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ABSTRACT
Background Simple, robust, sensitive and clinically
meaningful outcome measures are required for
neuroprotective trials in Parkinson’s disease (PD). We
explored the feasibility of a composite binary outcome
measure, ‘dead or dependent’, in such trials using data
from a prospective follow-up study of an incident cohort
of PD patients.
Methods Two hundred incident patients had an
annual follow-up, including assessment of the
Hoehn-Yahr stage (H-Y) and Schwab and England
Activities of Daily Living Scale (S&E). Annual scores were
converted into binary variables (H-Y <3 vs H-Y ≥3, and
S&E ≥80% vs S&E <80%). A new outcome of ‘dead or
dependent’ was also created, with dependence in
activities of daily living defined as S&E <80%. Using
these data, sample sizes were calculated for a
hypothetical three-year randomised trial in which the
trial outcome was defined by a binary clinical variable,
all-cause mortality, or PD-related mortality.
Results At 3 years, 18.0% of patients were dead and
38.4% were dead or dependent. At 80% power, large
sample sizes were required if PD-related mortality
(n=1938 per study arm) or all-cause mortality (n=734)
were used as the outcome, even for large treatment
effects (30% reduction in relative risk). The new
outcome of ‘death or dependency’ required the smallest
sample sizes of all the outcome measures (n=277 for
30% reduction in relative risk, 627 for a 20%
reduction).
Conclusions ‘Death or dependency’ is a feasible and
potentially useful outcome measure in PD trials of
neuroprotective agents, but further work is required to
validate its use and define dependency.

INTRODUCTION
Simple, robust and clinically meaningful outcome
measures are required for neuroprotective trials in
Parkinson’s disease (PD). Clinical outcomes can be
classified hierarchically (figure 1)1 into those which
measure impairment (signs of underlying disease,
eg, the motor subsection of the old or new Unified
Parkinson’s Disease Rating Scale (UPDRS)2), dis-
ability (the functional result of impairment, eg, the
Schwab and England Activities of Daily Living
(ADL) Scale (S&E)3), handicap (the social and soci-
etal impact of the disease) and health-related
quality of life (eg, the 39-item Parkinson’s disease
questionnaire ([PDQ-39]4). More recently, WHO
refined these concepts in terms of impairment in
bodily structures/functions, limitations in ADL and
restrictions in participation in life situations.5

Measures towards the top of this hierarchy are

more likely to be of direct relevance to patients,
but are perhaps more susceptible to the confound-
ing effects of factors other than disease progression
(eg, mood, finances, comorbidity) than measures
towards the bottom of the hierarchy.
In PD neuroprotective clinical trials, disability

outcome measures may offer the best compromise
between a relevant outcome to patients and as pure
as possible a measure of disease progression.
Furthermore, disability outcome measures may well
be less susceptible to the effects of symptomatic
treatment than measures of motor impairment,
which are clearly influenced by dopamine replace-
ment therapy.
Loss of independence in either basic ADL (eg,

personal hygiene, feeding, ambulation), or instru-
mental ADL (eg, housework, finances, shopping),
are important disability outcomes which should be
delayed by neuroprotective treatment. Dependence
can be robustly defined, and several valid measures
of it exist.3 5–7 Data relating to dependence also
has the advantage of being simple enough to collect
via the telephone, helping to minimise missing data
in large randomised controlled trials (RCT).
However, as with other currently used clinical
rating scales, the failure of dependence outcome
measures to include ‘death’ as a scale interval
necessitates that patients dying during a study must
be censored in subsequent analyses, potentially
reducing the power of the study to detect a statistic-
ally significant improvement in the measure in
question.
Censoring in neuroprotective trials would be

avoided by using mortality alone as the trial outcome,
and this should be reduced/delayed by neuroprotec-
tive treatment. However, in diseases such as PD,
where patients live for many years after diagnosis, this
would require prolonged periods of follow-up and/or
very large sample sizes, making such trials largely
impractical. A potential solution to these issues may
be to use a combined outcome measure which
includes mortality and loss of independence in ADL.
This approach has already been used in other neuro-
logical diseases, such as stroke.8 We, therefore, aimed
to explore the feasibility of using a new composite
binary outcome measure of ‘dead or dependent’ as
opposed to ‘alive and independent’ in PD clinical
trials using real-life data from an ongoing prospective
follow-up study of a community-based incident
cohort of patients with PD.

