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Abstract
Objective
To determine whether varenicline is effective for the balance in Par-
kinson disease (PD).

Methods
This was an investigator-initiated, double-blind, placebo-controlled
study. Participants with a clinical diagnosis of PD were randomized to
receive varenicline or placebo for 8 weeks. After dose escalation,
participants took 1 mg of drug twice daily until the end of the study.
Patients with severe tremor were excluded. Primary outcome was a
change on the Berg Balance Scale (BBS) from baseline to 8 weeks.
The BBS is a 14-item measure consisting of basic balance tasks. The
study had a secondary, exploratory outcome of a change in cognition,
measured with the Frontal Assessment Battery (FAB) and the Mini-Mental State Exam
(MMSE) from baseline to 8 weeks. The FAB is a 6-item measure of executive functioning.

Results
Thirty-six participants were randomized (82%men, 100%White). Average age was 71.0 years (±
8.1). Average baseline motor Movement Disorder Society Unified Parkinson’s Disease Rating
Scale was 34.7 (± 11.6). There were no differences between treatment groups on the BBS (F
[1,28] = 2.85, p = 0.10) or FAB (d = 0.16, 95% confidence interval [CI] = [−1.39 to 1.53]) or
MMSE (d = 0.81, 95% CI = [−0.40 to 1.40]).

Conclusion
The results did not suggest that varenicline had an effect on balance in patients with PD.
Furthermore, varenicline did not seem to affect cognition. Perhaps, if an objective measure of
balance had been used in place of the BBS, the analysis would show a difference between the
groups. However, the authors do not recommend further study.

Classification of Evidence
This study provides Class III evidence that in patients with PDwithHoehn and Yahr stages 2, 3,
or 4, varenicline does not improve balance as assessed by the BBS.

Roughly 1 million Americans suffer from Parkinson disease (PD),1 with an incidence of falls
estimated at 68% for patients who subsequently are at increased risk of injury.2–6 Falling
remains an unmet need in PD maintenance. Treatments focus on dopamine replacement that
effectively treats some PDmotor symptoms but has little effect on instability leading to falls.1,7
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Increasingly, disruption of the cholinergic system is impli-
cated in gait dysfunction in PD.8–11 Major centers of cho-
linergic projections include the basal forebrain complex,
pedunculopontine nucleus, and cholinergic interneurons
that dominate neurotransmission in the striatum.8,12 These
centers and their cholinergic projections play key roles in
motor function, and research associates their degeneration
with imbalance and falling in PD.10 The relationship between
cholinergic degeneration and PD motor symptoms presents
an opportunity for alternative therapies targeting these
neural pathways. Nicotinic cholinergic receptor (nAChR)
agonists are one candidate, with previous studies and pre-
clinical data highlighting a role of the nicotinic cholinergic
system in the regulation of movement.13,14

Varenicline is a partial α4β2 nAChR agonist and full α7 nAChR
agonist developed as an aid in smoking cessation.15,16 In previous
studies, it also improved imbalance in spinocerebellar ataxia
(SCA) types 3 and 14,17,18 instability in fragile X-associated-
tremor-ataxia-syndrome,19 and Friedriech ataxia.20Of note, α4β2
is the highest expressed nAChR in the brain. These findings raise
the possibility that varenicline may reduce falling by compen-
sating for cholinergic degeneration.9,13,14 The present study
sought to determine the efficacy of varenicline for imbalance in
PD, using a similar dosing schedule to previous SCA studies.

Methods
Study Design and Participants
This was an investigator-initiated, double-blind, placebo-
controlled, parallel-designed study testing varenicline for
postural stability in PD. Secondary outcomes were change in
cognitive functioning and responsiveness to treatment by PD
subtype.

