as a key molecule in the pathogenesis of AD, 
and for assessment of glucose metabolism in the brain [2–4].
 The use of PET in the diagnosis of AD in Russia is 
hindered by the small number of PET centers in operation, 
which limits the number of RP used, and the costs of the 
investigation itself. In the present report, PET and proton 
magnetic resonance spectroscopy (MRS) were used, the ad-
vantage over MRI being obvious, as functional changes at 
the molecular level precede structural pathology visible on 
MRI scans.
 Proton MRS generally determines the content of 
N-acetylaspartate (NAA), choline (Cho), and creatine (Cr), 
assessing not their absolute concentrations but their relative 
contents. This is associated with the fact that although the 
concentration of a metabolite is linearly proportional to the 
area under the peak of the MR spectrogram, the latter de-
pends on many of the technical characteristics of the MR 
tomograph and the algorithms used for processing the data, 
the overlapping of the peaks of different substances, dis-
placement of the isoline, and the characteristics of the im-
pulse sequence used for recording spectra [5, 6].
 NAA is one of the most widespread amino acids in 
the central nervous system and is regarded as a surrogate 
marker for neural integrity, as it is present in neurons. NAA 
levels drop in diseases accompanied by nervous tissue dam-
age. NAA levels can decrease both in irreversible lesions to 
nervous tissue and in transient functional disorders which 
can then be corrected by treatment or can settle sponta-
neously [5, 6]. There is also an age-related decline in NAA 
content [7].
 The Cho peak is the sum of the peaks of the trime-
thylamine groups of phosphocholine and glycerophospho-
choline and the small quantity of free Cho. Large quantities 
of these substance are also seen in glial cells. Changes in 
their concentrations are linked with membrane degradation 
and synthesis: increases in Cho are typical of active demy-
elination, neuroinfl ammation, and other processes in which 
membrane degradation takes place. In addition, it can also 
be induced by active processes synthesizing cell membrane 
components [8, 9]. In the white matter (WM) of the brain, 
Cho contents are greater than in the gray matter (GM) [10]. 
Cho levels increase with age [7].
 The combined Cr + phosphocreatine peak is generally 
used as a reference, as its concentration in brain tissues is 
regarded as quite constant. Cr is involved in energy metab-
olism in muscle and nerve cells. Phosphocreatine probably 
operates as an energy buffer [6, 9]. Variation in Cr content is 
quite high: the level in the WM is signifi cantly lower than 
that in the GM [10]. The Cr content gradually increases with 
age in the frontal and parietal areas [7].
 Published data indicate that decreases in the NAA/Cr 
ratio are nonspecifi c and can be seen in different types of de-
mentia [6, 11]. Studies in 1992 identifi ed a reduction in NAA 
in nervous tissue in autopsy investigations of the brains of 
patients with AD as compared with controls: the NAA level 
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nals were suppressed using 10 saturation bands with auto-
matic PencilBeam-auto shimming and suppression of the 
water signal. Data were evaluated in SpectroView. Regions 
subjected to spectroscopic studies consisted of 8 × 9 voxels 
and included the WM and GM of the cerebral hemispheres 
(see Fig. 1).
 Voxels on tissue boundaries and those with low sig-
nal:noise ratios were not considered. Analysis of MRS de-
termined the anatomical position of the voxel: the study area 
was divided into nine regions of interest (RoI), six of which 
included WM, three in each hemisphere, and three includ-
ing the medial cortex (see Fig. 1, b). RoI in the medial cor-
tex consisted mainly of the cingulate cortex (the dorsal part 
of the anterior cingulate cortex – part of Brodmann areas 
(BA) 32 and 24 and the posterior cingulate gyrus (BA 23 
and 31) (see Fig. 1, b). This method of assessing MRS data 
and its advantages are discussed in greater detail in [26]. 
Metabolite ratios (NAA/Cr, Cho/Cr, and NAA/Cho) were 
calculated individually for each RoI.
 Selection of the supraventricular area was due both to 
the functional role of the cingulate gyrus and the technical 
features of MRS studies, as this location allows distortion of 
the signal by the intracerebral CSF-containing spaces to be 
minimized, thus increasing the signal:noise ratio.
 The cingulate gyrus was selected as a region of inter-
est for comparison of MRI scan and PET data because it is 
involved in supporting many cognitive processes, including 
executive functions [27], impairments to which are an im-
portant component in the pathogenesis of cognitive impair-
ments. Furthermore, a relationship between cognitive func-
tions and metabolite contents in the centrum semiovale has 
been demonstrated [27]. Executive dysfunction in particular 
can serve as a factor with adverse effects on treatment effi -
cacy, inducing decreases in patient compliance. Many stud-
ies have shown that one of the fi rst areas impaired in AD is 
the posterior cingulate gyrus [12, 13]. Primary lesions of the 
anterior cingulate gyrus are more typical of frontal-tempo-
ral degeneration [28]. It is important for differential diagno-
sis to assess the state of the GM in all parts of the cingulate 
gyrus and the adjacent WM.
 PET was performed only in groups with cognitive im-
pairments (because of ethical issues related to administra-
tion of RP without medical indications). Studies were run on 

