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ABSTRACT: Objective: The objective of this study was
to identify clinical predictors of motor complications (dys-
kinesia and motor fluctuations) of levodopa in a prospec-
tively recruited PD cohort using longitudinal analysis.
Methods: An inception cohort (Oxford Discovery) of
734 patients was followed to a maximum of 10 years from
diagnosis using a discrete-time survival analysis. A subset
analysis was used to validate an online dyskinesia-risk
calculator developed from the results of the Stalevo
Reduction in Dyskinesia Evaluation PD trial.
Results: A total of 186 cases of dyskinesia and 254 cases
of motor fluctuations were observed. Dyskinesia incidence
increased with time (risk per 100 participants [95% confi-
dence interval] 13 [11–16] <3.5 years, 16 [13–21] 3.5–
5.0 years, 19 [14–26] 5–6.5 years, and 23 [16–33] >6.5 years
from diagnosis). Motor complication predictors were
grouped as medication predictors, disease predictors and
patient predictors. Baseline nonmotor feature severity, low
mood, anxiety, and age at symptom onset were associated
with motor complications among a number of previously

identified predictors. Replication of the Stalevo Reduction
in Dyskinesia Evaluation PD calculator was reasonable with
the area under the curve for dyskinesia risk score as a pre-
dictor of dyskinesia being 0.68 (95% confidence interval,
0.55–0.81).
Conclusions: This study quantifies risk of motor com-
plications, finds consistent predictors, and demon-
strates the novel finding that nonmotor features of PD,
particularly low mood and anxiety, are significant risk
factors for motor complications. Further validation of
dyskinesia risk scores are required as well as evidence
to determine if the routine use of such scores can
be clinically valuable in enhancing patient care and
quality of life. © 2019 The Authors. Movement Disor-
ders published by Wiley Periodicals, Inc. on behalf of
International Parkinson and Movement Disorder
Society.
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Levodopa, the gold-standard symptomatic treatment in
Parkinson’s Disease (PD), can have significant motor com-
plications, namely, dyskinesia and motor fluctuations
(MF).1 The vast majority of patients experience motor com-
plications by 15 years of treatment, although they can occur
within a year of commencement,2,3 impacting quality of life
and influencing treatment decisions. Levodopa treatment is
often delayed and replaced by less effective, poorly tolerated
alternatives, such as dopamine agonists (DA).4 It is there-
fore important to identify those at greater risk of motor
complications. Attempts have been made to develop a dys-
kinesia risk calculator5 that can be used in clinical practice.
The evidence on predictors of motor complications is

variable, often contradictory, and typically from cross-
sectional studies6 or secondary outcomes in clinical trials7 of
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late-stage PD.2 There are few longitudinal cohort studies,8,9

and even fewer are prospectively recruited.10,11

Our aim was to identify risk factors for the onset of
motor complications in the Oxford Parkinson’s Disease
Centre Discovery cohort, a large, prospectively rec-
ruited, clinic-based cohort of early PD participants,
using a comprehensive and robust longitudinal survival
analysis model.

Materials and Methods
Study Population

Details of recruitment to the Discovery cohort have
been described elsewhere.12 PD patients meeting the UK
Brain Bank criteria for diagnosis13 (but not other forms
of nonidiopathic parkinsonism) were recruited from
neurology clinics across Thames Valley in the United
Kingdom between September 2010 and September 2014
within 3.5 years of diagnosis, regardless of age or family
history. Participants who developed dementia within
1 year of diagnosis were excluded as having dementia
with Lewy bodies. Cases were included if they had a
diagnostic certainty of PD greater than 90% at their
most recent visit, were taking levodopa, and had data
available past their first year after diagnosis.
The study was undertaken with the understanding and

written consent of participants, approval of the local
National Health Service (NHS) research ethics commit-
tee, and in compliance with national legislation and the
Declaration of Helsinki.

Outcomes
Data were collected prospectively using patient-

completed and interviewer-completed questionnaires
and clinical examination every 18 months.
The presence and intensity of motor complications

was determined using the Movement Disorder Society–
Sponsored Revision of the Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) IV14 questions 1 (dyskinesia)
and 3 (MF). Dyskinesia was also recorded if witnessed
by the interviewer. Functional impact of complications
was determined using questions 2 and 4. Participants
were considered to have both dyskinesia and MF from
the time of onset of the second motor complication.
Missing data were excluded from the analysis.

Other Covariates
A range of covariates were selected for regression

modelling based on a priori hypothesis. Details of the
collection methods for these covariates are described in
Supporting Information Table S1.
Because PD carries a significant nonmotor symptom

burden, a range of nonmotor features and their sever-
ity, as measured by the MDS-UPDRS I, were also
tested. These features (cognition, anxiety, depression,

sleep disturbance, constipation, hyposmia, autonomic
disturbance, and impulsivity) can occur as a conse-
quence of PD, its treatments, or both and provide
insight into an individual’s parkinsonian phenotype.
Patient factors (age, gender, body mass index [BMI],
smoking status, caffeine use, and socioeconomic status)
also influence this phenotype and were hypothesized to
influence motor complication risk.

