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Does cognitive impairment in Parkinson's disease
result from non-dopaminergic lesions?
BERNARD PILLON, BRUNO DUBOIS, GIULIANA CUSIMANO,
ANNE-MARIE BONNET, FRAN(;OIS LHERMITTE, YVES AGID
From the Clinique de Neurologie et Neuropsychologie and INSERM U.289 H6pital de la Salpetriere, Paris,
France

In order to investigate the neuronal basis of cognitive disorders in Parkinson's disease,
the neuropsychological performance of 120 patients with idiopathic Parkinson's disease was
analysed in relation to motor symptoms as a function of their response to levodopa. Cognitive
impairment was poorly correlated with akinesia and rigidity, symptoms which respond well to
levodopa treatment, and was not correlated at all with that part of the patients' motor score that
could be improved by the drug. In contrast, strong correlations were found between all
neuropsychological test scores and axial symptoms such as gait disorder and dysarthria, which
respond little if at all to levodopa treatment. The neuropsychological test scores were also strongly
correlated with the motor score of patients estimated when clinical improvement was maximal
under levodopa treatment. This score is assumed to represent residual non-dopaminergic motor
dysfunctions. The correlations suggest that much of the cognitive impairment in Parkinson's disease
results from the dysfunction of non-dopaminergic neuronal systems.
SUMMARY

stages of the disease, 15 and is more likely the reflection
of a general increase in altertness, the so-called
awakening effect,'6 17 or changes in affective state,7 18
than an improvement in specific cognitive operations.
Furthermore, Rafal and his collaborators'9 were
unable to detect an amelioration of cognitive function
in Parkinsonian patients after levodopa treatment.
This suggests that neuropsychological deficits do not
result from dopaminergic lesions.
In order to investigate the neuronal basis of cognitive disorders in Parkinson's disease, correlations
were sought between performance on tests of a wide
range of neuropsychological functions and Parkinsonian motor symptoms. The motor symptoms were
treated according to their presumed relationship with
dopaminergic lesions in the brain. Firstly, for the purpose of analysis, two types of motor symptoms were
distinguished: those which are improved by levodopa
treatment (akinesia, rigidity, tremor); those which
respond little, if at all, to dopamine replacement
therapy (gait disorders and dysarthria), and which
may, therefore, result from non-dopaminergic lesions.
Secondly, the effect of levodopa treatment on the
Address for reprint requests: Dr Yves Agid, H6pital de la Salpetrire, motor symptoms was evaluated. This permitted an
47 Boulevard de l'H6pital, 75651 Paris, Cedex 13, France.
assessment of the relative severity of dopaminergic
and non-dopaminergic lesions in the patients (see
Received 21 June 1988 and in revised form 24 September 1988.
"Methods"), which could be correlated with neuroAccepted 27 September 1988

Intellectual impairment is a well-established concomitant of Parkinson's disease, -3 although the precise
physiopathological basis of the deficits remains
poorly understood.4 The possibility that deficient
dopaminergic transmission in the central nervous
system is responsible for some of these cognitive disorders has been postulated on the basis of the following
evidence: improved performance on neuropsychological tests has been observed after levodopa
treatment,5 - 7 or during "on" periods in patients with
on-off fluctuations;8 significant correlations were
found between various neuropsychological disturbances and Parkinsonian motor disability' 9
resulting from central dopaminergic lesions;'0 similar
cognitive disturbances have been demonstrated in
MPTP-induced Parkinsonism,"l a well documented
model of selective destruction of dopaminergic neurones in the substantia nigra. 2 13
The dopaminergic hypothesis of cognitive dysfunction in Parkinson's disease'4 is, however, still
controversial. The beneficial effect of levodopa on
cognitive functions has been observed only at early
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psychological test scores. The battery of neuropsychological tests (detailed below) included, in
addition to standard tests of memory and intelligence,
a group of tests sensitive to dysfunction of the frontal
lobes.
Patients and methods
A-Patients
After exclusion of patients with severe disability who could
not be taken off therapy, and those with severe dysarthria,
visual disorders, mental confusion, severe depression, or
inability to cooperate, 120 in-patients with idiopathic Parkinson's disease were retained for the study (table 1). All
were under treatment with levodopa (mean daily dose,
878 ± 33mg; mean duration of treatment, 5 2, SEM 04
years) plus a peripheral dopa-decarboxylase inhibitor. All
other antiparkinsonian drugs were withdrawn. Levodopainduced abnormal involuntary movements were observed in
57 patients and severe fluctuations in performance in 49.

