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Background: Several adjunctive medications are available to reduce OFF time between levodopa/carbidopa (LD/CD) doses for 
people with Parkinson’s disease (PD).
Objective: To explore how individuals with PD balance benefits and burdens when considering adjunctive medications.
Methods: US adults (30–83 years) with self-reported PD, currently treated with LD/CD, who experienced OFF episodes were 
recruited through the Fox Insight study to complete a discrete-choice experiment survey. Respondents selected among experimentally 
designed profiles for hypothetical adjunctive PD treatments that varied in efficacy (additional ON time), potential adverse effects 
(troublesome dyskinesia, risk of diarrhea, risk of change in bodily fluid color), and dosing frequency or the option “No additional 
medicine”. Data were analyzed with random-parameters logit models.
Results: Respondents (N=480) would require ≥60 additional minutes of daily ON time to accept either a 40% risk of change in 
bodily fluid color or 10 additional minutes with troublesome dyskinesia daily. Respondents would require 40 additional 
minutes of daily ON time to accept a 10% risk of diarrhea and 22 additional minutes of daily ON time to switch from 1 
additional pill each day to 1 pill with each LD/CD dose. On average, respondents preferred adjunctive PD medication over no 
additional medication. Results predicted that 59.1% of respondents would select a hypothetical treatment profile similar to 
opicapone, followed by no additional medication (27.5%) and a hypothetical treatment profile similar to entacapone (13.4%).
Limitations: The data collected were based on responses to hypothetical choice profiles in the survey questions. The attributes and 
levels selected for this study were intended to reflect the characteristics of opicapone and entacapone; attributes associated with other 
adjunctive therapies were not evaluated.
Conclusion: Patients with PD expressed interest in adjunctive treatment to increase ON time and would accept reduced ON time to 
avoid adverse effects.

Plain Language Summary: People with Parkinson’s disease may experience OFF time, when their symptoms return between 
doses of levodopa/carbidopa. Some medicines can reduce OFF time when taken in addition to levodopa/carbidopa. These 
additional medicines have their own benefits and side effects. In this study, researchers used a survey to understand what side 
effects people with Parkinson’s disease would accept to have more ON time. Respondents were presented with a series of 
choices between 2 hypothetical medicines that increased daily ON time or no additional medicine. The medicines were 
described by 5 features (benefits and side effects). Respondents’ answers to the survey questions allowed researchers to 
estimate which unwanted side effects people with Parkinson’s disease would accept in exchange for additional ON time. The 
most important features of a medicine to reduce OFF time, in order, were (1) Lower risk of a change in urine, sweat, or saliva 
color; (2) Fewer additional minutes with troublesome dyskinesia each day; and (3) Increase in daily ON time. Introducing 
a 40% risk of change in urine, sweat, or saliva color (from no risk) would require more than 60 minutes of additional daily ON 
time to offset. An additional 10 minutes of troublesome dyskinesia each day would require more than 60 minutes of additional 
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daily ON time. Introducing a 10% risk of diarrhea (from no risk) would require 40 minutes of additional ON time. Individuals’ 
preferences for the key features of medications that reduce OFF time for people with Parkinson’s disease should be considered 
when making treatment decisions. 

Keywords: discrete choice, Parkinson’s, stated preferences

Introduction
Parkinson’s disease (PD) is one of the most common neurodegenerative disorders, second only to Alzheimer’s disease,1 

affecting an estimated 7 to 10 million people worldwide. Symptoms of PD vary across individuals, thus requiring 
treatment options that are tailored to the specific person. The gold-standard pharmacological treatment for those with PD 
is levodopa, given with a dopamine decarboxylase inhibitor (eg, carbidopa, benserazide) to minimize breakdown in the 
periphery.2 Progression of disease is associated with a “wearing-off” phenomenon, characterized by the return of PD 
motor and nonmotor symptoms before the next scheduled dose. The time spent in the state when PD symptoms re- 
emerge is called “OFF time”. In some cases, OFF time is predictable, whereas in others it can be sudden and unexpected. 
This adds to the complexity of selecting therapeutic options, demonstrating a need for reliable, effective, and tolerable 
treatments to help patients optimize “ON time”, during which their PD symptoms are managed.

