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Decline in cerebral glucose utilisation and cognitive
function with aging in Down's syndrome
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SUMMARY The cerebral metabolic rate for glucose (CMRglc) was measured with positron emission
tomography and [18F]2-fluoro-2-deoxy-D-glucose in 14 healthy subjects with Down's syndrome, 19
to 33 years old, and in six healthy Down's syndrome subjects over 35 years, two of whom were
demented. Dementia was diagnosed from a history of mental deterioration, disorientation and
hallucinations. All Down's syndrome subjects were trisomy 21 karyotype. CMRglc also was exam-
ined in 15 healthy men aged 20-35 years and in 20 healthy men aged 45-64 years. All subjects were
at rest with eyes covered and ears plugged. Mean hemispheric CMRglc in the older Down's syn-
drome subjects was significantly less, by 23%, than in the young Down's syndrome group; statisti-
cally significant decreases in regional metabolism (rCMRglc) also were present in all lobar regions.
Comparison of the younger control group with the older control group showed no difference in
CMRglc or any rCMRglc (p > 0 05). Assessment of language, visuospatial ability, attention and
memory showed significant reductions in test scores of the old as compared with the young Down's
syndrome subjects. These results show that significant age differences in CMRglc and rCMRglc
occur in Down's syndrome but not in healthy controls, and that, although only some older Down's
syndrome subjects are demented, significant age reductions in neuropsychologic variables occur in
all of them.

Down's syndrome is a genetic disorder in which an
extra portion of chromosome 21 leads to short
stature, minor phenotypic abnormalities, mental
retardation, and later precocious aging and demen-
tia.1 The pathological basis of the mental retardation
is uncertain. Brains of young adult Down's syndrome
individuals show no consistent abnormalities aside
from subnormal weight,2 smallness of the frontal
lobes, operculum, superior temporal gyrus and cere-
bellum,' and calcification of the basal ganglia.3
Microscopic studies demonstrate loss of granular
neurons in the cerebral cortex4 and heterotopias in
the cerebellar and cerebral cortices.'
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With more satisfactory treatment of cardiac and
infectious disease, more individuals with Down's syn-
drome are surviving to older ages. Since 1876, when
Fraser and Mitchell5 noted "precipitated senility" in
Down's syndrome, changes in cognition and behav-
iour with increasing age have been documented.6'2
Many of these changes correspond to manifestations
found in primary degenerative dementia of the
Alzheimer type. A 30% incidence rate of dementia in
Down's syndrome subjects older than 35 years has
recently been reported.13
A pathological basis for the regression of mental

status has been suggested. Brains of Down's syn-
drome subjects older than 35 years show decreased
brain weight, gyral atrophy (cerebral), enlarged ven-
tricles, senile plaques, neurofibrillary tangles, granu-
lovacuolar neuronal degeneration, 13 - 16 and reduced
concentrations of choline acetyltransferase."7 This
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Brain glucose utilisation in Down's syndrome

neuropathology occurs in the same regions in brains
of Down's syndrome subjects as in brains of patients
with Alzheimer's disease.15 16
As a reflection of neuronal activity, brain oxidative

metabolism has been studied in adults with Down's
syndrome. Investigations using the Kety-Schmidt
nitrous oxide saturation technique failed to show a
difference in the cerebral metabolic rate for oxygen
(CMR02) in Down's syndrome as compared with
age-matched controls.'8 19 In the latter study'9 halo-
thane anaesthesia was used in the subjects. An
investigation with 133Xe inhalation also failed to
show differences in cerebral blood flow (CBF).20
Although not specifically looked for, age-related
differences in CMR02 and CBF in Down's syndrome
were not demonstrated and dementia was not exam-
ined.

