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Abstract

Objective In clinical cerebral 2-["*F]fluoro-2-deoxy-p-
glucose positron emission tomography (FDG-PET)
studies, we sometimes encounter hyperglycemic patients
with diabetes mellitus or patients who have not adhered
to the fasting requirement. The objective of this study
was to investigate the influence of mild hyperglycemia
(plasma glucose range 110-160 mg/dl) on the cerebral
FDG distribution patterns calculated by statistical para-
metric mapping (SPM).

Methods We studied 19 healthy subjects (mean age 66.2
years). First, all the subjects underwent FDG-PET scans
in the fasting condition. Then, 9 of the 19 subjects (mean
age 64.3 years) underwent the second FDG-PET scans
in the mild hyperglycemic condition. The alterations in
the FDG-PET scans were investigated using SPM- and
region of interest (ROI)-based analyses. We used three
reference regions: (1) SPM global brain (SPMgb) used
for SPM global mean calculation, (2) the gray and white
matter region computed from magnetic resonance image
(MRIgw), and (3) the cerebellar cortex (Cbll).

Results The FDG uptake calculated as the standardized
uptake value (average) in SPMgb, MRIgw, and Cbll
regions in the mild hyperglycemic condition was 42.7%,
41.3%, and 40.0%, respectively, of that observed in the
fasting condition. In SPM analysis, the mild hyperglyce-
mia was found to affect the cerebral distribution pat-
terns of FDG. The FDG uptake was relatively decreased
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in the gray matter, mainly in the frontal, temporal, and
parietal association cortices, posterior cingulate, and
precuncus in both SPMgb- and MRIgw-reference-based
analyses. When Cbll was adopted as the reference region,
those decrease patterns disappeared. The FDG uptake
was relatively increased in the white matter, mainly in
the centrum semiovale in all the reference-based
analyses.

Conclusions 1t is noteworthy that the FDG distribution
patterns were altered under mild hyperglycemia in SPM
analysis. The decreased uptake patterns in SPMgb-
(SPM default) and MRIgw-reference-based analyses
resembled those observed in Alzheimer’s disease. Under
mild hyperglycemia, we can recommend Cbll as the
reference region to detect decreased uptake patterns.
We should pay special attention to controlling the diet
condition, monitoring hyperglycemia, and optimizing
the reference region in SPM analysis, particularly in the
diagnosis of early Alzheimer’s disease in clinical
FDG-PET.

Keywords FDG-PET - Mild hyperglycemia -
Distribution pattern - Statistical parametric mapping -
Alzheimer’s disease

Introduction

Cerebral 2-["*F]fluoro-2-deoxy-p-glucose positron emis-
sion tomography (FDG-PET) examinations are widely
used for the diagnosis of neurological disorders such as
dementia, epilepsy, and tumors. A high plasma glucose
level and diet-enhanced FDG uptake by extra-brain
tissues decrease the FDG uptake in the brain and reduce
the quality of brain images [@]. So the examinations
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are usually carried out after a 4-6-h fast to give a low
plasma glucose concentration. However, FDG-PET is
sometimes carried out in hyperglycemic patients with
diabetes mellitus, or in patients who have not adhered
to the fasting requirement. Nevertheless, in most cases,
the glucose level is still less than the criterion of hyper-
glycemia (plasma glucose > 160 mg/dl) as described in
the “European Association of Nuclear Medicine Proce-
dure Guidelines for Brain Imaging using [*FIFDG” [
In such mild hyperglycemic cases, it is usually assumed
that the FDG distribution pattern in the brain in the
fasting condition is maintained regardless of plasma
glucose levels.

In recent years, clinical examinations require the
detection of subtle abnormalities of regional cerebral
FDG uptake in patients with neurological disorders
such as early Alzheimer’s disease and refractory focal
epilepsy. Usually, static (semi-quantitative) images of
FDG are used, and when data from age-matched normal
controls are available, the data from each patient are
evaluated by statistical approaches such as statistical
parametric mapping (SPM) and three-dimensional
(3D) stereotactic surface projection (3D-SSP) techni-
ques [E].

