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Abstract

Anxiety that occurs in association with on-off dopamine medication fluctuations is a major

cause of distress, dysfunction, and lower quality of life in people with Parkinson’s disease (PD).
However, the association between anxiety and on-off fluctuations is poorly understood and it is
difficult to predict which patients will suffer from this atypical form of anxiety. To understand
whether fluctuating anxiety in PD exists as part of an endophenotype that is associated with other
signs or symptoms, we prospectively assessed the change in anxiety and a battery of clinical
variables when transitioning from the off-dopamine medication state to the on state in 200 people
with PD. We performed latent profile analysis with observed variables as latent profile indicators
measuring the on-off-state difference in anxiety, depression, motor function, daily functioning,
and the wearing off questionnaire 19 item scale (WOQ-19) in order to model unobserved (i.e.,
latent) profiles. A two-class model produced the best fit. The majority of participants, 69%, were
categorized as having a ‘typical on-off response’ compared to a second profile constituting 31%
of the sample who experienced a worsening in anxiety in the off state that was three times that of
other participants. This profile referred to as “anxious fluctuators” had a Hamilton Anxiety Rating
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Scale change between the off and on medication state of 10.22(32.85) compared to 3.27 (7.62),
higher depression scores, greater disability and was less likely to improve on select WOQ-19 items
when in the on-state. Anxious fluctuators were more likely to be male and have a family history

of anxiety disorder. Given the adverse impact of this profile we believe it may be important to
distinguish patients with a typical on-off response from those with this more problematic course of
fluctuations.
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Parkinson’s disease; anxiety; depression; fluctuations; nonmotor; dopamine

Introduction

Anxiety disorders occur in at least a third of people with Parkinson’s disease (PD), worsen
quality of life, and increase the burden on family members and caregivers.1~3 Anxiety
disorders described in the Diagnostic and Statistical Manual 5 (DSM 5) such as generalized
anxiety disorder, panic disorder, and social phobia, are broadly represented in PD. However,
atypical anxiety disorders that don’t fulfill specific DSM 5 criteria are equally common
and, in some patients, occur as episodes of high anxiety associated with on-off dopamine
medication fluctuations.3 This specific set of symptoms might fall under the diagnostic
label of “Anxiety Disorder Due to Another Medical Condition”. The principal objective for
this study was to gain an understanding of the clinical phenomenology of on-off dopamine
medication anxiety syndromes in PD with the hope of using that knowledge to better

target and test pharmacologic treatments. Using a provocative design in which dopaminergic
therapy was withdrawn, we provide further clinical characterization of anxiety syndromes
in PD with respect to their association with the on- and off- motor state, comorbid
psychiatric symptoms, and other non-motor features of PD. The resulting analysis describes
an empirically valid subtype of anxiety associated with PD-specific features.

Motor fluctuations are a nearly inevitable complication of dopaminergic therapy in
Parkinson’s disease (PD) occurring in greater than 50% of patients within five years of
diagnosis and nearly 100% at 10 years.>8 Motor fluctuations are not just a complication

of advanced disease, they can occur as early as 6 months after dopaminergic therapy is
initiated and can be associated with either levodopa or dopamine agonists.” Non-motor
fluctuations, such as changes in neuropsychiatric, autonomic, or sensory (pain) symptoms,
most often occur in patients with motor fluctuations and frequently several types of non-
motor symptoms occur in the same patient.® The exact prevalence and time of onset of non-
motor fluctuations in PD is uncertain, but is likely similar to that of motor fluctuations.8-11
The largest estimate of non-motor fluctuations to date using a validated scale found a
prevalence of 41% in 402 persons with PD using the Movement Disorders Society — Non-
Motor Rating Scale (MDS-NMS).12

While most non-motor fluctuation symptoms, including anxiety, are reported to occur
during the off-medication state there is some uncertainty, as a few studies found some
non-motor symptoms are more likely to occur in the on-state.>-14 In addition, the degree
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of change may vary by type of non-motor symptom. For example, in a study examining