B-Evaluation of motor performance
Parkinsonian motor disability was evaluated after treatment
was interrupted. The period of withdrawal varied from 18
hours in patients with severe on-off phenomena, to 6 days in
the least affected subjects.21 Global motor disability (hereafter termed basal score) was assessed on a scale of 0-92
(modified Columbia scale).22 Akinesia, tremor and rigidity
were each scored from 0 to 20, and gait disorder and dysarthria from 0 to 4. In order to permit comparison of patients
with differing disease durations, the ratio of the basal motor
score to the duration of the disease (hereafter termed rate of
deterioration) was calculated for each subject.23
Motor performance during levodopa treatment was evaluated 2 hours after the patients received their usual morning
dose, I to 10 days after therapy was resumed: that is, when
the effect of the drug was considered to be maximal and
stable.2" The Parkinsonian score under treatment (hereafter
called treated score) reflects residual motor symptoms
unalleviated by levodopa and, presumably, therefore, is the
result of non-dopaminergic lesions in the brain. The
difference between the basal score and the treated score
(hereafter called the levodopa responsive score) provides an
index of levodopa-sensitive symptoms, thought to result
from lesion of dopaminergic neurons. The rationale behind
Table I Characteristics of the Parkinsonian syndrome
Age at onset (yr)
Duration of the disease
Stage*
Basal motor scores
total score
subscores

akinesia

rigidity
tremor
gait disorder

dysarthria

treated motor score
levodopa-responsive score
per cent improvement

55*4,

1.1 (22-77)

6-9, 05 ( 03-24)
2 7, 0.1 (1-5)

28-9, 1-3 ( 75-62)
8-0, 04 ( 0-17-5)
6-0, 03 ( 0-15-5)
6-1, 0-4 ( 0-12)
1-7, 0-1 ( 0-4)
1-3, 0-1 ( 0-3-5)
13-9, 0-9 (1-51)
150, 10 ( 6-42)
51-9, 0-9 (25-88)

Data are the mean, SEM. Extreme values are indicated in brackets.
*Hoehn and Yahr.20
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the use of the levodopa responsive score, as well as its limitations, have been discussed in detail elsewhere.24

C-Neuropsychological assessment
The following tests of intellectual function and memory were
selected because they involve minimal motor activity: the
digit span, similarities and arithmetic tests from the WAIS
verbal scale; a visuospatial task, the Raven 47 coloured
progressive matrices (PM-47); the Wechsler memory scale.
Patients were allowed unlimited time to perform the tests.
The individual scores for each patient were summed to
obtain an index of his global efficiency. In addition, an index
of deterioration,25 relating the performance of the patients
on the neuropsychological tests to the performance that
would have been expected of them, given their age and level
of education, was calculated according to the formula
DI

=

EIQ

VIQ + SIQ + 2MQ

EIQ, the global expected IQ, was clinically evaluated, using
norms for different ages and levels of education in a control
population corrected by the best performance method.26
VIQ, SIQ and MQ, verbal and visuospatial IQs and memory
quotient, respectively, were obtained by transforming the
scores on the verbal tests, the PM-47 and the Wechsler
memory scale. The mean and standard deviation for each
item in the formula was 100, 15.
Linguistic functions were studied by object naming, dictation of a sentence and calculations. Performance of gestures
was evaluated by cube copying and the execution of symbolic
gestures.
Tests sensitive to frontal lobe dysfunctions included: the
simplified version of the Wisconsin card sorting test,27 a
verbal fluency test (names of animals in one minute, words
beginning with M in one minute),28 and a graphic series.29
Behavioural abnormalities (prehension, imitation, utilisation) observed in subjects with frontal lobe lesions30 were
also noted.

D-Statistical analysis
Statistical analyses were performed on raw scores. Both
linear correlations and stepwise multiple regressions31 were
used to analyse the data.

