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Article abstract-The DATATOP database, which includes clinical information on 800 patients with early untreated 
Parkinson’s disease (PD), is well suited to explore clinical heterogeneity in PD. Patients with early-onset PD (140 years, N = 
33) reached the same level of disability as the late-onset PD (170 years, N = 85) group at a significantly slower rate (2.9 vs. 1.7 
years). Early-onset PD patients functioned cognitively better than late-onset PD patients. Bradykinesia, and postural instability 
and gait difficulty (PIGD), were more common at onset in patients with a rapid rate of disease progression (“malignant PD”; 
duration of symptoms t l  year and Hoehnflahr stage of 2.5, N = 11) as compared with those with a relatively slow rate of 
progression (“benign PD”; duration of symptoms >4 years, N = 65). Comparisons of tremor-dominant PD (mean tremor score/ 
mean PIGD score 11.5, N = 441) with the PIGD-dominant type (mean tremor score/mean PIGD score 21.0, N = 233) provided 
support for the existence of clinical subtypes. The PIGD group reported significantly greater subjective intellectual, motor, and 
occupational impairment than the tremor group. Stage I1 patients had higher depression scores than stage I patients. Among the 
patients participating in the DATATOP, older age at onset with bradykinesia, or with the PIGD form of PD, is associated with 
more functional disability than when the symptoms are dominated by tremor or begin at a younger age. 
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The variability in clinical expression of Parkinson’s 
disease (PD) suggests the existence of subgroups within 
PD with distinct clinical patterns and perhaps different 
pathogenic mechanisms. Alternatively, the clinical het- 
erogeneity may merely reflect a broad spectrum of man- 
ifestations of 1 disease, characterized pathologically by 
the loss of pigmented neurons in the substantia nigra 
zona cornpacta, the presence of intracytoplasmic inclu- 
sions (Lewy bodies), and other pathologic changes.’ 
Without a specific biologic marker or a test, the diagno- 
sis of PD depends on clinical criteria. Attempts to de- 
fine clinical subgroups may help delineate the diag- 
nostic criteria and provide some insight into the 
question of whether PD is a unitary disease or a syn- 
drome.2 Several studies have addressed the question of 
clinical heterogeneity by proposing PD subgroups dis- 
tinguished by age at onset, variable progression, family 
history of PD, patterns of motor symptoms, and by 
associated nonmotor findings such as dementia and 
depressi0n.3-~ 

DATATOP (deprenyl and tocopherol antioxidative 
therapy of parkinsonism) is a multi-center trial de- 
signed to test the hypothesis that treatment with the 
antioxidative interventions, deprenyl and tocopherol, 

will slow the progression of the disease. The baseline 
database includes clinical information on 800 patients 
with early untreated PD.20p21 Because these subjects are 
highly selected participants in a clinical trial, our study 
cannot reflect all PD patients. Nonetheless, this large 
and carefully studied group of untreated patients pro- 
vides an important resource to study the clinical expres- 
sion of PD. In this report, we describe characteristics of 
this group at study entry. 

Methods. All 800 patients included in the DATATOP study 
had early PD with Hoehnnahr (Hfl) stage I or 11: were not 
receiving or requiring any anti-PD medications, and met 
stringent inclusion/exclusion criteria.2O All were between 30 
and 79 years old, and none had any evidence of dementia or 
severe (23 on a 0 to 4 scale) tremor. To explore the possibility 
that there are distinct clinical subtypes within PD, we defined 
4 groups using demographic and clinical characteristics ob- 
tained at  baseline evaluation. The criteria for the different 
groupings were defined before the data analysis and were 
based on previously reported possible  subtype^^-^^ and on the 
collective clinical experience of the investigators. To the ex- 
tent that these subtypes represent distinct clinical (and possi- 
bly pathologic) entities, the demographic and clinical 
variables that define the subtypes could have a predictive 
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Table 1. Early- vs. late-onset PD 
I 