In the course of the SPM analysis in the FDG-PET
studies, we have encountered patients who had not fasted
but whose plasma glucose level was no more than
160 mg/dl. However, the results of the SPM analysis
sometimes showed abnormalities different from the clin-
ical presentation.

With regard to the relationship between cerebral
glucose metabolism and the plasma glucose level,
Hasselbalch et al. ﬂ measured the global cerebral meta-
bolic rate of glucose (CMRglc) and regional CMRglc
(rCMRglc) on the basis of the Sokoloff model [B] in
normoglycemic control condition (plasma glucose
97 mg/dl) and in an acute hyperglycemic condition
(270 mg/dl) in six normal subjects. They reported that
during acute hyperglycemia, when compared with the
normoglycemia, with the exception of a significant
increase (42%) in the white matter in the centrum semi-
ovale, the global CMRglc and rCMRglc in the cortical
and subcortical gray matter regions did not change.
However, if a significant increase occurs unexpectedly in
the white matter in the centrum semiovale during hyper-
glycemia, as demonstrated by Hasselbalch et al. [[g], the
subjects whose plasma glucose level is not controlled to
the fasting level may be erroneously diagnosed by the
statistical approaches. Therefore, it is necessary to inves-
tigate whether the plasma glucose levels alter the regional
cerebral FDG uptake, thereby possibly influencing the
FDG distribution patterns obtained by using the statisti-
cal approaches.
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In the present study, we focused on the glucose levels
less than the aforementioned criterion of hyperglycemia
(>160 mg/dl) [[]. As a fasting glucose level from 70 mg/dl
to 109 mg/dl in plasma is generally considered to be
normal, we defined the plasma glucose level from 110 mg/
dl to 160 mg/dl as mild hyperglycemia.

The objective of this study was to investigate the influ-
ence of plasma glucose levels within the mild hyper-
glycemia on the cerebral FDG distribution patterns,
particularly the patterns obtained by using SPM
analysis.

Materials and methods
Subjects and conditions

We studied 19 healthy subjects (6 men and 13 women)
with a mean age of 66.2 years (range 48-80 years). All
the subjects fulfilled the following criteria: (1) no history
of diabetes mellitus, neurological or psychiatric disor-
ders, head trauma, drug abuse, alcoholism, hyperten-
sion, or cardiac disease, (2) no medication, (3) found
to be normal on physical and neurological examina-
tions, (4) Mini-Mental State Examination score = 30,
and (5) found to be normal on anatomical magnetic
resonance imaging (MRI), i.e., 3D-MRI (described
below) and T2-weighted MRI. This study was approved
by the institutional Ethics Committee. A written
informed consent was obtained from all the subjects
before the study.

First all the subjects underwent FDG-PET scanning
in the fasting condition (after >5-h fasting). Then, within
1 month, 9 of the 19 subjects (2 men and 7 women,
mean age 64.3 years, range 48-80 years) underwent a
second FDG-PET scanning in the mild hyperglycemic
condition in which each subject first consumed a normal
lunch 2-2.5h prior to the FDG injection and was
then orally administered 50 g glucose (TRELAN-GS50,
150 ml; Ajinomoto Pharma, Tokyo, Japan) 30 min prior
to the FDG injection. At PET measurement 1-2 ml
of venous blood samples were drawn twice immediately
prior to the intravenous FDG injection and 30 min
following the injection (¢ = 0 min and 30 min, respec-
tively), and the plasma glucose concentration was
measured. The paired comparison between the fasting
and mild hyperglycemic conditions was done using the
data obtained from the 9 subjects scanned twice,
and the comparisons between one scan in the fasting
or hyperglycemic condition and the normal database
were done between the data obtained from the 9 subjects
and the data of the 19 subjects in the fasting
condition.
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Image acquisition

For all subjects, the 3D-MRI images with T1-weighted
contrast were obtained with a 1.5-T Sigma Horizon
scanner (GE, Milwaukee, WI, USA) using the following
imaging parameters: matrix size 256 x 256 x 124 and
voxel size 0.9375 x 0.9375 x 1.3 mm. The images were
obtained using the 3D spoiled gradient echo protocol
(TR/TE = 9.2 ms/2.0 ms) before the first FDG-PET
scan.