Results

The scores of the 120 patients on the neuropsychological tests are presented in table 2. Their performances on the memory and intelligence tests was within
the mean of a normal age-matched population.
However, the deterioration index (table 2) showed
that their scores were approximately 16 points (that is,
more than one standard deviation) lower than the
performance expected of them from their level of
education.
The correlations between the Parkinsonian motor
scores and the neuropsychological tests are presented
in tables 3 (global scores) and 4 (subtests of memory
and frontal lobe function). Most of the neuropsychological scores were significantly and negatively correlated with the age of the patients at the onset of the
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Table 2 Neuropsychological performance
Wisconsin card sorting test, behavioural disorders),
but none were correlated with tremor. Strong
Education (yr)
10-5, 01 ( 8-18)
correlations
were found between most of the neuroWAIS verbal scale
psychological test scores and the axial symptoms, gait
raw scores
27-2, 1 1 ( 4-48)
IQ
96-0, 2-7 (45-140) disorder and dysarthria. None of the neuropsychoPM-47
logical test scores were correlated with the levodoparaw scores
23-2, 0-8 ( 4-36)
IQ
96-0, 2-4 (40-130) responsive motor score, but all were highly correlated
Wechsler memory scale
with the residual motor score under levodopa treatraw scores
50 7, 1-2 (13-83)
MQ
92-0, 1-3 (56-131) ment, the treated score.
Linguistic and gesture tests (global score)
64-6, 0-6 (28-70)
In order to determine which of the characteristics of
Frontal lobe tests (global score)
33-2, 1-1 ( 1-60)
Global efficiency
84-1, 2-1 (22-160) Parkinsonism (age at onset, duration of the disease,
Deterioration index
15 9, 1-3 ( O-60)
akinesia, rigidity, tremor, gait disorder, dysarthria)
Data are the mean, SEM. Extreme values are indicated in brackets. best predicted the neuropsychological test scores,
stepwise multiple regression analyses were performed.
The gait disorder score significantly predicted global
disease: the older the patient at onset, the lower the efficiency (F = 15-7; p < 0 001), and scores on the linscores. When the raw scores were corrected for age guistic function and gesture (F = 22; p < 0.001) and
and educational level by calculating the deterioration memory (F = 14-2; p < 0-001) tests. Dysarthria
index, the correlations were no longer significant. The (F = 20-4; p < 0.001) and rigidity (F = 6-7; p < 0-05)
duration of the disease was correlated with only a few significantly predicted impairment of frontal lobe
neuropsychological test scores: the global score on the function.
tests of linguistic functions and gesture, the logical
Stepwise multiple regression analyses were also
memory and visual reproduction subtests of the performed to evaluate which of the items related to
Wechsler memory scale, and the behavioural dis- levodopa treatment (basal score, treated score,
orders.
levodopa-responsive score; age at onset and duration
All of the neuropsychological test scores were of the disease) were the best predictors of neurosignificantly correlated with the basal motor score. psychological performance. The treated score sigSome neuropsychological test scores were nificantly predicted the impairment of global
significantly correlated with akinesia (deterioration efficiency (F = 34 3; p < 0-001), the deterioration
index, PM-47, linguistic and gesture tests, frontal lobe index (F = 25-6; p < 0.001), and scores on the verbal
tests, digit repetition and logical memory subtests of (F = 21-7; p < 0 001), PM-47 (F = 34-1; p < 0-001);
the Wechsler memory scale), and rigidity (global linguistic and gesture (F = 53-7; p < 0 001); memory
efficiency, deterioration index, PM-47, linguistic and (F = 31-4; p < 0 001) and frontal lobe (F = 33 1;
gesture tests, frontal lobe tests, logical memory, p < 0-001) tests.
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Tstble 3 Correlations between the neuropsychological performances and the characteristics of the Parkinsonian syndrome
Levodopa

Rate of
motor
deterioration Akinesia
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Table 4 Correlations between the memory and frontal subtest scores and the characteristics of the Parkinsonian syndrome
Rate of
motor
deterioration Akinesia

Age at
onset

Duration
of the
disease

Basal
score

Information

-0 09

-0-04

-023

001

Orientation

-0.14

-0-02

[r2]

Mental control

-0 18

0 00

-021

Digits

-0-15

-009

Logical memory

-013

|-020

Associate learning

-0-13

Visual reproduction

E-0-21|

Wisconsin card

sorting test

Verbal fluency

Dysarthria
-021

Rigidity

Tremor

-0-12

-0 06

0 00

-0-17

0-02

-012

-009

000

-018

-0-03

-0-13

-0-01

-0-02

032 -0-02
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[|

005
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-035||
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r 2 0 19-p < 0-05

r>0.25p<0-0l
<

1

Discussion
In this study, mild but global intellectual dysfunction,
including memory impairment and frontal lobe-like
disorders (table 2), was observed in a large cohort of
Parkinsonian patients. These results are in agreement
with most previous studies on cognitive function in
Parkinson's disease, reporting a broad constellation
of intellectual deficits in the patients,3253233 but
differ from those of Lees et al34 and Taylor et al,35
who reported that frontal lobe-like symptomatology
predominates. The selection of subjects for inclusion
in these studies, de novo Parkinsonians in the
former,34 exclusion of patients with advanced global
dementia in the latter,35 may explain the discrepancy
with the present study on a less selected population
which included demented patients representing the
entire spectrum of the dementing process.36 This
choice of patients was necessary, however, in order to
explore the predictive value of clinical variables for
the types of neuropsychological disorders observed in
the patients.
Most of the neuropsychological performances were
negatively correlated with the age at onset of the disease, indicating that the incidence of intellectual deterioration was higher in patients who were older when
the disease became manifest. This confirms several
previous studies.37-3 However, when the scores of