10 different non-motor symptoms the degree of change from the on- to the off- state
ranged from no fluctuations for bladder urgency, dysphagia, and excessive sweating to

a 230% increase in anxiety in the off-state.19 Among non-motor fluctuation symptoms
anxiety stands out as the most frequent and disabling. In addition, non-fluctuating patients
with prominent anxiety have an increased risk of future fluctuations.81516 The relationship
between anxiety and fluctuations suggests the possibility of a latent shared mechanism or
a subgroup of individuals with PD predisposed toward anxiety and a complex clustering of
motor and non-motor fluctuations. We believe that characterizing this latent profile defined
by symptomatic response to dopaminergic therapy will have important therapeutic and
mechanistic implications.

The study sample included adults, ages 21 or older, with a diagnosis of idiopathic
Parkinson’s disease based on the MDS clinical diagnostic criteria.1? Participants with less
than one year of PD or a diagnosis of dementia (by DSM-IV-TR) were excluded to reduce
the chance of enrolling individuals with Lewy body dementia. We avoided a cognitive cut-
off using a global cognitive screening measure like the mini-mental status exam or Montreal
cognitive assessment because there may be other factors contributing to poor screening
measure performance that do not impact participant’s independence or ADL function to

a disabling degree. Further, using this definition rather than a screening measure cut-off
allowed a more representative sample of patients with advanced PD who are still able to
function independently. Participants were recruited from the Morris K. Udall Parkinson’s
Disease Research Center at Johns Hopkins, the Johns Hopkins Parkinson’s Disease and
Movement Disorders Center, and the clinics of three community-based movement disorder
neurologists with adjunct faculty positions. Participants were, on average, 65 years old (SD
7.71). Most participants were men (61.0%) and white (92.5%). Additional demographic
information for this sample can be found in Table 1.

The study used a provocative design to evaluate whether a hypodopaminergic state is
associated with a distinct syndrome characterized by high anxiety and other nonmotor
symptoms among people with PD. Participants were assessed in both the “on” and

“off” medication state according to the clinical protocol, Core Assessment for Surgical
Interventional Therapies in Parkinson’s disease.1® In line with this protocol, participants
were asked to temporarily stop all dopaminergic medications at least 12 hours prior to
their study visit. The first battery of measures was administered while participants were

in this “off” medication state. Then, participants took their usual morning dopaminergic
medications and completed assessments recommended by the National Institute for
Neurological Disorders and Stroke-Common Data Elements for Parkinson’s disease clinical
features.19 After participants indicated they were in their best “on” medication state (mean
(SD)=72.28 (22.72) minutes), we re-administered the same battery used previously during
the “off” state assessment. All assessments were conducted by MDS trained personnel in a
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research office setting. The Johns Hopkins University Institutional Review Board approved
the study protocol. The research team obtained written consent from all participants prior to
their participation.

On-and off-state testing battery—Seven measures composed the “on/off” battery.
These measures evaluated mood, wearing-off, motor, and cognitive symptoms for all study
participants.

Mood Symptoms.: The Hamilton Anxiety Rating Scale (HAM-A) and the Hamilton
Depression Rating Scale (HAM-D) are self-report measures of severity of anxiety and
depressive symptoms, respectively.20-21 The HAM-A is a 14-item questionnaire, with each
item assigned a score ranging from O (“not present”) to 4 (“severe”). The total score

of this scale ranges from 0 to 56, with scores greater that 17 indicating mild severity,
scores between 18 and 24 indicating mild to moderate severity and scores greater than 25
indicating moderate to severe severity. The HAM-D is a 17-item questionnaire, with each
item assigned a score ranging from 0 (“not present”) to 4 (“severe”). The total score of this
scale ranges from O to 68, with scores greater than 7 indicating mild depressive symptoms.
Both the HAM-A and the HAM-D have been recommended for use in Parkinson’s disease
populations. The inter-rater reliability of the HAM-A is 0.87, the Cronbach’s alpha is 0.86,
the inter-item correlation and convergent validity are satisfactory.22 The HAM-D has a
specificity of 0.92 and a sensitivity of 0.99 for depression in PD.23 We modified the rater
administered version of the HAM-A and HAM-D to be answered for the current state, on-
or off-dopamine medication, such that changes in appetite, sleep, etc., were asked based on
state rather than time frame.

