ik BT RBM.., Dement Geriatr Cogn Disord Extra 2013;3:168-178

Dementla / DOI: 10.1159/000351421 © 2013 S. Karger AG, Basel
and Geriatric 7 Published online: May 18, 2013 3\/6\/?\4/‘1/—'?:"61/}1?:/%163—3168$38.00/0
Cognitive Disorders karger.

This is an Open Access article licensed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to
the online version of the article only. Distribution permitted for non-commercial purposes only.

Original Research Article

Predictors of Mild Cognitive Impairment
in Early-Stage Parkinson’s Disease

Brenda Hanna-Pladdy®® Katherine Jones® Romeo Cabanban?
Rajesh Pahwa? Kelly E. Lyons?

aDivision of Neuropsychology, Department of Neurology, and ®Department of Radiology
and Imaging Sciences, Emory University School of Medicine, Atlanta, Ga., and

¢Landon Center on Aging, and Parkinson’s Disease and Movement Disorder Center and
Department of Neurology, University of Kansas Medical Center, Kansas City, Kans., USA

Key Words
Parkinson's disease - Mild cognitive impairment - Predictors - Neuropsychological
performance - Dopaminergic medication

Abstract

Aim: The aim of this study was to identify mild cognitive deficits in Parkinson’s disease (PD)
prior to extensive neurodegeneration and to evaluate the extent to which dopamine deple-
tion and other disease-related predictors can explain cognitive profiles. Methods: Neuropsy-
chological performances of 40 nondemented early-stage PD patients and 42 healthy controls
were compared across on or off dopaminergic medications. Stepwise regression evaluated
cognitive predictors of early-stage PD and disease-related predictors of PD cognition (le-
vodopa dose, disease duration, Unified Parkinson’s Disease Rating Scale score, sleep, quality
of life, and mood) across on and off states. Results: Neuropsychological performance was
lower in PD patients across cognitive domains with significant memory, naming, visuomotor,
and complex attention/executive deficits, but with intact visuospatial, simple attention, and
phonemic fluency functions. However, medication effects were absent except for simple at-
tention. Regression analyses revealed age, working memory, and memory recall to be the best
cognitive predictors of PD, while age, quality of life, disease duration, and anxiety predicted
PD cognition in the off state. Conclusion: Nondemented early-stage PD patients presented
with extensive mild cognitive deficits including prominent memory impairment. The profile
was inconsistent with expected isolated frontostriatal dysfunction previously attributed to
dopamine depletion and this highlights the need to further characterize extranigral sources
of mild cognitive impairment in PD. Copyright © 2013 S. Karger AG, Basel
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Introduction

Parkinson’s disease (PD) has traditionally been defined by cardinal motor features of
tremor, rigidity, bradykinesia, and postural instability in the later stages, and has been
attributed to dopamine deficiency reflective of degeneration in the nigrostriatal system [1, 2].
There is increased emphasis on identifying premotor symptoms of PD when nonmotor
features such as mild cognitive changes might characterize the earliest phases of the disease,
prior to the stage of extensive neurodegeneration resulting in motor impairment [3, 4].
Although cognitive impairmentin PD has been well accepted and a high incidence of dementia
in the later stages has been demonstrated, the characteristic profiles suggestive of the under-
lying pathophysiological mechanisms remain unclear [5, 6]. Therefore, the extent to which
dopamine depletion can explain mild cognitive deficits during the early stage of PD is of
critical importance to elucidate neural mechanisms mediating the preclinical phase of PD and
the pathophysiology of nonmotor features of the disease.

