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Abstract.

Background: Individuals with Parkinson’s disease (PD) develop a significant disease burden over time that contributes to a
progressive decline in health-related quality of life. There is a paucity of qualitative research to understand symptoms and
impacts in individuals with early-stage PD (i.e., Hoehn and Yahr stage 1-2 and <2 years since diagnosis).

Objective: The collection of qualitative data to inform the selection of clinical outcome assessments for clinical trials is
advocated by regulators. This patient-centered, multistage study sought to create a conceptual model of symptoms and their
impact for individuals with early-stage PD.

Methods: Symptoms and impacts of PD were gathered from a literature review of qualitative research, a quantitative social
media listening analysis, and qualitative patient concept elicitation interviews (n=235). Clinical experts provided input to
validate and finalize the concepts.

Results: The final conceptual model consisted of 27 symptoms categorized into ‘motor’ or ‘non-motor’ domains, and 39
impacts divided into five domains. Most frequently reported symptoms in early-stage PD were ‘tremors’ (89%), ‘stiffness
and rigidity’, and ‘fatigue’ (69%, both). Most frequently reported impacts included ‘anxiety’ (74%), ‘eating and drinking’
(71%), followed by ‘exercise/sport’ and ‘relationship with family/family life’ (66%, both).
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Conclusion: This study provides initial insights relating to the symptom and impact burden of early-stage PD patients.

The conceptual model can be used to help researchers to develop and select optimal patient-centered outcomes to measure

treatment benefit in clinical trials. These findings could inform future qualitative research and the development of outcomes

specifically for early-stage PD patients.
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INTRODUCTION

Individuals with Parkinson’s disease (PD) experi-
ence a significant disease burden over time which
can include a range of motor (tremors, stiffness,
gait difficulties, and loss of balance) and non-motor
symptoms (sleep disorders, fatigue, pain, depression,
anxiety, psychosis, cognitive decline, and dysau-
tonomia, among others) [1, 2]. As these motor and
non-motor symptoms increase, individuals with PD
progressively lose their independence and autonomy
[3]. This loss has a significant impact on patients’
health-related quality of life (HRQoL) and places
an increased responsibility on caregivers and fam-
ily members [4]. The physical and psychosocial
burden of PD is relatively well documented in indi-
viduals with moderate-to-advanced disease [5, 6].
Conversely, a paucity of open-ended qualitative lit-
erature exists regarding the impact of the earlier
stages of PD, with a lack of systematic qualitative
studies from a patient-centered perspective. While
open-ended interview data are lacking, a recent sur-
vey by Port et al. has demonstrated that non-motor
symptoms are present from the very earliest and pro-
dromal stages of PD [7]. Moreover, problems with
walking, balance and falls, speech problems, freez-
ing of gait, and dyskinesia are relatively mild in early
disease, but become increasingly important with dis-
ease progression compared with tremor, stiffness, and
psychological health, which were found to decrease
in importance with disease progression [7].

Within the context of clinical trials for therapies
in early-stage PD, it is important to assess symp-
toms and changes in functional abilities that are
relevant and meaningful to such a cohort. Obtain-
ing qualitative insights from patients is recommended
in the U.S. Food & Drug Administration (FDA)
Patient-Reported Outcomes guidance [8] and Patient-
Focused Drug Development guidance series [9] when
selecting and developing clinical outcome assess-
ments (COA) for the comprehensive evaluation of
treatment efficacy. In addition, understanding the
patient perspective regarding relevant symptoms and
impacts can be informative in clinical practice to
ensure the use of outcomes of importance to patients.

To this end, this patient-centered, multistage study
was designed to inform the development of a concep-
tual model of PD in recently diagnosed individuals
(patients within 2 years of diagnosis, Hoehn & Yahr
(H&Y) stage 1-2). A conceptual model provides
a visual depiction of the interrelationships between
disease-related symptoms and their impact, as expe-
rienced by patients [10]. It is designed to provide a
framework from which unmet needs can be easily
conveyed and understood. A conceptual model can be
used to determine the suitability of an existing out-
come assessment by reviewing the extent to which
it measures patient-relevant aspects of the disease as
captured in the model. This is especially useful in
disease areas where outcome assessments exist for
similar or overlapping conditions (or in the case of
PD for more advanced disease populations) but are
potentially absent for the condition of interest. Sub-
sequently, a conceptual model can identify relevant
clinical endpoints and ensure that symptoms/impacts
considered important to the patient are assessed in
future clinical research trials and in clinical practice.

METHODS

Insights on PD were gathered using a three-
pronged approach (Fig. 1): 1) a review of published
qualitative literature; 2) quantitative social media lis-
tening; and 3) concept elicitation (CE) interviews
with individuals diagnosed with early-stage PD.

Information from the three sources was gathered
to create a preliminary conceptual model. A group
of clinical therapeutic area experts (TAEs) provided
input throughout the process to validate and finalize
the model.

Literature review of qualitative research

Study design

The literature search was conducted in OVID using
EMBASE, MEDLINE, and PsycINFO databases.
A secondary ‘grey’ literature search (which captured
research by organizations outside of the traditional
publishing channels) was conducted to ensure that
all relevant studies/information were captured in the
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Fig. 1. Development of the PD Conceptual Model.

review. This included a search of conference pro-
ceedings and literature from the National Institutes
of Health.

Search strategy

A search strategy of the literature included terms
associated with PD, along with qualitative terms (e.g.,
focus group, interview, narrative, etc.) and symptoms,
impacts and HRQoL concepts (e.g., tremor, consti-
pation, daily living, etc.). The search was limited to
research articles or reviews published between 2000
and 2017. An article was excluded if a) it was a dupli-
cate; b) it reported on a disease unrelated to PD; c)
the study design was not preliminary or descriptive
qualitative research, or the primary outcome measure
was not evaluated qualitatively; d) the article was pub-
lished outside of the set dates; or €) it was not written
in English.