Statistical Analysis
Data were extracted (May 11, 2017), checked, and

cleaned.
A discrete-time survival analysis (DTSA) model was used

rather than more conventional continuous-time methods
because the exact date of motor complication onset is liable
to recall bias when collecting data retrospectively. This
model uses censoring based on the date of clinical assess-
ment. Four clinically relevant intervals based on time since
PD diagnosis— < 3.5 years, 3.5 to 5 years, 5 to 6.5 years,
and ≥ 6.5 years (<10 years)—were selected. Data for each
case were only included once per time interval; cases were
not required to have data for every interval. If participants
attended twice in an interval, the data were taken from
their most recent visit or when motor complications were
first recorded. Cases were censored at the last visit or when
motor complications were recorded. Hazard risk and esti-
mated conditional survival risks were calculated for motor
complications at each time interval. The latter is the risk
−1 for the observed time period multiplied by the survival
risk in the previous time period, hence the conditional
probability. Cases were only entered into time intervals
during which the participant was taking levodopa.
Logistic regression analyses used onset of motor com-

plication as a dichotomous dependent variable and time
as an independent categorical variable, predicting the
hazard rate of motor complications over time. This is
the DTSA equivalent of a Cox regression analysis.
Univariable exploratory analyses were performed using
the covariates described. Age at diagnosis, age at symp-
tom onset, gender, and smoking history were included as
time-fixed variables, so their value for a single case was
unchanged across all time intervals. All other covariates
were time varying, taking on the appropriate value for
each case at each time interval. Additional analyses using
baseline, time-fixed measures of anxiety, depression, and
MDS-UPDRS I were performed to test the directionality
of effect of these variables. In these analyses, outcome
data were taken only from follow-up, not baseline visits.
Multivariable stepwise regression analyses with back-

ward elimination were performed using independent var-
iables selected on the basis of a priori hypotheses and
results from univariable analyses. The DTSA model
assumes that the effect of any independent variable is
proportional overtime. For significant (P < 0.05) vari-
ables on univariable analysis, this assumption was tested
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by comparing goodness of fit between models using a
completely general (by calculating four different hazard
risk values for a variable, 1 for each discrete time inter-
val) or linear association with time (by including the
interaction term “variable × time-1,” where “time” is an
ordinal variable representing the 4 discrete time inter-
vals). If an association improved the model significantly
(P < 0.05, likelihood ratio test), it was included in the
multivariable model.
A subset analysis was designed to validate the dyski-

nesia risk calculator proposed by Schapira and col-
leagues.5 based on the results from the Stalevo
Reduction in Dyskinesia Evaluation–PD (STRIDE-PD)
trial.7 The included cases met the same characteristics
as those in that study, that is, levodopa-naive at the
start of the study and subsequently started on levodopa,
no treatment changes in the 4 weeks preceding levo-
dopa initiation, no recent amantadine, and naive to
catechol-O-methyltransferase inhibitors before levodopa
initiation. The independent variables were gender, age
(at levodopa commencement), levodopa dose (at first
visit after levodopa commencement), weight (at first
visit after levodopa commencement), and MDS-UPDRS
II (prior to levodopa commencement). The formula for
calculating dyskinesia risk is the following:

ð – 0:04724× age in years

+ 0:10965× levodopa dose mg½ �perweight kg½ �
+ 0:04336×UPDRS II score

+ 0:38902 if female½ � + 3:5Þ×27:5:

Participants were included if they were observed
between 140 and 200 weeks of treatment or if dyskinesia
onset was earlier. This time interval captured cases as close
as possible to the 169-week end point used by STRIDE-
PD while achieving an adequate sample size. Sensitivity
analyses were performed using intervals of 150 to
190 and 0 to 200 weeks. Receiver operating curve analysis
for risk score as a predictor of dyskinesia was performed.
Analysis was performed using SPSS version 23 (IBM

Corp., Armonk, NY).

Data Availability
Access to the data may be requested via the Oxford

Parkinson’s Disease Centre Data Access Committee. Ini-
tial inquiries can be made to the corresponding author.

Results

A total of 947 participants were recruited to the
Oxford Parkinson’s Disease Centre Discovery cohort;
91 were not followed up past 1 year from the date of
PD diagnosis. A total of 107 participants never took
levodopa, and 9 had insufficient data for inclusion. Of

the total participants, 740 were eligible for the study;
734 and 733 participants were included in the dyskine-
sia and MF analyses, respectively, as they had appropri-
ate outcome data.
Of the 740 participants, 260 (35.1%) were women.

Mean age at baseline was 64.89 years (range 29.70–
87.45 years, SD = 9.51). Mean time since diagnosis was
1.35 years (range 0.04–3.49 years, SD = 0.96). Mean
time since motor symptom onset was 3.0 years, with a
small number of right-sided outliers (range 0.2–13.9 years,
interquartile range 1.8–3.8 years, SD = 1.9). Of 726 par-
ticipants, 366 (49.5%) were tremor-phenotype dominant.
Distribution of Hoehn and Yahr staging was as follows:
158 participants (21.4%) stage 1, 521 (70.4%) stage
2, 59 (8.0%) stage 3. Of 732 participants 101 (13.8%)
scored <22 on the Montreal Cognitive Assessment (possi-
ble dementia).
Table 1 shows the incidence of motor complications

over time. A total of 186 (25.3%) of 734 cases of
dyskinesia and 254 (34.7%) of 733 cases of MF were
observed. Figure 1 illustrates the hazard and estimated
conditional survival risks. The hazard risk represents
the predicted probability of new onset motor complica-
tion at each time interval. The estimated conditional
survival risk represents the probability of not develop-
ing a motor complication through each time interval
and is interpreted in the same way as a Kaplan-Meier
curve (ie, cumulative risk). Figure 2 illustrates the inten-
sity and impact of motor fluctuations.