Although neuropsychological deficits in PD have been clearly documented, the charac-
teristic profiles based on disease duration and the underlying neuropathology implicated
remain controversial [5, 7, 8]. This is especially the case when reviewing the literature on
dopamine replacement therapy in cognition. Study findings have been inconsistent across
cognitive task demands and may be partly related to failure to control for disease severity
and daily levodopa doses [9-11]. Nonetheless, mild cognitive impairment in PD is well
accepted, and early cognitive impairment has demonstrated predictive validity for a later
conversion to dementia as well as reductions in quality of life [7, 12, 13]. Clinically, the
expected cognitive profile of patients with PD has been described as a ‘subcortical syndrome’
with greater impairment in executive and attentional functions and less impairment in
memory, language, and visuospatial functions, presumably related to the involvement of the
frontostriatal system [14]. However, cognitive deficits in PD are heterogeneous, with some
patients displaying memory deficits that may place them at greater risk for the development
of dementia in the later stages of the disease, raising the question of whether extranigral
pathology is implicated in early cognitive decline [12, 15-17]. Therefore, clear character-
ization of neuropsychological profiles early in the disease process is critical to elucidate the
neuropathological basis of PD. Moreover, this will facilitate the identification of new thera-
peutic targets focused on treating the entire constellation of motor and nonmotor PD
symptoms that are more likely to affect both the onset and progression of symptoms,
resulting in disease-related disability [18].

Evidence supporting the hypothesis that structural changes are present in the earliest
stages of the disease is emerging, but the relationship between neuroimaging changes and
neuropsychological deficits has not been studied extensively. While neocortical atrophy has
been described in PD patients with dementia, there may also be structural changes in cortical
and subcortical regions in PD patients without dementia underlying mild cognitive deficits
traditionally attributed primarily to frontostriatal dysfunction assumed to result from
dopamine deficiency [19, 20]. Cortical thinning has been identified as being particularly
pronounced in frontotemporal regions in early stages of PD, while regional cerebral glucose
metabolism has implicated extensive hypometabolism in temporoparietal regions in PD
patients with mild cognitive impairment [21, 22]. Consequently, there is growing evidence of
the presence of extranigral pathology that likely occurs well before dopamine depletion,
although it remains unclear which cognitive deficits can be attributed to dopaminergic loss
as opposed to structural degeneration [18-20].

To further elucidate the role of dopamine in cognitive deficits in PD, we evaluated the
neuropsychological profile of nondemented early-stage PD patients compared to that of
normal healthy controls and investigated the degree of dopaminergic modulation by evalu-
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Table 1. Mean demographics and screening measures (SD) for the PD and control groups

Group Age Education MMSE score EDIN score  BAlscore  BDI-II score
years years

Control (n=42) 66.9 (4.6) 16.3 (1.5) 29.3 (0.7) 86.9 (11.0) 1.2 (1.4) 3.3(2.5)

PD (n =40) 66.0 (7.7) 15.3 (2.6) 28.6 (1.3) 75.9 (45.7)  9.6(8.3) 9.5 (6.8)

Table 2. Mean scores (SD) for PD patients in the on and off medication states

Variable UPDRS total  UPDRS motor EP PDSS BDI-II BAI PDQ-39
On 30.5(11.1) 18.7 (6.2) 11.4(5.2) 104.2(21.7) 9.3(6.3) 9.8(9.5) 20.8(15.5)
Off 435(133)  29.4(8.8) 10.7(5.2) 101.7(23.9) 9.7(7.7) 9.4(15.5) 22.2(15.6)

ating patients both on and off dopaminergic medications. In addition to investigating the role
of dopamine in cognition, we also evaluated other disease-related predictors (quality of life,
levodopa daily dosage, motor impairment, age, etc.) of mild cognitive deficits in early-stage PD.

Methods

Subjects

The study population (n = 82) consisted of 40 nondemented early-stage PD patients and
42 age- and education-matched normal controls. Healthy controls were recruited from the
Landon Center on Aging database and patients from the Parkinson’s Disease and Movement
Disorder Center at the Kansas University Medical Center. General enrollment criteria for
healthy controls were as follows: (i) age 50-75 years; (ii) right-handed defined as a score of
>60 on the Edinburgh Handedness Inventory (EDIN) [23]; (iii) a minimum score of 26 out of
30 on the Mini-Mental State Examination (MMSE) [24], and (iv) no dementia as determined
by the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS; table 1)
[25]. General exclusion criteria included a history of neurologic disorder other than PD,
dementia, major psychiatric disorder (including alcohol or substance abuse), concurrent,
unstable, or serious medical condition, major head trauma, chronic use of psychoactive medi-
cations, and the presence of dyskinesia based on neurological examination. The study was
conducted in accordance with the Declaration of Helsinki and was approved by the Institu-
tional Review Boards of the Kansas University Medical Center and the Emory University
School of Medicine. All participants gave their written informed consent.