Participants were recruited from the Section of Movement
Disorders at the Rush University Medical Center (RUMC)
between December 28, 2010, and November 2, 2018. Par-
ticipants were enrolled if they had a diagnosis of PD by the
UK Brain Bank criteria,21 a minimum Hoehn and Yahr score
of 2, one or more falls or near falls in the 6 months before
screening, a stable medication regimen, and safety laboratory
test results within normal limits (including serum creatinine
kinase, complete metabolic panel, complete blood count,
liver function tests, renal function tests, platelets, and an
electrocardiogram). All patients had to be 40 or older and
were excluded if they had a Hoehn and Yahr score of 5;
history of a major psychiatric disorder, cerebral trauma,
cardiac arrhythmia, renal insufficiency, or severe renal dis-
ease (Blood Urea Nitrogen 50% greater than normal or
creatinine clearance <60 mL/min); a cardiovascular pro-
cedure within 5 years of baseline or cardiovascular instability;
dementia, or other psychiatric illness that prevented the in-
formed consent process; concurrent treatment with trihex-
yphenidyl, benztropine mesylate, or AChase inhibitors;
severe dysphagia; abnormal creatinine kinase or platelet

count within 6 months of baseline; used varenicline within
30 days of baseline; allergy to varenicline; were participating
in another clinical trial; active substance or tobacco use;
moderate-to-severe chronic obstructive pulmonary disease;
and, if a woman of childbearing potential, pregnant at the
time of screening or were unwilling to take contraception
during study participation.

Intervention
The study drug and placebo were manufactured by Pfizer and
shipped to the RUMC where they were dispensed to par-
ticipants with dosing instructions. Participants were ran-
domized to receive 1 mg twice daily of oral varenicline or
matched placebo. Randomization was performed using a
semirandom algorithm on Statistical Analysis Software
(SAS). The participants, investigators, and study staff were
masked to the treatment arm of each subject. The therapeutic
dose was escalated over the first week of the study, starting at
0.5 mg daily for 3 days and then to 0.5 mg twice daily for 4
days. Thereafter, participants took 1 mg twice daily for 8
weeks until the end of the study. Participants were asked to
keep all other medications stable during this period. Out-
come measures were performed in person at baseline and the
end of the study. Adverse events (AEs) were monitored
throughout the study, with a designated phone call at week 5
to assess AEs and drug compliance.

Evaluations
Demographics, including age, sex, and race, were collected. The
Movement Disorder Society Unified Parkinson’s Disease Rat-
ing Scale (MDS-UPDRS) Score was also collected. Efficacy
was measured as a change on the Berg Balance Scale (BBS)
from baseline to the end of the study after 8 weeks on drug. The
BBS is a 14-itemmeasure consisting of basic balance tasks, with
a final score indicative of overall balance ability.22,23

The change in cognitive functioning was measured with the
Frontal Assessment Battery (FAB) and the Mini-Mental State
Exam (MMSE) from baseline to 8 weeks on drug. The FAB
measures executive functioning and consists of the following 6
sections: conceptualization,mentalflexibility,motorprogramming,
sensitivity to interference, inhibitory control, and environmental
autonomy.24,25 Tremor-dominant (TD) and postural-instability-
and-gait-disturbance (PIGD) subtype scores were calculated using
the MDS-UPDRS classification method.26 The ratio of the mean
MDS-UPDRS tremor scores (11 items) and the mean PIGD
scores (5 items) defined TD patients (≥1.15), PIGD patients
(≤0.90), and indeterminate patients (<1.15 and >0.90).

Statistics
The sample size was estimated using published means and
SDs of the BBS in patients with PD.23 The mean of the rating
scale is 40.22 with a SD of 8.48. Based on a published effect
size of a change of 8 points and using a power of 0.80 and a
significance of 0.05 with a 2-sided test, a sample size of 19
participants for each group was estimated, with a target en-
rollment of 40 to allow for attrition.
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Descriptive statistics were used for demographic data. To evaluate
efficacy and change in cognition, repeated measures analysis of
variance was run on BBS, FAB, andMMSE scores using SAS. The
scale score was the dependent measure, time point (baseline or
end of study) was the repeated measure, and treatment group
(varenicline or placebo) was the independent measure for all
analyses; significance was defined as alpha <0.05.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study protocol was approved by the institutional review
board at the RUMC. Each participant signed an Institutional
Review Board-approved informed consent form before study
participation. The study was registered at ClinicalTrials.gov,
identifier: NCT01341080.

