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Abstract.
Background: Summary scores of current clinical rating scales do not appear sensitive enough to quantify changes in disease
progression in early Parkinson’s disease (PD) clinical trials. An alternate approach might be to track the appearance of new
or emergent symptoms (ES) over time as a measure of disease progression.
Objective: Explore the potential utility of patient reported ES as an outcome measure during the early phase of PD.
Methods: We analyzed data from the MDS-UPDRS Parts IB (non-motor) and II (motor) Experiences of Daily Living scales
over two years in the STEADY-PD3 study. We assessed the number of ES reported in each part of the scale in both participants
who started symptomatic treatment and those who did not (STx-yes/no) in two periods: between 0 and 12-months (Year 1),
and 13 and 24-months (Year 2).
Results: Of 331 participants, 87% developed ES, and 55% started STx in Year 1. The median number of Part IB ES did not
significantly differ between STx groups, but ES in Part II were significantly more frequent in the STx-yes group. Of 148
participants who remained STx-no into Year 2, 77% developed ES, and 42% started STx. Again, Part II, but not Part IB ES
were more frequent the STx-yes group. Using these results, a sample size of ∼90 per group would be required to detect a
30% reduction in combined Part IB and II ES over 12 months.
Conclusion: Assessing ES of patient-reported experiences of daily living may provide a useful marker for tracking PD
progression.
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INTRODUCTION

The Braak hypothesis holds that as Parkinson’s
disease (PD) progresses, different areas of the brain
become progressively impacted by the neurodegen-
erative process which manifests with a spectrum of
clinical signs and symptoms [1]. Although the clinical
impact of PD is obvious to most patients in the early
stages of the disease, we do not have sensitive tools
to assess disease progression specifically in early
PD [2–4]. Currently, to assess progression we rely
mainly on observations of symptoms and function-
ality, measured with clinician completed scales and
patient self-report measures [5, 6]. The progression of
functional impairment over the course of the disease,
especially in its earliest stages, seems almost imper-
ceptible as measured by the current scales. However,
in daily practice, clinicians and researchers are com-
monly struck by patient statements such as: “Last
time I saw you I could do “X”, but now I can’t (or
I need help, or it takes me longer)”. Disease pro-
gression, as viewed through this patient-centric lens
of ever-accumulating milestones of difficulty to the
point of failure, is not a linear process, but a step-
wise, saltatory one, with emerging symptoms (ES)
or impairments piling on the old, one after another
[7, 8].

Measuring the impact of therapies designed to slow
disease progression is thus currently extremely chal-
lenging. Current clinical trials that aim to assess the
clinical meaningfulness and statistical significance of
interventions that might reduce by 30–50% an aver-
age disease progression rely on a background rate
of change of 5% per year or less [9]. In this sense,
determining how the occurrence of ES can impact
the course of the disease, especially in patients with
early-stage PD, may contribute to the development of
new assessment methods based on patient centered
outcomes [10].

A similar exploration in patients with early
Alzheimer’s disease tracked the appearance of new
neuropsychiatric symptoms, suggested that the num-
ber, rather than the severity of ES had the greatest
impact on patients over time [11]. With this prece-
dent, in the present study, we aimed to explore the
utility of assessing ES impacting the daily experi-
ences of patients with early PD, as measured by the
Non-Motor (Part IB) and Motor (Part II) Experiences
of Daily Living subscales of the Movement Disorder
Society-sponsored revision of the Unified Parkin-
son’s Disease Rating Scale (MDS-UPDRS) [12] as a
potentially novel patient relevant outcome applicable

during the early phase of the disease. We also assessed
the relationship between initiation of antiparkinson
therapy (STx), to the rate of ES to determine whether
this measure was affected by, or independent of, use
of STx.

METHODS

We analyzed data from the Safety, Tolerability, and
Efficacy Assessment of Isradipine for PD (STEADY-
PD) study, a multicenter, randomized, parallel-group,
double-blind, placebo-controlled trial (ClinicalTri-
als.gov: NCT02168842). The aims and methods of
the STEADY-PD study have been published else-
where [12], as well as results [13].