Wearing-Off Symptoms.: We evaluated common motor and non-motor symptoms of
Parkinson’s disease using a 19-symptom wearing-off questionnaire (WOQ-19).24 This
questionnaire is a “present/not present” checklist of 19 items representing a wide range

of Parkinson’s disease-related motor and non-motor symptoms. A total score was generated
for each subject, with higher scores indicating a greater number of symptoms experienced
in the off-state. This scale has a sensitivity of 0.88 and a specificity of 0.80 for detecting
wearing off symptoms.2

Physical Disability and Motor Function.: We measured physical disability using the
Schwab and England Activities of Daily Living Scale.26 This scale assesses a participant’s
level of independence. Scores range from 0 to 100, with 0 indicating “bedridden and
vegetative functions” and 100 indicating “completely independent”. We assessed motor
functioning of all participants with the Movement Disorders Society-Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS) part I11. The MDS-UPDRS part 111 assesses motor
symptom severity on a scale of 0-108, with higher scores indicating greater motor
impairment. The MDS-UPDRS part 111 was developed for use in Parkinson’s disease, with a
Cronbach’s alpha of 0.93.27
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Neuropsychological Measures.: Trained test administrators conducted the
neuropsychological testing. Participants completed the Symbol Digit Modalities Test and
the Stroop Color and Word Test.28:2% These tests evaluate the executive function cognitive
domain, a domain often affected by PD. Both neuropsychological tests were administered
according to recommended procedures. Scores from these tests were standardized based on
age and educational attainment.

NINDS-CDE Recommended Assessments for Parkinson’s disease Specific Clinical
Features.: After participants completed the “off” state assessment, we collected
demographic and clinical information as recommended by the NINDS-CDE. These included
personal medical history, family medical history, a medication log, and several scales
assessing PD clinical features.

Medical History.: All participants provided their history of PD, including their age at
disease diagnosis, side of disease onset, and the age they first noticed PD related symptoms.
Participants also reported family history of PD or family history of any psychiatric disorders.
The remaining sections of the MDS-UPDRS I, Il, IV were completed. Additionally,

all participants supplied a list of their current medications (dopaminergic and others).

In order to standardize dopaminergic content of medications across different medication
types, we calculated the levodopa equivalent daily dose (LEDD) contributed by each
medication for each subject in accordance with convention.39 The 8-item Parkinson’s
Disease Questionnaire (PDQ-8) was completed to assess quality of life.31

Psychiatric Disorders.: The structured clinical interview for DSM-IV-TR (SCID) evaluated
the presence or history of any axis | disorders. The Parkinson Anxiety Scale (PAS) was
administered outside of the fluctuation paradigm above to provide a measure of anxiety
independent of the change in dopamine medication status.32 The PAS is a 12-item scale
containing three subscales that assess specific anxiety subtypes (persistent anxiety, episodic
anxiety, and avoidance behavior). PAS scores range from 0 to 48, with higher scores
indicating more severe anxiety. The Montreal Cognitive Assessment (MoCA) was used to
evaluate cognitive impairment. The MoCA assesses cognition on a scale of 0-30, with lower
scores indicating greater cognitive impairment and has been validated in a PD population.
The test-retest reliability of the MoCA is 0.79 and the convergent validity is 0.72.33

Analytic Plan

Descriptive statistics were conducted using Stata Version 16. Latent Profile Analyses (LPA)
(similar to latent class analysis, but allowing continuous indicators) were conducted in
MPIlus Version 8.3.34:3% The following observed variables were used to model unobserved
(i.e., latent) profiles: on-off-state difference in HAM-A total score, HAM-D total score,
WOQ-19 individual items, Schwab and England score, and UPDRS part I1l. The default is
to assume latent profile indicators are conditionally uncorrelated, but we allowed correlation
between HAM-D and HAM-A because depression and anxiety are highly comorbid in PD.