METHODS
The Parkinsonism Incidence in North-East Scotland
(PINE) study is a prospective two-phase incidence
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study of parkinsonism in Aberdeen, UK, with preplanned life-
long follow-up of incident patients to establish prognosis.9

Patients with new-onset possible or probable parkinsonism
(defined as two or more of bradykinesia, rest tremor, rigidity or
otherwise unexplained postural instability) were identified by a
research team from 37 general (primary care) practices (baseline
population 315 000) over a four-and-a-half-year period (2002–
2004, 2006–2009) using multiple overlapping strategies.
Detailed methods and incidence results have been previously
published.9 The study was approved by the Scotland A
Multi-centre Research Ethics Committee. All included patients
gave their informed consent prior to inclusion in the study.

Ongoing annual follow-up of consenting individuals included
assessment of the Hoehn-Yahr (H-Y) stage, and the S&E score.
At each follow-up visit, the patient’s clinical diagnosis (PD or an
alternative parkinsonian syndrome) was reviewed by a consult-
ant neurologist with an interest in movement disorders, based
on factors including the emergence of atypical features (eg,
early dementia, falls, marked autonomic features, ataxia, myo-
clonus, supranuclear gaze palsy), the rate of disease progression,
the response to dopamine replacement therapy, the development
of motor complications and imaging. The UK PD society brain
bank criteria10 were used to guide the clinical diagnosis of idio-
pathic PD. During follow-up, patients were invited to consent
to postmortem and, if performed, information from these exam-
inations informed the final diagnosis.

Patients could be seen between yearly visits if there was a clin-
ical need, such as to start treatment. Initiation of therapy
occurred when a shared decision was made by the patient and
doctor. Factors including clinical presentation (tremor less likely
to respond than bradykinesia), the impact of symptoms on the
patient’s lifestyle and patient preference were taken into consid-
eration, but no specific scores were used to guide initiation of
treatment. There was no standard first-line dopaminergic medi-
cation: the treatment choice was usually made after discussion
of the advantages and disadvantages of each option.

In this report, only consenting patients with a latest or final
(if they had died) clinical diagnosis of idiopathic PD were
included. Data were extracted from the PINE database on 23
November 2012. For each included patient, data from their
baseline appointment, and up to 10 years of annual follow-up
data were extracted. No patient had more than 10 years’
follow-up. The date of death for deceased patients was also
extracted. Baseline data extracted for each patient included age,
gender and the baseline motor UPDRS. For the baseline
appointment and each annual follow-up, the H-Y stage and
S&E were extracted and converted into binary variables, where
people who had died had missing values: H-Y <3 versus H-Y
≥3 (as H-Y ≥3 is the point at which balance disturbance is
present); S&E <80% versus S&E ≥80% (as S&E <80% is the
point at which there is loss of independence in ADL, which in

PINE was defined as loss of independence in either washing,
dressing, feeding, toileting or mobility). A new binary variable
of ‘dead or dependent’ versus ‘alive and independent’ was also
computed for each patient at each annual follow-up appoint-
ment where, again, dependence was defined by S&E <80%. We
also performed a sensitivity analysis where dependence was
defined in more severe terms (S&E ≤50% ie, ‘requiring help
with 50% or more of chores’).

The PINE study case-notes of included patients were reviewed
to determine the type and dose of dopamine replacement
therapy taken at each annual follow-up, which were converted
into levodopa-equivalent daily doses (LEDD).11 Study notes,
hospital and GP records, and death certificates were reviewed to
determine whether those who had died did so as a result of
their PD. We considered a ‘PD-related death’ to have occurred
when a patient with advanced PD died as the result of a compli-
cation (eg, pneumonia, aspiration, infected bed sores, falls,
dehydration, or general frailty due to PD). Patients dying sud-
denly with mild PD, or those with deaths obviously due to
another cause (eg, myocardial infarction, stroke, or malignancy),
were considered to have had a ‘non-PD related death’.