Predictors of Motor Complications
Tables 2 and 3 illustrate the results of backward step-

wise logistic regression analyses.
Higher levodopa dose, favorable medication response,

younger age at symptom onset, and greater nonmotor
symptom burden (as measured by MDS-UPDRS I) were
significantly associated with both dyskinesia and
MF. Lower BMI was associated with dyskinesia, but not
MF. Higher education level was associated with MF, but
not dyskinesia.
Higher MDS-UPDRS II was associated with dyskine-

sia and MF on multivariable regression. However,
MDS-UPDRS I was a stronger and more significant pre-
dictor than MDS-UPDRS II, and the 2 scores were too
closely correlated to be included in the same analysis.
The cumulative effect of increasing nonmotor severity

(as measured by the MDS-UPDRS I) was associated with
MF risk and positively interacted with time, so this asso-
ciation increased further into the disease. Odds ratios for
the association with time was 1.23 (95% confidence
interval [CI], 1.04–1.49; P = 0.02), but there was evi-
dence of a linear time interaction that was 1.03 (95%
CI,1.00–1.06; P = 0.04) when both associations were
included in a multivariable model, suggesting that the
effect of the MDS-UPDRS I becomes stronger over time.
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Anxiety and low mood, measured by the Hospital Anx-
iety and Depression Scale–anxiety and Beck’s Depression
Inventory, respectively, were significant predictors on
univariable analysis, but were not independent of one
another. As MDS-UPDRS I includes measures of mood
and anxiety, these variables were not included in the mul-
tivariable analyses. The MDS-UPDRS I, Beck’s Depres-
sion Inventory, and Hospital Anxiety and Depression
Scale–anxiety remained significant predictors of motor
complications when their baseline values were included
as time-fixed variables.

Dyskinesia Risk Calculator
A total of 62 participants were included in a validation

study of the dyskinesia risk calculator designed by
Schapira and colleagues.5 Of the 62 participants,
30 experienced dyskinesia within 200 weeks of com-
mencing levodopa. Baseline demographics are described
in Supporting Information Table S1. The episodic nature
of the data collection meant that the MDS-UPDRS II
was measured up to 86 weeks before levodopa initiation
(median 26 weeks). This interval was necessary to
achieve a suitable sample size. The mean annual rate of
change in MDS-UPDRS II is 1.3 (SD = 2.9).
In the receiver operating curve analysis, the C-statistic

for dyskinesia risk score as a predictor of dyskinesia
was 0.679 (95% CI, 0.545–0.813; P = 0.015). The
C-statistic is the area under the curve from plotting the

true and positive rates against each other. A C-statistic
of 1 is a perfect model; 0.5 is equivalent to chance. The
C-statistic from the STRIDE-PD study was slightly
higher (0.697), reflecting that it was internally derived
and hence likely to overestimate performance.
Two sensitivity analyses were performed to assess our

selection method for bias. Using an interval of 150 to
190 weeks returned results comparable with 140 to
200 weeks (C-statistic = 0.683; n = 55; 95% CI,
0.563–0.829; P = 0.021). Another analysis, including
those who were only observed without dyskinesia before
140 weeks, also returned a comparable C-statistic
(0.685; n = 141; 95% CI, 0.585–0.785; P = 0.002).

Discussion
Incidence

Dyskinesia and MF are common even in this early
PD cohort. Clinicians should consider the risk of motor
complications from the outset of treatment. Other lon-
gitudinal studies generally report similar cumulative
incidences at 5 years disease duration among levodopa-
treated participants.10 Variations may be explained by
study design differences, such as the inclusion of partici-
pants not taking levodopa15 or the expression of time
as a duration of treatment rather than disease.9,11 These
cohorts are significantly smaller than ours, with the
largest including 189 patients at baseline.10

TABLE 1. Life table for the onset of new dyskinesia and motor fluctuations over time

Time from Diagnosis

<3.5 years 3.5-5 years 5-6.5 years >6.5 years

Median time since diagnosis (years) 2.53 4.19 5.64 7.33Dyskinesia
N on levodopa 610 332 169 91
N with new dyskinesia 79 54 32 21
Hazard Risk 0.13 0.16 0.19 0.23
(95% CI) (0.11, 0.16) (0.13, 0.21) (0.14, 0.26) (0.16, 0.33)
Conditional Survivor Risk (estimateda) 0.87 0.73 0.59 0.45
(95% CI) (0.79, 0.86) (0.58, 0.71) (0.28, 0.55) (0.12, 0.49)
With previous or concurrent MF (%)
(95% CI)

23/79 (29.1%)
(20.3%, 39.0%)

36/54 (66.7%)
(53.4%, 77.8%)

20/32 (62.5%)
(45.3%, 77.1%)

17/21 (81.0%)
(60.0%, 92.3%)

Motor Fluctuations N on levodopa 613 322 160 78
N with new MF 106 70 58 20
Hazard Risk 0.17 0.22 0.36 0.26
(95% CI) (0.15, 0.20) (0.18, 0.27) (0.29, 0.44) (0.17, 0.36)
Conditonal Survivor Risk (estimateda) 0.83 0.65 0.41 0.31
(95% CI) (0.80, 0.86) (0.59, 0.70) (0.34, 0.49) (0.22, 0.42)
With previous or concurrent dyskinesia (%)
(95% CI)

22/106 (20.8%)
(14.1%, 29.4%)

28/70 (40.0%)
(29.3%, 51.8%)

27/58 (46.6%)
(34.3%, 59.2%)

12/20 (60.0%)
(38.7%, 78.1%)

Dyskinesia and Motor
Fluctuations

N on levodopa 606 337 165 85
N with dyskinesia and MF 27 42 34 21
Hazard Risk 0.04 0.12 0.21 0.25
(95% CI) (0.03, 0.06) (0.09, 0.16) (0.15, 0.27) (0.17, 0.35)
Conditonal Survivor Risk (estimateda) 0.96 0.84 0.66 0.50
(95% CI) (0.94, 0.97) (0.79, 0.88) 0.57, 0.75) (0.35, 0.65)

Participants were considered to have experienced dyskinesia and MF from the time at which the second motor complication was observed.
95% CI; 95% Confidence interval. Calculated for estimated survivor ratio using Greenwood formula.
aTo adjust for censoring after the first time point, estimated survivor ratios are presented as a factor of the previous survivor ratio.
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MF were more common than dyskinesia. This finding
is consistent with most studies.10,16 Our estimates of MF
incidence are not grossly different from other cohorts.10,11

MF are more pervasive and have greater functional
impact than dyskinesia. It is the authors’ experience
that many patients are unaware of mild dyskinesia,
whereas MF and disease symptoms are more disabling.
The evidence suggests that it is usually only severe, late-
stage motor complications that significantly affect qual-
ity of life.3

Predictors
The predictors of motor complications can be divided

into disease, medication, and patient factors.

