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Abstract: We report a long-term outcome on a large cohort of
Japanese patients with Parkinson’s disease (PD). A total of
1,768 (793 men, 975 women) consecutive patients visited our
clinic from 1 January 1989 to 31 December 2002. Among
them, 1,183 patients (531 men, 652 women) came to our clinic
within 5 years from the onset of disease and at the Hoehn &
Yahr Stage III or less at the first visit. Long-term outcome was
evaluated in this subcohort of the patients. We examined the
duration to reach Stage III, IV, and V, and the duration to
develop wearing off and dyskinesia. Time to reach Stage III
was slightly but significantly shorter in women, in that 23.8%
of men and 35.3% of women reached Stage III by the end of the
5th year; 49.7% of men and 63.3% of women reached Stage III

by the end of the 10th year, and 88.9% of men and 79.9% of
women by the end of the 15th year (P � 0.001). Also, durations
to develop wearing off and dyskinesia were shorter in women
compared to men. These data suggest that the disease progres-
sion may be slightly faster for women. Young-onset patients
showed significantly longer duration to reach Stage III, IV, and
V but shorter duration to develop wearing off and dyskinesia.
Not many studies are available in the literature on the long-term
outcome of PD, and our data would be useful as a reference.
© 2006 Movement Disorder Society
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Long-term prognosis of patients with Parkinson’s dis-
ease (PD) has greatly improved since the introduction of
levodopa and other anti-PD drugs to the treatment. But
not many studies are available on the long-term outcome
of PD under the optimum treatment. There are many
studies on the mortality of PD; however, it is hard to find
studies addressing how long it would take to reach
Hoehn & Yahr Stage III, IV, and V under the usual
clinical practice setting. This situation prompted us to
investigate the long-term outcome of PD patients on a
large cohort. Our Medical Center (Juntendo University
School of Medicine) is located in a central part of Tokyo
and is one of the referral centers for movement disorders.

Therefore, our data could be considered as a representa-
tive on the long-term outcome of PD in Japan.

PATIENTS AND METHODS

Patients

We retrospectively reviewed all the hospital charts on
patients who had visited our clinic and were diagnosed as
PD from 1 January 1989 to 31 December 2002. The
diagnosis of PD was made according to the criteria of
Calne and colleagues,1 and those patients who fulfilled
the criteria for clinically probable PD or clinically defi-
nite PD were enrolled (total number � 1,768). Patients
with secondary and symptomatic Parkinsonism were ex-
cluded. Hospital charts were reviewed systematically by
board-certified or board-eligible neurologists of our de-
partment. Items to be checked are defined, and each
reviewer was given a check sheet. Items checked in-
cluded name, sex, date of birth, date of first visit., onset
date and initial symptoms, order of medication and ap-
proximate date of start of each medication, date they
reached Hoehn & Yahr Stage III, IV, and V, date and the
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causes of death, if applicable, date of onset of wearing
off and drug-induce dyskinesia. End-of-dose deteriora-
tion, off-period dystonia, and off-period freezing were
taken as the evidence for wearing off. Drug-induced
dyskinesias were defined abnormal involuntary move-
ments that appeared either at peak dose or at onset and
end of dose. We did not include off-period dystonia in
the drug-induced dyskinesia. Missing information was
obtained by the telephone or letters to patients or their
family members. The final neurological evaluation was
made at the hospital visit closest to 31 December 2002.
When the evaluation was made before 31 December
2002, absence of significant change in the neurological
condition was confirmed at the next visit after 31 De-
cember. When significant changes occurred during that
period, the data of the final evaluation were revised
according to the information obtained from the patients
and their caregivers. When patients did not visit our
clinic on a regular base until 31 December 2002, we sent
questionnaires to those patients so that we could evaluate
the final condition during the study period. When they
failed to respond to our questionnaires, neurological
findings at their last visits were used and the disease
durations were counted from the onset of the disease to
the date of the last examination. We sent 825 inquiry
letters and obtained response from 411. Of the 825
letters, 464 were to the subjects who fulfilled the entry
criteria for long-term outcome analysis (n � 1,183) and
we received responses from 213.

Durations to Stage III, IV, V, and to the onset of motor
fluctuation were analyzed on a subcohort of the patients
who visited our clinic within 5 years from the onset and
at the Hoehn & Yahr Stage III or less so that we could
obtain reliable information as to the time they had
reached Stage III and the time they had developed motor
fluctuations, if present at the first visit to our clinic.
Hoehn & Yahr stage was evaluated at the best on, when
they had wearing off. This study was approved by the
Institutional Review Committee for the Ethics of Clinical
Investigations.

Statistical Analyses

Long-term outcomes on the subcohort of patients who
visited our clinic within 5 years from the onset and at
Hoehn & Yahr Stage III or less were initially analyzed by
Kaplan–Meier plots. The comparisons between men and
women, between young-onset (50 or before) and late-
onset patients (after 50), among initial symptoms, and
among initial treatment were made with the log rank test.
Kaplan–Meier plots and log rank tests were calculated
using StatMate III (ATMS Corp., Tokyo, Japan). The
comparative analysis of the age at death was performed

on all PD patients. The correlation diagram was drawn to
use the age and the year at death. A multivariate analysis
by conditional logistic regression was used to study the
individual role of each factor, including the sex, onset of
age, the starting drug, and the initial symptom. A mul-
tivariate analysis was calculated using StatView.