In an initial report from this laboratory, the cere-
bral metabolic rate for glucose (CMRgIc) as mea-
sured with positron emission tomography (PET) was
noted to be significantly greater in young Down's syn-
drome individuals than in healthy young controls.2'
However, a uniform elliptical attenuation correction
was employed with the ECAT II scanner. The present
study extends this early report, in order to determine
if there are age-related differences in CMRgIc in
Down's syndrome, and to examine the relation
between CMRglc and cognitive function on the one
hand and dementia on the other. An abstract of part
of this work has been published.22

Materials and methods

Selection of subjects
The Down's syndrome group consisted of 14 young adults
aged 19-33 years (10 men and four women, mean 259
years), four older non-demented adults (three males 49, 50,
50 years; female 55 years), and two older demented adults
(males 47, 63 years). All Down's syndrome subjects,
recruited from family or group homes, had trisomy 21
karyotype. With the exception of two younger Down's syn-
drome subjects and one older nondemented subject, none
had lived in an institution.

Screening included a review of the medical history, a
thorough physical examination and the following laboratory
studies: routine blood counts and serum chemistry, thyroid
function tests, VDRL, ANA, serum folate and B12, ECG,
and chest radiographs.

Several young adult Down's syndrome subjects had
potentially confounding medical problems: subclinical
hypothyroidism [2 (one euthyroid on medications)]; cardiac
disease [four systolic murmurs (two normal EKG/ECHO;
one normal EKG, no ECHO; one normal EKG, ECHO
compatible with aortic insufficiency); two rightward axis and
no murmur (one ECHO compatible with aortic
insufficiency)]; enlarged cerebral ventricles on CT scan. (1)
Of the older Down's syndrome group. two nondemented
subjects were subclinically hypothyroid, one nondemented
subject was euthyroid on thyroid replacement, and two
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demented subjects had gait difficulties and systolic murmurs
(one right axis deviation and probable right ventricular
hypertrophy on EKG and normal ECHO; one first degree
AV block, ECHO unsatisfactory due to poor window). The
latter subject also had rigidity, tremor, and a S. aureus
bacteruria.
With these exceptions, the Down's syndrome subjects had

no other disease, particularly no additional neurologic,
psychiatric, or systemic medical disorder. None was taking
medications (except for thyroid medications as noted
above), or had a history of alcohol or drug abuse.
The male controls included 15 young volunteers aged

20-35 years (mean age 27-1 years) and 20 older volunteers
aged 45-64 years (mean age 56-1 years). For a description
see Duara et al.23 24

Consent
Screened control subjects were asked to sign an informed
consent describing the purpose of the study, the tests per-
formed, and the risks involved, including radiation

Table 1 Criteria used to diagnose d&mentia in Down's
syndrome

A A loss of intellectual abilities of sufficient severity to interfere
with social or occupational functioning.

I. Loss of skills for daily living:
(a) personal hygiene: brushing teeth, combing hair, washing

face, bathing, shaving;
(b) eating;
(c) toileting: urine, bowel;
(d) dressing;
(e) managing a home: cleaning, shopping, cooking.

2. Loss of vocational skills.

B Memory impairment.

C At least one of the following:
1. Impairment of abstract thinking.
2. Impaired judgement: disregard of curfew, playing with fire,

disregard of traffic.
3. Other disturbances of higher cortical function:

(a) aphasia: loss of vocabulary, difficulty with comprehension,
echolalia, halting speech;

(b) apraxia;
(c) agnosia;
(d) visuospatial difficulty.

4. Personality change:
(a) loss of usual affectionate response to others;
(b) hyperkinetic, impulsive: low frustration level, temper

tantrums, irritable, spiteful, obstinate, destructive,
demanding, aggressive;

(c) withdrawal: slowness, loss of interest in surroundings,
apathy, sudden changes from cheerfulness to sullenness,
inattentiveness to vocational tasks, loss of social interests;

(d) automatic movements: rocking, wiggling hands,
perseveration, stereotypies (speech, motor);

(e) psychiatric changes: hallucinations (auditory, visual),
paranoid delusions, depression.

Supportive evidence for dementia:
Neurological signs:
I. Seizures.
2. Gait difficulties: shuffling, incoordination.
3. Release signs: grasp (palmar, plantar), snout, suck,

palmomental, glabells.
4. Babinski.
5. Gegenhalten: increased tone.
6. Tremor; myoclonus.
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exposure. Total radiation exposure was maintained below
limits established for normal volunteers in medical research.
For the Down's syndrome subjects, family and/or legal
guardian were required to sign the informed consent. The
research was conducted under NIH protocol 81-AG-1OA.