Data and sample

From the enrolled cohort of 336 participants of the
STEADY-PD dataset, we limited the sample to PD
participants with complete data from MDS-UPDRS
Part IB (Non-motor Aspects of Experiences of Daily
Living) and Part II (Motor Aspects of Experiences of
Daily Living), and with at least one annual follow-
up for two years, totaling 331 participants. Of note,
the MDS-UPDRS was only administered 3 times in
STEADY-PD3: at Baseline, and at the 12 and 24-
month visits.

Because the outcome of the STEADY-PD study
showed no effect of the investigational agent, we
combined participants receiving both placebo and
active treatment in our analysis.

Outcomes

Our primary outcome was ES for participants dur-
ing the study. To perform this analysis, we divided the
sample into categories according to the period of the
follow-up visit, initiation of antiparkinson treatment
or not (STx-yes or STx-no) during the observation
period, and the presence of ES. We used STx as
a proxy of patient- and clinician-perceived disease
progression. We analyzed these outcomes for MDS-
UPDRS Part IB and Part II. Part IB of the MDS-
UPDRS has 7 items that assess non-motor functional
impairment and Part II has 13 items that assess motor
functional impairment.

We separated the follow-up visits in two distinct
periods: the first observation period included the
period between baseline and 12 months (Year 1), and
the second observation period included the period
between 13 months and 24 months of this 36-month
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Table 1
Emergent symptoms in participants with or without antiparkinsonian therapy measured by MDS-UPDRS Parts IB and II according to the

follow-up visit

0 to 12 Months (n of patients = 331)

MDS-UPDRS Patients Patients p STx-Yes (N = 182) STx-No (N = 149) Patients with ES Median
with ES without ES ES p p

(%) (%) Patients with ES Median Patients with ES Median
ES (%) (range) ES (%) (range)

ES-Part IB 190 (57.4) 141 (42.6) 0.008 108 (56.8) 1 (1–4) 82 (43.2) 1 (1–6) 0.437 0.389
ES-Part II 250 (75.5) 81 (24.5) < 0.0005 142 (56.8) 2 (1–7) 108 (43.2) 2 (1–9) 0.251 0.017
ES-Parts IB and II 288 (87.0) 43 (13.0) < 0.0005 162 (56.3) 3 (1–11) 126 (43.8) 2 (1–12) 0.253 0.028

13 to 24 Months (n of patients = 148)

MDS-UPDRS Patients Patients p STx-Yes (N = 62) STx-No (N = 86) Patients with ES Median
with ES without ES ES p p

(%) (%) Patients with ES Median Patients with ES Median
ES (%) (range) ES (%) (range)

ES-Part IB 62 (41.9) 86 (58.1) 0.058 25 (40.3) 1 (1–5) 37 (59.7) 1 (1–3) 0.866 0.738
ES-Part II 99 (66.9) 49 (33.1) < 0.0005 46 (46.5) 2 (1–7) 53 (53.5) 2 (1-6) 0.116 0.024
ES-Parts IB and II 114 (77.0) 34 (23.0) < 0.0005 49 (43.0) 3 (1–12) 65 (57.0) 2 (1-8) 0.694 0.126

STx, symptomatic treatment starting during the interval; ES, emergent symptoms.

clinical trial, beyond which time there was insuffi-
cient data for analysis.

We defined ES as the occurrence of a new symptom
between the beginning of each period and the follow-
up visit. That is, if participants were scored as “zero”
on any given item in Part IB or Part II the MDS-
UPDRS at the baseline and had any score other than
zero at 12 months, they were classified as having an
ES. Those who were scored zero at the baseline, zero
at 13 months and any score different from zero at 24
months were classified as having ES in the period
between 13 months and 24 months. Items scored as
> 1 at baseline were not included in the analysis. Thus,
increase in symptom severity was not assessed.

To assign STx categories, we used the date when
antiparkinson therapy was initiated (the visit day) and
analyzed it according to the time interval between
follow-up visits. For example, if the participants
started STx on day 105 of the study, they were allo-
cated in year 1 to the “STx-yes” group for the entire
interval. If a participant started STx on day 400 of the
study, they were allocated STx-yes for Year 2 only.