Analysis of survival rate
Using the Kaplan–Meier method, the length of survival from
diagnosis (baseline visit) until death was analysed for all
included patients. The length of survival in those who had died
by the time of data extraction was taken as the difference
between the date of death and their baseline (diagnostic) visit,
and for those who were still alive, as the difference between the
date of data extraction and the baseline visit. A reanalysis of the
length of survival, censoring patients with a ‘non-PD related
death’ was also undertaken, as was an analysis of time to ‘death
or dependency’, whichever occurred first, where dependency
was again defined by a S&E <80%.

Analysis of the change in binary categorical variables
over 3 years
In order to assess whether the binary outcomes changed signifi-
cantly over time, binary logistic generalised estimating analysis
was performed using 3-years of follow-up data from those
patients who had completed at least 3 years of follow-up, or
would have done so had they not died before the date of data
extraction. This time period was chosen, as all except one
patient would have completed 3 years’ follow-up when the data
were extracted. The change in the binary variables (dead or
dependent, S&E <80%, and H-Y ≥3) over 3 years was analysed
using data from patients who were free of the respective
outcome at baseline. Patients who died were excluded from the
H-Y and S&E analyses after the date of death, and the analyses
assumed the data were missing completely at random. We, there-
fore, also did a sensitivity analysis in which those who died
were classified as having a poor outcome on the H-Y and S&E.
Year of follow-up and gender were included as fixed factors in
the model, which was also adjusted for baseline age and motor
UPDRS, LEDD at each follow-up and an interaction between
LEDD and year of follow-up.

Sample size calculations for a three-year RCT
Sample sizes were calculated for a hypothetical three-year
parallel-group RCTof a neuroprotective agent in which the trial
outcome was either defined by one of the binary variables, all-
cause mortality, or PD-related mortality. In these trials, newly
diagnosed patients in active or placebo arms would be allowed
to commence symptomatic treatment at any time, if required.

Figure 1 Hierarchy of outcomes measures.
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However, where one of the binary variables defined the trial
outcome, only patients who did not have the respective
outcome at baseline would be eligible for inclusion.

Sample sizes were calculated with 80% and 90% power at the
5% level of significance. The proportions of control patients
with each outcome were mostly taken from the PINE three-year
data to reflect real life. However, a lower level of death or
dependency (20%) at three years was also used to reflect what
might be seen in milder/younger patients. Although initially the
expected treatment effect was taken as a 30% relative risk
reduction, this being the level set by the PD-NET collaborative
group to detect neuroprotection,12 a smaller effect (20% rela-
tive risk reduction) was also assessed to reflect a more modest/
realistic treatment effect. Sample sizes (Fisher’s exact method)
were calculated using StatsDirect software (V.2.7.9). Other statis-
tical analyses were performed using the International Business
Machines (IBM) Statistical Package for the Social Sciences
(SPSS) Statistics V.20.0.

RESULTS
Of an incident cohort of 377 patients with a baseline diagnosis
of possible or probable parkinsonism, 210 have a latest clinical
diagnosis of PD; 10 did not consent to clinical follow-up and
were therefore excluded. Of the remaining 200 patients, only
one had not completed three years of follow-up by the date of
data extraction.

Seventy-one of the 200 included patients died prior to the
date of data extraction. Thirty-three died from a PD-related
cause (nine from pneumonia; four from dementia; two after a
fall; two, who were extremely immobile due to PD, from pul-
monary emboli; two with advanced PD from dehydration; two
from aspiration; and twelve from general frailty with clearly
documented end-stage PD).

Baseline characteristics
The baseline characteristics of the 200 included patients are pre-
sented in table 1. While the majority of patients had mild PD at
baseline, around a quarter were already dependent on the help
of others for ADL (S&E <80%) at diagnosis, which reflects the
elderly nature of the cohort.

