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Abstract
Purpose The purpose of the study was the identification of
group and individual subject patterns of cerebral glucose
metabolism (CMRGlu) in patients with Alzheimer’s disease
(AD) and with amnestic mild cognitive impairment (aMCI).
Methods [18F]fluorodeoxyglucose positron emission to-
mography (PET) studies and neuropsychological tests were
performed in 16 aMCI patients (ten women, age 75±
8 years) and in 14 AD patients (ten women, age 75±
9 years). Comparisons between patient subgroups and with
a control population were performed using Statistical
Parametric Mapping.
Results Clusters of low CMRGlu were observed bilaterally
in the posterior cingulate cortex (PCC), in the precuneus, in

the inferior parietal lobule and middle temporal gyrus of
AD patients. In aMCI patients, reduced CMRGlu was
found only in PCC. Areas of low CMRGlu in PCC were
wider in AD compared to aMCI and extended to the
precuneus, while low CMRGlu was found in the lateral
parietal cortex in AD but not in aMCI patients. Individual
subject pattern analysis revealed that 86% of AD patients
had low CMRGlu in the PCC (including the precuneus in
71%), 71% in the temporal cortex, 64% in the parietal
cortex and 35% in the frontal cortex. Among the aMCI
patients, 56% had low CMRGlu in the PCC, 44% in the
temporal cortex, 18% in the frontal cortex and none in the
parietal cortex.
Conclusion This study demonstrates that both AD and
aMCI patients have highly heterogeneous metabolic im-
pairment. This potential of individual metabolic PET
imaging in patients with AD and aMCI may allow timely
identification of brain damage on individual basis and
possibly help planning tailored early interventions.
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Introduction

Reductions of cerebral glucose metabolism (CMRGlu) and
perfusion have been consistently reported in Alzheimer’s
disease (AD). The most commonly described diagnostic
hallmarks of AD when studied with neurofunctional
imaging techniques are bilateral reductions in CMRGlu
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and blood flow in the temporal and parietal association
cortices, posterior cingulate cortex and, in the advanced
stages of the disease, in the frontal association cortex. There
is typically a relative sparing of the primary sensori-motor
cortex [1–3]. This pattern of cortical dysfunction and
sparing has been reported also in the early stages of disease
[4, 5]. Therefore, CMRGlu on positron emission tomogra-
phy (PET) has been extensively used as a biomarker to
increase the specificity of the clinical diagnosis of AD and
to monitor disease progression [6]. An early and accurate
diagnosis is desirable as the benefits of therapy may be
diminished when treatment is delayed, missing the oppor-
tunity of maintaining the levels of cognitive and functional
ability as high as possible [7]. As neuronal degeneration in
AD begins several years before cognitive deficits become
manifest [8, 9], many studies are now aimed at identifying
sensitive and specific methods for the characterisation of
patients with preclinical AD, as those with mild cognitive
impairment (MCI) who are known to progress to clinical
AD in up to 25% of cases per year [10]. Amnestic MCI
(aMCI) patients belong to a subgroup of MCI subjects
characterised by significant memory deficits but who are
normal in other cognitive domains and are at higher risk of
developing dementia. Anyhow, not all patients with MCI
progress to AD-type pathology, as up to 30% develop other
neurologic disorders. Thus, the clinical definition of MCI is
not synonymous of pre-clinical AD [11]. Besides affecting
individual patients’ management, lack of appropriate
classification may significantly influence the outcomes of
pharmacological trials in which these patients are enrolled.
PET studies of regional CMRGlu in MCI subjects are still
limited but may represent a useful approach to identify
patients with prodromal AD when a ‘typical’ pattern of
temporo-parietal hypo-metabolism can be detected and
differential diagnosis from other diseases causing dementia
[6, 12]. Most studies have reported that MCI patients that
show patterns of CMRGlu reductions similar to those
observed in clinical AD patients have a high probability of
developing AD in the near future. It has also been shown
that longitudinal changes of CMRGlu occur in aMCI
patients converting to AD, who also present with a
characteristic pattern of metabolic abnormalities in the
hippocampal and parahippocampal cortex [13] and in the
parietal and posterior cingulate cortical areas before
developing dementia [14]. However, it remains to be
determined to what extent this typical pattern of hypo-
metabolism is detectable in individual patients.

