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ABSTRACT: Background: No clinical parameter other than “sufficient” dopamine denervation and exposure to exogenous levodopa
has been unquestionably linked to dyskinesia in levodopa-treated Parkinson’s disease patients. Methods: We retrospectively analyzed
data on 100 consecutive patients treated with levodopa for | to 18 years to identify clinical risk factors for dyskinesia. The cumulative
dyskinesia-free survival probability in relation to levodopa therapy was assessed using the Kaplan-Meier method. Results: Overall,
56% of patients developed dyskinesia after a mean of 2.9 years, a figure similar to the average duration of levodopa treatment in the
non-dyskinetic group. Dyskinetic patients were significantly younger at disease onset, but their mean latency to dyskinesia induction
after levodopa initiation was not different from older dyskinetic individuals and the overall dyskinesia-free survival of younger subjects
was not worse either, Dyskinetic patients were on a higher daily levodopa dose than non-dyskinetic subjects when dyskinesia
emerged, but the cumulative levodopa dose used prior to dyskinesia did not discriminate dyskinetic from non-dyskinetic patients. A
delay in initiating levodopa therapy of more than three years after disease onset and levodopa treatment initiation in Hoehn-Yahr stage
11 compared (o stage [ patients did not increase the probability of developing dyskinesia over time. Conclusions: Since withholding
levodopa therapy did not increase the risk for dyskinesia in our patients and can delay the emergence of dyskinesia after onset of
parkinsonian symptom, a trial with a dopaminomimetic agonist as initial treatment appears logical.

RESUME: Facteurs de risque de Papparition de dyskinésies chez 100 patients parkinsoniens traités par la lévodopa. Introduction: Le profil
clinique du parkinsonien 2 risque de développer des dyskinésies sous L-dopa demeure controversé. Une dénervation dopaminergique et une exposition
A la L-dopa “suffisantes” ne peuvent identifier les sujets susceptibles. Méthode: Par une analyse rétrospective des dossiers de 100 patients traités par la
L-dopa pendant au moins un an, nous avons tenté d’identifier des facteurs de risque favorisant ’apparitiende dyskinésies. La méthode de Kaplan-
Meier a permis de comparer la probabilité de sous-groupes de sujets de demeurer sans dyskinésie en fonction de la durée de la dopathérapie.
Résultats: La proportion de sujets dyskinétiques dans cette population a atteint 56%. le délai moyen d’induction de dyskinésies apres le début du
traitement par la L-dopa a été de 2.9 années, une valeur non discriminante car semblable 2 la durée moyenne de traitement de nos sujets non dyskiné-
tiques. Les patients dyskinétiques étaient statistiquement plus jeunes au moment de I’apparition des premiers signes parkinsoniens. Toutefois, le délai
d’induction de dyskinésies et la survie globale sans dyskinésie chez les sujets jeunes n’étaient pas différents de ceux des sujets plus dgés. La dose quo-
tidienne de L-dopa administrée au moment de I’apparition de dyskinésies était en moyenne plus élevée que celle des sujets non dyskinétiques mais la
dose cumulative de L-dopa avant ’apparition de dyskinésies était semblable pour les deux groupes. L’introduction de la L-dopa plus de trois ans aprés
le début des symptdmes parkinsoniens ou au stade Hoehn-Yahr Il plutét que 1 n’a pas été associée a une probabilité accrue de développer des
dyskinésies en cours de dopathérapie. La dyskinésie est un phénomene précoce dont le processus d’induction n’est pas accéléré par une dopathérapie
introduite plus tardivement. Conclusion: Les auteurs concluent qu’il est soubaitable de tenter un traitement avec un agoniste dopaminergique dans les
stades initiaux de la maladie de Parkinson afin de retarder I’apparition de dyskinésies apres le début du syndrome parkinsonien, en particuler chez les

sujets jeunes.
Can. J. Neurol. Sci. 1996; 23: 189-193
First described by Cotzias et al.,! peak dose dyskinesia induced primate model of parkinsonism following standard
(PDD) is the most frequent form of abnormal involuntary move- levodopa therapy for only 4-8 v.veeks.3.'”‘. Electro-
ments encountered in patients with Parkinson’s disease treated physiological® and regional metabolic brain mapping® studies in

with levodopa. PDD occurs when control of parkinsonian symp-
toms by levodopa is maximal. The pathophysiology of PDD is ) )
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primates have underscored the crucial role played by the overac-
tivity of the globus pallidus pars lateralis neurons during PDD.
This neuronal overactivity results in excessive inhibition of the
subthalamic nucleus, a possible common denominator for vari-
ous hyperkinesias.”

