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Abstract

The study of cognition in Parkinson’s disease (PD) traditionally requires exhaustive recruitment
strategies. The current study examines data collected by the Brain Health Registry (BHR) to
determine whether ongoing efforts to improve the recruitment base for therapeutic trials in
Alzheimer’s disease may be similarly effective for PD research, and whether online cognitive
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measurements can discriminate between participants who do and do not report a PD diagnosis.
Participants enrolled in the BHR (age = 50) with self-reported PD data and online cognitive testing
available were included (n=11,813). Associations between baseline cognitive variables and
diagnostic group were analyzed using logistic regression. Linear mixed effects models were used
to analyze longitudinal data. A total of 634 participants reported PD diagnosis at baseline with no
self-reported cognitive impairment and completed cognitive testing. Measures of visual learning
and memory, processing speed, attention, and working memory discriminated between self-
reported PD and non-PD participants after correcting for multiple comparisons (p values<0.006).
Scores on all cognitive tests improved over time in PD and controls with the exception of
processing speed, which remained stable in participants with PD while improving in those
without. We demonstrate that a novel online approach to recruitment and longitudinal follow-up of
study participants is effective for those with self-reported PD, and that significant differences exist
between those with and without a reported diagnosis of PD on computerized cognitive measures.
These results have important implications for recruitment of participants with PD into targeted
therapeutic trials or large-scale genetic and cognitive studies.

Keywords
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INTRODUCTION

Cognitive symptoms in Parkinson’s disease (PD) are pervasive and are linked to decreased
quality of life and impaired functional performance over and above the motor symptoms of
the disease [1, 2]. Variation in cognitive presentation and progression presents an especially
complex challenge for the identification of effective clinical interventions for this unmet
medical need in PD [3]. Adapting an individualized, precision medicine approach to the
study of cognitive interventions in PD may represent the most promising avenue for the
eventual implementation of effective treatment regimens [4]. This approach, however,
requires targeted recruitment strategies that can be difficult to accomplish using traditional
methodology. Due to lower lifetime risk of PD as compared to Alzheimer’s disease (AD),
large community-based studies of aging typically include low numbers of PD participants
[5]. Further, PD-specific cohort studies must engage exhaustive and expensive recruitment
strategies to effectively enroll sufficient numbers of participants to address the complex
interplay between participant features and cognition in PD [6, 7].

Recognition that targeted enrollment into AD clinical trials is an arduous process plagued by
high screen failure rates prompted a novel approach to large-scale screening of potential
clinical trials participants, recently implemented by the Brain Health Registry (BHR,
brainhealthregistry.org)[8]. Participants in the BHR complete comprehensive online
questionnaires as well as cognitive testing, and thus potentially reduce the need for extensive
and costly pre-screening efforts. Further, as face-to-face cognitive testing is time consuming
and often inconvenient for participants, online cognitive testing offers the potential for
detailed assessment of a variety of cognitive domains much more conveniently among large
numbers of participants. Such an approach may be particularly effective for both evaluating
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the impairment and change associated with PD on a larger scale than has been feasible in the
past, and for recruiting appropriate participants into targeted therapeutic PD trials.

The major goal of the current study was to determine whether ongoing efforts to improve the
recruitment base for AD therapeutic trials by the BHR may be similarly effective for PD
research, and specifically to test the hypotheses that a) a large number of people with self-
reported PD can be recruited into an online registry b) online self-report may be a useful
method to identify large numbers of people with possible PD, and c) it is feasible to use
online cognitive testing to evaluate cognition in people with self-reported PD. We further
hypothesize that, consistent with clinic-based research, when participants with self-reported
PD and without self-reported cognitive impairment take online cognitive tests, they will
demonstrate lower scores as compared to their counterparts without PD.

MATERIALS AND METHODS

Participants

BHR methods and recruitment are described in detail elsewhere [9]. Briefly, the BHR is an
online public registry that incorporates a variety of recruitment methods, including the BHR
website, social media, brochures, online advertising, direct mail, and sponsorships. Online
consent involves an information sheet, which the participant may decline or approve; a
waiver of signed consent was granted as the study was determined to present no more than
minimal risk of harm. Following informed consent procedures, participants may complete
online questionnaires and neuropsychological tests, including validated measures of medical
and family history, traumatic brain injury/concussion, sleep quality, early childhood history,
satisfaction with life scale, Geriatric Depression Scale (GDS), everyday cognition (ECog),
and diet.[9] Participants are asked to complete the same procedures at 6 month intervals.