The aims of this study were to identify individual
patterns of metabolic impairment in patients with AD and
aMCI and to assess the consistency of these patterns in
relation to the diagnosis, as well as the relationships
between patterns of glucose metabolism in AD and aMCI
groups.

Materials and methods

Patients selection

Thirty patients who fulfilled the criteria for AD or aMCI
(see below) were recruited at the Center for Research and
Treatment of Cognitive Dysfunctions, Institute of Clinical
Neurology, Department of Clinical Sciences “Luigi
Sacco” Hospital, University of Milan, between 2003 and
2006. They had been referred by general physicians,
neurologists or psychiatrists or from other institutions
because of cognitive impairment. All patients underwent a
diagnostic workup, routinely applied in the outpatient
clinic for clinical evaluation of patients with cognitive
impairment, which included an interview with the patient
and an informant, medical, psychiatric and neurological
examinations, structural neuroimaging and routine blood
screening.

All patients received the clinical dementia rating (CDR)
[15] and underwent a neuropsychological assessment
measuring global cognitive functioning (Mini-Mental State
Examination [MMSE], and Raven’s Coloured Progressive
Matrices 47), long-term verbal and spatial memory (Story
Recall, Rey–Osterrieth Complex Figure recall), visuospatial
abilities (Rey–Osterrieth Complex Figure copy, Clock
Design), executive functions (Weigl’s Sorting Test, Phone-
mic and Semantic Fluencies, Frontal Assessment Battery)
and attention (Number cancellation) [16].

Inclusion criteria Subjects were selected on the basis of the
following criteria: (a) Hachinski ischaemia score [17] less
than 4; (b) absence of organic brain pathology or organic
illness affecting the brain other than cognitive impairment
and absence of structural brain alterations on MRI; (c) no
significant history of head injury; (d) absence of major
systemic illnesses or medical complications, including
vitamin deficiency states, thyroid disorders, recent treat-
ment for neoplastic disease, poorly controlled diabetes
mellitus, kidney or liver disorders, serious cardiac diseases
or severe inflammatory diseases and sensory disorders (i.e.
blindness or deafness); (e) no history of drug or alcohol
dependence; (f) no psychoactive medication or treatment
that may affect cognitive function or brain metabolism.

Alzheimer’s disease AD was diagnosed according to Diag-
nostic and Statistical Manual of Mental Disorders, fourth
edition criteria [18] for dementia and National Institute of
Neurological and Communicative Disorders and Stroke/
Alzheimer’s Disease and Related Disorders Association
criteria [19] for probable AD.

Fourteen patients were enrolled: four men and ten
women, mean age at examination was 75±9 years. The
mean interval between onset of symptoms and the date of

1358 Eur J Nucl Med Mol Imaging (2008) 35:1357–1366



examination was 3.4±1.7 years. The mean for years of
formal education was 7.7±5.0 years (defined as years at
school plus years of apprenticeship or attendance at
technical school, college and university). The results of
neuropsychological tests are summarised in Table 1.

Amnestic mild cognitive impairment aMCI was diagnosed
according to the diagnostic criteria defined by Petersen et
al. [10]. These criteria include memory concerns, usually
reported by the patient and preferably corroborated by an
informant, objective memory impairment (i.e. a Z score
greater than 1.5 SD below the mean, adjusted for age and
education, on test measuring long-term memory), normal
general cognitive function (MMSE>24), normal activities
of daily living, CDR=0.5 and not demented [18, 19]. To
ensure that all subjects had the amnestic form of MCI,
impairment of a cognitive domain other than memory was
considered an exclusion criterion. Sixteen individuals were
included in the study. The mean age at examination was 75±
8 years; ten patients were female and six male. The mean
interval between onset of symptoms and the date of
examination was 2.1±1.6 years. The mean for years of
formal education was 9.1±4.5 years. The results of neuro-
psychological tests are summarised in Table 1.