A number of daily and on-demand therapies are available to expand the therapeutic window of levodopa/carbidopa 
(LD/CD) and reduce burdensome OFF time between LD/CD doses; such therapies include monoamine oxidase 
B inhibitors, dopamine agonists (eg, apomorphine), LD/CD intestinal gel, and catechol-O-methyltransferase (COMT) 
inhibitors.3–8 COMT inhibitors are widely used first-line oral adjunctive therapies for PD.9 The COMT inhibitors 
opicapone and entacapone work by inhibiting the metabolism of levodopa, thereby prolonging its therapeutic effect.10 

Opicapone and entacapone differ by frequency of administration and adverse event (AE) profile. Opicapone is a long- 
acting, once-a-day medicine, while entacapone should be taken with each dose of LD/CD and is associated with risks of 
bodily fluid discoloration and diarrhea.11,12 Little is known about patients’ preferences for the potential benefits and AEs 
of these adjunctive medications.

This study aimed to explore how individuals with PD balance treatment benefits and burdens, such as adverse effects, 
when considering adjunctive treatment with a COMT inhibitor. The specific study objectives were (1) to quantify patient 
preferences for features associated with oral adjunctive COMT inhibitors for OFF episodes, and to estimate the 
conditional relative importance of treatment features using a discrete-choice experiment (DCE) approach; (2) to quantify 
the minimum acceptable benefit in additional minutes of ON time that patients would require to accept specific increases 
in risk of treatment-related AEs; (3) to calculate the probability of patients selecting a medicine with one profile over 
another for a set of alternative treatments for PD and the option of no treatment; and (4) to test for differences in 
preferences for treatment attributes between patient subgroups.

Methods
Study Design
An online DCE survey to measure how individuals with PD consider tradeoffs between the benefits and burdens of 
adjunctive medications was developed on the basis of published data and prescribing information for 2 approved COMT 
inhibitors: entacapone and opicapone. DCEs have been used to explore patients’ treatment preferences in a variety of 
disease areas.13–15 In a DCE, respondents select between pairs of hypothetical treatment profiles, each containing various 
combinations of attributes with varying levels, in a series of questions. The pattern of respondents’ choices reveals their 
preferences, on average, for the attributes and levels included in the experiment. The DCE was conducted following good 
research practice guidelines.16–18 To ensure that the survey was patient centered, the study team included patient advisors 
and clinical experts. The RTI International Institutional Review Board reviewed the study materials and deemed the study 
exempt from full review.

The DCE exercise presented respondents with a series of 9 questions (see Figure 1). Each question offered a choice 
between 2 hypothetical adjunctive PD treatment profiles and the option “no additional medicine”. The hypothetical 
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treatment profiles were created by an experimental design and defined by 5 attributes, each with varying levels: increase 
in daily ON time; additional minutes with troublesome dyskinesia each day; risk of diarrhea; risk of change in urine, 
sweat, or saliva color; and frequency of daily administration (Table 1). The attributes were selected on the basis of the 
published data and input from the study team, and the levels were determined on the basis of product labels and head-to- 
head clinical data for opicapone and entacapone.8,11,12,19

Consistent with established good research practices,16,20 we pretested the survey instrument using semistructured 
individual interviews via telephone/web conference, with a convenience sample of 15 participants who were living in the 
United States, were aged 30 to 83 years, had a self-reported physician diagnosis of PD, were being treated with LD/CD, 
had experience with OFF episodes, and were not taking prescription medication for cognitive concerns. Patients were 
recruited through the Michael J. Fox Foundation for Parkinson’s Research (MJFF) online observational research study 
Fox Insight. Initially, interviewees also had to experience at least 90 minutes of OFF time each day to be eligible. 
However, because PD is such a heterogenous condition, some participants indicated that this was difficult to estimate and 
that their OFF time can vary greatly week to week. A new series of more direct screening questions was tested in place of 
the original question, and the amount of OFF time per day was removed from the eligibility criteria. During the pretest 
interviews, the wording and descriptions in the surveys were tested to ensure comprehension by study participants, 
minimal cognitive bias, and patient centricity. An important insight from the pretest interviews was that the participants 
found the concept of a gain in ON time to be more understandable than a decrease in OFF time. Thus, although the 
adjunctive treatments of interest are for management of OFF time, the treatment benefit attribute in the survey was 
defined as an increase in ON time. After the pretest interviews, the survey was finalized and programmed for online 
administration.