Data extraction and analysis

The data were extracted and analyzed by a re-
searcher based on the full assessment criteria includ-
ing study title; author and year; indication and stage
of PD; study design, outcome measure discussed;
type of qualitative method; interview guide descrip-
tion/goals; and strengths/limitations of research. A
preliminary conceptual model (version 0.1) was cre-
ated which focused on the core symptoms and
impacts, raised in > 1/3 of the articles reviewed.

Quantitative social media listening

Search strategy and data extraction and analysis
English-speaking PD-specific social media, blogs
and forums were identified through a Google online

search using the disease name. Text mining of the
search results was performed using a tool called Lin-
guamatics I2E to focus on the symptoms and impacts
of early-stage PD reported by caregivers and individ-
uals with mention of a self-confirmed diagnosis. The
focus was on symptoms and impacts reported to have
happened before or around the time of diagnosis. The
I2E query strategy examined language patterns that
suggested patients describing symptoms or impacts.
The results of these queries were manually mapped
to expert-chosen categories.

To reduce bias, text mining queries were not res-
tricted to a list of symptoms, but instead used
multiple word patterns that could be associated
with statements regarding symptoms and impacts
[11]. The original language was then analyzed
by information scientists. All data were down-
loaded from publicly available social networking
sites and communities with neither access nor mining
restrictions.

The preliminary conceptual model was modified
(version 0.2) to include additional symptoms and
impacts that were raised in the social media listen-
ing exercise, that were corroborated by the published
literature and clinical experts. The concepts in the
preliminary model (version 0.2) informed the semi-
structured CE interview guide.

Ethical considerations

This work is compliant with ethical guidelines for
the collection and analysis of user-generated content
on open internet platforms. Data were downloaded
only from open health social networking sites and
communities. No information from restricted data
areas was downloaded (i.e., content that requires an
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ID or password for access). No aggregation or enrich-
ment of data on an individual was performed.

CE interviews

Interview design

CE interviews were conducted to validate the
preliminary conceptual model generated from the
literature and social media listening analysis. The
1-hour, semi-structured interviews were open-ended
by design to encourage participants to spontaneously
report on their disease experiences. When needed,
more direct questioning was employed by the inter-
viewer to elicit greater detail. Guidance from the FDA
relating to the conduct of qualitative interviews using
CE methods was followed [12]. This data collec-
tion approach generated participant-driven insights
and allowed for a bottom-up, thematic analysis of the
data to inform changes to the preliminary conceptual
model.

Interview population (eligibility criteria)

The aim was to recruit 20 participants in the US
(fluent English speakers), eight participants in France
(fluent French speakers), and eight participants in
Germany (fluent German speakers) of any race or
gender and aged > 40-80 years who had a clinical
diagnosis of early-stage PD (<2 years) and H&Y
stage 1-2. France and Germany were selected as tar-
get countries for recruitment to provide insight into
potential differences between participants’ descrip-
tions and experiences based on a US versus a non-US
sample.

Additional eligibility criteria included: a) the pres-
ence of idiopathic PD with bradykinesia plus one of
the other cardinal signs of PD (resting tremor, rigid-
ity), without any other known or suspected cause
of PD [13]; b) individuals that had been diagnosed
with PD <2 years at the time of the interview and
were untreated or treated with monoamine oxidase B
inhibitors; ¢) individuals that were classified as stage
1, 1.5, or 2 based on the modified H&Y scale, or 1 or 2
based on the original H& Y scale; d) individuals either
free of dopaminergic PD medication or who had been
taking dopaminergic PD treatment < 6 months at the
time of the interview and; e) individuals who were
cognitively and physically capable of participating in
an hour-long, face-to-face or telephone interview.

Recruitment
Target recruitment quotas aimed to ensure that
the study population adequately represented the

patient population, specifically to obtain a spread
of age, education, ethnicity, and PD status. Locally
based external agencies recruited participants for the
study in the US, Germany, and France. Additional
participants were recruited via a direct-to-patient
recruitment strategy using the Fox Trial Finder via the
Michael J. Fox Foundation (MJFF). Written informed
consent was obtained prior to the conduct of any
research-related activities.

Interview procedures

Interviews with individuals lasted approximately
60 minutes. Trained qualitative interviewers used a
semi-structured discussion guide to encourage partic-
ipants to spontaneously discuss concepts. A narrative
at the beginning of the interview was designed to ori-
entate the participant towards discussion of the early
signs, symptoms and impacts of PD. This was fol-
lowed by a series of focused questions to explore
those symptoms and impacts that the participant
spontaneously reported on his/her own. Once the par-
ticipant noted that he/she had exhausted all of the
symptoms and impacts he/she had experienced, the
interviewer then went through a list of symptoms
and impacts that were identified as commonly expe-
rienced by early-stage PD patients in the previously
conducted literature review of qualitative research.
This approach was undertaken to ensure a systematic
approach to discussing symptoms and impacts associ-
ated with the disease and is in line with best practices
for patient-reported qualitative research [14]. In addi-
tion, patients were asked to identify the three ‘worst’
symptoms and impacts that they associated with PD.

