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Background: Motor progression varies even among those with a single diagnosis such

as Parkinson’s disease (PD) and little is known about the trajectory of motor signs prior

to death. Understanding deterioration patterns may help clinicians counsel patients and

proactively plan interdisciplinary care, including palliative care. The objective of this study

was to examine and describe Unified Parkinson’s Disease Rating Scale motor score

(UPDRS-III) trajectories at the end of life in PD.

Methods: A retrospective chart review was performed for deceased PD patients who

attended the Parkinson and Movement Disorders Program at the University of Alberta

for at least 5 years between 1999 and 2018. UPDRS-III scores were recorded for all

visits. Trajectory patterns were visualized with Loess curves stratified by sex and age at

diagnosis. Piecewise linear models were used to individually model the UPDRS-III scores,

and the trajectories obtained were clustered based on their features.

Results: Among the 202 charts reviewed, 84 meeting inclusion criteria were

analyzed. The UPDRS-III increased over time regardless of sex and age. Distinct

trajectory variations present in PD (e.g., Consistent Deterioration, Stability-Deterioration,

Improvement-Deterioration, Deterioration-Improvement-Deterioration) were identified.

Twenty-five percent of the patients were classified as Undetermined/Irregular trajectories.

In addition, regardless of trajectory type, many patients experienced a steep increase in

UPDRS-III approaching death. Those with disease diagnosis after age 65 years had a

shorter survival time, compared to PD patients with a younger age of onset.

Conclusion: Our study identified dominant types of motor trajectory in PD that can help

clinicians understand their patients’ course of illness. This information can help counsel

patients regarding the variability in motor deterioration and should alert physicians to

recognize a terminal decline. Age of disease onset was correlated with survival time.

Keywords: Parkinson’s disease, trajectory, UPDRS, terminal decline, palliative care

INTRODUCTION

Multiple factors influence the progression and trajectory of Parkinson’s disease (PD). Studies on the
natural history of PD revealed that despite all advances in the symptomatic management with new
pharmacologic agents and technologies for PD, the progression of motor disability is inexorable,
adding to patients and caregivers’ burden, especially at the end of life (1–3). This encompasses
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disability caused by increasing severity of motor signs over
time, development of motor complications, and poorly levodopa
responsive axial motor signs, including dysarthria, dysphagia,
postural instability, and freezing of gait (4, 5). In addition, non-
motor symptoms increase in number and severity throughout
the course of disease and in particular, neuropsychiatric
complications of PD can be burdensome (6, 7).

PD is the most common parkinsonian condition. The
prevalence is about 1% in people over the age of 60 years (8), and
the reported incidence ranges from 8 to 18 per 100,000 person-
years (9). The neuropathological hallmarks of PD are neuronal
loss in the substantia nigra, which leads to striatal dopamine
deficiency, and intracellular inclusions containing aggregates
of α-synuclein (10). Levodopa and other dopamine enhancing
agents increase the synaptic dopamine concentration and/or
postsynaptic receptor binding, and therefore improve motor
symptoms, especially early in the disease course. PD usually
carries a better prognosis than the other atypical parkinsonian
syndromes (8). Illnesses such as progressive supranuclear palsy,
multiple system atrophy, and corticobasal syndrome have less
response to treatment and usually progress more rapidly (11, 12).
However, although considered a slowly progressive disease, there
is marked heterogeneity in PD disease progression. PD motor
phenotype is indicative of prognosis. The postural instability/gait
difficulty (PIGD) phenotype usually has a poorer response to
dopaminergic treatment and a worse prognosis than the tremor
dominant phenotype (13).

Since PD is a progressive neurodegenerative condition, and
the disease trajectory can vary, it is important to have a
better understanding of the patterns of disease course and
deterioration in later stages to help clinicians counsel patients
and plan interdisciplinary care, including palliative care referrals,
accordingly. The objective of this study was to examine and
describe UPDRS-III trajectories at the end of life in PD.
These data can help patients, families and clinicians understand
potential progression trajectories in advanced illness. Since most
research has focused on early and mid-stage PD, the end of
life has been largely neglected. Following PD patients until
their death is unusual in many neurology practices. This data
can also help patients, families and clinicians identify terminal
motor decline as a trigger for palliative care involvement. More
importantly, this study can provide clinicians, patients and
families with realistic expectations when making important goals
of care decisions.