Selection criteria for PD subjects included a diagnosis of idiopathic PD based on the
United Kingdom Parkinson’s Disease Society Brain Bank Criteria as well as on the criteria
proposed by Hughes et al. [26]. Subjects selected had mild disease severity based on a Hoehn
and Yahr rating of <2.5, a Unified Parkinson’s Disease Rating Scale (UPDRS) motor score of
<20 or a UPDRS total score of <30 in the on medication state (see table 2 for on and off medi-
cation values), and a mean disease duration of 5.7 years (SD = 2.7 years). All patients were
prescribed levodopa with an average daily dosage of 597.5 mg (SD = 288.7) as well as one of
two dopamine agonists (pramipexole = 47.5%; ropinirole = 52.5% of the PD group).
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Procedure

All subjects were screened prior to enrollment to determine study eligibility (see table 1
for screening measures). A repeated-measures model was utilized for the study, with levo-
dopa medication state (on vs. off) as the within-subjects factor and group (control vs. PD) as
the between-subjects factor. All subjects received two alternative forms of neuropsycho-
logical assessments on two visits, with an 8-week interval between visits to minimize practice
effects. The medication state was counterbalanced across visits 1 and 2 (i.e., one half of the
subjects were in the on state for visit 1, while the other half of the subjects were in the off
medication state for visit 1 and vice versa).

The neuropsychological assessment included the RBANS Form A or Alternate Form B
that provides subtest scores for Immediate Memory (List Learning, Story Memory), Visuo-
spatial/Constructional (Figure Copy, Line Orientation), Language (Picture Naming, Semantic
Fluency), Attention (Digit Span, Coding), and Delayed Memory (List Learning Free Recall and
Recognition, and Story Memory Free Recall, Figure Free Recall) domains [25] (see table 3 for
specific measures included in the comprehensive neuropsychological battery). Additional
measures of attention and inhibition were provided by subtests from the Wechsler Intelli-
gence Scale - Fourth Edition [WAIS-IV Digit Span and Letter-Number Sequencing (LNS)] and
the Stroop Color and Word Test [27, 28]. Several subtests measuring visuomotor integration,
motor speed and cognitive flexibility (Trails 1-5), fluency and switching, and planning func-
tions (Tower Test) from the Delis-Kaplan Executive Function System (D-KEFS) were also
administered [27, 29].

Statistical Analyses

Raw scores from neuropsychological tests were converted into z-scores based on the
mean and SD of normal controls for each neuropsychological measure to allow for normal-
ization across tests for comparison. Individual repeated-measures MANOVAs were conduct-
ed for the attention/executive, language, memory, and visuospatial/visuomotor function
domains, with group (PD vs. controls) as the between-subjects factor and medication state
(on vs. off) as the within-subjects factor. Differences in the dependent measures were initially
evaluated by multivariate measures of significance and followed with univariate analyses for
main effects and interactions as appropriate.

Results

Subjects

Healthy controls and PD subjects did not significantly differ in terms of age or strength
of right handedness; nevertheless, controls displayed slightly higher educational levels [F(1,
80) =5.03, p <0.05; table 1]. PD patients were nondemented based on their MMSE scores and
did notdisplay clinically significant symptoms of anxiety or depression. However, as expected,
PD patients scored lower on the MMSE than controls [F(1,80)=11.69,p<0.001] and endorsed
more symptoms of anxiety [F(1, 80) = 42.34, p < 0.001] and depression [F(1,80) =30.97,p <
0.001; see table 1 for means and SD]. PD patients displayed higher UPDRS total scores (t =
-11.12, p < 0.001) and UPDRS motor scores (t =-10.66, p < 0.001) in the off state compared
to the on state, verifying adequate medication washout. However, they did not differ in sleep
or self-reported measures of anxiety or depression between medication states (see table 2 for
means and SD). Since education differences were identified between the PD and healthy
control groups, education was investigated as a covariate in all models below.
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Table 3. Neuropsychological impairment indices (z-scores) for PD subjects and significance relative to

