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Abst ract—Background: Adults with Down syndrome (DS) are at increased risk for dementia and provide an opportunity
to identify patterns of brain activity that may precede dementia. Studies of early Alzheimer’s disease (AD) and risk of AD
show decreased function in posterior cingulate and temporal cortex as initial indicators of the disease process, but whether
the origin and sequence of predementia brain changes are the same in DS is unknown. Methods: The regional cerebral
glucose metabolic rates (GMR) among middle-aged nondemented people with DS (n 17), people with moderate AD (n
10), and age-matched control subjects (n
24) were compared using PET during a cognitive task. Results: Statistical
parametric mapping conjunction analyses showed that 1) both DS and AD groups had lower GMR than their respective
controls primarily in posterior cingulate and 2) compared with respective controls, the subjects with DS had higher GMR
in the same areas of inferior temporal/entorhinal cortex where the AD subjects had lower GMR. The same results were
replicated after 1 year of follow-up. Conclusions: As the DS subjects were not clinically demented, inferior temporal/
entorhinal cortex hypermetabolism may reflect a compensatory response early in disease progression. Compensatory
responses may subsequently fail, leading to neurodegenerative processes that the authors anticipate will be detectable in
vivo as future GMR decreases in inferior temporal/entorhinal cortex are accompanied by clinical signs of dementia.
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Adults with Down syndrome (DS) are at increased
risk for developing dementia clinically similar to that
in Alzheimer’s disease (AD).1,2 At autopsy, nearly all
people with DS show the neurofibrillary tangles and
amyloid plaques associated with AD even when no
dementia was apparent.3 Some studies report 50 to
75% of people with DS will develop dementia by middle age, but whether the neuropathology or the sequence of events involved with the development of
dementia in DS and AD are the same is unknown.4-6
Given the high rate of dementia in middle-aged people with DS, this group provides an opportunity to
establish predementia brain patterns that may predict the onset of dementia and to compare the patterns with those with AD to help determine if both
conditions have the same origin and sequence of neuropathology progression in the brain.
Despite the similarity of the dementia seen with
DS and AD, it remains in question whether the same
disease process is at work in both conditions to cause
the dementia. If so, one might predict that the disease process should start in similar places in the
brain and progress through similar patterns of
change for both groups, although the process might
be accelerated in those with DS.4-6 This could potentially be determined in a longitudinal study using
brain imaging techniques where the brain activity of

patients with DS and AD could be imaged before the
onset of overt dementia begins and then again at
subsequent time points as the dementia evolves. We
are in the process of conducting such a longitudinal
study, and here we report initial observations regarding the brain imaging data obtained from the
first and second years of this study in which regional
cerebral glucose metabolic rate (GMR) was determined using PET and compared among middle-aged
nondemented people with DS, people with moderate
AD, and appropriate age-matched control subjects.
Mater ials and methods. Subjects. We screened over 40 people with DS between the ages of 34 and 55 identified from the
university clinic and from local group homes. Seventeen (11 men,
6 women) with complete data sets were included in this study (age
range 34 to 51 years, mean 41.4 years, SD 5.6 years; Wechsler
Adult Intelligence Scale III Full-Scale IQ range 47 to 72, mean
56.5, SD 7.0). All 17 showed absence of dementia as determined by
the Dementia Scale for Down Syndrome7 and the Dementia Questionnaire for Mentally Retarded Persons,8 as usual measures of
dementia like the Mini-Mental State Examination (MMSE) are
confounded with low intelligence.9 For comparison, we also recruited 10 people with moderate AD (7 men, 3 women; age range
64 to 86 years, mean 76.0 years, SD 6.7 years; MMSE range 9 to
24, mean 18.3, SD 4.1) from university clinics and community
groups; all met Diagnostic and Statistical Manual for Mental Disorders 4th ed. criteria. Twelve age- and sex-matched normal control subjects for the DS group and 12 other age- and sex-matched
normal control subjects for the AD group were also recruited; no
control subjects showed evidence of dementia based on the MMSE.
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Table 1 Brain areas with group differences in glucose metabolic rate (GMR) by conjunction analyses
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Left temporal lobe, fusiform gyrus, BA37*

115

Left posterior cingulate, BA30*

590

Areas
AD and DS lower GMR than controls

Right parietal lobe, precuneus, BA7*
Right occipital lobe, precuneus, BA31*
Right limbic lobe, anterior cingulate, BA24*

137

Left limbic lobe, anterior cingulate, BA24*
Right cuneus, BA18*

56

3.43
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3

Right parietal lobe, inferior parietal lobule, BA40*
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3.42
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46
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Left temporal lobe, middle temporal gyrus, BA39*
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46
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Left parietal lobe, superior parietal lobule, BA7*