MATERIALS AND METHODS

Study Subjects
The study population included PD patients followed at the
Parkinson and Movement Disorder Program (PMDP) at the
University of Alberta between 1999 and 2018, and deceased
before 2018. Inclusion criteria included: Diagnosis of PD using
UK brain bank criteria (14); followed for at least 5 years.
Exclusion criteria included: <5 UPDRS III scores from different
years, and no UPDRS-III score in the 2 years prior to time
of death and those only had off UPDRS scores. Since we were
interested in the trajectory patterns approaching death, five

or more assessments and scores recorded close to death were
deemed necessary. A flowchart shows original data to the final
patient sample (Figure 1).

Chart Review and Data Collection
A retrospective chart review was conducted documenting age at
diagnosis and visit, sex, UPDRS-III score at each visit, the year
of diagnosis, and two time variables documenting post diagnosis
time. One variable was time in years from diagnosis to first
UPDRS-III assessment in our clinic, and the other was interval
between follow up visits and their first UPDRS-III assessment.
Levodopa equivalent daily dose (LEDD) (15) was analyzed at
initial visit and at time of death for all patients.

Patients were classified into three age groups according
to their age at PD diagnosis, <50, 50–64, and ≥65 years.
The endpoints of the study were the trajectories of motor
deterioration using UPDRS-III score prior to death, stratified by
age group and sex.

To identify patterns of individual trajectory, we first visualized
individual UPDRS-III score trajectory using spaghetti plots. We
then clustered patients based on their trajectory patterns into
different categories. Details of these models can be found in the
Appendix in Supplementary Material. If the standard deviations
of the UPDRS-III scores were lower than 2.5 across all visits
during follow-up, the patients were considered stable. If the
UPDRS-III scores were linearly increasing approaching death,
the group of patients was categorized into the linear trajectory
group. For linear trajectory, we used a mixed effect model to
model the average slope of UPDRS-III score with respect to time
prior to death, accounting for age group and sex. For patients
who had transition points in their trajectories, we grouped the
patients by having either one or two transition points in their
trajectory. Separate one-knot or two-knot linear model was fitted
to each patient’s UPDRS III scores. For fitting a one-knot and
two-knot model, we require a minimum of 6 and 8 scores from a
patient, respectively. To analyze whether UPDRS-III correlated
with LEDD, non-parametric correlation with Spearman rho
was performed. All statistical analyses were performed using R
Statistical Software (16).

Standard Ethics Approvals
The study was approved by the University of Alberta Health
Research Ethics Board (Pro00070137).

RESULTS

Among 202 deceased PD patients, 84 met inclusion criteria
(Figure 1). Demographic and clinical characteristics of the
patients are summarized in Table 1. Male to female ratio was
2.42, and 51.2% of the patients were 65 or older at time of
diagnosis. The average follow up was 11.4 years among the PD
patients, and 64.3% had more than 10 UPDRS-III scores. The
median time from PD diagnosis to first assessment was 2 years
for the 84 patients (range 0–20 years) (Table 1), 9.5 years (<50),
4 years (50–64), and 1 year for ≥65 years age groups. Among
all PD patients, the older the patients were at disease onset, the
more likely they were to be followed up early in their disease
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FIGURE 1 | Flowchart of data collection of the patients with Parkinson’s disease. Flowchart of final sample of the Parkinson’s patients: 84 patients meeting inclusion

criteria were analyzed as shown in the flowchart. PD, Parkinson’s disease; LBD, Lewy body dementia; MSA, multiple system atrophy; PSP, progressive supranuclear

palsy; UPDRS-III, Unified Parkinson’s Disease Rating Scale motor score.

course. The LEDD increased from first visit (574.6 ± 485.2mg)
to the time of death (864.1 ± 388.7mg). However, at both time
points, patient’s LEDD did not correlate with the UPDRS-III
score. In addition, the included and excluded decedents were
compared (Supplementary Table 1). There was no difference in
sex; however, the age of the 84 included patients was younger
than the excluded PD patients (p < 0.01), and the UPDRS
score was 3.4 points higher in the included group at last visit
in the included group (p < 0.05) (Supplementary Table 1). The
excluded decedents had a shorter course from diagnosis to death
(p< 0.01). Given the shorter course, these decedents did not have
sufficient observations to be included in the dataset.