Dementia in Down's syndrome: criteria
Dementia in Down's syndrome was diagnosed using
modified criteria from the Diagnostic and Statistical Manual
of Mental Disorders2" (table 1). For each Down's syndrome
subject, a caretaker (family or staff) was interviewed and was
asked to fill out a questionnaire about daily living skills. If
the subject was working, we contacted the employer. Avail-
able medical records and neuropsychological test scores
were reviewed. Information also was obtained from neuro-
psychiatric interviews and neuropsychological tests (see
below).

Neuropsychology
A neuropsychological assessment of Down's syndrome sub-
jects was performed using three standardised tests. Because
there was dysarthria in many cases the Peabody Picture
Vocabulary Test-Revised26 was used to assess general intel-
ligence. In this test of vocabulary, the subject points to pic-
tures that depict meanings of words. This test measures a
wide range of ability. Visuospatial ability was assessed with
the Block Pattern Subtest of the Hiskey Nebraska Test of
Learning Aptitude,27 the WISC-R Block Design Subtest,28
and the Extended Block Design Test (a simplified block
design test for low ability subjects, Haxby J, unpublished).
Attention was assessed using forward digit span, object
pointing span, and block tapping span. Visual recognition
memory was measured with a design span (a test of
immediate visual recognition memory for non-
representational geometric objects).

PET technique
After a 4-6 hour fast, indwelling arterial and venous cath-
eters were inserted. One hour later the subject was blind-
folded and ears plugged, and was placed on a bed in a
darkened room. Following a 30 minute accommodation
period, the subject was given 3-5 millicuries of
[18F]2-fluoro-2-deoxy-D-glucose (18FDG) intravenously.
18FDG was prepared by the method of Shiue et al.29
[18F]F2 was produced at the Naval Research Laboratory
76" cyclotron via the 20Ne(a,a) 18F nuclear reaction. The
isotonic, buffered product was checked for chemical and
radio-chemical purity using both high pressure liquid chro-
matography and thin layer chromatography.

Blood samples were obtained at timed intervals from
injection until the end of scanning and were centrifuged to
provide plasma for measurements of radioactivity and of
glucose (Glucose Analyzer II, Beckman Instruments Co,
Oxnard, CA). Forty five minutes after the 18FDG was injec-
ted, the blindfold and ear plugs were removed and up to
seven serial PET slices were obtained parallel to and from 5
to 100mm above the inferior orbito-meatal (IOM) line. PET
scans were performed with an ECAT II positron tomograph
(ORTEC, Life Sciences, Oak Ridge, TN) in the medium-
resolution mode (full width at half maximum, l7cm in
image and axial planes).23 PET slices had at least 750,000
coincidence counts and were 1-4cm apart.

PET images were reconstructed and corrected for attenu-
ation with the ORTEC-supplied attenuation correction pro-
gramme, using a uniform attenuation coefficient (u = 0-088)
and an operator drawn ellipse to define the edge of the skull.
Owing to brachycephaly, microcephaly, and reduced skull
thickness in Down's syndrome, absolute values of CMRglc
will be presented in both Down's syndrome and control
groups, but differences in absolute values between the two
populations will not be analysed in this paper, but will be
discussed elsewhere (Bacharach S, Schapiro MB, in prepara-
tion). After comparing PET images with anatomical sections
from an atlas of a human brain,30 a "height above the IOM
line" of the slice in the atlas was assigned to the PET slices.
Anatomical regions of interest (ROIs) in the PET scans then
were identified.23 For the present study absolute values of
hemispheric (CMRglc) and regional (rCMRglc) cerebral
metabolic rate for glucose are presented. Lateral cortical
regions were grouped as follows: frontal association, peri-
rolandic sensorimotor, parietal association, occipital lobe,
and lateral temporal lobe. Mean ECAT numbers and mean
areas of each ROI in a given slice were determined as
described by Duara et al.23 ECAT numbers were converted
to brain radioactivities (in microcuries per gram) with a cali-
bration factor derived by prior scanning of a water filled
flask that contained a known uniform concentration of
18FDG.
From brain radioactivity, time of scanning, plasma radio-