From a clinical standpoint, several studies have tried to iden-
tify risk factors for PDD, but agreement on any of these has yet
to be reached. A young age at the onset of Parkinson’s disease is
regarded as a risk factor in most studies®'* but others
disagree.'>!8 The severity of the disease at the initiation of levo-
dopa treatment is also viewed as a highly significant risk factor
for dyskinesia.'®20 The exact contribution of the total duration
of the disease and duration of levodopa treatment is more con-
troversial, leading to uncertainties regarding the “optimal” delay
of initiation of levodopa in Parkinson’s disease. Some authors
have suggested that patients in whom levodopa therapy was ini-
tiated early after disease onset were less susceptible to dyskine-
sias!®13.19 but Hoehn?! contended that the frequency of
dyskinesias did not vary with the delay in initiation of levodopa.
Several studies®'>1622 have found no relationship between dysk-
inesia and duration of levodopa therapy whilst others have.?3-%
Such a relationship is important to document because it supports
the decision to delay levodopa initiation. The optimal dose of
levodopa to administer has also been debated but a chronic low-
dose regimen has been linked to a lower incidence of dyskine-
sia.2>% Furthermore, a higher cumulative dose of levodopa was
found to discriminate dyskinetic from non-dyskinetic patients
treated for a similar length of time.?’

Since levodopa remains, 25 years after its introduction in
clinical practice, the most effective antiparkinsonian treatment,
the identification of a clearer risk profile for PDD is important
to help understand its basis and could prevent its early develop-
ment. Thus, we completed a retrospective analysis in a consecu-
tive case series of 100 patients treated between 1973 and 1991.

PATIENTS AND METHODS

Study patients were identified amongst 131 patients included
in our Movement Disorders Clinic databank in July 1991. We
included patients with idiopathic Parkinson’s disease only,
defined as a clinical syndrome of unknown cause characterized
by at least two of the following features: bradykinesia, rigidity
and resting tremor. A total of 100 patients met the following cri-
teria: oral levodopa treatment (combined with a peripheral
decarboxylase inhibitor) initiated by our group for a duration of
at least one year, with the records of at least two follow-up vis-
its. Levodopa was usually initiated in a context of sufficient sub-
jective limitations in activities of daily living or an inability to
perform at work that threatened job security. During follow-up,
patients were assessed on an outpatient basis to confirm the
diagnosis of Parkinson’s disease and document the presence or
absence of PDD. They were asked specifically whether or not
they had experienced dyskinesia since the last visit. Drug
regimen was adjusted individually. The time of emergence of
PDD during follow-up could be estimated with an accuracy of
six months or less. Diphasic dyskinesia and off-period dystonia
are not included in the analysis.

Patients who developed PDD were compared to those who
did not along the following parameters: (1) gender, (2) age at
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disease onset, (3) Hoehn-Yahr stage at levodopa initiation, (4)
disease duration, (5) duration of levodopa treatment, (6) cumula-
tive levodopa dose over the study period. The delay (latency) of
induction of PDD was given by the time interval between levo-
dopa initiation and the first documentation of PDD.

The Kaplan-Meier survival analysis method?® was used to
assess the cumulative probability of not reaching the end-point
(PDD) during levodopa treatment for different criteria: (1) age at
disease onset (<60 years), (2) delay of levodopa initiation after
disease onset (<3; 23 years), (3) Hoehn-Yahr stage at levodopa
initiation (I versus II-1II). Survival plots data were compared
using the Wilcoxon and log-rank tests.