Control subjects For comparison, seven elderly individuals
with well-documented normal cognitive function were
selected from our database. They were selected among
those undergoing a PET scan for cancer re-staging (NHL in
four cases, lung cancer, melanoma and colon in the other
patient), thus for reasons unrelated to cognitive deficits.
These subjects had no evidence of neurological impairment
based on intensive interviews, CDR=0, MMSE>28 and
normal scores on the same extensive psychometric tests

used to assessed cognitive-impaired subjects. Exclusion
criteria specific to these subjects were: (a) Hachinski
ischemia score [20] greater than or equal to 4; (b) evidence
of brain metastases or other organic brain pathology or
structural brain alterations on MRI; (c) evidence of
depression or abnormal score in the Montgomery Asberg
Depression Rating Scale; (d) history of head injury; (e)
presence of major systemic illnesses or medical complica-
tions, including vitamin deficiency states, thyroid disorders,
poorly controlled diabetes mellitus, kidney or liver dis-
orders, serious cardiac diseases or severe inflammatory
diseases and sensory disorders (i.e. blindness or deafness);
(f) history of drug or alcohol dependence; (g) psychoactive
medication or treatment that may affect cognitive function
or brain metabolism; (h) abnormal PET scan at visual
assessment.

All subjects gave their written informed consent after
adequate explanation of the procedure before PETexamination.

[18F]FDG PET imaging

PET imaging was performed using an ECAT ACCELL
scanner (Siemens Medical Systems, Enlargen, Germany)
equipped with lutetium oxyorthosilicate crystals. All
patients fasted for at least 4 h before examination to ensure
standardised glucose metabolism. An activity of 185–
370 MBq of [18F]fluorodeoxyglucose (FDG), depending
on the patient’s weight, was injected intravenously under
resting conditions with eyes closed and ears unplugged.
Attenuation-corrected brain scans were acquired 45 min
after [18F]FDG administration. To obtain transaxial images,
approximately parallel to the inter-commissural line (ante-
rior commissure–posterior commissure line), subjects were
positioned with the canthomeatal line parallel to the

Table 1 Patient characteristics and group performance in neuropsychological testing

AD aMCI Stat

Gender (male/female) 4:10 6:10 –
Age (year±SD) 75.0±9.2 74.9±7.6 n.s.
Education (year±SD) 7.7±5.0 9.1±4.5 n.s.
MMSE (mean±SD) 19.1±3.6 25.8±1.5 p<0.001
Story recall 1.4±1.5 6.2±3.7 p<0.001
Rey copy 11.6±7.3 32.9±3.1 p<0.001
Rey recall 1.5±1.5 2.4±2.7 n.s.
Weigl 5.1±4.3 8.4±1.0 p<0.05
FAB 5.6±1.6 14.8±2.3 p<0.001
Phonemic fluency 17.9±9.1 29.4±9.0 p<0.01
Semantic fluency 13.6±5.6 26.3±7.9 p<0.001
PM 47 16.6±6.6 25.5±4.8 p<0.001
Clock 4.6±1.0 8.5±1.3 p<0.001
Number cancellation 30.9±12.1 46.9±4.7 p<0.001

Data are given as mean±standard deviation (SD)
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detector rings. After data acquisition, corrections for
random, dead time and scatter were performed, and images
were re-constructed by filtered back-projection with a
Hamm filter (cutoff frequency 0.5 cycles per projection
element), resulting in 47 slices in a 128×128-pixel matrix.