Models for the LPA were fit iteratively, starting with one class and then adding additional
classes until fit no longer improved. Several model fit statistics contributed to decisions
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about which model best fit the data, including Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), the Lo-Mendell-Rubin Likelihood Ratio test (LMR LRT),

and entropy. We also considered class size and avoided profile prevalences less than 5%.
Finally, we assessed each profile for clinical meaningfulness. From the final LPA model, we
determined (1) the proportion of the sample that belongs in each profile (class prevalence),
and (2) the means of each latent profile, conditioned upon membership in each class.

We then tested whether specific participant characteristics such as age, sex, variability

of symptoms between on- and off-states (as change scores), disease duration, and motor
fluctuations predicted membership in the identified latent profiles. As profile membership
is a latent variable, it would be inappropriate to assign individual profiles as if they were
observed and to regress membership on predictors or to calculate profile-specific means.
Instead we used Vermunt’s corrected three-step method to account for uncertainty in profile
membership.36

Sample characteristics

Table 1 displays the descriptive statistics for relevant demographic and clinical variables for
the 200 people in this sample. The sample was typical for PD, being primarily male (61 %),
Caucasian (92.5%), and retired (58%). The average age for participants was 65.2 years and
most had at least a 4-year college degree (average, 17 years). The average disease duration
was 9.1 years, with most participants in the Hoehn and Yahr 2 stage of disease severity
(76.5%).

Latent Profile Model Fit

Fit statistics for models with two, three, four, or five profiles are reported in Table 2.
Compared to a one-class model, the two-class model had lower BIC and fit the data
significantly better based on LMR likelihood ratio test (—2LL difference: 25.92; df: 15;
p=.0389). Three- and four-class models were rejected as neither fit the data significantly
better than a more parsimonious model with a profile prevalence of at least 5% in each class.

Change profiles

Figure 1 shows profiles from the LPA for the two-class model. The parameter estimates
for this figure were transformed to z-scores by subtracting the overall variable mean and
dividing by the overall variable standard deviation, allowing for an easier comparison of
magnitudes for each variable for each profile. In Figure 1, each plotted point represents a
difference in scores between the off- and on-dopamine medication state for each variable.
The blue line represents patients with a ‘typical’ on-off response, while the red line
represents ‘anxious fluctuators’.

Table 3 compares estimates of differences in scores between on and off medication for
participants with a ‘typical on-off response’ (69% of the sample) to others who exhibited
worsening anxiety in the off state (31% of the sample; ‘anxious fluctuators’). The change in
anxiety from off state to on state was three times greater for anxious fluctuators compared to
patients with a typical on-off response (HAM-A change between the off and on medication
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state of 10.22 (32.85) compared to 3.27 (7.62)). In addition, anxious fluctuators had larger
changes in depression (HAM-D), motor function (UPDRS part I11), and daily functioning
(S&E).

Individual items from the WOQ are scored “1” if symptoms are present in the off-state, such
that a lower score in Figure 1 and Table 3 indicates greater symptom burden. Overall, the
anxious fluctuators had less favorable clinical outcomes when transitioning between on-off
medication states with greater worsening of HAM-A anxiety, HAM-D depression, UPDRS
part 111 motor impairment, and S&E disability in the off state and more balance problems,
panic attacks, mental cloudiness, pain, and abdominal discomfort on the WOQ-19 items.

For comparison, participants scores on the UPDRS part IV (n=200) motor fluctuations items
were: 4.3 Time spent in the off state normal 69 (34.5%), slight 103 (51.5%), mild 21
(10.5%), moderate 5 (2.5%), severe 2 (1.0%); 4.4 Functional impact of fluctuations normal
89 (44.5%), slight 58 (29.0%), mild 25 (12.5%), moderate 19 (9.5%), severe 9 (4.5%); 4.5
Complexity of motor fluctuations normal 71 (35.5%), slight 96 (48.0%), mild 2 (1.0%),
moderate 10 (5.0%), severe 21 (10.5%).

