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Abstract: Background: Mild cognitive impairment in Parkinson’s disease (PD-MCI) is associated with
diminished norepinephrine from the locus coeruleus to the prefrontal cortex. Atomoxetine is a specific
norepinephrine reuptake inhibitor that has been approved by the US Food and Drug Administration to treat
attention deficit hyperactivity disorder in adults. The authors hypothesized that atomoxetine would improve
attention and executive functioning in patients with PD-MCI.
Methods: Thirty participants who met Movement Disorder Society Task Force Level I criteria for PD-MCI were
enrolled in a randomized controlled trial of atomoxetine. Cognitive evaluations were performed at baseline
and after 10 weeks of treatment or placebo. A safety visit was performed at Week 12. A global statistical test
was used to examine treatment effects on standardized tests of attention, working memory, processing
speed, and set shifting (primary outcome measure). Secondary outcomes included cognitive measures
hypothesized to be insensitive to atomoxetine, the Conners Adult Attention Deficit Hyperactivity Disorder
Rating Scale, and safety measures.
Results: Fifteen participants were randomized to each arm. Groups were similar on medical and demographic
variables and baseline cognition. Three serious adverse events occurred; 2 on atomoxetine (syncope, isolated
episode of atrial fibrillation) and 1 on placebo (atrial fibrillation). The global statistical test of primary outcome
measures did not reveal a significant difference between groups. However, significant improvements were
observed for atomoxetine but not placebo on subjective measures of attention and impulsivity (Conners Adult
Attention Deficit Hyperactivity Disorder Rating Scale).
Conclusions: Atomoxetine treatment produced subjective, but not objective, improvements in PD-MCI. Failure
to detect objective differences may be due to insensitivity of cognitive tests or severity of cognitive deficits
in the study participants.

Mild cognitive impairment (MCI) is common in Parkinson’s

disease (PD) and may be a precursor of dementia, which can

occur in up to 80% of patients with PD over the course of the

disease.1 PD-MCI is characterized by an insidious decline in

cognitive abilities caused primarily by the underlying disease

process. The cognitive decline may be reported by either the

patient or an informant, or it may be observed by the clinician,

and it should not interfere significantly with functional indepen-

dence.2 Cognitive deficits in PD-MCI often interfere with

activities of daily living3 but lack effective treatments. In addi-

tion, the executive dysfunction and attention deficits caused by

PD-MCI also play a role in gait and balance problems in PD.4

Thus, patients who have PD with MCI reportedly have higher

postural instability and gait disorder subscale scores than cogni-

tively normal patients with PD.5

The early loss of norepinephrine (NE)-locus coeruleus (LC)

neurons in PD corresponds with the development of cognitive

deficits.6–9 These deficits are mirrored in animals with lesions or
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pharmacological manipulations of NE-LC innervation of the

prefrontal cortex (PFC),10–13 indicating that loss of this projec-

tion causes cognitive flexibility and working memory problems

and is a novel target for PD therapeutics.

Atomoxetine (ATM) is a specific NE reuptake inhibitor14

that has been approved by the US Food and Drug Administra-

tion to treat attention deficit/hyperactivity disorder (ADHD), a

syndrome associated with impaired concentration, vigilance, set-

shifting, and other executive function deficits.15 In preclinical

studies, ATM improved executive dysfunction produced by

LC-NE lesions in the PFC.11 Jankovic16 observed a trend for

improved gait and balance with ATM treatment in 5 patients

with PD who had freezing phenomenon. Weintraub et al.17

conducted a double-blind, placebo-controlled study to evaluate

the effect of ATM on depression in 55 patients with PD.

Although it was not efficacious for depression, improvements in

cognition (measured with the Mini-Mental State Examination

[MMSE]) and daytime sleepiness were reported. Finally, Marsh

et al.18 conducted an open-label pilot study using ATM to treat

executive dysfunction in 12 patients with PD. In that study,

clinically significant subjective improvements were observed in

75% of patients, supporting further study of ATM in treating

executive dysfunction in PD.