[18F]FDG PET image analysis

All PET images were converted into ANALYZE format and
spatially normalised to match a standard stereotactic
anatomical space [21] with a voxel size of 2×2×2 mm,
using a 12-parameter affine (linear) and eight-parameter
quadratic (nonlinear) three-dimensional transformation, and
smoothed with an isotropic Gaussian kernel of 12 mm
using Statistical Parametric Mapping (SPM2-Wellcome
Department of Imaging Neuroscience, Institute of Neurol-
ogy, University College London, UK) programme imple-
mented in Matlab 6.0 (Mathworks, Natick, MA, USA) on a
Windows XP personal computer workstation. Global
counts were normalised by proportional scaling to remove
confounding effects due to global changes. Age was
modelled as a nuisance variable.

Group analyses Groups were compared on a voxel-by-
voxel basis using a two-sample t test. Significant differ-
ences between groups (i.e. AD vs. controls, aMCI vs.
controls and AD vs. aMCI) were examined at p<0.01 for
voxel height, uncorrected, and p<0.05 for cluster extent.
The choice of loose statistical criteria is related to the fact
that areas of cortical hypo-metabolism in AD and MCI is
expected, as already demonstrated by the literature, and we
were looking for differences among AD and MCI.

Single-subject analyses To assess regional cerebral meta-
bolic abnormalities in single subjects, each PET study was
analyzed separately according to a previously described
method [22]. The SPM{t} maps of each patient were then

converted to binary masks; in this way, new images were
created where each pixel could be either zero if the
corresponding cerebral region was normal or one if it was
abnormal. All the masks were summed together, to generate
a map of overlapping regions of metabolic impairment.

Results

Group analyses

AD patients vs. control subjects AD patients had significant
regional CMRGlu reductions in the posterior cingulate
cortex, precuneus and parietal and temporal lobes bilater-
ally (Table 2 and Fig. 1).

aMCI patients vs. control subjects aMCI patients showed
reductions in glucose consumption that were restricted to
the posterior cingulate cortex, with a lower level of
statistical significance than that observed in AD (Table 3,
Fig. 2).

aMCI patients vs. AD patients As compared to aMCI, AD
patients showed greater CMRGlu reductions in the tempo-
ral, parietal and occipital regions, bilaterally (Table 4,
Fig. 3).

Single-subject analyses

AD patients All AD patients showed at least one cluster of
significant hypo-metabolism in cortical regions “typical” of
AD. Eighty-six percent of AD patients (12 of 14) had lower
CMRGlu in the posterior cingulate cortex and 71% (10 of
14) in the precuneus. The temporal cortex was affected in
ten patients (71%) and the parietal cortex in nine (64%). In

Table 2 Group comparison: brain regions where [18F]FDG uptake in AD patients was lower than in control subjects

Region Talairach coordinates: x, y, z (mm) Brodmann area Local maximum Z score

Right cingulate gyrus 8, −34, 36 31 4.0
Left cingulate gyrus −8, −38, 36 31 3.8
Left precuneus −6, −72, 36 7 4.2
Left precuneus −30, −76, 36 19 3.4
Left inferior parietal lobule −40, −54, 48 40 5.1
Right inferior parietal lobule 42, −52, 44 40 3.0
Left middle temporal gyrus −44, −66, 16 39 3.2
Right middle temporal gyrus 62, −22, −10 21 3.4
Left superior temporal gyrus −52, −50, 10 22 3.1
Right superior temporal gyrus 60, −16, 2 22 3.2
Right lingual gyrus 10, −92, 0 17 3.7
Right angular gyrus 46, −62, 32 39 3.8
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five patients (36%), a reduction in metabolism was
observed in the frontal cortex (in four of these patients,
the low frontal CMRGlu was co-existent with temporal
and parietal CMRGlu). In only half of the patients (seven
subjects), a pattern of parietal and temporal hypo-
metabolism was clearly defined (Table 5, Fig. 4a).

aMCI patients Two patients had no voxels above the a
priori significance threshold. In nine subjects (56%), we
found a reduction in metabolism in the posterior cingulate
cortex; in seven (44%), reduction was observed in the
temporal cortex, mostly asymmetric (in three subjects, the
hypo-metabolism was in the right hemisphere, in three
subjects in the left hemisphere and in two subjects the
hypo-metabolism was bilateral); in three subjects, hypo-
metabolism was observed in the frontal cortex (one in the
left and one in the right hemisphere and one bilateral); three

subjects had impairment in the motor cortex (two bilateral
and one left hemisphere), three subjects in the anterior
cingulate cortex and one in the precuneus. None of them
had deficits of uptake in the parietal areas (Table 5,
Fig. 4b).

