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Selective deficits in cognition and memory in
high-functioning Parkinsonian patients

Erich Mohr, Jorge Juncos, Christiane Cox, Irene Litvan, Paul Fedio, Thomas N Chase

Abstract
To evaluate the profile and extent of
cognitive deficits in Parkinson's disease,
afflicted patients of exceptional profes-
sional distinction, who continue to func-
tion successfully in leadership positions,
were compared neuropsychologically to
neurologically normal individuals, mat-
ched for sex, age, education and profes-
sional standing. While patients showed
relative preservation of verbal skills and
higher executive function, they exhibited
a significant reduction in episodic
memory and visuospatial function. The
observation of circumscribed impair-
ment in this select group of Parkinsonian
patients further implicates cognitive and
memory deficits as consistent features of
Parkinson's disease.
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Parkinson's disease, characterised originally as
a motor disorder with "senses and intellect
uninjured",' has received increasing attention
for its cognitive concomitants.27 Reported
intellectual deficits have ranged from
relatively specific changes in visuospatial cog-
nition8 to the occurrence of global demen-
tia.9 '0 Factors suggested as possibly contribut-
ing to the appearance of these deficits include
deficiencies related to motor disturbance, age-
related cognitive decline, inability to maintain
attention due to being easily fatigued and
distraction by pain and dyskinesia." In addi-
tion, sedation, confusion and other drug-
induced adverse effects" as well as additional
disease processes like Alzheimer's disease,
may affect intellectual integrity. Thus, it may
be difficult to ascribe compromises in cogni-
tion and memory in an otherwise unselected
Parkinsonian population exclusively to the
pathophysiology of this disease.

In an attempt to address this question, we
studied Parkinsonian patients selected from a

group who sought medical assistance solely
for the management of their motor dysfunc-
tion. Each was of exceptional professional
standing, continued to function successfully
in his or her premorbid occupation and
showed no evidence of global dementia (Mat-
tis Dementia Rating Scale).'2 None indicated
awareness of any cognitive impairment or dif-
ficulty with professional endeavours. After a

complete neurological examination and
adjustment of their anti-Parkinsonian medica-
tion, all patients had a detailed neuropsy-
chological examination, with emphasis on

executive function, memory and visuospatial
skills.

Methods
Ten patients (eight men and two women,
mean (SEM) age of 53 (2), range 43 to 62
years) with idiopathic Parkinson's disease,
diagnosed on the basis of the presence of at
least two of the three cardinal features
(bradykinesia, rigidity and resting tremor) and
the absence of any known cause of secondary
Parkinsonism, took part in this experiment.
Ten normal subjects (eight men and two
women, age 53 (4), range 46 to 66 years)
served as controls. All consented to participate
in this study after full disclosure of potential
risks and benefits. Parkinsonian patients were
selected from a much larger group of potential
study subjects on the basis of their ability to
maintain senior level employment in positions
demanding a relatively high level of intellec-
tual competency (for example, corporate
executives, senior government official, univer-
sity professors) as well as absence of
documentable dementia (Mattis Dementia
Rating Scale; table). At the time of the study,
three required no anti-Parkinsonian therapy;
the remaining seven individuals were well
controlled with standard dopaminomimetic
agents. None evidenced any clinically sig-
nificant adverse effects of their therapeutic
regimen. Parkinsonian symptoms had been
present on the average for eight years (range 1
to 17 years), and were mild to severe while
medicated (1 to 4 on the modified Hoehn and
Yahr scale), with one patient in stage 1, two in
stage 2, four in stage 3, three in stage 4.13

Control subjects were matched for sex, age,
education and comparable professional stand-
ing and were also free of dementia (Mattis
Dementia Rating Scale; table) or other
neurological impairment.