FDG images were obtained with a PET scanner (SET
2400W; Shimadzu, Kyoto, Japan) in the 3D mode [image
resolution: transverse full width at half-maximum
(FWHM) = 4.4 mm, axial FWHM = 6.5 mm]. Forty-five
minutes following the intravenous injection of FDG
(130.4 £ 15.0 MBq), a 6-min emission scan was collected
to create images with the following parameters: matrix
size 128 x 128 x 50 and voxel size 2 x 2 x 3.125 mm. The
attenuation was corrected by a transmission scan using
a ®Ga/Ge source. During the tracer-accumulation
phase, the subjects remained supine, quiet, and motion-
less in a dimly lit and quiet (except for air-conditioner
noise) room with their eyes open and ears unoccluded.

Image processing

Image processing and data analysis were performed
using SPM2 (Functional Imaging Laboratory, London,
UK) implemented on MATLAB (The MathWorks,
Natick, MA, USA) and Dr. View (AJS, Tokyo, Japan).
The tasks performed by SPM2 were MRI/PET coregis-
tration, spatial normalization, spatial smoothing, MRI
segmentation, normalization for reference region, and
SPM analysis. The tasks performed by Dr. View were
image masking and region of interest (ROI) analysis. All
FDG images were spatially normalized and resampled
(XYZ matrix 79 x 95 x 80 and voxel size 2 X 2 X 2 mm)
using the FDG template which was created from the
FDG images of 15 physically and psychiatrically healthy
subjects (mean age 33.3 years, range 20-49 years) in
accordance with a method described elsewhere ﬁ] Each
3D-MRI image was coregistered to the corresponding
FDG image in the fasting condition and normalized to
the FDG template using the parameters obtained from
the spatial normalization of the corresponding FDG
images.

To investigate alterations of regional FDG uptake
and FDG distribution patterns, we used three kinds of
image reference regions termed as SPMgb, MRIgw, and
Cbll (Eig1). SPMgb indicates the SPM global
brain region used for the calculation of global mean in
default in SPM program. SPMgb is defined implicitly in
each image by using a two-step process: first the overall

Fig. 1 An example of the brain regions investigated. a The space
normalized 3D-magnetic resonance imaging (MRI) image of a
subject. b Statistical parametric mapping global brain (SPMgb)
computed from the 2-["*F]fluoro-2-deoxy-p-glucose positron emis-
sion tomography (FDG-PET) image of the subject in the fasting
condition in default in SPM program (smoothed using a Gaussian
filter with a 16-mm full width at half-maximum). SPMgb in the
mild hyperglycemic condition was nearly equal to that in the
fasting condition (not shown). ¢ MRIgw consisting of the gray and
white matter regions computed from the 3D-MRI image of the
subject using SPM segmentation function. d Cerebellar cortex
[Cbll, region of interest (ROI) on cerebellar cortex] consisting of
48 circles 10 mm in diameter on five continuous slices

mean is computed, and then voxels measuring less than
the quotient of the mean divided by 8 are deemed extra-
cranial and are masked out. Thus, SPMgb is uniquely
defined image-by-image. The global mean is then re-
computed on the remaining voxels. MRIgw (|Ej,g_._1_gb
indicates an MRI-based gray and white matter region
computed using the segmentation function of SPM
program and is defined for each subject separately. Cbll
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(Fig. 1d) indicates the ROI on the cerebellar cortex
common to all spatially normalized images. It is noted
that the MRIgw includes gray and white matter regions,
whereas the SPMgb contains the entire intracranial con-
tents including cerebrospinal fluid and orbit regions.