18

3.08
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45

Right brainstem, midbrain, red nucleus*

16

3.05

2

20

14

AD lower and DS higher GMR than controls
Left fusiform gyrus, BA20†

972

Left fusiform gyrus, BA20†
Left inferior temporal, BA20*
Left temporal lobe, BA20*

139

Left limbic lobe parahippocampal gyrus*
Left fusiform gyrus, BA19*
Right fusiform gyrus, BA37*
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30
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3.40
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13
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Right inferior temporal gyrus, BA20*
Right limbic lobe (entorhinal cortex), uncus, BA28*

4.59
4.53

253

Right limbic lobe, parahippocampal gyrus*

3.12

18

9

16

Right limbic lobe, uncus, amygdala*

2.97

26

5

23

3.55

42

94

10

3.36

32

90

14

Right occipital lobe, inferior occipital gyrus, BA18*

125

Right occipital lobe, inferior occipital gyrus, BA18*
Left frontal lobe, inferior frontal, BA47*
Right limbic lobe, cingulate gyrus, BA31*

117

3.44

20

29

2

61

3.36

24

43

26

Right claustrum*

24

3.28

22

25

4

Left frontal lobe, rectal gyrus, BA11*

49

3.16

8

26

30

Areas are best estimate from the Talairach and Tournoux atlas,12 which does not use the term “entorhinal” cortex; the closest areas are
the uncus and BA28. Atlas coordinates (x, y, z) show centroid of each cluster. Z score shows the magnitude of statistical difference for
the conjunction comparisons. Cluster size is number of significant voxels; blanks occur where the cluster is part of the previous cluster.
*p
†p

0.001, uncorrected.
0.05 corrected for multiple comparisons.

AD

Alzheimer’s disease; DS

Down syndrome; BA, Brodmann area.

Imaging. Each subject completed GMR determinations using
PET with [18F]fluorodeoxyglucose (FDG) as the metabolic tracer
while performing a cognitive task, the Continuous Performance
Test of Attention (CPT). This test required the subject to watch
single digits in random order flash on a screen with the instruction to press a button each time a zero appeared. CPT performance was calculated as d' (i.e., a probability-corrected measure of
omission and commission errors). This test was performed for 32
minutes following the injection of 5 mCi of FDG. Following this
uptake period, emission scans, corrected for attenuation with a
transmission scan, were obtained with a GE2048 PET scanner (St.
Louis, MO) (full width at half-maximum resolution 4.5 mm in
plane). On a separate day, each subject also completed a structural MRI for coregistration with the PET images. PET and MRI
and cognitive testing were repeated after 1 year for most subjects.
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All subjects gave informed consent in accord with the University
Institutional Review Board.
Data analyses. All PET images were coregistered, normalized, and smoothed to 12 mm using Statistical Parametric Mapping (SPM’99; Mathworks, Newton, MA).10 To identify the
commonality in GMR activations or deactivations between groups,
we used a conjunction analysis approach.11 The conjunction approach allows for one analysis that combines a given comparison
of GMR in AD vs their matched controls with a comparison of DS
vs their matched controls. This has the advantage of maximizing
statistical power in an overall analysis. The conjunction approach
also allows for population-level inferences and, for single-scan
FDG-PET studies, is equivalent to a random effects model. Following significant conjunction findings, simple group comparisons
were made with SPM’99 to further characterize the components of

Figure 1. Results of SPM’99 conjunction
analyses.11 Blue areas show where glucose metabolic rate (GMR) is lower in subjects with
Alzheimer’s disease (AD) compared with
matched controls and where GMR is lower in
subjects with nondemented Down syndrome
(DS) compared with matched controls. Yellow
areas show the conjunction of where GMR is
higher in the nondemented DS group compared with matched controls and where GMR
is lower in the AD subjects compared with
their matched controls. Note the yellow areas
are in the inferior temporal/entorhinal cortex;
blue areas are in the posterior cingulate and
left fusiform gyrus. Statistical results are
shown on MRI templates for six coronal slices
( 6 to 42), which show a large section of inferior temporal/entorhinal cortex. Talairach
and Tournoux atlas12 coordinates of all findings (p 0.001) are in table 1.

the conjunctions and to identify findings unique to the simple
comparisons. All SPM’99 analyses included CPT performance (d')
in the design matrix as a covariate, so any group differences in
performance were removed from main effects. As group matching
for sex was not exact, sex was also used as a covariate in all
analyses. SPM results are thresholded at p
0.001 (uncorrected
for multiple comparisons) for both conjunctions and for the simple
group comparisons. All SPM’99 results have been converted from
standard Montreal Neurologic Institute coordinates to coordinates
used in the Talairach and Tournoux atlas12 using a MATLAB
routine for this purpose. Results are displayed on MRI templates
created by averaging all subjects; some areas may appear to include white matter because of small inherent discrepancies between PET and MRI templates.