Medicine Feature Additional Medicine A Additional Medicine B
No Additional 

Medicine

Increase in daily ON 

time 
120 more minutes

in ON time each day

95 more minutes

in ON time each day 

No increase in 

ON time each 

day

Additional minutes with 

troublesome 

dyskinesia each day

[Medicine side effect]

10 additional minutes with 

troublesome dyskinesia 

each day

5 additional minutes with 

troublesome dyskinesia 

each day

No additional 

minutes with 

troublesome 

dyskinesia 

each day 

Risk of diarrhea

[Medicine side effect]

None 1 person out of 10 (10%)

No additional 

risk of diarrhea

Risk of change in 

urine, sweat, or saliva 

color

[Medicine side effect] None 1 person out of 10 (10%)

No risk of 

change in 

urine, sweat, or 

saliva color

How often you take the 

additional medicine 

each day

1 additional pill

at bedtime

1 additional pill

each time you take 

levodopa/carbidopa

No additional 

medicine

Which would you 

choose?

Figure 1 Discrete-Choice Experiment Question.
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Table 1 Oral Adjunctive Therapy Discrete-Choice Experiment Attributes and Levels

Patient-Facing Attribute 
Label

Patient-Facing Attribute Definitions Levels Opt Out (No 
Additional Medicine)

Increase in daily ON time Parkinson’s symptoms can begin to come back when your regular levodopa and 

carbidopa medicine starts to wear off and it is not time yet to take your next dose. 
There are additional oral medicines that keep levodopa/carbidopa medicines working 

longer so you have less OFF time (time when your symptoms are not controlled) and 

more ON time (more time each day without Parkinson’s symptoms). 
In this survey we will ask you to think about some oral medicines you can take in 

addition to your levodopa/carbidopa that will reduce your OFF time and give you 

more ON time each day

120 more minutes in ON time each day 

95 more minutes in ON time each day 
60 more minutes in ON time each day

No increase in ON time 

each day

Additional minutes with 

troublesome dyskinesia 

each day

Troublesome dyskinesia can be a side effect of some of these additional medicines to 

help increase ON time. When people with Parkinson’s experience dyskinesia, they 

have involuntary, irregular movements like wiggling, twitching, or jerking movements 
that occur when they are awake. 

Troublesome dyskinesia is when these irregular movements are bothersome enough 

that it usually keeps you from doing some things or being with other people. 
In this survey we will ask you to think about some oral medicines you can take in 

addition to your levodopa/carbidopa that may result in you having 5 to 10 additional 

minutes with troublesome dyskinesia during your ON time each day as a side effect of 
taking the additional medicine. If you do not currently experience dyskinesia, these 

medicines may cause you to have 5 to 10 minutes of troublesome dyskinesia each day.

No additional minutes with troublesome dyskinesia 

each day 

5 additional minutes with troublesome dyskinesia 
each day 

10 additional minutes with troublesome dyskinesia 

each day

No additional minutes 

with troublesome 

dyskinesia each day

Risk of diarrhea The medicines that give you more ON time each day can cause diarrhea. 
If the medicine causes mild-to-moderate diarrhea, you may have 4 to 6 watery or 

loose bowel movements a day. In rare cases, people can develop severe diarrhea and 

need to be admitted to the hospital for treatment. 
Some of the additional medicines we will ask you to think about have a higher chance 

than others of causing diarrhea. 

The 2 possibilities we ask you to think about are shown below:
● No one who takes the additional medicine will experience diarrhea
● 1 person out of 10 (10%) who take the additional medicine will experience diarrhea

None 
1 person out of 10 (10%)

No additional risk of 
diarrhea
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Risk of change in urine, 

sweat, or saliva color 
[Medicine adverse effect]

Some medicines that give you more ON time each day can change the color of your 

urine to a brownish orange. Some people also experience an occasional change in the 
color of their urine, sweat, or saliva to a darker color (red, brown, or black). 

Changes in the color or your urine, sweat, or saliva are not harmful and do not mean 

the medicine is working or not working. However, changes in the color of your sweat 
or saliva might be noticeable to others and changes in the color of your sweat could 

cause your clothes to become discolored, which may be difficult to wash out. 

In this survey we will ask you to think about some oral medicines you can take in 
addition to your levodopa/carbidopa that may increase the risk that you have a change 

in the color of your urine, sweat, or saliva as long as you take the medicine. 

Some of the additional medicines we will ask you to think about have a higher chance 
than others of causing a change in the color of your urine, sweat, or saliva. 

