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ABSTRACT: Objective: The objective of this study
was to assess longitudinal change in clinical and dopa-
mine transporter imaging outcomes in early, untreated PD.
Methods: We describe 5-year longitudinal change of the
MDS-UPDRS and other clinical measures using results
from the Parkinson’s Progression Markers Initiative, a longi-
tudinal cohort study of early Parkinson’s disease (PD) par-
ticipants untreated at baseline. We also provide data on the
longitudinal change in dopamine transporter 123-I Ioflupane
striatal binding and correlation between the 2 measures.
Results: A total of 423 PD participants were recruited, and
358 remain in the study at year 5. Baseline MDS-UPDRS
total score was 32.4 (standard deviation 13.1), and the aver-
age annual change (assessed medications OFF for the
treated participants) was 7.45 (11.6), 3.11 (11.7), 4(11.9), 4.7
(11.1), and 1.74(11.9) for years 1, 2, 3, 4, and 5, respectively
(P <.0001 for the change over time), with a steeper change
in year 1. Dopaminergic therapy had a significant effect on

the change of MDS-UPDRS. There was a significant longi-
tudinal change in dopamine transporter binding in all striatal
regions (P <.001). There was a significant but weak correla-
tion between MDS-UPDRS and dopamine transporter bind-
ing at baseline and years 1, 2, and 4, but no correlation
between the rate of change of the 2 variables.
Conclusions: We present 5-year longitudinal data on the
change of the MDS-UPDRS and other clinical and dopa-
mine transporter imaging outcome measures in early PD.
These data can be used for sample size estimates for inter-
ventional studies in the de novo PD population. VC 2018 The
Authors. Movement Disorders published by Wiley Periodi-
cals, Inc. on behalf of International Parkinson and Move-
ment Disorder Society.
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Parkinson’s disease (PD) is the second most com-
mon neurodegenerative disease. Although there is a
large armamentarium of effective symptomatic thera-
pies, disease-modifying interventions are an area of
tremendous unmet need. One of the limitations in the
development of therapeutics for PD disease modifica-
tion is the lack of reliable, objective measures of PD
progression. In the absence of objective measures,
disease modification trials have traditionally recruited
PD participants de novo at baseline and use either
change in the Unified Parkinson’s Disease Rating
Scale (UPDRS) 1 or time to initiation of symptomatic
therapy as the primary outcome measures.2,3 The
Parkinson’s Progression Markers Initiative (PPMI) is
an ongoing observational, international, multicenter
cohort study aimed to identify the clinical, serologi-
cal, genetic, cerebrospinal fluid (CSF) and imaging
biomarkers of PD progression in a large cohort of
participants including de novo PD patients and
healthy controls. PPMI participants are assessed
every 6 months with a spectrum of clinical measures,
including the MDS-UPDRS and an annual collection
of biological and imaging data.

In 2001, the Movement Disorder Society (MDS)
convened a task force to develop a new version of
UPDRS.4 The MDS Unified Parkinson’s Disease Rat-
ing Scale (MDS-UPDRS) underwent extensive clini-
metric development and was endorsed by the MDS as
the preferred tool to measure PD disability.5 There
are limited published data on the longitudinal rate of
change of the scale in the de novo PD population.
Such data are important to understand how the
MDS-UPDRS may perform when used as an outcome
measure in interventional clinical trials conducted in
patients with early PD. Dopamine transporter (DAT)
123-I Ioflupane (DatScan) single-photon emission
computed tomography imaging is the only commer-
cially approved functional imaging modality to estab-
lish presence of presynaptic dopamine deficiency. In
clinical practice, DAT imaging is interpreted qualita-
tively based on the visual interpretation, whereas
quantitative analysis is routinely used in the research
domain. The scan is increasingly used in clinical trials
to exclude patients without evidence of dopamine
deficiency who are unlikely to have the pathology
that typically causes PD.6 There are limited data on
the sensitivity of DAT binding to longitudinal
change, which is an essential question if DAT imag-
ing is to be used as an imaging biomarker in PD clin-
ical trials.

The analyses in this report has 2 main aims:
first, to describe the 5-year change of the MDS-
UPDRS, other clinical outcome measures, and DAT
binding; and second to assess the correlation between
MDS-UPDRS and DAT binding in this early PD
cohort.

Methods

Newly diagnosed, de novo PD patients (N 5 423)
were enrolled in PPMI. At baseline, the PD partici-
pants were required to (1) have a recent idiopathic PD
diagnosis, (2) be untreated for PD, (3) have DAT defi-
cit, and (4) not have dementia as determined by the
site investigator. The aims, methodology, and scope of
activities of the study have been previously published.7

