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Abstract

To identify the cognitive characteristics predictive of incident dementia in Parkinson’s disease (PD), we examined
the baseline neuropsychological profiles of 18 initially non-demented patients with PD who met diagnostic criteria
for dementia (PDD) at one-year follow-up. PDD participants’ baseline neuropsychological test scores were
compared to the baseline performance of 18 patients with PD who did not meet criteria for dementia at one-year
follow-up (PDND) and 18 normal controls (NC). The three groups were matched on baseline demographic and
disease variables. Relative to the PDND group, the incident PDD participants demonstrated significantly poorer
performance on digits backward (Wechsler Memory Scale–Revised), word list learning and recognition (California
Verbal Learning Test), and perseverative errors on the Wisconsin Card Sorting Test. Each of these baseline
neuropsychological variables exhibited adequate diagnostic classification accuracy in predicting PDD and PDND
group membership at follow-up. These results suggest that subtle frontal0executive dysfunction is evident during the
immediate PDD prodrome and may be of prognostic value in identifying PD patients at risk for dementia.
Accordingly, neuropsychological evaluation may facilitate early identification of PDD and thereby inform
appropriate dispositional planning. (JINS, 2003,9, 17–24.)
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INTRODUCTION

Dementia occurs in approximately 30% to 50% of patients
with Parkinson’s disease (PD), although prevalence esti-
mates range from 9% to 93% depending on which diagnos-
tic criteria and sampling methods are used (Jacobs et al.,
2000). Annual incidence rates for dementia in PD (PDD)
are reported at approximately 15% (e.g., Mayeux et al.,
1990). Risk factors for PDD include increasing age, older
age at PD onset, longer disease duration, family history of
dementia, greater severity of motor symptoms, depression,
hypertension, low socioeconomic status, limited educa-
tional attainment, and poor medication tolerance evidenced
by confusion or psychosis accompanying administration of
dopaminergic agents (e.g., Glatt et al., 1996; Hughes et al.,
2000; Jacobs et al., 2000; Marder et al., 1995; Salganik &
Korczyn, 1990; Stern et al., 1993a; Zhang et al., 1990).

PD is primarily associated with a disruption of cortical-
basal ganglionic-thalamic-cortical circuits secondary to the
depletion of dopamine, but PDD likely involves alterations
in multiple neurotransmitter systems, including cholinergic
projections from the basal forebrain (Dubois & Pillon, 1998;
Stern et al., 1993b; Tröster et al., 2000). Clinically, PDD is
characterized by the emergence of multiple cognitive defi-
cits and a functional decline from once higher levels. The
neuropsychological profile of PDD is often described as
revealing of a “subcortical” dementia, a prominent feature
of which is impairment in the spontaneous generation and
utilization of information processing strategies. Persons with
PDD typically exhibit impairment in complex attention,
executive functions, information retrieval, procedural mem-
ory, visuoconstruction, verbal fluency, and speed of infor-
mation processing (Cummings & Benson, 1983; Tröster
et al., 2000).

Complementing recent efforts linking mild prodromal cog-
nitive impairments to incident Alzheimer’s disease (AD)
(see Peterson et al., 2001 for review), several investigators
have attempted to identify neuropsychological variables
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associated with incident PDD. For example, Biggins et al.
(1992) reported that incident PDD patients exhibited lower
baseline verbal IQ scores and poorer performance on a brief
mental status examination as compared to PD participants
who were not demented at three-year follow-up. Piccirilli
et al. (1989) followed a sample of 30 initially non-demented
patients with PD for a period of four years and reported that
Lurian frontal tasks (i.e., planning, sequencing, and self-
monitoring; Luria, 1966) were sensitive to incident PDD.
Jacobs et al. (1995a) found that measures of lexical (CFL
and PSV for English and for Spanish-speaking participants,
respectively) and semantic fluency (animals, foods, and
clothing) were adequate predictors of incident PDD. Most
recently, Mahieux et al. (1998) reported that PD partici-
pants’ performance on the Picture Completion subtest of
the Wechsler Adult Intelligence Scale–Revised (WAIS–R;
Wechsler, 1981), a Stroop task, and lexical fluency accu-
rately predicted incident PDD.