Case study

This 81-year-old independent woman (FAN in Table 5) had
a 3-year history of memory loss. Her past medical history
was normal. The neurological examination revealed bilat-
eral palmo-mental reflex and right extensor cutaneous
plantar reflex. Baseline investigations, including syphilis
serology, folic acid, vitamin B12, thyroid function and
electroencephalography (EEG), were within normal limits.
MRI revealed diffuse cortical atrophy and small lacunar

Table 3 Group comparison: AMCI lower than normal controls

Region Talairach coordinates: x, y, z (mm) Brodmann area Local maximum Z score

Right posterior cingulate 12, −66, 12 30 3.5
Left posterior cingulate −10, −62, 10 30 3.6
Right inferior frontal gyrus 26, 30, −22 11 3.8
Left inferior frontal gyrus −22, −34, −22 11 3.4
Right superior temporal gyrus 58, −12, 4 22 3.4
Left superior temporal gyrus −56, −8, 2 22 3.5
Right precuneus 2, −52, 32 31 3.5
Right lingual gyrus 6, −96, −2 17 4.0

Fig. 1 Statistical parametric
mapping projections superim-
posed on a standard 3D brain
showing regions of reduced
[18F]FDG uptake in AD patients
compared with control subjects
in mesial and lateral parietal
associative cortex

Eur J Nucl Med Mol Imaging (2008) 35:1357–1366 1361



infarcts in the subcortical white matter. The MMSE and
the CDR scored 25 and 0.5, respectively; the neuropsy-
chological assessment revealed impaired verbal and
visuospatial memory with sparing of all other cognitive
domains. aMCI was diagnosed. A PET scan was per-
formed (Fig. 5). SPM analysis showed a significant
reduction in [18F]FDG uptake bilaterally in the frontal
cortex (the right side more extended than the left side). A
focus of reduced uptake was also observed in the right
superior temporal cortex and in the left inferior parietal
lobe. Nineteen months later, a progression in memory
deficits was reported by her husband. At that time, the
autonomy on instrumental activity of daily living was
impaired. MMSE and CDR scored 17 and 1, respectively.
A second psychometric evaluation showed deficits on
tests exploring memory (Story and Rey recalls), semantic
fluency and attention. The EEG revealed diffuse slow (θ)
activity. On MRI, cortical atrophy had progressed, while
the small lacunar infarcts were unchanged. AD diagnosis
was established.

Discussion

In this [18F]FDG PET study, we examined the metabolic
patterns in AD and aMCI patients as compared to control
subjects and to each other, on a group as well as on an
individual basis. The single-subject comparisons are partic-
ularly relevant to the potential use of FDG PET in a clinical
diagnostic setting.

Consistent with previous findings, we found that AD
patients show reduced glucose metabolism in the posterior
cingulate, precuneus and parieto-temporal association areas.
However, on an individual basis, the pattern of parieto-
temporal hypo-metabolism was evident only in half of the
patients with a clinical diagnosis of AD. The brain region
most commonly hypo-metabolic in AD patients was the
posterior cingulate cortex, followed by the precuneus, the
temporal cortex, the parietal cortex and finally the frontal
cortex. These results suggest that the term ‘typical AD
pattern’ defines the overall population findings, while, in
individual subjects, the patterns of reduced tracer uptake

Table 4 Group comparison: AD lower than aMCI

Region Talairach coordinates: x, y, z (mm) Brodmann area Local maximum Z score

Left middle temporal gyrus −36, −76, 14 39 5.0
Right middle temporal gyrus 42, −70, 26 39 3.9
Left inferior parietal lobule −38, −46, 38 40 4.5
Right inferior parietal lobule 50, −52, 34 40 4.1