The study was approved by the institutional review
boards at each site, and the participants provided writ-
ten informed consent. The dataset was downloaded on
October 23, 2017. Two key outcome measures were
examined. First, MDS-UPDRS is assessed at every
study visit. Once participants start dopaminergic ther-
apy (DT), defined as levodopa and/or dopamine ago-
nists, the MDS-UPDRS is assessed in the OFF
medications state defined in the PPMI protocol as
more than 6 hours post–last dose of DT and ON
state(approximately an hour after the last dose of
DT). Participants treated with other PD medications
(non-DT; monoamine oxidase inhibitors and/or anti-
cholinergics and amantadine) are examined only in the
ON state. Once participants start any type of DT, the
dose is reported as cumulative levodopa equivalence
daily dose as well as levodopa equivalence daily dose
by DT subclass.8 Second, all participants underwent
DAT imaging at baseline and years 1, 2, and 4. Imag-
ing results are analyzed according to the imaging tech-
nical operations manual (http://ppmi-info.org/). DAT
imaging data are presented as both the regional spe-
cific binding ratio and percent change of the specific
binding ratio by striatal subregion. Ipsilateral versus
contralateral are defined in relation to the more clini-
cally affected body side at baseline. PPMI dataset also
includes CSF measures of the following putative
PD biomarkers: b-amyloid 1-42, total tau, tau phos-
phorylated at threonine 181, and unphosphorylated
a-synuclein. CSF measures are not included in this
analysis because the 1-year longitudinal data have
been recently reported,9 and 3-year data will be
reported shortly.

Statistical Analysis

Summary statistics for baseline demographics and
PD characteristics were reported for all PD patients.
Repeated-measures linear mixed models were used to
examine the changes in MDS-UPDRS total and part
III scores, separately for the whole cohort, and for the
following subsets of participants: (1) untreated, (2)
treated with DT (defined as levodopa and/or dopa-
mine agonists), (3) treated only with levodopa, and (4)
treated with other PD medications. Repeated-measures
linear mixed models were also used to examine the
changes in clinical characteristics and DAT binding
over time for the whole cohort.
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Spearman correlations were calculated between
MDS-UPDRS and DAT binding ratios at each time
point for the whole cohort and for the subset treated
only with levodopa (using OFF scores in treated
patients) and also between the change in MDS-UPDRS
and percent change in DAT binding ratios for the
whole cohort. The t-tests were used in pairwise com-
parisons of the 1-year change in MDS-UPDRS total
score for patients who were untreated, treated with
DT, and treated with other PD medications at year 1.

Results

Baseline demographics and disease characteristics
for the 423 PD participants are presented in Table 1
and discussed in the companion paper. The partici-
pants’ demographics are generally consistent with
early PD clinical trials populations. The data on 5-
year study retention are presented in Table 2. At the
time of data download, 85% of participants remained
in the study. The 5-year longitudinal data on MDS-
UPDRS are presented in Table 2 and Figure 1A,B. The
data are presented for the overall cohort and by treat-
ment status as discussed in the Methods section. The
numbers reflect all patients who were seen at that time
point and who had data on MDS-UPDRS available.
Smaller datasets for 36 months and beyond reflect the
fact that PPMI is an ongoing study and data continue
to be collected. Discrepancies between the number of
patients seen and the number included in the MDS-
UPDRS reporting reflect missing data largely driven
by incomplete data collection predominantly in the
medications OFF state. Consistent with the previ-
ously published studies, 59% of the PPMI cohort

TABLE 1. Baseline demographics and PD characteristics

Variable PD patients, N 5 423

Age
Mean (SD) 61.66 (9.7)
(Min, max) (33.5, 84.9)
Missing 0

Age, n (%)
<56 years 116 (27.42)
56-65 years 151 (35.70)
>65 years 156 (36.88)
Missing 0

Gender, n (%)
Male 277 (65.48)
Female 146 (34.52)
Missing 0

Education, n (%)
<13 years 76 (17.97)
13-23 years 344 (81.32)
>23 years 3 (0.71)
Missing 0

Ethnicity, n (%)
Hispanic/Latino 9 (2.13)
Not Hispanic/Latino 414 (97.87)
Missing 0

Race, n (%)
White 391 (92.43)
Black/African American 6 (1.42)
Asian 8 (1.89)
Other 18 (4.26)
Missing 0

Family history of PD, n (%)a

Any family members with PD 103 (24.41)
No family members with PD 319 (75.59)
Missing 1

Disease duration, mo
Mean (SD) 6.71 (6.6)
(Min, max) (0.4, 35.8)
Missing 0

Age of PD onset
Mean (SD) 59.65 (10.0)
(Min, max) (25.4, 83.0)
Missing 0

Side most affected, n (%)
Left 179 (42.32)
Right 234 (55.32)
Symmetric 10 (2.36)
Missing 0

MDS-UPDRS mean (SD) score & subscores
MDS-UDPRS total score 32.36 (13.1)
MDS-UDPRS part I score 5.57 (4.1)
MDS-UDPRS part II score 5.90 (4.2)
MDS-UDPRS part III score 20.89 (8.9)
Missing 1

Hoehn & Yahr, n (%)
Stage 0 0 (0)
Stage 1 185 (43.74)
Stage 2 236 (55.79)
Stage 3-5 2 (0.47)
Missing 0

Modified Schwab & England ADL
Mean (SD) 93.14 (5.9)
(Min, max) (70.0, 100.0)
Missing 0

(Continued)