Characteristics associated with anxious fluctuations

Table 4 shows 3-step corrected profile specific means and frequencies of potential predictors
of profile membership, along with odds ratios for membership in the anxious fluctuator
profile vs. typical on-off response. Anxious fluctuators were more anxious outside of the
provocative on-off protocol on the PAS and SCID, more likely to be male, with a younger
age of Parkinson’s disease onset, longer duration of PD, and more than twice as likely to
have a family history of anxiety and depression. Anxious fluctuators were less likely to

be employed, had higher scores on the Schwab and England and UPDRS parts | and |1
indicating greater impairment of motor and non-motor activities of daily living.

Table 5 shows odds ratios from a multivariate model which includes age PD onset, disease
duration, sex, DBS, use of antipsychotic medication, and family history of anxiety. As a
class anxious fluctuators had higher odds of being male and having a family history of
anxiety compared to participants with a typical on-off response. The other variables, age
of onset PD, PD duration, DBS and use of antipsychotic medication, were not statistically
significantly associated with class.

Discussion

In a cohort of 200 people with PD assessed in both the on- and off- dopamine medication
state we identified a latent profile representing 31% of patients with precipitous worsening
of anxiety, depression, motor function, and ADL functioning in the off-medication state
compared to the on-medication state. A greater proportion of patients in this profile also
reported the persistence of mental cloudiness, poor balance, pain, abdominal discomfort,
and panic attacks, even after transitioning from the off-state to the on-state. This profile
was associated with an overall higher score on the UPDRS parts | and 1l indicating greater
impairment of motor and non-motor activities of daily living. In this manuscript we refer
to the identified latent profile as “anxious fluctuators™ as they are distinguished by higher
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anxiety at baseline and more than a threefold increase in anxiety severity between the

on an off-medication state. Anxious fluctuators may represent a subgroup of PD patients
that experience a greater magnitude of change between the off- and on-medication state in
anxiety, depression, and motor function, but paradoxically had less-medication associated
relief of other non-motor symptoms. Given the adverse impact of this profile we believe it
may be important to distinguish patients with a typical on-off response from those with this
more problematic course of fluctuations.

Identifying anxious fluctuators without a reliable biomarker will be challenging, however in
our multivariate model (Table 5) two variables were associated with greater odds of being
in the ‘anxious fluctuator’ profile: family history of anxiety and male sex. Assuming a
family history of anxiety disorders may be genetic, rather than shared behavioral patterns
(e.g., maladaptive coping to adverse events), it is possible that certain anxiety disorders and
the pathophysiology of PD overlap in some patients. The possibility of a shared genetic
risk between PD and anxiety is supported by numerous epidemiologic and family studies
showing an increased risk of PD in anxious individuals and families.37 We also found a
greater than 2 fold increased odds of being an anxious fluctuator associated with male sex.
However, a study in 100 PWP using a similar on-off design found no sex differences

in association with the frequency or severity of non-motor fluctuations while a small
observational study with just 16 women using the WOQ-19 (administered in the on-state
only) reported that female sex was a risk factor for non-motor fluctuations.3® Although our
sample is the largest by a wide margin, we advise caution when interpreting this finding

as there is no consensus regarding sex as a risk factor for non-motor fluctuations and our
finding is associated with a specific anxious latent class that may not be applicable to
non-motor fluctuations in general.

Comparing our univariate findings to those of a case-control study of 70 “mood fluctuators”
identified using retrospective chart review there were many similarities, but also striking
differences. The main findings of Racette et al. were “mood fluctuators had significantly
younger age at PD onset, and longer disease duration and were more likely to have
dementia, psychosis, clinical depression, and motor complications”.? Similar to our anxious
fluctuators, anxious mood was the most common fluctuation in the off-period occurring in
81% of mood fluctuators. Further, younger age of PD onset, longer disease duration, and
more motor complications occurred in both cohorts and mood fluctuators had a trend toward
worse postural reflex which is similar to our finding of poor balance on the WOQ in anxious
fluctuators. Unlike Racette et al. we excluded participants with dementia and found anxious
fluctuators had similar MoCA scores compared to those of the control group. Finally, the
prevalence of ‘clinically significant mood fluctuations’ estimated at 7% in the retrospective
study was much lower than the latent profile of 31% identified in our prospective study.