Data analysis

Allinterviews were audio recorded and transcribed
verbatim by a professional transcription company
into a Microsoft® Word document for analysis.
NVivo v11.0, a qualitative data analysis software
program, was used to assist researchers with the
coding and analysis of qualitative data. A thematic
analysis was undertaken to code the data from the
CE interviews in order to identify and discover any
themes or patterns in the data. Symptoms and impacts
were coded as ‘spontaneous (S)’ or ‘probed (P)’ at
the first point of mention during the interview, in
order to identify those that were most frequently
described by participants without prompting by the
interviewer. To support the validity of the conceptual
model developed based on the semi-structured quali-
tative interviews, interview transcripts were analyzed
to ensure concept saturation had been met using
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approaches aligned with current scientific guidance
(i.e. all significant concepts emerged in the interview
sample with no new concepts being introduced in the
final set of interviews) [12, 15, 16]. Conceptual sat-
uration based on the US data (three subgroups) was
performed and then compared with the European sub-
group to explore any key differences at the country
level.

Ethical considerations

The semi-structured interviews were conducted in
compliance with Good Clinical Practice guidelines,
including International Conference on Harmonisa-
tion Guidelines [17] and consistent with the most
recent version of the Declaration of Helsinki [18].
In addition, all applicable local laws and regula-
tory requirements were adhered to throughout the
semi-structured interviews. Study documents were
approved by the Copernicus Group Independent
Review Board in the US (COS1-17-552) and by the
Freiburger Ethik-Kommission International in Ger-
many. Ethical approval was not required per the
French guidelines at the time of the interviews.

Additional steps

In order to ensure a robust study design and inter-
view guide, a panel of four clinical TAEs (R.C.,D.W.,
R.P, PM.M.) reviewed the protocol and associated
study documents.

RESULTS

Literature review of qualitative research

The literature search resulted in 943 articles.
Titles and abstracts were analyzed, and articles
were removed based on the inclusion and exclu-
sion criteria (workflow shown in Supplementary
Figure 1). A selection of 25 potentially relevant arti-
cles underwent a full-text review, with 19 articles
determined as appropriate for inclusion. Thirteen
core (i.e., mentioned by 1/3 or more of the arti-
cles) symptoms and 13 core impacts were extracted
from the articles. Core symptoms were categorized
into motor or non-motor symptoms and the fre-
quency of their mentions analyzed (Supplementary
Figure 2A). ‘Tremors’ (16/19 articles, 84%) was
the most frequently reported symptom in PD, fol-
lowed by ‘rigidity’, ‘postural instability’ and ‘fatigue’
(9/19 articles, 47%, for each). The most frequently
reported impact of PD was ‘relationship with others’
(12/19 articles, 63%), particularly reliance on fam-

ily members/caregivers (Supplementary Figure 2B).
The reduction and impairment of ‘mobility’ (12/19
articles, 63%) was also frequently raised. Follow-
ing clinical input a preliminary conceptual model
(version 0.1) was drafted from the literature review
including 15 core symptoms and 12 core impacts
associated with PD (Supplementary Figure 3A). The
literature review was designed to focus on each of
the various stages of PD, including early-stage PD.
However, as the majority of articles did not provide
information regarding time since PD diagnosis of
the patient population studied and information about
Hoehn and Yahr stage was not consistently provided
it became apparent that early- versus late-stage PD
symptoms and impacts could not be easily separated
in order to develop a specific conceptual model for
each stage. Therefore, although the literature review
included symptoms and impacts of relevance in a
broader PD population, conducting social media lis-
tening research and CE interviews was an important
next step to identify concepts that were of specific
relevance to early-stage PD patients.

Quantitative social media listening

Seventeen social media blogs and forums specific
to PD (sources provided upon request) were analyzed
and a total of 23,756 documents were downloaded.
In total, 267 individuals with PD or their caregivers
describing disease symptoms and 166 describing
impacts were included in this analysis. For privacy
reasons, no effort was made to uniquely identify
patients across different sites and therefore some
patients could be duplicates.

The distribution of symptoms and impacts from the
quantitative social media listening was mapped to the
preliminary conceptual model generated from the lit-
erature review (Fig. 2A and 2B include all symptoms
and impacts appearing at a frequency of > 1% of the
overall sample, respectively). Mapping of the con-
cepts revealed considerable overlap, which, in turn,
confirmed the validity of the concepts in the prelim-
inary conceptual model based only on the literature
review. Symptoms were again categorized as motor
or non-motor (Fig. 2A). “Tremors’ (N =80, 30%) and
‘rigidity” (N=35, 13%) were the most frequently
mentioned motor symptoms, consistent with the lit-
erature review findings. The impact on ‘fine motor
skills’ was the most frequently mentioned impact,
reported by 27% of individuals (N =72). This was
followed by the impacts on ‘mobility” (N=51, 19%).
In the literature review, both of these concepts (‘fine
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interviews. ADL, activities of daily living; CE, concept elicitation.

motor skills” and ‘mobility’) were raised in 42% and
63% of the articles reviewed, respectively (Supple-
mentary Figure 2B).

Based on their frequency of mentions in the
social media sources analyzed (approximately
5% of sample raising concept), alongside support
from published literature (i.e., raised in <1/3 of
the literature articles reviewed), the symptoms
‘dystonia’ and ‘anxiety’ were added, and the impacts
‘work’, ‘coping strategies’ and ‘falls’ were added
to the second iteration of the preliminary conceptual
model (version 0.2; Supplementary Figure 3B).

Seven symptoms identified through the social
media analysis were not described in the literature,
including ‘tingling’, ‘voice changing’, ‘arm swing
asymmetry’, ‘gait instability’ (described by patients
as ‘vertigo’), ‘urinary urgency or frequency’, ‘vision’
and ‘hypesthesia’. However, all were infrequently
mentioned in the social media listening exercise
(<5%) and therefore not included in the preliminary
conceptual model (version 0.2). In addition, two
impacts, ‘micrographia’ and ‘distress’, were newly
identified, also with low frequency (<5%) and
therefore not included in the preliminary conceptual
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model (version 0.2). Finally, after seeking expert
clinical opinion, additional symptoms and impacts
were also incorporated into to the preliminary
conceptual model (version 0.2) including ‘consti-
pation’, ‘loss of smell’, ‘daytime sleepiness’, ‘sleep
problems’, ‘social isolation” and ‘communication’.