Disease Factors

Our most interesting finding is the role of nonmotor
features in predicting motor complication risk. Many
studies, including ours, have demonstrated an associa-
tion between motor disability, as measured by MDS-
UPDRS II, and motor complications.6,16,17 However,
we know of only 1 small study to date that assessed the
role of nonmotor features in predicting risk18 despite
their significant contribution to disease burden. Our
results suggest that overall nonmotor feature severity is
highly correlated with motor complication risk and that
the MDS-UPDRS I is a predictor of future motor com-
plication risk. Although it is difficult to compare motor
and nonmotor scales directly, nonmotor symptom bur-
den may be more clinically useful in predicting motor
complication risk than motor symptoms. Nonmotor
symptom scales often estimate a greater disease burden
than motor scales.19 Because nonmotor symptoms are
less responsive to levodopa,20 the MDS-UPDRS I
assessment of nonmotor aspects of daily living may be
a more reproducible measure of disease severity among
patients on treatment.
On assessment of individual nonmotor features, only

anxiety and low mood were associated with motor
complications, as noted elsewhere.21 Depression and
anxiety carry similar factors as motor complications
(eg, younger onset, motor severity).22 As anxiety in par-
ticular is a frequent wearing-off symptom, this raises
the possibility of reverse causation between anxiety and
depressive nonmotor symptoms and motor fluctuations.
To test this hypothesis, we looked at whether baseline
MDS-UPDRS I, Beck’s Depression Inventory, and Hos-
pital Anxiety and Depression Scale scores predicted
future fluctuations, finding indeed a directional relation-
ship between these variables and the future risk of
motor complications. Characterizing the pathophysiol-
ogy of this relationship is beyond the scope of this arti-
cle, but these findings suggest the existence of a PD
subtype at high risk of psychiatric disturbance and
motor complications. Further studies are warranted to
corroborate this finding and investigate this association.
A tremor-dominant phenotype found by some,23 but

not all,15 studies to be protective did not predict dyski-
nesia risk. Tremor-dominant patients may take lower
levodopa doses because of its poor antitremor effect.

Medication

As is widely accepted, levodopa dose was a strong pre-
dictor of dyskinesia.1 Perhaps counterintuitively, levo-
dopa dose independently increased MF risk by a similar
degree to dyskinesia, even though MF are thought to
emerge as circulating levodopa reaches subtherapeutic
levels.24 Trials that randomize patients to different levo-
dopa doses have found the same effect,16,25 suggesting a
causative role for levodopa dose in MF risk.

FIG. 1. Hazard and survivor functions for dyskinesia and motor fluctua-
tions in Parkinson’s disease. Hazard functions correspond to left verti-
cal axis and survivor functions to the right axis. Error bars; 95%
confidence interval. The hazard function illustrates probability (point
prevalence) of new motor complication onset within each time interval.
The survivor function illustrates cumulative risk over time, in the same
way as a Kaplan-Meier curve.
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Disease severity and levodopa dose are unsurprisingly
correlated with both disease and treatment duration. In
our model, the predictive value of disease or treatment
duration was attenuated by severity and dose,
suggesting that the increase in complication risk is the
result not of time per se but of other time-varying con-
founders such as dose and disease severity. Although it
can be argued that time itself drives these variables in
the absence of any disease-modifying therapy. This con-
tributes to the debate on whether levodopa therapy
should be delayed and replaced by other (less effective
and less well tolerated) medications such as DA, with
the aim of postponing dyskinesia onset.26,27 It is
becoming increasingly recognized that any sustained
reduction in risk by DA use can be explained by levo-
dopa doses being lower because of DA supplementation
at the expense of optimal symptom control.28,29 Our
study supports this by suggesting that dose and severity
have greater predictive value than treatment duration.
Favorable levodopa response is associated with motor

complications,30 suggesting a potential physiological link
between levodopa response and adverse effects. Various
clinical phenotypes exist within the PD spectrum, and both
medication response and motor complication risk have
been proposed as distinguishing features of such pheno-
types.31 Pharmacogenetic variation throughout the levo-
dopa pathway (eg, in the cathechol-o-methyltransferase
[COMT] gene) has also been suggested to predict medica-
tion response and motor complication risk.32 Another

contributing factor may be that greater benefit from treat-
ment encourages concordance, increasing exposure to
levodopa and its complications.

Patient Factors

Younger age at PD onset increased the risk of motor
complications, irrespective of disease duration. This find-
ing is consistent,33,34 although the cause of this associa-
tion is unclear.
Lower BMI is associated with an increased risk of

dyskinesia,16,35 but not MF.16 BMI was a time-varying
predictor, and this effect may be the result of both
higher dose per kg of body weight, weight loss second-
ary to the hyperactivity of dyskinesia, or both as
suggested in the literature.35,36

Contrary to some studies6,10,16,34 but consistent with
others,37,38 gender was not an independent predictor of
either dyskinesia or MF. Caffeine intake, which other
studies have shown to be protective,11,39 had no effect in
our study.
Higher education level was associated with increased

MF risk. Until now, there has been little or no investigation
of the impact of socioeconomic status and education on
motor complication risk. We recognize, given multiple test-
ing, the risk of type II error. Higher education levels may
be associated with better treatment concordance, although
this is debated.40 Further investigation is justified into the
role of educational predictors of motor complications.