RESULTS

A total of 1,768 patients (793 men, 975 women) were
diagnosed as PD during the study period, i.e., from 1
January 1989 to 31 December 2002. Demographic data
are summarized in Table 1. The mean age (�SD) of
onset was 57.2 � 11.2, and its distribution is shown in
Figure 1. The peak age of onset was 60 to 64 years. The
mean age (�SD) at the final evaluation was 66.1 � 10.1.
The mean disease duration (�SD) was 9.41 � 6.28
years, and the mean Hoehn & Yahr stage at the final
evaluation (�SD) was 2.50 � 1.02. The number of the
patients who received L-dopa as the initial treatment was
930 (65.2%), and the total number of patients who had
ever received L-dopa was 1578 (89.2%). The mainte-
nance doses of anti-PD drugs at the final evaluation are
summarized in Table 2. Mean L-dopa dose at the final
examination was 471.5 � 198.6 mg.

Figure 2 shows distribution of Hoehn & Yahr stage
according to the disease duration. When the disease
duration was 5 years or less, percentages of patients at
Stage I or less, II, III, IV, and V were 14.8%, 12.3%,
49.0%, 28.6%, 3.0%, and 0.7%, respectively. When the
disease duration was 6 to 10 years, these percentages
were 7.1%, 41.9%, 32.1%, 7.8%, and 1.8%, respectively;
in the similar way, for 11 to 15 years, percentages were
2.4%, 28.7%, 33.9%, 13.3%, and 3.5%, respectively; for
16 years and longer 3.3%, 28.7%, 33.9%, 13.3%, and
3.5%, respectively. Percentages of deceased patients
were 0.6% for the fist 5 years, 5.0% for the next 5 years,
12.6% for the third 5 years, and 27.0% for the last five
years.

Durations to reach Hoehn & Yahr Stage III, IV, V, and
to the onset of motor fluctuations were evaluated in a
sub-cohort of the patients who visited our clinic within 5
years from the onset and the Hoehn & Yahr Stage III or
less. A total of 1,183 patients (531 men, 652 women)
fulfilled these criteria. Demographic data on this sub-
cohort are shown in Table 3. The duration to Stage III is
shown in Figure 3. Percentages of patients who reached
Hoehn & Yahr Stage III by the end of the 5th, 10th, and
the 15th year after the onset were 30.2%, 57.2%, and
83.5%, respectively. A slight but significant difference
was noted between men and women, in that women
reached Stage III slightly but significantly earlier than
men; i.e., 23.8% of men and 35.3% of women reached
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Stage III by the end of the 5th year and 49.7% of men
and 63.3% of women reached Stage III by the end of the
10th year; however, at the end of the 15th year, 88.9% of
men and 79.9% of women reached Stage III. The overall
difference was statistically significant (P � 0.001 by the
log rank test). The multivariate analysis also confirmed
the above male–female difference (data not shown).

The duration to reach Stage IV is shown in Figure 4.
Percentages of patients who reached Hoehn & Yahr
Stage IV by the end of the 5th, 10th, and the 15th year

after the onset were 6.5%, 27.9%, and 41.2%, respec-
tively. There was no significant difference between men
and women. The duration to Stage V is shown in Figure
5. Percentages of patients who reached Stage V by the
end of the 5th, 10th, and the 15th year after the onset
were 2.1%, 16.5%, and 29.4%, respectively. Again there
was no statistical difference between men and women.

The duration to develop wearing off fluctuations is
shown in Figure 6. Percentages of patients who devel-
oped wearing off fluctuations by the end of the 5th, 10th,
and the 15th year after the onset were 21.3%, 59.4%,
73.2%, respectively. Women developed wearing off
slightly but significantly earlier than men (P � 0.0064).
The duration to develop dyskinesia is shown in Figure 7.
Percentages of patients who developed dyskinesia by the
end of the 5th, 10th, and the 15th year after the onset
were 8.4%, 35.1%, and 62.8%, respectively. Women
developed dyskinesia slightly but significantly earlier
than men (P � 0.014). Multivariate analysis also con-
firmed the above male–female difference (data not
shown).

Then we examined influence of age of onset on the
duration to reach Hoehn & Yahr Stage III, IV, and V and
to wearing off and dyskinesia. Early-onset patients (50
years of age or younger) showed significantly longer
duration to reach Stage III, IV and V, in that 14.7% of
early-onset and 34.1% of late-onset patients (after 50)
reached Stage III by the end of the 5th year from the

FIG. 1. The distribution of the age of onset. The peak age of onset was
60 to 64 years. The mean (� SD) age of onset was 57.2 � 11.2. There
was no difference in the age of onset between men and women.