In general, these prior research findings suggest that sub-
tle frontal0executive dysfunction is noticeable during the
prodromal phase of PDD and predicts later conversion to
dementia. However, no studies have evaluated the immedi-
ate prodrome of incident PDD (test-retest intervals for the
above-reviewed investigations were typically three to four
years). The present study seeks to delineate the immediate
prodromal neurocognitive profile associated with incident
PDD and to evaluate the discriminant validity of neuropsy-
chological measures for predicting incident PDD at one-
year follow-up. Given that certain demographic and disease
characteristics are associated with greater risk for dementia
in PD (e.g., Glatt et al., 1996; Stern et al., 1993a), this study
examines neuropsychological prediction of dementia after
controlling for several of these potentially confounding
variables.

METHODS

Research Participants

Participants were recruited through a neurodegenerative dis-
ease research program at an urban teaching hospital. The
diagnosis of PD was established by the presence of at least
two of three cardinal signs of the disease (i.e., tremor, ri-
gidity, and bradykinesia) and a positive response to levo-
dopa. All participants with PD were on anti-parkinsonian
agents, but were not taking any other medications known to
affect cognition. Exclusionary criteria for the PD group in-
cluded neurologic disorder other than PD, a history of head
injury with loss of consciousness, substance abuse or de-
pendence, developmental disorder, major psychiatric ill-
ness (with the exception of mild depression), and medical
conditions that might impact cognitive functions (e.g.,
chronic obstructive pulmonary disease).

The diagnosis of dementia was based upon the criteria
proposed by Cummings and Benson (1983). Participants
who exhibited impairment in instrumental activities of daily

living and who demonstrated deficits in at least three of
four cognitive domains (i.e., language, memory, executive,
or visuoperceptual functions) were classified as having PDD.
Domain-specific impairments were defined by scores fall-
ing two or more standard deviations below the mean on at
least one of two measures in that area. In the memory do-
main, the California Verbal Learning Test (CVLT; Delis
et al., 1987) Trials 1–5 Total Score and Logical Memory I
from the Wechsler Memory Scale–Revised (WMS–R; Wech-
sler, 1987) were used to define impairment. Total scores
from the Controlled Oral Word Association Test (COWAT;
Benton et al., 1994) and Boston Naming Test (BNT; Ka-
plan et al., 1983) were used to determine language impair-
ment. Assessment of executive dysfunction was based upon
the total number of categories completed on the Wisconsin
Card Sorting Test (WCST; Heaton et al., 1993) and total
score on the Conceptualization subtest from the Mattis De-
mentia Rating Scale (DRS; Mattis, 1988). Finally, visuo-
perceptual skills were assessed with the WAIS–R Block
Design subtest and the Clock Drawing Test. Note that, base-
line neuropsychological test data were not used to deter-
mine dementia diagnosis at one-year follow-up (Time 2).
In an effort to minimize the possibility of including patients
with concomitant AD and0or its Lewy body variant, motor
symptoms were determined to have clearly predated cogni-
tive changes (although this does not exclude the possibility
that patients might subsequently develop co-existing AD).

Healthy elderly control participants (NC) were recruited
from the community using advertisements and contacts
within local caregiver support groups. Exclusionary criteria
for the NC group included history of neurologic or psychi-
atric illness (except mild depression), dementia, substance
abuse or dependence, head injury with loss of conscious-
ness, and current medications or medical conditions known
to affect cognition.

Procedure

After providing written informed consent, each participant
underwent a comprehensive interview, neurologic exami-
nation, and neuropsychological evaluation. All patients with
PD and PDD were taking anti-Parkinsonian medications
(e.g., levodopa) at the time of evaluation and were tested
during their self-reported “on” state. In the event that par-
ticipants reverted to “off” during testing, the evaluation
was temporarily suspended or rescheduled. Participants were
administered the following tests in accordance with stan-
dardized procedures as part of a larger battery (although not
all participants had all tests given occasional scheduling
conflicts): North American Adult Reading Test (NAART;
Blair & Spreen, 1989), DRS, WAIS–R (seven subtest short-
form), WCST, WMS–R (Attention0Concentration Index,
Visual Reproduction, and Logical Memory), CVLT, BNT,
COWAT, semantic fluency (animal naming), Clock Draw-
ing, and the Beck Depression Inventory (BDI; Beck, 1992).