Variable 

Percent males 
Age at onset 
Age at entry 
Duration of symptoms 
H/Y stage at onset 
H/Y stage at entry 
S/E ADL score 
Mini-Mental score 
Total recall* 
Sensory complaints 
Tremor by history (L arm) 
Rigidity (L arm) 

Early onset Late onset 
(140 yrs) ( 2 7 0  yrs) 

Mean SD N Mean SD N P 

63.6 
35.8 
38.7 
2.9 
1.0 
1.5 

90.6 
29.1 
50.3 
0.8 
1 .o 
1.4 

2.6 
3.1 
1.6 
0.2 
0.5 
6.9 
1.6 
9.0 
1 .o 
1.1 
1 .o 

33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

70.6 
73.1 
74.8 
1.7 
1.3 
1.7 

89.1 
28.2 
36.6 
0.4 
0.5 
0.7 

2.0 
2.1 
1.0 
0.4 
0.5 
7.1 
1.9 
9.9 
0.6 
0.8 
0.8 

85 
85 
85 
85 
82 
85 
85 
85 
85 
85 
85 
85 

NS 
0.0001 
0.0001 
0.0001 
0.0001 

NS 
NS 

0.02 
o.oO01 
0.03 
0.03 
0.0004 

* Late-onset patients also performed worse on a variety of neuropsycbologic tests, including digit span, symbol digit modalities, long-term storage and recall, 
and M u e  pepb0ard.m 

value concerning the associated symptoms, course, and prog- 
nosis. 

Early versus late onset. In this comparison, the early-onset 
group was defined (a priori) as patients who according to the 
investigators had their 1st symptoms of PD at or before age 40 
years. The late-onset group was arbitrarily defined as patients 
with onset of PD symptoms at or after age 70. 

Benign versus malignunt status. Patients in the benign 
group were defined by a duration of PD symptoms of at  least 4 
years before entry into the study. (Patients with duration 
greater than 5 years were excluded from DATATOP.) Despite 
the relatively long duration of symptoms, the disability of 
benign patients a t  entry was mild enough to satisfy the inclu- 
sion criteria of DATATOP. Patients included in the malig- 
nant group were defined as having PD symptoms for 1 year or 
less and progressing during this period of time (51 year) to a 
stage of 2.5 on the H/Y scale. (Patients with stage >2.5 were 
excluded from DATATOP.) 

H/Y stage I versus HIY stage II. The H/Y stage I group was 
defined as patients with H/Y stages 1.0 (unilateral involve- 
ment only) and 1.5 (unilateral and axial involvement). The H/ 
Y stage I1 group was defined as patients with H/Y stages 2.0 
(bilateral involvement without impairment of balance) and 
2.5 (mild bilateral involvement with recovery on retropulsion 
by the pull test). 

Tremor versus PIGD types. The Unified Parkinson’s Dis- 
ease Rating Scale (0 to 4 ratings, 0 = no or absent; 4 = most 
severe symptom or sign) was used to assess the severity of 
motor symptoms and signs.2z An average global tremor score 
was calculated as the mean of the following 9 items: right and 
left arm tremor as determined by history, tremor at rest of 
either face, lips, or chin, all 4 limbs, and action or postural 
tremor in both arms as determined by the investigator’s exam- 
ination. A mean score for the complex of postural instability 
and gait difficulty (PIGD) was calculated as the mean of the 
following 5 items: falling, freezing, walking difficulty by his- 
tory, and gait and postural instability by examination. The 
tremor group was defined as patients with a ratio of mean 
tremor score/mean PIGD score greater than or equal to 1.5; 
the PIGD group included all patients with a ratio of less than 
or equal to 1.0. 