controls

Z-scores I p n
Attention/executive
WAIS-IV DST -0.47+1.13 4.04 0.048 0.05
WAIS-IV DSF -0.21+£1.04 0.89 0.350 0.01
WAIS-IV Digit Span Backward -0.45+0.89 4.56 0.036 0.06
WAIS-IV Digit Span Sequence -0.64+1.69 4.45 0.038 0.06
WAIS-IV LNS -0.84£1.50 891 0.004 0.11
D-KEFS Tower Rule Violations -0.86+2.15 5.48 0.022 0.07
D-KEFS Tower Total Completion Time -0.84+0.98 14.88 0.000 0.16
Stroop Word -0.68+1.07 8.85 0.004 0.10
Stroop Color -0.25+£0.96 1.29 0.260 0.02
Stroop Color-Word -0.23+0.95 1.16 0.285 0.02
Language
D-KEFS Letter Fluency -0.27+£1.28 1.12 0.294 0.01
D-KEFS Category Fluency -0.48+1.13 4.09 0.047 0.05
D-KEFS Switching Fluency -0.54+1.27 4.53 0.036 0.05
D-KEFS Switching Accuracy -0.52+1.32 4.10 0.046 0.05
RBANS Picture Naming -1.45+2.41 12.83 0.001 0.14
RBANS Semantic Fluency -0.55%£1.13 5.48 0.022 0.06
Memory
RBANS List Learning -1.02+1.44 14.06 0.000 0.15
RBANS Story Immediate Memory -0.86+1.49 9.51 0.003 0.11
RBANS List Recall -1.08+£1.36 17.11 0.000 0.18
RBANS List Recognition -1.41+1.82 19.18 0.000 0.19
RBANS Story Recall -1.34+1.73 18.78 0.000 0.19
RBANS Figure Recall -0.76+1.21 9.64 0.003 0.11
Visuomotor/visuospatial
D-KEFS Trails 1 (Visual) -1.01+£1.88 9.34 0.003 0.11
D-KEFS Trails 2 (Number) -1.64+2.44 16.17 0.000 0.17
D-KEFS Trails 3 (Letter) -1.80£3.36 11.03 0.001 0.12
D-KEFS Trails 4 (Number-Letter) -1.79+3.36 10.85 0.001 0.12
D-KEFS Trails 5 (Motor) -1.57+2.21 17.38 0.000 0.18
RBANS Coding -1.04+£1.48 14.12 0.000 0.15
RBANS Line Orientation -0.34+0.85 2.76 0.100 0.03
RBANS Figure Copy -0.70+£1.24 791 0.006 0.09

z-scores represent mean * SD. Significant p values are bolded.

Attention/Executive

The multivariate model for attention/executive subtests was significant for between-
groups differences [F(10, 71) = 2.97, p < 0.005]; however, education did not significantly
adjust the variance in dependent measures and thus was not utilized as a covariate. All
attention/executive subtests were statistically significant between the groups, demonstrating
lower z-scores for PD subjects compared to controls, with the exception of the WAIS-1V Digit
Span Forward (DSF) and the Stroop Color and Color-Word Tests (see table 3 for univariate
values). A comparison of the effect sizes revealed the greatest significance for the D-KEFS
Tower Total Completion Time, followed by the WAIS-IV LNS and Stroop Word scores.
However, an evaluation of the z-scores revealed a very subtle decline in the attention/exec-
utive measures for early-stage PD patients of less than 1 SD below the mean of healthy
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controls. A medication effect was only evident for the Digit Span Total [DST; F(1, 80) = 5.01,
p=0.012,1?=0.10] and the DSF [F(1, 80) = 6.56, p = 0.028,n? = 0.08]. PD patients displayed
significantly greater impairment on the DST (DST¢ = -0.588; DST,, = -0.356) and the DSF
(DSF,=-0.322; DSF,,,=-0.101) in the off medication state, although they did not differ from
controls on the DSF and barely reached significance for the DST.