Firstly, the spaghetti plots identified patterns of individual
UPDRS-III score trajectory, and revealed heterogeneity among
PD patients. Based on the trajectory patterns, the patients were
grouped into the following categories model: (1) stable, (2) linear,

(3) piecewise linear, and (4) irregular (Figure 2). In general, the
overall trend of UPDRS-III scores was increasing over time as
patients approached death regardless of sex and age of diagnosis
(Figure 3). As there is no appreciative difference between men
and women, Figure 3 shows the Loess curves of the UPDRS-
III scores vs. time for the three age groups combining men and
women. Five patients (6%) were in the stable group (Figure 4A).
One-third of the PD patients (n = 28) belonged to the linear
trajectory group (Consistent Deterioration, Figure 4B). Their
UPDRS-III scores linearly increased approaching death. In this
group, women and men did not have statistically significant
different slopes nor did they have different UPDRS-III scores
prior to death on average. Age at diagnosis, however, was a
predictor for how fast the average UPDRS-III changed. For
patients whose age at diagnosis was below 65 years, their average
increase in UPDRS-III score was 3.2 per year over their disease
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TABLE 1 | Demographic and clinical characteristics of the Parkinson’s patients

analyzed.

Demographic and clinical characteristics N (%)

Sex

Male 59 (70.8)

Female 25 (29.2)

Time from diagnosis to first UPDRS-III assessment (years)

0 21 (25.0)

0–<1 16 (19.1)

1–<5 28 (33.3)

5–<10 12 (14.3)

10–<15 6 (7.1)

>15 1 (1.2)

Age at diagnosis

<50 6 (7.1)

50–64 35 (41.7)

>65 43 (51.2)

Number of visits

5–<10 30 (35.7)

10–<15 35 (41.7)

>15 19 (22.6)

course, while the average increase was 2.6 per year for those age at
diagnosis was at least 65 years (p = 0.023) among the 28 patients
in the Consistent Deterioration group. Within the last year of
death, the average UPDRS-III scores were 55, 43, and 36 for the
three age groups, <50, 50–64, and≥65, respectively (Figure 4B).
However, it should be noted that among the three groups, there
were only 6 patients in the <50 group.

There were 20 patients who had one transition point in their
UPDRS-III trajectories. Three types of motor trajectories
were identified (Figures 4C–E): (A) stable → increase
(Stability–Deterioration, n = 7); (B) decrease → increase
(Improvement–Deterioration, n = 9); and (C) increase →

decrease (Deterioration–Improvement, n = 4). Most of their
transitions (85%) occurred between 2 and 5 years prior to
death. Another 10 patients had two transition points, seven
of whom had an increase → decrease → increase pattern
(Deterioration–Improvement–Deterioration, Figure 4F) and
three of whom had a decrease → increase → decrease pattern
(Improvement–Deterioration–Improvement, Figure 4G). A
majority (70%) of patients had their 2nd transitions between 2
and 5 years prior to death.

The remaining 25% of the patients did not fit into
any of these above patterns and were classified as having
“Undetermined/Irregular” trajectories (n = 21). Patients in this
group tended to have a later age of onset. Summaries of these
patterns were given in Tables 2, 3.

There was no difference in post diagnosis life expectancy
between men and woman in our study (Table 4). In contrast,
age of PD diagnosis was associated with survival time. Patients
younger than 50 years old at diagnosis had a median survival of
24 years, compared to 8 years in patients>65 years old (Table 4).

DISCUSSION

Our retrospective study of PD to death revealed different
trajectory patterns (e.g., Consistent Deterioration, Stability-
Deterioration, Improvement-Deterioration, Deterioration-
Improvement-Deterioration) as assessed by the UPDRS-III.
Across the trajectory patterns, the trend of “Decrease” in
UPDRS-III before the “Increase” might have been due to
initial response to medication initiation or adjustment, and
possible introduction of physio/occupation therapy or other
multidisciplinary care interventions, resulting in UPDRS
III improvement. As PD progresses to late stage, disability
progression may relate to a loss of compensatory abilities,
widespread Lewy bodies and coexistent pathologies (i.e.,
vascular, plaques and tangles) (17, 18). Only a small percentage
of patients had stable motor function (6%).

