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Abstract
Objective: Functional decline in daily life is a common difficulty among patients with
dementia. Nevertheless, little is known about the neural correlates of functional decline.
We hypothesized that functional impairment is associated with metabolic abnormalities in
distinct regions in cases of Alzheimer’s disease (AD) and frontotemporal dementia (FTD).
Methods: After 49 patients with AD, 13 patients with FTD, and 21 normal participants
underwent a [18F] fluorodeoxyglucose (FDG)-positron emission tomography scan, we
evaluated the relations between functional decline measured using Functional Assessment
Staging (FAST) and regional cerebral glucose metabolism from voxel-based analyses.
Results: In patients with AD, we found significant negative correlation between FAST scores
and [18F] FDG uptake in the parietal cortex, temporal cortex, cingulate cortex and precuneus.
By contrast, for patients with FTD, we found significant negative correlation in the frontal
cortex, anterior cingulate cortex, and claustrum.
Conclusions: This study identified relations between the functional decline and regional
brain hypometabolism, respectively, in patients with AD and FTD.
Keywords
Alzheimer’s disease; Frontotemporal dementia; [18F] Fluorodeoxyglucose-positron emission
tomography scan, Functional decline
Introduction
Dementia, characterized by progressive
impairment of cognition involving memory and
at least one other cognitive domain (language,
visuospatial, executive function) [1], reportedly

affects 47 million people worldwide and costs
an estimated 818 billion dollars annually [2].
Its high prevalence, progressive nature, and
extensive requirements for care and social
support all combine to make the disease a public
health crisis.
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Dementia can result from several diseases. In
elderly patients (≥ 65 years old), Alzheimer
disease (AD) is the most common cause of
dementia [3], but in younger patients (< 65 years
old), frontotemporal dementia (FTD) is also
a common cause of dementia, occurring with
similar frequency to that of AD [4]. Actually, AD
is characterized by memory impairment, whereas
FTD is characterized by prominent changes in
social behavior and personality as well as aphasia
accompanied by frontal and/or temporal lobe
degeneration [5].
Regional brain glucose hypo-metabolism, known
as a biomarker for dementia syndrome, can be
measured using [18F]fluorodeoxyglucose ([18F]
FDG) PET, which is regarded as a reliable tool for
diagnosing dementia [6] because spatial patterns
of brain glucose hypo-metabolism are specific
for each type of dementia, reflecting underlying
regional synaptic dysfunction [7]. Particularly,
([18F])FDG-PET is useful to differentiate
AD from FTD: AD causes hypometabolism
predominantly in posterior regions [8].
By contrast, FTD causes hypometabolism
predominantly in anterior regions [9].
Functional impairment, another important
aspect of dementia syndrome, can be more
important than cognitive dysfunction itself
because severe functional impairment directly
engenders intensive need for care and support.
Especially, it plays a key role in the assessment
of FTD because, as described above, it is
characterized by impairment in social function.
Nevertheless, few studies have specifically
examined functional impairment in FTD.
Although studies have been few, they have
consistently
demonstrated
dementia’s
devastating effects on functional capability. For
example, Rosen et al. and Mioshi et al. have
reported that functional impairment in FTD
is more severe than that typically seen in cases
of AD independent of cognitive dysfunction
[10,11]. Furthermore, Rascovsky et al. reported
that the progression of functional decline occurs
more rapidly and more severely in patients with
FTD than in patients with AD [12].
Despite the strong effects of functional disability
on patients with FTD and their caregivers, its
biological underpinnings have only rarely been
addressed. Only two reports of the relevant
literature describe studies investigating the neural
correlates of functional disability in FTD. From
one study, Chow et al. found correlation between
thalamic atrophy and functional disability using
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structural MRI [13]. In the other study, Mioshi
et al. demonstrated that specific frontal-thalamic
areas are associated with activities of daily
living (ADL) performance in FTD, although
widespread cortical atrophy was found for AD,
again, using structural magnetic resonance
imaging (MRI) [14]. Nevertheless, by its nature,
structural MRI cannot assess brain function. It
evaluates cerebral atrophy, a nonspecific result of
neuronal damage. Atrophy does not necessarily
represent actual brain function [15].
This study was conducted to examine the
association between the severity of functional
disability and regional brain dysfunction assessed
using [18F]FDG-PET. The important motivating
hypothesis for this study is that functional
impairment is associated with metabolic
abnormalities in distinct regions in AD and
FTD.
Method
 Participants