The subject mean of SPMgb, MRIgw, and Cbll of
each FDG image after spatial normalization was
normalized to be 50 to create SPMgb- MRIgw-, and
Cbll-reference-based images.

Data analysis
Regional uptake of the FDG

The FDG uptake in SPMgb, MRIgw, and Cbll in each
scan for each subject scanned twice was expressed as the
standardized uptake value [SUV, body weight (g) x
tissue concentration (Bg/ml)/total injected dose (Bq). We
performed the paired Wilcoxon ¢ test comparing the
FDG uptake (SUV) in the three reference regions
between the two scans; P < 0.01 was considered to be
significant.

SPM-based analysis of the FDG uptake

We performed three global normalization processes on
the basis of SPMgb-, MRIgw-, and Cbll-reference-based
images. Those images were smoothed using a Gaussian
filter with a 16-mm FWHM to increase the sensitivity
and then we calculated the statistical parametric maps
of the paired ¢ test between the first and second scans of
the subjects scanned twice by the “Population main
effect: 2 cond’s, 1 scan/cond” of SPM analysis design
type (P < 0.001, uncorrected, extent threshold k = 300
voxels). We also calculated the statistical maps using
“Compare-populations: 1 scan/subject (Ancova)” with
age as a covariate between each scan in the fasting or
mild hyperglycemic condition of the 9 subjects and the
scans in the fasting condition of the other 18 of the 19
subjects (1 of the 19 subjects under comparison was
excluded) using it as the normal database (P < 0.01,
uncorrected, extent threshold k& = 300 voxels).

ROI-based analysis of the FDG uptake

In the subjects scanned twice, the ROIs common to all
normalized images were placed on the Cbll, centrum
semiovale, and the frontal, temporal, and parietal corti-
ces, and posterior cingulate/precuneus. The ROIs of the
Cbll, centrum semiovale, and the frontal, temporal, and
parietal cortices, and posterior cingulate/precuneus con-
sisted of 48 circles 10 mm in diameter on 5 continuous
slices, 26 on 5, 116 on 16, 116 on 17, 50 on 7, and 46 on
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17, respectively. The relative FDG uptake in the ROIs
was calculated in SPMgb-, MRIgw-, and Cbll-reference-
based images without smoothing. For the ROI-based
statistical analysis, the paired Wilcoxon 7 test was per-
formed for each of the six ROIs between two scans; P <
0.05 with Bonferroni correction (total number of com-
parisons = 6, new alpha level = 0.0083) was considered
to be significant.

Results
Fasting and mild hyperglycemic conditions

The plasma glucose concentration was significantly
increased in the mild hyperglycemic condition: fasting
scan (19 subjects), 91.7 £ 4.6 mg/dl at 1 = 0 min and 90.8
+ 5.5 mg/dl at ¢ = 30 min; fasting scan (9 subjects scanned
twice within 19 subjects), 90.0 £ 4.4 mg/dl at ¢ = 0 min
and 90.9 + 6.9 mg/dl at ¢ = 30 min; and mild hyperglyce-
mic scan (9 subjects), 136.1 £ 10.5 mg/dl at ¢ = 0 min,
138.1 + 14.0 mg/dl at ¢ = 30 min.

Three image reference regions and the FDG uptake

m‘ represents the space normalized 3D-MRI image
of a subject and the three defined image reference regions
(SPMgb, MRIgw, and Cbll). The SPMgb regions in both
the fasting and mild hyperglycemic conditions were
nearly equal.

The FDG uptake (SUV) in the three reference regions
decreased greatly in the mild hyperglycemic condition (P
<0.01,[Fig.2). The SUV values in the SPMgb, MRIgw,
and Cbll in the mild hyperglycemic condition were
42.7%, 41.3%, and 40.0%, respectively, of those observed
in the fasting condition.