Results. Two conjunction analyses were calculated, and
the findings are listed in table 1 and shown on brain renderings in figures 1 and 2. The first conjunction provides

evidence of similarities between individuals with DS and
with AD. Figure 1 illustrates, in coronal slices, main brain
areas where GMR is lower in the AD group compared with
their matched controls and where GMR is lower in the DS
group compared with their age-matched controls. This conjunction is shown in blue. The most significant areas of
concordance are in the left fusiform gyrus/Brodmann area
(BA) 37 and in the left posterior cingulate/BA31 region.
Figure 2 shows the same data (blue) in sagittal slices. The
second conjunction provides evidence of how individuals
with DS and with AD differ. Figure 1 also shows where
GMR is significantly lower in the AD group compared with
their matched controls and where GMR is higher in the DS
group compared with their matched controls. This conjunction is shown in yellow. The most significant differences in

Figure 2. The same data from figure 1 are shown in sagittal slices ( 46 to
syndrome.

5). AD

Alzheimer’s disease; DS
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as the conjunctions, but the main findings in table 2 were
substantially replicated in year 2 data.

Figure 3. Glucose metabolic rate (GMR) values for a
voxel in entorhinal cortex (20, 13, 28) are shown for
each subject in each group. Small diamonds show individual subject GMR values fitted to the sample mean; dots
show adjusted values after Continuous Performance Test
of Attention performance (d') and sex are covaried. AD
Alzheimer’s disease; DS Down syndrome; ctl control.
the second conjunction are observed in multiple areas of
the inferior temporal cortex, including an area of entorhinal cortex (x, y, z atlas coordinates are 20, 13, 28).
Figure 2 shows the same data (yellow) in sagittal slices.
To illustrate the group differences further, we created a
three-dimensional template of the conjunction finding in
the left inferior temporal lobe (the first cluster in table 1
showing where AD is lower and DS is higher than controls
and in figure 1 [bottom, left]) and automatically extracted
the GMR values for each subject. For this template, the
normalized GMR group means and SD are as follows: DS
mean
67.1 (SD
8.1), DS control mean
60.1 (SD
7.5) (t
2.40, p
0.01); AD mean
43.9 (SD
8.5), AD
control mean 57.6 (SD 7.4) (t 4.00, p 0.0004).
To illustrate group differences in another way, we chose
the centroid voxel in the right hemisphere entorhinal cortex (20, 13, 28) from the cluster in figure 1 (top, left)
and used SPM’99 to display GMR values for this voxel for
each subject in each group along with the adjusted values
after d' and sex are covaried. This is shown in figure 3 and
illustrates that the finding of relative hypermetabolism in
the DS group is true for most individual subjects.
Together, these analyses show that several areas in the
inferior temporal/entorhinal cortex in the DS group show
increased GMR exactly where the AD group shows decreased GMR. Most subjects were rescanned after 1 year
using the identical procedures, and the same conjunction
results shown in figures 1 and 2 were substantially replicated using the year 2 data (not shown).
Simple group comparisons are summarized in table 2 to
document differences not apparent in the conjunction analyses. These comparisons are not as statistically powerful
1676