The 3 possibilities we ask you to think about are shown below.
● No one who takes the additional medicine will experience a change in the color of 

their urine, sweat, or saliva
● 1 person out of 10 (10%) who takes the additional medicine will experience 

a change in the color of their urine, sweat, or saliva
● 4 people out of 10 (40%) who take the additional medicine will experience a change 

in the color of their urine, sweat, or saliva

None 

1 person out of 10 (10%) 
4 people out of 10 (40%)

No risk of change in 

urine, sweat, or saliva 
color

How often you take the 
additional medicine each day

In this survey we will ask you to think about 2 different options for how often you 
take the additional oral medicine. 

You can take: 

1 additional pill each day at bedtime 
or 

1 additional pill each time you take levodopa/carbidopa

1 additional pill at bedtime  
1 additional pill each time you take levodopa/carbidopa

No additional medicine
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Study Population
Patients were recruited through Fox Insight, an ongoing study of people with PD. The Fox Insight initiative is focused on 
building a cohort of individuals living with PD who are interested in contributing patient-reported data, including medical and 
medication history, symptoms, and lifestyle habits, to better understand the patient experience. Participants in Fox Insight are 
also eligible to take part in ancillary research studies such as this one. Email invitations to participate in the survey were 
distributed by the MJFF. Eligible participants met the following criteria: were living in the United States; were aged 30 to 
83 years, to approximate the age range of participants in clinical trials of adjunctive PD treatments; had a self-reported 
physician diagnosis of PD; were currently treated with LD/CD; had experience with OFF episodes; had experienced an OFF 
episode in the past week; and were not taking a medicine for cognitive concerns. The invitation to complete the survey was 
sent to Fox Insight panel members on 5 August 2021, and the survey was closed on 24 August 2021.

Statistical Analyses
The DCE data were analyzed with the use of a random-parameters logit (RPL) model that relates the choices respondents 
make to the differences in the attribute levels across the alternatives in each choice question.18 The RPL model mitigates 
potential estimation bias from unobserved preference heterogeneity among respondents; it does this by estimating 
a distribution of preferences for each mean preference parameter.21,22 The analyses were performed in STATA 16 
(StataCorp; College Station, TX).

The RPL results, which produce a relative preference weight for each attribute level, were used to calculate the 
conditional relative importance of the attributes. The conditional relative importance provides a measure of the overall 
relative importance of the attributes, given the range of levels selected, and is calculated as the difference between the 
preference weights for the most preferred and least preferred levels of each attribute.

Minimum acceptable benefits, which are the level of benefit that offsets exactly the burden attributable to an increase 
in risk or a worsening in the levels of another attribute, were also calculated. Estimates of minimum acceptable benefit 
were calculated as the increase in minutes of daily ON time (from a baseline of 60 minutes) provided by the additional 
treatment required for respondents to accept a given worsening in the levels of treatment-related risks (more time with 
troublesome dyskinesia, greater risk of diarrhea, and greater risk of discoloration of bodily fluids) and a greater frequency 
of treatment administration. These calculations hold constant the levels of all attributes other than the one attribute that is 
changing.

The results of a DCE survey can be used to assess predicted choice probabilities, or the probability that respondents 
would select medicines with different profiles on the basis of preferences expressed in the DCE data. To provide a real- 
world context, predicted choice probabilities using attribute levels resembling those of opicapone and entacapone, as well 
as the “No additional medicine” option, were calculated from the RPL models. These probabilities were based on the 
differences in preference weights associated with the levels of the attributes for each treatment alternative. Individual- 
level preference weights for each respondent were estimated using the sequence of choices from the DCE question and 
the estimated sample preference weights; for the full sample, predicted choice probabilities were calculated as the 
average of the individual-level probabilities.

Finally, subgroup models were estimated to test for systematic differences in attribute preferences for 5 subgroups, 
defined by the following self-reported characteristics: prior experience with discoloration of bodily fluids (vs no 
experience), prior experience with troublesome dyskinesia (vs no experience), less than 2 hours of OFF time in 
a typical day (vs ≥ 2 hours of OFF time in a typical day), gender (male vs female), and age (respondents who were 
younger than the median sample age of 68 years vs those aged 68 years and older).

