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IMPORTANCE Optimizing assessments of rate of progression in Parkinson disease (PD) is
important in designing clinical trials, especially of potential disease-modifying agents.

OBJECTIVE To examine the value of measures of impairment, disability, and quality of life in
assessing progression in early PD.

DESIGN, SETTING, AND PARTICIPANTS Inception cohort analysis of data from 413 patients with
early, untreated PD who were enrolled in 2 multicenter, randomized, double-blind clinical trials.

INTERVENTIONS Participants were randomly assigned to 1 of 5 treatments (67 received
creatine, 66 received minocycline, 71 received coenzyme Q10, 71 received GPI-1485, and 138
received placebo). We assessed the association between the rates of change in measures of
impairment, disability, and quality of life and time to initiation of symptomatic treatment.

MAIN OUTCOMES AND MEASURES Time between baseline assessment and need for the
initiation of symptomatic pharmaceutical treatment for PD was the primary indicator of
disease progression.

RESULTS After adjusting for baseline confounding variables with regard to the Unified
Parkinson’s Disease Rating Scale (UPDRS) Part II score, the UPDRS Part III score, the modified
Rankin Scale score, level of education, and treatment group, we assessed the rate of change
for the following measurements: the UPDRS Part II score; the UPDRS Part III score; the
Schwab and England Independence Scale score (which measures activities of daily living); the
Total Functional Capacity scale; the 39-item Parkinson’s Disease Questionnaire, summary
index, and activities of daily living subscale; and version 2 of the 12-item Short Form Health
Survey Physical Summary and Mental Summary. Variables reaching the statistical threshold in
univariate analysis were entered into a multivariable Cox proportional hazards model using
time to symptomatic treatment as the dependent variable. More rapid change (ie, worsening)
in the UPDRS Part II score (hazard ratio, 1.15 [95% CI, 1.08-1.22] for 1 scale unit change per 6
months), the UPDRS Part III score (hazard ratio, 1.09 [95% CI, 1.06-1.13] for 1 scale unit change
per 6 months), and the Schwab and England Independence Scale score (hazard ratio, 1.29
[95% CI, 1.12-1.48] for 5 percentage point change per 6 months) was associated with earlier
need for symptomatic therapy.

CONCLUSIONS AND RELEVANCE In early PD, the UPDRS Part II score and Part III score and the
Schwab and England Independence Scale score can be used to measure disease progression,
whereas the 39-item Parkinson’s Disease Questionnaire and summary index, Total Functional
Capacity scale, and the 12-item Short Form Health Survey Physical Summary and Mental
Summary are not sensitive to change.
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P arkinson disease (PD) is a progressive neurodegenera-
tive disease that leads to significant morbidity, disabil-
ity, and institutionalization.1,2 Measuring disease pro-

gression in PD is challenging, and a variety of instruments have
been used for this purpose, including measures of impair-
ment, disability, and quality of life. Yet, a consistently reli-
able, easy-to-use measure of disease progression remains
elusive.3 As part of the NET-PD, 2 futility drug studies (Futility
Study 1 [FS-1]4 and Futility Study 2 [FS-TOO]5) explored the po-
tential of 4 compounds as disease-modifying agents in early,
untreated PD. The primary outcome measure of these studies
was the change in the total Unified Parkinson’s Disease Rating
Scale (UPDRS) score (Parts II and III) between baseline and the
time at which there was sufficient disability to warrant symp-
tomatic treatment (ST). Participants in these 2 studies4,5 were
assessed using a number of impairment, disability, and quality-
of-life measures at baseline, at predetermined intervals
throughout the study, and at the end point. In a previously pub-
lished analysis of the FS-1 and FS-TOO populations, we deter-
mined that, at baseline, the UPDRS Part III score, the UPDRS
Part II score, and the modified Rankin Scale (mRS) score were
independently associated with earlier need for ST.6 In the pres-
ent study, we examine the predictive value of the observed rate
of change in the various assessment instruments used in FS-1
and FS-TOO, with regard to the time to ST. Our hypothesis was
that, although some instruments may be of greater value as
baseline predictors, different instruments might prove more
useful in monitoring disease progression in early PD.

