
Behavioural Neurology (1995), 8, 23--30 

Differential classification of dementia 
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In the absence of biological markers, dementia classification remains complex both in terms of characterization as well as early 
detection of the presence or absence of dementing symptoms, particularly in diseases with possible secondary dementia. An 
empirical, statistical approach using neuropsychological measures was therefore developed to distinguish demented from non
demented patients and to identify differential patterns of cognitive dysfunction in neurodegenerative disease. Age-scaled 
neurobehavioral test results (Wechsler Adult Intelligence Scale---Revised and Wechsler Memory Scale) from Alzheimer's (AD) 
and Huntington's (HD) patients, matched for intellectual disability, as well as normal controls were used to derive a 
classification formula. Stepwise discriminant analysis accurately (99% correct) distinguished controls from demented patients, 
and separated the two patient groups (79% correct). Variables discriminating between HD and AD patient groups consisted of 
complex psychomotor tasks, visuospatial function, attention and memory. The reliability of the classification formula was 
demonstrated with a new, independent sample of AD and HD patients which yielded virtually identical results (classification 
accuracy for dementia: 96%; AD versus HD: 78%). To validate the formula, the discriminant function was applied to 
Parkinson's (PD) patients, 38% of whom were classified as demented. The validity of the classification was demonstrated by 
significant PD subgroup differences on measures of dementia not included in the discriminant function. Moreover, a majority 
of demented PD patients (65%) were classified as having an HD-Iike pattern of coguitive deficits, in line with previous reports 
of the subcortical nature of PD dementia. This approach may thus be useful in classifying presence or absence of dementia and 
in discriminating between dementia subtypes in cases of secondary or coincidental dementia. 
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INTRODUCTION 

A large number of medical disorders are associated 
with dementia, either as a primary presenting symp
tom, as is the case in Alzheimer's disease (AD), or as 
a secondary or coincidental aspect of illness, as in 
Parkinson's disease (PD; e.g. Mohr et al., 1990b; 
Levin et al., 1991) or HIV infection (e.g. Navia et ai., 
1986; Price et al., 1988). The absence of confirmed, 
definitive biological markers for dementia in vivo 
(notwithstanding other diagnostic criteria for the re
spective illnesses associated with non-Alzheimer-type 
dementi as) necessitates a clinical approach, including 
the use of neuropsychological and behavioral meas
ures, such as mental status examinations, the revised 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-III-R) criteria for dementia (American Psychi
atric Association, 1987) and the National Institute of 
Neurological and Communicative Disorders and 
Stroke - Alzheimer's Disease and Related Disorders 
Association (NINCDS-ADRDA) criteria (McKhann 
et al., 1984). While reasonably accurate in the context 
of AD, the use of these criteria by themselves is more 
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difficult when applied to other dementing disorders. 
In the latter context, only a limited number of pa
tients may evidence actual dementia and even those 
may not necessarily score in the impaired range on 
mental status exams and/ or fulfil all of the other 
indices of dementia stipulated by DSM-III-R and/ or 
NINCDS-ADRDA criteria (Cummings, 1990). The 
application of established benchmarks for dementia 
based on AD or the use of simple cut-off scores on 
mental status exams may therefore be insufficient for 
the diagnosis of secondary or coincidental dementia. 

Considerable research attention has focused on 
differential classification of primary dementias (e.g. 
Cummings, 1986; Goodin and Aminoff, 1986; 
Salmon et ai, 1989), and while such distinctions 
remain controversial, they may have important conse
quences for the understanding of disease processes 
(Mohr et al., 1 990a; Hodges et al., 1990), both in 
primary as well as secondary dementias. Current 
differential classification schemas are most often 
based on characteristic transmitter system alterations 
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TABLE I. Sample Characteristics [mean ± S.E.M. (range)] 

n Age (years) 

Criterion sample 
Alzheimer's 19 64 ± 1.8 (53-80) 
Huntington's 19 44 ± 3.1 (25-76) 
Normal controls 29 41 ± 3.0 (19-71) 

Reliability sample 
Alzheimer's 10 65 ± 1.8 (56-74) 
Huntington's 18 48 ± 3.2 (23-66) 