From Hamamatsu Medical Center, 83 elderly
people were recruited, including 21 healthy
controls, 49 patients diagnosed with AD, and 13
patients diagnosed with front-temporal dementia
(FTD). The diagnosis of AD was based on
criteria of the National Institute of Neurological
and Communicative Disorders and Stroke
– Alzheimer’s disease and Related Disorders
Association (NINCDS/ADRDA) [16] and the
Diagnostic and Statistical Manual of Mental
Disorders – IV (DSM-IV) [1]. For diagnosis of
FTD, the Lund and Manchester criteria were
used [17]. The existence of schizophrenia, mood
disorder, and anxiety disorder was ruled out. Of
these patients, 13 were taking a stable dose of
cholinesterase inhibitor medication. Functional
disability was measured using FAST [18]. The
Mini Mental State Examination (MMSE) was
also applied for assessment [19].
The Ethics Committee of Hamamatsu Medical
Center approved this study. Written informed
consent was obtained from all participants before
enrollment.
 MRI scanning

Because PET analysis examines the whole brain
structure for each participant, all participants
underwent three-dimensional MRI using a static
magnet (0.3 T MRP7000AD; Hitachi Ltd.,
Tokyo, Japan) with the following acquisition
parameters: three-dimensional mode sampling,
repetition time (TR)/echo time (TE) (200/23),
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75° flip angle, 2-mm slice thickness with no gap,
and 256 × 256 matrices. The MRI measures and
a mobile PET gantry allowed us to reconstruct
PET images parallel to the intercommissural
(ACPC) line without reslicing [20].
 PET scan and image data acquisition

PET imaging allowed us to visualize the glucose
metabolism and amyloid deposition in the
living human brain. All participants underwent
PET measurement immediately after threedimensional MRI. We used a high-resolution
brain PET scanner (SHR12000; Hamamatsu
Photonics K.K., Hamamatsu, Japan) [21]. After
head fixation using a thermoplastic face mask,
we applied a 10-min transmission scan. Then, 40
serial PET scans (time frames: 12 × 10, 18 × 60,
and 10 × 300 s) were performed for 70 min after
injection of 5 MBq [11C]Pittsburgh compound
B(PIB)/kg. Later, a static 15-min PET scan was
performed 45 min after injection of 1.2 MBq/
kg dose of [18F]-FDG. To evaluate the glucose
metabolism, a semiquantitative ratio index of
[18F]-FDG was calculated as the standardized
uptake value ratio (SUVR) [22]. The obtained
[18F]-FDG SUVR parametric images were
used for voxel-wise analyses. To assess amyloid
deposition, binding potentials of [11C]-PIB were
estimated as SUVR [23]. [11C]PIB-SUVR in the
precuneus was quantified using the cerebellum
as a reference (value of 1000 in the cerebellum).
 Statistical Analysis

Chi-square tests were used to analyze group
differences in sex and the use of anticholineregic
drugs. Because the age and education history
were approximately normally distributed for
each group, one-way ANOVA was applied to
determine group differences with subsequent
Turkey post hoc tests if necessary. However,
the MMSE scores were at the ceiling; the FAST
scores were at the floor in the healthy control
group (HC). In addition, [11C]PIB-SUVR in
the precuneus was not normally distributed.
Therefore, we used a nonparametric approach.
Kruskal–Wallis H test was applied to verify
group differences, followed by Mann–Whitney
U post hoc tests if needed. Statistical significance
was inferred for < .05 for all analyses other
than post hoc analysis. For post hoc analysis,
statistical significance was inferred for < .016
after Bonferroni correction.
SPM8 was used for voxel-wise analysis. For the
SPM analysis, because of the exploratory nature
of this study, we chose whole-brain analysis
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rather than region of interest (ROI) analysis. All
[18F]FDG-SUVR parametric images were first
normalized to the MNI space and were smoothed
with an isotropic Gaussian kernel of 8 mm. For
AD participants together with HC participants
(n = 70) and FTD participants together with
HC participants (n = 34), correlation analyses
were applied between results of the FAST scores
and [18F]FDG-SUVR. Voxel-based correlations
were computed using a regression model with
the statistical threshold set at < .05 family wise
error (FWE) corrected for peak height.
Results
 Participants