TABLE 1. Continued

Variable PD patients, N 5 423

TD/non-TD classification, n (%)
TD 299 (70.85)
Non-TD 123 (29.15)
Missing 1

PIGD score
Mean (SD) 0.23 (0.2)
(Min, max) (0.0, 1.4)
Missing 1

Tremor score
Mean (SD) 0.49 (0.3)
(Min, Max) (0.0, 1.8)
Missing 1

MOCA
Mean (SD) 27.13 (2.3)
(Min, max) (17.0, 30.0)
Missing 3

Report generated on data submitted as of October 23, 2017.
aFamily history captures any family member and not restricted to the first-
degree relatives.
TD, tremor dominant; PIGD, postural instability gait disorder predominant.
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TABLE 2. MDS-UPDRS total scores over time in treated and untreated PD patients

Baseline Month 6 Month 12 Month 24 Month 36 Month 48 Month 60

Variable

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

P value,

change

over time

Untreated1 Treated OFF, n 423/423 414/402 n5 409/394 399/376 388/365 377/335 240/218
Total score <.0001

n completed 422 400 334 282 255 249 163
Mean (SD) 32.36 (13.1) 39.16 (16.0) 39.28 (16.4) 42.75 (17.0) 46.03 (18.6) 49.70 (20.1) 51.77 (20.3)
(Min, max) (7.0, 72.0) (4.0, 94.0) (5.0, 113.0) (10.0, 99.0) (9.0, 121.0) (9.0, 128.0) (16.0, 140.0)

Part III score <.0001
n completed 423 400 334 282 255 249 163
Mean (SD) 20.89 (8.9) 24.87 (10.3) 25.10 (11.1) 27.13 (11.4) 29.22 (12.2) 31.53 (12.3) 32.15 (12.8)
(Min, max) (4.0, 51.0) (3.0, 60.0) (2.0, 67.0) (3.0, 68.0) (4.0, 80.0) (6.0, 80.0) (6.0, 90.0)

Untreated1 Treated ON
Total score <.0001

n completed 422 402 382 354 343 321 204
Mean (SD) 32.36 (13.1) 39.04 (16.0) 37.74 (16.1) 38.55 (16.3) 41.25 (18.6) 43.10 (21.0) 47.03 (22.7)
(Min, max) (7.0, 72.0) (4.0, 94.0) (4.0, 113.0) (5.0, 99.0) (3.0, 118.0) (6.0, 142.0) (13.0, 156.0)

Part III score <.0001
n completed 423 402 382 354 343 321 204
Mean (SD) 20.89 (8.9) 24.80 (10.4) 23.43 (10.9) 23.13 (11.4) 24.08 (12.2) 24.31 (13.1) 26.33 (13.3)
(Min, max) (4.0, 51.0) (3.0, 60.0) (1.0, 67.0) (0.0, 68.0) (0.0, 65.0) (1.0, 70.0) (3.0, 85.0)

Untreated, n 423 373 162 58 27 16 9
Total score <.0001

n completed 422 373 162 58 27 16 9
Mean (SD) 32.36 (13.1) 39.66 (15.9) 40.44 (16.3) 41.78 (18.1) 42.70 (20.6) 43.06 (27.3) 31.33 (9.5)
(Min, max) (7.0, 72.0) (4.0, 94.0) (13.0, 113.0) (13.0, 99.0) (11.0, 83.0) (19.0, 128.0) (19.0, 48.0)

Part III score <.0001
n completed 423 373 162 58 27 16 9
Mean (SD) 20.89 (8.9) 25.31 (10.2) 26.52 (10.6) 28.09 (12.7) 28.81 (13.2) 28.06 (14.5) 22.67 (6.6)
(Min, max) (4.0, 51.0) (3.0, 60.0) (6.0, 67.0) (4.0, 68.0) (7.0, 52.0) (10.0, 69.0) (15.0, 33.0)

Levodopa/DA OFF 0 20 166 257 296 296 201
Total score <.0001

n completed N/A 18 106 163 186 210 146
Mean (SD) N/A 32.17 (17.4) 39.08 (17.5) 43.65 (17.5) 46.34 (19.1) 50.62 (19.9) 53.37 (20.2)
(Min, max) N/A (11.0, 61.0) (8.0, 89.0) (10.0, 96.0) (9.0, 121.0) (11.0, 111.0) (17.0, 140.0)

Part III score <.0001
n completed N/A 18 106 163 186 210 146
Mean (SD) N/A 18.78 (11.7) 24.31 (11.9) 26.91 (11.5) 28.96 (12.6) 31.77 (12.3) 32.93 (13.0)
(Min, max) N/A (5.0, 51.0) (2.0, 60.0) (3.0, 62.0) (4.0, 80.0) (6.0, 80.0) (6.0, 90.0)

Levodopa/DA ON
Total score <.0001

n completed N/A 20 154 235 274 282 187
Mean (SD) N/A 30.40 (17.4) 35.32 (16.1) 37.05 (16.1) 40.26 (18.8) 42.88 (21.1) 47.84 (23.1)
(Min, max) N/A (9.0, 61.0) (4.0, 83.0) (5.0, 81.0) (3.0, 118.0) (6.0, 142.0) (13.0, 156.0)