Fig. 2 SPM showing areas in
which aMCI subjects present
lower glucose metabolism than
the control subjects. In compar-
ison with Fig. 1, the areas of
hypo-metabolism are less wide-
spread and limited to the cuneus
and posterior cingulate
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may be quite variable. This heterogeneity was previously
reported in AD where metabolic profiles ranging from
bilateral temporal, bilateral parietal or bilateral parieto-
temporal hypo-metabolism or highly asymmetric temporo-
parietal hypo-metabolism or isolated posterior cingulate
hypo-metabolism were observed by various investigators
[23]. Our data indicate that [18F]FDG PET examinations of
individual patients should focus particularly on the presence
of hypo-metabolism in the posterior cingulate cortex and
precuneus, rather than on temporal and parietal association
cortices alone.

aMCI patients also showed impaired glucose metabolism
in the posterior cingulate cortex, consistent with previous
findings [14]. Metabolic reductions in the posterior cingu-
late cortex were found in most (56%) of our aMCI patients.
On the other hand, metabolic dysfunctions in the associa-
tive temporal cortical areas were observed in only seven
aMCI patients (44%), while none reached statistical
significance for lateral parietal cortex hypo-metabolism.
The posterior cingulate cortex has often been reported to be
involved in the early stages of AD [24–26]; therefore, our
finding in aMCI is consistent with the hypothesis that aMCI
is a pre-AD state. The involvement of the parieto-temporal
association cortex is typical of more advanced disease [14].
In our study, bilateral metabolic abnormalities in the
temporal–parietal and posterior cingulate cortex were found
in AD patients, while, in aMCI patients, the extent of hypo-
metabolism was more limited and did not involve the
parietal association cortex.

This study also demonstrates that besides the metabolic
impairment in the posterior cingulate, some aMCI patients
had areas of metabolic impairment in the frontal lobe without
a clearly defined ‘metabolic pattern,’ as shown by individual
voxel-based analysis. Differently from AD patients, in
whom the reduction in CMRGlu in frontal areas is usually
detectable when also the parietal deficits are evident,
suggesting an advanced stage of the disease, in aMCI
subjects, we found that two of them (FAN and MA) had a
reduction in FDG uptake in the frontal lobe (one asymmetric
and one bilateral, despite mild signs of diffuse cortical
atrophy on the MRI of both patients), without abnormalities
of FDG uptake neither in the posterior cingulate cortex nor in
the temporal cortex, which suggests that early fronto-
temporal dementia (FTD) rather than early AD may be
present [27]. Another patient (VL) had a reduction in
uptake in the posterior cingulate cortex and in the frontal
lobe. This may be due to dual pathology (AD and FTD), an
atypical appearance of FTD or to a frontal lobe variant of
AD. Further clinical follow-up and, ultimately, autopsy
verification will be needed to resolve these possibilities.

We observed not only the lack of symmetrical hypo-
metabolism, except in two cases, but also a broad
heterogeneity of focal alterations and their combinations.
In our study, the principal hallmarks associated with the
clinical diagnosis of aMCI versus AD were the general lack
of parietal hypo-metabolism and significant heterogeneity
of focal hypo-metabolism in areas that become involved at
later AD stages.

Fig. 3 SPM images showing
differences in metabolic pattern
in AD versus aMCI patients. In
AD patients, a reduction in the
lateral association cortex can be
seen
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Among the aMCI patients, in two subjects, we could not
identify any cluster of metabolic impairment, suggesting
that neuropsychological assessment and neurofunctional
imaging are not strictly correlated.