These 4 groups were compared with each other with re- 
spect to demographic and clinical variables including gender, 
age at onset, duration of symptoms, side of body 1st affected, 
initial symptom(s), H/Y stage, and Schwab and England 
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Scale for Activities of Daily Living (S/E ADL) as determined 
retrospectively by the rater at  onset, at diagnosis of PD, and at 
the time of study entry. Occupational disability, Mini-Mental 
score, Hamilton Depression Inventory, a comprehensive bat- 
tery of neuropsychological tests, and all the items on the 
UPDRS20.n were rated prospectively. Chi-square tests of sig- 
nificance were performed for differences between the groups 
in nominal categorical variables (eg, gender, the presence or 
absence of certain initial symptoms, and family history). For 
continuous variables as well as ordinal categorical variables, 
%sample t tests were used. Comparisons that yielded a nomi- 
nal p value < 0.05 were deemed significant. Because the 
analysis is merely exploratory, the reported results are not 
adjusted for multiple comparisons and, therefore, some of the 
“significant” results may be due to chance alone. After Bon- 
ferroni adjustment, p values less than 0.0005 (0.05/100 com- 
parisons) would be conservatively considered statistically sig- 
nificant. 

To explore the possibility that the observed differences 
between the groups were due to age differences, we repeated 
the analyses adjusting for the covariate age. For continuous 
and ordinal categorical variables we adjusted for age using a 
simple analysis of covariance model, and for nominal cate- 
gorical variables we used a logistic regression model. Spear- 
man rank-order correlations were used to  analyze 
relationships between variables. 

Results. There were 800 patients included in the 
DATATOP: 530 men and 270 women, with age at onset 
of 59.0 f 9.6 years (N = 748), duration of symptoms 2.1 
f 1.3 (N = 748), and age at randomization 61.1 f 9.5 
(N = 800). 

Early versus late onset. Although at the time of 
randomization both early-onset (N = 33) and late- 
onset (N = 85) patients had similar degrees of disability 
as measured by Hfl  stage and S/E ADL score, the 
early-onset group had a significantly longer estimated 
duration of symptoms (2.9 years) than the late-onset 
group (1.7 years), resulting in a slower progression of 
disease in the early-onset patients (table 1). This was 
also supported by the finding of a negative correlation 
between estimated duration of symptoms and age at 
onset; the younger age at onset was associated with a 



Table 2. Benign vs. malignant status 

Variable 

Percent males 
Age at onset 
Age at entry 
Duration of symptoms 
H/Y stage at  entry 
Mini-Mental score* 
Post. instab. 
At onset (W) 

Bradykinesia 
Post. instab. 

Malignant 
Benign (duration 5 1 yr, 

H/Y stage = 2.5) (duration 2 4  yrs) 
Mean SD N Mean SD N P 

66.1 
55.4 
60.2 

4.8 
1.8 

28.6 
0.3 

24.6 
7.7 

65 
9.6 65 
9.4 65 
0.7 65 
0.5 65 
3.2 65 
0.5 65 

65 
65 

72.7 
68.2 
68.8 
0.6 
2.5 

29.5 
1 .o 

54.5 
45.4 

11 
3.9 11 
3.9 11 
0.3 11 
0.0 11 
0.9 11 
0.2 11 

11 
11 

NS 
o.Ooo1 
0.0001 
0.0001 
0.0001 
0.04 
0.0001 

0.04 
0.0001 

* NS when adjusted for age; NS differences in performance on any other neuropsychologicd tests. 

longer estimated duration of symptoms (rho = -0.21, 
p < 0.0001). The early-onset patients also performed 
better than the late-onset patients on avariety of neuro- 
psychological tests (table 1). Fifty-eight percent of the 
early-onset group had the left side of their body affected 
first, whereas only 32% of the late-onset patients had 
their 1st symptoms on the left side (p < 0.05). Patients 
with late-onset disease were more occupationally dis- 
abled at the time of entry into the study than the early- 
onset patients (p < 0.0001). 