Methods
Participants
Data from FS-14 and FS-TOO5 were used for this analysis. The
413 participants were men or women 30 years of age or older
who received a diagnosis of PD (duration of diagnosis, ≤5 years)
and who, at the time of study entry, did not require ST for PD.
Two of the 3 classic clinical signs of PD (tremor, rigidity, or bra-
dykinesia) were required for the diagnosis, and these had to
be asymmetric signs. The presence of parkinsonism and prior
brain surgery for PD were exclusion criteria. Women of child-
bearing potential had to have had a negative pregnancy test
result at baseline and were required to use adequate birth con-
trol for the duration of the studies. All participants gave writ-
ten informed consent. The protocols and consents for the drug
trials were approved by the National Institute of Neurological
Disorders and Stroke oversight board, by an independent data
safety monitoring board, and by the institutional review boards
of the participating sites. Both studies were designed as mul-
ticenter, randomized, double-blind trials powered to assess the
futility of candidate drugs as disease-modifying agents in early,
untreated PD.

Baseline and Follow-up Assessments
At the baseline visit of each participants, we collected data on
sex, age, level of education, race/ethnicity, and disease dura-
tion (from diagnosis). The UPDRS Part III was administered as
a measure of impairment.7 The following scales were admin-

istered as measures of disability: the UPDRS Part II,7 the mRS,8

the Schwab and England Independence Scale (which mea-
sures activities of daily living [ADL]),9 the Total Functional Ca-
pacity (TFC) scale,10 and the 39-item Parkinson’s Disease Ques-
tionnaire (PDQ-39) ADL subscale.11 The PDQ-39 summary index
and the Medical Outcomes Study version 2 of the 12-item Short
Form Health Survey12 (the Physical Summary and the Mental
Summary) were administered as indicators of quality of life.
The UPDRS Part II score and the UPDRS Part III score were ob-
tained every 3 months during the study duration and at the end
point. Besides at baseline, the mRS, the Schwab and England
Independence Scale, the TFC scale, the PDQ-39, and the 12-
item Short Form Health Survey were also administered at the
end point or at 12 months.

Treatments
In each of the futility studies,4,6 participants were random-
ized in a 1:1:1 ratio to receive 1 of the 2 active experimental drugs
or placebo. Of the 200 FS-1 participants, 67 received creatine,
66 received minocycline, and 67 received placebo. Of the 213
FS-TOO participants, 71 received coenzyme Q10, 71 received
GPI-1485, and 71 received placebo.

End-Point Determination
The primary end point for the analyses in the present study
was time to initiation of ST. Symptomatic treatments in-
cluded levodopa, dopamine agonists, amantadine, anticho-
linergics, and selegiline. Participants were censored at 12
months of follow-up, if they had not reached the end point by
that time. Site investigators used their clinical judgment to de-
termine when participants had reached a level of dysfunc-
tion sufficient to require ST in any 1 of 3 areas: ambulation, ADL,
or occupational status.5,6,13

Statistical Design and Analyses
We conducted the analysis using the 2-stage model.14 First, a
linear model was fit to each participant, using each measure-
ment as the response variable and time in 10-day increments
as the sole covariate. A participant-specific rate of change for
each measurement was obtained for each participant. The par-
ticipant-specific slopes indicated the rates of change of each
covariate per 6 months. Because the mRS is a discrete ordinal
scale, an mRS “rate of change” was not considered for further
analysis (eAppendix in Supplement), although the baseline
mRS score was included as a confounding variable. To reduce
the number of covariates to be considered in the model, Cox
proportional hazards models were used to test the associa-
tion of each variable’s rate of change separately with the pri-
mary end point according to the Hosmer and Lemeshow model
development strategy15: any variable associated with the time
to ST at an α level of .15 was selected for inclusion in the sec-
ond stage. Univariate models were subsequently adjusted for
the 4 confounding baseline covariates previously identified
(UPDRS Part II score, UPDRS Part III score, mRS score, and level
of education)6 and for treatment group assignment. Spear-
man rank correlations among all pairwise combinations of the
selected variables were computed to assess potential colin-
earity prior to the second-stage analysis.
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In the second stage, a multivariable Cox proportional haz-
ards model with time to symptomatic therapy as the depen-
dent variable was constructed using the selected variables, the
4 previously mentioned confounding baseline covariates, and
the treatment group assignment. Backward variable selec-
tion was used to remove the variables meeting the exclusion
criteria of α > .05. Scaled Shoenfeld residuals were computed
to assess the proportional hazards assumption.16 The analy-
sis was completed using R version 2.15.3 (R Foundation for Sta-
tistical Computing, Vienna, Austria).

