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ABSTRACT  

Background: It is important to understand how the rate of progression of motor disability relates to 

the response to dopaminergic treatment in Parkinson’s disease. 

Methods: Thirty-four patients have been studied from the time of initiation of pharmacological 

treatment in a long-term prospective study of the levodopa motor response and disease course in 

Parkinson’s disease. Objective motor scoring of the response to levodopa in defined off states was 

performed at three yearly intervals.  

Results: A mean treatment period of 13.3 ± 6.9 years had been studied; the mean duration for the 5 

surviving patients was 19.9 ± 1.4 years. A linear mixed effects regression analysis of off phase motor 

scores showed a yearly progression rate of 2.3% of the maximum disability. The average levodopa 

short duration response, measured by the test dose method, was 16% of maximum disability. This 

response was maintained over time despite worsening of the on and off scores. Motor disability 

commencement of treatment was an independent early predictor of rate of progression, whereas 

the effect of age at commencement of treatment was dependant on subsequent disease duration. 

Demented patients accumulated more motor disability than those without dementia (P = 0.02). A 

plot of serial scores in patients who have died, aligned for time of death, showed an upward curving, 

possibly exponential trend of increased motor disability over the last 5 years of the disease.  

Conclusions: These observations should inform clinical research on neuroprotective treatment that 

relies on models of the natural history of Parkinson’s disease. 
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INTRODUCTION 

Distinguishing Parkinson’s disease (PD) from virtually all other degenerative disorders of the nervous 

system, there is prolonged and effective moderation of its chief clinical deficit by pharmacological 

means. This therapeutic advantage does, however, make it more difficult to measure the 

progression of the underlying disease. It also creates problems in the search for drugs that possess 

an even greater power—the ability to retard the progression of neuronal degeneration. All of the 

previous clinical trials have been hampered by an inability to discern disease modification from the 

symptomatic benefit, since this distinction largely relies on interpreting differences in objective 

motor scores. 

This longitudinal observational study of a cohort of PD patients has now been in progress for more 

than 20 years. It was conceived to address the need to understand disease progression in terms of 

the effects of dopaminergic therapy on motor deficit. With a starting point before the initiation of 

treatment, and using a defined off phase and levodopa test dose methodology, the serial 

observations show how drug treatment influences motor function at various points in the disease 

trajectory. Although only 15% of the original sample is still alive, the reduction in the number of new 

observations is offset by the ability to analyse the entire disease course of the majority. 

This report will concentrate on the rate of deterioration of motor scores and the factors that govern 

the temporal pattern of the disease. The results will be discussed in terms of pathological 

mechanisms and relevance to clinical trials that rely on models of progression of PD. 

METHODS 

All eligible untreated PD patients referred to one of the investigators (PK) between 1988 and 1995 

had been recruited. Detailed methodology including entry criteria are described in an earlier 

publication of this study.1 Pharmacological treatment was always started with levodopa/ carbidopa 

monotherapy. A modified Webster scale (12 areas of motor function scored from 0 to 3 to give a 

maximum disability score of 36)2 was the chief motor assessment. A motor score was recorded 

before levodopa was started and at optimum initial treatment during the first 6 months of 

treatment, with the initial drug response defined as the difference between these measurements. All 

patients were retrospectively classified as either tremor dominant or non-tremor dominant motor 

subtype based on their pre-treatment modified Webster scores for tremor, bradykinesia and 

rigidity.3  

At 3-year intervals, a researcher conducted levodopa test dose studies on surviving subjects. A 

defined off state method was used for these measurements. Patients’ usual morning levodopa 

tablets served as the test dose (the mean dose for the latest tests was 178 ± 78mg). This was 

administered in a fasting state, all other anti-parkinsonian medication having been withheld since 

the previous evening. The on phase score was defined as the maximal motor improvement 60-90 

minutes post-dose, verified as necessary by repeat scoring. Dyskinesia was scored on scale of 0 to 4 

for six body regions, giving a maximum score of 24. To standardise the motor assessments, 

videotapes were reviewed by the investigator involved in the study from its start (PK), who finally 

determined modified Webster scale and dyskinesia scores. The Folstein Mini Mental State 

Examination (MMSE)4 was performed at the same time as each levodopa test-dose assessment, and 

a patient who scored less than 24 at any stage was defined as being demented. Levodopa equivalent 

daily doses were calculated using standard conversion factors.5 References to surviving patients are 



accurate at the time of writing. This study has been approved by the Monash Health Research Ethics 

Committee. 