Treatment analysis
The amount of dopamine replacement therapy taken by patients
increased over the 3-year follow-up: median LEDD 0 mg (IQR 0–
0) at diagnosis, 240 mg (IQR 0–400) at the first annual follow-up,
300 mg (IQR 100–450) at the second, and 320 mg (IQ 230–500)
at the third annual follow-up. Of those who successfully com-
pleted the third annual follow up (n=162), 136 (83%) were on
dopamine replacement therapy at that time, of whom 24 were on
dopamine agonist monotherapy and the remainder levodopa
alone or in combination with an agonist or MAO-B inhibitor.
Patients not on replacement therapy mostly had milder tremor-
dominant disease, and decided against early treatment.

Survival analysis
Figure 2 illustrates the Kaplan–Meier survival curves for survival
from all-cause mortality, PD-related mortality and time to ‘death
or dependence’. The mean survival time from all-cause mortal-
ity was shorter (6.7 (95% CI 6.1 to 7.3) years) than that from
PD-related mortality (8.1 (95% CI 7.5 to 8.7) years). However,
the time until patients reached ‘death or dependence’ was even
shorter, with a mean survival time of only 3.6 (95% CI 3.1 to
4.2) years. The stepwise decline seen in the ‘death or depend-
ence’ curve reflects that the S&E, which defined the develop-
ment of dependency, was mostly collected at each annual
follow-up.

Change in binary categorical variables over 3 years
Table 2 shows there was a statistically significant increase in the
percentage of patients rated negatively in each binary categorical
variable over 3 years. The H-Y change became non-significant
(p=0.24) in the missing data sensitivity analysis. However, stat-
istically, the most significant change (p=0.027), and the change
of greatest magnitude (38.4%), was seen in the composite vari-
able of ‘dead or dependent’ as defined by S&E <80%.

Sample size calculations
Table 3 shows that using either all-cause mortality or PD-related
mortality as the trial outcome for the three-year RCT would

Figure 2 Kaplain–Meier curves for different outcomes in PINE study
patients with Parkinson’s disease.

Table 1 Baseline characteristics of the included patients with
Parkinson’s disease

Characteristic n
Median value/number
with characteristic

Mean age in years (SD) 200 72.1 (10.3, range 37–90)
Male gender (%) 200 118 (59)
Symptom duration (months) 199 14 (9 to 25, range 2–121)
UPDRS (I) 166 1 (0 to 2)
UPDRS (II) 167 10 (6 to 14)
UPDRS (III) 200 24 (16 to 32)
Total UPDRS 165 37 (25 to 49)
H-Y stage ≥3.0 (%) 199 52 (26)
S&E <80% (%) 200 50 (25)

GDS-15 ≥5 (%) 156 40 (26)
MMSE 166 29 (27 to 29)
Barthel ADL index 158 20 (18 to 20)

Data are medians with IQRs unless otherwise stated. The ‘n’ column indicates the
number of patients who contributed data in each case.
GDS-15, 15-item Geriatric Depression Scale; H-Y, Hoehn-Yahr stage; MMSE,
Mini-mental state examination; S&E, Schwab and England Activities of Daily Living
Scale; UPDRS, Unified Parkinson’s Disease Rating Scale.
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require large sample sizes, even when examining for a large
(30%) relative risk reduction. The three other outcome variables
required smaller sample sizes, with the smallest being for the
composite variable of ‘dead or dependent’ (277–364 in each
arm depending on power). However, the sample size using this
outcome increased significantly when more modest treatment
effects (20% relative risk reduction) and lower rates of out-
comes events (20%) were expected (table 3). Given that it might
be argued that combining death and mild degrees of depend-
ency is inappropriate, the sample size for detecting death or
more major dependency (S&E ≤50%) was also calculated using
the number who were dead or had S&E ≤50% at 3 years.
Significantly higher sample sizes were again required than when
the higher cut-off value (S&E <80%) was used (table 3).

DISCUSSION
Our data show that a composite binary measure of ‘death or
dependency’ as opposed to ‘alive and independent’ is poten-
tially a simple and feasible new outcome measure for clinical
trials in PD.