Validation sample 
Parkinson's 45 61 ± 2.0 (39-75) 

(Perry, 1986; Mann and Yates, 1986; Carlsson, 1987; 
Cummings, 1988), neuropathological features (Jell
inger, 1987) or clinical profiles (Cummings and 
Benson, 1984; Huber and Paulson, 1985). The latter 
typically rely on neurobehavioral patterns and dis
tinguish dementias on neuropsychological grounds 
(e.g. Cummings, 1986). One of the more widely 
utilized clinical models separates dementia into 
cortical or subcortical subtypes (Albert et ai., 1974; 
Cummings and Benson, 1984; Huber et ai., 1986; 
Cummings, 1986, 1988; Brown and Marsden, 1988). 
The cortical variant has been associated predomi
nantly with aphasia, agnosia, apraxia, acalculia 
and marked memory problems (e.g. Brown and 
Marsden, 1988). Subcortical dementia on the other 
hand has been linked to cognitive and memory 
impairment, with poor problem solving produced 
by slowness, impaired planning and application 
of strategies, and poor memory marked by difficulty 
retrieving learned material (e.g. Brown and Marsden, 
1988; Heindel et ai., 1989, 1990). AD is generally 
considered to be the principal example of a cor
tical dementia, while subcortical dementia has been 
associated with Huntington's disease (HD), PD 
and progressive supranuclear palsy (Albert et ai., 
1974; Cummings and Benson, 1984; Huber and Paul
son, 1985; Cummings, 1986, 1988; Pillon et aI., 
1991). 

Separation of dementia into two broad clinical 
categories, namely cortical and subcortical dementia, 
may well be useful. However, factors like severity of 
dementia, age-related performance differences and 
considerable performance heterogeneity in individual 
patients confound possible contrasts. In an attempt 
to develop a more rigorous approach to distinguish
ing demented patients from non-demented indivi
duals and to define more precisely differential 
patterns of cognitive impairment in the context of 
secondary or coincidental dementia, the following 
study was undertaken. 
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Sex (M/F) Education (years) Full Scale IQ 

11/8 16 ± 1 (12-20) 90 ± 2.3 (77-109) 
11/8 14 ± 1 (11-20) 90 ± 2.6 (72-111) 
11/18 15 ± 0.4 (12-20) 118 ± 9.8 (94-133) 

5/5 11 ± 0.7 (7-14) 85 ± 6.9 (56-107) 
9/9 11 ± 0.7 (7-17) 83 ± 2.4 (72-105) 

35/10 16 ± 1 (12-20) 105 ± 2.1 (81-131) 

METHODS 

Nineteen patients with a clinical diagnosis of prob
able AD, based on DSM-III-R (American Psychiatric 
Association, 1987) and NINCDS-ADRDA criteria 
(McKhann et ai., 1984) and 19 patients with HD, 
diagnosed on the basis of positive family history, 
evidence of striatal atrophy on computed tomogra
phy (CT) scan and neurological examination served 
as study subjects for the criterion sample (see Table I 
for subject characteristics). Both patient groups were 
matched for overall level of intellectual functioning 
on the basis of their Full Scale IQ (WAIS-R; 
Wechsler, 1981) and education. All patients had been 
free of centrally active medications for at least 4 
weeks prior to admission to the study and were seen 
for diagnostic purposes in the out-patient clinic of 
the Experimental Therapeutics Branch, NINDS at 
the National Institutes of Health in Bethesda, Mary
land, USA. Twenty-nine neurologically normal sub
jects, matched to the two patient groups for educa
tion, served as criterion sample controls (Table I). 
None had received centrally active medication for at 
least 4 weeks prior to study entry. 

A separate reliability sample (Table I) of 10 pa
tients with probable AD and 18 individuals with 
HD, diagnosed by the same criteria as the NIH 
sample, was tested in the Memory Loss Clinic of the 
Neurodegenerative Disorders Branch, Institute of 
Mental Health Research in Ottawa, Ontario, Canada. 
The reliability sample was unselected for IQ levels. As 
in the original sample, all patients had been free of 
centrally active medications for at least 4 weeks prior 
to testing. 