Results
Respondent Characteristics
The survey was administered online between 2 August 2021 and 25 August 2021, and a total of 480 adults completed the 
survey. The survey respondents had an average age of 67 years, and 69% had received a diagnosis of PD at least 5 years 
before completing the survey (Table 2). Among the respondents, 27% reported experiencing ≥ 2 hours of OFF time daily, 
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Table 2 Respondent Characteristics

All Respondents (N = 480)

Age, mean (SD), years 66.6 (8.2)
Gender, n (%)
Male 246 (51.3)

Female 233 (48.5)
Prefer not to say 1 (0.2)

Employment status, n (%)
Employed (full time, part time, self-employed) 100 (20.8)
Retired 298 (62.1)

Disabled/unable to work, other 82 (17.1)
Education level, n (%)
High school or less 14 (2.9)

Some college but no degree, technical school, associate’s degree 112 (23.3)
4-year college degree, some graduate school, graduate or professional degree 354 (73.8)

Race or ethnicity, n (%) a

American Indian or Alaska Native 2 (0.4)
Asian 4 (0.8)

Black or African American 4 (0.8)

Hispanic or Latino 9 (1.9)
White 459 (95.6)

Race or ethnicity not listed, prefer not to answer 11 (2.3)

Marital status, n (%)
Not married (single, divorced/separated, widowed/surviving partner, other) 97 (20.2)

Married/living as married/civil partnership 383 (79.8)

Time since diagnosis, n (%)
Fewer than 5 years ago 147 (30.6)

5 or more years ago 333 (69.4)

Days in last week with OFF episodes, n (%)
Every day 261 (54.4)

Not every day 200 (41.7)

Do not know or not sure 19 (4.0)
Number of days, mean (SD) 3.1 (1.3)

OFF episode experience in an average day over the last few weeks, n (%)
< 2 hours each day 349 (72.7)
≥ 2 hours each day 131 (27.3)

Experience with troublesome dyskinesia, n (%)
Yes 211 (44.0)
No 243 (50.6)

Do not know or not sure 26 (5.4)

Experience with diarrhea, n (%)
Yes 248 (51.7)

No 217 (45.2)

Do not know or not sure 15 (3.1)
Experience with bodily fluid discoloration, n (%)
Yes 165 (34.4)

No 281 (58.5)
Do not know or not sure 34 (7.1)

Notes: The percentage totals may not sum to exactly 100% because of rounding. aRespondents could provide multiple responses to this question. 
Therefore, the totals may exceed the total number of respondents. 
Abbreviation: SD, standard deviation.
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34% reported having experience with bodily fluid discoloration, and 44% reported having experience with troublesome 
dyskinesia.

Preference Weights and Conditional Relative Importance
Figure 2 presents the normalized mean preference weight estimates for each attribute level for the full sample. Attribute 
levels with higher weights are preferred (ie, have higher utility) to attributes with lower weights. Preferences were 
ordered as expected, with respondents preferring better levels to worse levels and, on average, preferring adjunctive 
medications to “no additional medicine”. An increase from no risk of a change in urine, sweat, or saliva color to a 40% 
risk was the most important change in utility, given the levels selected for the study, yielding a utility change of 3.79. The 
smallest utility change, although still statistically different from zero, was from a change of 95 more minutes in ON time 
each day to 120 more minutes in ON time each day (0.72). The utility change associated with a 40% increase in risk of 
change in bodily fluid color was 5 times more than the utility change for the last 25 additional minutes in ON time 
(5.26 = 3.79 ÷ 0.72).

Figure 2 Attribute Preference Weights for Respondents (N = 480). 
Notes: The parameter estimates are the preference weights corresponding to the effects-coded attribute levels and the dummy-coded alternative specific constant. The 
effects-coded variables are categorical variables ranging from −1 to 1 and the dummy-coded variable is categorical ranging from 0 to 1. The preference weights 
corresponding to the effects-coded variables are log odds, which are distributed symmetrically around 0. The change in utility associated with a change in the level of 
each attribute is represented by the difference between the preference weights for the levels. Larger differences between preference weights indicate that respondents 
viewed the change as having a relatively greater effect on overall utility. The vertical bars surrounding each mean preference weight denote the 95% confidence interval of the 
point estimate.
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Figure S1 shows the scaled conditional relative attribute importance of changing each attribute from the least 
preferred level to the most preferred level, revealing the relative impact of each attribute on respondents’ treatment 
preferences. The conditional relative importance values for all the study attributes were statistically significantly different 
from one another. Over the ranges presented, the most important attribute was a 40% risk of change in urine, sweat, or 
saliva color, followed by 10 additional minutes with troublesome dyskinesia, a 60-minute increase in daily ON time, 
a 10% risk of diarrhea, and the change from taking the additional medicine once a day to an additional pill with each dose 
of LD/CD.