Of the 118 PD participants without dementia at baseline,
a total of 20 met diagnostic criteria for PDD at Time 2
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follow-up, resulting in a 17% annual incidence rate. Two of
the incident PDD participants completed only the DRS at
baseline, which provided a total of 18 incident PDD partici-
pants with sufficient neuropsychological data for inclusion
in the current analyses. We individually matched the inci-
dent PDD participants to 18 healthy NC and to 18 partici-
pants with PD who did not meet criteria for dementia
(PDND) at either entry into the study (baseline) or follow-up
about one year later. Participants were carefully matched
on key demographic and disease variables so as to more
precisely examine the neuropsychological characteristics of
the prodromal phase of PDD. None of the 14 PDND par-
ticipants who also completed a two-year follow-up evalua-
tion (Time 3;M 5 27.76 months,SD5 2.48) met diagnostic
criteria for dementia. Four of the PDND participants did
not complete a Time 3 neuropsychological evaluation as a
result of test refusal, scheduling conflicts, or geographic
relocation.

Data Analyses

A series of multivariate analyses of variance (MANOVA)
with Time 2 diagnosis as the independent factor were con-
ducted to evaluate the hypothesis that incident PDD partici-
pants would exhibit poorer performance on measures of
frontal0executive functioning at baseline when compared
to the PDND or NC groups. Follow-up univariate analy-
ses of variance (ANOVA) were conducted on only those
MANOVA results that reached statistical significance (p ,
.05). Similarly, pairwise comparisons were conducted to
determine specific between group differences only if the
ANOVA was statistically significant. In an effort to control
for possible Type I error resultant from multiple analyses,
alpha was set at .01 for allpost hoccomparisons.

It was also hypothesized that the neuropsychological mea-
sures discriminating the PDD and PDND groups (as indi-
cated by significant pairwise comparisons) would provide
satisfactory diagnostic classification rates and predictive
accuracy. Receiver-operating characteristic (ROC) plots were
generated from these tests using incident PDD diagnosis as
the “gold standard” variable. Predictive values were calcu-
lated by identifying cutoff scores based on a review of the
ROC plots for test scores that provided the most balanced
levels of sensitivity and specificity. To account for the pos-
sible interpretive bias of prevalence rates on predictive val-
ues (Baldessarini et al., 1983), positive and negative
predictive power statistics were also calculated using a con-
servative 30% dementia prevalence rate based on a recent
review of the PD literature (Jacobs et al., 2000). The fol-
lowing formulas proposed by Baldessarini et al. (1983) were
used to calculate the prevalence-adjusted predictive values:
positive predictive power5 (prevalence)* (sensitivity)0
(prevalence)* (sensitivity)1 (1 2 prevalence)(12 speci-
ficity), negative predictive power5 (1 2 prevalence)*
(specificity)0(1 2 prevalence)* (specificity)1 (1 2 prev-
alence)(12 sensitivity).

RESULTS

Table 1 provides a detailed description of participants’
demographic and disease characteristics. No significant
between-group differences were identified on the basis of
age, education, gender, handedness, age at disease onset,
Hoehn and Yahr stage, disease duration, self-reported symp-
toms of depression, or estimated premorbid intelligence (all
p . .05).

No significant overall differences were identified be-
tween the three groups on any DRS variable at baseline
(Wilk’s L 5 0.71, F@2,51# 5 1.73, p . .05). A one-way
within-subjects ANOVA revealed significant main effects
for time (Wilk’s L 5 0.75,F@2,50# 5 8.22,p , .001;h2 5
.25) and diagnosis (F@2,50# 5 12.66,p , .001;h2 5 .34)
on the DRS Total score. Consistent with group definitions,
pairwise comparisons indicated that the PDD group dem-
onstrated a significant decline in DRS Total score between
their baseline and Time 2 evaluations (p # .001), whereas
the PDND and NC groups did not demonstrate any signif-
icant changes on this measure between assessment intervals
( p . .05) (see Table 1).