A validation sample of 45 patients with PD, 
matched to the original two patient groups and con
trols for education, unselected for cognitive or motor 
status, also participated (Table I). Thirteen patients 
were in stage I of the modified Hoehn and Yahr 
scale (Fahn et ai., 1987), seven were in stage II, 18 in 
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TABLE II. Classification formula by which patients can be 
classified as normal or demented, and if demented, as 
more Alzheimer- or Huntington-like. 01 is digit span, BO 
is block design, OA is object assembly (WAIS-R subtests, 
age-scaled scores), SCVI is age-scaled visual repro
duction score (WMS) andMQ is Memory Quotient (WMS). 
Cases are classified according to the highest posterior 
probability 

Classification scores 

Y, = (0.13692 x 01) + (-0.09851 x BO) + (0.69456 x 
OA) + (-0.71476 x SCVI) + (0.88242 x MQ)-56.09480 
Y2 = (0.53637 x 01) + (-0.55816 x BO) + (0.70889 x 
OA) + (-0.21171 x SCVI) + (0.50142 x MQ)-23.16936 
Y3 = (0.12700 x 01) + (0.05536 x SO) + (0.28611 x 
OA) + (-0.64365 x SCVI) + (0.61651 x MQ)-26.60475 

Posterior probabilities 

TABLE III. Classification matrix results 

Classified as: 

AD-like HO-like Normal-like 

Criterion sample 
Alzheimer's 16 (84%) 3 (16%) 0(0%) 
Huntington's 5 (26%) 14 (74%) 0(0%) 
Normal controls 0(0%) 1 (3%) 28 (97%) 

Reliability sample 
Alzheimer's 7 (70%) 3 (30%) 0(0%) 
Huntington's 3 (17%) 14 (78%) 1 (6%) 

Validation sample 
Parkinson's 6 (13%) 11 (24%) 28 (62%) 

stage III, four in stage IV and three in stage V while 
unmedicated. Patients evidenced a mean duration of 
parkinsonian symptoms of 9 ± 0.7 years, with a 
range of 1-21 years. None received centrally active 
medications (including anticholinergics or deprenyl) 
for at least 4 weeks prior to neuropsychological test
ing, except for levodopa, which was temporarily dis
continued approximately 3 h before testing. Immedi
ately prior to testing, a neurologist assessed patients' 
motor function; when an individual was deemed 
"off", testing proceeded. All study participants pro
vided informed consent after full disclosure of the 
potential risks and benefits of the study. 

Neuropsychological function was assessed with 
tests for which reliable age-scaled norms are available 
over the range of ages studied here (19-80 years). 
This was deemed necessary since the dementing disor
ders under investigation are differentially prevalent 
as a function of age. The Wechsler Adult Intelligence 
Scale-Revised (WAIS-R; Wechsler, 1981) with age
scaled subtests and the Wechsler Memory Scale 
(WMS; Wechsler and Stone, 1945) with age-scaled 
subtests (Osborne and Davis, 1978) fulfilled these 
criteria. Mood state was assessed in Parkinson's pa
tients only, due to the relatively greater difficulty of 
reliably assessing this sphere in the other patient 
groups; the inventory used was the Beck Depression 
Inventory (Beck et al., 1961). 

Data from the criterion sample of AD and HD 
patients and normal controls were analyzed with a 
stepwise linear discriminant analysis (Dixon et al., 
1990), which was used to develop a formula by 
which patients could be classified as normal or de
mented, and if demented, as more Alzheimer- or 
Huntington-like. The contrast in the stepwise linear 
discriminant analysis was set to optimize differences 
between AD and HD patients. Probabilities were 
set to match sample size. The derived formula (Table 
II) was then applied to a reliability sample of new, 
unselected AD and HD patients. The formula was 
also used to classify patients with Parkinson's dis
ease (validation sample) as non-demented or de
mented, and to subclassify those categorized as de
mented as Alzheimer- or Huntington-like. Additional 
subgroup comparisons on alternative neuropsycho
logical measures were made using ANOV A and 
post-hoc planned t-tests to test the validity of the 
classification. (Results of the same procedure applied 
to HIV-infected, symptomatic adult patients are re
ported elsewhere.) 