Minimum Acceptable Benefit
Minimum acceptable benefits provide another way to quantify the relative importance of changes from one level of an 
attribute to another: the average increase in additional minutes of ON time each day (from a baseline of 60 minutes) that 
would compensate for a given worsening in the levels of risks or frequency of administration. On average, respondents 
would require more than 60 additional minutes of daily ON time (where 60 additional minutes was the largest change in 
ON time presented in the survey) to accept either a change from a 0% or 10% risk to a 40% risk of change in urine/sweat/ 
saliva color or a change from 0 additional minutes to 10 additional minutes with troublesome dyskinesia daily (Table 3). 
Respondents would require 40 additional minutes of daily ON time to accept a 10% risk of diarrhea and 22 additional 
minutes of daily ON time to switch from 1 additional pill each day to 1 pill with each LD/CD dose.

Predicted Choice Probabilities
To understand how respondents considered medication profiles that reflect real-world treatment options, the attribute 
levels could be selected to define treatment profiles corresponding with the levels for opicapone, entacapone, and “no 
additional medicine”, as shown in Table 4. The DCE results predicted that a majority of respondents (59.1%) would 
select a treatment profile similar to opicapone, followed by “no additional medicine” (27.5%) and a treatment profile 
similar to entacapone (13.4%), implying that 78% of respondents who selected an additional medicine would prefer 
a profile similar to opicapone. For the profile similar to opicapone, the preference for 25 additional minutes of ON time, 
no risk of diarrhea and bodily fluid discoloration, and once-daily dosing outweighed 5 additional minutes of troublesome 
dyskinesia, contributing to patient preference for this profile.

Table 3 Respondent Minimum Acceptable Benefit as Increase in Additional ON Time in Minutes for a Given Change in Treatment 
Attributes

Attributes From Level To Level MAB 
(N = 480)

95% CI

Additional minutes with troublesome 
dyskinesia each day

No additional minutes with 
troublesome dyskinesia

5 additional minutes with 
troublesome dyskinesia

41.92 28.80 55.04

No additional minutes with 

troublesome dyskinesia

10 additional minutes with 

troublesome dyskinesia

> 60 – –

5 additional minutes with 

troublesome dyskinesia

10 additional minutes with 

troublesome dyskinesia

39.82 26.82 52.82

Risk of diarrhea None 1 person out of 10 (10%) 40.18 27.42 52.95
Risk of change in urine, sweat, or 

saliva color

None 1 person out of 10 (10%) 22.18 13.64 30.71

None 4 people out of 10 (40%) > 60 – –

1 person out of 10 (10%) 4 people out of 10 (40%) > 60 – –
How often you take the additional 

medicine each day

1 additional pill each day at 

bedtime

1 additional pill each time you take 

levodopa/carbidopa

22.38 14.68 30.07

Notes: When the 95% CI around a mean MAB includes 0, the mean MAB is not statistically different from 0. Additionally, MABs are computed in terms of minute increases in 
additional ON time each day provided by the medicine from a baseline of 60 minutes. These calculations hold constant the levels of all attributes other than the 1 attribute that is 
changing. Instead of making the strong assumption that the utility of each additional minute of ON time remained constant beyond 60 minutes of increase (which was the largest 
difference in ON time presented in the study), MAB estimates greater than 60 minutes of additional ON time were reported as “> 60” and CIs were not included. 
Abbreviations: CI, confidence interval; MAB, minimum acceptable benefit.
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Subgroup Analyses
Across the subgroup analyses, prior experience with an AE (bodily fluid discoloration or troublesome dyskinesia) tended 
to make that AE comparatively less salient to respondents than it was to respondents who had not experienced the AE, 
although it was still a significant concern. Figure 3 shows the conditional relative importance estimates from the 
subgroup analyses. Respondents with a prior history of bodily fluid discoloration placed less importance on the risk of 
bodily fluid discoloration compared with respondents without a prior history of bodily fluid discoloration. Respondents 
with prior experience with bodily fluid discoloration ranked avoiding additional minutes with troublesome dyskinesia as 
the most important attribute (Figure 3A); respondents with no prior experience with bodily fluid discoloration, however, 
ranked avoiding the risk of bodily fluid discoloration as the most important attribute. Similarly, respondents with a prior 
history of troublesome dyskinesia placed less importance on additional minutes with troublesome dyskinesia compared 
with respondents without a prior history of troublesome dyskinesia. Respondents with troublesome dyskinesia experience 
ranked avoiding a 40% risk of bodily fluid discoloration as most important, followed by increasing their daily ON time 
by 60 minutes and avoiding 10 additional minutes of troublesome dyskinesia each day (Figure 3B). Finally, respondents 
with 2 or more hours of OFF time each day placed greater importance on increasing daily ON time compared with 
respondents who had less than 2 hours of OFF time each day (Figure 3C). For respondents with less than 2 hours of OFF 
time each day, all conditional relative importance values were statistically different from the next greatest conditional 
relative importance at the 95% confidence level, except for the conditional relative importance values between increase in 
daily ON time and the risk of diarrhea. These respondents ranked avoiding a 40% risk of bodily fluid discoloration as 
most important, followed by avoiding 10 additional minutes of troublesome dyskinesia each day and increasing their 
daily ON time by 60 minutes.