TABLE 1. Demographic data on the total cohort

Men Women Total

No. of patients 793 975 1768
Age of onset (yr) 56.5 � 11.4 57.8 � 11.1 57.2 � 11.2
Age at the first visit (yr) 60.3 � 10.8 61.8 � 10.1 61.1 � 10.5
Age at the last examination (yr) 65.3 � 10.5 66.8 � 9.8 66.1 � 10.1
Disease duration (yr) 9.31 � 6.14 9.50 � 6.39 9.41 � 6.28
Hoehn & Yahr stage at the first visit 2.13 � 0.84 2.16 � 0.91 2.15 � 0.88
Hoehn & Yahr stage at the final evaluation 2.40 � 0.93 2.58 � 1.08 2.50 � 1.02
Years to the use of L-dopa 2.95 � 2.62 2.81 � 2.64 2.87 � 2.63
Years to the use of an agonist 4.73 � 3.81 4.87 � 3.98 4.81 � 3.90
No. of patients who received L-dopa first 426 (53.7%) 504 (51.7%) 930 (52.6%)
No. of total patients who received L-dopa 709 (89.4%) 869 (89.1%) 1578 (89.2%)
No. of patients who received an agonist first 68 (8.6%) 103 (10.6%) 171 (9.7%)
No. of total patients who received agonists 534 (67.3%) 662 (67.9%) 1196 (67.7%)
No. of patients who received other anti-PD 159 (20.1%) 241 (24.7%) 400 (22.7%)
med
Initial symptoms
Tremor 365 (47.5%) 522 (54.7%) 887 (51.5%)
Gait disturbance 225 (29.3%) 255 (26.7%) 480 (27.8%)
Bradykinesia 155 (20.2%) 146 (15.3%) 301 (17.5%)
Others 24 (3.1%) 32 (3.4%) 56 (3.2%)
Side of initial symptom
Right 409 457 866
Left 286 392 678

Mean � SD.
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onset, these percentages for early-onset and late-onset
patients were 30.7% and 64.2% by the end of the 10th
year, and 67.4 and 88.6% by the end of 15th year,
respectively (P � 0.001 in log rank test). Regarding the
duration to Stage IV, 3.5% of young-onset patients and
7.3% of late-onset patients reached Stage IV by the end
of the 5th year; these percentages for young-onset and
late-onset patients were 14.4% and 32.1% by the end of
the 10th year and 25.4% and 42.0% by the end of the
15th year, respectively (P � 0.001). These percentages
to reach Stage V were 1.9% and 2.1% by the end of 5th
year from the onset, 7.4% and 19.4% by the end of the
10th year, and 12.9% and 35.7% by the end of the 15th
year, respectively (P � 0.001).

Durations to the onset of wearing off and dyskinesia
were significantly shorter for young-onset patients. By
the end of the 5th year from the onset, 33.3% of young-
onset and 18.1% of late-onset patients developed wear-

ing off; these percentages for young-onset and late-onset
patients were 69.4% and 56.5% by the end of the 10th
year and 85.1% and 68.2% by the end of the 15th year,
respectively (P � 0.001). Regarding dyskinesia, 14.3%
of young-onset patients and 6.8% of late-onset patients
developed dyskinesia by the end of the 5th year from the
onset; these percentages for young onset and late-onset
patients were 39.2% and 34.0% by the end of the 10th
year and 72.4% and 57.9% by the end of the 15th year,
respectively (P � 0.001).

Then we analyzed the influence of initial symptoms on
the duration to reach Hoehn & Yahr Stage III, IV, and V.
The tremor-onset group and the bradykinesia-onset
group showed significantly longer duration to reach
Stage III compared to the gait disturbance-onset group
(P � 0.01, data not shown). There was no significant
difference between the tremor-onset and the bradykine-
sia-onset group. Initial symptoms in the bradykinesia
group were usually disturbances of hand dexterity such
as hand writing. Initial symptoms had no effect on the
duration to reach Stage IV or Stage V.

In the same way we analyzed the influence of initial
symptoms on the duration to develop wearing off or
dyskinesia. Tremor-onset group showed significantly
longer duration to develop wearing off compared with
bradykinesia-onset and gait disturbance-onset groups
(P � 0.001, data not shown). But initial symptoms were
of no effect on the duration to develop dyskinesia.

Then we analyzed the effects of initial treatment on
the duration to reach Hoehn & Yahr Stage III, IV, and V.
The initial L-dopa group showed slightly but significantly
shorter duration to reach Stage III. By the end of the 5th
year, 32.7% of the L-dopa group and 23.1% of the
dopamine agonist group reached Stage III; these percent-
ages for the L-dopa group and the dopamine agonist
group were 61.1% and 41.1% by the end of the 10th year
and 82.1% and 76.3% by the end of the 15th year,
respectively (P � 0.05). The group which was started
with other drugs, mainly an anticholinergic or amanta-

FIG. 2. Distribution of Hoehn & Yahr stages according to the disease
duration. When the disease duration was 5 years or less, percentages of
patients at Stage I or less, II, III, IV, and V were 14.8%, 49.0%, 28.6%,
3.0%, and 0.7% respectively. When the disease duration was 6 to 10
years, these percentages were 7.1%, 41.9%, 32.1%, 7.8%, and 1.8%,
respectively; in the similar way, for 11 to 15 years, percentages were
2.4%, 28.7%, 33.9%, 13.3%, and 3.5%, respectively; for 16 years and
longer 3.3%, 28.7%, 33.9%, 13.3%, and 3.5%, respectively. Percent-
ages of deceased patients were 0.6% for the fist 5 years, 5.0% for the
next 5 years, 12.6% for the third 5 years, and 27.0% for the last five
years.