In the Medical History Questionnaire, participants were asked, “Please indicate whether you
currently have or have had any of the following conditions in the past,” followed by a list of
medical conditions. For the current study, participants were placed into the PD group if they
self-reported a PD disease diagnosis at baseline. Non-PD participants were those with no
self-reported PD. No information was available concerning timing of symptoms onset,
symptom severity, or other clinical data. Exclusions included self-reported motor neuron
disease, AD, Lewy body disease (other than PD), dementia or mild cognitive impairment,
use of cholinesterase inhibitors or NMDA receptor antagonists, multiple sclerosis,
frontotemporal dementia, Huntington’s disease, amyotrophic lateral sclerosis, current or past
autism, current or past schizophrenia, or current psychosis. Of the 32,139 participants who
provided basic demographic information and self-reported either a “Yes” or “No” PD
diagnosis, 12,439 were subsequently excluded due to missing or incomplete data. An
additional 7,887 were excluded due to age < 50, missing cognitive data, or the presence of
one or more exclusionary diagnoses, for a total of 11,813 available for analysis (see Table 1
for detail).
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Cognitive measures

The BHR cognitive measures are owned by third party vendors and are self-administered
online.

Cogstate Brief Battery (cogstate.com) [10]—a) Detection Test. A simple reaction
time test and measure of processing speed; b) /dentification Test. A choice reaction time test
and measure of attention; lower scores represent better performance; ¢) One-Card Learning:.
A measure of visual learning and memory; and d) One-Back. A measure of visual working
memory.

MemTrax Memory Test (memtrax.com) [11]—A one-minute online memory test
developed as a screening for dementia.

Lumos Labs Neurocognitive Performance Test [12]—a) Go/No Go. A measure of
response inhibition and sustained attention; b) 7railmaking Test, Part B: A timed measure of
visual divided attention; and c) Forward and Reverse Memory Sparn. A measure of visual
short-term and working memory.

Statistical analyses

RESULTS

The differences in baseline characteristics between PD and non-PD groups were
summarized and tested using two-sample t-tests for continuous variables, Wilcoxon rank-
sum tests for ordinal variables, or chi-square tests for binary variables. To assess associations
between baseline cognitive variables and diagnostic group (PD vs. non-PD), separate
multivariate logistic regression models were first performed, controlling for age, education
level, sex, and depression (measured by the GDS). Subsequently, all cognitive measures
were entered into a single multivariate logistic regression to determine whether any
cognitive tests were associated with diagnosis over and above the others. Test scores were
converted to a standardized scale to facilitate comparison of the odds ratios. The Bonferroni
adjustment was used to control the type 1 error set a priori at 0.05; since there are nine
cognitive variables of interested, a significance level of 0.05/9 = 0.006 was used for
individual tests. For longitudinal analyses, linear mixed effects models with robust variance
were used to determine the association between cognitive variables and diagnostic group
(PD, non-PD), time (baseline, month 6, month 12, month 18), and interaction between group
and time, controlling for age, education, gender, and GDS score. The patient-specific
random intercept is used to account for within-person correlations in the mixed effects
regression analysis. All analyses were performed using Stata 14.2.

Baseline characteristics, PD and non-PD groups

Features of participants who self-reported PD or no PD at baseline without cognitive
impairment are presented in Table 2. Groups were equivalent in terms of age; however, the
PD group had a higher median level of education and a significantly higher proportion of
male participants. Significantly more participants in the PD group endorsed chronic pain and
a history of concussion, while those in the non-PD group endorsed a higher rate of
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hypercholesterolemia, diabetes, traumatic brain injury, arthritis, allergies, history of drug or
alcohol abuse, past or current smoking, and major depressive disorder. Participants with PD
had higher scores on the GDS, poorer quality of life scores, and endorsed more sleep
problems than non-PD participants. Dietary differences included fewer servings of
vegetables per day, higher red meat consumption, higher rates of soda, milk, and juice
consumption, and lower rates of coffee consumption in the PD group. On the ECog,
participants in the PD group rated their performance as worse across all cognitive domains.