RESULTS 

Neuropsychological test scores of the criterion sample 
of Alzheimer, Huntington and control subjects 
yielded a highly significant group separation (step
wise linear discriminant analysis), with an overall 
classification accuracy of 87% (58/67; p < 0.001; 
Table III). Twenty-eight of 29 controls (97%), 16 of 
19 Alzheimer's patients (84%) and 14 of 19 Hunting
ton's patients (74%) were correctly classified. Dis
crimination between demented and non-demented 
subjects was virtually perfect (99%). Within the de
mented groups, discrimination between Alzheimer
and Huntington-type dementias was also highly accu
rate (79% correct, 30/38;p < 0.001). 

Variables maximally separating the groups were 
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FIG. 1. Discrimination patterns of those variables identified 
as maximally separating Alzheimer's, Huntington's and 
control subjects. 
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FIG. 2. Comparison of three Parkinson's subgroups identified 
with the discriminant formula developed from the criterion 
sample. 

Block Design, Object Assembly, and Digit Span 
(WAIS-R subtests), as well as Memory Quotient 
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(WMS) and Visual Reproduction (WMS subtest). 
AD patients were relatively most impaired on visu
ospatial manipulation of patterns (Block Design) and 
global memory function (MQ), whereas those with 
HD tended to perform worse on visuospatial integra
tion (Object Assembly) and reproduction (Visual Re
production) and on attention (Digit Span; Fig. 1). 

A reliability check with a different, independently 
obtained heterogeneous sample of AD and HD pa
tients using the classification formula derived from 
the criterion sample resulted in an overall correct 
patient classification rate of 75% (21/28; Table III). 
Twenty-seven of 28 patients (96%) were correctly 
classified as demented. Within the group classified as 
demented, discrimination between AD- and HD-type 
dementia was also accurate (78%, 21127;p < 0.01). 

The discriminant function derived from the neu
ropsychological test scores of the criterion sample of 
Alzheimer'S, Huntington's and control subjects was 
then applied to patients with PD for validation. 
Twenty-eight (62%) were classified as normal and 17 
(38%) as demented (Table III). Dementia classifica
tions using a standard mental status examination 
[Mattis Dementia Rating Scale (DRS); Mattis, 1976] 
were compared to the classification obtained with the 
stepwise linear discriminant function. Concordance 
rates of the two methods of dementia classification, 
stepwise linear discriminant analysis and DRS using 
a cut-off of 137, averaged 78% in the PD patients. 
Seventy-seven per cent of patients classified as de
mented with the matrix were also classified as de
mented with the DRS; 79% of patients classified as 
normal with the matrix were also classified as normal 
with the DRS. 

Of the 17 PD patients classified as demented, 11 
(65%) evidenced a Huntington-like or subcortical 
pattern of deficits, while six (35%) demonstrated an 
Alzheimer-like or cortical dementia profile according 
to the classification formula (Table III; Fig. 2). The 
distribution of the PD patients within the "de
mented" categories was compared with the distribu
tion of the criterion sample of Alzheimer's and Hunt
ington's patients. The contrast of Parkinson's and 
Alzheimer's patients yielded significant differences 
between the two groups (x2 = 8.07; p < 0.005). The 
contrast between Parkinson's and Huntington's pa
tients in turn failed to reveal significant differences 
(x2 = 0.67; p > 0.4). 

Analysis of global intelligence quotients (WAIS-R 
Verbal and Performance IQ; VIQ; PIQ), which were 
not used in the stepwise linear discriminant function, 
indicated no significant differences between the Par
kinson's subgroups for the VIQ-PIQ difference 
(mean 15 ± 2.1); this discrepancy was however signifi-
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cantly different from zero (p < 0.001) and correlated 
significantly with Hoehn and Yahr scores (r = 0.4; 
p < 0.01). In contrast, the memory deficit (Memory 
Quotient - VIQ) was significantly larger for those 
PD patients classified as demented (- 8.0 ± 5.1 for 
AD-like and - 9.0 ± 3.7 for HD-like Parkinson's 
patients) compared to the normal-like Parkinson's 
group (+ 8.0 ± 1.9; p < 0.01). Mean DRS scores 
were also significantly different between the three 
subgroups (127 ± 4.9, 136 ± 1.5 and 141 ± 0.6 for 
the Alzheimer-, Huntington- and normal-like Parkin
son's patients respectively,p < 0.001). 

