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Short report

Relationship of motor symptoms, intellectual
impairment, and depression in Parkinson's disease
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SUMMARY The relationship between severity of disease, intellectual impairment, and depression
was examined in 50 patients with Parkinson's disease. A significant correlation between severity of
disease and intellectual impairment suggests that both may result from the same subcortical lesions.
Depression was not significantly related either to severity of disease or to intellectual impairment.
This suggests that the relationship between severity of disease and intellectual impairment was not
an artifact of increasing depression. Severity of rigidity and of bradykinesia did predict severity of
intellectual decline, but severity of tremor predicted better intellectual status. Patients with a pre-
dominance of tremor may have a more benign clinical course as well as better intellectual function
than patients with a predominance of rigidity and bradykinesia.

Aside from the inevitable movement disorder,
depression and intellectual impairment are common
in patients with Parkinson's disease. The relationship
between these symptoms, however, is uncertain.
Specific intellectual impairments involving memory,
visuospatial skills, and cognition have been identified
in patients with Parkinson's disease,' - and one
study estimates that over 90% of patients have at
least one significant impairment.8 The patho-
physiology of the intellectual impairment in Parkin-
son's disease is unclear. Several authors3 69 10 have
suggested that lesions within the brainstem and basal
ganglia, responsible for motor symptoms, may in
addition produce intellectual deficits in Parkinson's
disease. A significant relationship between severity of
motor symptoms and intellectual impairment'1"5
suggests that nigral and striatal structures may be
related to the pathophysiology of intellectual
dysfunction in Parkinson's disease.

While depression is common in patients with
Parkinson's disease,16-21 the relationship between
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depression and disease severity is unclear. One study
found a significant association between severity of
depression and motor symptoms,'9 while others
found no such relationship.'3 2021 The lack of a
positive relationship between severity of disease and
depression is suggestive of endogenous rather than
reactive depression. The relationship between
depression and intellectual impairment is also
unclear. One report demonstrated a positive
correlation'3 although others have failed to confirm
this relationship. '9 22
Disagreement among these reports is not surprising

since Parkinson's disease is such a heterogeneous dis-
order and comparisons among different populations
could be expected to vary. Only one previous study'3
has examined the relationship between severity of
motor, intellectual, and depressive symptoms in the
same group of patients with Parkinson's disease, and
this was the sole report of a significant relationship
between severity of depression and intellectual
impairment. Since depression can have a debilitating
effect on intellectual performance,23 it is at
present uncertain whether there is a unique re-
lationship between severity of disease and intellectual
impairment in Parkinson's disease. We examined the
relationship between severity of the movement dis-
order, intellectual impairment, and depression in 50
patients with Parkinson's disease.
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Methods

Patients Fifty patients (32 males and 18 females) with idio-
pathic Parkinson's disease participated. None of the patients
had undergone thalamotomy and none had a previous his-
tory of stroke. All patients were taking levodopa-carbidopa
and the average dose was 470mg (range = 200mg to
1250 mg). None of the patients met DSM-III criteria for de-
mentia.26 This patient group had a range in age from 37 to
77 years (mean = 64 32); years of education ranged from 8
to 20 (mean = 14-5), and duration of disease varied from I
to 15 years (mean = 4 98).
Procedures All evaluations were conducted in a single
sesssion lasting approximately 1 hour. All subjects gave
informed consent prior to participation.
Intellectual assessment Intellectual status in patients with
Parkinson's disease was evaluated using the Mini-Mental
State (MMS) examination.27 This is a brief evaluation of
mental function that is well accepted and correlates with
more extensive intellectual assessments such as the Wechsler
Adult Intelligence Scale.2728 Subtests include orientation,
registration, recall, calculation, and language. Maximum
score is 30.
Clinical evaluation Each patient with Parkinson's disease
was examined by the complete clinical condition scale (CCS)
developed by Hoehn and Yahr.29 Twelve signs and symp-
toms were rated on a scale from 0 to 4, with 0 indicating the
absence of a symptom and 4 indicating extreme severity.
Symptoms rated were: rigidity, resting tremor, action or pos-
tural tremor, bradykinesia, finger agility, foot agility, gait,
posture, postural stability, facial expression, speech, and
ability to arise from a chair. This scale has a range of 0-48.
Depression Depressive symptoms were measured using the
Hamilton Depression Scale (HDS).30 Each of the 21
symptoms related to depression were rated by the
investigator during an interview with the patient. Items were
rated according to the scale specified for each symptom. This
measure has a range of 0-65.

Results

The mean Mini-Mental State Examination (MMS)
score was 26-66 (range = 22-30), the mean Hamilton
depression score (HDS) was 12-24 (range = 3-30),
and the mean complete clinical score (CCS) was 14-5
(range = 3-34). The relationship between these mea-
sures was analysed by the Pearson product-moment
correlational procedure. Severity of tremor, brady-
kinesia, and rigidity were also analysed with respect to
both MMS and HDS measures. Since the ratings for
individual symptoms are non-parametric data,
Spearman's rank-order correlation procedure (rho)
was used.