Benign uersus mulignant status. Patients with a be- 
nign course (N = 65) were compared with those who 
had a relatively malignant progression (N = 11) (table 
2). The benign group had an onset earlier (age, 55.4 +- 
9.6 years) than the malignant group (age, 68.2 k 3.9 
years). There was a significant difference between these 
groups in H/Y stage (1.8 vs. 2.5) as determined by the 
rater at the time of entry into the study. The average 
Mini-Mental State score was slightly worse in the ma- 
lignant group, but the difference was not statistically 
significant when adjusted for age. All neuropsychologi- 
cal test scores and the motor subscores, except for in- 
creased postural instability of patients in the malignant 
group, were similar in the 2 groups at the time of entry 
into the study. Seventy-four percent of the benign 
group and 55% of the malignant group had tremor as the 
initial symptom. This difference was nearly significant 
when adjusted for age (p = 0.06). In contrast, bradyki- 
nesia (55% vs. 25%) and postural instability (45% vs. 
8%) were more common at onset in patients who had 
more rapid estimated progression, even when adjusted 
for age. 

H/Y stage I uersus stage II. Patients with unilateral 
(with and without axial) symptoms, H/Y stage I (mean, 
1.2 k 0.24; N = 402) a t  the time of entry into 
DATATOP, were compared with those with bilateral 
symptoms, H/Y stage I1 (mean, 2.1 k 0.21; N = 398) 
(table 3). Patients with bilateral findings had a signifi- 
cantly longer estimated duration of symptoms, older 
age at onset, lower S/E ADL scores, greater occupa- 
tional disability, and higher Hamilton Depression 
Scores than the patients with predominantly unilateral 
symptoms. UPDRS subjective scores showed more in- 

tellectual impairment, depression, thought disorder, 
and lack of motivation in the stage I1 as compared with 
stage I patients. Stage I1 patients performed less well 
than the stage I patients on tests of total recall, long- 
term storage and recall, and short-term and delayed 
recall. However, since the stage I1 patients were older on 
average than the stage I patients, when the analysis of 
these cognitive variables was adjusted for age, these 
differences disappeared. Therefore, while age does not 
explain differences between the groups with regard to 
motor signs, it may explain many of the differences in 
cognitive signs. Stage I1 patients also had more diffi- 
culties with all activities of daily living as measured by 
the UPDRS. In addition, they scored worse in some 
motor functions including speech, facial expression, 
tremor at rest in the face and left side of the body, 
action/postural tremor in both arms, generalized 
rigidity, hand and leg agility, arising from a chair, gait, 
posture, postural stability, and bradykinesia. Stage I 
patients were more likely to have tremor at the onset of 
their symptoms, whereas bradykinesia, hypomimia, 
drooling, swallowing and speech problems, and PIGD 
were more likely to be present at onset in the stage I1 
patients. 

Tremor uersus PIGD types. Patients with tremor- 
dominant PD (N = 233) were compared with those who 
had the PIGD-dominant type (N = 441) (table 4). The 
PIGD group had greater occupational disability and 
more intellectual impairment, depression, lack of moti- 
vation, and impairment in activities of daily living on 
UPDRS than the tremor group. However, there was no 
difference between this group and the tremor group in 
performance on formal neuropsychological tests. In ad- 
dition to greater postural and gait difficulties, the PIGD 
patients had more severe body bradykinesia, difficulty 
rising from a chair, and poor posture. Rigidity was not 
different in the 2 groups at entry. However, rigidity, 
dystonia, gait, and postural difficulties were more likely 
to be present at the onset of the PIGD type of PD than 
in the tremor variety. The tremor-dominant patients 
not only had more severe tremor at rest, as expected, but 
also had more severe action-postural tremor, suggesting 
that this tremor is related to the typical resting tremor. 
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Table 3. H/Y stage I vs. H/Y stage I1 

H/Y stage I H/Y stage I1 

Variable 

Percent males 
Age at  onset 
Age at  entry 
Duration of symptoms 
H/Y stage at entry 
S/E ADL score 
Depression* 
Occup. disabil. 
F’urdue pegboard 
At  onset (W) 

Tremor 
Bradykinesia 
Post. instab. 
Gait problems 

UPDRS score? 