Additional analyses contrasting Parkinson's pa
tients classified as normal with those classified as 
HD- or AD-like on demographic and disease-related 
variables indicated that the Alzheimer-like PD pa
tients suffered significantly longer (mean ± S.E.M. 
13.3 ± 1.7 years) from the disease than normal-like 
PD patients (8.3 ± 1.0, p < 0.05), while Huntington
like PD patients did not differ significantly from 
either of the other two groups (9.2 ± 1.1 years). 
Duration of symptoms correlated significantly with 
motor· status, as assessed with the Hoehn and Yahr 
scale for all three groups as a whole (r = 0.6, 
p < 0.01). There were no differences between Parkin
son's subgroups in terms of mean age at onset of 
disease or mean age at which patients were evaluated. 
Depression scores (assessed with the Beck Depression 
Inventory) were highest in those classified as HD-like 
(16.8 ± 2.9) compared to AD-like (8.0 ± 0.1, 
p < 0.05) and normal-like Parkinson's patients 
(9.1 ± 1.1,p < 0.01). Depression scores did notcorre
late with level of functioning on any of the variables 
in the discriminant equation (range of r - 0.23 to + 
0.21). 

DISCUSSION 

A statistical method to reliably identify and discrimi
nate demented from non-demented patients with a 
high degree of accuracy (> 96% correct) was devel
oped. In addition, further classification of demented 
patients into those with cortical or subcortical demen
tia patterns was established. Since entry criteria stipu
lated equivalence of intellectual deterioration between 
Alzheimer's and Huntington's patients in the crite
rion sample, observed differences could not have 
been based primarily on differences in overall cogni
tive status. The reliability of the formula was shown 
by the similarity of results obtained in a new, inde
pendent sample of AD and HD patients. 

Furthermore, the differences seen between cortical 
and subcortical dementia patterns are consistent with 
previously established clinical profiles, supporting the 

validity of the formula. The variables which optimally 
discriminated between AD and HD patients may 
reflect maximal functional involvement of different 
brain areas. Comparatively low scores on Block 
Design and Memory Quotient, measuring global 
memory function and visuospatial pattern manipula
tion, might be indicative of the well-documented 
parieto-temporal involvement, which has been associ
ated with cortical (Alzheimer-like) dementia (e.g. 
Martin et aI., 1986; Chase et aI., 1987; Kramer et al., 
1988; Mohr et al., 1991b; Pillon et al., 1991). Low 
scores on Object Assembly, Visual Reproduction and 
Digit Span, tests of vi suo spatial integration and repro
duction and concentration/attention, on the other 
hand could represent a pattern of more frontal in
volvement, reflective perhaps of the putative discon
nection between striatal-frontal structures, which has 
been associated with subcortical (Huntington-like) 
dementia (e.g. Brouwers et al., 1984; Mohr et al., 
1991a; PilIon et al., 1991). Clearly, performance differ
ences may well reflect differential cortical pathology, 
subcortical pathology, cortical disconnection or a 
combination thereof. Nevertheless, the ability to clas
sify patients on the basis of their neurobehavioral 
performance with the method used here supports the 
idea that separating dementia along neurobehavioral 
lines may well be useful. 

