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Introduction
Huntington’s disease (HD) is a fatal, inherited neurodegenerative disorder characterized
by progressive movement characterized by progressive motor, cognitive, and psychiatric symptoms. While clinical diagnosis typically depends on motor abnormalities,
predictive genetic testing of patients with HD has shown that very early changes
in cognitive function occur in gene carriers before any other clinical symptoms are
apparent.1,2 Cognitive dysfunction includes impairments in executive function, perception, visuospatial and psychomotor skills, memory loss, and problems learning new
skills. These cognitive deficits ultimately lead to frontal and subcortical dementia.3,4
Patients with HD also have a significant lifetime prevalence of psychiatric disorders.5
Frequently reported psychiatric symptoms include depression, anxiety, irritability,
apathy, obsessions and compulsions, and psychoses.6 For many patients and their
families, neuropsychiatric symptoms constitute the most distressing aspect of HD.
Combined with the progressive decline in cognitive function, these behavioral
symptoms have a significant impact on disease coping, interpersonal relationships,
judgment, and the ability to live independently.7
The cognitive deficits associated with normal aging and age-related neurodegenerative diseases are proposed to be caused by impairments in cholinergic neurotransmission, in part due to a reduction in the number of nicotinic acetylcholine
receptors (nAChRs).8,9 However, postmortem analysis of the HD brain shows no
change in the number of nAChRs, rather a significant loss of the neurotransmitter
acetylcholine, its key synthetic enzyme (choline acetyl transferase), and transporter
(vesicular acetylcholine transporter).10–13 These neurochemical changes within the
brain correlate with cognitive defects3 and support the hypothesis that dysfunctional
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Abstract: The aim of this study was to describe the effects of varenicline, a smoking cessation
aid that acts as a nicotinic agonist, on cognitive function in patients with early clinical
Huntington’s disease (HD) who were current smokers. Three gene-positive patients transitioning to symptomatic HD were evaluated using the Unified Huntington’s Disease Rating Scale
part I and III (motor and behavioral subscales) at baseline and after 4 weeks of treatment. Cognitive function was assessed using a touch screen computer-based neurocognitive test battery
(IntegNeuro®). Varenicline (1 mg twice daily) significantly improved performance in executive
function and emotional recognition tasks. Our case reports describe no clinically significant
adverse effects and suggest that varenicline improves aspects of cognitive function in patients
with early HD. A randomized controlled study is now underway.
Keywords: varenicline, Huntington’s disease, cognitive symptoms
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cholinergic transmission, through a loss of agonist, rather
than receptors, may be a significant contributing factor in
the cognitive decline observed in HD.
This presents an opportunity to investigate whether
pharmacological replacement with an exogenous agonist
can improve cognitive function in HD. Indeed, small-scale
clinical studies investigating the procholinergic effects of
rivastigmine and donepezil in patients with HD indicated a
trend for improved cognitive performance.14–16 Further, the
nicotine analog varenicline (Champix®) used for smoking
cessation17,18 has been shown to improve symptoms in
rodent models and in patients with ataxic neurodegenerative
disorders19–21 and to display antidepressant activity.22
While recent evidence suggests no increased risk of
neuropsychiatric events,23 we performed an open-label study
to determine the tolerability of varenicline, a high-affinity
agonist at α7 and partial agonist at α4β2 nAChR subtypes,24,25
and its effects on cognitive function in three patients with
early HD who smoked.

Case reports
Clinical assessment
Varenicline (Champix®) was administered according to the
standard regimen for smoking cessation (initiated at 0.5 mg/d
and escalated over a 2-week period to 2 mg/d). The frequency,
intensity, and burden of side effects were recorded weekly,
in addition to self-reported cigarette use. Disease symptom
severity was assessed at baseline and after 4-week treatment
with varenicline using parts I (motor) and III (behavior) of
the Unified Huntington’s Disease Rating Scale (UHDRS).
Categories within part I were analyzed separately:26 oculomotor function (ocular pursuit, saccade initiation, saccade
velocity), hyperkinesia (chorea, dystonia, tongue protrusion,
dysarthria), fine motor tasks (finger taps, hand pronation/
supination, Luria), Parkinsonism (rigidity, bradykinesia), and
gait (gait, tandem walking, retropulsion). Categories in part III
were analyzed in component parts (depressed mood, apathy,
low self-esteem/guilt, suicidal thoughts, anxiety, irritable
behavior, aggressive behavior, obsessional thinking, compulsive behavior, delusion, and hallucinations). Higher scores for
both UHDRS subscales reflect greater impairment.
Cognitive function was assessed using the fully validated
IntegNeuro™ computerized neurocognitive test battery
(Brain Resource Company Ltd). The computerized tests show
a significant degree of overlap with traditional paper and pencil tests examining the same cognitive construct.27 Domains
assessed were manual dexterity (motor tapping), impulsivity and attention (Go–No–Go), switching attention, verbal
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Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