Thus, the preliminary conceptual model version
0.2 developed for testing in the CE interviews
included 18 core motor and non-motor symptoms and
16 core impacts associated with PD based on findings
from the literature review and social media listening
research. The concepts included in the preliminary
model were also added to the CE interview guide for
further exploration.

Qualitative CE interviews

The demographics and clinical characteristics of
interview participants are reported in Table 1. The
sample consisted of 35 participants (37% female;
63% male) who were diagnosed for an average of 10.8
months (range 3—23 months) at the time of interview.
The participants were predominantly from the US
(n=19) and Germany (n = 15), with only one French
patient. The mean age was 65.1 years, with over half
of the sample being retired. Five of the 35 participants
were reported as needing a full-time caregiver. Most
participants (69%) were in H&Y stage 1 and reported
being either in ‘very good’ or ‘good’ health (77%,
combined). Of the remaining participants, 20% were
H&Y stage 2. Most participants (60%) interviewed
were untreated for PD.

Following the CE interviews, the preliminary con-
ceptual model was revised to reflect the symptoms
and impacts reported by participants (version 0.3;
Supplementary Figure 3C). A concept was included
in the conceptual model if it had at least four men-
tions by different participants (i.e., >10% of the
sample endorsed). In total, 26 symptoms were dis-
cussed by >10% of the sample and divided into
‘motor’ or ‘non-motor’. Thirty-nine impacts were
discussed by >10% of the sample and divided into
five domains: emotional/psychological functioning;
social role functioning; activities of daily living
(ADL); physical functioning; and fine motor skills.
Findings from the CE interviews are discussed below.

The symptom ‘tremors’ was reported (either spon-
taneously or in response to probing by the inter-
viewer) by nearly all participants (N=31/35, 89%),
and was the most frequently reported symptom,
consistent with both the literature review and quanti-
tative social media listening findings. “Tremors’ were

described as shivering, shaking, and twitching, often
localized to one side of the body or limb. Participants
also reported ‘stiffness and rigidity’ and ‘fatigue’ as
frequent symptoms (N =24/35, 69%, both). °Stiff-
ness and rigidity’ were described as tightness, a
clenching of the muscles, contracted or stiff muscles.
‘Fatigue’ (N=24/35, 69%) was generally described
as a physical symptom. When participants were asked
to identify the ‘worst’ symptoms of PD, partici-
pants most frequently identified ‘tremors’ (N = 19/35,
54%), ‘stiffness and rigidity’ (N=8/35, 23%) and
‘fatigue’ (N =7/35, 20%), consistent with the most
frequent symptoms.

Overall, ‘anxiety/worry/fear’ was the most fre-
quently reported impact by participants (N =28/35,
80%), followed by ‘eating and drinking’ (N =25/35,
71%), ‘annoyance or bother’ (N=24/35, 69%),
‘exercise/sport’ and ‘relationship with family/family
life’ (N=23/35, 66% respectively). Participants
were asked to report which three impacts were the
‘worst’; those most frequently reported consisted
of ‘anxiety/worry/fear’ (N=8/35, 23%), followed
closely by ‘impact on walking” (N=6/35, 17%).
‘Eating and drinking’, ‘travel and driving’ and
‘handwriting’ were all equally reported (N =3/35,
9%). Representative quotes from participants on
these reported symptoms and impacts are provided
in Fig. 3A and 3B, respectively.

Overall symptom and impact concepts were well
represented across both the US and European sub-
groups. Certain concepts related to social and
emotional functioning differed at a country level.
Participants in Europe (n=16), compared with their
US counterparts (n=19), stated that they were more
likely to deny, downplay or ignore their illness (63%,
Europe; 11%, US), and reported increased social iso-
lation (56%, Europe; 11%, US) and stigma (50%,
Europe; 16%, US). These concepts may be linked as
greater stigma may lead patients to be more likely
to deny, downplay or ignore their illness or socially
isolate.

Saturation analysis revealed that in the US sam-
ple, 22/26 symptoms were raised in the first two sets
of interviews. One symptom, ‘insomnia’, failed to
reach saturation within the US population, as it was
only identified in the last set and by one partici-
pant within this set. However, insomnia was raised
in the European sample. Two symptoms (involun-
tary movements and loss of physical sensation) were
only reported by US participants when probed and
one concept (freezing of gait) was not raised in any
of the three sets of US interviews but was raised in