Neuroprotective trials in PD have struggled to separate out
symptomatic effects of potential therapeutic agents from true
disease-modifying effects. Limitations in trial designs aimed at
detecting a neuroprotective effect (eg, the measurement of clin-
ical outcomes following a wash-out period,13 14 delayed-start
trial designs,15 and only including de novo patients who are not
on dopamine replacement therapy) have restricted their use. At
present, the most robust way of detecting a neuroprotective
effect of a novel therapeutic agent would be to conduct a long-
term follow-up study in which sustained divergence in clinically
important outcomes between placebo and actively treated
patients would suggest a neuroprotective rather than a symptom-
atic effect. In a purely symptomatic effect, the improvement in
outcomes would be expected to be stable or diminish over time.

However, long-term follow-up studies have several disadvan-
tages. They are expensive and may take many years until results
are available. Furthermore, high drop-out rates may be encoun-
tered, particularly if the coadministration of symptomatic treat-
ment is prohibited, which may make interpretation of results
difficult or impossible. For example, after 7 years of follow-up
in a study comparing clinical outcomes in patients treated with
selegiline versus those treated with placebo, only 35% of partici-
pants initially randomised to treatment were still in the study.16

Several of these problems would be overcome in a three-year
trial that used ‘death or dependency’ as the primary outcome.
First, symptomatic treatment would be permitted in addition to
the study drug as, even on such treatment, we have shown sig-
nificant numbers of patients develop the outcome of interest.
This will also limit drop-outs. Secondly, by limiting follow-up to
three years, we have hopefully struck a balance between a sig-
nificantly long enough period of follow-up to detect a neuro-
protective effect, and a realistic period of follow-up, financially,
and in terms of patient compliance.

Our new composite measure of ‘death or dependency’ using
a S&E cut-off of 80% has the advantage of being more clinic-
ally relevant to patients than a change in impairment measured
by the motor UPDRS, and would be expected to change in
response to an effective neuroprotective drug. It also avoids the
need to censor data from patients who die during a study,
thereby maximising the power of that study. As a clinical
outcome measure, we have demonstrated that it is sensitive to
disease progression even with the coadministration of symptom-
atic dopamine replacement therapy. Our sample size calculations
demonstrated that a three-year RCT using this composite
measure would be feasible, requiring about 600–800 patients
per arm, depending on power, assuming a more realistic but still
clinically valuable 20% relative risk reduction, and the same rate
of death or dependency (38%) as we found at 3 years. Even if

Table 2 Percentage of patients with each binary outcome at each annual follow-up over three years

Binary outcome category

Annual follow-up appointment

Overall p Value
Baseline Year 1 Year 2 Year 3
n (%) n (%) n (%) n (%)

H-Y stage ≥3 0/147 (0) 16/132 (12.1) 30/134 (22.4) 28/127 (22.0) 0.047
S&E <80% 0/151 (0) 21/144 (14.6) 34/136 (25.0) 37/130 (28.5) 0.045
‘Dead or dependent’ 0/151 (0) 28/151 (18.5) 48/150 (32.0) 58/151 (38.4) 0.027

The ‘n’ column indicates the number of patients in the stated binary category compared with the total number of patients who contributed data relevant to that binary variable at each
time point. The % column indicates the actual (not modelled) percentage of patients in the stated binary category at each annual follow-up. The overall P values, derived from
generalised estimating equations, relate to the significance of the change in each variable over three years.
H-Y, Hoehn-Yahr scale; S&E, Schwab and England Activities of Daily Living Scale.