interference, executive maze, and basic emotion recognition,
in addition to a measure of premorbid intelligence (spot
the real word). IntegNeuro uses different task versions for
repeat testing sessions to minimize the effect of familiarization and practice effects, and test–retest reliability measures
have shown a high level of consistency (on average 0.70).28
Raw data from the neuropsychological tests were converted
to z-scores normalized for age, sex, and years of education
based on a database of .5,000 control subjects provided by
the Brain Resource Company.29 All z-scores were computed
so that positive scores indicated better performance. Subjects
were considered to show a significant deficit in a test if the
z-score for any performance measure of that test was beyond
two standard deviations below the mean of the age, sex, and
education-matched controls in the Brain Resource Company
database. Performance measure scores within each test were
averaged to produce a domain-specific z-score for each
participant.30 Formal statistical analysis to determine group
differences in domain-specific z-scores pre and post treatment
was not performed due to the small number of cases.
Baseline assessment and follow-up (after 4 weeks of treatment) were carried out by the same clinicians (GF and JD)
and are reported in Tables 1 and 2. The study design was
reviewed and approved by the Southern X Regional Ethics
Committee (Health and Disability Ethics Committee, New
Zealand). Written informed consent was obtained from all
participants after the study had been fully explained. All
patients were deemed by their treating physician as having
capacity to give informed consent.

Case 1
A 45-year-old female patient (smoked 15 cigarettes/d) was
diagnosed with HD in 2013. Neurological examination
showed subtle chorea and dystonic posturing of the arms but
no other motor features. Baseline cognitive testing demonstrated significant deficits in motor tapping (number of taps,
nondominant), maze navigation (number of trials completed,
overrun errors), and emotional identification (accuracy of fear
Table 1 UHDRS part I (motor) scores at baseline and 4 weeks
after varenicline treatment
Patient

Case 1

Case 2

Baseline

4 weeks

Baseline

4 weeks

Oculomotor function
Hyperkinesia
Fine motor tasks
Parkinsonism
Gait

2
6
5
1
2

0
3
4
0
2

0
4
4
2
1

0
5
3
0
0

Total motor score

16

9

11

8

Abbreviation: UHDRS, Unified Huntington’s Disease Rating Scale.
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Table 2 UHDRS part III (behavior) scores at baseline and 4 weeks
after varenicline treatment
Case 1

Case 2

Baseline

4 weeks

Baseline

4 weeks

Depressed mood
Apathy
Low self-esteem
Suicidal thoughts
Anxiety
Irritability
Aggression
Obsessive thinking
Compulsions
Delusions
Hallucinations

0
0
0
0
0
2
0
0
0
0
0

0
0
0
0
0
3
5
0
0
0
0

0
0
0
0
0
1
0
0
3
0
0

0
2
0
0
0
1
5
0
0
0
0

Total behavior score

2

8

4

8

Abbreviation: UHDRS, Unified Huntington’s Disease Rating Scale.

and disgust recognition) compared to age, sex, and years of
education-matched controls. No deficits were observed in
any of the other cognitive domains tested.
At the time of the study, she was on no medication but
had taken venlafaxine to manage depression in the past. She
indicated a desire to stop smoking and had previous failed
attempts. The patient successfully stopped smoking during
week 2. The patient reported a single aggressive outburst that
was out of character during week 2 but experienced no other
side effects. After 4 weeks of varenicline treatment, UHDRS
total motor score decreased from 16 to 9 with notable improvement in oculomotor function and hyperkinesia scores (Table 1).
Her UHDRS behavioral subscale score was increased from
2 to 8 and could be attributed to the episode of increased
irritability/aggression (Table 2). The patient self-reported
an improvement in her thinking, being able to think more
clearly and having a better memory. Cognitive testing showed
significant improvements in maze navigation (domainspecific z-score: −3.25 vs −0.15) and facial emotion recognition (domain-specific z-score: −3.10 vs −1.50) following
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Case 2
A 44-year-old male patient, diagnosed with HD in 2014,
showed slight slowing of rapid alternating movements in
the upper limbs and mildly slowed finger tapping on the left
side on neurological examination. Chorea and behavioral
symptoms were treated with haloperidol (0.5 mg/d), quetiapine (200 mg/d), and citalopram (30 mg/d) at the time of the
study. The patient displayed significant deficits in switching
of attention (completion time), verbal interference (congruent
accuracy, congruent and incongruent reaction time), maze
navigation (trials completed, overrun errors, total errors), and
emotional identification (accuracy of fear, disgust, and happiness identification) tasks at the baseline clinic visit. He had no
desire to stop smoking and continued to smoke ~23 cigarettes/d
throughout the study. He self-reported that there had been
an incident where he became extremely agitated and kicked
the door in week 2; however, this passed quickly and he was
unable to recall the cause. No other side effects were reported.
Following 4 weeks of varenicline treatment, UHDRS total
motor score decreased from 11 to 8. While fine motor task
and gait scores showed modest improvement, hyperkinesia
and Parkinsonism scores were moderately elevated (Table 1).
His UHDRS behavioral subscale increased from 4 to 8, due to
the aggressive outburst (Table 2). Cognitive testing at 4 weeks
showed significantly improved performance in the switching
attention (domain z-score: −4.00 vs −1.7) and verbal interference (domain z-score: −2.95 vs −1.90) tasks. Performance in
tests of executive function (domain z-score: −2.82 vs −1.72)
and emotional identification (domain z-score: −2.13 vs −1.03)
was also significantly improved (Figure 1). He continues to
smoke and has reported no further episodes of aggression or
irritability.
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Patient