The prevalence difference could be due to the use of the provocative design in our study
(e.g., provoking the levodopa off state), which might unmask latent symptoms that would
otherwise only emerge with further disease progression.

Motor complications are known to be associated with disease duration and higher doses of
dopamine replacement therapy rather than duration of exposure to levodopa therapy, with
disease duration now recognized as the more important factor.”-3% Anxious fluctuators had
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both a 250mg/day greater LEDD and a longer disease duration compared to those with a
typical on-off response. However, neither variable was significant in the multivariate model
suggesting other latent factors may be more important. To this point, the timing of the onset
of fluctuations varies widely from six months to 10 years, which suggests the occurrence

of non-motor fluctuations has more to do with disease heterogeneity rather than a simple
linear association with disease duration.2:10.1240 While it is widely accepted that levodopa
responsiveness varies in atypical Parkinsonian disorders, it may also be that the variation

in levodopa responsiveness within idiopathic PD is more extensive than accounted for in
our current approach to treatment. Indeed, the heterogeneity within idiopathic PD likely has
significant implications for prognosis and treatment responsiveness*! and we suspect the
latent profiles identified by the current model could represent one or more subtypes.

We do not think anxious fluctuations are simply due to lower responsiveness to levodopa
because this group had a greater change in UPDRS part 111 motor symptoms due to
symptomatic therapy compared to those with a more typical on-off response. Similarly,
anxious fluctuators also had higher prescribed LEDD on average, suggesting that they
were not simply under-dosed. While idiosyncratic factors such as protein consumption,
compliance with medication dosing and timing, or stress may contribute to fluctuations
it seems more likely that anxious fluctuators have some combination of a reduced ability
to store and transport dopamine (e.g., VMAT?2) or altered post-synaptic sensitivity to
stimulation by dopamine, resulting in a more transient and less consistent response

to interval dosing. This concept describing the discrepancies between the time course

of pharmacological effect and plasma drug concentrations has been demonstrated in a
series of levodopa infusion studies and is considered one of the main causes of motor
fluctuations.#243 For example, Nutt et al. demonstrated that for levodopa “Teq1/2” can
be thought of as “the time course of the drug passing from the plasma to the striatum,
conversion to dopamine, diffusion to dopamine receptors, development of clinical effect, and
dissipation of clinical effect”.#* We hypothesize that the latent profile we identify in this
study is influenced by mechanisms that reside in this pathway.

Regardless of whether the latent profile with anxious fluctuations is due to different subtypes
of disease or more idiosyncratic variables, there is a need for better strategies to address
fluctuations in PD. New extended release levodopa therapies and many dopamine agonists
have demonstrated efficacy for both treating and delaying onset of motor fluctuations and
may be beneficial for patients with this anxious fluctuation profile.*> On-demand-therapy

is an emerging modality and is offered in a variety of routes of administration, which

might offer rescue to patients once an off episode begins.#® Although it is possible that
non-dopaminergic pathways may contribute to this latent profile, our model and levodopa
infusion studies demonstrate that mood and anxiety often change in direct response to levels
of exogenous dopamine.13 Therefore early identification of patients with this latent profile
could be used as a signal to proactively start therapies shown to delay the onset of motor
fluctuations in order to mitigate adverse outcomes.

Several limitations of this study should be considered when drawing conclusions about our
findings. First, the variables assessed in the on-off battery were limited due to sample size
constraints to prevent oversaturation of the model. Second, due to the nature of the statistical
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methods profile membership for any individual is a matter of Bayesian probability and

was determined cross sectionally, therefore we cannot be certain that profile membership

is static within an individual. However, the possibility that one could move from a state

of anxious fluctuations to a more favorable state is a therapeutically optimistic concept.
Levodopa withdrawal is being used as a proxy for studying spontaneous on-off fluctuations
in PD, which likely does not account for anxiety produced due to the uncertainty of the more
spontaneous off-state and may lead to a more pronounced difference between states than is
seen with normal therapy where the goal is to prevent severe “off” states. Further, motor-
and non-motor fluctuations can be temporally dissociated but without an objective marker of
non-motor fluctuations to define the non-motor “off” or “on” state, this design is the closest
experimental approximation to spontaneous fluctuations. Despite this, we believe levodopa
withdrawal is a reasonable substitute as it can establish whether anxiety and other nonmotor
symptoms change in response to dopamine. Finally, although we modified the HAM-A and
HAM-D to assess state based changes in anxiety and depression there is still the possibility
that the validity of some of the questions was diminished due to this change, however overall
both of these instruments have demonstrated sensitivity to change in PD.