We hypothesized that treatment with ATM would improve

aspects of executive functioning related to NE-LC function in

patients with PD-MCI, including attention, set-shifting, infor-

mation processing speed, and working memory. Furthermore,

we examined whether potential improvement with ATM was

specific to executive function. As such, analyses were planned

to contrast potential changes on the primary outcome measures

with other aspects of cognition that are disrupted in PD but are

unlikely to be responsive to ATM; these included language,

visual spatial functions, abstraction, and social reasoning.

Patients and Methods
Trial Design
The study followed a 12-week, single-site, double-blind, pla-

cebo-controlled, parallel-group design. Participants were ran-

domly allocated at a 1:1 ratio to either receive an ATM target

dose of 80 mg or matching placebo daily. At the screening visit,

potential candidates were evaluated with the Montreal Cogni-

tive Assessment (MoCA).19,20 Participants were evaluated at

baseline and in Week 10 with a battery of neuropsychological

tests (Table 1). Treatment started with a daily dose of 40 mg

ATM or placebo. The study drug dose was increased to 80 mg

after 2 weeks. Dose adjustments were not permitted. Study

drug was discontinued after the Week-10 visit, and patients

were assessed at a final safety visit in Week 12 (Fig. 1). Adher-

ence to assigned treatment was monitored through participant

interviews and pill counts. All personnel directly involved in

the conduct of the study remained unaware of the treatment

assignment until all data had been collected for analysis. The

Institutional Review Board of the Medical University of South

Carolina approved this study.

Participants
Study participants were men and women between ages 35 and

75 years who had a confirmed diagnosis of idiopathic PD accord-

ing to UK Parkinson’s Disease Society Brain Bank criteria21 and

had received stable, concomitant medication for 60 days. Further

inclusion criteria were a Level I diagnosis of PD-MCI according

to Movement Disorders Society criteria2 (operationally defined as

having a MoCA score of 21–25). Exclusion criteria were a diag-

nosis of secondary or atypical parkinsonism, PD dementia, psy-

chosis, pregnancy, suicidal ideations, serious cardiac

abnormalities, narrow angle glaucoma, or pheochromocytoma; a

history of bipolar disorder; elevated liver function tests; previous

deep-brain stimulation or other brain surgery; and current treat-

ment with memantine, anticholinergics, monoamine oxidase

inhibitors, neuroleptics, and acetylcholinesterase inhibitors.

Outcomes
The primary outcome measure was a composite score based on

a battery of standardized executive function tests (Table 1),

including the number of correct answers on the Paced Auditory

Serial Addition Test22 (3-second interstimulus interval), digit

span from the Wechsler Adult Intelligence Scale (WAIS-IV),23

TABLE 1 Neuropsychological test battery

Test Domain

Primary outcome measures
Paced Auditory Serial
Addition Test (PASAT)

Attention/information
processing

Neuropsychological
Assessment Battery (NAB):
Numbers and letters

Sustained attention/focused
attention, divided
attention

Delis-Kaplan Executive
Function System (D-KEFS):
Color-Word Interference

Information processing
speed/inhibition/set-
switching

Delis-Kaplan Executive
Function System (D-KEFS):
Trail-Making

Information processing
speed/set-switching

Wechsler Adult
Intelligence Scale
(WAIS-IV): Digit span

Focused attention/working
memory

Secondary outcome measures
Boston Naming Test (BNT) Expressive language/

confrontation naming
Judgment of Line
Orientation (JOLO)

Visuospatial perception

Wechsler Adult
Intelligence Scale
(WAIS-IV): Similarities

Abstract reasoning/
conceptualization

Delis-Kaplan Executive
Function System (D-KEFS):
Proverbs

Abstract verbal reasoning

Neuropsychological
Assessment Battery (NAB):
Judgment

Social reasoning/Safety

Self-report
Connors Adult ADHD Rating
Scale, short form,
self-report

Attention/hyperactivity/
emotional instability

Geriatric Depression Scale Depression
Geriatric Anxiety Inventory Anxiety

ADHD, attention deficit/hyperactivity disorder.
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efficiency scores from the Neuropsychological Assessment