TABLE 2. Maintenance dose of anti-Parkinson drugs at the final evaluation

Drug No. (men, women) Men Women Total

L-Dopa (with DCI) 1304 (579, 725) 492.5 � 196.7 454.7 � 198.5 471.5 � 198.6
Bromocriptine 139 (65, 74) 12.56 � 8.10 10.33 � 6.14 11.36 � 7.17
Pergolide 514 (252, 262) 1.32 � 0.74 1.11 � 0.61 1.21 � 0.68
Cabergoline 337 (135, 202) 2.68 � 1.27 2.56 � 1.27 2.61 � 1.26
Talipexole 62 (24, 38) 1.48 � 1.00 1.27 � 0.93 1.35 � 0.96
THP 467 (223, 244) 3.82 � 1.72 3.99 � 1.82 3.68 � 1.61
Amantadine 484 (213, 271) 163.5 � 62.6 167.0 � 70.5 165.4 � 67.1
Selegiline 285 (134, 151) 5.63 � 2.17 5.01 � 2.00 5.30 � 2.10
L-Dopas 169 (80, 89) 466.7 � 239.0 422.4 � 175.2 477.9 � 215.8

Mean � SD.
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dine HCl, also showed similar time course as the dopa-
mine agonist group (data not shown). Similar difference
was also noted in the time to reach Stage IV (P � 0.05,
data not shown). Initial treatment was of no effect on the
time to reach Stage V or to develop wearing off or
dyskinesia (data not shown).

Duration to death is shown in Figure 8. Percentages of
patients who died by the end of the 5th, 10th, and 15th
year from the onset were 0.7%, 10.2%, and 18.7%,
respectively. No significant difference was noted be-
tween men and women. But age of onset had a significant
effect on the duration to death. Duration to death was

TABLE 3. Demographic data on the subcohort in which long-term outcome was evaluated

Men Women Total

No. of patients 531 652 1183
Age of onset (yr) 58.6 � 10.7 59.9 � 9.7 59.3 � 10.1
Age at the first visit (yr) 60.8 � 10.9 62.2 � 9.7 61.6 � 10.3
Age at the last examination (yr) 64.9 � 10.6 66.4 � 9.5 65.7 � 10.1
Disease duration (yr) 6.35 � 3.75 6.50 � 3.69 6.43 � 3.72
Hoehn & Yahr stage at the first visit 1.99 � 0.77 2.01 � 0.84 2.00 � 0.81
Hoehn & Yahr stage at the final evaluation 2.38 � 1.05 2.48 � 1.13 2.43 � 1.10
Years to the use of L-dopa (yr) 2.37 � 1.49 2.44 � 1.48 2.41 � 1.49
Years to the use of a agonist (yr) 3.57 � 2.51 3.46 � 2.24 3.51 � 2.36
No. of patients received L-dopa first 271 (51.0%) 300 (46.0%) 571 (48.3%)
No. of total patients received L-dopa 476 (89.6%) 583 (89.4%) 1059 (89.5%)
No. of patients received an agonist first 56 (10.5%) 93 (14.3%) 149 (12.6%)
No. of total patients who received agonists 337 (63.5%) 433 (66.4%) 770 (65.1%)
No. of patients received other anti-PD med 115 (21.7%) 175 (26.8%) 290 (24.5%)
Initial symptoms
Tremor 242 (45.6%) 354 (54.3%) 596 (50.4%)
Gait disturbance 148 (27.9%) 168 (25.8%) 316 (26.7%)
Bradykinesia 111 (20.9%) 97 (14.9%) 208 (17.6%)
Others 15 (2.8%) 22 (3.4%) 37 (3.1%)
Side of initial symptom

Right 268 307 575
Left 198 271 469

Mean � SD.
PD, Parkinson’s disease.

FIG. 3. The duration to reach Stage III. The ordinate indicates the
proportion (percentage) of the patients remaining at Stage II or less.
The abscissa indicates the years from the onset. Total number of the
patients analyzed was 1,178 (men, 530; women, 648). The fine solid
black line indicates men, the gray line women, and the heavy black line
men and women combined. Women reached Stage III slightly but
significantly earlier than men (P � 0.001).

FIG. 4. The duration to reach Stage IV. The ordinate indicates the
proportion (%) of the patients remaining at Stage III or less. The
abscissa indicates the years from the onset. Total number of the patients
analyzed was 1,181 (531 men, 650 women). The fine black line
indicates men, the gray line women, and the heavy black line men and
women combined. No significant difference was noted between men
and women (P � 0.212).
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significantly longer for young-onset patients in that 0.7%
of young-onset patients and 0.7% of late-onset patients
died by the end of the 5th year from the onset; these
percentages for young-onset and late-onset patients were
1.7% and 12.8% by the end of the 10th year, and 7.6%
and 22.6% by the end of the 15th year from the onset,
respectively (P � 0.01). Initial treatment and initial

symptom were of no effect on the mortality (data not
shown).

As sex differences in these analyses were unexpected
to us, we did multivariate conditional logistic regression
analysis. Regarding sex, males had a protective effect on
reaching Stage III (P � 0.001) and for developing wear-
ing off (P � 0.0002) and dyskinesia (0.0039). But male

FIG. 5. The duration to reach Stage V. The ordinate indicates the
proportion (%) of the patients remaining at Stage IV or less. The
abscissa indicates the years from the onset. Total number of the patients
analyzed was 1,181 (531 men, 650 women). The fine black line
indicates men, the gray line women, and the heavy black line men and
women combined. No significant difference was noted between men
and women (P � 0.444).