Cognitive test outcomes, PD and non-PD groups

Logistic regression analyses yielded poorer performance amongst PD participants across
most cognitive tests, with differences on visual learning and memory (One Card Learning),
visual attention (ldentification), processing speed (Detection), visual recognition memory
response time (MemTrax), and spatial working memory/divided attention (Trailmaking B)
reaching significance using the criteria set a priori for multiple comparisons (Table 3).
Differences were noted in baseline performance across measures of response inhibition
(Go/No Go) and spatial attention and working memory (forward and reverse memory span),
but these failed to reach significance after adjusting for multiple comparisons. Only the One
Back test, which measures attention and reaction time, did not yield any baseline differences
between the PD and non-PD groups. There were no gender by cognitive test interactions.
When all cognitive tests were entered into a single logistic regression model, the Detection
(p=0.002), One Card Learning (p<0.001) and MemTrax response time (p=0.001) were
significantly associated with PD diagnostic group at the <0.006 level.

Longitudinal results, PD and non-PD groups

Of the 634 participants with no reported cognitive impairment who completed a baseline
visit in the PD group, 443 (69.9%) completed at least one follow up visit, while in the non-
PD group, 6795 (60.7%) completed at least one follow up visit. In the PD group that
completed a follow up visit, there were no significant differences in age, education, sex or
GDS score when comparing those who did and did not complete at least one follow up visit.
In the non-PD group, those who completed a follow up visit were older (p<0.0001), had a
higher level of education (p<0.0001), and lower GDS score (p<0.0001).

Performance generally improved or remained stable for both PD and non-PD participants
across cognitive measures (Figure 1). On the Detection test, there was a statistical trend for a
timepoint by diagnosis interaction, with processing speed leveling off at month 12 and
month 18 for the PD participants, while it continued to improve for the non-PD participants
(month 12 p=0.06, month 18 p=0.05).

DISCUSSION

Our major findings were that it is feasible to enroll a large number of older adults with self-
reported PD in an online registry, that self-report may be a practical method of initially
identifying those with a possible PD diagnosis in preparation for a trial-ready cohort, that
online cognitive testing is practicable in this subgroup of BHR participants, and that the
BHR cognitive measures can distinguish between those with and without self-reported PD.

J Alzheimers Dis. Author manuscript; available in PMC 2019 May 02.
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Our results thus support that online screening methods developed to improve recruitment
into AD clinical trials by the BHR may also help identify, recruit, and evaluate research
participants with PD.

Our results show that the BHR is an effective method for recruitment of research participants
with self-reported PD, possibly by overcoming known obstacles to participation. One
substantial limitation to the identification of large numbers of PD participants is the lower
overall population base rate compared to other major diseases. It is estimated that
approximately 1% of the US population over age 60 is currently diagnosed with PD, with
much lower prevalence at younger ages [13]. Community-based studies thus typically
include very small numbers of participants with PD [5, 14]. In contrast, over 5% of BHR
participants above age 50 who met research criteria self-identified as having a PD diagnosis.
The BHR advertises using messaging related to brain health in older adults [9], which may
appeal to older adults with PD seeking information and resources online. Notably, motor
impairments associated with PD may impede or dissuade participation in a traditional
research setting [15]. Given the high level of engagement in the BHR by participants with
self-reported PD, we demonstrate that barriers to participation imposed by the traditional
physical research environment may be overcome by engaging an online platform for data
collection.

We further demonstrate that self-reported PD may serve as a first step for initial
identification of study participants for PD trials. Despite the lack of access to medical
records to verify PD diagnosis, associations between clinical and lifestyle factors and those
with self-reported PD in the BHR suggest a concordance with clinically diagnosed PD. A
formal clinical diagnosis of PD is associated with male sex, chronic pain, depressed mood,
specific sleep difficulties (e.g., restless legs, nighttime confusion, sleep interruption), and
overall decreased quality of life due to both physical and emotional factors [16, 17]. Each of
these factors also separated the self-reported PD and non-PD groups in the BHR. Lifestyle
factors that may be protective against PD (e.g., tobacco, coffee consumption, vegetable
consumption) are more prevalent in non-PD participants in our sample, while others
previously identified as associated with PD diagnosis (red meat consumption, dairy
consumption) were also associated with PD in our sample [18] Certainly, a formal clinical
diagnosis will be necessary for those recruited into clinical trials or genetic studies, and an
important future endeavor will be to validate this method with a subset of participants
willing to undergo clinical diagnostic procedures.