activity, and plasma glucose level, rCMRglc was calculated
in units of mg/100 gm/min using a four-transfer-constant
operational equation, with a "lumped constant" equal to
0 418.31 A weighted mean rCMRglc was calculated, as some
regions appeared in one or more adjacent slices. The follow-
ing equation was used, where i = 1,2... equals slice number,
rCMRglc equals the cerebral metabolic rate for glucose in
the region within slice i, and Ni is the area (in pixels) of the
region within slice i,

E(rCMRglc) i Ni
weighted rCMRglc = i

ZNi
i

For the entire hemisphere, rCMRglc in the preceding equa-
tion equalled the weighted mean hemispheric metabolic rate
for glucose (CMRglc), where i = 1,2 ... 5 equal individual
slices between 30 and 80mm above the IOM line and Ni is
the surface area of the hemisphere within the slice i. CMRglc
was calculated with grey matter transfer constants.23

Other measurements
Prior to the injection of 18FDG, supine resting heart rate
and systolic and diastolic blood pressures were measured.
These values were compared with determinations obtained
after at least 5 minutes of rest in the supine position on a non
PET day.
An anxiety rating was assigned to each subject after PET

scanning. The rating was based on the subject's verbal com-
ments of distress, facial expression, motor activity
(fidgeting), and evidence of excessive sweating or hyper-
ventilation prior to and during the PET scan. These obser-
vations were ranked on an anxiety scale of 0 (minimal
anxiety) to 3 (intense anxiety).24
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Table 2 Physiologic data on Down's syndrome (DS) subjects and controlsfrom PETand non PET days, expressed as mean
+ standard error

Down's syndrome Controls

Variable Young Old Young Old

Age (yr) 259 + 12 (14)* 52-3 + 24(6) 271 + 1.2 (15) 561 + 14 (20)
Height(cm) 155-0 + 1-8(14)t 152-2 + 23 (6)1 179-5 + 1-8 (15) 177-3 + 16 (20)

Measurements on non-PET day
Heart rate (beats/min) 68-0 + 2-1 (14) 68-3 + 3-8 (6) 69-1 + 2-3 (15) 68-6 + 3-3 (18)
Systolic blood pressure (mm Hg) 108-0 + 3-5 (14)t 102 3 + 3-3 (6)$ 122 6 + 2-7 (15) 127-1 + 3-0 (18)
Diastolic blood pressure (mm Hg) 69-7 + 2-4 (14)t 68-7 + 3-8 (6)$ 78-0 + 2-3 (15) 82-8 + 1 7 (18)

Measurements on PET day
Heart rate (beats/min) 75-1 + 3-6 (13) 67-0 ± 4-3 (6) 66-7 ± 2-8 (15) 67-2 + 2-7 (19)
Systolic blood pressure (mm Hg) 111-9 + 2-2 (13)t 102 7 ± 2-3 (6)$ 121-0 ± 2-0 (15) 124-7 + 4-0 (19)
Diastolic blood pressure (mm Hg) 71 7 + 1-8 (13) 66-2 ± 3 2 (6): 75-9 ± 1 7 (15) 78-8 + 2-3 (19)
Anxiety rating (0-3) 1-8 + 0-4 (11) 0 3 + 0 3 (6) 1-5 + 0-2 (14) 11 + 0-2 (19)
Mean glucose (mg/100 ml) 85 9 + 2-3 (12) 87-0 + 2-6(6) 84-5 + 17 (15) 871 + 15 (20)

*Mean ± S.E.M. Number of subjects in parentheses.
tDiffers from mean in young controls by Bonferroni T statistic (p < 0-05)
+Differs from mean in old controls by Bonferroni T statistic (p < 0-05).
Differences between means in young and old control and DS groups were analysed with a one-way ANOVA. Post hoc comparisons, using
Bonferroni t tests (p < 0-05), were as follows: young DS vs young controls, old DS vs old controls, young DS vs old DS, and young controls vs
old controls. No significant differences in heart rate, and systolic and diastolic blood pressures on PET and non PET days were found in young
or old DS groups.