Language

The multivariate model for language subtests was significant for between-groups differ-
ences [F(6, 75) = 2.94, p = 0.012] but not for within-subjects medication effects. All language
subtests were significant between-groups, with the exception of D-KEFS Letter Fluency
(table 3). PD patients displayed lower scores on all language subtests; however, the RBANS
Picture Naming subtest displayed the greatest level of impairment and the largest effect size,
with PD patients falling -1.45 SD below the means of normal controls (table 3). Conversely,
across fluency measures, PD patients were only -0.27 to -0.55 SD below normal controls.
When education was utilized as a covariate, as it significantly adjusted for language functions
at the multivariate level [F(6, 74) = 3.26, p = 0.007], the D-KEFS Fluency measures were no
longer significant. The RBANS Picture Naming scores remained highly significant (p < 0.001),
while the RBANS Semantic Fluency scores only approached significance (p = 0.057).

Memory

The multivariate model revealed a between-groups significance across memory subtests
[F(6,75) =4.52, p <0.001], but within-subjects effects for medication as well as education as a
covariate were not significant. PD subjects scored lower than normal controls in all learning and
memory measures on the RBANS, although effect sizes were the largest for Story Delayed Recall,
List Recognition, and List Recall (table 3). Impairment indices based on z-scores revealed that
early-stage PD patients scored from -0.76 to -1.41 SD below the mean of normal controls.

Visuomotor/Visuospatial

The multivariate model revealed between-groups significance across visuomotor/visuo-
spatial subtests [F(8, 73) = 2.89, p = 0.007], but there was no within-subjects significance for
medication. PD patients scored significantly below normal controls on all subtests, with the
exception of RBANS Line Orientation. Effect sizes were greatest for D-KEFS Trails 5 (Motor),
D-KEFS Trails 2 (Number), and RBANS Coding. However, impairment indices were greatest
for D-KEFS Trails 3 and 4 (Letter and Number-Letter alternation), displaying the most signif-
icant deviation relative to controls (-1.79 and -1.8) across the entire neuropsychological
battery. Although education significantly adjusted for the variance in the model when utilized
asacovariate [F(8,72)=2.63, p =0.014], the significance of the subtests remained unchanged.

Regression Analyses

Based on effect sizes and impairment indices, the following neuropsychological measures
from each cognitive domain were selected as stepwise predictors for a multiple regression
model to identify the best predictors of cognitive impairment in early-stage PD patients
relative to normal controls: LNS, D-KEFS Tower Completion Time, Stroop Word, RBANS
Naming, RBANS Memory (List Learning, List Recall, Story Recall, and Figure Recall), D-KEFS
Trails 2, 4, and 5, and RBANS Coding. After controlling for age and education [accounting for
only 6.9% of the variance; F(2, 79) = 2.91, p = 0.061], Trails 5 [Motor; F(3, 78) =9.31, p <
0.0001] and RBANS List Recall [F(3,78) =10.06, p <0.0001] were the best predictors of early-
stage PD cognitive impairment, accounting for an additional 19.5 and 7.9% of the variance,
respectively. In a second regression model that eliminated visuomotor tasks (i.e., Trails),
RBANS List Recall [18.6% of the variance; F(3, 78) = 8.89, p < 0.0001], LNS [an additional
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Table 4. Predictors of group (PD vs. controls) and neuropsychological performance for PD patients in the off
medication state based on stepwise multiple regression analyses

Dependent variable B SE (B) B t p
Group Age -0.035 0.009  -0.439 -4.07 0.0001
WAIS-IV LNS -0.050 0.016 -0.329 -3.04 0.003
RBANS List Recall ~ -0.073 0.024  -0.329 -2.99 0.004
RBANS Figure Recall -0.033 0.015 -0.221 -2.19 0.031
PD patients in the off medication state
RBANS List Recallg Age -0.072 0.017  -0.544 -4.21 0.0001
PDQ-39,¢ -0.022 0.008 -0.348  -2.71 0.010
RBANS Figure Recallyg Age -0.087 0.021 -0.587 -4.12 0.0001
Disease duration 0.156 0.062 0.353 2.50 0.017
WAIS-IV LNS ¢ Age -0.060 0.016 -0.517 -3.71 0.001
PDQ-39 -0.017 0.008  -0.293 -2.12 0.041
D-KEFS Trails 5 Time,g Age 0.088 0.023 -0.510 -3.84 0.0001
BAI g 0.413 0.173  -0314  -2.38 0.023
D-KEFS Tower Total Timeos  PDQ-39¢ 0.032 0.014 0.342 2.25 0.031