Over time, UPDRS-III scores showed a steep increase
toward death in many patients. The “terminal decline” in
PD could be attributed to changes in levodopa intake (i.e.,
dysphagia, necessary adjustments due to neuropsychiatric
complications, gastrointestinal complications, hospitalization,
and nursing home placement with less individualized care)
and pharmacodynamic changes with loss of responsiveness to
dopaminergic medications. In non-PD elderly, impaired motor
function and faster rate of motor decline were associated with
increased mortality (19). Lunney et al. has summarized terminal
decline into four groups with different duration and shape in
the aging population (20): sudden death; terminally-ill (rapid
decline until death, i.e., in cancer); organ failure (gradual decline
with frequent episodic acute exacerbations); and frailty (chronic
disease with slow and gradual decline). Our cohort demonstrated
variable patterns that contrast with non-PD elderly including a
terminal decline 2–5 years prior to death.

Our findings of variable patterns of motor impairment

trajectories confirm clinicians’, patients’, and families’ experience

that PD has many presentations, but terminal decline in motor
function is common. Rather than the generic, “every patient is

different” advice commonly received by PD patients and families,
our results may allow clinicians to provide more nuanced
information. The pathophysiologic basis for the different
trajectories is not clear as we do not have radiographic, pathologic
or genetic information. However, our results can be taken as
clinical evidence that PD is potentially a spectrum of illnesses
rather than a uniform entity and that identifiable patterns do
exist (21). Further, our results demonstrate a significant age
difference across all trajectory types (Table 4), with younger
patients having longer survival. This is also valuable information
for clinicians, patients and families. Given the difference between
those diagnosed prior to age 50 and those diagnosed after 65 years
of age, this is significant prognostic information for patients.

Details on PD motor progression were not well-documented
with validated rating scales in the pre-levodopa era (22, 23). The
introduction of dopaminergic agents improved motor function
and disability in PD, but did not translate to reduced mortality in
a 10-year multicentered study (24). These investigators reported
that if advanced PD was defined by the appearance of axial
symptoms and dementia, both bromocriptine and levodopa
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FIGURE 2 | Flowchart illustrating the process of individual model fitting. Flowchart illustrating the process of individual model fitting for the 84 PD patients (n: number

of patients; N*: number of observations per patient). SD, standard deviation; ANOVA, analysis of variance.

groups progressed at a similar rate. In addition, current medical
and surgical therapies have not been shown to significantly alter
the progression of the underlying neurodegeneration process
in PD (4, 5). PD trajectories are complicated by phenotypic
heterogeneity, diagnostic inaccuracy, and confounding factors
including age and comorbidities (25). Further, recent genetic
advances bring into question whether PD as the phenotype
is indeed a single illness (21). Many placebo-controlled trials
defined the rates of progression of motor dysfunction using the
Unified Parkinson’s Disease Rating Scale (UPDRS II and III)
within the first 2–5 years of PD diagnosis (26–28). The rate
of progression decreases with longer follow-up of 4 (29) and 8
years (30). This is consistent with previous clinical cross-sectional
studies (23, 31, 32). The non-linear progression of PD motor
impairment with steeper declines earlier in the disease may be
due to an exponential decline of neuronal cell counts in the
substantial nigra (33).

PD increasesmortality compared to age-matched non-PD (34,
35). It is the 14th leading cause of death in the US (36). In a large
population-based study, Beyer et al. indicated that age, UPDRS
scores, and Hoehn and Yahr stage at baseline were greater in
those who died during the follow-up period compared to the
survivors (35). However, no longitudinal changes were collected

during the follow-up. Our work provides importance evidence
that terminal decline is a feature of PD, with later age of diagnosis
associated with much shorter survival (10 years with diagnosis
after 65 years of age vs. 24 years with diagnosis before age 50)
(Table 4). This is valuable prognostic information for clinicians,
patients, and families. In late stage disease, motor features seemed
to become less responsive to dopaminergic therapy. Therefore,
for those over 65 years of age at time of diagnosis, consideration
of early implementation of palliative care principles of care would
be appropriate. In the setting of motor complications, earlier
rather than later DBS may be indicated given the relatively less
progressive and long course especially in young onset (diagnosis
before age 50) patient population (37, 38).