In summary, anxious fluctuations occurred in 31% of participants and were characterized
by a precipitous worsening of anxiety, depression, motor function, and ADL functioning

in the off-medication state compared to the on-medication state. \We believe that this more
problematic difference in response to the on- vs off- medication state represents a latent
characteristic in a subgroup of PWP. Regardless, given that our intentional manipulation of
dopaminergic medication status, on- vs off-state provoked these differences it is likely that
interventions that facilitate a more stable and consistent response to dopamine replacement
will not only improve motor impairment but also non-motor symptoms such as anxiety and
depression in these individuals. Future studies should try to establish a biomarker e.g., PET
or fMRI imaging, to enhance the objective sensitivity of the profile.
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. Anxiety associated with on-off dopaminergic medication fluctuations is a
major cause of distress and lower quality of life in Parkinson’s

. Up to one third of patients in this study had high anxiety in the off state
compared to the on-dopamine medication state

. Patients with high anxiety in the off-state also had higher depression and
greater disability

. ‘Anxious fluctuators’ were more likely to be male and to have a family
history of anxiety disorders
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Figure 1.

Latent profiles comparing on state versus off state for included indicators noted on the
horizontal axis. Each plotted point represents a difference in scores between on state

and off state. Circles represent patients with typical on off response, while the squares
represents anxious fluctuators. Anxious fluctuators had large fluctuations in clinician-rated
anxiety, depression, daily functioning, and motor impairment, but smaller responses in other
self-rated non-motor symptoms like mental cloudiness, pain, and abdominal discomfort than
patients with typical on-off response.
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Table 1.

Sample demographic and clinical information (n=200)

Measure Average (SD) or Count (%) | Range
Age (years) 65.21 (7.7) 36-85
Education (years) 16.97 (2.46) 12-23
Sex (% Male) 122 (61.0%) NA
Race NA

Asian 5 (2.5%)

Black 5 (2.5%)

Caucasian 185 (92.5%)

Other 5 (2.5%)
Employment Status NA

Full-time 38 (19%)

Part-time 20 (10%)

Disabled 24 (12%)

Retired 116 (58%)

Unemployed 2 (1%)
Levodopa Equivalent Daily Dosage (mg/day) 805.24 (498.74) 100 - 2733
Montreal Cognitive Assessment Total Score 26.74 (2.90) 14-30
Disease Duration (years) 9.09 (5.81) 1-29
Generalized Anxiety Disorder (% Diagnosed) 38 (19%) NA
Panic Disorder (% Diagnosed) 19 (9.6%) NA
Major Depressive Disorder (% Diagnosed) 16 (8%) NA
Hamilton Anxiety Rating Scale Total Score 9.15 (5.45) 0-32
Hamilton Depression Rating Scale Total Score | 4.91 (4.59) 0-36
Schwab & England Score 90.38 (11.37) 35-100
UPDRS part 3 25.49 (11.96) 4-66
Wearing Off Questionnaire 2.56 (3.04) 0-14
Parkinson Anxiety Scale Total Score 10.11 (7.35) 0-34
Symbol Digit Modality Test 43.24 (12.88) 2-75
Stroop Color-Word T-Score 44.69 (10.37) 15-70
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Number of Profiles | Entropy | Parameters | Bayesian Information Log Likelihood | Lo-Mendell-Rubin Likelihood
Criterion (BIC) Ratio p-value

2 .827 29 5505.714 -2676.032 0.0389

3 .865 44 5434523 -2600.699 0.002

4 .846 59 5480.86 -2584.131 0.6213

Lo-Mendell Rubin Likelihood Ratio test compares the difference in —2LL values for a A-class model to a model with -7 classes to a chi-square
distribution with degrees of freedom equal to the difference in number of parameters between the two models.
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Estimated differences between medication states in two-class model. Data from 200 PD patients.