the neuropsychological tests were corrected for age
(deterioration index, table 3), the correlations between
age at onset and test performance were no longer
significant. This raises the question as to whether the
more severe cognitive impairment observed in lateonset Parkinsonism corresponds to a specific subtype
of the disease, as suggested by Lieberman et al,37 or
whether it results from the consequences of aging,
independent of the disease process.
There were only weak correlations between neuropsychological performance and disease duration, and
no correlations at all between neuropsychological performance and the rate of motor deterioration, given
by the ratio of the degree of motor disability (basal
score) and the duration of the disease. The evolution
of motor disability is, therefore, a poor predictor of
the patients' intellectual status.
In agreement with earlier studies,' 36 37 40-42
significant correlations were found between all the
neuropsychological test scores and the severity of
motor impairment in patients withdrawn from
levodopa (basal score, tables 3 and 4). From these
correlations, it might be inferred that both cognitive
and motor symptoms result from the same pathological changes in the brain. This conclusion does not
hold, however, if the motor symptoms are segregated
as a function of their response to levodopa. Rigidity
and akinesia, both of which respond well to
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levodopa,43 were only poorly correlated with neuro- gest that the lesions responsible for the latters may
psychological performance, and tremor, not at all. also contribute to the former. If so, the nature and the
Similar results for tremor and rigidity have previously location of the lesioned neurones remain to be deterbeen reported.' 9 39 41 44 Akinesia, however, has been mined. Finally, intellectual deterioration and axial
found to correlate with neuropsychological symptomatology, strongly correlated in the present
deficits.' 9 39 41 4 The poor correlations with akinesia study, do not seem to result from dysfunction of dopaobtained in the present study may be explained by the minergic mechanisms. These symptoms, which do not
choice of neuropsychological tests involving a mini- respond to levodopa treatment, constitute a syndrome
mum of motor activity, but may also indicate that that becomes progressively more difficult to manage
neuropsychological performance, unlike the major in the course of the disease.
Parkinsonian motor symptoms, akinesia in particular,
do not result in a major way from dopaminergic The statistical analyses were performed by M Blanc,
Department of Biophysics and Biomathematics,
lesions.
This conclusion is supported by the lack of cor- C.H.U. Pitie-Salpetriere, and S Pega, INSERM
relations between the neuropsychological test scores U.289. Dr G Cusimano was the recipient of a grant
and the levodopa-responsive motor score (tables 3 from the "CNR" (Rome).
and 4), presumed to reflect the decrease in striatal
dopaminergic transmission.2' 24 Strong correlations
were found, however, between almost all the neuroRefereues
psychological functions analysed and axial symptomI Mayeux R, Stern Y. Intellectual dysfunction and dementia in
atology including gait disorder and dysarthria, which
Parkinson's disease. In: Mayeux R, Rosen WJ, eds. The
are relatively unresponsive to levodopa. A similar
Dementias. New York: Raven Press 1983:211-27.
finding was reported by Zetusky et al,39 using a 2 Mortimer
JA, Christensen KJ, Webster DD. Parkinsonian
simplified mental status examination, graded from 0
dementia. In: Frederiks JA, ed. Neurobehavioural Disorders.
Handbook of Clinical Neurology, vol. 46. Amsterdam: Elsevier
to 4. Once again, this may indicate that impairment of
Science Publishers 1985:371-384.
neuropsychological performances may be related to 3 Brown
RG, Marsden CD. Neuropsychology and cognitive funcnon-dopaminergic lesions. The significant cortion in Parkinson's disease. In: Marsden CD, Fahn S, eds.
relations observed between neuropsychological test
Movement Disorders 2. London: Butterworth 1986:99-123.
4 Ruberg M, Agid Y. Dementia in Parkinson's disease. In: Iversen
scores and the residual motor deficits in treated
L, Iversen SD, Snyder SH, eds. Handbook of Psychopatients (treated score) (tables 3 and 4) are consistent
pharmacology, vol. 20: Psychopharmacology of the Ageing Nerwith this interpretation.
vous System. New York: Plenum Press, 1988;157-206.
Taken together, these data strongly suggest that 5 Loranger AW, Goodell H, Lee JE. Levodopa treatment of Parkinson's syndrome. Arch Gen Psychiat 1972;26:163-8.
cognitive disturbances in Parkinson's disease are
M, Whelihan W, Cullinan T. Levodopa and psychometric
related to non-dopaminergic lesions. Abnormalities in 6 Riklan
test performance in Parkinsonism. 5 years later. Neurology
several other neuronal systems have also been found
1976;26:173-9.
in Parkinsonian patients.'0 Firstly, there is good evi7 Rogers D, Lees AJ, Smith E, Trimble M, Stern GM. Bradyphrenia in Parkinson's disease and psychomotor retardation
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1987;110:761-76.
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eds. Movement Disorders 2. London: Butterworth 1987:
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