Part III score <.0001
n completed N/A 20 154 235 274 282 187
Mean (SD) N/A 17.90 (11.5) 20.40 (10.5) 20.94 (10.8) 22.61 (12.1) 23.49 (13.0) 26.42 (13.6)
(Min, max) N/A (5.0, 51.0) (1.0, 50.0) (0.0, 56.0) (0.0, 65.0) (1.0, 70.0) (3.0, 85.0)

Levodopa only OFF, n 0 11 73 114 124 118 84
Total score <.0001

n completed N/A 10 41 81 81 85 56
Mean (SD) N/A 33.00 (16.3) 43.41 (19.5) 45.37 (18.9) 49.26 (20.2) 55.02 (19.8) 58.27 (21.1)
(Min, max) N/A (11.0, 61.0) (12.0, 89.0) (10.0, 96.0) (9.0, 121.0) (21.0, 111.0) (17.0, 110.0)

Part III score <.0001
n completed N/A 10 41 81 81 85 56
Mean (SD) N/A 18.80 (9.5) 27.37 (12.5) 27.83 (11.5) 31.38 (13.1) 35.55 (12.3) 36.41 (14.4)
(Min, max) N/A (7.0, 38.0) (9.0, 60.0) (3.0, 59.0) (4.0, 80.0) (8.0, 80.0) (7.0, 90.0)

Levodopa only ON
Total score <.0001

n completed N/A 11 73 105 117 116 79
Mean (SD) N/A 30.82 (17.1) 37.81 (17.9) 37.77 (17.4) 43.06 (20.4) 46.96 (22.9) 52.23 (26.7)
(Min, max) N/A (9.0, 61.0) (6.0, 83.0) (5.0, 80.0) (7.0, 118.0) (7.0, 142.0) (13.0, 156.0)

(Continued)
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started any PD medications by year 1 and 42%
started DT (Fig. 1C).10 MDS-UPDRS data for the
PPMI participants are presented for the following

groups: (1) untreated 1 treated OFF, which includes
participants on no medication and on non-DT PD
medications and participants on DT examined in the

TABLE 2. Continued

Baseline Month 6 Month 12 Month 24 Month 36 Month 48 Month 60

Variable

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

n expected/n

seen at visit

P value,

change

over time

Part III score <.0001
n completed N/A 11 73 105 117 116 79
Mean (SD) N/A 17.55 (9.9) 21.18 (10.7) 20.86 (11.4) 24.15 (12.6) 26.04 (13.9) 28.28 (14.9)
(Min, max) N/A (5.0, 38.0) (2.0, 50.0) (0.0, 56.0) (1.0, 65.0) (1.0, 70.0) (3.0, 85.0)

Other PD meds, n 0 9 66 61 42 23 8
Total score <.0001

n completed N/A 9 66 61 42 23 8
Mean (SD) N/A 32.33 (11.8) 36.76 (14.6) 41.26 (14.7) 46.81 (14.5) 45.91 (15.1) 45.63 (18.4)
(Min, max) N/A (13.0, 45.0) (5.0, 80.0) (15.0, 74.0) (13.0, 77.0) (9.0, 66.0) (16.0, 75.0)

Part III score <.0001
n completed N/A 9 66 61 42 23 8
Mean (SD) N/A 19.00 (9.1) 22.91 (10.4) 26.84 (9.6) 30.67 (9.9) 31.78 (10.6) 28.50 (9.6)
(Min, max) N/A (6.0, 31.0) (4.0, 47.0) (6.0, 46.0) (11.0, 49.0) (9.0, 48.0) (9.0, 40.0)

Different n in OFF and ON scores reflects missing OFF scores where patient either forgot or was unable to withhold medication. Patients are expected at the
visit if they are past the expected visit window and have not terminated early from the study.
DA, dopamine agonists; ADLs, activities of daily living; N/A, not applicable.

FIG. 1. (a) MDS-UPDRS Total Score over time in all PD subjects. (b) MDS-UPDRS Total Score over time in PD subjects by treatment group. (c)
Kaplan-Meier curve for time to start PD medications in PD subjects. (d) DaTSCAN over time in PD subjects.
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medications OFF state; (2) untreated 1 treated ON,
which includes participants on no medication, partic-
ipants on non-DT PD medications, and participants
on DT evaluated in the ON state as well as the sub-
groups of (1) untreated, (2) treated with DT both
OFF and ON, (3) treated only with levodopa both
OFF and ON, and (4) treated with non-DT PD medi-
cations (Table 2).