FIG. 6. The duration to develop wearing off. The ordinate indicates
the proportion (percentage) of the patients without developing wearing
off fluctuations. The abscissa indicates the years from the onset. Total
number of the patients analyzed was 1,175 (527 men, 648 women). The
fine black line indicates men, the gray line women, and the heavy black
line men and women combined. Women developed wearing off sig-
nificantly earlier than men (P � 0.0064).

FIG. 7. The duration to develop dyskinesia. The ordinate indicates the
proportion (percentage) of the patients without developing dyskinesia.
The abscissa indicates the years from the onset. Total number of the
patients analyzed was 1,177 (528 men, 649 women). The fine black line
indicates men, the gray line women, and the heavy black line men and
women combined. Women developed dyskinesia significantly earlier
than men (P � 0.014).

FIG. 8. The duration to death. The ordinate indicates the proportion
(percentage) of the patients who remained alive. The abscissa indicates
the years from the onset. Total number of the patients analyzed was
1,183 (531 men, 652 women). The fine black line indicates men, the
gray line women, and the heavy black line men and women combined.
No significant difference was noted between men and women (P �
0.076).

PROGNOSIS OF PARKINSON’S DISEASE 1389

Movement Disorders, Vol. 21, No. 9, 2006



sex was the risk factor of mortality (P � 0.025). Regard-
ing the age of onset, young age of onset (50 or before)
had a protective effect on reaching Stage III (P �
0.0001), reaching Stage IV (P � 0.0001), reaching Stage
V (P � 0.0001), and mortality (P � 0.0001), but it was
a risk factor for developing wearing off (P � 0.0001) and
dyskinesia (P � 0.0001). Regarding the initial treatment,
dopamine agonist was a protective factor for developing
wearing off compared to L-dopa (P � 0.020) and with
other drugs (P � 0.034). Regarding the initial symptom,
tremor was a protective factor for developing wearing off
compared to bradykinesia (P � 0.0028) and gait distur-
bance (P � 0.0011). No other significant correlation was
noted among the factors analyzed.

Causes of the death and mortality rate were further
analyzed on the total cohort (n � 1,768). During the 14
years of the study period, 131 patients (71 of 793 men
and 60 of 975 women) died (Table 4). The mean age at
death was 71.9 � 8.0 years for men and 74.2 � 8.7 years
for women (not significant). The duration from the onset
to the death in these patients was 13.2 � 7.9 years for
men and 12.4 � 6.8 years for women (not significant).

Causes of death are shown in Table 5. The most
common identified cause was pneumonia. Many of our
patients died at home, and we were notified of the deaths
of the patients several weeks after the deaths, and it was
not easy to determine the exact causes of deaths. The
causes of the deaths had to be concluded as unknown in
50 (38.2%) of 131 patients. In addition, details of the
premorbid conditions were not known in many patients.
This finding is the reason why somewhat unclear and
obscure causes of the death had to be listed in the table.

Then the age and the year of death of each patient was
plotted in Figure 9 (men) and Figure 10 (women) with
the life expectancy curve of Japanese general population
as a reference. Linear regression curve for the age at
death for male PD patients gradually approached the life
expectancy curve of the male general population as time
went on. As of year 2003, the life expectancy of the male
general population was 78.45 years. The average age at
death of the male patients calculated from the curve was
76.69 years (97.76% of the general population), not

significantly different from the male general population.
On the contrary, the linear regression curve of the age at
death of female patients had never reached that of the
female general population. As of 2003, the life expect-
ancy of the female general population was 85.63. In
contrast, average age at death of the female PD patients
studied was 76.23 (89.02% of the general population).
The age at death for female PD patients was essentially
the same as that of male PD patients. Female PD patients

TABLE 4. Demographic data on deceased patients

Men Women Total

Total no. of patients 793 975 1768
No. of patients who died 71 60 131
Age at death, yr (� SD) 71.9 � 8.0 74.2 � 8.7 72.9 � 8.4
Duration to death from the onset,

yr (� SD) 13.2 � 7.9 12.4 � 6.8 12.8 � 7.4
Apparent mortality rate 9.0% 6.2% 7.4%

Mean � SD.

TABLE 5. Causes of the death

Cause No. (%)

Pneumonia 29 (22.1)
Sudden death 7 (5.3)
Cancer 5 (3.8)
Suffocation 5 (3.8)
Ileus 4 (3.1)
Death in bath tab 3 (2.3)
Trauma 3 (2.3)
Cerebral hemorrhage 3 (2.3)
Malignant syndrome 2 (1.5)
Respiratory failure 2 (1.5)
Myocardial infarction 2 (1.5)
Rupture of aortic aneurysm 2 (1.5)
Congestive heart failure 2 (1.5)
Multiple myeloma 2 (1.5)
Subarachnoid hemorrhage 2 (1.5)
Renal failure 1 (0.8)
Gastrointestinal hemorrhage 1 (0.8)
Acute cardiac failure 1 (0.8)
Hepatic failure 1 (0.8)
Septicemia 1 (0.8)
Aginge 1 (0.8)
Unknown 50 (38.2)
Total 131 (100)