144 H. Staunton et al. / Conceptual Model of Early Parkinson’s Disease

Table 1
CE Qualitative interviews — patient demographics and clinical characteristics
Total United States Europe
(N=35) (n=19) (n=16)
Patient-reported demographic, n (%)
Sex
Female 13 (37.1) 9 (47.4) 4(25.0)
Male 22 (62.9) 10 (52.6) 12 (75.0)
Age
N 31 15 16
Mean (SD) 65.1 (9.47) 68.2 (10.19) 62.1(7.97)
Race*
White/Caucasian 18 (51.4) 18 (94.7) 0
Missing 17 (48.6) 1(5.3) 16 (100)
Ethnicity
Non-Hispanic/Latino 18 (51.4) 18 (94.7) 0
Missing 17 (48.6) 1(5.3) 16 (100)
Work status
Employed (full/part time) 10 (28.6) 4 (21.1) 6(37.5)
Retired 21 (60.0) 12 (63.2) 9 (56.3)
Other/Missing 4 (11.4%) 3 (15.8%) 1(6.3%)
(Self-reported) limitations in activities of daily living
Not at all 9(25.7) 7 (36.8) 2(12.5)
Slightly 22 (62.9) 10 (52.6) 12 (75.0)
Moderately 2(5.7) 1(5.3) 1(6.3)
Totally 1(2.9) 0(0.0) 1(6.3)
Missing 1(2.9) 1(5.3) 0(0.0)
Full-time caregiver
Yes 5(14.3) 3(15.8) 2 (12.5)
Clinician-reported clinical information
Months since diagnosis
N 31 15 16
Mean (SD) 10.8 (5.30) 10.0 (5.45) 11.6 (5.20)
H&Y stage
Stage 1: Unilateral involvement’ 24 (68.6) 10 (52.6) 14 (87.5)
Stage 2: Bilateral/Midline involvement 7 (20.0) 5(26.3) 2 (12.5)
Missing 4(11.4) 4(21.1) 0
Overall health
Very good 11 (31.4) 9 (47.4) 2 (12.5)
Good 16 (45.7) 5(26.3) 11 (68.8)
Fair 4(11.4) 1(5.3) 3(18.8)
Missing 4(11.4) 4(21.1) 0
Treatment
None 21 (60.0) 9 (47.4) 12 (75.0)
Botox! 1(2.9) 1(5.3) 0 (0.0)
Physical therapy 3(8.6) 1(5.3) 2 (12.5)
Rasagiline 4(11.4) 4(21.1) 0
Missing® 6(17.1) 4(21.1) 2 (12.5)

*Race and ethnicity questions not included in European forms, thus total N = 19. TParticipants classified as Stage 1.5
on the modified H&Y scale were considered Stage 1. fBotox refers to treatment with Botox for foot dystonia. $Four
US Case Report Forms were unable to be obtained and two European Case Report Forms contained incomplete
data. CE, concept elicitation; H&Y, Hoehn & Yahr; SD, standard deviation.

the European interviews. For impacts 38/39 concepts
were raised in the first two sets of US interviews.
One concept (stress) was not spontaneously raised in
any of the three sets of US interviews but was raised
by one participant in the US when probed and in
the European sample. In the European sample, 21/26
symptom concepts and 38/39 impact concepts were

spontaneously reported by at least one participant.
The five symptoms not spontaneously reported in
the European subgroup were ‘excess saliva/drooling’,
‘constipation’, ‘difficulty swallowing’, ‘urinary dys-
function’ and ‘speech and language difficulties’ and
the one impact not mentioned was ‘having to plan
around PD’.
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A) Patient-reported symptoms quotes

@ Tremor

But | have in fact developed a tremor at rest. But not steadily,
but it comes up, it is clearly noticeable, but then disappears
almost completely. | can observe...| have not really been able
to find out whether there's a relation...but it's clearly stronger
and more intense when | am stressed.

Difficulty concentrating

It was probably about three to four years ago | started, noticing
things where | wasn't able to concentrate as well as | used to.

® Loss of sensory function
| lost completely my sense of smell...it's very annoying,
because you know a lot of your emotional things; you have

the smell of fresh cut grass on a summer day.
You don't get any of that.

B) Patient-reported impacts quotes

Emotional/psychological functioning

Oh, | guess things bothered me more. | had more anxiety...

ah, probably because | was trying to keep this [tremor] a secret.

Social role functioning

Sometimes | have to search for words... | notice that every day.

| have a thought | want to express, and | can tell that the person

opposite is waiting for me to speak. It takes me several seconds
to start expressing my thought.

@ Physical functioning

Then, when out walking, instead of being relaxed as usual,
the longer | walked the more pain | was in.
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Fatigue

Previously I'd be able to spend an entire afternoon walking
in town. Now, after two hours | give it up from fatigue...l used
to be able to walk 4 hours non-stop in town.
| can't do that anymore.

@ Daytime sleepiness

The daytime sleepiness. Well, | could lay down and sleep all
the time, but | have things to do. | need to focus, pull myself
together, and motivate myself.

Speech difficulties
Speaking was getting more and more difficult over the past

few years... My close friends/family said they didn't, don't,
notice anything odd about my speech. But to me it felt really
slow and | wasn't speaking fluently, and | was having to take
a lot more pauses - it didn’t, feel normal to me.

Activities of daily living

| know it is going to be difficult on a bad day that even though
| hold a glass or cup with both hands, | will spill half of it on the
table or on other things [eating and drinking].

Fine motor skills
Al

Iso, what | mentioned initially about the handwriting and the
flow of movements. Sometimes it works well and on the next
day it stops again, like being slowed down, although | had a

clear idea of what | do.

Fig. 3. Patient-reported symptom (A) and impact (B) quotes from the concept elicitation interviews.

Development of a final conceptual model of
early-stage PD

Based on the CE interviews, the conceptual model
(version 0.3) included 26 symptoms and 39 impacts
associated with early-stage PD. Overlap of the symp-
toms and impacts was observed with the preliminary
conceptual model (version 0.2 based on the litera-
ture and social media); however, a number of new
symptoms (rn=11) and impacts (n =28) were identi-
fied and other concepts were reworded or relocated
in the model through the early-stage PD CE inter-
views. Following the CE analysis, version 0.3 of the
conceptual model was further refined following feed-
back and suggestions from clinical TAEs (version
0.4; Fig. 4). Further refinement of the model follow-
ing expert review ensured that concepts were both
patient-centric and clinically valid. Feedback ranged

from changes to wording to aid clarity, clarification of
the meaning of certain concepts to reconceptualizing
and recategorizing others, to more accurately cap-
ture the experience of early-stage PD (Supplementary
Table 1).