8.5%; F(4, 77) = 9.86, p < 0.0001], and Figure Recall [an additional 3.9%; F(5, 76) =9.24,p <
0.0001] were the best predictors and explained a combined 37.8% of the variance in terms
of cognitive impairment in early-stage PD (table 4).

To expand on the above regression analyses, the performance of each significant predictor
was utilized in separate regression models to determine disease-related predictors of
cognitive performance in early-stage PD. The predictors entered into the equation for each
model (after forcing age and education into the first step of the regression) included daily
levodopa dosage, disease duration, and either on or off scores for the UPDRS Motor, Parkin-
son’s Disease Questionnaire 39 (PDQ-39), Epworth Sleepiness Scale (EP), Parkinson’s Disease
Sleep Scale (PDSS), Beck Anxiety Inventory (BAI), and Beck Depression Inventory II (BDI-II).
Cognitive performance was modeled both for on and off medication states, with the corre-
sponding appropriate variables in either the on or off medication state utilized as predictors.
The first set of regression analyses for the off medication state is presented in table 4. Age and
education significantly accounted for 27.1% of the variance [F(2, 37) = 8.06, p < 0.001] for
RBANS List Recall in the off state, while the PDQ-39 in the off medication state explained an
additional 12% of the variance [F(3, 36) = 8.76, p < 0.001]. Following age and education
[accounting for 24.4% of the variance; F(2,37) =5.79, p = 0.007], RBANS Figure Recall in the
off state was best predicted by disease duration, explaining an additional 11.5% of the
variance [F(3,36) =6.52, p = 0.001]. WAIS-IV LNS performance in the off state was predicted
by age and education [25.3% of the variance; F(2, 37) = 6.08, p = 0.005], followed by the
PDQ-39 in the off state, explaining an additional 8.5% of the variance [F(3, 36) = 5.95,p =
0.002]. Finally, 30.2% of the variance in the D-KEFS Trails 5 performance in the off state was
explained by age and education [F(2, 37) = 7.79, p = 0.002], with the BAI explaining an addi-
tional 9.8% of the variance [F(3, 36) = 7.76, p = 0.001].

The same dependent cognitive measures were evaluated in the on medication state, but
the disease predictors were not significant with the exception of D-KEFS Trails 5, which
measures motor speed. After accounting for the variance from age and education [32% of
the variance; F(2, 37) = 8.69, p = 0.001], the UPDRS motor score in the on state accounted
for an additional 9.6% of the variance in the D-KEFS Trails 5 performance in the on state
[F(3,36) =8.56,p =0.001].
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Discussion

Our study results reveal clear statistical differences between healthy controls and early-
stage PD patients across all cognitive domains. Based on impairment indices and effect sizes,
the most pronounced differences emerged for visuomotor and verbal memory functions.
While impairment was also evident for working memory and planning functions, which is
consistent with the expected frontostriatal cognitive dysfunction in PD, the impairment
indices and effect sizes for these measures were not as impressive. Similarly, simple atten-
tional and visuospatial functions were unimpaired, and our findings reveal that visuomotor
and visuospatial functions previously attributed to cognitive decline are likely the result of
motor impairment. While between-groups differences in fluency were present, these were
accounted for based on educational differences. Furthermore, dopaminergic modulation as
measured by differences between on and off medication states was only significant for simple
attentional measures that displayed the least deviation from normal controls. Therefore, our
results support the early presence of cognitive deficits across most cognitive domains;
however, dopaminergic depletion was not capable of accounting for the mild cognitive deficits
present at this early stage of the neurodegenerative process [7, 30, 31].