Battery (NAB)24 parts A and D, and completion times for the

following subtests from the Delis-Kaplan Executive Function

System (D-KEFS)25: Color-Word Inhibition, Color-Word

Inhibition/Switching, and Trail Making Number/Letter

Switching. To determine whether a possible benefit from ATM

in patients with PD was specific to executive functioning, the

following standardized cognitive tests were used as a secondary

outcome: the Boston Naming Test,26 D-KEFS Proverbs,25

WAIS-IV Similarities,23 Judgment of Line Orientation,27 and

NAB Judgment.24 Raw scores from all tests were corrected for

demographics according to procedures described in test manu-

als; scaled scores were subsequently transformed to Z-scores.

For descriptive purposes, an individual’s score was considered to

be “impaired” if it fell at or below the second percentile relative

to the score in the standardization sample.28 Behavioral and

functional measures in this study included the Geriatric

Depression Scale (GDS),29 the Geriatric Anxiety Inventory

(GAI),30 and a PD-specific quality-of-life measure (the PDQ-

39).31 To detect subjective changes in attention and executive

functioning that might not be apparent in the neuropsychologi-

cal test measures, the Conners Adult ADHD Rating Scale, short

form, self-report (CAARS),32 was also administered. Scores

from the CAARS were corrected for age and sex according to

the test manual. To detect any possible changes caused by

ATM in the global severity of the participants’ PD symptoms,

the Parts I through IV of the United Parkinson’s Disease Rating

Scale (UPDRS) were administered. Nonmotor symptoms were

monitored with the Non-Motor Symptom Scale (NMSS),33

and suicidality was measured using the Columbia-Suicide Sever-

ity Rating Scale.34 The Udvalg for Kliniske Undersogelser side-

effect rating scale35 was used as a systematic indicator of possible

side effects of ATM. The monitoring of data was done by an

independent Data and Safety Monitoring Committee.

Figure 1 Study overview (PD, Parkinson’s disease; MoCA, Montreal Cognitive Assessment; UPDRS, Unified Parkinson’s Disease Rating
Scale; PD; ATM, atomoxetine).
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Randomization
The Investigational Drug Services Pharmacy at the Medical

University of South Carolina built and maintained a blind for

this study. The randomization schedule was designed to yield

an expected assignment ratio of 1:1 for ATM and placebo.

Statistical Methods
For the primary comparison between ATM and placebo,

O’Brien’s Global Statistical Test36 (GST) was used to analyze

changes from baseline to 10 weeks for the set of neuropsycho-

logical measures included in the primary efficacy outcome. The

GST is a novel approach to testing multiple outcomes. This

approach allowed us to assess the battery of clinically relevant

outcomes, rather than arbitrarily specifying a single primary out-

come. A global treatment effect (GTE) equal to zero implies no

treatment effect, a positive GTE implies that the treatment is

beneficial, and a negative GTE implies that the treatment is

detrimental.37

The secondary analyses compared ATM versus placebo on

the neuropsychological tests that we hypothesized would be

insensitive to ATM (Table 1). Once again, a GST was used to

assess whether there was a treatment effect on these secondary

outcome measures. To ensure that no worsening of PD symp-

toms was caused by to ATM treatment, the mean changes from

baseline in scores on the UPDRS and the PDQ-39, as well as

other safety measures described above, were compared in the

ATM group versus the placebo group.

Sample Size
The clinically meaningful treatment difference was defined as a

30% improvement between the placebo and ATM treatment

groups on the primary outcome measure after 10 weeks of

ATM versus placebo therapy. Using prior estimates of the mean

and standard deviation (SD) for each item of the primary out-

come measure composite, the GTE was computed, which cor-

responded to a 30% improvement in each of the scores. Thus,

the clinically meaningful treatment difference, given in terms of

the GTE, was 0.59. To achieve 80% power to reject the null

hypothesis that the GTE is zero when the true GTE is 0.59

(two-sided test with a = 0.05), 24 participants were required in

total, with 12 in each group. The total sample size was inflated

from 24 to 30 patients using the noncompliance inflation factor

described by Friedman et al.,38–40 for potential missing data or

noncompliance to treatment over the 12-week study.