Importantly, our results show that participants with self-reported PD are willing and able to
complete online cognitive testing. Clinic-based cognitive testing is costly and time-
consuming, whereas online measures are designed to be brief, easy to self-administer, and
more economical. There is also increasing evidence of the validity of online cognitive
testing, including in BHR [19, 20]. Indeed, the PD group completed cognitive testing at
similarly high rates to their non-PD counterparts. Further, participants with PD participated
in follow up visits at a significantly higher rate than the non-PD sample. We therefore
conclude that it is feasible to evaluate cognition longitudinally among people who self-
identify with a PD diagnosis using online cognitive measures.

J Alzheimers Dis. Author manuscript; available in PMC 2019 May 02.
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In addition to feasibility, we demonstrate that online cognitive testing differs between
participants with and without a self-reported PD diagnosis. Prior studies have shown that
even among newly diagnosed patients with PD, a substantial proportion already have at least
subtle cognitive impairment [21, 22]. The cognitive measures utilized by the BHR measure
domains often found to be impaired in PD, including attention, processing speed, working
memory, and learning and memory, and most discriminated between the PD and non-PD
groups. The motor symptoms of PD could certainly impact performance on these cognitive
tasks, particularly those with a timed component. Interpretation of task performance can thus
be difficult given that both cognitive and motor slowing associated with the disease can
impair reaction times. Interestingly, we found that participants with self-reported PD also
performed worse on tasks where the outcome was total correct rather than reaction time,
particularly on a task of visual learning and memory. In contrast, on one task that did
measure reaction time, there was no difference by diagnosis. These results suggest a specific
pattern of performance, principally characterized by slowed processing speed and poorer
visual learning and memory, that are unlikely accounted for solely by motor impairment and
that distinguish PD and non-PD groups. Early in the course of PD, dysfunction in
dopaminergic pathways between the striatum and the prefrontal cortex lead to deficits in
processing speed that are especially insidious [23]. Disruptions in visuospatial function as
well as visual learning and memory in PD are also well-established and may occur early in
the disease, although the specific underlying pathology may differ across disease subtypes
[24-27]. Given the results from the current study, we conclude that the online cognitive tests
employed by the BHR, although originally chosen to screen potential AD participants, are
useful in distinguishing between those with and without self-reported PD.

In examining longitudinal data, we primarily noted practice effects or stable performance for
both groups, with the exception of processing speed, which remained stable in the PD group
while improving in the non-PD group, again supporting processing speed as a primary
discriminative domain. Often, cognition in patients with PD will remain stable for some time
or fluctuate during the course of the disease on cognitive testing [28], thus a longer course of
follow up in the BHR with a greater number of participants will provide greater power to
understand the course of cognitive change in PD. For the non-PD group, factors such as age,
education, and depression differed among those who did and did not complete follow up
visits, leading to the possibility that the practice effects seen on testing may be a result of
these differences. Such differences were not noted in the PD group who did and did not
complete a follow up assessment despite the nature and magnitude of practice effects being
similar to those observed in the non-PD group, and yet practice effects were similar. A
longer period of follow up will provide better detail about progression of cognitive function
in both PD and non-PD groups.

There are limitations to the current study. The specific details of diagnostic methods used to
establish a PD diagnosis are unknown and likely vary substantially within the PD group. As
such, there are likely undiagnosed participants with PD in the BHR, and well as those who
may have misreported or misdiagnosed symptoms. Without more specific information
available, we were not able to control for important disease related factors such as severity
of disease and time since symptom onset. Cognitive diagnosis, beyond self-report, was
unknown and thus BHR participants may have undiagnosed/unreported cognitive
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impairment. Further, cognitive testing was not performed under standardized conditions,
although increasing evidence supports validity of online, unsupervised cognitive testing [20]
[19]. Thus, although the BHR methods are likely to be effective in gathering large groups of
PD patients for detailed follow up, additional diagnostic methods for both motor and
cognitive diagnosis will be necessary for participation in more focused studies of PD.
Finally, the use of an online platform presents specific challenges, including a large
proportion of participants who begin, but do not complete, the study procedures. Methods to
encourage completion of the initial procedures should thus be explored in detail in future
endeavors. Further, online platforms can present obstacles with regard to longitudinal
follow-up. Interestingly, participants in the current study took part in follow-up examination
at a greater rate than BHR participants overall (61% vs. 41%)[29], despite their older age
which raises the risk for attrition due to morbidity and mortality. Continued focus on
retention procedures, described in Weiner et al.[29], will be key to successful longitudinal
outcomes.