Data Availability
All data and statistical analyses are available from the authors
on request.

Results
Participants were recruited from the Section of Movement Dis-
orders at the RUMC. Forty participants signed an informed
consent form, and 36 were randomized. Six participants termi-
nated participation early, with 2 having sufficient data for last
observations carried forward intention-to-treat analyses (Figure
1). The remaining sample of 32 used in the analysis were 82%
men and 100% White, with a mean age of 71.0 years (± 8.1), a
meanMDS-UPDRS Part III score of 34.7 (± 11.6), and a mean
MMSE score of 28.3 (± 1.7) (Table 1). Fifteen participants
were randomized to receive varenicline and 17 to placebo.
There were no differences between the groups for age, sex, race,
motor severity, or cognitive function (Figure 2).

Outcomes
Therewas noneed to covary for age, sex, or race on the outcomes
because there were no differences in the distributions between
treatment groups. On the BBS, there was no effect for time (F
[1,28] = 0.11, p = 0.74) or time by treatment interaction (F
[1,28] = 2.85, p = 0.10, number needed to treat = 1398, absolute
risk reduction = 0.07%), indicating no difference between the
groups. Similarly, there was no effect for time (F[1,24] = 0.08, p
= 0.77) or time by treatment interaction (F[1,24] = 0.20, p =
0.66) for the FAB (d = 0.16, 95% confidence interval [CI] =
[−1.39 to 1.53]) and no effect for time (F[1,26] = 3.35, p= 0.08)
or time by treatment interaction (F[1,26] = 2.66, p = 0.12) for
the MMSE (d = 0.81, 95% CI = [−0.40 to 1.40]) (Table 2). For
the PD subtype (n = 32), 25 participants met the criteria for the
PIGD subtype, 5 were tremor dominant, 2 were indeterminate,
and 2 had missing values. These groups were not adequately
powered to determine any differences between the subtypes.

Discussion
This was one of few clinical trials to test the efficacy of vareni-
cline for imbalance. However, unlike previous studies in ataxia,

the results did not suggest a therapeutic effect of varenicline for
PD on either the primary or secondary outcomes.

Several limitations of this research may have contributed to
its lack of significant findings. However, despite these limi-
tations, the high number needed to treat (N = 1398) and low
absolute risk reduction (0.07%) suggest that an unrealistic
sample size would be required to detect any differences, if
they exist. Regarding the methodology, the primary outcome
of efficacy was measured by the BBS. However, the sensi-
tivity of the BBS is poor to moderate, with frequent un-
certainty in its scoring.27–29 Note that previous studies in
ataxia that showed a beneficial effect of varenicline for ataxia
had used the Scale for Assessment and Rating of Ataxia, an 8-
item measure of cerebellar ataxia via motor signs that is more
sensitive than the BBS.7,18 Future research in imbalance may

Figure 1 Consort Diagram

ITT = Intent-to-treat analysis; LOCF = last observations carried forward.