(stage 1.0 or 1.6) (stage 2.0 or 2.5) 
Mean SD N Mean SD N 

62.7 
57.8 
59.8 
2.0 
1.2 

93.0 
2.4 
0.3 
9.1 

78.9 
25.6 
6.0 
9.5 

10.1 
9.9 
1.1 
0.2 
6.3 
2.8 
0.6 
3.5 

402 
369 
402 
369 
402 
402 
401 
402 
40 1 

402 
402 
402 
402 

69.8 
60.2 
62.5 
2.3 
2.1 

88.8 
3.0 
0.7 
7.6 

71.4 
35.2 
11.8 
17.6 

* Depreasion rated on the Hamilton scale.20 
t Stage I1 patients performed worse on all UPDRS item except for sensory complaints and right arm tremor. 

9.1 
8.9 
1.3 
0.2 
7.9 
3.0 
0.7 
3.2 

398 
379 
398 
379 
398 
398 
398 
398 
397 

398 
398 
398 
398 

P 

0.03 
0.0004 
0.0001 
0.0001 
0.0001 
o.Ooo1 
0.005 
o.Ooo1 
o.Ooo1 

0.01 
0.003 
0.004 
0.001 

There was no statistically significant difference in 
reported family histories of PD (19.0% of 411 patients 
with known family history in the tremor group com- 
pared with 19.8% in the 222 patients in the PIGD 
group) between the 2 groups. Although the family his- 
tory of essential tremor was reported twice as frequently 
in the tremor group (14.2% of 409 patients who knew 
their family history well enough to provide adequate 
information) as compared with the PIGD group (7.8% 
of 219 patients), this difference did not reach statistical 
significance. Family members were not systematically 
examined to verify the family histories. 

Spearman correlation analyses show that PIGD cor- 
relates well with bradykinesia (rho = 0.52) and with 
S/E ADL (rho = -0.48; as PIGD increases S/E ADL 
worsens). In contrast, PIGD is not correlated with 
tremor (rho = 0.02). 

Discussion. This analysis of baseline DATATOP 
database suggests that early-onset PD patients progress 
at a slower rate than late-onset patients. The study also 
provides support for the existence of at least 2 clinical 
subtypes of PD, the tremor-dominant and the PIGD 
forms. The data further indicates that patients with 
malignant PD have more PIGD and bradykinesia and 
less tremor at onset as compared with those with benign 
PD and that a deterioration in motor function is not 
necessarily accompanied by a cognitive decline. 

While DATATOP provides a large and comprehen- 
sive database of clinical information in early PD, the 
results of this analysis must be interpreted cautiously. 
This is not an epidemiologic study and, therefore, the 
patients cannot be considered representative of the 
community as a whole. For example, because only pa- 
tients between ages 30 and 79 are included in 
DATATOP, the late-onset group is not necessarily rep- 
resentative of all patients with onset of PD at old age. 
Furthermore, patients with a tremor score of 3 or more 
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and patients with significant dementia and depression 
as measured by psychometric tests were excluded from 
DATATOP. Another potential pitfall in the interpreta- 
tion of the data is that because of the large number of 
subjects, the power may be so great that very small, and 
perhaps clinically insignificant, differences are de- 
tected. Alternatively, since all the patients are in early 
stages of their disease, some may have not yet “dif- 
ferentiated” into 1 of the defined (eg, tremor-dominant 
or PIGD-dominant) categories. The analyses are also 
based on clinical data collected at a single point in time 
and, therefore, progression of disease can only be esti- 
mated. In order to correlate the rate of progression with 
clinical variables, we later intend to analyze prospec- 
tively collected data. The goal of the current study is to 
seek out consistent patterns in clinically related vari- 
ables. Despite the stated caveats, several important 
qualitative conclusions have emerged from this explora- 
tory analysis. 