Despite these limitations, we confirmed that recruitment of large numbers of participants
with PD is possible using methods that are alternative to traditional recruitment strategies.
For clinical trials seeking such patients, the BHR could be an effective research pool from
which to initially identify potential participants who meet specific study enrollment criteria.
To date more than 1798 BHR participants have successfully been enrolled in AD and aging
studies, including observational studies and randomized treatment trials; similar methods
could be used to recruit to PD trials [9]. Importantly, we confirmed baseline differences
between the PD and non-PD groups on computerized cognitive measurements; future
endeavors to validate these cognitive measures in a well-characterized PD population and to
garner a larger base for greater longitudinal follow up will provide additional valuable
information concerning the utility of these methods in identifying and following individuals
with PD. These results conceivably change the practice for identification and recruitment of
participants with PD into targeted therapeutic trials or large-scale genetic and cognitive
studies.
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Figure 1.
Longitudinal performance on Brain Health Registry cognitive measures for PD and non-PD

participants.
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Table 1.

Summary of available Brain Health Registry baseline participants

Total n (PD n)

Total in dataset
...with self-reported PD data (Y/N) collected
...and fit either “PD” or “Non-PD” criteria
... and age at baseline >= 50 years

...and with at least one cognitive test completed

32,155
32,139 (1,120)
17,275 (781)
13,312 (706)
11,813 (634)

*
Totals represent number of participants in the BHR database on whom primary covariates (age, education, and gender) were collected
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Table 2.

Brain Health Registry baseline characteristics, PD vs. Non-PD

PD (n=634) Non-PD (n=11,179) p value'

Demogr aphics
Age at baseline, years

mean (sd) 64.4 (7.8) 64.0 (7.9) 0.175
Gender

n (% male) 289 (45.6%) 2861 (25.6%) <0 0011.‘
Education, years

median (range) 16 (12 - 20) 16 (<12 -20) 0 005¢
Medical history n (%)
Heart disease 56 (8.8%) 866 (7.8%) 0.321
Hypertension 217 (34.2%) 3994 (35.7%) 0.443
High cholesterol 239 (37.7%) 4854 (43.4%) 0 0057‘
Stroke 14 (2.2%) 270 (2.4%) 0.741
Diabetes 38 (6.0%) 939 (8.4%) 0.032 f
Cancer 115 (18.1%) 1964 (17.6%) 0.714
Traumatic brain injury 6 (1.0%) 234 (2.1%) 0 0467L
Concussion 116 (18.3%) 1642 (14.7%) 0 013,2‘
Seizures 12 (1.9%) 260 (2.3%) 0.453
Asthma 83 (13.1%) 1642 (14.7%) 0.268
Arthritis 238 (37.5%) 4870 (43.6%) 0 0037‘
Lung Disease 14 (2.2%) 397 (3.6%) 0.073
Allergies 297 (46.1%) 6030 (53.8%) <0 0017‘
Alcohol abuse, past or current 44 (6.9%) 1282 (11.5%) <0 0017‘
Drug abuse, past or current 27 (4.3%) 704 (6.3%) 0 0387L
Tobacco use, past or current 205 (32.3%) 4666 (41.7%) <0 0017‘
Major depressive disorder, past or current 80 (12.6%) 1824 (16.3%) 0 0147‘
Anxiety disorder, past or current 126 (19.8%) 2522 (22.6%) 0.115
Bipolar Disorder, past or current 15 (2.4%) 267 (2.4%) 0.971
Chronic pain 210 (33.2%) 3045 (27.2%) 0 0011
Mood/ Quality of life
Geriatric Depression Scale

mean (sd) 3.2(3.1) 2.4(2.9) <0 0001¢
Overall rating of health, 1=excellent, 5=poor

mean (sd) 2.9(0.9) 2.3(0.9) 0 OOOl’t

Health compared to 1 year ago, 1=better, 5=worse
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PD (n=634) Non-PD (n=11,179) pval ue’

mean (sd) 3.2(0.9) 2.8(0.8) 0 0001¢
Problems with activities due to physical problems

n (%) 391 (65.8%) 3667 (36.2%) <0 001,1‘
Problems with activities due to emotional problems

n (%) 216 (36.4%) 2973 (29.4%) <0 001,2‘
Sleep
Total sleep hours

median (range) 7(<4-12) 7(<4->12) 0.0001 A
Nightwaking > 1/week

n (%) 442 (74.5%) 6664 (66.8%) <0 001;‘
Sleep interruption due to... n (%)