of MRS with FDG-PET data, as this would allow the func-
tional state of nervous tissue to be evaluated. PET with FDG 
in AD shows a typical pattern of diffuse glucose hypome-
tabolism in the temporal and parietal lobes, the angular gy-
rus being at the center of the metabolic dysfunction. The 
lateral frontal cortex is also often involved in the process, 
though the precentral gyrus remains relatively uninvolved. 
The extent of hypometabolism correlates with the severi-
ty of the cognitive impairment, the most sensitive marker 
of the severity of dementia being the decrease in glucose 
metabolism in the parietal lobes. The specifi c pattern of 
metabolic dysfunction differentiates AD from other types 
of dementia, the mean sensitivity of PET in the diagnosis of 
AD being 91.5% [25].
 The aims of the present work were to carry out a com-
plex study of cerebral metabolism using multivoxel proton 
MRS and PET with FDG and to compare the data with re-
sults of investigations of cognitive functions using the ap-
propriate psychological tests and psychometric scales.
 Materials and Methods. MRS data from 16 patients 
(fi ve men and 11 women) with AD (mean age 70.3 ± 6.9 
years) and 14 patients (six men and eight women) with MCI 
(mean age 63.53 ± 10.23 years) were analyzed. There were 
no statistically signifi cant differences in age between the 
groups of patients. Controls consisted of MRS studies in 
healthy subjects of age similar to that of patients with cog-
nitive impairments. This was the “age norm” (AgeNorm) 
group and consisted of 10 subjects (two men and eight 
women) of mean age 54.5 ± 8.1 years. All patients under-
went standard neurological evaluation.
 The severity of cognitive impairments was assessed 
using the Mini Mental State Examination (MMSE), the 
Montreal Cognitive Assessment (MoCA), the Frontal Test 
Battery (FTB) with a maximum of 18 points, the clock 
drawing test with a maximum of 10 points, and the fi ve-
word memorization test for short-term memory. Cognitive 
test results are shown in Table 1. Cognitive impairments 
were diagnosed in accordance with the modifi ed criteria for 
MCI syndrome and ICD-10.
 Multivoxel MRS in the supraventricular area (Fig. 1) 
was run in the 2D-PRESS H-MRS (TR = 2000 msec) pro-
gram with voxel size 10 × 10 × 15 mm, with TE = 144 msec 
(TE is the time of echo, i.e., response time). Skull bone sig-