We did not observe any differences in disease trajectory
between men and women as patients approached death. Previous
longitudinal and cross-sectional studies of sex differences in PD
progression yieldedmixed findings. A longitudinal, observational
study with 4,679 PD patients indicated that no significant
differences between men and women were observed after 1
year of follow-up (39). However, baseline characteristics were
different with women being significantly older than male
participants in their study. A large clinical trial found no
difference between male and female PD patients who were on
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FIGURE 3 | UPDRS-III trajectory prior to death among Parkinson’s patients. Loess curves were estimated using UPDRS-III scores from PD patients (n = 84) stratified

by age at diagnosis, <50, 50–64, and ≥65 years. The figure shows the loess curves of the UPDRS-III scores vs. time for the three age groups combining men and

women.

similar treatment regimens before enrollment during early stages
of disease (40). In contrast, faster clinical decline was reported
in men compared to women in another study (41). However,
baseline clinical features between male and female patients were
not analyzed in this study.

Consistent with our findings that patients older than 65 had
shorter survival time, a previous systematic review using cluster
analysis identified PD subtypes: young age (≤40 years old) at
onset with slow disease progression, and old age (≥70 years old)
at onset with rapid disease progression (13). A long term follow
up study showed an increase hazard ratio for mortality of 1.40
for every 10-year increase in age (42). Similarly, older age at
onset was a predictive factor for more rapid motor progression,
nursing home placement, and shorter survival time (43), and
was associated with progression of non-levodopa-responsive
symptoms (44).

In our study, within the Consistent Deterioration group
(Figure 4B, n= 28), age at diagnosis was associated with terminal
UPDRS-III score. The older patients (≥65) had a lower UPDRS-
III score toward death. However, it is hard to conclude that
this observation represents the true natural history since it is
only restricted to the Consistent Deterioration group with linear
trajectory, as well as restricted to the end of life period instead of

the entire survival period. In addition, we have only 6 patients
belonging to this group whose age of onset was <50 years. It
should be noted that, in young onset patients, we have missed
years of follow up between age of onset and age at first assessment.
The six individuals showed linear trajectory for the duration
of analysis. However, to study the true pattern of progression
in the patients with young age of onset, further studies, using
larger sample sizes, are needed to use nature age as the time axis.
Therefore, for patients diagnosed at younger age, the pattern of
trajectory could potentially change to a different profile.

For those living with PD, planning for future needs especially
in late stage is important. Our identification of terminal motor
decline, similar to that in non-PD elderly, can provide a
signpost for clinicians to inform patients and especially family
members of the arrival of a new stage of illness. Terminal
decline of UPDRS III can provide families with a sign that is
easy for them to grasp and appreciate. Clinicians who identify
terminal decline in their patients can use this information to
guide a discussion regarding patient and caregiver needs and
the potential benefits of palliative care involvement. Activating
palliative care can engage the holistic philosophy that may relieve
burdensome symptoms that accompany terminal decline such
as pain, shortness of breath, caregiver burden, dysphagia, and
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FIGURE 4 | Loess curves of UPDRS-III scores for Parkinson’s patients with model fitting. Loess curves were visualized on time prior to death for the 84 Parkinson’s

patients analyzed. The curve was stratified by age at diagnosis, <50, 50–64, and ≥65 years. The individual model fittings are: (A) stable group, n = 5. (B) linear trend

(Consistent deterioration) group (lines represent the average pattern for each age group), n = 28. (C–E) fitted trajectories for piecewise linear (one knot) groups. (C)

Stability-Deterioration (n = 7); (D) Improvement-Deterioration (n = 9); and (E) Deterioration-Improvement (n = 4). (F,G) fitted trajectories for piecewise linear (two

knots) groups. (F) Deterioration-Improvement-Deterioration (n = 7); (G) Improvement-Deterioration-Improvement (n = 3). PD, Parkinson’s disease; UPDRS-III, Unified

Parkinson’s Disease Rating Scale motor score.