For the symptoms, the main changes included
moving a number of concepts previously in the
non-motor domain, including ‘excessive saliva/dro-
oling’, ‘change in voice’, ‘postural issues’ and
‘speech difficulties’, to the motor domain to reflect
their clinical manifestation in early-stage PD. In addi-
tion, the speech domain was removed, the concept
‘language difficulties’ was added to the cognitive
domain, and ‘sleep disturbances’ was renamed ‘sleep
behavior disorders’. Two symptom concepts, ‘freez-
ing of gait’ and “‘uncontrollable muscle contractions’,
were removed from the final conceptual model based
on clinical expert input which suggested a lack of
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Key motor symptoms

« Tremors (89%; S, n=30; P, n=1)

+ Stiffness and rigidity (69%; S, n=14; P, n=10)
+ Gait difficulties (66%; S, n=17; P, n=6)

+ Slow movement (63%; S, n=15;
+ Poor balance (49%; S, n=14,
- Speech difficulties (43%; S, n=11; P, n=4)

- Excessive salivaldrooling (37%; S, n=7; P, n=6)
+ Change in voice (31%; S, n=7, P, n=4)

* Involuntary movements (26%; S, n=3; P, n=6)
* Loss of coordination (23%; S, n=7; P, n=1)

« Postural issues (17%; S, n=6)

- Facial changes (17%; S, n=5; P, n=1)

Key non- motor symptoms

Cognitive Loss of sensory function

* Reduced sense of smell
(37%: 8, n=6; P, n=T)

+ Loss of physical sensation
(29%; S, n=5; P, n=5)

« Vision problems
(11%; S, n=3; P, n=1)

- Difficulty remembering
(46%; S, n=10; P, n=6)

» Language difficulties
(40%:; S, n=9; P, n=5)

« Difficulty concentrating
(29%; S, n=6; P, n=4)

=,

+ Daytime sleepiness
(51%: S, n=10; P, n=8)

+ Sleep behavior disorders
(46%; S, n=11; P, n=5)

+ Insomnia
(14%; S, n=3; P, n=2)

* Fatigue (69%; S, n=15; P, n=9)
+Pain (34%; S, n=7; P, n=5)
- Difficulty swallowing (29%; S, n=4; P, n=6)
+ Constipation (26%; S, n=4; P, n=5)
+ Urinary dysfunction (23%; S, n=5; P, n=3)
+ Feeling dizzy/lightheaded

(23%; S, n=T; P, n=1)

Sleep-related Physical

Fig. 4. Final conceptual model. The percentage of interviewees reporting each symptom and impact is shown in parentheses. HRQoL,
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Key impacts on HRQoL

Emotional/ psychological
functioning

T@l Activities of daily living

« Eating/drinking (71%; S, n=22; P, n=3)
+ Exercise/sport (66%:; S, n=19; P, n=4)
» Traveling/driving (49%; S, n=15; P, n=2)
* Housework/gardening
(43%; S, n=13; P, n=2)
« Work (40%; S, n=11; P, n=3)
« Dressing (34%; S, n=12)
+ Leisure activities/hobbies
(34%; S, n=10; P, n=2)
+ Self-care (29%; S, n=6; P, n=4 )
« Cooking (23%; S, n=8)
« Writing tasks (20%; S, n=6; P, n=1)
* Sleeping (17%; S, n=6)

« Anxiety (74%; S, n=20; P, n=6)
+ Fear of the future (51%; S, n=13; P, n=5)
+ Embarrassment/shame

(43%; S, n=11; P, n=4)
« Denial (34%; S, n=12)
« Feeling stigmatized (31%; S, n=9; P, n=2)
« Poor self-image (26%; S, n=3; P, n=6)
+ Depression (general) (23%; S, n=3; P, n=5)
* Preoccupation with disease (23%; S, n=8)
« Stress (23%; S, n=6; P, n=2)
« Frustration (20%; S,
« Avoidance (17%; S,
+ Helpless (11%; S, n=4)

s @
o
( Physical functioning M Social role functioning

[T~ Walking (63%; S, n=20; P, n=2)

* Gripping (40%; 8§, n=13; P, n=1)

+ Standing (26%; S, n=9)

+ Climbing stairs (20%; S, n=7)

+ Getting up from sitting or laying
(20%; 8, n=6; P, n=1)

+ Lifting/carrying (17%; S, n=6)

+ Falling (11%; S, n=4)

+ Opening things (11%; S, n=3; P, n=1)

g
(/ Fine motor skill tasks

+ Handwriting (54%; S, n=12; P, n=7)
+ Using a computer (34%; S, n=8; P, n=4)
* Using a smartphone (14%; S, n=4; P, n=1)

* Relationship with family/family life
(66%; S, n=19; P, n=4)
* Communicating with people
(43%; S, n=8; P, n=7)
+ Relationships with friends/colleagues
(40%; 8, n=10; P, n=4)
+ Sccial isclation (31%:; S, n=7; P, n=4)
+ Having to plan around PD
(11%: S, n=2; P, n=2)

health-related quality of life; P, probed by researcher; PD, Parkinson’s disease; S, spontaneously reported by the patient.

relevance to early-stage PD, and in the case of ‘uncon-
trollable muscle contractions’, there was an overlap
with ‘rigidity’ and/or ‘involuntary movement’.