Of even greater practical importance may be differ
ential dementia classification in the context of second
ary or coincidental dementia. Current classification 
schema (mental status cut-off scores or application 
of criteria designed principally for Alzheimer-like 
dementia, e.g. NINCDS/ ADRDA) may be inad
equate in this context, and do not allow for further 
subclassification. Estimates of the incidence of demen
tia in Parkinson's patients vary, but currently avail
able evidence suggests approximately 20-40% of pa
tients are affected (e.g. Brown and Marsden, 1984; 
Ebmeier et al., 1990, 1991; Mayeux et aI., 1990, 
1992). Results of the current study (38% demented) 
approximate the upper range of previous estimates, 
reflecting perhaps potentially greater accuracy of the 
classification method proposed here, particularly in 
the context of mild, early dementia. Subsequent work 
will need to examine the biological correlates of this 
classification schema, with particular emphasis on 
evaluating the potentially greater incidence of "false 
positives". 

The concordance rates between dementia classifica
tion based on cut-off scores on a mental status exami
nation (DRS) and classification with stepwise linear 
discrimination were nearly 80%. Clearly, the more 
advanced the dementia, the easier the classification; 
difficulties arose with mild cases, which did not over-
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lap in terms of being classified as demented by both 
methods. Misclassification can have serious conse
quences, whether the error is a false negative or a 
false positive. Therefore, the use of a classification 
method which utilizes data multidimensionally and is 
maximized for differentiation may well be a useful 
addition in this context. Moreover, the ability to 
further differentiate between demented Parkinson's 
patients in terms of Alzheimer- versus Huntington
like dementia may be useful for subsequent treatment 
strategies, as differential transmitter involvement and 
potentially distinct pathogenetic cascades may be 
involved. 

In the present study, when differentiating demented 
PD patients as Alzheimer-like or Huntington-like, 
the preponderance (65%) ofa Huntington-like demen
tia pattern is in agreement with previous observa
tions, thus further validating our technique. It would 
appear that a majority of demented PD patients 
share certain features of the Huntington's subcortical 
deficit pattern, presumably associated with impair
ments in striatal-frontal connectivity, consistent with 
the frequent reports of "frontal" deficits in both 
disorders (e.g. Taylor et al., 1986; Brown and 
Marsden, 1988; Mohr et al., 1989; Massman et ai., 
1990; Pillon et al., 1991). 

The validity of this approach was also documented 
by the contrast of summary measures not used in the 
discriminant profile. No significant differences were 
ascertainable between the three Parkinson's sub
groups for the difference score between verbal and 
performance IQ. The performance IQ is in part de
pendent on motor speed and accuracy, while verbal 
IQ is largely independent of these parameters. As one 
would expect, the VIQ-PIQ score was significantly 
different from zero for all three groups, clearly reflect
ing Parkinsonian motor slowing, and correlated sig
nificantly with motor status (Hoehn and Yahr score). 
Further, the absence of significant differences in this 
measure between the three Parkinson's subgroups 
indicated that observed cognitive differences could 
not be attributed to differential motor function. 
When relative memory impairment was evaluated 
(Memory Quotient-Verbal IQ), both demented 
groups (AD- and HD-like PD patients) showed sig
nificantly greater impairment than normal-like Par
kinson's patients. This confirms with an extraneous 
measure (not used in the discriminant analysis) that a 
memory deficit is significantly associated with being 
classified as demented in these Parkinson's patients. 

Clearly, dementia is a heterogeneous process. Evi
dence presented here suggests that it is possible to 
reliably classify patients suffering from disorders asso
ciated with coincidental or secondary dementia as 
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demented or non-demented. In addition, our method 
allows for further subclassification of patients, with
out confounding results by disease severity or age 
effects. Accordingly, two major advantages over tradi
tionally used approaches emerge: (1) utilization of 
empirical rather than SUbjective clinical criteria, com
bined with a more comprehensive assessment than 
available with brief mental status exams; and (2) in 
addition to dementia classification (presence versus 
absence), this approach allows for further distinction 
between dementia subtypes. Confirmation of a high 
level of classification accuracy with a new, independ
ent sample of patients attests to the practical utility 
of this approach. Added precision in classifying pa
tients suffering from secondary or coincidental demen
tia and further diagnosis in terms of subtypes of 
dementia could allow for more precise treatment 
decisions, as new options unfold. In the absence of 
definitive biological markers, this type ofneurobehav
ioral approach may well enhance diagnostic 
precision. 
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