Results
Recruitment and Participant
Flow
Participants were recruited from a tertiary care movement disor-

ders clinic as well as an online recruitment portal (Fox Trial

Finder). Thirty individuals enrolled in the study (15 in the

ATM group and 15 in the placebo group), and 5 prematurely

withdrew because of side effects (4 in the ATM group and 1 in

the placebo group). Complete follow-up was available for 25 of

the 30 participants (83%). The average (�SD) participant age

was 68 � 8 years, and patients had an average 15 � 3 years of

education. Most participants were men (73%) and were non-

Hispanic Caucasians. The average (�SD) scores were 46 � 15

on the Total UPDRS, 40 � 22 on the NMSS Total, and

27 � 15 on the PDQ-39 Summary Index.

Baseline Data
Baseline results for neuropsychological assessments are displayed

in Table 2. Participants in both groups were similar at baseline,

although mean values for 5 of the primary outcome measures

were nominally higher in the placebo group than in the ATM

group. The frequency of impaired performance per measure

was roughly equivalent across groups and was greater for the

primary versus secondary outcomes. No statistically significant

differences at baseline were detected (two-sample t test).

Outcomes
The primary analysis is presented in Table 2. Missing data for

five patients (four in the ATM group and one in the placebo

group) at 10 weeks were imputed using the worst observed

score for that treatment group. In the 30 enrolled participants,

the mean (95% confidence interval [CI]) of the summed ranks

was 117.5 (95% CI: 98.51–136.40) for the placebo group and

99.5 (95% CI: 73.10–126.00) for the ATM group. Higher

summed ranks (range: 10–172.5) indicate better outcomes. The

GST did not yield statistically significant group differences (t

[28] = �1.18, P = 0.25; two sided). Based on the primary anal-

ysis, there is no evidence that the ATM group differed from the

placebo group in the primary outcome measure. Using only the

25 participants who completed 10 weeks of treatment, the GST

yielded a value of t = �0.05 (degrees of freedom = 23; two-

sided P value = 0.96). The GST did not suggest group differ-

ences using only observed values (i.e., no imputation; t

[23] = �0.05; P = 0.096; two-tailed). Examination of change

scores did not reveal any statistically significant differences on

any of the individual outcome measures, including the primary

and secondary cognitive tests, GDS, GAI, NMSS, and PDQ-

39. A follow-up analysis using 90% reliable change index

scores41 was performed to explore potential responders versus

nonresponders. Examination of individual change data within

the ATM group did not identify a pattern suggestive of “re-

sponders” or “nonresponders.”

Subjective changes in attention and cognition at Week 12

were evaluated using the CAARS. Trends favoring ATM over

placebo were observed on subscales for inattention/memory

problems (t[23] = 1.70; P = 0.10) and impulsivity/emotional

lability (t[23] = 1.8; P = 0.08). The 95% CI for difference

scores suggested statistically a significant improvement in the

ATM group, as shown in Table 3; the magnitude of change

corresponded to mean reductions from baseline of roughly 21%
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for inattention/memory problems and 18% for impulsivity/

emotional lability. No significant changes from baseline were

observed in the placebo group. For the ATM group, follow-up

analyses revealed that subjective changes from baseline were not

redundant (the correlation between changes on subscales was

not significant: Pearson’s correlation [r] = 0.137; P = 0.67; and

changes on CAARS subscales were not associated with changes

on any neuropsychological measures).

Adverse Events and Tolerability
There were no signs indicating worsening PD severity during

exposure to study drug as measured by the UPDRS and the

NMSS. On the contrary, there was a large improvement in

total UPDRS scores for both groups at 2 weeks; the

mean � SD change was �5.7 � 8.8 in the ATM group and

�5.6 � 6.4 in the placebo group, although this effect dimin-

ished over time. Vital signs remained stable, and laboratory

monitoring of serum chemistry levels and liver function did not

reveal any clinically significant changes related to study drug.