 

Statistical methods 

Group comparisons were made using the two-tailed t-test or Mann Whitney U test, as appropriate. 

Descriptive statistics are reported as mean ± standard deviation. The lines of best fit for the rates of 

accumulation of disability in Figure 1 were calculated by an ordinary least-squares method. 

The annual rate of progression of motor disability was also calculated using linear mixed effects 

regression (LMER) analysis of motor scores for each patient against their disease duration using 

statistical package nlme in R.6,7 To identify clinical factors that predict progression of motor disability, 

we tested age and motor disability at the commencement of treatment, motor subtype and initial 

drug response for significance as a fixed effect in univariable regression. Dementia was included as a 

fixed effect to evaluate for group differences. We examined for interactions (product terms) 

between disease duration and each of the factors. All significant factors and interactions were 

placed in a multivariable model of motor disability to test for independence. The R2 for this model 

was calculated using lmmfit.8 

 

 

RESULTS 

Thirty-four patients (22 men and 12 women) with PD had originally been recruited. The mean age at 

treatment initiation was 64.2 ± 11.3 years (range, 44 – 87). The mean time from first symptoms to 

diagnosis was 1.3 years, and the mean time from diagnosis to starting levodopa was 0.4 years. The 

longitudinal motor scores from all 34 patients are displayed in Figure 1. The patient number at each 

phase reflects both the progressive recruitment to the study over the first 7 years and drop out due 

to death. Thus, only 4 of the 34 had completed 7 follow-up assessment stages. Although 2 patients 

were lost to follow up early in the study, clinical ascertainment has been complete for the last 18 

years. In the entire cohort, a mean disease duration of 13.3 ± 6.9 years had been studied. The mean 

levodopa treatment duration for the 5 surviving patients was 19.9 ± 1.4 years (range 18.4 – 21.4). 

The mean age of surviving patients at the time of their most recent assessment was 66.4 ± 4.6 years, 

and their mean age at onset of symptoms had been 46.5 ± 5.2 years. Two of the survivors had 

registered a MMSE score of less than 24. One is in residential care; visual hallucinations or delusions 

had occurred in 3. Only two had not developed neuropsychiatric advanced disease milestones. Mean 

levodopa equivalent daily dose for survivors was 797 ± 424 mg.  A bilateral subthalamic deep brain 

stimulation procedure had been performed on one of the surviving patients since the last 

assessment phase; a pre-medication/stimulator off and post-medication/ stimulator on protocol was 

employed for the motor scoring. 

The mean response to initiation of levodopa therapy, expressed as percentage reduction of the 

pre-treatment disability score, was 46%. Comparing first and latest test doses for patients 

completing two or more test-dose measurements (n = 24), both off (P<0.0001) and on (P<0.0001) 

scores progressed but the mean response amplitude did not change significantly. Figure 1 shows an 

http://www3.interscience.wiley.com/cgi-bin/fulltext/113389721/main.html,ftx_abs#FIG1#FIG1


early plateau phase of mean on scores, which remain close to the optimum initial treatment level for 

about 5 years. Thereafter, on and off scores increase in parallel and preservation of the amplitude as 

the disease progresses. The mean of the serial levodopa responses shown in Figure 1 was 37% 

(range 29% – 46%) expressed as percentage reduction in the off score, or 16% (range 8% – 24%) 

expressed as percentage reduction of the maximum disability score. The mean on dyskinesia score at 

the recently conducted assessment phase was 5.0±3.1. 

 

Rate of progression of motor disability 

A line of best fit for pooled off phase scores shown in Figure 1 gives an annual rate of worsening of 

2.0% of maximum motor disability for the entire cohort. Figure 2 shows the gradient from the 

regression model of motor progression in patients that had at least two levodopa test doses. The 

annual rate of progression of off motor disability by this method equates to 2.3% of maximum motor 

disability. 

The only clinical factor that independently predicted motor progression was motor disability at 

diagnosis. Both age at commencement of treatment and dementia status had statistically 

interdependent interactions with disease duration on the rate of progression. Table 1 summarises 

the results of the multivariable model. Motor subtype at diagnosis and initial levodopa response 

amplitude had no significant effect on the progression of motor disability. 