Parameters used to discriminate dyskinetic from non-dyski-
netic patients are given as means and standard errors, and com-
pared by performing a one-way analysis of variance with
unpaired t-tests.

RESULTS

The percentage of patients who developed dyskinesia are
given in Table 1 according to baseline characteristics. Twenty-
nine of the 44 women (65.9%) and 27 of the 56 men (48.2%)
under study developed PDD. Compared to older individuals,
patients 40 years of age and younger at disease onset became
more frequently dyskinetic. Patients in Hoehn-Yahr stages | and
IT at levodopa initiation were equally represented in both dyski-
netic and non-dyskinetic groups. The disease duration prior to
levodopa initiation was not associated with a higher percentage
of dyskinetic patients.

As a whole, patients with PDD were significantly younger at
disease onset than non-dyskinetic patients (51.0 vs. 59.9 years;

Table 1. Percentage of patients with dyskinesia by baseline characteristics.

Variable Number of Percentage
patients  with dyskinesia
Sex
Female 44 65.9
Male 56 48.2
Age at disease onset
(yrs)
<40 14 714
41-50 20 80.0
51-60 31 61.3
> 60 35 314
Hoehn-Yahr stage at
levodopa initiation
I 50 56.0
11 47 55.3
I 3 66.7
Disease duration prior
to levodopa
initiation
(yrs)
<3 65 53.8
>3 35 60.0
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Table 2. Summary of potential risk factors in relation to the absence or
presence of dyskinesia.

Non-dyskinetics Dyskinetics

Variable
Mean SEM® Mean SEM’P-Value

Age at disease onset (yrs) 59.9 16 510 14 <.0001
Hoehn-Yahr stage at levodopa

initiation 1.5 0.1 1.5 0l 9
Disease duration prior to levodopa
initiation (yrs) 2.2 03 27 03 2
Total disease duration (yrs) 5.7 05 108 07 <.0001
Disease duration free of

dyskinesia (yrs) 5.7 0.5 55 05 .79
Total levodopa treatment (yrs) 37 04 84 06 <.0001
Levodopa treatment free of

dyskinesia (yrs) 3.7 04 29 04 20

Daily levodopa dose at emergence
of dyskinesia (for dyskinetics)
or at last follow-up
(for non-dyskinetics) (mg) 309.1 151

Cumulative levodopa dose over
the time interval free of
dyskinesia (grams) 458.4

4554 29.1 <.0001

815 3918 689 .53

* S.E.M. : Standard error of the mean

p<0.0001) (Table 2). Whilst the total duration of the disease and
levodopa treatment was significantly longer in patients with
PDD (10.8 £ 0.7 versus 5.7 £ 0.5 years; p<0.0001), the duration
of the disease (p=0.79) and levodopa treatment free of dyskine-
sia (p=0.20) were similar between the two groups of patients
(Table 2), for a mean latency to dyskinesia onset of 2.9 years
(range 3 months to 17 years). Although patients 40 years of age
and younger at disease onset had levodopa initiated significantly
later than patients older than 60 (4.3 + 0.7 versus 1.7 £ 0.2
years; p<0.0001), the average time spent on levodopa up to the
emergence of dyskinesia was similar between these two groups
(2.3 £ 0.4 versus 1.9 £ 0.6 years; p=0.63) (data not shown). The
mean Hoehn-Yahr stage at levodopa initiation and mean disease
duration prior to levodopa initiation did not discriminate dyski-
netic from non-dyskinetic individuals (Table 2). The daily levo-
dopa dose administered to patients when PDD was first
documented was significantly higher than for non-dyskinetic
subjects at their last follow-up visit (455.4 = 29.1 versus 309.1 +
15.1 mg, respectively).