Monitoring with the Columbia-Suicide Severity Rating Scale

produced no evidence of the development of suicidal thoughts

in any of the patients. Adverse events in the ATM group

(Table 4) included: “jitteriness” (n = 3), reduced urine stream

(n = 2), a brief episode of chest pain (n = 1), kidney stone

(n = 1), nausea (n = 1), syncope (n = 1), and questionable atrial

fibrillation (n = 1; the study physician read an electrocardio-

gram as atrial fibrillation, and the Emergency Department physi-

cian read the same electrocardiogram as an artifact). Adverse

events in the placebo group were: “jitteriness” (n = 3), worsen-

ing memory (n = 3), hypertension (n = 1), atrial fibrillation

(n = 1), freezing of gait (n = 1), erectile dysfunction (n = 1),

insomnia (n = 1), and fatigue (n = 1). At the end of the study,

participants were offered to continue ATM as part of their rou-

tine clinical care. Thirteen of 15 patients who had been assigned

to ATM therapy during the study were interested in continuing

ATM therapy. Of those, two patients were not candidates for

continuation because of cardiac adverse events while on study

drug, and four patients indicated that the cost of continuous

ATM use would be prohibitive. In the end, 6 of 15 patients

continued ATM outside of the clinical trial.

Discussion
In this double-blind, placebo-controlled trial, treatment with

ATM produced subjective, but not objective, improvements in

executive functioning in patients with PD-MCI. CAARS sub-

scale scores for inattention and impulsivity were significantly

improved in the ATM group compared with baseline, but there

were no changes in the placebo group. ATM was generally well

tolerated and did not worsen PD severity. Two serious adverse

events occurred on ATM (syncope and a questionable episode

of atrial fibrillation), and one occurred on placebo (atrial fibrilla-

tion).

One limitation of this study was that the sample size calcula-

tion assumed a moderately large effect on the targetedTA
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neuropsychological tests as a whole. It is possible that a larger

sample size may have detected a more modest treatment effect;

however, we saw no evidence to suggest an effect of ATM in

any of the cognitive tests chosen from the primary comparison

or in the other aspects of cognition that were not thought to be

affected. It is unlikely that ATM affects other aspects of cogni-

tion that were not considered.

The improvement in behavioral measures on the CAARS

with ATM is consistent with our initial hypothesis of improving

attention, and set-shifting abilities with the ATM intervention,

related to its selective inhibition of presynaptic NE reuptake in

the PFC. However, this was not reflected by improvements on

conventional neuropsychological tests of executive function.

This result is consistent with those from the open-label study

by Marsh et al. regarding the use of ATM for PD executive

dysfunction.18 In that study, ratings on the CAARS and on the

Frontal Systems Behavioral Scale improved, although partici-

pants generally were unimpaired on psychometric testing at

baseline and during follow-up. Of note, unlike patients in the

study by Marsh and colleagues, our participants were markedly

impaired at baseline, as measured on neuropsychological testing,

even though they fulfilled Level I PD-MCI criteria at screening.

Many participants in our sample registered scores within the

impaired range (at or below the second percentile) on primary

outcome measures, as indicated in Table 2. Although it is not

detailed in the table, 9 participants scored below the first per-

centile on the number-letter switching condition of the D-

KEFS Trail Making test, 8 scored below the first percentile on

D-KEFS Inhibition Switching, and 16 scored below the first

percentile impaired on the Paced Auditory Serial Addition Test.

It is highly likely that this level of impairment impacted our

results. We could speculate that a less severely impaired popula-

tion might exhibit ATM treatment effects on objective cogni-

tion measures, along with the subjective effects demonstrated

here. Indeed, the study by Weintraub et al. demonstrated that

ATM improved cognition in a sample of patients who had PD

without MCI using a screening instrument, the MMSE, as the

outcome measure.17 As a point of reference, the mean baseline

MMSE score reported in that sample was 28.1, which is equiva-

lent to an MoCA score of 25 or 26 using the conversion table

proposed by Lawton et al.,42 suggesting higher functioning than

our sample, in which the mean MoCA score was 23.3, and the

upper limit was aa score of 25. To that end, a study of ATM in

patients with PD who do not fulfill PD-MCI criteria or in PD-

MCI single-domain (attention or executive functioning) partici-

pants might demonstrate correspondence between objective and

subjective measures.