Table 1 Demographic and Disease Characteristics by
Treatment Assignment

Varenicline
(n = 15)

Placebo
(n = 17) p Value

Age 71.93 ± 8.5 70.24 ± 7.9 0.564

Race 100% white 100% White 1.0

Sex 80% men 82% men 0.865

MMSE (baseline) 28.64 ± 1.6 28.00 ± 1.8 0.313

MDS-UPDRS, part 3 (baseline) 33.10 ± 9.7 35.71 ± 12.7 0.582

Abbreviations: MDS-UPDRS = Movement Disorder Society Unified Parkin-
son’s Disease Rating Scale; MMSE = Mini Mental State Exam.
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benefit from replacing qualitative scales such as the BBS with
objective posturography tools that directly quantify postural
control and are increasingly available.30

The study also faced challenges in recruitment, which was
slow and spanned 8 years. This unintentionally large window
of enrollment potentially biased the sample and high attrition
resulted in a smaller sample size than estimated by power
analysis. Although the authors intended to recruit tremor
predominant and PIGD patients in equal numbers, the PIGD
subtype was overrepresented, prohibiting analysis of efficacy
by the PD subtype. This was, in part, the fault of the inclusion
criteria. Participants were enrolled if they had a fall history
within 6 months of screening and excluded if they had
moderate-to-severe tremor because of the reports of vareni-
cline worsening tremor. Thus, the PIGD subtype was un-
intentionally favored.

Finally, the study was challenged by the general heteroge-
neity of cholinergic denervation in PD. The rationale for
varenicline as an intervention for imbalance in PD was based
on the idea that nicotinic agonists compensate for de-
generation of cholinergic projections leading to falls. How-
ever, the literature shows that this degeneration is neither

linear nor uniform across patients.8,31 In a small clinical trial
without brain imaging, researchers cannot know whether
cholinergic deficits that would be improved on by varenicline
were present in participants. Alternatively, if the deficits were
present, the findings may suggest that a partial α4β2 nAChR
agonist is insufficient to address this degeneration. Full α4β2
agonists should be researched, along with therapies targeting
the muscarinic acetylcholine receptors that are also abundant
in the brain.

Although limited, the findings suggest that varenicline does
not have an effect on balance in PD, which is of note con-
sidering previous clinical trials finding the opposite effect in
ataxia. This is important because the literature increasingly
shows a relationship between the cholinergic system and
imbalance in PD and calls for therapies to compensate for its
deficit grow. Although the authors do not recommend further
study based on their analyses, imbalance and fall prevention
remain unmet needs in the management of PD. Given that
the mainstay therapies of dopamine replacement do not ad-
dress this, it is imperative to continue seeking alternative
strategies that target other neurotransmitter pathways.

Classification of Evidence
This therapeutic trial provides Class III evidence that 1 mg of
varenicline taken twice daily has no effect on the balance in
patients with PD (Hoehn and Yahr stages 2, 3, or 4) as
assessed by the Berg Balance Scale over 9 months.

Study Funding
Study Funding by Pfizer and registered at ClinicalTrials.gov.
Identifier: NCT01341080.
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Table 2 Outcomes by Treatment Assignment

Variable

Varenicline Placebo

p Value Cohen d 95% CIBaseline End point Baseline End point

BBS 43.93 ± 1.97 43.25 ± 1.84 41.14 ± 2.55 45.13 ± 2.34 0.10 0.15 −4.01 to 4.61

FAB 17.40 ± 0.97 17.70 ± 2.16 15.25 ± 2.77 15.19 ± 2.74 0.66 0.16 −1.39 to 1.53

MMSE 29.08 ± 1.17 28.00 ± 2.00 28.19 ± 1.72 28.13 ± 1.7 0.12 0.81 −0.40 to 1.40

Abbreviations: BBS = Berg Balance Scale; FAB = Frontal Assessment Battery; MMSE = Mini Mental State Exam.

Figure 2 Berg Balance Scale
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TAKE-HOME POINTS

Instability and falling are unmet needs in Parkin-
son’s disease treatment because current therapies
focus on dopamine replacement that does not
improve balance.

Varenicline is a partial α4β2 agonist and full α7 that
improved imbalance in previous ataxia studies.

Although varenicline did not seem to improve
imbalance in PD in the present trial, future research
should continue to explore nicotinic agonists that
compensate for cholinergic degeneration.
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