FIG. 9. The age and the year at death for the male patients. The
ordinate indicates the age at death and the abscissa the year of death.
The ages at death of male patients are plotted against the year at death
(diamonds). The black line indicates the linear regression curve of age
at death for male patients (y � 0.006037x � 64.60). The gray line
indicates the life expectancy of the Japanese male general population
(squares; y � 0.001401x � 75.55; the source of the data is the Vital
Statistics of Japan, Ministry of Health, Labor and Welfare, Statistical
Database). As of 2003, the life expectancy of the male general popu-
lation was 78.36. The mean expected age of death of male Parkinson’s
disease (PD) patients at year 2003 was calculated as 76.69 from the
linear regression curve.
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lost approximately 8 years of longevity compared to that
of the female general population in Japan.

DISCUSSION

Studies on long-term outcome of the patients with PD
are few. Particularly, it was hard to find reports on the
duration to reach Hoehn & Yahr Stage III, IV, and V in
a large cohort of PD patients. Although the functional
state of the upper extremities is not very well represented
in the Hoehn & Yahr staging, it is a very useful measure
to evaluate overall functions of PD patients. Generally,
patients in Stage II or below were able to engage in social
as well as daily activities without large difficulty. They
can live an independent life, but there will be some
restrictions in their activities in Stage III, and an inde-
pendent life becomes difficult in Stage IV or above.
Therefore, this is a good scale to estimate the overall
activity state of the PD patients, and it would be nice to
have some idea on how many years it would take to reach
Stage III or IV for both clinicians and patients. We have
to admit that there is a limitation in the accuracy of the
data in retrospective studies like this one. We did
Kaplan–Meier analysis instead of Cox analysis, as the
former method was applicable in the presence of some
missing data. We did our best to obtain missing data of
patients who had been lost for follow-up by sending
questionnaires and by telephoning; however, because of
moves and of other reasons, follow-up information could
not be obtained in 21.2% of the patients analyzed. In

these subjects, we had to use the clinical data at the last
visit to our clinic and the duration of the disease was
calculated from the onset of the disease to the last visit to
our clinic. Therefore, we believe that prognostic data in
terms of the disease duration were analyzed reasonably
appropriately: prognostic data were always analyzed
against the duration of the disease from the onset. How-
ever, we admit that this strategy is a weak point of our
analysis, including the statistical method used and in
interpreting our data; readers should keep this fact in
mind.

Nonetheless, we believe that our data would give us
approximate information on the long-term outcome of
PD patients in an usual clinical practice setting, We did
not intentionally delay the use of L-dopa and we used
L-dopa when it became necessary. Although our center is
a referral center, according to our medical system, any
patient can visit our clinic without a referral letter. There-
fore, not only advanced PD patients, but also many
early-stage patients come to our clinic as can be seen
from Table 3, in that average and mean Hoehn & Yahr
stage at the initial visit was 1.99 � 0.77 in the cohort of
the long-term outcome study, indicating that many mild
cases were included. Therefore, we believe that the pa-
tients we studied represent the general PD population in
our country.

Hoehn & Yahr stage was evaluated at the best on in
each patient when wearing off was present. It was diffi-
cult to evaluate the stage at off when usually patients
stayed at home. In addition, we thought evaluation of
Hoehn & Yahr stage during on phase was more impor-
tant to know the level of activities of PD patients. In this
respect, 27.9% of our patients reached Stage IV by the
end of the 10th year from onset and 41.2% by the end of
the 15th year from onset. In another word, 72.1% of the
patients and 58.8% of the patients remained at Stage III
or less at their best on by the end of the 10th and the 15th
year from the onset, respectively. These results appeared
to be more than expected for PD patients. We wanted to
compare our results with those of similar studies reported
in the literature; however, we could not find a similar
study.

Regarding the frequency of wearing off in relation to
the duration of the disease, 21.3% of the patients devel-
oped wearing off by the end of the 5th year from the
onset, 59.4% by 10 years, and 73.2% by 15 years. Time
to develop wearing off in our data is somewhat longer
than those reported in the literature. It has been quoted
frequently that the frequency of motor fluctuations in-
creases by approximately 10% every year from the onset
of the disease.2 This rate would mean that the frequency
of motor fluctuations at 5 years from the onset would be

FIG. 10. The age and the year at death for the female patients. The
ordinate indicates the age at death and the abscissa the year of death.
The ages at death of female patients are plotted against the year at death
(diamonds). The black line indicates the linear regression curve of age
at death for female patients (y � 0.003601x � 69.02). The gray line
indicates the life expectancy of the Japanese female general population
(squares; y � 0.002038x � 81.25; the source of the data is the Vital
Statistics of Japan, Ministry of Health, Labor and Welfare, Statistical
Database). As of 2003, the life expectancy of the female general
population was 85.33. The mean expected age of death of female PD
patients at year 2003 was calculated as 76.23 from the linear regression
curve.
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approximately 50%. Our data of 21.3% is considerably
lower than this. As our data are from a retrospective
study, we might have underestimated the frequency of
wearing off. In addition, we analyzed dyskinesia sepa-
rately from wearing off. These factors might in part
account for the lower frequency of wearing off. How-
ever, the data comparable to ours are also reported in the
literature. Koller and associates3 reported 21% frequency
of motor fluctuations with mean maintenance dose of
L-dopa at 426 mg 5 years after the onset in their con-
trolled prospective study. This frequency is comparable
to ours (21.3% and 471.5 mg of L-dopa 5 years from the
onset). It has frequently been claimed informally that
relatively low frequency of wearing off among Japanese
patients is due to lower L-dopa maintenance dose; how-
ever, according to the present study, this does not seem
to hold true.