The annual change of the MDS-UPDRS in the whole
cohort (assessed medications OFF for the treated par-
ticipants) was 7.45 (SD 5 11.6), 3.11 (11.7), 4(11.9),
4.7 (11.1), and 1.74 (11.9) for years 1, 2, 3, 4, and 5,
respectively (P< .0001 for the change over time). The
largest change was in year 1 and plateaued afterward
as a reflection of the symptomatic effect of DT. The
smallest change at year 5 might reflect a smaller num-
ber of patients at that time point. We then calculated
the change in MDS-UPDRS total score from baseline
to the year 1 visit (Supporting Information Table 1s).
A total of 334 participants had MDS-UPDRS data at
year 1, and data on that subset of participants were
used for calculation of the change of the MDS-UPDRS
total score from baseline to year 1 that was 7.5
(SD 5 11.6) for the whole cohort. There was a signifi-
cant increase in MDS-UPDRS total score over 1 year
in all participants. The largest change was in those
who remained untreated (10.7 [SD 10.7]), the smallest
change was in those who started DT (OFF scores; 2.4
[SD 11.4]), and the group that was treated with non-
DT PD medications fell in between (7.5 [SD 11.2]) the
other 2 groups. All pairwise comparisons in change in
MDS-UPDRS total score between groups were signifi-
cant (Supporting Information Table 1s). Of note,
although the PPMI protocol allows OFF assessments
to be done �6 hours post–last dose of DT, the actual
average time to OFF assessment was >12 hours at all
time points (Supporting Information Table 2s), and
there was no significant effects of the time to ON
assessment on the degree of change in DT group (Sup-
porting Information Table 3s). For the participants
who started DT, the difference between medications
OFF and ON MDS-UPDRS total score was very mod-
est (3.7 [SD 16.7]) at year 1 (P 5 .07) and increased
by year 2 (6.5 [SD 16.7; P< .001]) but still remained
modest even at year 5. The difference in the MDS-
UPDRS part 3 score in the medication OFF versus
ON state was of a similar magnitude (Table 2, Fig.
1a). The levodopa equivalence daily dose totals for
specific types of DT at each time point are presented
in Supporting Information Table 4s. The analysis of
the OFF/ON difference in the levodopa-only treated
group did not change the conclusions.

The 5-year longitudinal data on the change in the
other clinical measures are presented in Table 3. There
was a significant change in all measures included, but
the magnitude was variable. The change in the

MOCA score was small, occurred largely in the first
year, and plateaued afterward. MDS-UPDRS parts I
and II scores nearly doubled in 5 years, although the
absolute change was still small, in the realm of 5
points for both subscores. The majority of patients
remained at the Hoehn and Yahr stage � 2 (93%),
which means mild disease, although the average
Schwab and England scores dropped from
93.1(SD 5 5.9) at baseline to 83.3 (SD 5 14.6) at year
5. Detailed analyses of the 2- to 3-year longitudinal
change in cognition and other nonmotor symptoms in
the PPMI cohort were recently published and are not
included in this article.11,12

The longitudinal change in DAT binding is detailed
in Table 3 and depicted in Figure 1D. There was a sig-
nificant change in all regions over time. The mean per-
cent reduction (standard deviation) compared to
baseline in mean striatum was 11.2 (15.1)/17.0
(16.6)//27.4 (17.3), mean caudate was 9.6 (16.1)/15.7
(16.8)/25.6 (18.3), and mean putamen binding was
13.5 (21.8)/19.1 (21.0)/30.6 (21.3) at years 1, 2, and
4, respectively (Supporting Information Table 7s). The
change was greater in the ipsilateral putamen when
compared with the contralateral putamen and was
greater in year 1 than in subsequent years. Correlation
analysis of the regional DAT binding and MDS-
UPDRS at each time point (ie, baseline and years 1, 2,
and 4) demonstrated a significant, but small, correla-
tion between MDS-UPDRS and DAT binding variables
most marked at baseline (Table 4). Correlations at
year 4 are less significant, but there is a smaller sample
size at year 4. The magnitude of correlation increased
slightly specifically at year 2 when we reran the corre-
lation analysis in the subset of the participants treated
only with levodopa (Table 4). Correlation of the per-
cent change from baseline in regional DAT binding
and the change in MDS-UPDRS showed no significant
correlation at either years 1 or 2 (Table 4). At year 4,
there was a significant, but small, correlation between
change in MDS-UDPRS total score and percent change
in both mean caudate and mean striatum binding, but
not mean or contralateral putamen.

Discussion

The PPMI study was designed to accelerate develop-
ment of therapies for PD by clarifying the perfor-
mance of clinical and biological markers of disease. In
this report, we systematically explore longitudinal
change of the MDS-UPDRS (considering the impact of
introducing symptomatic treatment), other clinical
measures, and DAT binding in the PPMI cohort. Fur-
thermore, our study provides data on the correlation
between the motor clinical outcomes and DAT bind-
ing. These data are highly valuable for the design of
future disease modification trials.
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We conducted an in-depth analysis of the change of
MDS-UPDRS over year 1 by treatment status with the
rationale that these data are frequently used for the
design of the disease modification trials in early PD. A
number of previously reported studies have provided
data on the longitudinal change of UPDRS total score
in early at baseline untreated PD cohorts.13-17 The
change in UPDRS ranges between 6 and 12 points
over 1 year. Taking into consideration the UPDRS to
MDS-UPDRS conversion factor of 1.4, our data are
consistent with these previously completed studies.18