FIG. 2. Time spent with, and functional impact of, motor complications (among participants with motor complications).
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TABLE 2. Predictors of dyskinesia

Univariable Multivariable

Variables Exp(B) (95% CI) P Exp(B) (95% CI) P

Time (Yrs) Time 0.04 0.49
<3.5
3.5-5 1.31 (0.90, 1.9) 0.16 1.12 (0.75, 1.68) 0.58
5-6.5 1.57 (1.00, 2.47) 0.05 1.17 (0.70, 1.95) 0.55
≥6.5 2.02 (1.17, 3.47) 0.011 1.61 (0.88, 2.97) 0.12

Medication Factors Levodopa
dose (mg/100)a 1.20 (1.13, 1.28) <0.001 1.17 (1.09, 1.25) <0.001
Medication responsea

(1-Very much improved –

7-very much worse) 0.55 (0.45, 0.66) <0.001 0.61 (0.49, 0.75) <0.001
Levodopa
treatment
duration (Years)a 1.05 (0.97, 1.14) 0.24
DA usea 0.91 (0.65, 1.28) 0.60
MAOBI usea 1.24 (0.89, 1.72) 0.20

Motor Features MDS-UPDRS II (/5) a 1.02 (1.00, 1.044) 0.059
MDS-UPDRS III (/5) a 0.99 (0.97, 1) 0.044
Disease Phenotypea

(Tremor Dominant) 0.71 (0.51, 0.99) 0.044 - -
Non-motor Features MDS-UPDRS I (/5)

-Time-varyinga 1.04 (1.01, 1.07) 0.007 1.23 (1.07, 1.42) 0.005
-Baselinec 1.20 (1.00, 1.42) 0.047
MOCAa (<22) 0.97 (0.65, 1.45) 0.89
BDI
-Time-varyinga

-Baselinec
1.33 (1.09, 1.62)
1.04 (1.01, 1.07)

0.005
0.005

HADS- Anxiety (≥8)
-Time-varyinga 2.05 (1.42, 2.95) <0.001
-Baselinec 1.93 (1.30, 2.86) 0.001
Sniffin Scorea

(Below 10th centile) 1.49 (0.667, 3.32) 0.33
QUIPa,b 1.13 (0.81, 1.59) 0.48
RBDSQa,b 1.20 (0.85, 1.67) 0.30
ESSa,b 0.83 (0.60, 1.16) 0.29
Orthostatic Hypotensiona 0.98 (0.67, 1.42) 0.90
Constipationa 0.80 (0.58, 1.1) 0.17

Patient Factors Age at symptom onset (Years/3)c 0.87 (0.83, 0.92) <0.001 0.89 (0.84, 0.94) <0.001
Age at diagnosis (Years/3)c 0.88 (0.83, 0.92) <0.001
Genderc (Female) 1.61 (1.17, 2.22) 0.004 - -
BMIa

Continuous 0.99 (0.96, 1.02) 0.51 0.95 (0.92, 0.99) 0.011
<25 1.41 (1.02, 1.96) 0.037
Smokingc

(Pack years prior to diagnosis) 1.00 (1, 1.01) 0.80
Caffeine usea (Cups per day) 1.00 (0.94, 1.07) 0.10
QRISK2 vascular risk scorea,d (1-4) 0.94 (0.75, 1.17) 0.58
Socioeconomic statusa

(5 point scale) 0.99 (0.86, 1.12) 0.82
Educationa (>12 years) 1.04 (0.75, 1.43) 0.82
No. of Carsa (>2) 1.20 (0.87, 1.65) 0.27
No. of Bedroomsa (4+) 0.94 (0.68, 1.30) 0.70
Job statusa (Supervisor) 0.74 (0.54, 1.03) 0.08

Variables found to be significant (P < 0.05) on univariable analysis were tested in multivariable analysis. To aid in interpretation of exp(B), levodopa dose is
expressed in increments of 100mg, MDS-UPDRS scores in increments of 5, and age in increments of 3 years.
Exp(B); exponential beta. CI; Confidence Interval. LEDD; Levodopa Equivalent Daily Dosage. DA; Dopamine Agonist. MAOBI; Monoamine oxidase B Inhibitor.
MDS-UPDRS; Movement Disorders Society Unified Parkinson’s Disease Rating Scale; MOCA, Montreal Cognitive Assessment; BDI; Beck’s Depression Inventory.
HADS, Hospital Anxiety and Depression Score; QUIP; Questionnaire for Impulsive-Compulsive Behaviours in Parkinson’s Disease. RBDSQ; REM Sleep Behaviour
Disorder Screening Questionnaire. ESS; Epworth Sleepiness Scale. BMI; Body Mass Index.
aTime-varying predictors.
bOnce participants tested positive on QUIP, RBD questionnaire or ESS, they were considered positive in these tests for all subsequent time-points.
cTime-fixed predictors.
dControlled for age.
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TABLE 3. Predictors of motor fluctuations

Univariable Multivariable

Variables Exp(B) (95% CI) P Exp(B) (95% CI) P

Time (Yrs) Time <0.001 0.44
<3.5 1
3.5-5 1.33 (0.95, 1.86) 0.10 0.84 (0.52, 1.36) 0.48
5-6.5 2.72 (1.86, 3.99) <0.001 1.06 (0.48, 2.34) 0.88
≥6.5 1.65 (0.95, 2.86) 0.07 0.59 (0.19, 1.94) 0.39

Medication Factors Levodopa
dose (mg/100)a 1.25 (1.17, 1.34) <0.001 1.22 (1.14, 1.32) <0.001
Medication responsea

(1-Very much improved –

7-very much worse) 0.53 (0.44, 0.63) <0.001 0.54 (0.45, 0.66)

<0.001

Levodopa
treatment
duration (Years)a 1.03 (0.95, 1.11) 0.45
DA usea 1.56 (1.16, 2.09) 0.003 - -
MAOBI usea 0.92 (0.67, 1.24) 0.57

Motor Features MDS-UPDRS II (/5)a 1.20 (1.09, 1.32) <0.001
MDS-UPDRS III (/5)a 0.98 (0.93, 1.04) 0.47
Disease Phenotypea