Statistics
Differences between mean values for CMRglc in the young
and old control and Down's syndrome groups were analysed
with a one-way ANOVA,32 and Bonferroni t statistics.32
Homogeneity of variance was examined with Bartlett's
test.32 The criterion of statistical significance was p < 0-05.
A Wilcoxon 2 Sample Test was used to compare young and
old Down's syndrome subjects for neuropsychologic data.33

Results

Table 2 summarises physiological data on the Down's
syndrome subjects, including measurements from
PET and non PET days. Because brains of Down's
syndrome subjects older than 35 years show
neuropathological'3- 16 and neurochemical11
changes of Alzheimer's disease, the Down's syndrome
group first was divided into individuals younger and
older than 35 years. The mean ages of the young and
old Down's syndrome and control groups were simi-
lar. Down's syndrome subjects, both young and old,
were significantly shorter than their age matched con-

trol groups. Supine resting heart rate and systolic and
diastolic blood pressures were not significantly
different on PET and non PET days for both young
and old Down's syndrome subjects. Further, the anx-

iety rating, another measure of stress, did not differ
between any of the groups (young Down's syndrome
vs young controls, old Down's syndrome vs old con-

trols, or young Down's syndrome vs old Down's syn-
drome). For the physiological parameters on the day
of PET, the young Down's syndrome group differed
from the young control group only in having a lower

supine systolic blood pressure; the older Down's syn-
drome group had significantly lower supine systolic
and diastolic blood pressures than did the old control
group. Comparison of the young and old Down's
syndrome subjects on days of PET showed no
significant differences.

In the older Down's syndrome group, the diagnosis
of dementia was established in two subjects aged 47

Table 3 Neuropsychology test scoresfor young and old DS
groups expressed as mean + standard deviation

Young DS Old DS

Language
Peabody Picture Vocabulary

Test Age (yr) 5.7 + 2-3 (14) 2-6 + 0-6 (6)*

Visuospatial
Hiskey Nebraska Block Pattern

Subtest (score) 3-1 + 1[5 (14) 0-5 + 0 8 (6)*
WISC-R Block Design Subtest

(score) 7-2 + 8-5 (14) 1-5 ± 3.7 (6)*
Extended Block Design Test

(score) 13.4 + 2-4 (14) 7-3 + 4.8 (6)*

Attention
Digit Span (score) 10-9 + 4-7 (14) 7 3 + 6-0 (6)
Object Pointing Span (score) 11-0 ± 2-9 (11) 7 2 ± 4-9 (6)*
Block Tapping Span (score) 14 4 + 6-0 (14) 7 7 + 5-0 (6)*

Visual Recognition Memory
Design Span (score) 4-9 + 2-5 (14) 1 8 + 1-7 (6)*

*Differences between mean values in young and old DS groups were
compared with a Wilcoxon 2 Sample Test (p < 0-05).
Values are mean + SD.
Number of subjects is shown in parentheses.
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and 63 years with a 2 year history of mental decline.
As illustrated in table 3, the mean mental age of the
young Down's syndrome group, as determined by the
Peabody Picture Vocabulary Test,26 was 5-7 + 2-3
(SD) years. Two young Down's syndrome subjects
had mental ages of 9-4 years and 1[-75 years, whereas
the remaining 12 had mental ages ranging from 3-4 to
6 5 years.

Table 3 also shows that there was a clear difference
in standardised neuropsychologic tests of language,
visuospatial ability, attention, and visual recognition
memory between the young and older Down's syn-
drome groups. On the Peabody Picture Vocabulary
Test, the mean mental age was 2-6 years in the old
Down's syndrome group as compared with 5 7 years
in the young Down's syndrome group. Individually,
the scores of three of four nondemented Down's
syndrome subjects were more similar to the score of
the demented old group. One nondemented older sub-
ject had scores on several tests within the lower range
of the younger Down's syndrome group.

