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Heterogeneity in Alzheimer's disease: progression
rate segregated by distinct neuropsychological
and cerebral metabolic profiles

Ulrike M Mann, Erich Mohr, Margaret Gearing, Thomas N Chase

Abstract
In an attempt to define possible subgroups
ofAlzheimer's disease, 21 patients satisfy-
ing current clinical diagnostic criteria for
this disorder were divided on the basis of
progression rates of symptoms. Thirteen
patients with relatively rapid intellectual
deterioration did not differ from eight
patients showing slow progression with
respect to global intellectual perform-
ance, sex, or age at onset of symptoms.
Neuropsychological testing revealed that
although the two groups were indistin-
guishable in verbal or visuospatial func-
tions associated with the parietotemporal
cortex, the more rapidly deteriorating
group had significantly greater impair-
ment in executive functions attributed to
the frontal lobe. PET scans showed equiv-
alent reductions in glucose metabolism in
the parietotemporal cortex, but patients
with relatively fast progression had sig-
nificantly greater hypometabolism fron-
tally. These results suggest an association
between relatively severe frontal lobe
involvement and a rapid clinical course
that might have important implications
for the development of treatment strate-
gies for patients with Alzheimer's dis-
ease.
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Alzheimer's disease, characterised clinically by
progressive cognitive deterioration, does not fit
a uniform pattern.' 2 Indeed, the disorder has
been subgrouped on the basis of age at
onset,34 on morphological or neurochemical
grounds,56 and on neuropsychological or cere-
bral imaging profiles.7 8 Distinct deficits in
visuospatial or verbally mediated domains" as
well as in specific memory functions10 have
been applied to the categorisation of Alzhei-
mer's patients. Positron emission tomography
(PET) studies have shown that although
regional glucose metabolism is characteris-
tically reduced in the parietotemporal cor-

tex., 12 portions of the frontal lobes may also
be substantially affected in some patients.'3 14
The rate of symptom progression in Alzhei-

mer's disease has long been known to vary
widely, with illness ranging from only a few
months' duration to as long as 21 years." '6We
have previously described neuropsychological
differences between slowly and rapidly deteri-

orating patients: whereas slowly deteriorating
patients showed a predominantly posterior
pattern of cognitive impairment, faster declin-
ing patients showed an additional defect in
tests associated with frontal lobe function. 7 To
evaluate a possible relation between the pace of
cognitive deterioration and the distribution of
cortical dysfunction we examined regional
cerebral metabolism as revealed by PET scans
after [18F]-fluorodeoxyglucose was given to a
group of Alzheimer patients who had received
extensive neuropsychological testing.

Patients and methods
Patients included in this study were evaluated
in the dementia clinic of the Experimental
Therapeutics Branch at the National Institutes
of Health between 1986 and 1989 and were
found to satisfy DSM III-R criteria for primary
degenerative dementia'8 and NINCDS-
ADRDA criteria for probable Alzheimer's dis-
ease.'9 Among 41 patients who had received
extensive neuropsychological testing in prepa-
ration for possible inclusion in various clinical
studies,17 21 (12 men, 9 women; mean (SE)
age 67 (1-8) years, range 55-82 years) were
found to have been further assessed by PET-
fluorodeoxyglucose scanning. None of these
subjects had intercurrent medical illness or
were receiving centrally active drugs at the time
of testing. All had provided informed consent
after full disclosure of the potential risks and
benefits of this study.
An index of disease progression was calcu-

lated for each individual as:

140 - DRS score

symptom duration

where 140 was considered the lowest "nor-
mal" score on the dementia rating scale
(DRS),'0 DRS score was the patient's current
level of performance, and symptom duration
was based on the patient's records and infor-
mation provided by family members.'7 Sub-
jects were then divided into a slowly
progressive group, which included all those
with an index below the midpoint of the entire
range of values, and a rapidly progressive
group, comprising those with an index higher
than the midpoint.