Since reductions in posterior cingulate metabolism are
considered a major risk factor for developing AD among
aMCI patients [24, 28], follow-up examinations of our
patients are necessary to assess whether the patients with
posterior cingulate cortex abnormalities will go on
developing dementia, while those with more heteroge-
neous abnormalities will remain stable or develop other
dementias. Similarly, follow-up will be necessary to
determine whether the aMCI subjects without posterior
cingulated CMRGlu reduction have non-progressive
courses or whether an alternative neurological explanation
for memory complaint is identified.

Although the findings of this study are consistent with
other studies on AD and MCI patients, a major difference
needs to be discussed. We choose to study neurologically
normal subjects by selecting them among those referred for
a PET scan for reasons not related to cognitive functions.
Obviously, those are ‘patients’ and not ‘globally’ normal
individuals; nevertheless, they were normal on extensive
neuropsychological evaluation, which excluded cognitive
dysfunction and depression. By doing this, we did not
submit normal subjects to the radiation exposure that would
derive from a PET investigation. Most of our control
subjects were exposed to recent chemotherapy for cancer:
whether and how this, as well as having cancer, might
influence brain uptake of [18F]FDG is not known in details.
Secondary depression is common in oncology patients, and
this may influence brain uptake of the tracer even when

Table 5 Single-subject analyses

Patient PCu pGC aGC Th Parietal lobe Temporal lobe Frontal lobe

S I S M S M I D

AD
BG X X X
BR X X X
CG X X X
CB X X L X L
CG X L X
LT X X X R
LM X X X R R X X
ME X X X
NO X X X
OC X R R
PP X X L X L
TR X X X R X X R
UM X X R R R X R R
ZA X X X
aMCI
BU X X
DCM
DL X R
EG X X
FAN R X X X
FAL X X X
GA X R
IP X L
MA L
MI
PJ X
RM X L
SL X
SS X
TB
VL X R X

The table shows the areas of metabolic impairment detected in each patient. If the cell is blank, no significant abnormalities were detected.
PCu Precuneus, pGC posterior gyrus cinguli, aGC anterior gyrus cinguli, Th thalamus, X bilateral, L left, R right, S superior, M middle, I inferior,
D mesial

1364 Eur J Nucl Med Mol Imaging (2008) 35:1357–1366



patients do not present with psychiatric symptoms [29].
This can represent a limitation of this study, and along
with the low number of control subject we used, may
explain the limited extension of the hypo-metabolic

regions both in AD and MCI patients and reduce the
accuracy of our findings.

In conclusion, this study demonstrates that individual
AD and aMCI patients show highly heterogeneous distri-

Fig. 5 a [18F]FDG images and
b SPM glass brain of a patient.
A severe reduction in glucose
consumption in the frontal areas
is observed. At the moment of
PET scan, the neuropsychologi-
cal assessment classified the
patient as aMCI, with a MMSE
of 25. Nineteen months later, a
diagnosis of AD was made

Fig. 4 Overlap of metabolic impairment. The color bar indicates the
percentage of subjects with overlapping areas of individual metabolic
impairment in a 14 AD patients and b 16 aMCI patients. The color
scale ranges between 0% (areas where no patient has metabolic
impairment) and 100% (areas where all patients show a statistically
significant metabolic impairment). It can be seen that almost all AD

patients have a significant reduction in [18F]FDG uptake in the
posterior cingulate, more than 50% have a reduction in the parietal
cortex, about 25% have a reduction in the lateral frontal lobe and very
few have a reduction in the mesial frontal lobe. aMCI patients present
with a more heterogeneous pattern of metabolic impairment with the
posterior cingulate most often impaired
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butions of metabolic impairment. Nevertheless, the consis-
tency of hypo-metabolism in the posterior cingulated
cortex, together with absence of abnormality outside of
the areas ‘typically’ involved in AD, may be sufficient to
identify individual subjects who will have a progressive
course of cognitive decline. This may be of great clinical
relevance as it would allow timely identification of AD and
pre-AD brain damage and help guide early treatment
interventions. At present, other measures such as neuro-
psychological evaluation, biochemical markers and geno-
typing have failed to provide reliable differentiation of
aMCI patients with respect to individual prognosis [25].
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