Not surprisingly, our data demonstrate significant dif-
ferences in the rate of change in the MDS-UPDRS in
participants who initiated DT (42% of the cohort)
versus those who remained untreated at 1 year of
follow-up (41%). DT provides a robust symptomatic

benefit in early PD, and once DT is initiated, the rate
of change of motor disability flattens until participants
reach more advanced stages of PD dominated by
levodopa-resistant symptoms.19 These data are crucial
to design of clinical trials that plan to recruit early
untreated PD participants who will require DT even
within the first year of evaluation. Interestingly, 17%
of the participants who were treated with non-DT PD
medications (MAO-Bs and/or anticholinergics and
amantadine) at year 1 had a change in the MDS-
UPDRS in between the values seen in DT-treated and
untreated individuals, but closer to those who
remained untreated. These data reflect the lower
potency of these agents. Our data cannot be directly
compared to the longitudinal studies that tested effi-
cacy of rasagiline in a de novo population because we

TABLE 3. Clinical characteristics and DaTSCAN over time in PD subjects

Variable Baseline Month 6 Month 12 Month 24 Month 36 Month 48 Month 60

P value,

change

over time

MOCA <.0001
n completed 420 N/A 392 374 363 339 217
Mean (SD) 27.13 (2.3) N/A 26.30 (2.8) 26.27 (3.2) 26.40 (3.0) 26.42 (3.6) 26.42 (3.8)
(Min, max) (17.0, 30.0) N/A (15.0, 30.0) (9.0, 30.0) (13.0, 30.0) (11.0, 30.0) (2.0, 30.0)

MDS-UPDRS part I <.0001
n completed 422 403 395 377 366 340 221
Mean (SD) 5.57 (4.1) 6.40 (4.7) 6.77 (4.6) 7.66 (5.0) 8.32 (5.4) 9.06 (5.9) 9.80 (6.5)
(Min, max) (0.0, 24.0) (0.0, 33.0) (0.0, 29.0) (0.0, 26.0) (0.0, 36.0) (0.0, 36.0) (0.0, 36.0)

MDS-UPDRS part II <.0001
n completed 422 403 395 377 366 343 221
Mean (SD) 5.90 (4.2) 7.81 (5.3) 7.53 (5.1) 7.98 (5.3) 8.91 (5.7) 9.82 (6.7) 10.83 (7.3)
(Min, max) (0.0, 22.0) (0.0, 28.0) (0.0, 36.0) (0.0, 27.0) (0.0, 29.0) (0.0, 37.0) (0.0, 40.0)

Modified Schwab & England ADL <.0001
n completed 423 401 393 376 365 342 221
Mean (SD) 93.14 (5.9) 90.92 (7.7) 90.46 (6.7) 88.78 (8.0) 87.66 (8.1) 85.73 (10.4) 83.28 (14.6)
(Min, max) (70.0, 100.0) (50.0, 100.0) (70.0, 100.0) (60.0, 100.0) (50.0, 100.0) (20.0, 100.0) (10.0, 100.0)

Hoehn & Yahr, n (%)a <.0001
Stage 0 0 (0.00) N/A 1 (0.30) 2 (0.71) 0 (0.00) 1 (0.40) 0 (0.00)
Stage 1 185 (43.74) N/A 99 (29.73) 71 (25.09) 45 (17.65) 38 (15.26) 11 (6.75)
Stage 2 236 (55.79) N/A 220 (66.07) 197 (69.61) 187 (73.33) 183 (73.49) 141 (86.50)
Stage 3-5 2 (0.47) N/A 13 (3.90) 13 (4.59) 23 (9.02) 27 (10.84) 11 (6.75)

Contralateral putamen <.0001
n completed 419 N/A 369 345 N/A 235 3
Mean (SD) 0.69 (0.3) N/A 0.60 (0.2) 0.57 (0.2) N/A 0.49 (0.2) 0.30 (0.2)
(Min, max) (0.1, 2.2) N/A (0.1, 1.9) (0.0, 1.6) N/A (0.1, 1.6) (0.1, 0.5)

Mean putamen <.0001
n completed 419 N/A 369 345 N/A 235 3
Mean (SD) 0.83 (0.3) N/A 0.69 (0.3) 0.65 (0.3) N/A 0.55 (0.2) 0.48 (0.1)
(Min, max) (0.2, 2.2) N/A (0.1, 2.3) (0.0, 1.9) N/A (0.1, 1.5) (0.4, 0.6)

Mean caudate <.0001
n completed 419 N/A 369 345 N/A 235 3
Mean (SD) 2.00 (0.6) N/A 1.78 (0.5) 1.67 (0.5) N/A 1.48 (0.5) 1.15 (0.2)
(Min, max) (0.4, 3.7) N/A (0.3, 3.7) (0.2, 3.6) N/A (0.2, 3.0) (0.9, 1.4)

Mean striatum <.0001
n completed 419 N/A 369 345 N/A 235 3
Mean (SD) 1.41 (0.4) N/A 1.24 (0.4) 1.16 (0.4) N/A 1.01 (0.4) 0.81 (0.1)
(Min, max) (0.3, 2.6) N/A (0.2, 2.7) (0.1, 2.4) N/A (0.1, 2.0) (0.7, 1.0)