Although patients with late-onset PD were slightly 
more disabled at onset of their symptoms as measured 
by their H/Y stage than the early-onset patients, both 
groups had similar levels of disability at the time of 
entry into the study (table 1). However, late-onset pa- 
tients appeared to reach this disability more rapidly 
than early-onset patients 0, < 0.0001). While most 
studies also found that late-onset patients deteriorated 
more rapidly than those with early-onset dis- 
ease,3,4,9,uJ4J* some suggested that the 2 groups pro- 
gressed at similar rates,4J3 and 1 study concluded that 
early-onset patients actually progressed more rapidly.3 
Some,’lJ2 but not all,13 studies also noted that early- 
onset PD patients were more sensitive to levodopa than 
the late-onset patients and developed levodopa-induced 
dyskinesias and motor fluctuations earlier than did the 
late-onset patients. Our data also suggest that early- 
onset PD patients have better cognitive test scores than 
those with late-onset disease. However, this difference 



Table 4. Tremor vs. PIGD types 

Tremor PIGD 
(T/PIGD 2 1.5) (T/PIGD 5 1.0) 

Variable* Mean SD N Mean SD N P 

Percent males 
Age at onset 
Age at entry 
Duration of symptoms 
H/Y stage at entry 
S/E ADL score 
Occup. disabil. 
Intell. impair. 
Lack of motivation 
Speech diffic. 
Swallow. diffic. 
Falling 
Freezing 
Bradykinesia 
At onset (W) 

Tremor 
Bradykinesia 
Rigidity 
Post. instab. 

69.4 
59.0 
61.2 
2.2 
1.6 

92.5 
0.4 
0.3 
0.4 
0.5 
0.1 
0.0 
0.0 
0.8 

87.5 
24.0 
22.9 
5.0 

9.6 
9.5 
1.3 
0.5 
6.4 
0.6 
0.5 
0.6 
0.6 
0.3 
0.2 
0.1 
0.7 

441 
414 
441 
419 
441 
441 
441 
441 
44 1 
441 
441 
441 
441 
441 

44 1 
441 
44 1 
441 

59.7 
58.9 
60.9 

2.1 
1.8 

88.1 
0.7 
0.4 
0.5 
0.7 
0.3 
0.1 
0.2 
1.3 

47.6 
43.8 
37.3 
15.0 

9.7 
9.3 
1.2 
0.5 
8.5 
0.7 
0.5 
0.6 
0.7 
0.5 
0.4 
0.4 
0.7 

233 
218 
233 
213 
233 
233 
233 
233 
233 
233 
233 
233 
233 
233 

233 
233 
233 
233 

0.01 
NS 
NS 
NS 

o.Ooo1 
o.Ooo1 
0.0001 
0.01 
0.009 
0.0002 
0.0001 
0.0001 
0.0001 
0.0001 

0.0001 
0.0001 
0.0001 
o.oO01 

* Tremor (rest and action) wm worse in the tremor dominant group, whereas rapid succession movements, arising from chair, posture, gait, and postural 
stability were worse in the PIGD group; NS differences were found in age at onset, rigidity, performance on neuropsychological testa, or family history of 
tremor or PD. 

may be explained by the younger age of the early-onset 
group at the time of entry into the study. Because the 
late-onset patients were more occupationally disabled 
than the early-onset group, even mild depression as a 
reaction to their motor disability may have adversely 
influenced their cognitive scores. Starkstein et all9 
noted that depression correlated with cognitive impair- 
ment and duration of symptoms in the early-onset PD 
group, whereas in the late-onset group, depression cor- 
related more with impairments in activities of daily 
living. 

While the differences between early- and late-onset 
subgroups have been interpreted as evidence for 2 dis- 
tinct types of PD, it is possible that age alone, perhaps 
by contributing to a gradual loss of neuronal plasticity, 
may in some way alter the expression of an otherwise 
unitary disease. Similar interpretation could be applied 
to our finding that early-onset patients are more likely 
to have the benign form of PD than the patients with 
onset of symptoms later in life. However, the dif- 
ferences between benign and malignant groups persist 
even when the benign vs. malignant comparisons are 
adjusted for age. Therefore, even though the malignant 
group is older, the age difference cannot explain the 
clinical differences between the benign and malignant 
groups. 