We found a significant difference between FAST
scores obtained under different conditions
(H(2) = 46.52, p = .001). Post-hoc analysis
results indicate that the FAST scores were
significantly higher for AD and FTD groups
than for the HC group. Similarly, we found
a significant difference between the MMSE
scores obtained under different conditions
(H(2) = 47.56, p = .001). Post-hoc analysis
results indicate that the MMSE scores were
significantly higher for AD and FTD than
HC. In addition, the MMSE scores were
significantly higher for AD group than for
FTD. Results are presented in Table 1.
 Voxel-based correlations analysis

between [18F]FDG-SUVR parametric
images and FAST scores in AD and control
participants (n =70)
We found significant negative correlation
between [18F] FDG-SUVR and FAST scores
in the cingulate cortex, temporal cortex, and
parietal cortex in AD (Figure 1, Table 2).

 Voxel-based correlations between [18F]

FDG-SUVR parametric images and FAST
scores in FTD and control participants (n
=34)

We found significant negative correlation
between [18F]FDG-SUVR and the FAST scores
in the frontal cortex, left anterior cingulate cortex
and right claustrum in FTD (Figure 2, Table 3).
Discussion
We demonstrated that hypometabolism in
disease-specific regions is related to functional
impairment in patients with AD or FTD.
Particularly in patients with AD, we found
443
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Table 1: Characteristics of participants.

n
Age
Education
Sex (Female/Male)
ChE-I

HC
21
67.9 (7.4)
10.8 (2.3)
13/8
0

AD
49
67.5 (8.5)
11.7 (2.4)
28/21
10

FTD
13
63.9 (6.9)
11.2 (2.6)
6/7
3

p (H) values

Intergroup Comparison
HC vs. AD
HC vs. FTD

AD vs. FTD

<0.016&
<0.016&
<0.016&

0.84&
<0.016&
<0.016&

0.30*
0.20*
0.66#
0.07#

FAST
1.0 (0.0)
4.0 (1.0)
3.9 (1.2)
< 0.05$
MMSE
28.9 (1.3)
18.2 (5.1)
21.8 (5.2)
< 0.05$
11
C-PiB SUVRs
1.35 (0.3)
2.20 (0.3)
1.27 (1.6)
< 0.05$
11
[ C]PiB-SUVR in the precuneus were provided as a ratio using the cerebellum as a reference.

<0.016&
<0.016&
0.37&

Values are given as mean (standard deviation).
One-way ANOVA
#
Chi-square test
$
Kruskal–Wallis H test
&
Mann–Whitney U-test
HC, healthy controls; AD, Alzheimer disease; FTD, frontotemporal dementia; ChE-I, cholinesterase inhibitor; FAST, functional assessment staging;
MMSE, mini mental state examination
*

Figure 1: Correlation between the FAST scores and FDG uptake in AD.
Statistical parametric maps showing negative correlation between regional cerebral
glucose metabolism and FAST for AD. The SPM threshold was set at p < .05 FWE corrected:
R, right; L, left; O, occipital; F, frontal.