With regards to modifications of the impacts, the
frequently reported impacts in the ‘anxiety/fear’ cat-
egory were modified and split into two separate
concepts: ‘anxiety’ and ‘fear of the future’. This
allowed for the separation of generalized anxiety (i.e.,
the general psychological state of the individual) and
the fear of the future related to a diagnosis of a pro-
gressive, neurodegenerative condition (which does
not necessarily reflect a pathologic anxiety state). For
impacts, ‘annoyance or bother’ was removed on the
basis that the majority of mentions of feeling annoyed
or bothered were in the context of other highly related
impacts. All other impacts remained the same based
on patients’ reports.

Thus, the final conceptual model includes 27 core
symptoms (structured into motor and non-motor
domains) and 39 core impacts (structured into five
domains) associated with PD based on findings from
the CE interviews and input from clinical therapeu-
tic area experts, as well as the literature review and
social media listening research.

DISCUSSION

A patient-centered conceptual model of recently
diagnosed PD patients was developed based on
a literature review of qualitative research, an
analysis of social media sources, 35 interviews con-
ducted primarily with individuals with untreated
early-stage PD (predominantly from the US and Ger-
many) and clinical expert input. Such qualitative

information, as recommended in the FDA Patient-

Reported Outcomes guidance and Patient-Focused
Drug Development guidance, is critical for the devel-

opment of COAs for the comprehensive evaluation of

treatment efficacy [12, 19]. As described by Donatti et
al. [10], conceptual models should ideally be devel-
oped early in drug development (Phase 1 and 2) to
facilitate the selection of COAs as endpoints to sup-
port the benefit-risk profile of a treatment. In the case
of early-stage PD, COAs should focus on both the
motor and non-motor symptom experience as well
as the broad array of impacts represented. This con-
ceptual model can be used to map to existing COAs

to assess their adequacy in covering the concepts of

importance to patients with early-stage PD for use in
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clinical trials or as outcomes in clinical practice. In
addition, the conceptual model can be a useful foun-
dation for the development of new COAs in order to
comprehensively measure the early-stage PD symp-
tom or impact experience.

The most frequently reported symptom in this
study was tremors; this finding complements a recent
survey by Port et al. of patients with a diagnosis
of PD <2 years [7], which found that tremor was
the most frequently reported symptom that respon-
dents wished to see an improvement in. Similarly, a
cross-sectional analysis of individuals with PD found
tremors to be the most bothersome symptom in early
PD (< 3 years diagnosis, n=12,040), raised by 56%
of the sample [20, 21]. The next two most frequently
reported symptoms (stiffness/rigidity and fatigue)
and the most frequently reported impact (anxiety) in
this study were also among the 10 most frequently
reported symptoms that respondents with a diagno-
sis of PD <2 years wished to see an improvement
in [7]. The additional symptoms reported in Port et
al. as most important to improve included dexter-
ity and coordination, movement, cognitive function,
slowness, walking, pain and unpleasant sensations,
all of which were raised in this study as being
relevant in early-stage disease. This consistency
in the findings is important given the differences
in methodologies between the studies (i.e., in-
depth interviews versus a survey and cross-sectional
analyses).

The conceptual model depicts the heterogeneous
and broad nature of the symptom and impact expe-
rience in this population. By layering concepts from
each methodology, this study provides a comprehen-
sive inventory of early-stage symptoms and brings
forth insights into their impact as experienced by indi-
viduals with PD in the years immediately following
diagnosis. The first iterations of the model (version
0.1 and version 0.2) were based on PD symptoms and
impacts. The CE interviews and subsequent expert
input were required to ensure specificity of the model
to early-stage PD.

The novel approach of including a social media
listening analysis resulted in the development of a
model that incorporates a uniquely patient-centered
perspective; this led to the identification of previ-
ously under-reported impacts, such as ‘anxiety’ and
‘fear’. Insights gained were also found to be com-
plementary to those obtained from the qualitative
interview study; where both anxiety and fear were
raised by participants primarily spontaneously, but
also in some instances when probed by the inter-

viewer. The benefits of this approach were confirmed
by a previous study that also used social media to
identify novel aspects of a condition that had not
otherwise been reported [22]. In addition, qualita-
tive interviews remain a critical part of understanding
the patient’s experience of complex diseases such as
PD, as in the case of this research, the interviewer
could probe and gain additional depth of insights
relating to symptoms, impacts, and the lived expe-
rience of early-stage PD specifically. While efforts
were made to identify a recently diagnosed popula-
tion in the social media listening exercise, due to the
inability to confirm diagnosis, the qualitative inter-
views provided a needed source of information to
understand this early-stage PD population of interest.
Interview data were subjected to concept saturation
analysis (i.e., the point at which no new concepts
emerge) to ensure that all concepts were accurately
captured within the final model; this process revealed
that both symptom and impact concepts were well
represented across the US and European subgroups.
Two concepts appeared to be relevant in only one
subgroup: ‘freezing of gait’ was only reported by
European participants and ‘having to plan around
PD’ was only reported by US participants. How-
ever, when taking into account probed reporting,
all other concepts were endorsed by participants in
both subgroups. Finally, the involvement of clini-
cal experts in the development of this conceptual
model is consistent with previous research and under-
lines the importance of ensuring a patient-centered
as well as clinically accurate depiction of the disease
experience [23].