In 1 clinical-pathologic study of 57 parkinsonian and 
49 control brains, the duration of parkinsonian symp- 
toms correlated negatively with the age at onset.23 How- 
ever, use of tritiated alpha-dihydrotetrabenazine 
binding as an index of monoaminergic innervation of 
the caudate nucleus revealed no difference in the esti- 
mated rate of progression of striatal dopamine deple- 
tion between those patients who had onset of their 

symptoms after age 60 years (mean age at onset, 71.5 f 
1.4) and those with age at onset before age 60 (mean age 
at onset, 52.7 f 1.2). The late-onset patients actually 
had higher density of binding and less severe striatal 
dopamine depletion at death than the early-onset pa- 
tients, possibly because the late-onset patients did not 
live long enough for the pathologic process to fully 
develop. 

Because eachpatient in the malignant PD group had, 
by definition, an H/Y stage of 2.5 as compared with a 
mean of 1.8 5 0.4 for the benign group, it was not 
surprising that they had a greater degree of PIGD at the 
onset of PD symptoms (table 2). However, the lack of 
significant differences in cognitive performance be- 
tween the 2 groups is an unexpected finding and it 
differs from most,17*24-27 but not previous studies 
which found a positive correlation between motor and 
intellectual impairment. Because DATATOP excluded 
patients with actual cognitive impairment, however, 
this finding cannot be easily compared to these other 
studies. Our analysis suggests that motor deterioration 
in PD does not inevitably parallel cognitive decline. 
Some studies, however, have found a correlation be- 
tween cognitive impairment and gait disorder.9SB Be- 
cause gait disorder in PD is usually unresponsive to 
levodopa, we postulate that cognitive impairment in 
PD results mostly from a nondopaminergic deficit. De- 
generation of the nucleus basalis of Meynert and of the 
pedunculopontine nucleus, 2 cholinergic nuclei, occurs 
with normal aging but is more prominent in PD.30 This 
may partly explain the cognitive decline seen particu- 
larly in elderly parkinsonian patients.l6J6 In addition, 
the cholinergic deficiency in these patients may partly 
correct the relative cholinergic preponderance, which is 
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typically expressed as parkinsonian tremor. Therefore, 
cognitive deficit may be inversely correlated with par- 
kinsonian tremor. 

The most compelling evidence for clinical subtypes 
in PD is provided by the analysis of tremor-dominant 
versus PIGD groups (table 4). The findings are in agree- 
ment with the report by Zetusky et aP and are consis- 
tent with our analysis of benign versus malignant types, 
suggesting that the PIGD type of PD has a less favora- 
ble outcome than the tremor-dominant PD. The crite- 
ria used to define the 2 categories seem to be quite 
sensitive and discriminating. Some of the 126 patients 
not included in the tremor or the PIGD group were 
probably in such early stages of their disease that they 
had not yet fully “differentiated” and, therefore, could 
not be accurately assigned to these categories. Although 
there was no difference in duration of symptoms, the 
PIGD group had a greater motor disability, suggesting a 
more aggressive course in this group as compared with 
the tremor group. However, there was no difference 
between the 2 groups in performance on neuropsycho- 
logical tests, again suggesting relative independence of 
motor and cognitive changes in PD. 

Our failure to detect differences in family history 
between the tremor and the PIGD groups may have 
been due to difficulty in obtaining an accurate history. 
The data on family histories were collected through an 
interview of the patients and their relatives, and the 
information was not verified by examinations of rela- 
tives. The 3.4% frequency of PD and 11% frequency of 
tremor among the 1st-degree relatives of our patients 
are much lower than the figures from other s t ~ d i e s . ~ . ~ ~ - ~ ~  

We did not analyze our cohort for possible influence 
of gender on various clinical variables. However, in 
another study,= no differences were found between par- 
kinsonian men and women with respect to age at onset, 
duration and progression of symptoms, and age at 
death. 

Our study suggests that older age at onset and a 
presentation with PIGD and with bradykinesia are pre- 
dictive ofa more aggressive course than when the onset 
of PD symptoms is early and dominated by tremor. The 
validity of this will be tested with objective prospective 
follow-up in the same patients. Whether the tremor- 
dominant PD is biochemically, pathologically, and 
pathogenically different from the PIGD type must 
await a correlation between clinical characteristics and 
neurobiologic markers of underlying disease. 
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