.. Bad dreams > 1/week 93 (16.0%) 777 (7.8%) <0 001,1‘

.. Pain > 1/week 199 (34.1%) 2558 (25.7%) <0 0011

.. Difficulty breathing > 1/week 48 (8.2%) 695 (7.0%) 0.255

.. Snoring >1/week 107 (18.4%) 1693 (17.0%) 0.410
Restless legs (partner endorsed >1/week)

n (%) 134 (33.0%) 1257 (19.2%) <0 001,1‘
Night confusion (partner endorsed > 1/week)

n (%) 79 (17.0%) 377 (5.4%) <0 001,2‘
Diet
Servings vegetables/day

mean (sd) 2.3(1.3) 2.5(15) 0 0017‘
Servings red meat/week

Mean (sd) 2.3(1.7) 2.1(1.8) 0 001;‘
Drink... n, %

..soda, diet or regular 215 (33.9%) 3097 (27.7%) 0 001,2‘

..juice 265 (41.8%) 3030 (27.1%) <0 0011

..milk 341 (53.8%) 5107, 45.7 <0 001,1‘

..coffee 384 (60.6%) 7276, 65.1 0 0207‘
Everyday Cognition Scale mean (sd) 1 = better/no change, 4 = much worse
Memory 1.8(0.7) 1.7 (0.6) 0 0006’t
Language 1.6 (0.6) 1.4 (0.5) <0 00011
Visuospatial 1.2(0.4) 1.1(0.3) 0 0325,1‘
Divided Attention 1.8(0.8) 1.5(0.6) <0 00011
Planning 1.3(0.4) 1.1(0.3) <0 0001¢
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PD(n=634) Non-PD(n=11179) pyque*

Organization 1.4 (0.6) 1.3(0.5) Fa

<0.0001

*

p values based on t-tests for continuous variables, chi-square test for categorical variables, and Wilcoxon rank-sum test for ordinal variables
#

Non-PD > PD

’tPD > Non-PD

Abbreviations: PD, Parkinson’s disease; sd, standard deviation
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Cognitive measures, PD vs. Non-PD

Table 3.

Page 17

Cogstate Brief Battery
One-Back

One Card Learning

Identification

Detection

MemTrax

mean (sd) range

Neurocognitive Performance Test

Go/No Go

Trailmaking Part B

Forward Memory Span

Reverse Memory Span

OR* 95% ClI p
Domain PD Non-PD
Attention & working memory 2.88(0.10) 2.51 - 2.88 (0.09) 2.44 - 101 092-111 0.813
(reaction time, log10 3.20 3.69
transformed)
Visual learning & memory 0.70 (0.16) 0.18 - 0.76 (0.17) 0.03 — 132 113-154 0.001 A
(accuracy, arcsine transformation 1.18 141 '
of the square root)
Visual attention (reaction time, 2.72 (0.08) 2.52 — 2.71(0.06) 2.37 - 120 110-131 <0.001 7
log10 transformed) 3.05 3.19 )
Processing speed (reaction time 2.58 (0.10) 2.19 - 2.56 (0.10) 2.01 — 130 1.19-142 <0.001 s
log10 transformed) 3.16 3.49 '
Visual recognition memory 0.97 (0.22) 0.57 - 0.95 (0.21) 0.49 — 116 1.05-1.28 0.005 A
(correct response reaction time, 191 2.00 '
seconds)
Response inhibition & 0.51(0.10) 0.32 - 0.50 (0.09) 0.26 — 1.09 100-119 0.062
processing speed (mean reaction 1.00 1.28
time, seconds)
Spatial working memory/divided ~ 62.76 (39.06) 23.34  55.88(33.95) 16.32- 1.18 1.09-1.27 <0.001 s
attention (time to complete, —-286.11 297.56 )
seconds)
Spatial attention (total correct) 4.86 (1.37)0-8 498(1.23)0-9 112 1.03-1.22 0.010
Spatial working memory (total 4.13(1.62)0-8 4.22 (1.56)0-9 1.08 1.00-1.18 0.088

correct)

*
Controlling for age, education level, sex, and Geriatric Depression Scale score; ORs based on conversion of test scores to a standardized scale

(standard deviation=1) to facilitate comparison across measures

fMet criteria for significance using the Bonferroni adjustment (0.006)

Abbreviations: Cl, confidence interval; OR, odds ratio; PD, Parkinson’s disease; sd, standard deviation
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