Table 4 lists values for the weighted hemispheric
cerebral metabolic rate for glucose and for rCMRglc
in five pairs of bilaterally symmetrical lobar brain
regions. Hemispheric CMRglc equalled 6-57
mg/I00 gm/min in the 14 young Down's syndrome
subjects, as compared with 5 02 mg/100 gm/min in the
young controls. There was a uniform elevation in
rCMRglc in 14 young adult Down's syndrome sub-
jects in comparison with young controls. However, as
an operator-drawn ellipse was employed to calculate

absolute values of rCMRglc, and might have led to
abnormally high values ofrCMRglc in this study, fur-
ther work is required with transmission attenuation
to determine what the difference between young
Down's syndrome and control groups actually repre-
sents (Bacharach S, Schapiro M, in preparation). No
difference in mean asymmetry between young Down's
syndrome and control groups was present for lobar
rCMRglc. No differences in cerebral metabolism exis-
ted between the young and older control groups.23 24

As shown in table 4, a comparison was also made
between young and older Down's syndrome groups
with respect to weighted hemispheric CMRglc and
rCMRglc. Hemispheric CMRglc in the older Down's
syndrome group was 23% less than in the young
Down's syndrome group (p < 0-05). Hemispheric
CMRglc equalled 5-12 mg/100 gm/min in the six older
Down's syndrome subjects. Significant decreases were
present in all lobar regions (table 5). No differences
existed in mean asymmetry between young and old
Down's syndrome groups.

Table 5 illustrates quotients of rCMRglc in associ-
ation regions to rCMRglc in sensorimotor and occipi-
tal areas, which were examined in order to reduce the
large coefficient of variation associated with
CMRglc24 for statistical analysis, and because these
quotients have been noted to be reduced in
Alzheimer's disease.34 No differences were present
between the young Down's syndrome and young
control groups, but the parietal/sensorimotor and
temporal/occipital quotients were reduced

Table 4 Hemispheric and lobar cerebral metabolic ratesfor glucose in DS and control groups expressed as mean + standard
error

Controls Down's syndrome

Brain region Young Old Young Old

Hemisphere
Right 502 + 017 (15)* 465 ± 025 (20) 657 + 020 (14) 5-10 + 046 (6)t
Left 5 12 ± 017 (15) 4-73 + 025 (20) 6-60 ± 0-22(14) 5-14 ± 043(6)t

Frontal
Right 5-92 + 0-26 (15) 5 33 + 0-28 (20) 7 81 + 0-25 (14) 6-17 + 0 47 (6)t
Left 6 02 ± 0-27 (15) 5 38 ± 0 28 (20) 7 90 ± 0-25 (14) 6 05 ± 0-47 (6)t

Parietal
Right 5-83 + 0-26 (15) 5-32 + 026 (20) 7-42 + 0-26 (14) 5-42 + 0-63 (6)f
Left 586 ± 025 (15) 546 ± 0-28 (20) 753 ± 028 (14) 5.44 ± 061 (6)t

Sensorimotor
Right 6-17 + 0 29 (15) 5-61 + 0-29 (19) 7-85 + 0.27 (14) 6-22 + 0 60 (6)t
Left 6-13 ± 0 25 (15) 5-82 ± 0-31 (19) 8-03 ± 027 (14) 6-39 ± 0-56(6)t

Occipital
Right 549 + 016 (15) 536 + 026 (20) 657 ± 023 (14) 565 + 044(6)t
Left 5 55 ± 0-17 (15) 5-41 ± 0-25 (20) 6 59 ± 0.22 (14) 5-72 ± 0 43 (6)t

Temporal
Right 4 71 + 0 19 (15) 4 50 + 0 21 (20) 5-81 + 0-22 (14) 4-48 + 040 (6)t
Left 4 93 ± 0 20 (15) 4 56 ± 0-19 (20) 5-89 ± 0-18 (14) 4 30 + 0-33 (6)t