The dyskinesia-free survival between patients over age 60 at
disecase onset and those aged 60 years-old or less was assessed
using the Kaplan-Meier method, and the apparent difference
observed between these two groups failed to reach statistical
significance (Figure 2). A delayed initiation of levodopa by
three years or more after disease onset did not influence the
dyskinesia-free survival compared to patients initiating levodopa
earlier (Figure 3). Similarly, the dyskinesia-free survival was
similar between patients in stages I and II at treatment onset, the
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Figure 1: Cumulative levodopa doses in relation 1o the levodopa treat-
ment interval free of dyskinesia in patients with (o) or without (e) dvski-
nesia.
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Figure 2: Cumulative probability of remaining free of dyskinesia in 100
patients according to age at disease onset.
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Figure 3: Cumulative probability of remaining free of dyskinesia in 100
patients according to levodopa initiation delay after disease onset.

very small number of patients beyond stage 11 at levodopa initia-
tion (N=3) precluding an extension of this result to patients with
moderately severe disease (Figure 4). Sex was not linked to the
probability of developing PDD (data not shown).

The dyskinetic patients were equally distributed between
those who developed PDD after a relatively short (within the
first two years; N=27) or longer (more than two years; N=29)
latency following levodopa initiation. No single factor was
found to increase the proneness to develop early dyskinesia
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Figure 4: Cumulative probability of remaining free of dyskinesia in 100
patients according to the Hoehn-Yahr stage of Parkinson’s disease at
levodopa initiation.

since these patients showed a mean age at disease onset (53.4 +
2.0 versus 48.8 + 1.8 years; p=0.09), mean disease duration
prior to levodopa initiation (2.7 £ 0.4 versus 2.6 = 0.5 years;
p=0.84) and mean Hoehn-Yahr stage at levodopa initiation (1.6
+ 0.1 versus 1.5 £ 0.1; p=0.47) essentially similar to patients
with the longer latency for dyskinesia induction. The respective
cumulative levodopa dose up to the appearance of PDD was
expectedly different between these two dyskinetic groups (188.7
+ 47.2 versus 587 £ 116.7 grams; p<0.005), an indication that
no specific cumulative levodopa dose threshold underlies PDD
(Figure 1).

Finally, because our patients were accrued over a long time
period with changing treatment strategies, we divided them in 3
groups according to the year levodopa was initiated. The num-
ber of patients who started taking levodopa between 1973-1978,
1979-1984 and 1985-1990, and the proportion of dyskinetic
patients in each group (in parentheses) were, respectively, 13
(100%), 25 (72%) and 62 (40%). Only 3 patients developed
PDD after more than 10 years of exposure to levodopa, and all
those had initiated levodopa between 1973-1978, raising the
possibility that they may have had PDD earlier that was missed.
Excluding these 3 unusual “outliers”, the median latency of
induction of PDD after starting levodopa between 1973-1978,
1979-1984 and 1985-1990 was 27, 19.5 and 21 months, respec-
tively.

DISCUSSION

In this retrospective case series, the proportion of levodopa-
treated parkinsonian patients presenting PDD was 56%. The
probability of developing PDD once levodopa was initiated
increased progressively over time, but PDD appeared relatively
early on average (2.9 years) in the dyskinetic group, as observed
by Horstink et al.'® and Montastruc et al.?> Moreover, the dura-
tion of the dyskinesia-free interval spent on levodopa treatment
was similar in patients with or without PDD. Even though the
proportion of PDD was higher in individuals with young onset
disease,'>!“ the decrease in dyskinesia-free survival evolved in
parallel when patients aged 60 or less were compared to patients
aged more than 60 at disease onset (Figure 2). In addition, the
latency of appearance of PDD after levodopa initiation did not
significantly differ between younger (<40 years) and older (>60
years) patients at disease onset, as reported by Peppe et al.3¢
(data not shown). Thus, PDD commonly arises as an early com-
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plication of levodopa therapy and its latency of induction does
not differ between age groups.