Table 3 Sample sizes required to appropriately power RCTs of three years duration in patients with idiopathic PD

Primary outcome measure
Event rate in control
arm (%)

Relative risk
reduction (%)

Absolute risk
reduction (%)

Sample size in each
study arm (80% power)

Sample size in each study
arm (90% power)

PD-related mortality 7.5 30 2.25 1938 2564
All-cause mortality 18.0 30 5.40 734 969
H-Y stage ≥3 22.0 30 6.60 577 762
S&E <80% 28.5 30 8.55 417 549
Dead or dependent (S&E <80%) 38.4 30 11.52 277 364
Dead or dependent (S&E <80%) 38.4 20 7.68 627 830
Dead or dependent (S&E <80%) 20.0 20 4.00 1497 1987
Dead or dependent (S&E ≤50%) 22.6 30 6.78 559 737

Sample sizes were calculated with a 5% level of significance.
H-Y, Hoehn-Yahr scale; S&E, Schwab and England Activities of Daily Living Scale.
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very large trials were required (eg, 1500–2000 per arm to
detect, to a reduction in poor outcome from 20% to 16%), the
simplicity and ease of collection of the measure would also
allow it to be used in simple pragmatic trials, perhaps using
large prospective patient registries.17

There are a number of potential limitations in our trial
design. This was a small study and needs validation in larger
cohorts. Patients also needed to be independent in ADL at base-
line, which meant 25% were excluded (this proportion would
be lower in younger cohorts). However, this is already the case
in neuroprotection trials where patients usually have early stage
disease, implying a reasonable proportion of intact neurons
remain which may be salvageable. However, if required, an
adaptation in the outcome would also allow dependent patients
to be included, that is, including deterioration to a higher grade
of dependency as an outcome in those already dependent. This
has been used in stroke trials.

Our data come from a community-based incident cohort of
PD. While this makes it more generalisable to the totality of PD
patients in the community, it will be less applicable to hospital-
based cohorts of people with early PD, who are the types of
patient recruited into RCTs. In particular, our patients were
older than most patients recruited into RCTs.18 The proportion
of patients dead or dependent at 3 years will vary by age of
onset, and so much larger (or longer) trials would be required if
younger patients were recruited. For example, we showed that
reducing the outcome event rate to 20% at 3 years would
require very large trials to detect 20% relative risk reductions.
However, recruitment of older people into PD trials should be
encouraged to improve generalisability and clinical relevance,
given that PD is predominantly a disease of the elderly.

Some of the outcomes (deaths and loss of independence in
ADL) were the result of comorbid disease, not PD, and so
would not be expected to be prevented by neuroprotective treat-
ments. Restricting outcomes to those thought to be due solely
to PD might seem sensible, but would add a degree of subjectiv-
ity (particularly when deciding about loss of independence) and
would also dramatically increase sample sizes as shown by the
data for mortality alone. Moreover, trials using impairment
scores, such as the motor UPDRS, are also faced with a similar
problem as it remains unclear how to score these in the presence
of significant comorbidity.19

Finally, it might be argued that combining death and any
dependency in ADL is inappropriate because the two are quite
different. However, this outcome is already widely used in major
stroke trials8 and meta-analyses,20 and other fields of medicine
frequently use endpoints composed of fatal and non-fatal out-
comes, for example, cardiovascular trials often combine cardio-
vascular death along with non-fatal myocardial infarction and
stroke. Any effective neuroprotective agent would be expected to
reduce PD mortality and delay progression to dependency in sur-
vivors, so clinically it makes sense to combine the two and, as
highlighted already, it allows all patients randomised to be
included in the analyses at every time point. Using more severe
dependency (eg, S&E ≤50) in combination with death can be
done (and again is used in stroke trials to measure ‘devastating
outcome’),21 but we showed it does increase the sample size sig-
nificantly, even for large treatment effects (table 3).

Although ‘death or dependency’ looks promising as an
outcome, further work is required before it can be widely
adopted. In particular, although we used the S&E scale and
clearly defined what we regarded as becoming dependent
(<80%) in the PINE study, the overall validity and reproducibil-
ity of the S&E scale has been poorly studied. There are many

other disability scales that could be used, which may be better.
However, we would caution against the use of the H-Y scale
because it mixes impairment and disability, and there is no clear-
cut point where someone becomes dependent. It would also be
crucial to define dependency more clearly. For example, depend-
ency in instrumental ADL is different to dependency in basic
ADL, and may be more sensitive to early change in PD.

In conclusion, we believe that ‘death or dependency’ is a
potentially useful new simple outcome measure for PD trials,
particularly neuroprotective trials, but more work needs to be
done to confirm this.
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