*Mean + SEM; number of subjects in parentheses.
tDiffers from mean in young Down's syndrome by Bonferroni t statistic (p < 0.05).
Values are rCMRglc mg/100 gm/min. Differences between means in young and old DS and control groups were analysed with a one-way
ANOVA. Post hoc comparisons, using Bonferroni t tests (p < 0-05), were as follows: young DS vs old DS, and young controls vs old controls.
Homogeneity of variance was assured by using Bartlett's test.
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Table 5 Ratios oflobar metabolic ratesfor glucose, parietal/sensorimotor and temporal/occipital

Controls Down's syndrome

Young Old rCMRgic ratios Young Old

Parietal/Sensorimotor$
Right 0-949 + 0012 (15)* 0950 + 0-012 (19) 0946 + 0010 (14) 0-863 + 0031 (6)t
Leftll 0-957 ± 0-012 (15) 0-942 ± 0 011 (19) 0 937 + 0-012 (14) 0 848 + 0-045 (6)

Temporal/Occipital§
Right 0 859 + 0-028 (15) 0-845 + 0-018 (20) 0 887 + 0 022 (14) 0-797 + 0-043 (6)
Left 0-890 ± 0031 (15) 0-849 ± 0-018 (20) 0-898 + 0-017 (14) 0-757 + 0-036 (6)t

*Mean + SEM. Number of subjects in parentheses.
tDiffers from mean in young Down's syndrome by Bonferroni t statistic (p < 0 05).
$Parietal/Sensorimotor.
XTemporal/Occipital .flnhomogeneous variance (Bartlett's test)
Differences between mean values in young and old DS and control groups were analysed with a one-way ANOVA. Post hoc comparisons,
using Bonferroni t tests (p < 0-05), were as follows: young DS vs old DS, and young controls vs old controls. Homogeneity of variance was
assured by using Bartlett's test.
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significantly in the old Down's syndrome as com-
pared with the young Down's syndrome group.
Because of nonhomogeneous variances, the
differences were significant only for right
parietal/sensorimotor and left temporal/occipital
ratios. The figure illustrates that three older Down's

l syndrome subjects fell outside the range of values of
the young Down's syndrome group. The subjects with
the lowest and third lowest values were demented.
The subject with the second lowest value (female aged

* 55 yr) developed dementia within one year of her PET
scan.

Discussion

*_ - This study shows that older adult Down's syndrome
subjects with trisomy 21 have a reduced cerebral
metabolic rate for glucose measured at rest and with
reduced sensory input as compared with young sub-
jects. Mean hemispheric metabolism in the older
Down's syndrome subjects was 23% less than in the
younger Down's syndrome group, and rCMRglc was
reduced in all lobar regions of the older subjects.
Differences between groups for mean right/left ratios
for rCMRglc were not present.

In agreement with others,35 we noted variability of
o mental age scores in young adult Down's syndrome

subjects, with most subjects being moderately to
' severely retarded, as measured by the Peabody Pic-

Old DS ture Vocabulary Test. Our study also revealed
adults significant differences between young and older adult

Down's syndrome subjects in neuropsychological
sorimotor parameters studied, as has been noted pre-
ups. Means viously.6-12 Neuropsychological test scores in thehemean of nondemented old Down's syndrome subjects were
less than the
mnt'st test, more similar to those of the demented old Down's
)own's syndrome group than to the younger Down's syn-
ented drome group. Thus, all older subjects showed neuro-
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psychologic reductions compared with young sub-
jects. These differences -may be associated with the
neuropathology of Alzheimer's disease. Dementia,
when it appears, may reflect higher threshold amount
of brain damage in brains of Down's syndrome sub-
jects over 35 years of age. In this regard, the brain of
a 47 year old demented subject who died demon-
strated very high numbers of senile plaques,
neurofibrillary tangles, and neuronal loss.36
Although all Down's syndrome brains appear to