Concerning executive functions, an overall multivariate
test revealed that the three groups differed with regard to
their baseline performance on the WCST (Wilk’sL 5 0.65,
F@2,49# 5 2.13,p , .05;h2 5 .19). Follow-up analyses of
variance indicated significant between-group differences on
several WCST indices, including total errors~F@2,49# 5
4.93,p , .01; h2 5 .17), perseverative errors~F@2,49# 5
8.99, p , .001; h2 5 .27), and percent conceptual level
responses~F@2,49# 5 5.87,p , .01;h2 5 .19). Subsequent
pairwise comparisons disclosed that the PDD participants
demonstrated a greater number of perseverative errors as
compared to the PDND group (p , .01, Cohen’sd 5 .98).
Significant pairwise differences also emerged between PDD
and NC participants on total number of WCST errors (p ,
.01, d 5 .95), total perseverative errors (p , .001, d 5
1.36), and percent conceptual level responses (p , .01,d5
1.09).

Significant overall differences also emerged on the
WMS–R (Logical Memory and Digit Span subtests) (Wilk’s
L 5 0.63,F@2,50# 5 2.36,p , .05; h2 5 .20). Follow-up
univariate analyses of variance revealed significant between-
group differences only on the Digits Backward subtest
~F@2,50# 5 6.53,p , .01;h2 5 .21). Pairwise comparisons
indicated that participants with PDD demonstrated poorer
Digits Backward performance relative to the PDND (p ,
.001,d 5 1.08) and NC (p , .001,d 5 1.21) groups.

Finally, significant overall differences were identified on
the CVLT (Wilk’s L 5 0.40,F@2,51# 5 2.44,p , .01;h2 5
.37), specifically for immediate recall across all five learn-
ing trials~F@2,51# 5 5.64,p , .01;h2 5 .18) and an index
of recognition discriminability~F@2,51# 5 7.35,p , .01;
h2 5 .22). Follow-up pairwise comparisons indicated that
the PDD group displayed poorer performance on total im-
mediate recall as compared to the PDND (p , .01, d 5
1.04) and NC (p , .01,d 5 0.92) samples. Likewise, per-
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Table 1. Baseline demographics, disease characteristics, and neuropsychological
variables by group

Variable NC PDND PDD

Age (years) 68.76 (6.44) 69.39 (5.80) 69.67 (6.78)
Education (years) 14.18 (2.30) 14.44 (2.57) 14.44 (2.84)
Gender

Male 12 (67%) 12 (67%) 12 (67%)
Female 6 (33%) 6 (33%) 6 (33%)

Handedness
Right 16 (90%) 17 (94%) 16 (90%)
Left 2 (10%) 1 (6%) 2 (10%)

Age at disease onset (years) — 63.89 (6.19) 63.33 (8.15)
Duration of disease (years) — 5.50 (3.35) 6.33 (5.36)
Hoehn & Yahr Stage (median) — 2 2

Stage 1 — 3 (17%) 0 (0%)
Stage 2 — 12 (67%) 16 (89%)
Stage 3 — 3 (17%) 1 (6%)
Stage 4 — 0 (0%) 1 (6%)

Mean test-retest interval (months) 15.03 (4.79) 15.01 (3.94) 16.29 (3.80)
Beck Depression Inventory (of 63) 4.22 (3.46) 7.28 (4.46) 7.67 (5.78)
NAART estimated Full Scale IQ 107.76 (11.73) 113.11 (6.99) 111.11 (5.94)
Mattis Dementia Rating Scale