There were 47 participants (25 in the ST group and 22 in
the group not reaching the end point) whose baseline values
on some of the variables were missing (eTable 1 in Supple-
ment). After establishing that the participants with missing
baseline values did not differ significantly from the rest of the
participants at baseline in terms of the variables of interest, we
applied multiple imputation techniques using the “mi” pack-
age in R while adjusting for each variable’s baseline value, the
4 previously mentioned confounding baseline covariates, and
treatment assignment, to impute the missing values. A total
of 62 participants had missing values that needed to be im-
puted. A total of 13 participants (3.1%) were excluded from the
multivariable analysis because the amount of missing data pre-
cluded analysis.

In assessing the rate of change in PD, worsening corre-
sponds to increases in UPDRS scores and the PDQ-39 ADL sub-
scale and summary index and decreases in the Schwab and
England Independence Scale score, the TFC scale, and the
12-item Short Form Health Survey subscales. Because these
measures were expected to worsen, if anything, for most par-
ticipants, we reversed the signs of the rates of changes for the
Schwab and England Independence Scale, the TFC scale, and
the 12-item Short Form Health Survey subscales so that all
slopes would represent rates of worsening, for ease of inter-
pretation. In addition, the measurements of the Schwab and
England Independence Scale were percentages ranging from
0% to 100% in increments of 5; therefore, we divided these
values by 5 before computing the rate of worsening.

Results
Baseline Demographics and Disease Characteristics
Table 1 summarizes the baseline demographics of the patient
population, along with baseline impairment, disability, and
quality-of-life measures. Of 413 participants, 200 (48.4%)
started ST within 12 months from baseline.

Table 2 indicates that, among the participants who needed
ST, those with missing values had similar ST-free survival times
as those without missing values, and there was no difference
in baseline parameters between participants with missing val-
ues and participants without missing values within the 2 sub-
groups. The rates of worsening with regard to the Schwab and
England Independence Scale, the TFC scale, the PDQ-39 ADL
subscale and summary index, and the 12-item Short Form
Health Survey Physical Summary and Mental Summary were
computed for the participants without missing values and were
imputed for the participants with missing values.

The rates of worsening of all the variables met the criteria
for inclusion in the multivariate Cox proportional hazards
model based on univariate models both unadjusted and ad-
justed for baseline confounding variables (eTable 2 in Supple-
ment). The correlation between the rates of worsening of the
different variables was not strong (the maximum correlation
coefficient being 0.68). The final selected model retained rate
of worsening in the following variables after adjusting for treat-
ment assignment and the 4 confounding baseline variables:
UPDRS Part II score, UPDRS Part III score, and Schwab and En-
gland Independence Scale score (Table 3). As seen in the final
model, the effect of treatment assignment was not statisti-
cally significant. The proportional hazards assumption was sat-
isfied for the final model. Rates of worsening of the UPDRS Part
II score, the UPDRS Part III score, and the Schwab and En-
gland Independence Scale score were associated with earlier
need for ST. Rates of worsening of the TFC scale, the PDQ-39
ADL subscale and summary index, and the 12-item Short Form
Health Survey Physical Summary and Mental Summary did not
retain a statistically significant association with the end point
in the multivariable model.

Discussion
This analysis complements our previous study of the value of
measures of impairment, disability, and quality of life as in-
dicators of disease progression in early PD.6 We concluded that
the rates of worsening of UPDRS Part II score, UPDRS Part III
score, and Schwab and England Independence Scale score pre-
dicted an earlier need for ST. Interestingly, when the rates of
worsening of these variables were included in the model, the

Table 1. Baseline Characteristics of 413 Study Participants

Variable Value, Mean (SD)
Age, y 61.7 (10.4)

Education, y 15.2 (3.2)

Duration of PD diagnosis, y 0.66 (0.84)

Male sex, % of participants 64.2

Non-Latino white, % of participants 91.0

Unified Parkinson’s Disease Rating Scale

Part II score 5.99 (3.26)

Part III score 15.89 (6.74)

12-Item Short Form Health Survey

Physical Summary 50.02 (7.63)