varenicline treatment (Figure 1). Motor-tapping deficits were
not affected by varenicline treatment. She continues to be a
nonsmoker and has had no further irritable outbursts.
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Figure 1 Cognitive domain scores relative to healthy controls at baseline and 4 weeks for (A) executive function (maze navigation) and (B) emotional identification.
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Case 3
The patient was a 40-year-old gene-positive male who had
required support to manage behavioral symptoms since
2011. Baseline neurological examination showed no motor
symptoms (UHDRS total motor score 0) and a behavioral
subscale score of 14. He enjoyed smoking (~20 cigarettes/d)
and had no plan to give up. At the time of the study, he was
on no medication and reported no effects or side effects of
the medication at lower doses (0.5 mg/d and 1.0 mg/d). When
the daily dosage of varenicline was increased (2 mg/d), he
reported significant alterations in his sense of taste and was
unable to drink coffee or take any dairy products. As a result,
he discontinued the medication and did not attend follow-up
appointments. He was reviewed in the community several
months later, and both he and his mother reported that no
other side effects were noted other than altered taste.

Discussion
To our knowledge, this is the first report describing beneficial effects of the nicotinic agonist varenicline on motor
and cognitive symptoms in patients with early HD. Our
preliminary investigation indicates that varenicline was
generally well tolerated in these patents, and no clinically
significant adverse effects were reported during the 4-week
treatment period. Two patients (cases 1 and 2) reported
single, brief episodes of increased irritability and aggression
in the second week of varenicline treatment, which may be
related to dose escalation from 1 mg/d to 2 mg/d. The third
patient (case 3) did not continue treatment beyond week 2,
due to changes in taste.
No studies have directly investigated smoking in HD;
however, previous literature suggests that a significant proportion of patients with HD (40%) are moderate or heavy
smokers.31 In the first patient we treated, varenicline was an
effective smoking cessation aid. The contribution of nicotine
withdrawal to the observed increase in irritability in this
patient remains unclear.
Approximately 40% of smokers achieve abstinence
with varenicline,32,33 and end-of-treatment abstinence rates
increase with increasing varenicline exposure.34 Our result of
abstinence in one of three patients after a 4-week treatment
is in keeping with these observations. Both patients who
completed the study were fully adherent; therefore, smoking
cessation efficacy may be related to intention to quit or lower
baseline smoking status.34
The patients who completed the course of treatment
showed modest motor symptoms assessed by UHDRS but
no clinically significant anxiety or depression (assessed by
the hospital anxiety and depression rating scale)35 at the
2384
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time of the study. While both patients displayed different
profiles with regard to which specific aspects of attention
and verbal tasks were impaired at baseline, both showed
impairments of comparable magnitude in maze navigation
and emotional identification tasks. This is in agreement
with previous literature describing early impairments in
executive function, perception, and visuospatial and psychomotor skills.3,4
Following 4 weeks of treatment with varenicline, both
patients showed significantly improved performance in
maze navigation and improved accuracy of fear and disgust
recognition. Deficits in emotion recognition, in particular
negative emotions, are a key predictor of clinical diagnosis and progression of HD.36–38 Reversal of this disease
biomarker after a relatively brief period of administration
suggests that varenicline may have effects that justify further investigation. The cognitive assessment battery used in
this study displays equivalent levels of test–retest reliability
over a 4-week period to the MATRICS cognitive consensus
battery, and these improvements are unlikely to be due to
practice effects.39
Cholinergic neurotransmission is an important modulator of cognition within the central nervous system. Indeed,
disrupted cholinergic neurotransmission is associated with
deficits in emotional processing40 and executive function.41,42
We hypothesized that impaired cholinergic neurotransmission through a loss of agonist, rather than nAChRs, may
contribute to the cognitive decline in patients with HD.
Stimulation of nAChRs with nicotine has been shown to
improve working memory, visual memory, informationprocessing speed, and emotion recognition in subjects with
low baseline cognitive function.43 Therefore, it is likely that
the cognitive enhancing effects of varenicline are mediated
through its effects as a full agonist at α7 and partial agonist
at α4β2 nAChRs, the subtypes thought to be most important
in cognitive function.44,45
Varenicline has been previously reported to improve
balance and coordination and attenuate ataxias induced by
l-Dopa via α4β2 nAChRs.46 Partial agonist effects at this
subtype may underlie the improvements in motor function observed in this study. It remains unclear whether
a larger effect size would have been observed following
a longer treatment period with varenicline or whether
varenicline has the potential to improve motor deficits in
late-stage patients.

Conclusion
Our case reports suggest that varenicline may provide multiple benefits by reducing the negative health impact of tobacco
Neuropsychiatric Disease and Treatment 2016:12
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smoking, in addition to providing beneficial effects on motor
and cognitive symptoms. A randomized control trial is now
underway to further investigate the efficacy of varenicline in
the symptomatic treatment of patients with HD.
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