Cognitive decline and motor disability 

A MMSE score of less than 24 had been registered in 14 cases. Of these, 12 have died. There was no 

significant difference between demented and non-demented cases for age at diagnosis (62.9 ± 9.3 

years versus 59.4 ± 13.6 years; P = 0.48), pre-treatment motor score (11.2 ± 3.6 vs 10.4 ± 5.2, P=0.68) 

or initial levodopa response (6.5 ± 4.0 vs 5.0 ± 3.3, P=0.32). Comparing the final modified Webster 

scores in patients who had been followed for more than 12 years since levodopa commencement, 

both off (P = 0.02) and on (P = 0.02) were significantly worse for demented patients when compared 

to those without dementia. There was not a significant difference in their levodopa response 

amplitudes (P = 0.30).  

Plotting the interaction between dementia and disease duration from our multi-variable LMER 

model (Figure 3) shows that the patients who developed dementia had a steeper motor progression 

trajectory than those without dementia.  

 

Serial motor scores in patients who have died 

Twenty-seven of the originally enrolled patients have died. Their mean age at commencement of 

treatment was 67.5 ± 9.1 years (46 – 79) and mean age at death was 79.6 ± 8.6 (50 – 98) years. 

Figure 4 contains information on the 24 patients who had at least one levodopa test dose 

assessment prior to death. The results are aligned at time of death to reveal the pattern of levodopa 

motor response late in the disease course. A curve of best fit for off phase motor scores suggests 

accelerating motor disability in the final segment of the disease course. But the final motor 

assessments, performed on average 2 years before death, show that the levodopa motor response 



amplitude is maintained even when patients reach the advanced disease state. Twelve of these 

patients (50%) had developed dementia, and the dementia prevalence figure at each assessment 

phase confirms the proximity of this advanced disease feature to time of death. 

 

 

DISCUSSION 

The gradient of deterioration of off phase scores in Figure 1 is 2.0% per annum with respect to the 

maximum motor disability score. The defined off state measurements are shown to give the best 

indication of progression, while scoring of prevailing motor function without regard to medication 

response would reduce accuracy. The line of best fit uses composite values derived from all recorded 

scores, and is subject to a distortion to be found in any comparable longitudinal study. With the 

passage of time, the death of some patients reduces the sample size and the data shown towards 

the right-hand side of the figure is dominated by a subset of survivors with more benign disease 

patterns. The rate of 2.3% p.a. derived from LMER, shown in Figure 2, allows for the repeated 

measures of individuals and for the different durations of follow up. We believe this to be the more 

reliable estimate of the rate of progression of motor disability. 

The motor disability at commencement of treatment was the only independent predictor of the rate 

of development of disability. Age at commencement of treatment had some predictive effect, 

although its interdependence with disease duration reduced its early prognostic value. The 

interaction between dementia and disease duration cannot be perceived early in the disease course 

and, judging from Figure 4, may have its strongest influence later on.  

Previous estimates of the rate of motor deterioration, though spanning shorter time intervals 

without rigorous levodopa test dose methods, have arrived at roughly similar figures. Yearly motor 

deterioration of between 1.4 – 3.1% has been reported from longitudinal studies spanning 3 – 5 

years.9-12 A recently published study of a 129 patient cohort over 5 years found that the annual rate 

of decline was 2.3%.13 Thirty percent were not taking dopaminergic therapy when enrolled, and 

motor scoring did not take into account the timing of medication doses. Around one quarter had 

died over the assessment period.  

Our findings on the rate of progression and its relationship to serial measurements of the levodopa 

motor response show the impediment faced by clinical studies that are attempting to detect drug 

neuroprotective effects over a one- or two-year trial period. An agent that is capable of completely 

arresting the disease would cause a 2 – 3% deviation from the trajectory of a placebo control group 

over one year. A drug that possessed the capacity to retard progression by 10%, undeniably a major 

therapeutic breakthrough, would cause the line to deviate by only 0.2 – 0.3% p.a. But the 

symptomatic effect of dopaminergic therapy consistently runs at around 15% of the maximum 

disability score for the short duration levodopa response alone, meaning that a modest symptomatic 

effect of such an agent would be likely to swamp even a strong disease modifying one over any 

clinical trial that did not continue for more than a decade. Or to express the problem differently—a 

trial with the research aims and time-frame of the ADAGIO study14 would, whatever research tactics 

were employed, be attempting to detect a neural protection effect of less than the smallest unit of 

measurement (a single point on the UPDRS motor scale), whereas even a minor residual 



augmentation of symptomatic dopaminergic treatment from the introduction of rasagiline could 

change the score by a number of points. 