NEUROLOGY 61

December (2 of 2) 2003

Discussion. Neuropathology studies indicate the
transentorhinal cortex in the temporal lobes may be
the earliest brain area affected by AD.13 Functional
imaging studies using PET of people with moderate
degrees of AD have shown decreased activity in temporal lobe areas, especially entorhinal cortex.14,15
These studies typically also find decreased activity in
other areas as the subjects tend to have a range of
symptom severity and of length of illness. Studies of
patients with milder degrees of probable AD show
relatively low activity mainly in posterior cingulate
and also in temporal areas, including entorhinal cortex.16,17 Studies of people with mild cognitive impairment18 and of nonsymptomatic older adults at
genetic risk for AD show similar patterns of low
brain activity.19-21 Structural MRI studies of AD show
progressive atrophy in temporal areas as dementia
severity increases.22,23 Overall, these data indicate
that functional and structural brain changes in temporal lobes can be detected even before clinical symptoms are apparent, but it has not been determined
how early these changes could occur24 nor is it known
how activity changes in temporal areas may be related to posterior cingulate activity.25 Prospective
studies are lacking in young and middle-aged adults
(under age 50) identified at risk for dementia.
A small number of DS cases with dementia have
been studied with resting PET (i.e., no cognitive activation was used), and decreases in brain function
similar to those in AD have been noted.26 Additional
brain imaging evidence based on using cognitive activation suggests that older compared with younger
nondemented DS adults have lower brain activity
similar to the temporal lobe decreases found in AD.27
Although decreased activity in parts of the temporal
lobe/entorhinal cortex would be a logical prediction
as a marker for subsequent dementia in nondemented DS, this has not been shown. To the contrary, some imaging studies of nondemented DS
have shown increased brain activity compared with
normal subjects,28-31 although the observed increases
may be artifacts of less than optimal corrections for
the smaller brain sizes typically found in DS that
were used in early PET studies. A resting PET study
of nondemented young adult DS used a better
method of correcting for brain size with a measured
correction for attenuation based on transmission
scans (like the correction used in this study) and
showed no GMR differences compared with controls.32 The small sample sizes with differing subject
ages, lack of consistent cognitive tasks during imaging, different methods for correcting for brain size
differences, and poor anatomic localization, however,
make these earlier studies difficult to interpret, especially with respect to specific regional effects. Furthermore, some nonimaging studies suggest a
possible physiologic basis for cerebral GMR increases

Table 2 Brain areas with differences in glucose metabolic rate (GMR) by simple group comparisons
Areas

Cluster size

DS lower GMR than controls
Left temporal lobe, superior temporal gyrus, BA38*
Left frontal lobe, inferior frontal gyrus, BA47*
Left frontal lobe, middle frontal gyrus, BA11*
Right temporal lobe, superior temporal gyrus, BA22*
Left temporal lobe, fusiform gyrus, BA37*
Right temporal lobe, superior temporal gyrus, BA22*
Left temporal lobe, middle temporal gyrus, BA39*
DS higher GMR than controls
Left frontal lobe, orbital gyrus, BA11*
Left temporal lobe, inferior temporal gyrus, BA20*
Left temporal lobe, fusiform gyrus, BA20*
Left temporal lobe, subgyral, BA20*
Right frontal lobe, orbital gyrus, BA11*
Left brainstem, midbrain, substantia nigra
Right temporal lobe, inferior temporal gyrus, BA20*
Left occipital lobe, middle occipital gyrus, BA19*
Left temporal lobe, middle temporal gyrus, BA39*
Right sublobar, lateral geniculum body*
Right temporal lobe, subgyral, BA20*
Right temporal lobe, middle temporal gyrus, BA39*
Right occipital lobe, middle occipital gyrus, BA19*
Right frontal lobe, middle frontal gyrus, BA6*
Left parietal lobe, postcentral gyrus, BA43*
AD lower GMR than controls
Left sublobar, caudate, caudate body†
Left sublobar, caudate, caudate head*
Left sublobar, thalamus, pulvinar*
Left temporal lobe, middle temporal gyrus, BA39†
Left parietal lobe, inferior parietal lobule, BA7†
Left parietal lobe, inferior parietal lobule, BA40*
Left temporal lobe, fusiform gyrus, BA37*
Left limbic lobe, parahippocampal gyrus, BA35*
Left limbic lobe, uncus, BA28*
Left parietal lobe, precuneus, BA7*
Right parietal lobe, superior parietal lobule, BA7*
Right sublobar, caudate, caudate body*
Left brainstem, midbrain, mammillary body*
Right parietal lobe, inferior parietal lobule, BA40*
Right limbic lobe, uncus, BA28*
AD higher GMR than controls
Right sublobar, lentiform nucleus, globus pallidus†
Right frontal lobe, precentral gyrus, BA4†
Right frontal lobe, precentral gyrus, BA6*
Left thalamus, gray matter†
Left frontal lobe, precentral gyrus, BA6*
Left temporal lobe, transverse temporal gyrus, BA42*
Left parietal lobe, postcentral gyrus, BA2*
Right frontal lobe, subgyral, BA4*
Right frontal lobe, superior frontal gyrus, BA6*
Left parietal lobe, postcentral gyrus, BA3*
Left limbic lobe, cingulate gyrus, BA32*