TABLE 1. Measures from Cognitive Tests in the Groups Studied, Points

Diagnosis
Mean cognitive test value

MMSE MoCA FTB clock drawing test 5 words 
memorization test

5 words 
memorization test, d/r

AD 18.79 ± 6.27 14.38 ± 5.40 13.0 ± 2.45 4.58 ± 2.17 3.58 ± 1.5 1 ± 0.71

MCI 26.72 ± 2.16 23.34 ± 3.76 14.81 ± 2.29 8.72 ± 1.71 4.78 ± 0.49 2.84 ± 1.65

AgeNorm 29.0 ± 1.0 28.40 ± 2.19 17.2 ± 0.84 10.0 ± 0.0 5.0 ± 0.0 4.0 ± 1.01

Here and Table 4: d/r – delayed reproduction of 5 words.
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mean metabolite ratios in the WM and GM for the supra-
ventricular plane (Table 2).
 Statistical analysis showed that the most marked de-
creases in MRS measures were seen in AD. The results are 
consistent with published data on decreases in NAA/Cr in 
AD and MCI [12, 13, 21, 22], and are also consistent with 
our own observations [33].
 FDG-PET data indicated that in AD (in contrast to the 
MCI group), GMR was decreased in the temporal (BA 20, 
22, 37), parietal (BA 7, 39, 40), frontal (BA 6, 8, 9, 10), and 
cingulate (BA 23, 24, 32) areas of the cortex on both sides 
(p < 0.001), which is consistent with published data [27].
 MRS results from different cerebral RoI (Table 3) 
showed that NAA/Cr and Cho/Cr values were different in 
different groups, the greatest decreases being seen in the AD 
group. In addition, regional variability was seen in the NAA 
content: both ratios including this metabolite were lower in 
the WM 1 and 4 than other areas of WM in all three groups. 
These results on decreases in NAA are consistent with data 
reported in [34], which addressed the NAA concentration in 
the supraventricular region and showed signifi cantly lower 
levels in the anterior and medial cortex and adjacent WM 
in patients with AD, the decrease in the GM being more 
marked than that in the WM. There was no difference in 

a Scanditronix PC2048 tomograph. FDG was given i.v. at a 
dose of 2–5 mCi, with scan duration 20 min starting 30–40 
min after administration. Quantitative analysis of the glu-
cose metabolic rate (GMR) was performed by transforming 
individual images to the coordinate space of the Talairach 
stereotaxic atlas [29] using Statistical Parametric Mapping 
software (SPM-8) [30]. The program WFU PicAtlas [31] 
was then used to compute the mean accumulation of RP in 
RoI corresponding to BA. Normalization used the primary 
sensorimotor cortex as the optimum reference for studies 
of dementia [32]. Thus, the statistical analysis used relative 
measures of GMR in the RoI listed above.
 Statistical analysis was run in Statistica for Windows 
11.0. Nonparametric statistics methods were used: the 
Mann–Whitney test and the Kruskal–Wallis test for com-
parison of PET and MRS data in the different groups and 
the Spearman correlation coeffi cient to identify correlation-
al relationships between MRS measures and PET data and 
cognitive tests.
 Results and Discussion. Figure 2 shows typical spec-
tra in the WM of the left hemisphere in patients of the three 
groups studied.
 The overall picture of the state of cerebral metabolism 
in the groups of interest could be assessed in terms of the 

Fig. 1. Regions of interest subjected to MRI scanning. a) Anatomical locations of 2D-multivoxel MRI scan voxels in the supraventricular region; 
b) groups of voxels in the supraventricular area for 9 regions of interest, 1–6 in the WM and 7–9 in the medial cortex.