Table 3.

Variable Anxious Fluctuators (31%) | Typical “on-off” Response (69%)
Hamilton Anxiety Rating Scale Total Score 10.22 (32.85) 3.271 (7.62)

Hamilton Depression Rating Scale Total Score 4.365 (10.2) 0.89 (.96)

Schwab & England Score 14.733 (13.26) 4.721 (4.07)

UPDRS part 3 16.59 (10.42) 12.057 (5.94)

Wearing Off Questionnaire — balance .68 74

Wearing Off Questionnaire — panic attacks .83 97

Wearing Off Questionnaire — mental cloudiness .55 .88

Wearing Off Questionnaire — pain 73 .89

Wearing Off Questionnaire — abdominal discomfort | .85 .95

Page 18

Estimates are reported as mean(SD) for continuous variables or prevalence for WOQ categorical variables which represent change from on to off
state (WOQ 1 = symptom is present in the off state, 0 = not present)

One participant had missing data for this scale and was excluded from the analysis.
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Univariate Predictors of Latent Profile Membership, Odds ratios comparing typical on-off response to anxious

fluctuators

Variable Anxious Fluctuators (31%) | Typical “on-off” Response (69%) | OR (95% CI) p-value
DBS (%) .20 (.05) .08 (.03) .918 (.865, 973) .062
Family Hx Depression 43 (.07) 21 (.04) .352 (.169, .736) .007
Family Hx Anxiety 42 (.07) 17 (.03) 279 (.129, .604) .002
Family Hx PD 46 (.07) 30 (.04) 516 (.256, 1.04) .067
Male 54 (.07) .32(.04) 397 (.197, .80) .009
Race (Caucasian) .92 (.04) .93 (.02) .64 (.20, 2.05) .876
Age 63.06 (1.12) 66.19 (.65) 1.06 (1.01, 1.11) .43
Education 16.73 (.31) 17.07 (.23) 1.06 (.93, 1.20) .53
Antidepressant Use .52 (.07) 41 (.04) .656 (.332, 3.158) .225
Antipsychotic Use .05 (.03) .03 (.02) .563 (.10, 290.42) .545
Anxiolytic Use .26 (.06) .18 (.04) 62 (.277, 1.39) .264
Parkinson Anxiety Scale 14.96 (1.19) 9.31(.63) .013 (.871, 957) <.001
MDS UPDRS I 15.54 (.94) 10.58 (.66) 911 (.861, .964) <.001
MDS UPDRSI 15.49 (.91) 10.41 (.53) 871 (.804, .944) <.001
PD disease duration 11.12 (.80) 8.16 (.50) .918 (.865, .973) <.001
Age at PD onset 51.94 (1.35) 58.04 (0.79) 1.08 (1.04, 1.12) <.001
Levodopa Equivalent Daily Dosage (mg/day) | 972.36 (84.70) 728.38 (37.34) .999 (.999, .999) <.001
Any SCID anxiety .76 (.06) 40 (.04) 213 (.097, .468) <.001
Montreal Cognitive Assessment Total Score 27.02 (0.42) 26.61 (0.25) .948 (.828, 1.09) <.453

Profile-specific means and counts are calculated via Vermunt’s 3-step corrected method Odds Ratios are for membership in Profile 2 (Typical) vs

Profile 1 (Anxious Fluctuators).
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Table 5.

Multivariate Predictors of Latent Profile Membership

Variable Odds Ratio | 95% ClI

PD Duration 0.968 (.907, 1.032) .319
Age PD Onset 1.053 (.997, 1.113) .068
Male Sex 0.443 (.202, .969) .041
DBS 0.802 (.226, 2.844) .733
Use of Antipsychotics 0.658 (.104, 4.176) .657

Family History of Anxiety | 0.302

(.13, .704) .006
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