Paired comparison between the fasting and mild
hyperglycemic conditions

First, the paired ¢ test between the fasting and mild
hyperglycemic conditions was performed by SPM, and
the results are shown in [Eig_3 (P < 0.001, uncorrected,
k = 300). In the contrast “uptake in the mild hypergly-
cemic condition < uptake in the fasting condition (uptake
in M.hygl < uptake in Fasting)”, the uptake in the gray
matter and cerebellar cortex regions greatly decreased in
SPMgb-reference-based analysis (, and clear
decreases were detected in the frontal, temporal, and
parietal cortices, posterior cingulate, and precuneus in
MRIgw-reference-based analysis . However, no
decreased uptake pattern was detected in Cbll-reference-
based analysis (not shown). In the contrast “uptake in
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Fig. 2 FDG uptake a b c
(standardized uptake value) in 10 - 10 - 10 -
SPMgb (a), MRIgw (b), and
Cbll (¢), respectively. The 1 | |

. 8 8 8
uptake was compared in the = = <
nine subjects scanned twice 2 5- 2 64 2 64
in the fasting and mild @ L0 .2
hyperglycemic (M.hygl) i) e e
conditions. Solid circles -gi_ 4 7 .g 45 g 41
represent individual subjects, > - o *
and open circles represent the 2 2 1 2 A
average (n =9). *P < 0.01
(paired Wilcoxon ¢ test) 0 0 0

Fasting  M.hygl Fasting  M.hygl Fasting  M.hygl

Fig. 3 SPM paired ¢ tests
“uptake in M.hygl < uptake in
Fasting” in SPMgb- (a) and
MRIgw- (b) reference-based
analyses, and “uptake in M.
hygl > uptake in Fasting” in
SPMgb- (¢), MRIgw- (d), and
Cbll- (e) reference-based
analyses. No decreased uptake
pattern was detected in the
mild hyperglycemic condition
in Cbll-reference-based analysis
(not shown). The SPM paired ¢
tests were performed in the
nine subjects scanned twice in
the fasting and mild
hyperglycemic conditions (P <
0.001, uncorrected; k = 300)
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the mild hyperglycemic condition > uptake in the Fasting
condition (uptake in M.hygl > uptake in Fasting)”, the
uptake increased in the centrum semiovale and cerebro-
spinal fluid regions in SPMgb-reference-based analysis
, whereas significant increases were revealed
in the white matter, cerebellar medullary substance,
and cerebrospinal fluid regions in MRIgw- and Cbll-
reference-based analyses .

Second, ROI-based analysis was performed for the
FDG uptake in the six regions in both the fasting and
mild hyperglycemic conditions in SPMgb-, MRIgw-,
and Cbll-reference-based images. In the mild hypergly-
cemic condition, the uptake significantly decreased in the
frontal (9.9%), temporal (7.6%), and parietal (9.2%)
cortices, posterior cingulate/precuneus (9.9%), and Cbll
(7.8%) in SPMgb-reference-based images ([Fig. 44), and
in the frontal (5.6%) and temporal (3.2%) cortices, and
posterior cingulate/precuneus (5.4%) in MRIgw-refer-
ence-based images (all P <0.05,[Fig. 4b], but no decreased
uptake ROI was revealed in Cbll-reference-based images
. On the other hand, the uptake significantly
increased in the centrum semiovale: 10.8%, 16.1%, and

20.1% in SPMegb- (Fig. 4a), MRIgw- (Fig. 4b), and

Cbll- (|Eig. 4c)| reference-based images, respectively (all
P <0.05).