significant negative correlations between FAST
scores and [18F]FDG uptake in the parietal
cortex, temporal cortex, cingulate cortex, and
precuneus. In patients with FTD, we found
significant negative correlation in the frontal
cortex, anterior cingulate cortex, and claustrum.
In patients with AD, we found negative
correlation between FAST and [18F]FDG uptake
over widely various regions. Specifically, the
444
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FAST scores are negatively correlated with [18F]
FDG uptake in the parietal cortex, temporal
cortex, cingulate cortex, and precuneus. This
finding is largely congruent with those of earlier
studies. For example, Salmon et al. found negative
correlation between instrumental activities of
daily living (IADL) score and brain metabolism
in inferior parietal, inferior temporal, and
superior occipital cortices in patients with AD
[24]. Furthermore, lesions in the parietal area
are known to cause Gerstmann syndrome: finger
tap agnosia, alexia, acalculia, agraphia, and left–
right confusion [25]. Of course, those symptoms
interfere with everyday life activities. Similarly,
cortical atrophy in the temporal area is known
to be associated with apathy in individuals with
mild cognitive impairment (MCI) [26]. Apathy
is predictive of impaired everyday functioning in
AD [27]. The precuneus is involved in various
functions such as attention and memory [28],
which are known to play crucially important roles
in everyday functioning [29,30]. Focal damage to
the posterior cingulate cortex is known to cause
impaired spatial cognition [31]. It might directly
engender functional decline. Taken together,
for patients with AD, one can infer that diffuse
pathologic changes in the brain might combine to
impair their functional capability.
In patients with FTD, we found negative
correlation between FAST and [18F]FDG uptake
in a limited region (in the frontal cortex, anterior
cingulated, and claustrum) compared to the AD
group. Although it has been hypothesized that
prominent functional decline in patients with
FTD is a result of executive dysfunction resulting
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Table 2: Brain areas with negative correlation between regional cerebral glucose metabolism and FAST in AD.
Cluster size
3116

x
y
z
Localization
Hemisphere
Z score
6
-40
32
cingulate gyrus
R
10<
-2
-40
36
cingulate gyrus
L
7.53
-2
-54
28
posterior cingulate
L
7.06
1401
60
-38
-20
inferior temporal gyrus
R
6.91
58
-20
-24
sub-gyral
R
6.14
2115
50
-60
46
inferior parietal lobule
R
6.77
50
-66
38
angular gyrus
R
6.70
44
-74
42
precuneus
R
5.88
1374
-40
-68
40
angular gyrus
L
5.89
203
-56
-44
-12
middle temporal gyrus
L
5.18
19
38
-32
-14
sub-gyral
R
4.59
Cluster sizes and anatomical locations of peak voxels in each cluster were provided. Coordinates (x, y, z, in millimeters) refer to a MNI standard
stereotactical space in SPM.
(threshold p < .05 FWE corrected) R, right; L, left

Table 3: Brain areas with negative correlation between regional cerebral glucose metabolism and FAST in FTD.
Cluster size
x
y
z
Localization
Hemisphere
Z score
24
-24
66
14
superior frontal gyrus
L
4.90
7
58
20
40
middle frontal gyrus
R
4.84
9
54
46
10
middle frontal gyrus
R
4.82
15
-2
38
-16
anterior cingulate
L
4.75
6
-14
58
38
superior frontal gyrus
L
4.67
4
-44
54
6
middle frontal gyrus
L
4.56
7
34
18
-10
claustrum
R
4.55
1
-42
58
4
middle frontal gyrus
L
4.47
Cluster sizes and anatomical locations of peak voxels in each cluster were provided. Coordinates (x, y, z, in millimeters) refer to an MNI standard
stereotactical space in SPM.
(threshold p < .05 FWE corrected) R, right; L, left

from frontal lobe damage [32-34], the biological
underpinnings have not been studied sufficiently.
This report is the first to describe a relation between
frontal lobe dysfunction and functional decline in
FTD. Results show negative correlations in the
anterior cingulate and claustrum. It is particularly
interesting that the Von Economo neurons
(VENs), large bipolar neurons richly represented in
these regions [35,36], are known to be specifically
and highly degenerated in patients with FTD [37].
In addition, degeneration of VENs has been shown
to be associated with impairment of self-awareness
[37,38]. Given that regional brain hypometabolism
reflects local synaptic dysfunction, a relation might
be observed between the degeneration of VENs and
functional decline via impairment of self-awareness
(e.g., neglect of hygiene).
Our study has some limitations. First, although
FAST is the most widely used instrument to
measure functional decline, it was designed
initially for AD studies, not for FTD studies. For
that reason, the reliability of FAST for measuring
functional decline in individuals with FTD is not
known. Second, the FTD sample size was small.

Figure 2: Correlation between the FAST scores and FDG uptake in FTD.
Statistical parametric maps showing the negative correlation between regional cerebral glucose
metabolism and FAST for FTD. The SPM threshold was set at p < .05 FWE corrected: R, right; L, left;
O, occipital; F, frontal.

445

Research

Tetsu Hirosawa
Conclusion
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