Fig. 2. Examples of MR spectrograms in the WM of the letter from hemisphere in the three groups studied. Abscissas show spectral peak 
positions, ppm; ordinates show peak height, units; a) control group; b) MCA; c) AD.
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 Thus, NAA/Cr in the group of patients with dementia 
was signifi cantly lower than on all other groups, the great-
est differences being seen in comparison with the control 
groups. The Cho/Cr ratio was also lower in the group of pa-
tients with dementia, though only in two areas in the WM. 
The differences seen here were partially associated with 
age-related changes, as evidenced by the correlation with 
age, though it should be noted that patients’ ages also cor-
related with the severity of cognitive impairment and great-
er duration of disease.
 Comparison of metabolite ratios with measures from 
cognitive tests demonstrated multiple correlational relation-
ships (Table 4).
 Correlation of measures from cognitive tests with the 
Cho/Cr ratio were seen only in one area of the WM in the 
right hemisphere – WM 3 (r = 0.5, p < 0.05). Correlations 
obtained for these tests and NAA/Cr were consistent with 
the view that NAA is a marker for neuronal integrity.
 Comparison of MRS and PET data in specifi c study 
areas identifi ed correlations only for NAA/Cr and NAA/
Cho in GM 8 and GMR in BA 24 (r = 0.4, p < 0.01). GMR 
in functionally signifi cant areas – BA – was also compara-
ble, as was the ratio of the main MRS of metabolites in the 
WM of the corresponding hemisphere. Positive correlation-
al relationships (r = 0.4–0.6, p < 0.05) were seen between 
NAA/Cr and GMR in many BA; summary results are pre-
sented in Fig. 3.
 The NAA/Cho ratio in WM (WM 1, 2, 4, 5) and the 
medial cortex (GM 8, 9) correlated with GMR in the cin-
gulate cortex (BA 24), with r = 0.4, p < 0.01 on the right 
and left. Published data indicate that a decrease in glucose 
metabolism occurs in the cingulate gyrus in AD. In addi-
tion, we found a link between the NAA content and GMR in 
the cingulate gyrus in HIV-associated cognitive defi cit [29]. 
This suggests that the involvement of the cingulate gyrus 

NAA levels in the middle part of the medial cortex and WM 
in the AD and control groups.
 The only signifi cant difference between the MCI and 
AgeNorm groups was in the NAA/Cr ratio in the WM of 
the right hemisphere, neighboring the medial parietal cor-
tex (WM 6), and this ratio was lower in the MCI group. 
Decreases in the functional state of the parietal cortex de-
termined by FDG-PET are known to depend on the severity 
of cognitive impairment in dementia of any etiology. This 
may explain why this area showed a decrease in NAA/Cr in 
the MCI group. No signifi cant differences were seen in oth-
er parameters, which may be associated with the relatively 
high interindividual variability in metabolic indicators. This 
circumstance may also be linked with some subjects in the 
AgeNorm group having preclinical changes in brain tissues 
which in future would lead to cognitive decline.
 The Cho/Cr ratio was lower in the AD group than the 
other groups in only two areas of WM. The Cho/Cr ratio did 
not differ between the AgeNorm and MCI groups.
 As already noted, most studies evaluating MRS data 
use metabolite ratios rather than absolute concentrations. 
However, our observations indicate that the mean values of 
all peaks were lower in the AD group than the other groups, 
as can be seen in Fig. 2. This is probably associated with 
atrophic processes in nervous tissue (widening of perivas-
cular spaces and decreases in neuron density), which were 
more marked in the AD group. Thus, although it is incor-
rect to use the area under the curve to determine metabolite 
concentrations, the visible decreases in the densities of all 
peaks can have practical value for specialists assessing MR 
spectrograms, evidencing increases in atrophic processes.
 Metabolite ratios correlated negatively with patients’ 
age: NAA/Cr in WM 1–4 and 6 and GM 9 (r from –0.4 
to –0.6, p < 0.05), and Cho/Cr only in WM 4 (r = –0.4, 
p < 0.05).

TABLE 2. Mean MRS Values in the Supraventricular Space

Metabolite ratio
AD MCI AgeNorm

p*
mean SD mean SD mean SD

NAA/Cr

WM 1.78 0.18 1.93 0.17 2.05 0.19 <0.05

GM 1.45 0.16 1.53 0.11 1.59 0.12 <0.05

NAA/Cho

WM 1.97 0.25 2.02 0.29 2.11 0.23 <0.05

GM 1.68 0.19 1.80 0.24 1.83 0.20 <0.05

Cho/Cr

WM 0.90 0.09 0.96 0.13 0.96 0.09 –

GM 0.87 0.07 0.86 0.10 0.88 0.08 –

*p, Mann–Whitney test, comparison between groups of patients with AD and the other two groups.
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encephalopathy. Mielke et al. [37] compared FDG-PET data 
and MRS in 18 patients with AD and found weak correlations 
between GMR and Cho/Cr and NAA/Cho. O’Neill et al. [38] 
studied the interaction between cerebral glucose metabolism 
in the cerebral cortex using FDG-PET data and MRS in a 
group of 19 people including patients with dementia and cog-