Comparison between one scan in the fasting or mild
hyperglycemic condition and the normal database

“Compare-populations: 1 scan/subject (Ancova)” with
age as a covariate between each scan in the fasting or
mild hyperglycemic condition of the 9 subjects and the
scans in the fasting condition of the other 18 of the 19
subjects was performed by SPM, and the results in the
contrast “uptake of one scan < uptake of the normal
database” are shown on the sagittal projection in
[Fig_3](P < 0.01, uncorrected, k = 300). In the fasting
condition, no notably decreased uptake pattern in
common with nine subjects was detected in SPMgb-ref-
erence-based analysis (Fig. 5a). The spots observed in
subjects 1, 4, 6, 7, and 9 were considered to be derived
from individual morphological deviations that were not
completely fitted to the FDG-PET template when com-
pared with MRI images of each subject. In the mild
hyperglycemic condition, significant decreases were
observed in the association cortices such as frontal, tem-
poral, and parietal cortices, posterior cingulate, and
precuneus in SPMgb-reference-based analysis (Fig. 5H).
The regions showing decreased uptake were greatly
reduced in MRIgw-reference-based analysis, but the
decreases were observed in the association cortices, pos-
terior cingulate, and precuneus in some subjects (@l
Fcl. However, no decreased uptake patterns in any sub-
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jects were revealed in Cbll-reference-based analysis (not
shown).

The results in the contrast “uptake of one scan >
uptake of the normal database” were as follows (figures
not shown). In the fasting condition, no notably increased
uptake in common with nine subjects was detected. In
the mild hyperglycemic condition, slight increases were
observed in the white matter, cerebellar medullary sub-
stance, and cerebrospinal fluid regions in SPMgb-
reference-based analysis in some subjects. The regions
showing increased uptake spread widely in MRIgw- and
Cbll-reference-based analyses.

Discussion

It is well known that a high plasma glucose concentra-
tion globally reduces FDG uptake in the brain . In
this study, we confirmed that mild hyperglycemia (plasma
glucose levels from 110 mg/dl to 160 mg/dl) decreased
the FDG uptake in the SPMgb, MRIgw, and Cbll
regions to 42.7%, 41.3%, and 40.0% of that in the fasting
condition, respectively .

Regarding the FDG distribution patterns calculated
by SPM, we obtained the following findings. The mild
hyperglycemia relatively decreased the FDG uptake in
the gray matter in both SPMgb- and MRIgw-reference-
based analyses 1|Figs. 3a, |2|, #b. c]. It should be noted
that the regions showing relatively decreased uptake
were the frontal, temporal, and parietal association
cortices, posterior cingulate, and precuneus. It is well
recognized that rCMRglc decreases in these association
cortices are observed in Alzheimer’s disease [8—12], and
the decrease in the posterior cingulate and precuneus is
considered to be an early sign of this disorder .
Therefore, these findings demonstrate the possibility
that SPMgb- or MRIgw-reference-based SPM analysis
in FDG-PET could erroneously diagnose normal sub-
jects whose plasma glucose levels were not below 110 mg/
dl as patients with the early stages of Alzheimer’s disease.
However, the mild hyperglycemia did not reveal any
decreases of FDG uptake in Cbll-reference-based analy-
sis. Considering this result, we can recommend Cbll-ref-
erence-based analysisin the diagnosis of early Alzheimer’s
disease in the mild hyperglycemic condition. On the
other hand, when we calculated the uptake increase
regions in the mild hyperglycemic condition, the increases
in the white matter, cerebellar medullary substance, and
cerebrospinal fluid regions were detected, strongly, in
MRIgw- and Cbll-reference-based analyses (Fig_3c—e).
Then, we realized that it would be difficult to detect
increased uptake patterns characteristic of some degen-
erative diseases in SPM analysis in the mild hyperglyce-
mic condition.
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Fig. 4 Relative regional FDG uptake in the brain in the fasting
and mild hyperglycemic (M.hygl) conditions in the SPMgb- (a),
MRIgw- (b), and Cbll- (¢) reference-based images. Chll cerebellar
cortex, cSemi centrum semiovale, Front frontal cortex, Temp tem-
poral cortex, Parie parietal cortex, and po Ci/prCu posterior cingu-
late/precuneus. The region of interest (ROI) values are shown as
mean and SD (n = 9). *P < 0.05 (paired Wilcoxon ¢ test with
Bonferroni correction)