Mental Summary 51.40 (9.09)

mRS score >1, % of participants 12.0

Schwab and England Independence Scale score 93.05 (5.31)

TFC scale 12.37 (1.27)

PDQ-39

ADL 15.94 (15.22)

Summary index 15.78 (11.73)

Abbreviations: ADL, activities of daily living; mRS, modified Rankin Scale;
PD, Parkinson disease; PDQ-39, 39-item Parkinson’s Disease Questionnaire;
TFC, Total Functional Capacity.
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baseline UPDRS Part III score was no longer statistically sig-
nificant, while the baseline UPDRS Part II score and the base-
line mRS score retained their previously reported associa-
tions. The combined findings of the 2 analyses are summarized
in Table 4.

Motor impairment and disability are the most consistent
baseline predictors of an earlier need for symptomatic phar-
macotherapy. Other important predictors include higher level
of education,6 full-time employment, less smoking history, and
left-sided onset.17,18

A number of approaches have been tried to identify the
best-suited measures of PD progression for use in clinical trials.3

The task is even more daunting when assessing patients in the
earliest stages of the disease, when symptoms are generally
mild and when impairment and disability can be minimal.
Using the time between baseline and the need for ST as an end
point has been a common characteristic of many studies in
early PD, particularly clinical trials of agents with disease-
modifying potential.4,5,13,18 Our analysis now identifies the
measures that are most likely to reflect the progression of im-
pairment and disability that leads to the decision to treat.

Predictably, measures associated with physical impair-
ment, such as the UPDRS Part II and Part III scores and the
Schwab and England Independence Scale score, were re-
tained in the final model. Among all the measures considered
in this analysis, these are conceivably the measures most re-
flective of increasing physical impairment. Mobility impair-
ment and difficulties with mobility-dependent ADL are in-
deed the most important determinants of emerging disability
in progressing PD.19 Table 4 shows that, among all the mea-
sures assessed in our analyses, the UPDRS Part II score was the
most informative in determining both baseline disease activ-
ity and subsequent disease progression. Certainly, this strong
association between the compromise of ADL (UPDRS Part II
score) and the initiation of ST may simply reflect the fact that
treating physicians use the decline in ADL as a trigger to dis-
cuss and recommend ST, and therefore may simply be the con-
sequence of current standards in practice rather than an indi-
cation that this measure is the best way to assess disease
progression.

Among the remaining measures of disability examined in
our study, the mRS score demonstrated good predictive value
at baseline; because it is an ordinal variable, it would be in-
correct to calculate a “rate of change,” and therefore we were

not able to assess its sensitivity to change in this particular
analysis scheme. It should be recalled that the mRS was de-
veloped to measure stroke outcomes,8 and, as such, its sen-
sitivity to change when applied to a chronic progressive neu-
rologic disease, as opposed to a discrete insult to the nervous
system, is unknown. With our analysis, we were unable to
determine whether the mRS is a reliable measure of early PD
progression. The TFC scale and the PDQ-39 ADL subscale did
not stand out either as baseline predictors or as measures of
progression.

The PDQ-39 summary index, a global PD-specific mea-
sure of health-related quality of life, and the 12-item Short Form
Health Survey did not appear as responsive to disease pro-
gression in early PD. In the univariate models, these mea-
sures of health-related quality of life demonstrated sufficient
correlation to disease progression to be included in multivari-
able modeling; however, the multivariable analysis would sug-
gest that they do not reflect disease progression as robustly as

Table 2. Mean Baseline Variables Classified by Missing Values and Need for STa

Variable

Need for ST No Need for ST
No Missing Values

(n = 175)
Missing Values

(n = 25) P Value
No Missing Values

(n = 191)
Missing Values

(n = 22) P Value
UPDRS

Part II score 6.93 6.88 .94 5.23 4.18 .12

Part III score 17.53 18.40 .54 14.45 12.55 .17

Education, y 15.63 15.80 .78 14.70 15.27 .44

mRS score >1, % of participants 17.7 12.0 .67 6.3 9.1 .96

ST-free survival time, d 224.70 195.16 .14 NA NA

Abbreviations: mRS, modified Rankin Scale; NA, not applicable;
ST; symptomatic treatment; UPDRS, Unified Parkinson’s Disease Rating Scale.

a All values are mean values, and standard deviations were omitted for clarity.