is nonspecifi c and refl ects the general components in the 
mechanism of cognitive impairments of different etiologies.
 Studies comparing MRS and FDG-PET are few in num-
ber. Weissenborn et al. [36] reported positive correlations be-
tween glucose metabolism in the motor cortex with the Cr ra-
tio in the WM, GM, and basal ganglia in patients with hepatic 

TABLE 3. MRS Data in Different Structures of the Supraventricular Region in Groups of Patients

RoI
AD MCI AgeNorm p

(Kruskal–Wallis 
test)mean SD mean SD mean SD

NAA/Cr

WM 1 1.70 0.18 1.85 0.14 1.96 0.21 <0.01

WM 2 1.79 0.16 1.98 0.17 2.05 0.19 <0.01

WM 3 1.75 0.15 1.93 0.16 1.98 0.18 <0.01

WM 4 1.69 0.18 1.94 0.19 2.02 0.18 <0.01

WM 5 1.86 0.24 2.01 0.18 2.16 0.20 <0.01

WM 6 1.85 0.14 1.85 0.15 2.10 0.18 <0.01

GM 7 1.46 0.17 1.50 0.11 1.58 0.11 <0.01

GM 8 1.45 0.18 1.52 0.09 1.56 0.14 <0.01

GM 9 1.45 0.14 1.57 0.12 1.62 0.11 <0.01

Cho/Cr

WM 1 0.99 0.09 1.04 0.16 1.05 0.11 –

WM 2 0.91 0.08 0.97 0.15 0.94 0.10 –

WM 3 0.81 0.08 0.91 0.11 0.89 0.07 <0.05

WM 4 0.96 0.12 1.04 0.14 1.04 0.09 –

WM 5 0.88 0.06 0.96 0.12 0.96 0.09 –

WM 6 0.84 0.10 0.85 0.09 0.90 0.07 <0.05

GM 7 0.96 0.08 0.96 0.11 0.98 0.10 –

GM 8 0.88 0.05 0.87 0.10 0.89 0.07 –

GM 9 0.78 0.07 0.76 0.09 0.77 0.07 –

NAA/Cho

WM 1 1.72 0.21 1.80 0.29 1.87 0.18 –

WM 2 1.98 0.27 2.07 0.32 2.20 0.25 –

WM 3 2.16 0.22 2.12 0.27 2.22 0.24 –

WM 4 1.76 0.21 1.87 0.25 1.92 0.18 –

WM 5 2.09 0.29 2.09 0.31 2.22 0.25 –

WM 6 2.12 0.27 2.16 0.28 2.25 0.26 –

GM 7 1.52 0.18 1.58 0.25 1.63 0.19 –

GM 8 1.65 0.19 1.76 0.22 1.76 0.20 –

GM 9 1.86 0.20 2.07 0.24 2.11 0.20 <0.05
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the AD group), mainly with GMR in the ipsilateral parietal 
cortex (decreased glucose metabolism here is shown by 
published data to provide the most specifi c refl ection of in-
creases in the severity of impairment in AD [25]: on the 
right – WM 3 with GMR in BA 5, 7, 39–40 (r = 0.4, p < 
< 0.05); on the left – WM 5 with BA 7; in the frontal cortex 
– BA 9 (r = 0.4, p < 0.05). The positive correlations found 
in this study between Cho/Cr and GMR were at fi rst sight 
contradict the concept of Cho as a marker of membrane dis-

nitively normal patients. The relationships found between 
NAA concentration and GMR were interpreted as a link be-
tween GMR and neuron density in the cortex. Coutinho et al. 
[24] studied metabolism in the cingulate cortex in 32 patients 
with AD and 27 with MCI and found a decrease in NAA/mI 
and GMR in the posterior cingulate gyrus in AD, with region-
al glucose metabolism correlating with the NAA/mI ratio.
 Correlation of Cho/Cr with GMR was found only for 
areas WM 3 and 5 (those in which Cho/Cr was decreased in 