Some inferences about the correlation between the rate of deterioration of motor score and the loss 

of dopaminergic neurons in the substantia nigra can be drawn. Four studies have employed cell 

counting techniques to produce plots of residual cell count against disease duration.15-18 The derived 

gradient of cell loss ranged between 1.2% and 1.9% of control cell count per year. These figures rely 

on assumptions that there was a common rate of progression and that patients who died earlier had 

not reached the natural end of their disease course, both questionable propositions. The studies are 

in broad agreement that patients who died soon after diagnosis had nigral counts roughly 50% of 

those of controls, and that the disease end-stage corresponded to a nigral population that had fallen 

to around 20%. The clinico-pathological correlations of Greffard et al. show a good correlation 

between nigral cell count and objective motor scoring during the final year of life.16 Over an average 

disease course of 12-15 years, an annual rate of nigral cell loss of between 2% and 3%, in line with 

our estimate of motor deterioration, seems likely. 

One further question concerns the shape of the plot of clinical deterioration. Although a linear 

model fits observations over much of the disease course, there are signs in Figure 4 that an 

accelerating, upward curving pattern occurs late in the disease. Many mathematical relationships 

that describe processes of growth or decay in the natural world contain exponential or logarithmic 

terms. The Braak model of pathological stages in PD predicts, amongst other things, that the number 

of neurons with alpha-synuclein deposition and hence prone to degeneration must rise in an 

exponential fashion as the process spreads from the brainstem, with its relatively small numbers of 

neurons, to the progressively larger and more heavily populated regions of the allocortex, 

mesocortex and neocortex.19 While nigral degeneration probably sets the rate of clinical progression 

for most of the disease course, the rostral accumulation of Lewy pathology may contribute later. 

The limitations of the study are clear to see—the modest size of the sample and the use of an 

outmoded motor scoring system because of a decision taken 25 years ago. Its main strengths are its 

duration and the high rate of retention of subjects. The power of dopaminergic therapy is still its 

most important message. Motor deficits increase and non-motor features of the advanced disease 

stage, such as hallucinations and cognitive impairment, eventually develop. But the magnitude of the 

levodopa motor response does not really wane. Almost 50 years after George Cotzias showed the 

way to practical levodopa therapy for PD,20-21 it is still a miracle that the drug works so well for so 

long. 
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TABLE AND FIGURE LEGENDS 

 

Table 1: 

Summary of the multivariable analysis of factors that determine the progression of motor disability. 

The R2 of this model was 0.74. 

 

 

Figure 1: 

Serial modified Webster scale scores plotted for all cases. Trapezium-ended boxes: (left) mean initial 

levodopa treatment. Rectangular boxes: levodopa test-dose responses. Error bars show standard 

error of the mean. Line of best fit for mean off phase test-dose scores. 

 

Figure 2: 

Linear mixed effects regression analysis of individual serial motor scores (faint lines). The gradient  is 

equivalent to an annual increase of 2.3%  of the maximum motor disability score. 95% confidence 

intervals are shaded in grey. 

 

Figure 3: 

Demented patients (solid line) had a faster rate of accumulation of motor disability compared with 

non-demented patients (dotted line) according to linear mixed effects regression analysis. Faint lines 

represent individual scores; 95% confidence intervals shaded in grey.  

 

Figure 4:  

Serial motor scores aligned from time of death. Rectangular boxes show mean levodopa test-dose 

responses: upper border, off score; lower border, on score. Number of patients (percentage 

demented) is shown at each stage. Hypothetical curve for mean off scores. 

 

 



TABLES 

 

Table 1: 

 

Effect β coefficient Lower CI Upper CI P value 
Initial Severity 0.6381 0.4297 0.8466 <0.0001 
Disease duration 
& age at 
commencement 
of treatment 

0.0105 0.0012 0.0200 0.0322 

Disease duration 
& 
Non-Demented 
status 

-0.5791 -0.8064 -0.3519 <0.0001 

 

 