delirium (2). Furthermore, this information can help counsel
patients with advanced disease to dispel the notion that PD has
a constant rate of motor deterioration and educate about realistic
expectations for the future. Our results can act as a trigger
to help engage patients and caregivers in multidimensional
shared decision-making discussions and make well-informed
and thoughtful care decisions based on PD progression. The
novel statistical approach to analyze disease trajectory resulting

in distinct patterns is also clinically relevant. The modeling
approach takes into account within patient score correlation,
allowing teasing out the effect of age group and sex on the linear
trend of the longitudinal scores. Due to limited sample size in
some patterns of trajectory, we were unable to use statistical
models to identify when change point(s) occur prior to death
on average. We described and summarized our observation of
individual trajectories instead (Figures 4A,C–G) and Tables 2, 3.
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TABLE 2 | Trajectory characteristics of the Parkinson patients (time prior to death, n = 84).

(A) Change in UPDRS-III.

Trajectory characteristics n (%) Change in UPDRS-III (points per year), Median (range)

Stablea 5 (6.0) NA

Consistent deterioration 28 (33.3) 3.21, 2.62

Piecewise linear (one knot)

Stability – Deterioration 7 (8.3) 0.05 (−0.5, 0.3)7.25 (2.9, 21.9)

Improvement – Deterioration 9 (10.7) −3.77 (−8.8, −0.9)10.6 (2.2, 18.9)

Deterioration – Improvement 4 (4.8) 2.85 (0.5, 3.9)−8.59 (−17.1 −5.1)

Piecewise linear (two knot)

Deterioration – Improvement –

Deterioration

7 (8.3) 2.5 (1.5, 16.9)−9.0 (−39.9, −4.1)10.9 (5.0, 27.5)

Improvement – Deterioration –

Improvement

3 (3.6) −2.9 (−1.0, −4.5)10.5 (5.6, 12.5)−12.25 (−27.6, −10.2)

Irregular/Undetermined 21 (25.0) NA

(B) Transition time, time prior to death (years).

Trajectory characteristics n (%) Transition 1

Median (range)

Transition 2

Median (range)

Age at diagnosis (years)

Median (range)

Stablea 5 (6.0) NA NA 60.5 (56, 75)

Consistent deterioration 28 (33.3) NA NA 68 (43, 80)

Piecewise linear (one knot)

Stability – Deterioration 7 (8.3) −3 (−5, −1.7) NA 63 (47, 70)

Improvement – Deterioration 9 (10.7) −4 (−12, −2.5) NA 70 (48, 81)

Deterioration – Improvement 4 (4.8) −3.35 (−4.7,

−1.7)

NA 67 (61, 75)

Piecewise linear (two knots)

Deterioration – Improvement – Deterioration 7 (8.3) −7 (−11, −5) −5 (−7, −4) 56 (45, 67)

Improvement – Deterioration – Improvement 3 (3.6) −5 (−10, −4.3) −2 (−2, −1.3) 64 (61, 73)

Irregular/Undetermined 21 (25.0) NA NA 63 (52, 76)

aPatients with standard deviation <2.5; 1Fixed effects slope for age group (<50 and 50–64 years); 2fixed effects slope for age group (≥65 years).

There are some limitations of the current study. Since
the study was a retrospective chart review, other aspects of
importance in advanced PD such as cognitive, other non-motor
features, comorbidities and quality of life measures were not
examined. Nevertheless, the UPDRS-III is used widely to reflect
PD motor disability and is a main outcomes measure in many
symptomatic trials (45, 46). However, it is possible that the
UPDRS-III does not completely reflect true functional status of
patients or progression rate at higher levels of disease severity.
UPDRS-III scores may not be reliable in advanced disease due to
a ceiling effect (47). We did not perform subgroup UPDRS III
score analysis (tremor-dominant or PIGD) as previous studies
have done (27, 28, 48, 49). Due to the long-time frame of data
collection, the new MDS-UPDRS was not used. Our dataset
was small as we limited ourselves to decedents with “complete”
data. We acknowledge that additional patterns of change may be
possible with large sample size. It is also important to note that
25% of our PD patients could not be classified into a pattern
– this may be due to inability of patients to fully participate
in examination or other factors not controlled for in a clinical
setting. Our criteria for inclusion could have excluded older
patients who were unable to be assessed in the clinic within
2 years prior to death, given the age difference between the

included and excluded decedents. Similarly, with lack of the
UPDRS-III in the final 2 years, the excluded group had a slightly
lower UPDRS-III score at last assessment. In addition, in order
to analyze the trajectory, we excluded the patients with <5 years
of visit, which likely led to the shorter disease duration in the
excluded group. However, this does not refute the observed
patterns in the terminal motor trajectory in the PD patients with
more complete data.