TABLE 4. Correlations of NAA/Cr with Cognitive Test Measures

RoI
MMSE MoCA FTB Clock drawing test 5 word memorization test

r p r p r p r p r p

WM 1 0.5274 0.0013 0.5517 0.0007 0.4226 0.0128 0.5184 0.0017 0.6333 0.0001

WM 2 0.6104 0.0001 0.6289 0.0001 0.5480 0.0008 0.5407 0.0010 0.6511 0.0000

WM 3 0.6212 0.0002 0.5741 0.0009 – – 0.5426 0.0019 0.4915 0.0058

WM 4 0.5133 0.0019 0.5690 0.0004 – – 0.5918 0.0002 0.5694 0.0004

WM 5 0.5112 0.0020 0.5681 0.0005 0.5698 0.0004 0.5335 0.0012 0.6120 0.0001

WM 6 – – – – – – – – 0.4999 0.0031

GM 7 – – – – – – – – 0.4274 0.0117

GM 8 – – – – – – – – 0.4732 0.0047

GM 9 0.5169 0.0021 0.4783 0.0049 – – 0.4052 0.0193 0.4784 0.0049

Fig. 3. BA in which GMR correlated positively with the NAA/Cr ratio. RH – right hemisphere; LH – left hemisphere.
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ruption. However, this may be associated with atrophy of 
nervous tissue, with the result that there are decreases in all 
peaks on MR spectrograms in AD. The Cho peak probably 
decreases more strongly than the Cr peak, which is present 
in quite large quantities not only in neurons, but also in glial 
cells [5, 8].
 A limitation of this study is the fact that analysis of 
MRS data is performed using traditional ratios between 
metabolite concentrations rather than their absolute values, 
and the magnitudes of parameters in this situation depend 
on the values of both the numerator and the denominator. 
However, determination of the absolute concentrations in 
MRS in vivo is technically diffi cult and is not generally 
used in clinical practice, while the analysis procedure used 
here can easily be included in the standard investigation 
protocol for this group of patients.
 Conclusions. Thus, results from studies of the supra-
ventricular region using MRS showed that NAA/Cr and 
Cho/Cr were decreased in patients with AD and correlated 
with measures of cognitive status. In addition, MRS mea-
sures correlated with glucose metabolism (FDG-PET data) 
in areas of the frontal, parietal, and temporal cortex key for 
AD, as well as in the cingulate cortex. As NAA is regarded 
as a surrogate marker for neuronal integrity, the correlations 
found here refl ect the interaction between the functional state 
of the cortex and the integrity of neural conductors in the su-
praventricular WM. The correlations with the results of cog-
nitive tests provide evidence that the NAA/Cr ratio may have 
diagnostic value, refl ecting the severity of the cognitive im-
pairments. However, the decrease in the NAA content in the 
supraventricular area was nonspecifi c for AD and correlated 
not only with cognitive impairments, but also with patients’ 
ages, and was also characterized by interindividual variabili-
ty. The use of multivoxel spectroscopy with a larger region of 
interest, along with use of other MRS protocols providing for 
determination of a wider range of metabolites, might allow a 
more specifi c metabolic pattern typical of AD to be identifi ed.
 The correlations found here for MRS measures and the 
rate of glucose metabolism and the results of cognitive tests 
suggest that monitoring of these values during the develop-
ment of cognitive defi cit may have diagnostic and prognos-
tic value. This could easily be achieved by supplementing 
standard MRI investigations with the MRS protocol, which 
contrasts with PET, which is expensive and requires the 
synthesis and administration of rapidly degrading RP and 
the associated radiation load on the patient.
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