General intellectual function and memory
function were assessed with the Wechsler adult
intelligence scale-revised (WAIS-R)" and the
Wechsler memory scale (WMS).22 In addition,
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the following domain specific neurpsycho-
logical tests were used: Rey verbal learning23
and sentence memory24 to evaluate verbal
cognitive function; Rey Osterrieth complex
figure,25 26 Benton visual retention test,27 street
map,28 and mosaics29 to measure visuospatial
performance; word fluency30 and a modified
version of the ego state inventory3" as tests of
executive function.
PET scans were performed with subjects

lying in a quiet, darkened room with eyes
covered and ears plugged. After an intravenous
bolus injection of 5 mCi [18F] 2-fluoro-
2-deoxy-D-glucose (FDG), serial blood sam-

ples were taken from an "arterialised"
peripheral vein (local warming to 44°C with a

heating pad) contralateral to the side of injec-
tion. Thirty minutes later, scanning was begun
with the NeuroPET, a seven slice tomograph
with a spatial resolution of approximately
6 mm (full width at half maximum) in the
image plane and 11-5 mm slice thickness.
Fourteen to 42 slices parallel to the cantho-
meatal line were obtained. Images were recon-

structed and local metabolic rates for glucose
calculated.32 Image analysis was performed on

seven equally spaced levels using LISPIX, a

processing system composed of a FORTRAN
library drive by LISP.3" After shape normal-
isation, glucose values were obtained from 224
contiguous cortical and subcortical regions.
Values were normalised by calculating the ratio
of each region to white matter. Data were

averaged for the following regions: inferior,
middle, superior anterior, superior mesial, and
superior posterior frontal cortex; inferior and
superior temporal cortex; inferior and superior
parietal cortex; occipital cortex, caudate and
lenticular nuclei, and thalamus. To determine
the degree of regional differences between
patient groups, an index:

(rGMR)s- (rGMR)R

((rGMR)s + (rGMR)R / 2)

was calculated, where (rGMR)s represents the
regional glucose metabolic rate (rGMR) of the
slowly progressive group and (rGMR)R the
rate of the rapidly progressive group.
Data were analysed with analysis of variance

procedures and with Pearson's correlation.34

Results
Symptom progression indices ranged from 1-8
to 28-0 for the average annual decline in
dementia rating scale scores. Thirteen patients
had progression indices below the midpoint of
this range and were considered slow pro-
gressors; eight had indices above the midpoint
and were considered rapid progressors. There
were no significant differences between these
two groups with respect to age at symptom
onset, age at time of testing, or educational
level. The groups differed only with respect to
the duration of their symptoms and their
dementia rating scale scores, factors that con-

tributed to the progression index (table 1).
Neuropsychological evaluation revealed

comparable scores for both groups in tests of

Table 1 Clinical characteristics ofpatients with slow and
rapid progression ofAlzheimer's disease. Values are mean
(SE) unless otherwise indicated

Slow Rapid
progression progression
(n = 13) (n = 8)

Sex (M:F) 7:6 5:3
Age at disease onset 64 (2-3) 61 (2-6)
Age at testing 69 (2 3) 63 (2 8)
Education 17 (1-0) 16 (1-0)
Symptom duration 5 (0-8) 2 (0 4)*
Mattis 114 (2-7) 94 (11)*
Progression index 6-8 (0-9) 22 (1-8)**

Progression index was derived as 140 - DRS scores / symp-
tom duration.
*p < 0-05 for group differences.
**p < 0-0001 for group differences.

global intellectual performance and memory
performance (WAIS-R, WMS) as well as in
specific tests of verbal and visuospatial func-
tion. Neuropsychological tasks involving exec-
utive function, on the other hand, yielded
significantly lower scores for the more rapidly
deteriorating group (p < 0-05; table 2). More-
over, only performance on tests of executive
function correlated significantly with patients'
progression indices (table 3).