Future prospective studies of motor progression, non-motor
symptoms, cognitive and neurobehavioral symptoms and the
impact of comorbidities are needed to better characterize the
totality of PD progression. While our retrospective study has
provided a framework for counseling PD patients and caregivers,
future prospective studies including reliable metrics that assess
global function, including motor, non-motor, and activities of
daily living, can further categorize disease trajectory and provide
more accurate and holistic information.

Despite these limitations, our results outline four
main types of motor progression in the years leading to
death (Consistent Deterioration, Stability-Deterioration,
Improvement-Deterioration, Deterioration-Improvement-
Deterioration) and that, regardless of motor progression,
terminal motor decline with a steep increase in UPDRS III
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TABLE 3 | Summary of the trajectory types in relation to sex and age of onset of Parkinson’s disease.

Trajectory characteristics Sex, n (col%) Total

n (col%)
Male Female

Stable 3 (5.1) 2 (8.0) 5 (6.0)

Consistent deterioration 19 (32.3) 9 (36.0) 28 (33.3)

Stability – Deterioration 5 (8.5) 2 (8.0) 7 (8.3)

Improvement – Deterioration 5 (8.5) 4 (16.0) 9 (10.7)

Deterioration – Improvement 3 (5.1) 1 (4.0) 4 (4.8)

Deterioration – Improvement – Deterioration 6 (10.2) 1 (4.0) 7 (8.3)

Improvement – Deterioration – Improvement 2 (3.4) 1 (4.0) 3 (3.6)

Irregular/Undetermined 16 (27.1) 5 (20.0) 21 (25.0)

Total n (row %) 59 (70.2) 25 (29.8) 84 (100)

Trajectory characteristics Age at diagnosisn (col%) Total

n (col%)
<50 50–64 ≥65

Stable 0 (0) 3 (8.6) 2 (4.6) 5 (6.0)

Consistent deterioration 2 (33.3) 8 (22.8) 18 (41.9) 28 (33.3)

Stability – Deterioration 2 (33.3) 2 (5.7) 3 (7.0) 7 (8.3)

Improvement – Deterioration 1 (16.7) 2 (5.7) 6 (14.0) 9 (10.7)

Deterioration – Improvement 0 (0) 2 (5.0) 2 (5.4) 4 (4.8)

Deterioration – Improvement – Deterioration 1 (16.7) 5 (14.3) 1 (2.3) 7 (8.3)

Improvement – Deterioration – Improvement 0 (0) 2 (5.7) 1 (2.3) 3 (3.6)

Irregular/Undetermined 0 (0) 12 (34.3) 9 (20.9) 21 (25.0)

Total n (row %) 6 (7.1) 35 (41.7) 43 (51.2) 84 (100)

TABLE 4 | Survival time post diagnosis for the Parkinson’s patients.

Characteristics n (%) Median (IQR) Range

Sex

Male 59 (70.2) 11 (8–17) (5–30)

Female 25 (29.8) 13 (9–18) (5–22)

Age at diagnosis groups (years)

<50 6 (7.1) 24 (19–27) (18–30)

50–64 35 (41.7) 15 (12–18) (6–26)

≥65 43 (51.2) 10 (7–11) (5–20)

The survival time of the parkinsonian syndromes in relation to sex and age of the patients. Survival time, survival from time of diagnosis in years. IQR, interquartile range.

was seen in many patients approaching death. Those with
diagnosis after age 65 years had shorter survival times. Our study
provides knowledge of dominant trajectory types in PD that
can help clinicians understand their patients’ course of illness.
This information can help counsel patients with advanced
disease to identify triggers of declining function and potentially
may be used for hospice enrolment criteria or involvement of
palliative care.
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