Statistical analyses

We used tables and histograms with distribution of
frequencies, medians, and percentages to summarize
the descriptive statistics. To compare the proportion
of participants with or without ES and the proportion
of STx-yes versus STx-no as well as the interac-
tion of ES and STx status we used binomial tests
assuming equal proportions. Mann-Whitney U test
was used to compare differences between the two

groups of participants with or without ES, regard-
less of STx status. Statistical significance was set at
alpha < 0.05 and analyses were corrected for multiple
comparisons, where appropriate, using a Bonferroni
correction. Finally, we estimated required sample size
to detect at least a 30% change in ES over a 12-month
period. All statistical analyses were performed using
SPSS® Statistics version 28 (IBM reference)

RESULTS

Demographics

At baseline, the 331 STEADY-PD participants
included in this study had a mean age of 62.4 years
(± 9.0), with a preponderance of males (72%). The
mean disease duration from diagnosis was 10 months
(± 8.8), and the Hoehn and Yahr stage median score
was 2 (ranging from 0 to 3). The mean total for the
Motor Examination (Part III) of the MDS-UPDRS
was 25.4 (SD 10.4). For the MDS-UPDRS Parts that
were analyzed for this study (Parts IB and II) the
means were 4.1 (SD 3.02) and 5.24 (SD 3.95).

Emergent symptoms in year 1

Of 331 participants evaluable at Month 12, sig-
nificantly more participants developed ES (n = 288)
than did not (n = 43) (p ≤ 0.0005) (Table 1). This
difference held for both Part IB, where 190 out of
331 experienced ES (p = 0.008) and Part 2, where
250 out of 331 experiencing ES (p ≤ 0.0005). There
was a non-significant difference in those who started
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symptomatic therapy (STx-yes = 182) from those
who did not (STx-no = 149) (p = 0.08). The differ-
ences in experiencing an ES between STx were not
significant for Part 1B (p = 0.44), Part 2 (p = 0.25)
or Part IB and II combined (p = 0.25). The num-
ber of Part IB ES was not significantly different
between the STx-yes group (median 1, range 0–6)
and STx-no group (median 1, range 0–4) (Z = –0.861,
p = 0.389). However, the STx-yes group had a signif-
icantly greater number of Part II ES (median 2, range
0–7) compared to the STx-no group (median 1, range
0–9) (Z = –2.38, p = 0.017). When Part IB and Part
II ES were combined, the difference in total num-
ber of ES between STx-yes and STx-no remained
significant (Z = –2.19, p = 0.028).

Emergent symptoms in year 2

Of 149 participants who had not started to receive
treatment at Year 1 and who remained at the 24-month
time point, 148 were evaluable (one participant con-
tributed no data). Significantly more of these 148
participants developed any ES (n = 114) than not
(n = 34) (p ≤ 0.0005) and this difference was mostly
due to differences in Part II where 99 developed ES
but 49 did not (p ≤ 0.0005), but not in Part IB where
62 developed ES but 86 did not (p = 0.058). 62 par-
ticipants (42%) were STx-yes and 86 were STx-no
(p = 0.058) (Table 1). The differences in experienc-
ing an ES between STx-yes and STx-no were not
significant for Part IB (p = 0.866), Part II (p = 0.116)
or Part IB and II combined (p = 0.694). The num-
ber of Part IB ES was not significantly different
between the STx-yes group (median 0, range 0–5)
and STx-no group (median 0, range 0–3) (Z = –0.334,
p = 0.738). However, the STx-yes group had a signif-
icantly greater number of Part II ES (median 1, range
0–7) compared to the STx-no group (median 1, range
0–6) (Z = –2.25, p = 0.024). When Part IB and Part II
ES were combined, the difference in total number
of ES between STx-yes and STx-no was no longer
significant (Z = –1.529, p = 0.126).