There was a significant negative correlation
between intellectual function (MMS) and the clinical
evaluation measure (CCS) (r = -0 77, p < 0-0001).
This finding suggests that as severity of motor symp-
toms increased, performance on the measure of intel-
lectual function decreased (fig). In addition to severity
of disease, age (r = -0-31, p < 0-05) had a significant
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influence on MMS performance. MMS performance
was not significantly related to duration of disease or
years of education. None of these factors was
significantly related to disease evaluation. In order to
determine whether age influenced the correlation
between the MMS and CCS, a partial correlation was
performed to control for age. Controlling for age had
essentially no effect on the correlation coefficient
(r = -0 76). This suggests that the relationship
between severity of disease and intellectual
impairment cannot be explained as an artifact of
aging.
We also examined the relationship of the classic

triad of symptoms in Parkinson's disease (rigidity,
bradykinesia, and tremor) as a function of intellectual
impairment. Results indicated a significant negative
correlation between intellectual impairment and both
rigidity (rho = -0-79, p < 001) and bradykinesia
(rho = -0 70 p < 0.01). These findings suggest that
severity of both rigidity and bradykinesia were associ-
ated with increased intellectual impairment in patients
with Parkinson's disease. Just the opposite pattern
was seen when tremor was compared to intellectual
performance. There was a significant but positive cor-
relation between tremor and MMS performance
(rho = 0f38, p < 0.01). This suggests that patients
with relatively mild tremor had relatively more severe
intellectual impairment.
We did not find a significant relationship between

severity of disease (CCS) and depression (HDS)
(r = 0 14). Severity of intellectual impairment (MMS)
and depression were also not significantly related
(r = -0 1). That is, severity of depression in patients
with Parkinson's disease would appear to be unrelated
either to clinical condition or intellectual function.

Discussion

We found a significant association between severity of
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the movement disorder and intellectual impairment in
patients with Parkinson's disease. This relationship
has been a consistent finding in previous reports. " -1
The significance of this relationship is the suggestion
that the subcortical lesions responsible for the move-
ment disorder may also be implicated in the patho-
physiology of the intellectual impairment in patients
with Parkinson's disease. This is consistent with
animal research which has demonstrated that lesions
in the basal ganglia produce specific cognitive
deficits.3'
One potentially confounding factor in the

relationship between intellectual and motor function
is that of depression. Depression is common in
patients with Parkinson's disease,16-21 and depres-
sion can have a debilitating effect on intellectual func-
tion.2325 Since depression is common and because of
its potential influence on intellectual performance,
this factor must be considered when examining the
relationship between motor symptoms and intel-
lectual function in patients with Parkinson's disease.
In a previous study which also examined all three
factors, Mayeux et al1 3 found a significant
relationship between depression and intellectual
impairment. However, previous research'2 20- 22 did
not find a significant relationship when intellectual
function was compared with depression. We found a
significant relationship between severity of intellectual
inpairment and motor dysfunction, but not depres-
sion, suggesting a unique relationship between cog-
nitive and motor symptoms in patients with
Parkinson's disease. The reliability of this finding
awaits future research.
The lack of a relationship between severity of dis-

ease and depression in our study as well as in previous
research'3 20 21 suggests that the depression may be
an integral part of Parkinson's disease rather than a
reaction to physical disability. Other findings are con-
sistent with this hypothesis. Patients with Parkinson's
disease are more likely to develop depressive symp-
toms compared to other patient groups with chronic
neurologic disorders who were assumed to suffer com-
parable disability.'7 20 21 In some patients with Par-
kinson's disease depressive symptoms may antedate
the onset ofmotor symptoms.'3 16 32 Finally, patients
with Parkinsonism and depression may be biochem-
ically distinct from patients with Parkinson's disease
who are not depressed. In a recent study, Mauyeux et
a133 found approximately 35% of the patients met
DSM-III criteria for depression. Unlike patients
without depression and normal controls, the patients
who were depressed had decreased levels of serotonin,
a finding similar to patients with primary depression.
In summary, it would appear that depression in
patients with Parkinson's disease is not related to
severity of disease, and depressive symptoms may be

biochemically distinct from the movement disorder.
There appears to be a distinct relationship between

intellectual impairment in patients with Parkinson's
disease and the classic triad of motor symptoms: bra-
dykinesia, rigidity, and tremor. Our findings and pre-
vious research found a significant relationship
between severity of bradykinesia and intellectual
impairment.6 111435 36 All but one previous study"
also found a significant relationship between severity
of rigidity and intellectual impairment.2 13 35 We
also found that more severe rigidity is associated with
increasing intellectual impairment. The relationship
between tremor and intellectual impairment is clearly
different. One report'2 found that like rigidity and
bradykinesia, severity of dementia in Parkinson's dis-
ease was also associated with more severe tremor. This
is in contrast to Lieberman14 who had the clinical
impression that demented patients with Parkinson's
disease actually had less severe tremor compared to
patients who were not demented. Another report"
found an inverse relationship between severity of
tremor and spatial orientation memory performance.
Consistent with these latter two reports, we found that
patients with relatively more severe tremor tend to
have less intellectual impairment.

There may be two distinct subtypes of Parkinson's
disease. It has long been recognised that patients who
have predominant tremor tend to have a more benign
clinical course compared with patients with predom-
inant bradykinesia and rigidity.2937 In addition to
clinical differences, a cognitive distinction may also be
present. Patients with predominant bradykinesia and
rigidity may suffer more severe cognitive impairment
compared to patients with predominant tremor.
These two subtypes of Parkinson's disease may also
be distinct in terms of the underlying patho-
physiology.38 This hypothesis may best be examined
by longitudinal studies of patients with predominant
tremor or rigidity and bradykinesia at onset and fol-
lowed for progression of disease and intellectual
impairment.
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