Generally, dyskinesia developed after wearing off in
our study. If we compare Figures 6 and 7, frequency of
dyskinesia is constantly lower than that of wearing off
(21.3% vs. 8.4% at the end of the 5th year, 59.4% vs.
35.1% at the end of the 10th year, and 73.2% vs. 62.8%
at the end of the 15th year, respectively). In the literature,
frequencies of motor fluctuations have been reported
variously. Caraceni and coworkers4 reported the fre-
quency of motor fluctuations (wearing off and dyskinesia
combined) as 29% at 4 years and 60% at 6 years from
onset; average maintenance dose of L-dopa was 449 mg
at 4 years and 403 mg at 6 years. The Parkinson Study
Group5 reported the frequency of wearing off as 50% at
3 years with mean L-dopa dose of 329 mg and that of
dyskinesia 30% with mean L-dopa dose of 387 mg. Thus,
they also reported lower frequency of dyskinesia com-
pared to wearing off with the same duration of the
disease from the onset. Schrag and Quinn6 also reported
higher incidence of wearing off (40%) compared with
dyskinesia (28%) in their community based study (total
n � 124). In their study, the prevalence of motor fluc-
tuations was best predicted by disease duration and dose
of L-dopa, whereas dyskinesias could be best predicted
by duration of treatment.

Contrary to our and other data shown above, McColl
and colleagues7 reported that dyskinesia appeared an
average of 7 months before the onset of wearing off,
which developed in 58% of the patients after a mean
treatment period of 35 months. They studied the duration
from the start of L-dopa treatment to the onset of motor
fluctuations. We evaluated the duration from the onset of
the disease to wearing off and dyskinesia, as development
of wearing off depends mainly on the severity of nigral
neurodegeneration. On the other hand, dyskinesia depends
on both disease severity and the dose of L-dopa. Severe

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) vic-
tims developed wearing off and dyskinesia shortly after the
initiation of L-dopa.8

Young-onset patients (50 or before) showed longer
duration to reach Stage III, IV, and V suggesting the
slower progression compared with late-onset patients.
Diamond and associates9 also reported a more favorable
prognosis for patients with onset under 50 years of age
than those whose symptoms began in later years. In
addition, in their report expected mortality rate was 1.82
for those with onset under 50, 2.17 for those with onset
50 to 59 years, and 2.20 for those with onset after 60. Our
data also suggest a better prognosis for young-onset
patients. But young-onset patients developed wearing off
and dyskinesia faster than late-onset patients. Therefore,
rate of nigrostriatal degeneration may not be slower in
young-onset patients compared to late-onset patients.
Relatively selective nigrostriatal dopaminergic degener-
ation without much of nondopaminergic involvement in
young-onset patients would explain longer duration to
reach Stage III, despite shorter duration to develop motor
fluctuations.

Tremor-dominant patients showed significantly longer
duration to reach Stage III compared to gait disturbance-
onset patients. Also they showed longer duration to de-
velop wearing off. It has been said frequently that trem-
or-dominant patients tend to show slower progression of
symptoms compared to rigid–akinetic patients.10–13 Roos
and coworkers14 also reported that tremor-dominant pa-
tients reached Stage III significantly later than patients
with rigid–hypokinetic patients. Our findings are consis-
tent with these data.

It has been shown in recent prospective studies that
starting the treatment of PD with a dopamine agonist
delayed the onset of motor fluctuations.15,16 Sixty-two
percent of our patients received L-dopa as the initial
treatment, 11.4% a dopamine agonist, and 26.6% other
drugs such as an anticholinergic drug, amantadine, or
selegiline. The number of patients who received a dopa-
mine agonist as the initial treatment was too small to
make definite conclusion whether or not starting treat-
ment with a dopamine agonist would have delay the
onset of motor fluctuations. In 1989, when this study was
started, it was not a usual practice to use a dopamine
agonist as the initial drug in Japan. Nonetheless, we
looked at the effects of initial drug on the long-term
outcome.

The initial L-dopa group showed slightly but signifi-
cantly shorter duration to reach Stage III. But from the
small number of the initial dopamine agonist group, we
do not believe that this would mean that L-dopa was
neurotoxic or other medications were neuroprotective.
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The literature also does not support the idea that L-dopa
is in some way neurotoxic to nigral neurons.17–20 Types
of initial treatment were of no effect on the mortality.
Types of initial treatment were also of no effect on the
time to develop wearing off or dyskinesia.