Table 3. Final Cox Regression Modela

Parameter HR (95% CI) P Value
Rate of worsening

UPDRS Part II score 1.15 (1.08-1.22) <.001

UPDRS Part III score 1.09 (1.06-1.13) <.001

Schwab and England
Independence Scale score

1.29 (1.12-1.48) <.001

Baseline

UPDRS Part II score 1.06 (1.01-1.12) .03

UPDRS Part III score 1.02 (0.99-1.04) .17

mRS score 2.22 (1.43-3.42) <.001

Education (in 4-y increments) 1.32 (1.08-1.60) .006

Treatment

Creatine 0.78 (0.46-1.32) .35

Minocycline 0.69 (0.41-1.16) .16

GPI-1485 0.88 (0.53-1.47) .64

CoQ10 0.80 (0.48-1.33) .39

Placebo 0.84 (0.51-1.40) .51

Abbreviations: CoQ10, coenzyme Q10; mRS, modified Rankin Scale;
UPDRS, Unified Parkinson’s Disease Rating Scale.
a Data from 400 participants were used for the model; 13 participants were left

out owing to missing values at baseline. Hazard ratios (HRs) for rates of
worsening were calculated for increases of 1 unit per 6-month interval in the
rate of worsening of the corresponding measure. For the Schwab and England
Independence Scale score, 5 percentage points represented 1 unit.
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the measures that were retained in the final multivariable
model. The implication may be either that changes in quality
of life are not as potent a motive to initiate ST in early PD as
progressive motor impairment or that the available instru-
ments are not as sensitive to change in the early stage of the
disease. In addition, ST as defined in the FS-1 and the FS-TOO
referred to drug treatment of the motor symptoms of the dis-
ease, whereas these measures of global health may also be in-
fluenced by nonmotor symptoms, and their relationship to an
end point so obviously tied to motor dysfunction may not be
as robust.

A limitation of our analysis is that there were a relatively
large number of participants with missing data. We do
believe that the algorithm we applied optimized the use of
available data by imputing missing data, while minimizing
the potential of bias that may have resulted from excluding
cases with missing data. For completeness, we repeated the
analysis, but we restricted the analysis to participants with-
out missing values (eTable 3 in Supplement) and arrived at
essentially the same conclusions, with the only difference
being that change (ie, worsening) in the 12-item Short Form
Health Survey Physical Summary was now retained in the
final model, whereas the baseline UPDRS Part II score was
not. Because our data are derived from 2 clinical trials, the
applicability of our conclusions to clinical practice may be
questioned, as participants in clinical trials may exhibit
somewhat different characteristics that may act as a
“stealthy” source of bias, especially when it comes to instru-
ments that are more dependent on subjective perceptions
and attitudes. It is therefore conceivable that instruments
that may be more sensitive to change in the general popula-
tion are not so in a clinical trial population and vice versa. In
any case, the conclusions of our study should be helpful in

designing similar clinical trials in early PD and may serve as a
starting point for evaluating these and newer measures in the
general population. Although we forced treatment assign-
ment to remain through the final model in our regression
analysis, and found it to be not statistically significant, we
cannot fully exclude that 1 or more of the treatments may
have had a differential effect on the responsiveness of the
outcome measures, thereby indirectly influencing the final
model. We were unable to perform treatment subgroup
analyses owing to a lack of sufficient statistical power. Our
results are based on a 12-month–long observation period, and
although some outcomes were assessed repeatedly, others
were only assessed twice; it is possible that more frequent
assessments over a longer period of observation might have
yielded different results. Finally, we should point out that
our conclusions only apply to the outcome measures studied,
and we cannot preclude the possibility that other, as yet not
tested measures may prove more sensitive in the future.

Conclusions
In summary, although all the measures of impairment, dis-
ability, and quality of life used in the FS-1 and the FS-TOO track
well with PD progression, the UPDRS Part II and Part III scores
seem to be the most reliable and responsive prognostic mea-
sures of disease activity at baseline and of disease progres-
sion in early, untreated PD. The baseline mRS score and lon-
gitudinal assessments with the Schwab and England
Independence Scale are similarly useful in predicting disease
progression. These conclusions need to take into account the
fact that the end point used in this analysis was one heavily
biased toward motor dysfunction.
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