A methodological challenge in all randomized controlled tri-

als involving cognitive outcome measures is identifying tests

with suitable psychometric properties for detecting change.43 As

detailed in the 2015 review by Goldman and Weintraub,44 most

published clinical trials of cognitive interventions in PD use

screening measures like the MMSE. Although scores on screen-

ing measures are readily interpretable to clinicians and research-

ers, such tools are not designed to measure functioning within

specific cognitive domains. For cognitive screening and

domain-specific tests, practice effects and measurement error

can obscure subtle improvements. This is particularly challeng-

ing in studies involving patients with PD-MCI, because fluctu-

ating motor and medication states produce noise, and Lewy

TABLE 3 Change from baseline for the Connors Adult Attention Deficit/Hyperactivity Disorder Rating Scale, short form (CAARS)

CAARS item Treatment groupa

Atomoxetine Placebo

No. Mean � SD 95% CI No. Mean � SD 95% CI

Change from baseline to 2 weeks
Inattention 14 �0.6 � 9.6 �6.1, 5.0 14 0.8 � 6.1 �2.7, 4.3
Hyperactivity 14 �1.4 � 9.7 �7.0, 4.2 14 �1.3 � 6.3 �4.9, 2.4
Impulsivity 14 �0.9 � 11.9 �7.8, 5.9 14 �1.9 � 6.9 �5.9, 2.1
Problems with self-concept 14 1.1 � 10.6 �5.0, 7.3 14 0.5 � 6.5 �3.3, 4.3
ADHD index 14 �1.3 � 11.0 �7.7, 5.1 14 �0.4 � 4.5 �3.0, 2.2

Change from baseline to 10 weeks
Inattention 11 �5.7 � 7.9 �11.0, �0.4 14 �1.6 � 3.9 �3.9, 0.6
Hyperactivity 11 �2.4 � 8.2 �7.9, 3.1 14 �1.1 � 7.1 �5.2, 3.0
Impulsivity 11 �5.4 � 7.4 �10.4, �0.4 14 �0.6 � 5.7 �3.9, 2.6
Problems with self-concept 11 �0.8 � 9.9 �7.5, 5.8 14 �3.1 � 8.2 �7.9, 1.6
ADHD index 11 �4.9 � 9.7 �11.4, 1.6 14 �1.7 � 7.7 �6.2, 2.7

SD, standard deviation; CI, confidence interval; ADHD, attention deficit/hyperactivity disorder.
aValues reflect changes in T-scores (mean � SD, 50 � 10) after demographic correction according to the test manual.

TABLE 4 Adverse events

Adverse event No. of patients affected

Atomoxetine Placebo

Jitteriness 3 3
Decreased memory 0 3
Decreased urine stream 2 0
Atrial fibrillation 1a 1
Syncope 1 0
Chest pain 1 0
Insomnia 0 1
Freezing of gait 0 1
Erectile dysfunction 0 1
Kidney stone 1 0
Hypertension 0 1
Nausea 1 0

aAn electrocardiogram was read as atrial fibrillation by 1 physician
and as artifact by another.
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body deposition is associated with vacillating mental acuity.45,46

Such issues may explain the apparent lack of benefit associated

with cognitive interventions for PD in other clinical trials using

similar standardized neuropsychological tests, such as the open-

label ATM study by Marsh et al.18 Thus, alternative “surrogate”

outcome measures linked to cognitive functioning in PD-MCI

with improved reliability might be useful. As such, facets of

oculomotor functioning (e.g., ability to initiate and inhibit sac-

cades), olfaction, or levels of neurotrophic factors might be con-

sidered in future research.

In conclusion, the current results suggest that patients with

PD-MCI who receive treatment with ATM appreciate a sub-

jective sense of improved cognitive functioning that is not

reflected with objective testing. Future research in patients with

PD with less severe cognitive impairment and improved objec-

tive outcome measures are needed to determine the utility of

ATM in this population.
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