Positron emission tomography failed to
show any group difference in regional cerebral
metabolism in temporal, parietal, or occipital
cortices, nor in any of the subcortical nuclei
analysed (table 4). In contrast, cortical meta-
bolic values in the mesial and posterior regions
of the superior frontal lobe bilaterally (Brod-
man area 6 to 9) were significantly lower in the
rapidly progressive group (table 4). Linear
correlation analysis of the regional metabolic
values with the progression indices revealed a
significant decrease in metabolism with
increasing rates of deterioration only in the
superior frontal cortex (table 5). No systematic
differences were found between the left and
right hemisphere. Regarding the degree of
regional differences between groups, the most
consistent metabolic differences again

Table 2 Mean (SE) differences in cognitive functions
between slowly and rapidly progressive groups of patients
with Alzheimer's disease

Slow Rapid
progression progression
(n = 13) (n = 8)

Global neuropsychological
functions:

Verbal IQ (WAIS-R) 88 (3 6) 80 (5 4)
Performance IQ (WAIS-R) 79 (4-0) 73 (4-1)
Full scale IQ (WAIS-R) 84 (3-3) 76 (4 7)
Memory scale (WMS) 76 (3-1) 67 (4-1)

Tests associated with verbal
functions:
Rey verbal learning 4-2 (0-4) 3-3 (09)
Sentence memory 11 (1-0) 11 (1-7)

Tests associated with visuospatial
functions:
Rey Osterrieth figure 19 (3-5) 14 (4 7)
Benton visual retention 3-7 (0 4) 3-6 (0-6)
Street map 11 (0 9) 10 (0 9)
Mosaics 27 (10) 2-6 (0 6)

Tests associated with executive
functions:
Ego state inventory 207 (4) 145 (37)*
Word fluency 11 (1-4) 5-3 (1-5)
Mental control (WMS) 8-7 (0-9) 5-6 (1-2)*

WAIS-R = Wechsler adult intelligence scale, revised; WMS =

Wechsler memory scale.
*p < 0 05 for group differences.
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Table 3 Linear correlation ofprogression rate ofAlzhei-
mer's disease with neuropsychological tests scores in 21
patients

Pearson's
correlation
coefficient

Global neuropsychological functions:
Verbal IQ (WAIS-R) - 0 39
Performance IQ (WAIS-R) - 0-27
Full scale IQ (WAIS-R) - 040
MQ (WMS) - 0 41

Tests associated with verbal functions:
Rey verbal learning - 0-24
Sentence memory - 0-08

Tests associated with visuospatial functions:
Rey Osterrieth figure - 0 33
Benton visual retention 0 07
Street map - 0-33
Mosaics - 005

Tests associated with executive functions:
Word fluency - 0.53*
Ego state inventory - 0 74**
Mental control (WMS) - 0Q44*

WAIS-R = Wechsler adult intelligence scale, revised; WMS =
Wechsler memory scale.
*p < 0-05; **p < 0 005.

Table 4 Mean (SE) differences in regional cerebral
glucose metabolism between slowly and rapidly progressive
groups of patients with Alzheimer's disease

Slow Rapid
progresion progression

Brain region (n = 13) (n = 8)

Frontal cortex:
Inferior 2-7 (0 3) 2-5 (0 2)
Middle 3-0 (0 2) 2-5 (0 2)
Superior anterior 2-7 (0 2) 2-3 (0 2)
Superior mesial 2-9 (0 2) 2-3 (0 1)*
Superior posterior 2-5 (0-2) 2-0 (0-1)*

Temporal cortex:
Inferior 2-4 (0-2) 2-3 (0 2)
Superior 2-5 (0 2) 2-5 (0-2)

Parietal cortex:
Inferior 2-4 (0-2) 2-2 (0 2)
Superior 2-7 (0-2) 2-3 (0 1)
Occipital cortex 2-8 (0-2) 2-8 (0 3)

Subcortical regions:
Caudate 2-8 (0 1) 3-0 (0 3)
Lenticular nuclei 3-2 (0-2) 3-2 (0-6)
Thalamus 2-9 (0-2) 3 0 (0 2)

*p < 0 05 for group differences.