A clear segregation of cognitive deficits identified early in the course of PD, attributable
to extranigral sources,and dopamine-dependentattentional and motor functions is supported
by our study findings. The results indicate that cognitive deficits are present in the earliest
stages of the disease prior to dopamine-mediated cognitive dysfunction and implicate an
early involvement of nondopaminergic systems previously considered (e.g., noradrenergic
locus coeruleus, serotonergic raphe nuclei, or early involvement of cholinergic structures in
the forebrain) or alternatively structural changes in frontal and temporoparietal association
cortices involved in mild cognitive deficits [32-34]. Impairment on tests of visuomotor inte-
gration, planning, and working memory functions replicate previously documented fronto-
striatal deficits in PD, although, apart from motor task demands, they were not the most
pronounced and did not respond to dopaminergic medications. These findings are not
congruent with previous descriptions of cognition in nondemented PD patients but may be
partly related to differences in disease severity [35]. In summary, our findings raise the
question of whether extranigral pathology is present before dopamine depletion given the
presence of extensive cognitive deficits that did not differ between medication states.
However, evidence of prominent memory impairment is consistent with previously iden-
tified extensive hypometabolism in temporoparietal regions in PD patients with cognitive
impairment [18-20, 36].

Disease-related predictors in the regression model were not capable of explaining the
cognitive impairment in the on medication state but conversely explained the cognitive
variance while off medication. While these findings are suggestive of differences based on
dopamine mediation, most of the variance for cognitive performance in the off medication
state was explained by age and the PDQ-39, as opposed to other, more pertinent, disease
predictors or levodopa dosage. A positive correlation between increasing age and cognitive
dysfunction has been previously documented as being predictive of a more rapid disease
progression in PD [37]. Overall, the results of the regression reflect increased health-related
concerns for PD patients in the off medication state and are congruent with other reports in
the literature regarding the predictive relationship between cognitive impairment in PD and
quality of life [38, 39]. However, in our study, subjects were evaluated after 8 weeks between
visits, and patients only discontinued medications the night before the evaluation. Thus, the
relationship between the PDQ-39 and the off medication state is more likely related to a tran-
sientincrease in health-related concernsrather than beingindicative of the impact of cognitive
deficits on sustained quality of life, as has been previously suggested [13, 38]. Alternatively,
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it is conceivable that transient changes in mood related to increased symptoms in the off
medication state could explain our findings (this is also supported by the significant prediction
of anxiety symptoms by the Trails 5 performance) as well as a relationship between PDQ-39
and mood measures which has been previously established [38]. A strong predictor of
cognitive deficits in PD relative to controls was nonverbal memory recall, and this in turn was
predicted by disease duration in the off medication state. These findings suggest that memory
impairments in PD are progressive throughout the course of the disease, which is consistent
with the amyloid burden in PD that predicts cognitive decline over time [40]. However,
progressive decline in nonverbal memory following dopamine replacement therapy has been
reported in de novo patients and could conceivably be an alternate explanation [41].

In summary, our investigation does not support a dopaminergic basis for early cognitive
deficits in PD, and the least impaired cognitive functions were attentional tasks associated
with the dorsal frontostriatal circuitry implicated in early-stage PD and dopamine depletion.
Our findings are in line with investigations of mild cognitive impairment identifying greater
memory than executive deficits in the early stages of PD, although there were differences in
complex attentional and executive subtests with emphasis on planning and working memory
functions, displaying some sensitivity to cognitive deficits related to the frontostriatal
circuitry. These frontostriatal deficits have traditionally been assumed to be secondary to
dopamine deficiency, but based on our results, cortical thinning identified as being particu-
larly pronounced for frontotemporal regions in early stages of PD is a more plausible expla-
nation [19, 20].

Conclusions

Overall, these findings challenge previously described stages of pathological progression
and raise the question of the neuropathological basis for PD-associated cognitive deficits
present in the earliest stages of the disease process that do not appear to be associated with
significant dopamine depletion [7, 12, 42]. Future longitudinal studies evaluating cognitive
deficits in PD with a clear identification of the relationship with both structural and functional
neuroimaging findings based on disease stage or disease duration will help elucidate the
extranigral basis of cognitive deficits in PD.
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