641

31
10
15
12
157
336
302
209
380
344
112
115
115
107
31
22
8
2,086

2,483

1,421

242
246
79
53
65
51
397
1,308
393
1,160

337
90
46
14

x

y

z

3.65
3.33
3.30
3.03
3.01
3.01
3.00

46
46
40
53
46
50
46

24
38
46
13
38
38
65

20
14
14
2
13
9
22

2.98
4.10
3.34
3.97
3.93
3.82
3.73
3.67
3.64
3.40
3.39
3.10
2.99
3.09
2.97

12
42
48
38
16
8
44
57
65
24
38
67
63
20
50

35
27
31
9
33
28
25
76
65
24
7
67
71
13
7

32
32
29
16
34
10
32
8
14
4
18
11
1
60
17

5.13
4.00
3.87
4.70
4.52
3.84
4.00
3.83
3.62
3.67
3.64
3.47
3.43
3.25
3.13

14
8
12
40
40
50
50
26
26
6
38
18
0
51
18

5
19
29
69
62
48
61
22
11
61
66
7
6
44
7

16
3
12
24
45
43
14
19
30
31
49
14
11
46
23

4.61
4.43
3.99
4.38
4.13
4.08
3.85
3.66
3.18
3.16
3.05

26
53
63
18
48
63
42
16
8
40
12

21
8
2
16
12
7
20
24
16
27
32

2
24
7
1
25
10
29
56
62
51
26

Z score

Areas are best estimates from the Talairach and Tournoux atlas,2 which does not use the term “entorhinal” cortex; the closest areas are
the uncus and BA28. Atlas coordinates (x, y, z) show centroid of each cluster. Z score shows the magnitude of statistical difference for
the conjunction comparisons. Cluster size is number of significant voxels; blanks occur where the cluster is part of the previous cluster.
*p
†p

0.001, uncorrected.
0.05 corrected for multiple comparisons.

DS

Down syndrome; AD

Alzheimer’s disease; BA

Brodmann area.
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in individuals with DS,33-35 although regional and age
effects in these studies are difficult to identify.
Another interpretation for the relative hypermetabolism observed in the inferior temporal/entorhinal cortex of individuals with DS in our study is
based on the detection of very early events in the
development of AD-like neuropathology. As the accumulation of AD pathology in DS is age dependent,
the observed inferior temporal/entorhinal abnormalities in the current PET study may reflect an early
response to neurodysfunction, prior to overt cell loss.
Whereas in normal brains, neurons may work efficiently,36 damaged neurons may have to work harder to
maintain their effectiveness, as reflected as an increase
in metabolic rate. This may partially explain the puzzle
of how people with DS maintain cognitive function,
despite the presence of AD-like pathology. Whether
this relative hypermetabolic response is unique to DS
or an indication of early-stage AD dementia can be
determined in longitudinal studies.
Metabolic increases in the inferior temporal/entorhinal cortex may reflect a compensatory response in
neurons associated with the progressive agedependent accumulation of both senile plaques and
neurofibrillary tangles.37 We also have presented evidence38 that individuals with DS exhibit markers of
neuron growth, particularly in regions receiving entorhinal cortex neuron terminals, specifically within
the same age range as individuals participating in
the current PET study. These growth responses may
be a possible mechanism underlying the observed
increases in GMR we found in inferior temporal/
entorhinal areas. We have also reported structural
MRI evidence that gray matter volumes may be increased in some of the areas where our DS group
shows increased GMR and gray matter is decreased
in some of the areas showing lower GMR in the DS
group.39
Our findings, in the largest sample of nondemented DS subjects studied to date with functional
imaging, lead to the suggestion that overt dementia
in DS, and possibly AD, may begin when neuronal
damage in the inferior temporal/entorhinal cortex
reaches some level for which further relative hypermetabolic activity of the remaining neurons in these
areas cannot compensate. It is possible that the relative hypermetabolic inferior temporal/entorhinal cortex response seen in DS is unique to DS and
represents a fundamental difference in the pathologic process of the dementia of DS as compared with
that of AD. However, neurobiological studies of the
pathology present within the AD and DS brain suggest most features share common anatomic and biochemical characteristics.
Some brain areas where increased activity may
reflect compensatory processes have been reported in
AD patients40 (see also table 2) and in subjects at
risk for AD based on being positive for APOE4,41
although the regional sequence of such processes
over time has yet to be determined. We anticipate
that individuals with DS showing evidence of cur1678 NEUROLOGY 61
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rent relative hypermetabolism may subsequently exhibit hypometabolism if clinical signs of dementia
develop in longitudinal follow-up. These findings further suggest that there may be a very early stage in
AD in which relative inferior temporal/entorhinal cortex hypermetabolism occurs, and if AD patients were
scanned early enough (and given methods of analysis
that were sensitive enough), this might be found useful
as a potential early marker of the disease.
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