Report generated on data submitted as of October 23, 2017. DaTSCAN is not completed at month 36. Contralateral putamen is labeled in regard to the more
clinically affected PD body side.
aHoehn & Yahr P value comes from a logistic model comparing Stages 0 to 1 vs 2 to 5.
bADLs, activities of daily living; N/A, not applicable; DAT, Dopamine transporter; DatScan, 123-I Ioflupane; SPECT, single photon emission computed tomogra-
phy imaging.
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TABLE 4A. Correlations between change in MDS-UPDRS and percentage change in DaTSCAN SBR

Change at year 1 Change at year 2 Change at year 4

Variable

Spearman

correlation

coefficient P value

Spearman

correlation

coefficient P value

Spearman

correlation

coefficient P value

Correlation with % contralateral putamen
MDS-UPDRS part III score .0800 .1580 2.0117 .8509 2.0501 .5149
MDS-UPDRS total score .0256 .6515 2.0708 .2543 2.0739 .3366

Correlation with % mean putamen
MDS-UPDRS part III score .0027 .9624 .0187 .7629 2.0016 .9836
MDS-UPDRS total score 2.0322 .5701 2.0359 .5641 2.0757 .3248

Correlation with % mean caudate
MDS-UPDRS part III score 2.0403 .4775 .0470 .4492 2.1036 .1777
MDS-UPDRS total score 2.0474 .4030 2.0791 .2025 2.1819 .0173

Correlation with % mean striatum
MDS-UPDRS part III score 2.0254 .6548 .0376 .5443 2.0800 .2984
MDS-UPDRS total score 2.0414 .4654 2.0777 .2107 2.1614 .0349

SBR, specific binding ratio.

TABLE 4B. Correlations between MDS-UPDRS and DaTSCAN SBR (all patients)

Variable

Baseline Year 1 Year 2 Year 4

Spearman

correlation

coefficient P value

Spearman

correlation

coefficient P value

Spearman

correlation

coefficient P value

Spearman

correlation

coefficient P value

Correlation with contralateral putamen
MDS-UPDRS part III score 2.2119 <.0001 2.1918 .0006 2.2333 .0001 2.1317 .0860
MDS-UPDRS total score 2.2100 <.0001 2.2361 <.0001 2.3282 <.0001 2.1854 .0152

Correlation with mean putamen
MDS-UPDRS part III score 2.2760 <.0001 2.2130 .0001 2.2513 <.0001 2.1722 .0243
MDS-UPDRS total score 2.2894 <.0001 2.2511 <.0001 2.3398 <.0001 2.2384 .0017

Correlation with mean caudate
MDS-UPDRS part III score 2.1709 .0004 2.1210 .0324 2.1664 0.0070 2.1900 .0128
MDS-UPDRS total score 2.1820 .0002 2.1483 .0086 2.2655 <.0001 2.2356 .0019

Correlation with mean striatum
MDS-UPDRS part III score 2.2246 <.0001 2.1561 .0056 2.2001 .0011 2.1926 .0116
MDS-UPDRS total score 2.2353 <.0001 2.1881 .0008 2.2996 <.0001 2.2446 .0013

SBR, specific binding ratio.

TABLE 4C. Correlations between MDS-UPDRS and DaTSCAN SBR in PD patients treated with levodopa only

Variable

Baseline Year 1 Year 2 Year 4

Not

applicable

Spearman

correlation

coefficient P value

Spearman

correlation

coefficient P value

Spearman

correlation

coefficient P value

Correlation with contralateral putamen
MDS-UPDRS part III score 2.0911 .5814 2.2972 .0096 2.0687 .6180
MDS-UPDRS total score 2.0649 .6948 2.4093 .0003 2.1942 .1553

Correlation with mean putamen
MDS-UPDRS part III score 2.1464 .3739 2.2437 .0351 2.0328 .8123
MDS-UPDRS total score 2.1299 .4308 2.3193 .0052 2.1818 .1839

Correlation with mean caudate
MDS-UPDRS part III score 2.2309 .1574 2.1886 .1051 2.0948 .4911
MDS-UPDRS total score 2.1735 .2907 2.3136 .0061 2.2167 .1121

Correlation with mean striatum
MDS-UPDRS part III score 2.2230 .1724 2.2027 .0811 2.0857 .5341
MDS-UPDRS total score 2.1731 .2919 2.3228 .0047 2.2300 .0911

Report generated on data submitted as of October 23, 2017. SBR, specific binding ratio. DAT, DaTSCAN-Dopamine transporter; DatScanVR , 123-I Ioflupane;
SPECT, single photon emission computed tomography imaging.
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assessed cumulative effect of these agents in our analy-
sis.20 The PPMI cohort data are in accord with the
majority of previously reported studies demonstrating
60% rate of initiation of any PD medication by year 1
(Fig. 1D).10 As expected, non-DT therapies are initi-
ated earlier than major classes of DT.