Patients' motor status at the time of cog-
nitive testing was evaluated with a modified
version of the Columbia Rating Scale (table).
Intellectual and memory function was asses-
sed with the Wechsler Adult Intelligence
Scale-Revised (WAI S-R)'4 and with the
Wechsler Memory Scale."5 In addition, the
following neuropsychological tests were
administered to examine executive function,
memory and visuospatial skills: Wisconsin
Card Sorting Test;'6 a modified version of the
Ego State Inventory'7 to assess correct judg-
ment of social situations; Benton Visual
Retention Test;'8 Rey-Osterrieth Figure;9 20
Mosaics Comparison Test,2' and Embedded
Figures Test.22 All tests were given without
time limits and inaccuracies related to tremor
were ignored. The patients' mood state was
assessed with the Beck Depression Inven-
tory.23 Data were analysed with standard
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Table Subject characteristics, with intellectual and memory profiles

Normal Controls (N = 10) High Functioning Parkinsonian patients (N = 10)

Mean (SEM) Range Mean (SEM) Range

Age 53 (2-7) (38-66) 53 (2.1) (44-62)
Education 19 (0 8) (13-20) 19 (0-6) (16-20)
Duration of illness 7 (1.7) (1-17)
Hoehn and Yahr Stage 3 (0-3) (1-4)
Columbia Rating Scale 21 (3-9) (9-44)
Verbal IQ 133 (2 9) (121-146) 126 (3 5) (112-144)
Performance IQ 125 (3 6) (105-144) 103 (4-6) (86-129)*
Full Scale IQ 133 (3 3) (124-145) 117 (4-1) (102-140)*
Memory Quotient 138 (2 6) (116-143) 119 (6 0) (92-143)*
Mattis Dementia Rating Scale 142 (0 9) (136-144) 140 (1-4) (130-144)
Beck Depression Inventory 3 (13) (0-9) 1 1 (1.8) (4-21)*

*Parkinsonian patients different from controls at p < 0 01.

analysis of variance procedure24 and where
appropriate, with correlational measures.25

Results
Evaluation of patients' overall intellectual
function revealed significant reductions in the
Full Scale intelligence quotient (IQ), primarily
due to differences in the Performance IQ of the
WAIS-R (both p < 0 01, table). In contrast,
their verbal aptitude was relatively retained at a
superior level, reflected in comparable Verbal
IQ levels in the patient and control group.

Executive function appeared uncom-
promised in the Parkinsonian patients. The
Wisconsin Card Sorting Test, both the Initia-
tion and the Conceptualisation subtest of the
Mattis Dementia Rating Scale, and the Mental
Control subtest of the Wechsler Memory Scale
revealed no functional decrement in the
patients (p > 0-2, fig (a)). Patients also perfor-
med similarly to controls on the Ego State
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Tests of memory function, on the other
hand, demonstrated substantial decline in
those with Parkinson's disease. Global scores
(memory quotients, Wechsler Memory Scale)
were significantly reduced (p < 0-01, table)
reflecting deficits on certain subtests. Patients
recalled significantly fewer items than controls
on the Logical Memory Test, both during
immediate and delayed recall (p < 0 05), but
performed comparably to controls on Paired
Associate Learning (p > 0-09, fig (b)). Visuo-
spatial memory indicated a similar profile.
Both the Visual Reproduction subtest of the
Wechsler Memory Scale and percentage loss of
the Rey-Osterrieth Complex Figure repro-
duction from copy to three minutes recall,
showed consistent deficits in the Parkinsonian
patients (p < 0-01; p < 0 001; fig (c)). Simple
visuospatial stimuli (Benton Visual Retention
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Test), on the other hand were identified as well
by patients as by controls, both on immediate
and on delayed recognition (p > 0-2, fig (c)).
Memory independent visuospatial function

also evidenced some decline in the Parkinson-
ian group. Tasks involving copying a complex
figure (Rey-Osterrieth Figure), the selective
identification of complex visual patterns
(Mosaics) as well as visual disembedding
(Embedded Figures) were significantly less
accurately performed by patients compared
with controls (p < 0-001, Rey-Osterrieth
Figure; p < 0 05, Mosaics and Embedded
Figures; fig (d)).
The Beck Depression Inventory indicated

significantly higher scores in the patient com-
pared with the control group (table); however,
neither group fulfilled criteria for the clinical
diagnosis of depression.23

Correlation of patients' motor disability
scores (Hoehn and Yahr stage and overall
Columbia rating score), symptom duration,
length of treatment and Beck Depression
Inventory, with neuropsychological test
scores, failed to reveal any significant relation-
ship.