In the subgroup analysis defined by gender, both respondents who identified as female and those who identified as male 
ranked avoiding the risk of bodily fluid discoloration as the most important attribute and ranked how often you take the 
additional medicine each day as the least important attribute (Figure 3D). For respondents who identified as male, the relative 
importance of avoiding the risk of bodily fluid discoloration was not statistically different from the relative importance of 
additional minutes with troublesome dyskinesia each day. Although respondents’ gender identities had a statistically 
significant impact on preferences, this did not affect the ranking of attribute importance, and overall, preferences were 
similar across the subgroups and the full sample. In the subgroup analysis defined by respondents’ median age (< 68 years vs 
≥ 68 years), preferences between these 2 groups of respondents were not statistically significantly different.

Discussion
This research highlights the importance of patient preference when choosing adjunctive PD medications. Our results 
show that most patients are willing to add adjunctive therapy to manage OFF time and that, among the attributes 
associated with adjunctive therapies, avoiding a 40% risk of a change in urine, sweat, and saliva color was most 

Table 4 Profiles for Preference Choice Prediction: Opicapone versus Entacapone

Attribute Additional Medicine 
A (Opicapone a)

Additional Medicine 
B (Entacapone a)

No Additional Medicine

Increase in daily ON time 120 more minutes in ON time 
each day

95 more minutes in ON time 
each day

No increase in ON time each day

Additional minutes with troublesome 
dyskinesia each day

10 additional minutes with 
troublesome dyskinesia each day

5 additional minutes with 
troublesome dyskinesia each day

No additional minutes with 
troublesome dyskinesia each day

Risk of diarrhea None 1 person out of 10 (10%) No additional risk of diarrhea

Risk of change in urine, sweat, or saliva 
color

None 1 person out of 10 (10%) No risk of change in urine, sweat, 
or saliva color

How often you take the additional medicine 
each day

1 additional pill 1 additional pill each time you 
take levodopa/carbidopa

No additional medicine

Probability of selection (N = 480)
Predicted choice 59.1% 13.4% 27.5%

Notes: The percentages included in the table may not add to 100% due to rounding. aThe name of the medicine was not presented to survey respondents.
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important to patients over the range of attributes and levels presented in the survey. While change in bodily fluid color, 
a risk associated with entacapone, may not be considered a major concern among physicians (as it is not of medical 
concern), this finding indicates that change in bodily fluid color matters to patients when starting a new therapy and may 
lead to a poor treatment experience. After this concern, patients most prioritized avoiding 10 additional minutes with 

Figure 3 Conditional Relative Attribute Importance: Subgroup Analyses. (A) By experience with bodily fluid discoloration. (B) By prior experience with troublesome 
dyskinesia. (C) By levels of OFF time experienced each day in the past week. (D) By gender. 
Notes: The conditional relative importance is the difference between the preference weights on the most influential attribute level and the least influential attribute level. 
These differences are summed across attributes, and the sum is scaled to 100. The conditional importance of each attribute is a percentage of this total. The vertical bars 
surrounding each relative importance weight estimate denote the 95% confidence interval around the point estimate (computed by the delta method).
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troublesome dyskinesia each day; increasing daily ON time by 60 minutes; avoiding a 10% risk of diarrhea; and, finally, 
less frequent administration.