Pattern of reported ES

The pattern of individual symptoms experienced
by the groups of participants is presented in Fig. 1.
The percentage of participants with ES for each
item of Part 1B (top row) and Part 2 (middle and
bottom rows) are presented for baseline (red bars)
and broken-out for the two treatment periods (gray
and black bars). Participants who reported a given

symptom at the previous timepoint are not included
in the denominator in calculating the proportions;
persons who did not report a given symptom dur-
ing the observation period are not represented in
the graph; thus totals for any given symptom do
not add to 100%. The participants in the STx-yes
group had significantly more ES related to Freezing
(p = 0.014), Eating Tasks (p = 0.019), Walking and
Balance (p = 0.045) and Doing Hobbies (p = 0.028)
compared to the STx-no group in Year 1. In Year 2,
participants in the STx-yes group had significantly
more ES related to Speech (p = 0.002), Hygiene
(p = 0.007), Saliva and Drooling (p = 0.043), and Eat-
ing Tasks (p = 0.045) compared to the STx-no group.
Tremor, when present, was overwhelmingly present
at baseline, and emerged only infrequently as a new
symptom.

Potential utility of ES as a clinical trial outcome
measure

Given these results, we were interested to see how
the proportion of patients developing ES might per-
form as a clinical trial outcome measure. We estimate
that a sample size of 98 would provide 0.80 power
(1-�) to detect a 30% reduction in ES from baseline
to 12-month follow-up, given an alpha of 0.05 and
with equal assignment to treatment group and conti-
nuity correction when using Part IB alone. A sample
size of 96 would be required for the same parame-
ters when considering Part II alone. However, when
both Parts IB and II are combined, a sample size of
82 would provide 0.80 power (1-�) to detect a 30%
reduction in ES given the same parameters for alpha
and participant assignment.

DISCUSSION

In this exploratory analysis we asked whether,
like the Braak-staged progression of engagement of
new brain areas based on prion-like spread of synu-
clein pathology, the clinical progression of PD can
be characterized by progressive appearance of ES,
independent of the worsening severity of symptoms
already present. Using data from Parts IB and II of
the MDS-UPDRS in the STEADY-PD clinical trial
[12, 13], we found that the number of both motor
and non-motor symptoms reported by participants
increased over time in a clinical trial population, and
that 87% of the study population reported at least one
ES over the first 12 months of the study. Emergence
of new motor symptoms was slightly more frequent
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Fig. 1. Percentages of participants endorsing individual MDS-UPDRS Part IB and II scale items at baseline and at follow-up study visits.
Emergent symptoms (ES) reported at the follow-up timepoints are divided according to use of antiparkinson therapy (STx-yes and STx-no).
Once a participant endorsed a given symptom, they were no loger included in the denominator for that scale item. Thus, the numbers reflect
the proportions of participants available at the respective time points who had not previously reported the symptom, so the totals for each
item do not sum to 100%.

than the emergence of non-motor symptoms. Inter-
estingly, the incidence of both motor and non-motor
ES was less in the group of participants who began
STx after 13 months of the study. Thus, tracking self-
reported ES may provide a novel means of assessing
the progression of PD.

Of note was the fact that while a vast majority
of study participants reported tremor as a symp-
tom present at baseline, it rarely emerged as a new
symptom. This observation is in keeping with the
observation of that tremor and non-tremor items of
the MDS-UPDRS Part III subscale bear different rela-
tionships to the underlying concept of PD severity
[14] and that tremor as assessed in Part 3 of the

MDS-UPDRS contributes to functional disability at
baseline but newly emergent tremor is uncommon as
the disease progresses, as assessed by Part II [15].

The results of our study demonstrate that Parts IB
and II of the MDS-UPDRS, taken together as a sin-
gle Patient-Reported Outcome (PRO) measure, can
function as a record of milestone attainment in the
form of appearance of new disease manifestations
[16]. Arguably, especially early in disease, appear-
ance of a new symptom, as occurred in 87% of our
participants within the first year of observation, could
be interpreted to represent a significant milestone for
most persons suffering from PD. The sensitivity of
tracking ES as an outcome measure is reflected by
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the sample size estimates that less than 100 partici-
pants/arm would be required to observe a statistically
significant effect in a 1-year clinical trial. This con-
trasts with sample size requirements of 312 and 1240
per group to observe, with 80% power, a 50% or
25% reduction, in the rate of progression of the total
Part II score. The required sample sizes using Part I
would be 1090 and 4352 based on data from PPMI
[17].