What was surprising to us was the significant sex
difference between men and women in the time to reach
Stage III, time to the onset of wearing off, time to the
onset of dyskinesia, and the age at death in comparison
with the life expectancy of male and female general
Japanese populations. No participating neurologists ex-
pected such difference when they were treating their
patients. Both time to wearing off and time to Stage III
were slightly but significantly shorter for women in our
study suggesting that the disease progression was
slightly but significantly faster for female patients with
PD. The most important contributing factor for the de-
velopment of wearing off is believed to be loss of nigro-
striatal dopaminergic nerve terminals. Therefore, the
time to wearing off in some way may be reflecting the
speed of the progression as the time to Stage III. Time to
Stage IV and V did not show sex difference. Progression
into Stage IV and V may be influenced not only by the
natural progression of the disease but also by intervening
incidents such as severe pneumonia, fractures, malignant
syndrome, and other medical complications. Intervention
by such events might have obscured the sex difference in
advanced stages.

In the literature, Diamond and colleagues21 reported
disability and mortality as having a sex difference. They
analyzed longitudinal disability scores in 47 men and 23
women with PD following them up for 6 years. They
found no significant differences between the sexes in
mean disability scores in any of the 6 years. But they
found a difference in mortality in that the observed to
expected ratio for the men was 1.7457 and for the women
2.4740, a significantly greater excess in female mortality.
Hely and associates22 reported faster progression as mea-
sured by modified Columbia Rating Scale score in fe-
male PD patients compared with male patients. Con-
versely, men did more poorly in other studies.11–23

In our total cohort, during the 14-year study period
(1989–2002), 131 patients (71 of 793 men and 60 of 975
women) died. When we compared the average expected
age at death in our PD patients from the linear regression
curve of the age at death in PD patients (Figs. 9 and 10),
there was a striking sex difference. As of year 2003, the
life expectancies of the male and female general popu-
lation were 78.45 years and 85.63, respectively. In con-
trast, average expected ages at death of the male and
female PD patients calculated from the linear regression
curves were 76.69 years (97.76% of the male general

population) and 76.23 (89.02% of the female general
population), respectively. The age at death for female PD
patients was essentially the same as that of male PD
patients. Female PD patients lost approximately 8 years
of longevity that Japanese women in the general popu-
lation were entitled to entertain.

By reviewing the literature, the relative risk for mor-
tality of PD patients was variously reported. Among the
more than 20 reports on the mortality in PD, two studies
reported less than 1.5 mortality (1.17 and 1.2) compared
with the general background population,24,25 11 studies
reported mortality from 1.5 to 2.0 for PD patients,9,26–35

and 10 studies reported higher than 2.0 mortality for
PD.34,36–44 Five studies reported sex differences: Dia-
mond and coworkers9 reported mortality rates of 1.75 for
men and 2.47 for women compared with the respective
background populations; Wermuth and colleagues34 re-
ported relative risks for mortality of 1.92 for men and
2.47 for women; Minami and associates35 reported rela-
tive risks for morality of 1.74 for men and 1.97 for
women; Ben-Shlomo and Marmot40 reported a mortality
rate of 2.6 without sex difference; Hely and colleagues27

did not find sex differences in the standardized mortality
ratios between men and women. On the contrary, Lilien-
feld and associates45 and Berger and coworkers46 re-
ported higher mortality for men compared with women.
According to Berger and colleagues,46 relative risk was
3.1 for men and 1.8 for women in European populations.

Riggs47 reported an annual age-adjusted mortality rate
in the United States, which was 19.15/100,000 at age
73.73 for men and 28.64/100,000 at age 78.99 for
women each year from 1955 to 1986. Wermuth and
associates34 reported median ages of death at 77.29 years
for men and 79.11 years for women in contrast with the
median ages of death at 80.69 years for men and 84.37
years for women of the respective background popula-
tions. Elbaz and coworkers29 reported the median sur-
vival of PD patients in Olmsted County, Minnesota, for
the period of 1976 to 1995. They found 110 deaths in 196
PD cases and 79 deaths in 185 reference subjects. The
median survival was 10.3 years in PD patients and 13.4
years in the reference subjects. The relative risk was 1.81
in women, and 1.49 in men. According to our data, mean
disease duration from the onset to death was 13.2 years
in men and 12.4 years in women (Table 5).

Imaizumi44 studied age-specific mortality rates from
PD in Japan from 1950 through 1993. The mortality rate
was 2.45 per 100,000 for men and 2.12 per 100,000 for
women at age 65.49 years from 1950 to 1951 and 1992
to 1993 compared with the general population. Na-
kashima and associates48 studied mortality in another
Japanese cohort of PD cases. They found that the mean
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age at death was 75.95 � 7.25 for men (n � 57) and
78.37 � 6.69 (n � 57). According to our data, the mean
age at death was 71.9 for men and 74.2 for women (Table
5). In both of these studies, age at death did not differ
much between men and women, despite longer life ex-
pectancy by 7 to 8 years for women in Japan. Our female
PD population will lose approximately 7 years of lon-
gevity over men once they get PD.

The reasons why female PD patients reached Stage III
slightly but significantly earlier than men and developed
wearing off and dyskinesia earlier are not known. Further
studies are needed.

In summary, we reported long-term outcome on a
large cohort of PD patients. Particularly we were inter-
ested in how long it would take to reach Stage III, IV,
and V under a usual clinical practice setting. To our
knowledge, no report has addressed this question on a
large cohort with a long follow-up period.
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