It is also not surprising that the difference between
MDS-UPDRS OFF and ON scores in the treated partic-
ipants was very modest given their early stage of dis-
ease. That was true even in the subset of the
participants treated only with levodopa. Many partici-
pants were treated with long-acting DT agents, such as
long-acting dopamine agonists, and wearing off of
symptomatic benefit would be expected to be minimal.
In addition, as was demonstrated in other studies,21

even in participants treated with levodopa alone, there
is a well-established phenomenon of levodopa long-
duration response with time to wash out of symptom-
atic benefit exceeding 2 weeks, particularly early in
treatment. Although the minimum requirement for OFF
time in the PPMI study is 6 hours compared to the 12
hours practically defined OFF state,22 the average time
to OFF assessment at all time points was >12 hours,
and 80% or more of OFF exams were completed after
12 hours, and as such we do not believe it had an
impact on the magnitude of OFF/ON difference. Such
small delta in OFF/ON scores raises the question of
validity of OFF assessments in the early-PD population,
and it might be reasonable to consider ON assessments
as a longitudinal outcome in early PD.

Those participants who did not require initiation of
DT had milder disease at baseline. At first glance, par-
adoxically they had a larger and less variable change
in MDS-UPDRS during the 12 and 24 months, but
that can be explained by the fact that they do not
experience the benefit of robust improvement with
DT. Overall, these MDS-UPDRS data analyzed by DT
treatment status provide a scaffold for planning the
scope and duration of clinical trials with different sets
of assumptions and study inclusion criteria.

We also report the longitudinal change in DAT
binding in this cohort. A reduction in DAT binding
was an eligibility requirement for the PD participants.
During the 4-year assessment interval, there was a
marked additional reduction in DAT binding in all
regions. The reduction was evident in all regions, but
more marked in the putamen, consistent with the prior
studies.16 The change in ipsilateral putamen was
greater than the change in contralateral putamen at all
time points, suggesting that there may be a floor effect
limiting the already reduced contralateral putamen.
These data also demonstrate that the annualized
change in DAT binding was greatest at year 1 when
compared with years 2 and 4. These data may be con-
sistent with recent pathology data suggesting that
DAT terminal have largely disappeared by year 4 of

diagnosis,23 again creating a floor effect for change in
DAT binding. These data also suggest the limitations
of the linear change analysis for DAT binding.

MDS-UPDRS data and DAT-binding data show sig-
nificant but modest correlation at baseline and at years
1, 2, and 4 of evaluation. The modest correlation is
explained by the fact that these outcomes measure
overlapping but different aspects of PD pathology and
are manifest at different stages of the neurodegenera-
tion in PD. Considering that the earliest clinical motor
manifestations of PD occur at the point of at least 50%
loss of dopaminergic transporter binding, such weak
correlation is not surprising. Finally, the comparison of
MDS-UPDRS and DAT binding in years 1 to 4 is con-
founded by the profound treatment effect of PD medi-
cations on motor MDS-UPDRS scores, although the
analysis was run for the OFF scores. The lack of robust
correlation between the change in MDS-UPDRS and
percent change in DAT binding is similarly explained
by the confounding effect of DT on MDS-UPDRS
change. Correlation of change is further limited because
the change in both MDS-UPDRS and DAT binding is
small and variable just as typical clinical progression is
slow and subject specific. Given the lack of correlation,
DAT binding cannot be considered a surrogate out-
come for MDS-UPDRS in early PD clinical trials. How-
ever, despite the lack of correlation with UPDRS, the
effect of medications designed to slow disease progres-
sion on the longitudinal change in DAT binding may
be a valuable tool to assess drug mechanism, particu-
larly in early decision-making trials.

Some limitations of the PPMI study design have to be
acknowledged. The PPMI recruited participants with
very early PD who were younger and had less baseline
disability than the general PD population, and as such
the PPMI cohort cannot be considered and was never
intended to be representative of the natural history of PD
progression. The primary objective of the PPMI study is
to facilitate the development of biomarkers of PD pro-
gression, and novel PD therapeutics and demographics
of the PPMI cohort are similar to the participants
recruited in PD de novo interventional studies. For the
same reason, the pattern of PD medications utilization in
PPMI cohort is not reflective of the PD population at
large. However, interestingly as early as year 2, close to
50% of the treated participants were using levodopa,
and by 5 years this figure increased to 83%. Conversely,
the percent of participants treated with dopamine ago-
nists remained fairly stable at about 40%. These num-
bers largely reflect a shift in the prescribing patterns
from dopamine agonists to levodopa that occurred dur-
ing the time that our data were collected. Another limita-
tion is the incomplete dataset on MDS-UPDRS
assessments in the OFF state. As the PPMI is an ongoing
study, we are working to increase the OFF data collec-
tion to be available at even later time points.
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In conclusion, we provide data on the 2 anchor out-
comes in the PPMI study: longitudinal change of the
MDS-UPDRS and DAT binding in the cohort of
recently diagnosed PD patients. Additional longitudi-
nal clinical, biomarker, and genetic assessments of the
PPMI cohort are reported and will be reported in
other articles. Our data provide comprehensive infor-
mation on these measures as participant’s progress
over time and begin PD treatments. Our results pro-
vide a framework for designing studies that incorpo-
rate clinical and DAT imaging measures in de novo
PD participants. Such studies may signal a more accu-
rate and efficient process toward the development of
disease-modifying treatments for PD.
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