(Tremor Dominant) 0.89 (0.66, 1.20) 0.44
Non-motor Features MDS-UPDRS I (/5)

-Time varyinga 1.14 (0.97, 1.35) 0.12
1.23 (1.03, 1.48) 0.024

Interaction term with timea 1.19 (1.05, 1.36) 0.009 1.03 (1.00, 1.06) 0.041
-Baselinec 1.19 (1.02, 1.39 ) 0.025
MOCAa (<22) 0.97 (0.65, 1.45) 0.89
BDI
-Time-varyinga

-Baselinec
1.03 (1.01, 1.05)
1.03 (1.01, 1.06)

0.002
0.006

HADS- Anxiety (≥8)
-Time-varyinga

2.19 (1.57, 3.05)
1.73 (1.21, 2.47)

<0.001
0.003

-Baselinec 0.65 (0.37, 1.15) 0.14
Sniffin Scorea

(Below 10th centile) 1.30 (0.96, 1.76) 0.09
- -

QUIPa,b 1.17 (0.87, 1.57) 0.31
RBDSQa,b 1.37 (1.02, 1.83) 0.037 - -
ESSa,b 0.98 (0.70, 1.37) 0.889
Orthostatic Hypotensiona 0.86 (0.65, 1.15) 0.305

Patient Factors Age at symptom onset (Years/3)c 0.88 (0.84, 0.92) <0.001 0.89 (0.844, 0.938) <0.001
Age at diagnosis (Years/3)c 0.88 (0.84, 0.92) <0.001
Genderc (Female) 1.34 (1.00, 1.80) 0.047 - -
BMIa

Continuous
<25

1.00 (0.97, 1.03) 0.93

1.24 (0.92, 1.67) 0.152
Smokingc

(Pack years prior to diagnosis) 1.01 (1.00, 1.02) 0.32
Caffeine usea (Cups per day) 0.99 (0.93, 1.05) 0.66
QRISK2 vascular risk scorea,d (1-4) 1.08 (0.89, 1.32) 0.43
Socioeconomic statusa

(5 point scale) 1.40 (0.76, 2.58) 0.28
Educationa (>12 years) 1.46 (1.09, 1.97) 0.012 1.72 (1.22, 2.41) 0.002
No. of Carsa (>2) 1.32 (0.99, 1.76) 0.059 - -
No. of Bedroomsa (4+) 1.27 (0.95, 1.69) 0.11
Job statusa (Supervisor) 0.80 (0.6, 1.08) 0.14

Variables found to be significant (P < 0.05) on univariable analysis were tested in multivariable analysis. To aid in interpretation of exp(B), levodopa dose is
expressed in increments of 100mg, MDS-UPDRS scores in increments of 5, and age in increments of 3 years.
Exp(B); exponential beta. CI; Confidence Interval. LEDD; Levodopa Equivalent Daily Dosage. DA; Dopamine Agonist. MAOBI; Monoamine oxidase B Inhibitor.
MDS-UPDRS; Movement Disorders Society Unified Parkinson’s Disease Rating Scale; MOCA, Montreal Cognitive Assessment; BDI; Beck’s Depression Inventory.
HADS, Hospital Anxiety and Depression Score; QUIP; Questionnaire for Impulsive-Compulsive Behaviours in Parkinson’s Disease. RBDSQ; REM Sleep Behaviour
Disorder Screening Questionnaire. ESS; Epworth Sleepiness Scale. BMI; Body Mass Index; QRISK2, QRISK cardiovasular risk score version 2.
aTime-varying predictors.
bOnce participants tested positive on QUIP, RBD questionnaire or ESS, they were considered positive in these tests for all subsequent time-points.
cTime-fixed predictors.
dControlled for age.
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Dyskinesia Risk Calculator
Our dataset provided an opportunity to validate the dys-

kinesia risk calculator designed by Schapira and colleagues5

using data from the STRIDE-PD trial. Independent vari-
ables could not be recorded at the exact same time as levo-
dopa commencement, and we recognize this could
particularly limit the validity of the MDS-UPDRS II mea-
surement. However, given the low annual rate of change in
MDS-UPDRS II in our cohort, we feel the inclusion criteria
for this analysis were similar enough to those of Schapira
and colleagues5 to produce clinically relevant results.
There is a potential missing-data problem in this analy-

sis. Cases observed without dyskinesia before the window
of 140 to 200 weeks, but not within it, were excluded
because dyskinesia status after 140 weeks could not be
determined. However, those observed with dyskinesia
before 140 weeks were included regardless of follow-up
duration because, by the definition of survival analysis,
they would remain dyskinetic thereafter. This should only
create bias if the reason data being missing is related to
dyskinesia onset. Clinically this is unlikely, and a second
sensitivity analysis, including the excluded cases and
assuming them to remain nondyskinetic, returns a very
similar C-statistic, so the risk of selection bias is low.
We found that the calculator is a valid tool but could

be further improved. It is designed for use when com-
mencing treatment and only estimates risk for the fol-
lowing 169 weeks. In our DTSA model, we found no
association between gender and motor complications,
and it may therefore not be necessary to include gender
in the calculator if enough confounders are accounted
for. Furthermore, we would speculate that age at com-
mencing treatment is likely to only be an effective pre-
dictor as a surrogate for age at diagnosis (as younger
onset PD participants are likely to also be younger at
treatment initiation). Age at diagnosis may be a more
relevant calculator variable. Finally, the calculator sug-
gests that treatment duration is an independent predic-
tor of dyskinesia. Our primary analysis suggests that
this is unlikely to be the case. A more useful tool might
include nonmotor predictors and medication response
and be applicable to patients established on treatment.