Table 5 Linear correlation ofprogression rate ofAlzhei-
mer's disease with regional cerebral glucose metabolism

Pearson's
correlation

Brain region coefficient

Frontal cortex:
Inferior - 0 21
Middle - 0-27
Superior anterior - 0-42
Superior mesial - 0-48*
Superior posterior - 0.49*

Temporal cortex:
Inferior 0 04
Superior 0-06

Parietal cortex:
Inferior - 0-09
Superior - 0-23
Occipital cortex 0-08

Subcortical regions:
Caudate 0 13
Lenticular nuclei 0-19
Thalamus 0-06

*p < 0-05.

emerged in the superior frontal regions bilat-
erally (figure).

Discussion
Characteristic differences in neuropsycholog-
ical patterns and patterns of glucose metabo-

lism were found in patients with probable
Alzheimer's disease segregated on the basis of
rate of progression of symptoms. Although the
degree of parietotemporal cortical abnormality
was indistinguishable, the more rapidly deteri-
orating group had significantly more frontal
lobe dysfunction as shown both by perform-
ance on neuropsychological tests and by
regional cerebral glucose metabolism.
Although differences in progression rate
between patients with distinctive patterns of
cognitive dysfunction have recently been
reported, only visuoconstructional and lexical-
semantic language abilities were examined,
and no measurements of frontal lobe function
were included.9

Rates of symptom deterioration ranged
widely in patients admitted to this study but
failed to correlate with any of the demographic
variables considered, such as age at symptom
onset or educational level. In contrast, earlier
reports suggested that younger patients with
Alzheimer's dementia tend to have a more
rapid decline in overall intellectual function.'
More recent studies using a longitudinal
approach tend to support the present findings,
revealing no significant relation between the
rate of clinical deterioration and age at symp-
tom onset.3537 However, the possibility cannot
totally be excluded that patients in the rapidly
progressing group, while fulfilling current
diagnostic criteria for Alzheimer's disease,
actually suffered from some other dementing
disorder.
A single measurement may be an imperfect

index of rate of change in symptoms over an
extended period due to the relative lack of
linearity in the progression of symptoms, but it
is striking to note that the average loss of 12
points a year on the dementia rating scale
found in the present group of 21 subjects
closely corresponds to recent observations
using the dementia rating scale over a two year
period in Alzheimer's patients.38
PET-FDG studies evaluating Alzheimer's

disease have focused on inter individual varia-
tions in regional patterns ofmetabolic dysfunc-
tion.' 14 39Though some earlier investigations
emphasised hemispheric asymmetry,'2 40 more
recent studies have often focused on anterior
or posterior changes.'3 14 Consistent with the
present data, frontal hypometabolism was
associated with greater impairment in atten-
tional tests and verbal fluency.'3 '4 These dif-
ferences in focal abnormalities could reflect
different stages of disease.4'42 While the parie-
tal regions are most affected in milder cases,
frontal and anterior temporal cortical regions
seem increasingly hypometabolic in more
advanced patients.4' 42 Nevertheless, patients
in both of our groups showed equivalent
degrees of parietal metabolic dysfunction and
posterior neuropsychological disability. Since
this was true in both relative and absolute
terms (patients with fast progression had
consistently lower frontal glucose metabolic
values and lower scores on executive function
tests) it would seem more likely that we are
dealing with two different subgroups rather
than different stages of illness in the same
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Figure Regional differences in glucose metabolism in rapidly and slowly progressive
Alzheimer's disease. Scores calculated as (rGMR)s- (rGMR)R I ((rGMR), +
(rGMR)R 2). Closed circles are for scores > 0-2, open circles for 0 1 to 0-2, and
hatched circles for < 0 1.

group.

The present findings, if validated in a study
using a longitudinal design, may have implica-
tions for the development of more effective
treatments for Alzheimer's disease. Conceiv-
ably, the limited success of current transmitter
replacement strategies could, in part, reflect
heterogeneity within the target population of
patients with clinically diagnosed Alzheimer's
disease. Differences in regional cerebral
involvement may reflect differences in trans-

mitter system involvement, which in turn

could affect the response of symptoms to

treatment and emphasise the need to choose
the treatment most suitable for each individual
patient.

We thank Dr Howard Burrows for designing the analysis
program for PET images and Tim Collins for his technical help
in computer programming.
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