show neuropathology of Alzheimer's disease after age
35 years, only 20 to 30% of older Down's syndrome
subjects have been described as demented during
life.8 111437 Some authors believe that the density of
senile plaques and neurofibrillary tangles correlates
with the severity of dementia;13 others disagree.'4 As
all of our older Down's syndrome subjects showed
neuropsychological performance below that of
younger Down's syndrome subjects, this discrepancy
again suggests that dementia requires more brain dis-
ease to appear than does cognitive decline (see above).
Alternatively, the discrepancy may be due in part to
difficulties in diagnosing dementia in mentally
retarded subjects38 39 and to the variable age of onset
and clinical course of dementia in Down's syndrome.
A limitation to the interpretation of our study

arises from its cross-sectional design. The quality of
health care available to our younger Down's syn-
drome subjects is better than that afforded the older
subjects when they were younger, and the younger
subjects had better educational opportunities. To
minimise this effect, our Down's syndrome subjects
were recruited from homes, rather than from institu-
tions, as we hoped that stimulation and learning
would be better in a home situation.
Symmetry of cerebral metabolism has not been

examined previously in adult Down's syndrome. The
bilateral symmetry of rCMRglc in young adult
Down's syndrome in this study is in agreement with
the lack of focal neuropathology seen in young adult
Down's syndrome brains'14 and is similar to the sym-
metry seen in the controls.
An increased cerebral metabolic rate for glucose

was noted in young adult Down's syndrome subjects
as compared with controls, but the extent to which
the increase reflects errors in attenuation correction
due to the smaller head size in Down's syndrome
with the ECAT II tomograph currently is under
investigation (Bacharach S, Schapiro M, in prepara-
tion). Increased glucose utilisation also has been
reported in adult autism, another functional dis-
turbance of brain function without evident neuro-
pathology and with normal head size.40

Age-related changes in brain metabolism, mea-
sured at rest and with reduced sensory input were not
seen when healthy young and old controls were com-

pared in our study, in support of previous findings
from this laboratory.23 24 However, for the old
Down's syndrome subjects, mean CMRglc was
significantly less than for the young Down's syn-
drome subjects. Such a decrease has not been
reported previously, and contrasts with the lack of an
age effect in healthy controls. It is likely that they
correspond to Alzheimer type neuropathology and
cognitive decline in the older Down's syndrome sub-
jects.

Anxiety has been reported to increase brain metab-
olism,4' 42 but in our study, heart rate, blood pres-
sure, and assessment of global anxiety during PET
did not differ between young and old Down's syn-
drome subjects. In addition, heart rate and blood
pressure did not differ on PET and non PET days,
suggesting that the young Down's syndrome subjects
were not markedly anxious during PET. Unregulated
sensory deprivation also might decrease brain metab-
olism,43 but both our Down's syndrome subjects and
controls were treated equally with respect to sensory
inputs and were adapted to the procedure. Although
partial voluming may average the radioactive mea-
surements in subjects with enlarged ventricles or sulci,
quantitative CT analysis suggests that CSF volume
increases with age in Down's syndrome, but that the
increase is not different from that in controls
(Schapiro M, unpublished observations).

Decreased glucose utilisation has been described in
Alzheimer's disease.344446 In agreement with these
studies, we found that the parietal and temporal lobes
were relatively more affected in Down's syndrome
than were perirolandic sensorimotor and occipital
regions. The age decrement in brain metabolism in
Down's syndrome also coincides with the appearance
of Alzheimer type neuropathology. There is a reduc-
tion in cholinergic and noradrenergic activity,17 47
as well as neuronal loss, senile plaques, neuro-
fibrillary tangles, and granulovacuolar degener-
ation'3 14 163748 in brains from older Down's syn-
drome subjects. The density of senile plaques and of
neurofibrillary tangles and the degree of cell loss in
the hippocampus and temporal cortex are compar-
able to those reported in Alzheimer's brains.16 3648
Furthermore, the density of senile plaques and
neurofibrillary tangles increases with age in Down's
syndrome.'3 14 37

The authors thank Alice Cheng for her assistance
with the computer programs.
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