The most notable factor making a difference in the
SPM results (7" values) depending on the reference
regions would be the difference in the relative amount of
gray matter included in each reference region (.
This is because the FDG uptake alterations induced by
mild hyperglycemia in the gray matter and other regions
were toward opposite directions: a decrease in the gray
matter, but an increase in the white matter and extra-
brain tissues (Figs. 3 B).

Regarding the test-retest reproducibility of FDG-
PET, several groups have confirmed that the global
CMRglc and rCMRglc were reproducible, and the rela-
tive rTCMRglc was more stable than the rCMRglc in the

fasting condition within and among normal subjects
with ages ranging from 23 years to 38 years in an ROI-
based analysis [[5-18]. Prior to the present study, we
also confirmed the reproducibility of FDG-PET in the
fasting condition within and among aged healthy sub-
jects with ages ranging from 48 years to 80 years by the
same method used in the present SPM-based analysis
(unpublished data). The intrasubject test was done within
10 subjects, and the intersubject test was done between
the 10 subjects and 9 subjects. The paired ¢ test for the
comparison within subjects and the two-sample ¢ test for
the comparison among subjects by SPM did not reveal
variations in any of the normalization processes based
on SPMgb, MRIgw, or Cbll (P < 0.001, uncorrected,
k =300).

In the FDG-PET study conducted by Hasselbalch
et al. @, the plasma glucose level (270 mg/dl) during
hyperglycemia was approximately twice as high as that
observed in the mild hyperglycemic condition (137 mg/
dl) of the present study. In addition, the plasma glucose
levels in their study were clamped by a constant infusion
of somatostatin and insulin and variable intravenous
infusions of 20% glucose. In terms of the glucose intake
method, extrinsic factors of the brain (intravenous and
passive intake of nutrients) were reflected in their study,
but intrinsic factors (oral and spontaneous intake of
nutrients) were reflected in our study. They reported that
no global or regional difference in CMRglc was ap-
parent during hyperglycemia, except for a significant
increase in white matter in the centrum semiovale (42%).
It is noted that Hasselbalch et al. [6] compared the quan-
titative CMRglc values in normal and hyperglycemic
conditions, whereas we studied differences in distribu-
tion patterns by the SMP- and ROI-based analyses using
relative data (Figs. 3, F). When we calculated the rela-
tive rCMRglc values normalized by the global CMRglc
using the values reported in their article, the percentage
rates of the relative decrease were 7.4% in the frontal
cortex, 4.1% in the temporal cortex, and 8.4% in the
parietal cortex, and the rate of the relative increase was
calculated to be 30.6% in the centrum semiovale. It is
speculated that their high glucose level induced much
higher uptake in the centrum semiovale as compared
with the present study: 30.6% versus 20.1% (Cbll-refer-
ence-based study,. As the reason why they found
no regional difference in rCMRglc values except for the
significant increase in the centrum semiovale, we suspect
that they compared quantitative CMR glc values between
two conditions using ROI-based analysis. It would be of
great interest if the paired ¢ test of SPM using their
CMRglc data provided results similar to ours in Eig. 3.