Discussion
The present study assessed intellectual func-
tion in idiopathic Parkinson's disease through
the application of a selected battery of neuro-
behavioural tests to a subset ofpatients deemed
relatively unlikely to manifest neuro-
psychological deficits. Our finding of com-
promised intellectual and memory perform-
ance even in this group of high functioning
individuals, supports the notion that cognitive
impairment may indeed be a consistent feature
of this disease.

Nevertheless, cognitive decrements in this
group of patients were selective. High func-
tioning Parkinsonian patients appear to retain
most of their premorbid verbal abilities (VIQ),
but evidence substantially compromised
visuospatial function (PIQ), a frequent pattem
in otherwise nonselected, non-demented Park-
insonian individuals.26 Selectively lowered Per-
formance IQs may be attributable, at least in
part to the motor deficits-of these patients. The
preservation of executive function in patients
was rather more surprising, since such abnor-
malities have frequently been reported.626
While selection criteria employed in this study
probably contributed to this result, it is note-
worthy that there are individuals with Parkin-
son's disease without such deficits. Tasks such
as the Wisconsin Card Sorting Test"6 con-
sidered to rely on internal control," have
consistently been reported as impaired in Park-
insonian patients.61126 Although it might be
argued that our patients showed no deficit on
this test due to the careful attention to optimis-
ation of treatment, previous results show
evidence for impaired function both when
"on" and "off" and recent reports of improved
function on neuropsychological tasks with
dopaminomimetic treatment tend to be small
and highly selective.27 '

Patients in this study did, however, show
selective deficits in memory function, both

verbally as well as visuospatially mediated.
While several of the currently available
memory models may be useful for the study of
this deficit in Parkinson's disease, the notion of
involvement of effort demanding episodic
memory2930 has gained particular atten-
tion." 2 3 Parkinsonian patients evidenced pat-
terns of functional compromise which could
also be differentiated along the axis of effort;
the more effort demanding memory tasks
evidenced impairments relative to control
subjects, while simplier items classified
patients within the normal range. In an attempt
to evaluate the contribution of memory
decrements in visuospatial cognition, memory
independent tasks of visuospatial integration
were introduced. Results showed the same
pattern: complex tasks showed impairment
while simpler ones showed relatively preserved
function.
Recent neuroanatomical evidence may be

helpful in explaining certain aspects of the
differential functional impairments noted here.
The bipartite model of basal ganglia frontal
cortex connectivity involving a motor and a
complex loop,32 has recently been augmented
by suggestions of a more complicated division
of striatal frontal connections of five or even
more circuits.33 Thus in addition to two motor
circuits, a dorsolateral prefrontal-, a lateral
orbitofrontal- and an anterior cingulate circuit
have been proposed.33 While any functional
definition still remains uncertain, preclinical
studies with primates have implicated the dor-
solateral prefrontal circuit in certain aspects of
spatial ntemory, while the lateral orbitofrontal
circuit has tentatively been linked to the
capacity to make appropriate switches in
behavioural sets.33 Clinical studies, on the other
hand, have maximally implicated the dorso-
lateral frontal areas in this type of executive
ability.3435 Whatever the final outcome of this
discussion, the differences in functional
impairment observed here might be linked to
differential pathology in striatal frontal con-
nectivity.
Most reports to date seem to agree in

implicating varying degrees of frontal lobe
involvement in Parkinson's disease, with
increasingly refined methods of defining the
exact nature of this deficit." However, our
evidence suggests that it is possible to identify
a subset of Parkinsonian patients without
neuropsychological evidence of dysfunction in
this area. Nevertheless, even these patients
suffered from impairments in visuospatial cog-
nition and memory. Certain intellectual
impairments may thus be a concomitant of the
motor symptoms of this disorder, but do not
necessarily include "executive function". Fur-
ther functional definition of neural circuits
involved in the pathophysiology of Parkinson's
disease may allow for the development of
potential treatment strategies of the cognitive
deficits associated with this disorder.
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