The increases in additional daily ON time a respondent would require to offset changes between levels of treatment- 
related attributes and risks were largest for a change from no additional minutes with troublesome dyskinesia to 
10 additional minutes, and for changes from a 0% or 10% risk of bodily fluid discoloration to a 40% risk. All of 
these changes would require, on average, more than 60 additional minutes of ON time. We also predicted the probability 
that each respondent would select a medicine profile similar to opicapone over another profile similar to entacapone or 
“no additional medicine”. On average, an additional treatment similar to opicapone had the highest probability of being 
selected (approximately 59%). On average, respondents would be more likely to opt out from additional treatment (28%) 
than to select an additional treatment with characteristics similar to entacapone (13%). This finding indicates a preference 
for a treatment that provides more ON time and avoids a higher risk of diarrhea and higher risk of change in bodily fluid 
color, even if the treatment causes 10 more minutes of troublesome dyskinesia. Subgroup analyses revealed that 
respondents with a prior history of an AE placed less importance on the risk of that AE compared with respondents 
without a prior history. This may be helpful in patient counselling when discussing options with patients who have not 
had experience with a particular AE.

To our knowledge, this study is the first to explore how individuals with PD trade off the specific attributes of daily 
adjunctive therapy to reduce OFF time. Previous evidence has shown that individuals with PD experience significantly 
reduced health-related quality of life during OFF episodes and that these individuals highly value increases in ON time as 
well as being able to predict the onset of OFF time.23 A DCE survey to evaluate patient preferences for attributes of on- 
demand therapies for OFF time—including mode of administration (with associated AEs), time to and duration of ON 
time, and out-of-pocket cost—found that patients prioritize cost, mode of administration with associated AEs, and time to 
ON time more than they do duration of ON time.24 Our results are broadly consistent with prior studies in demonstrating 
that, while optimizing ON time is a priority for individuals with PD, AEs and risks associated with PD treatments are key 
drivers of preferences.

The aim of this study was to explore patients’ preferences for the attributes that differentiate opicapone and 
entacapone. The second-generation COMT inhibitor entacapone requires multiple doses per day and is associated with 
adverse effects including diarrhea and bodily fluid discoloration,11 while the third-generation COMT inhibitor opicapone 
is administered once daily and is not known to cause gastrointestinal adverse effects or bodily fluid 
discoloration.11,12,25,26 Understanding how patients value the attributes of these therapies may be useful to physicians 
in shared decision-making discussions with patients who are considering adjunctive therapy with a COMT inhibitor. It 
must be noted, however, that other oral adjunctive treatment options are available for individuals with PD but were not 
considered in our study, including monoamine oxidase B inhibitors and dopamine agonists.27,28 Clinical understanding of 
PD and the therapeutic landscape continue to evolve.29–32 Selecting the best adjunctive therapy to optimize an 
individual’s “ON” time with LD/CD must be a shared decision based on a physician’s clinical judgment and 
a patient’s individual preferences.28

Limitations of this study need to be acknowledged. First, this study recruited patients from the MJFF Fox Insight 
cohort, which may not reflect the United States population with PD. In particular, the sample is mostly White and highly 
educated. The survey was written in English, limiting the sample to English speakers. The final DCE survey instrument 
was administered online, further introducing the potential for selection bias into the sample. The data collected were 
based on responses to hypothetical choice profiles in the DCE tasks. These choices are intended to simulate possible 
clinical decisions but do not have the same clinical, financial, or emotional consequences of actual real-world decisions; 
thus, differences can arise between stated and actual choices. Finally, the attributes and levels selected for this study were 
intended to reflect the characteristics of opicapone and entacapone. The study did not evaluate attributes associated with 
other adjunctive therapies, and preferences may have been different if these had been included.

Conclusions
In conclusion, our results demonstrate that patients with PD are willing to add adjunctive therapy with a COMT inhibitor 
to manage OFF time and that nuances of safety, efficacy, and administration frequency in combination may result in large 
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differences in patients’ preference for medications. As new treatments for PD become available, individual patients’ 
preferences when balancing the benefits and risks of adjunctive medications that reduce daily OFF time are an important 
consideration in shared decision-making with their physicians. Future research should explore patient preferences for 
attributes associated with other adjunctive treatment options.

Abbreviations
AE, adverse event; CD, carbidopa; COMT, catechol-O-methyltransferase; DCE, discrete-choice experiment; LD, levo-
dopa; MJFF, Michael J. Fox Foundation for Parkinson’s Research; PD, Parkinson’s disease; RPL, random-parameters 
logit; RTI, RTI International.
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