Kieburtz et al. recently suggested that tracking
milestones of disease progression could provide
a useful outcome measure for clinical trials of
potential disease modifying therapies [18]. How-
ever, milestones previously proposed, such as need
for symptomatic medication, significant falls, or
recognizable cognitive impairment, either represent
changes in patient status relevant to more advanced
disease or represent subjective and/or socially deter-
mined states. In fact, only 20% of PPMI participants
reached one of a set of designated milestones, by the
end of 1 year of observation [19]. In early disease a
milestone-based assessment of disease progression
would of necessity need to be much more fine-
grained. Tracking of ES may be a more useful method
for monitoring evolution of early-stage PD in the
short term.

Our work does have limitations. First, our obser-
vation is based on a study in which the MDS-UPDRS
was administered only at yearly intervals. At this
point in time, data are not available in the public
domain from other clinical studies that have admin-
istered the MDS-UPDRS more frequently than once
every 6 or 12 months. Thus, we were unable, for
example to assess the stability of ES once recorded.
For ES to constitute a truly useful outcome measure,
one would need to verify stability of ES with obser-
vations at consecutive timepoints at least a month
apart. Thus, it would be highly desirable to replicate
our observations in a database with more-frequent
MDS-UPDRS administration. With more frequently
sampled data it would also be possible to evaluate
the relative meaningfulness and consistency of var-
ious criteria for determining ES; for example, a 2
point, as opposed to the 1-point threshold employed
in the current study. Secondly, even though Part 2 of
the MDS-UPDRS is generally considered to be a val-
idated instrument that corelates with other clinically
meaningful measures [20], the clinical meaningful-
ness for participants of ES based on the MDS-UPDRS
item inventory, while an attractive concept, has yet
to be verified. Such verification could come either
via the traditional scale validation and clinimetric

methodology, e.g., correlating ES with other con-
ventional outcome measures, use of Delphi panels,
cognitive debriefing, and revalidation, or via corre-
lation with patient self-reported experiences using
approaches, such as the Patient Report of Problems
(PROP) based on data in the Fox Insight database
[21].

Finally, we found it interesting to note that the
appearance of ES was slightly more frequent in study
participants, all of whom were untreated at the time
of enrollment, who began to receive STx during the
study. It should be noted, however that since MDS-
UPDRS was performed only at the beginning and
end of each interval, we cannot determine whether the
emergence of new symptoms created a need for medi-
cation, or whether in fact new symptoms were masked
by the initiation of treatment in this analysis. Based
on the available data it cannot be determined whether
either a) the newly emergent symptoms contributed
to the initiation of treatment, or b) participants who
started STx did so because they had a more rapidly
progressive clinical course. However, as has been
reported, initiation of STx is the result of a com-
plex medical and often social and economic calculus
for individual participants, and factors like social cir-
cumstances, continuation of employment etc., may
be more powerful determinants of STx initiation than
emergence of any one or combination of symptoms
[22]. Importantly, it does appear that addition of
STx did not completely mask the severity of ES in
these individuals. Thus, tracking ES may be a robust
method of gauging PD progression that is and rela-
tively resistant to confounding effects of symptomatic
treatment.

CONCLUSIONS

New symptoms continue to emerge in most PD
participants in the first 2 years of PD. Motor ES (Part
II) were more frequent than non-motor ES (Part IB)
among participants initiating antiparkinsonian treat-
ment in both Year 1 and Year 2 of the study. Assessing
ES reflecting patient-reported experiences of daily
living may provide a useful marker for tracking PD
progression, especially in early PD. The accrual of
ES may have a particular advantage as an efficient
outcome in Proof-of-Concept clinical trials which,
by their nature, require relatively small sample sizes.
The concept of tracking ES as a milestone-based clin-
ical trial outcome measure is worthy of exploration
in future studies and alternative datasets.
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