Another critical factor pertaining to dyskinesia induction is
the delay of levodopa initiation after onset of parkinsonian
symptoms. Indeed, the optimal timing of initiation of levodopa
is controversial and many advise that a levodopa therapy be
delayed as long as possible.3!32 Other studies'>!®2° have found
that patients in whom levodopa was initiated late developed PDD
sooner, raising the suspicion that severity of disease at levodopa
initiation is a more significant risk factor for PDD than dura-
tion of levodopa treatment itself. In our case series, the mean
delay of levodopa initiation for dyskinetic and non-dyskinetic
patients was not found to differ and a delay of three years or
more in levodopa initiation did not worsen the long-term sus-
ceptibility to dyskinesia compared to an earlier initiation (Figure
3), as suggested by Hoehn.?! In addition, our younger patients
(<40 years at disease onset) had levodopa initiated significantly
later than older patients (over age 60) but this did not seem to
adversely affect the latency of dyskinesia induction which was
not significantly different in these two groups (see Results).
These results are similar to these obtained by Peppe et al.3°
Likewise, Quinn et al.'? were not able to correlate the onset of
dyskinesia with a specific delay in levodopa initiation in their
young onset patients.

Similar to Peppe et al.,>® we found patients in stage I and I1 at
levodopa initiation not to differ in terms of their dyskinesia-free
survival over time (Figure 4). Admittedly, a greater number of
stage III patients could have produced a very different picture. It
is well known that humans'® and primates®} with severe MPTP-
induced parkinsonism (equivalent to stage 111-V) develop dyski-
nesia early after levodopa initiation in a very high proportion of
cases. In our study, the relation between a higher daily levodopa
dose and PDD (Table 2) could tentatively be explained by a
more severe underlying parkinsonian syndrome in these patients
or represent a levodopa “toxic” effect. However, the cumulative
dose administered during the dyskinesia-free time spent on levo-
dopa (Table 2 and Figure 1) was similar between patients with
or without PDD and the cumulative threshold dose for PDD var-
ied greatly amongst dyskinetic individuals (Table 2), suggesting
that dyskinesia emergence is not tightly dose-related. Other
studies!'**%-34 have not found a relationship between dyskinesia
and levodopa dose. As mentioned earlier, patients in the dyski-
netic group were also relying more on levodopa for optimal
relief. Obviously, a prospective study would be needed to study
the relationship between disease severity, rate of disease pro-
gression and dyskinesia onset whilst controlling for concomitant
medications.

In this retrospective study, younger patients at disease onset
more frequently developed dyskinesia, but their dyskinesia-free
survival was similar to older patients. Peak dose dyskinesia
appeared early on average (in the first three years of levodopa
intake) and within the limits of our retrospective data, a delay in
levodopa initiation by at least three years and the stage of the
disease (I versus II) at levodopa initiation did not worsen the
risk for dyskinesia. Taken together, the results of this study, as
well as of Peppe et al.,* indicate that a certain proportion of
parkinsonian patients are susceptible of developing dyskinesia.
Apart from perhaps a young age at disease onset, no single fac-
tor accounts for the risk of developing dyskinesia. In this popu-
lation at risk, once levodopa is initiated, the appearance of
dyskinesia can be expected after an average interval of three
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years, which seems independent of any other risk factor. It fol-
lows that withholding levodopa therapy would delay the total
period free of dyskinesia from disease onset. Withholding levo-
dopa might entail unacceptable disability. In a recent ran-
domised, controlled study,?® levodopa initiation following a
course of bromocriptine monotherapy was delayed by an aver-
age of 2.7 years but once levodopa was initiated, motor compli-
cations (including dyskinesia) arose after a mean latency of 2.2
years, a figure comparable to that reported in their patients
treated firsthand with levodopa and to ours. In fact, in spite of
considerable changes in treatment strategies between 1973 and
1990, the median latency of onset of PDD after levodopa initia-
tion continues to be consistently short in “susceptible” individu-
als, even today. Since bromocriptine monotherapy is seldom
responsible for the emergence of PDD, such a strategy signifi-
cantly delayed the onset of PDD after parkinsonian symptom
onset, allowed the use of a lower daily dose of levodopa and
overall improved the short-term survival for PDD.?° Thus, we
conclude that an initial trial of dopaminomimetic agonist therapy
is reasonable and should be continued as long as the patient
can tolerate it to postpone the emergence of dyskinesia after
parkinsonian symptom onset and reduce levodopa daily dose
once the latter drug is added. Further randomized controlled tri-
als with adequate numbers of untreated patients, comparing
treatment initiation with levodopa or a dopamine agonist and
characterizing disease severity and progression in a detailed
fashion are warranted.
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