The following possible reasons can explain the phe-
nomenon that FDG distribution patterns in the brain
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Fig. 5 SPM “Compare-
populations: 1 scan/subject
(Ancova)” with age as a
covariate between each scan
of the 9 subjects in the fasting
or mild hyperglycemic
condition and the scans of the
other 18 of the 19 subjects in
the fasting condition (P <
0.01, uncorrected, k£ = 300):
“uptake of one scan in
Fasting < uptake of the
normal database” in SPMgb-
reference-based analysis (a),
and “uptake of one scan in
M.hygl < uptake of the
normal database” in SPMgb-
(b) and MRIgw-reference-
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were regionally altered in the fasting and mild hypergly-
cemic conditions. (1) Difference in the cytoarchitecture
that may cause a regional difference in the expression of
glucose transporters and hexokinase and in turn may
cause a regional difference in the lumped constant
ROl. (2) The influence of the endocrine system, auto-
nomic nervous system, psychological factors, or plasma
glucose level related to the dietary condition may affect
the regional cerebral function [[6] . Regarding
reason (1), the glucose transporter subtype 1 (GLUTI1)
is ubiquitously expressed in the brain, and the blood-
brain barrier is a major site of its expression [];
on the other hand, the glucose transporter subtype 3
(GLUT3)—the predominant neuronal glucose trans-
porter—is expressed in neurons . Asano et al. [24]
had expressed the GLUT3 protein in Chinese hamster
ovary (CHO) cells by the transfection of its cDNA by

@ Springer

129 mg/d| 140

7 (67)

86 mg/dl 92

..“‘.-.;o. 4 :0. ‘:'a

. <
£ &5
‘131 -

T

~ \

140 131 133

8 (48) 9 (52)

91 85

i

" i B )
143 126
‘ .-
W
143 126

using an expression vector and compared its character-
istics with those of the GLUTI protein. A kinetic analy-
sis revealed that the Michaelis constant (K,,) value of the
GLUTS3 protein for 3-O-methylglucose uptake in CHO
cells was approximately 35% of that of GLUT1, whereas
the K, value of the GLUTS3 protein for 2-deoxyglucose
uptake was very similar to that of the GLUTI protein.
These data suggest the possibility that the regional dif-
ferences in the expression ratios of GLUT1 and GLUT3
and the heterogeneity of these transporters affect the
FDG distribution patterns under mild hyperglycemia.
An epidemiological survey in Japan demonstrated
that the frequency of diabetes mellitus diagnosed by the
glucose tolerance test increased with age, with the fre-
quency reaching 10-15% in elderly people aged 60 years
or older with a high incidence of dementia [@].
In our institute these subjects sometimes undergo FDG-
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PET for elucidating suspicious dementia, but the mild
hyperglycemia makes it difficult to interpret the study
properly. As a trial, we performed SPM “Compare-
populations: 1 scan/subject (Ancova)” with age as a
covariate between the FDG-PET scan of a 76-year-old
subject with diabetes mellitus (plasma glucose 145 mg/
dl) and mild cognitive impairment, and the 19 normal
scans of the present study in SPMgb-, MRIgw-, and Cbll-
reference-based analyses (unpublished data). We ob-
served FDG distribution patterns that suggest
Alzheimer’s disease in the contrast “uptake of the patient
< uptake of the normal database” in all reference-based
analyses, but increase in the white matter in the contrast
“uptake of the patient > uptake of the normal database”
was not revealed in any reference-based analyses. The
patient was then diagnosed with early Alzheimer’s
disease.

In conclusion, in the mild hyperglycemic condition,
FDG uptake in the SPMgb, MRIgw, and Cbll regions
was significantly decreased to 42.7%, 41.3%, and 40.0%
of that in the fasting condition. It is noteworthy that
FDG distribution patterns in SPMgb- (SPM default)
and MRIgw-reference-based analyses were altered under
mild hyperglycemia, and the decreased uptake patterns
were fairly similar to those observed in Alzheimer’s
disease. However, when we adopted Cbll as the reference
region, the decreased uptake patterns disappeared. We
can recommend Cbll-reference-based analysis in the
mild hyperglycemic condition to detect decreased uptake
patterns. We should pay special attention to controlling
the diet condition, monitoring hyperglycemia, and opti-
mizing the reference region in SPM analysis, particularly
in the diagnosis of early Alzheimer’s disease in clinical
FDG-PET.
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