Strengths and Weaknesses
This study provides a robust longitudinal analysis

model for predictors of motor complications in early
PD. It is, to our knowledge, the largest of its type, all-
owing the assessment of a broad range of variables. Nev-
ertheless, it has its limitations. DTSA models carry a risk
of target events occurring in one interval but not being
observed until a subsequent interval. This risk increases
if participants are absent from a time interval because
of delays in follow-up. This occurred in 17 (9.14%) of
186 cases of dyskinesia and 24 (9.45%) of 254 cases
of MF. The regression analyses remained valid.

Censoring is a limitation of any survival analysis. A
proportion of the participants lost to follow-up are
likely to experience motor complications within 10 years
of diagnosis. This limitation is acceptable if censoring is
noninformative, that is, the onset of motor complica-
tions did not increase risk of loss to follow-up. This
assumption is reasonable as the functional impact of
motor complications in early PD is minimal.3 Neverthe-
less, an element of informative censoring cannot be
completely excluded.
The majority of covariates used are time varying

rather than time fixed. In our opinion, this is a major
strength of longitudinal models, as they provide infor-
mation that remains clinically relevant throughout the
duration of a chronic disease such as PD, informing
treatment decisions based on the present clinical picture
rather than historic data. Time-fixed variables do carry
a risk of reverse causality, and although this cannot be
completely excluded, we have made efforts to demon-
strate directionality for the variables at greatest risk of
this (mood, anxiety, MDS-UPDRS I).

Conclusions

Dyskinesia and MF are common adverse effects of
levodopa even in early PD. The predictors of motor
complications can be divided into the following 3 cate-
gories: (1) disease factors, that is, severity of motor and
nonmotor features (particularly mood and anxiety);
(2) medication factors, that is, dose and clinical
response; (3) patient factors, that is, age at onset, BMI
(for dyskinesia), and education status (for MF). The
duration of levodopa treatment itself does not increase
the risk of dyskinesia. Alternative therapies may be con-
sidered in patients exhibiting these risk factors.
Attempts to create a calculator of dyskinesia risk

appear valid but have room for improvement and
require further validation and demonstration of utility
in routine clinical care.
Further studies are warranted to evaluate the role of

nonmotor disease factors and mood disturbance in
predicting motor complications, the pathogenesis of
MF, and the development of a robust risk calculator.

Acknowledgments: The authors thank the participants and their fami-
lies for their involvement in this project, Parkinson’s UK for funding the
research, and the Dendron team for supporting data collection.

References
1. Bhidayasiri R, Truong DD. Motor complications in Parkinson dis-

ease: clinical manifestations and management. J Neurol Sci 2008;
266:204–215.

2. Ahlskog JE, Muenter MD. Frequency of levodopa-related dyskine-
sias and motor fluctuations as estimated from the cumulative litera-
ture. Mov Disord 2001;16:448–458.

1182 Movement Disorders, Vol. 34, No. 8, 2019

K E L L Y E T A L



3. Manson A, Stirpe P, Schrag A. Levodopa-induced-dyskinesias clini-
cal features, incidence, risk factors, management and impact on
quality of life. J Park Dis 2012;2:189–198.

4. Zhang J, Tan LCS. Revisiting the medical management of
Parkinson’s disease: levodopa versus dopamine agonist. Curr
Neuropharmacol 2016;14:356–363.

5. Schapira AH, Poewe W, Kieburtz K, et al. Development of a risk
calculator based on the STRIDE-PD study for predicting dyskinesia
in patients with Parkinson’s disease. Mov Disord 2012;27(suppl
S1):429.

6. Nicoletti A, Mostile G, Nicoletti G, et al. Clinical phenotype and
risk of levodopa-induced dyskinesia in Parkinson’s disease. J Neurol
2016;263:888–894.

7. Stocchi, F. et al. Initiating levodopa/carbidopa therapy with and
without entacapone in early Parkinson disease: the STRIDE-PD
study. Ann Neurol 2010;68:18–27.

8. Rafael ASR, Barbosa JMP, Rosas MJSL, Garrett MCLA.
Parkinson’s disease and development of levodopa induced motor
complications: influence of baseline features and first medical
approach. Porto Biomed J 2016;1:136–141.

9. Van Gerpen JA, Kumar N, Bower JH,Weigand S, Ahlskog JE. Levodopa-
associated dyskinesia risk among Parkinson disease patients in Olmsted
County, Minnesota, 1976-1990. Arch Neurol 2006;63:205–209.

10. Bjornestad A, Forsaa EB, Pedersen KF, Tysnes O, Larsen JP,
Alves G. Risk and course of motor complications in a population-
based incident Parkinson’s disease cohort. Parkinson Relat Disord
2016;22:48-53.

11. Scott NW, Macleod AD, Counsell CE. Motor complications in an
incident Parkinson’s disease cohort. Eur J Neurol 2016;23:304–312.

12. Szewczyk-Krolikowski K, Tomlinson P, Nithi K, et al. The influence of
age and gender on motor and non-motor features of early Parkinson’s
disease: initial findings from the Oxford Parkinson Disease Center
(OPDC) Discovery cohort. Parkinson Relat Disord 2014;20:99–105.

13. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diag-
nosis of idiopathic Parkinson’s disease: a clinico-pathological study
of 100 cases. J Neurol Neurosurg Psychiatry 1992;55:181–184.

14. Goetz CG, Tilley BC, Shaftman SR, et al. Movement Disorder
Society-sponsored revision of the Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS): scale presentation and clinimetric testing
results. Mov Disord 2008;23:2129–2170.

15. Evans JR, Mason SL, Williams Gray CG, et al. The natural history
of treated Parkinson’s disease in an incident, community based
cohort. J Neurol Neurosurg Psychiatry 2011;82:1112–1118.

16. Olanow KK, Rascol O, et al. Factors predictive of the development
of Levodopa-induced dyskinesia and wearing-off in Parkinson’s dis-
ease. Mov Disord 2013;28:1064–1071.