The subtle/mild nature of many of the symptoms
and impacts experienced at the early-stage of the
disease (e.g., difficulties in holding a drink due to
tremors, as opposed to a major limitation of consum-
ing the drink due to difficulties swallowing) became
apparent during this study. In addition, several indi-
viduals were made aware of symptoms such as
moving slowly, altered speech/voice and changes to
facial expressions by a caregiver/family member due
to the observable nature of these concepts. This may
indicate that, for certain symptoms of PD, patient
self-reported assessment alone may not be sufficient
to detect small changes in symptoms and impacts,
and that additional observer-reported assessments
completed by caregivers/family members may be of
benefit. This is supportive of previous observations;
for example, sleep dysfunction such as REM sleep
behavior disorder and somnolence are often more
accurately reported through a spouse/partner, fam-
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ily or friends [24]. These observations also highlight
the important role that friends and family can play,
as individuals with PD are more likely to discuss
symptoms with close companions before engaging
with a healthcare professional [25]. A combination
of self-reported and observer-reported assessments
focused on subtle changes in functioning that mat-
ter to patients at this early-stage of the disease
may be required to capture all concepts of rele-
vance, many of which are best known to patients
while some concepts are best observed by others
(e.g., sleep disturbances, change in facial expression,
etc.).

As expected in a conceptual model cataloging
early-stage PD symptoms and impacts, cognitive
decline was not explicitly reported by interview par-
ticipants. Some subtle impacts alluding to cognitive
decline were identified (e.g., ‘communicating with
people’ or ‘word-finding problems within a social
setting’), highlighting that impairment of cognitive
ability has a potential impact in early disease stages.
Cognitive decline or impairment has previously been
reported in newly diagnosed PD patients [26], and
as a priority to improve for patients with a diagno-
sis of PD <2 years [7]. Further cognitive impacts
may perhaps have been elicited if the caregiver per-
spective was included in conjunction with a cognitive
screening battery, such as the Montreal Cognitive
Assessment, which has been found to be sensitive to
early cognitive decline [27]. Future interview studies
from caregivers and physicians could help provide a
broader picture of symptoms and impacts in recently
diagnosed individuals.

One important finding from this study is that exist-
ing COAs, which measure PD clinical symptoms
and impacts through standard patient-reported out-
comes only, capture broad concepts and may not
be sufficiently granular to capture small or subtle
changes in functioning. For example, the Parkin-
son’s Disease Quality of Life measure (PDQ-39)
and MDS-Unified Parkinson’s Disease Rating Scale
assess concepts such as ‘difficulty holding eating
utensils’ and ‘holding a drink’ (PDQ-39 only). Con-
cepts such as ‘opening a jar or bottle’ and ‘typing or
using amouse’, which were raised in the interviews as
being difficult, are absent from these ADL measures
[28, 29]. A number of therapies currently in devel-
opment focus on neuroprotection early in the disease
process [30]; the ability to better assess the subtle
changes that occur in this stage of disease develop-
ment will be crucial in assessing the efficacy of these
emerging treatments.

Limitations of study

This conceptual model is based on cross-sectional
data from patients classified as stage 1, 1.5, or 2 based
on the modified H&Y scale, and thus may not be
exhaustive of all symptoms and impacts that could
be experienced by patients with early-stage PD, but
rather represents initial insights from the patient and
expert perspectives.

When considering the different methods employed
in this study, the limitations of the literature review
included the lack of data available on patient’s PD
disease duration, illustrating the need for additional
exploration of symptoms and impacts in early-stage
PD as was conducted in the subsequent parts of this
study. The social media analysis limitations included
the inability to confirm the diagnosis of the patients
and that the sources were not assessed for duplicate
patients or caregivers and therefore it is possible that
the same patients and caregivers contributed to mul-
tiple sources.

With respect to the CE interview stage, the findings
included insights from N = 35 patients, and represent
initial insights that could inform further qualitative
research. Regarding the sample included in the CE
interviews, the individuals included were predomi-
nantly from the MJFF trial registry and thus may
not be representative of the general PD population.
In addition, the majority of the participants had not
yet received any form of symptomatic treatment, and
results may not apply to those already on treatment.
Although there may be subtle, important differences
between treated and untreated populations, there is
some evidence that certain symptoms such as urinary
dysfunction, depression, constipation, and orthostatic
hypotension can emerge due to levodopa-resistance
particularly in advanced stages of the disease [31].
Furthermore, there was a lack of diversity among
the interview participants; all US-based participants
identified as White/Caucasian (race/ethnicity was
not collected in the European centers). Cultural and
social influences on the impacts of PD, which may
vary between countries, were not considered in this
study. Standard of care of early-stage PD also dif-
fered between countries. For instance, in France,
national guidelines recommend that younger patients
(<60-65 years old) start with dopamine agonists
or monoamine oxidase B inhibitors while individ-
uals aged >60-65 years old are prescribed levodopa
plus dopa decarboxylase inhibitor [32]. Therefore,
a more in-depth comparison of recently diagnosed
PD individuals could not be conducted across the
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three countries in the study. Another limitation was
that most participants in Europe were male. Lastly,
early-stage PD symptoms and impacts significant to
a younger PD population may not have been fully
captured, as all but one study participant was >50
years old. Further studies should be conducted in
additional countries to ascertain the generalizability
of these findings and to analyze the influence of age,
gender, race and ethnicity on symptoms and impacts.

CONCLUSIONS

Qualitative research with individuals and care-
givers is crucial to advancing our understanding of
the experience of living with early-stage PD. From
this study, it is clear that the impact of symptoms
on HRQoL is significant but potentially subtle in
individuals with a recent diagnosis of PD. This
finding reinforces the need for the development of
accurate and reliable patient-centered clinically valid
assessments that can detect changes over time in
interventional settings. The final conceptual model
of early-stage PD which outlines the symptoms and
impacts of relevance in this population will help
researchers to select optimal patient-centered COAs
and develop new outcomes where gaps exist (e.g., the
measurement of subtle changes in ADLs), in order to
measure treatment benefit in clinical trials enrolling
patients with early-stage PD, H&Y stage 1-2 or for
use in clinical practice to ensure the measurement of
outcomes of relevance to patients.
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