17. Kostic VS, Marinkovic J, Svetel M, Stefanova E, Przedborski S. The
effect of stage of Parkinson’s disease at the onset of levodopa therapy
on development of motor complications. Eur J Neurol 2002;9:9–14.

18. Kadastik-Eerme L, Taba N, Asser T, Taba P. Factors associated with
motor complications in Parkinson’s disease. Brain Behav 2017;7:e00837.

19. Chaudhuri KR, Rojo JM, Schapira AHV, et al. A proposal for a
comprehensive grading of Parkinson’s disease severity combining
motor and non-motor assessments: meeting an unmet need. PLoS
ONE 2013;8:e57221.

20. Poewe W. Non-motor symptoms in Parkinson’s disease. Eur J Neu-
rol 2008;15:14–20.

21. Montel S, Bonnet A-M, Bungener C. Quality of life in relation to
mood, coping strategies, and dyskinesia in Parkinson’s disease.
J Geriatr Psychiatry Neurol 2009;22:95–102.

22. Lutz SG, Holmes JD, Ready EA, Jenkins ME, Johnson AM. Clinical
presentation of anxiety in Parkinson’s disease: a scoping review.
OTJR (Thorofare N J) 2016;36:134–147.

23. Kipfer S, Stephan MA, Schupbach WMM, Ballinari P, Kaelin
Lang A. Resting tremor in Parkinson disease: a negative predictor of
levodopa-induced dyskinesia. Arch Neurol 2011;68:1037–1039.

24. Lewitt PA. Levodopa therapy for Parkinson’s disease: pharmacoki-
netics and pharmacodynamics. Mov Disord 2015;30:64–72.

25. Fahn S, Oakes D, Shoulson I, et al. Levodopa and the progression of
Parkinson’s disease. N Engl J Med 2004;351:2498–2508.

26. Parkinson Study Group. Pramipexole vs levodopa as initial treat-
ment for Parkinson disease: a randomized controlled trial. JAMA
2000;284:1931–1938.

27. Hauser RA, Rascol O, Korczyn AD, et al. Ten-year follow-up of
Parkinson’s disease patients randomized to initial therapy with
ropinirole or levodopa. Mov Disord 2007;22:2409–2417.

28. PD MED Collaborative Group. Long-term effectiveness of dopamine
agonists and monoamine oxidase B inhibitors compared with levo-
dopa as initial treatment for Parkinson’s disease (PD MED): a large,
open-label, pragmatic randomised trial. The Lancet 2014;384:
1196–1205.

29. Cilia R, Akpalu A, Sarfo FS, et al. Levodopa therapy duration has
no influence on dyskinesias: Insights into Parkinson’s disease from
sub-Saharan Africa. Mov Disord 2014;29:S376.

30. Schrag A, Quinn N. Dyskinesias and motor fluctuations in Parkinson’s
disease: A community-based study. Brain 2000;123:2297–2305.

31. Lawton M, Ben-Shlomo Y, May MT, et al. Developing and validat-
ing Parkinson’s disease subtypes and their motor and cognitive pro-
gression. J Neurol Neurosurg Psychiatry 2018;89:1279–1287.

32. Guin D, Mishra MK, Talwar P, et al. A systematic review and integra-
tive approach to decode the common molecular link between levodopa
response and Parkinson’s disease. BMC Med Genom 2017;10:56.

33. Schrag A, Ben Shlomo Y, Brown R, Marsden CD, Quinn N. Young-
onset Parkinson’s disease revisited—clinical features, natural history,
and mortality. Mov Disord 1998;13:885–894.

34. Zappia M, Annesi G, Nicoletti G, et al. Sex differences in clinical and
genetic determinants of levodopa peak-dose dyskinesias in Parkinson
disease: an exploratory study. Arch Neurol 2005;62:601–605.

35. Sharma JC, Ross IN, Rascol O, Brooks D. Relationship between
weight, levodopa and dyskinesia: the significance of levodopa dose
per kilogram body weight. Eur J Neurol 2008;15:493–496.

36. Markus HS, Tomkins AM, Stern GM. Increased prevalence of
undernutrition in Parkinson’s disease and its relationship to clinical
disease parameters. J. Neural Transm Park Dis Dement Sect 1993;5:
117–125.

37. Colombo D, Abbruzzese G, Antonini A, et al. The “gender factor”
in wearing-off among patients with Parkinson’s disease: a post hoc
analysis of DEEP study. ScientificWorldJournal 2015;787451.

38. Martinelli P, Contin M, Scaglione C, Riva R, Albani F, Baruzzi A.
Levodopa pharmacokinetics and dyskinesias: are there sex-related
differences? Neurol Sci 2003;24:192–193.

39. Wills A-MA, Eberly S, Tennis M, et al. Caffeine consumption and
risk of dyskinesia in CALM-PD. Mov Disord 2013;28:380–383.

40. Jin J, Sklar GE, Min Sen Oh V, Chuen Li S. Factors affecting thera-
peutic compliance: a review from the patient’s perspective. Ther Clin
Risk Manag 2008;4:269–286.

Supporting Data

Additional Supporting Information may be found in
the online version of this article at the publisher’s
web-site.

Movement Disorders, Vol. 34, No. 8, 2019 1183

M O T O R C O M P L I C A T I O N P R E D I C T O R S I N P D


	 Predictors of Motor Complications in Early Parkinson's Disease: A Prospective Cohort Study
	Materials and Methods
	Study Population
	Outcomes
	Other Covariates
	Statistical Analysis
	Data Availability

	Results
	Predictors of Motor Complications
	Dyskinesia Risk Calculator

	Discussion
	Incidence
	Predictors
	Disease Factors
	Medication
	Patient Factors

	Dyskinesia Risk Calculator
	Strengths and Weaknesses

	Conclusions
	Acknowledgments
	References