Attention (of 37) 34.67 (2.89) 35.94 (1.26) 35.28 (1.32)
Initiation0Perseveration (of 37) 36.44 (1.15) 34.89 (3.23) 33.61 (3.66)
Construction (of 6) 5.89 (0.32) 5.89 (0.32) 6.00 (0.00)
Conceptualization (of 39) 35.33 (4.05) 34.89 (2.61) 33.44 (4.05)
Memory (of 25) 23.50 (2.81) 23.06 (1.76) 23.50 (1.50)
Total (of 144) 136.17 (5.31) 134.67 (3.96) 131.83 (6.09)
Time 2 Total score (of 144) 135.53 (6.07) 137.72 (4.65) 121.33 (16.52)**††

Letter fluency (FAS) 37.11 (16.20) 39.33 (13.17) 31.65 (9.75)
Category fluency (animals) 18.17 (4.15) 17.61 (3.76) 16.18 (3.97)
Boston Naming Test (of 60) 54.50 (5.01) 55.00 (2.85) 53.88 (4.47)
Wisconsin Card Sorting Test

Categories (of 6) 4.61 (1.72) 4.59 (1.91) 2.88 (2.12)
Trials to 1st category 14.67 (6.91) 18.94 (28.44) 29.82 (37.95)
Total errors 32.50 (20.47) 36.24 (19.14) 54.18 (25.09)†
Perseverative errors 16.28 (10.62) 20.53 (11.55) 33.24 (14.36)*††
Conceptual responses (%) 64.44 (20.44) 59.17 (21.90) 39.06 (26.32)†

Wechsler Memory Scale–Revised
Logical Memory I (of 50) 24.56 (6.07) 22.17 (6.49) 19.65 (5.49)
Logical Memory II (of 50) 20.78 (7.06) 17.22 (6.66) 13.82 (5.84)
LM % Retention 83.68 (13.81) 77.12 (14.19) 68.72 (15.28)
Digit Span Forward 7.89 (1.86) 8.56 (2.31) 7.29 (1.86)
Digit Span Backward 6.94 (1.43) 7.44 (2.71) 5.12 (1.58)**††

California Verbal Learning Test
Total Trials 1–5 (T-score) 42.44 (10.71) 41.35 (6.18) 32.83 (10.21)*†
List B 4.78 (1.83) 2.41 (3.00) 5.78 (4.12)
Short delay free (of 16) 8.17 (3.59) 7.29 (2.34) 6.22 (2.69)
Short delay free vs. List A (%) 221.37 (20.74) 225.58 (27.77)228.28 (17.67)
Long delay free (of 16) 8.28 (3.68) 8.41 (2.35) 6.00 (3.51)
Semantic clustering 1.30 (0.46) 1.73 (0.81) 1.31 (0.69)
Intrusions 3.94 (3.13) 3.47 (4.06) 6.39 (7.00)
Perseverations 5.00 (5.11) 3.18 (2.72) 4.61 (6.66)
Discriminability (%) 91.11 (5.07) 90.12 (6.85) 81.56 (11.64)*††

Note. Data are presented as the mean6 standard deviation in parentheses. NC5 normal controls;
PDND5 Parkinson’s disease–nondemented; PDD5 Parkinson’s disease–incident dementia.
*p # .01. **p # .001. (pairwise comparisons between PDD and PDND).
†p # .01. ††p # .001. (pairwise comparisons between PDD and NC).
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sons with incident PDD exhibited poorer word list recogni-
tion discriminability relative to participants in the PDND
( p , .01,d 5 0.93) and NC (p , .001,d 5 1.14) groups.

There were no significant between-group differences iden-
tified on the language measures considered as a group, in-
cluding confrontational naming, letter fluency, and animal
naming (Wilk’sL 5 0.92,F@2,50# 5 0.73,p . .05).

Classification Accuracy

ROC curves and predictive values were generated for CVLT
Trials 1–5 and Recognition Discriminability, WCST Per-
severative Errors, and WMS-R Digits Backward to deter-
mine the clinical utility of the neuropsychological variables
that discriminated between PDD and PDND (see Table 2).
In an effort to evaluate relative risk of incident PDD based
on multiple measures impaired, we also assessed the diag-
nostic efficiency of a summary impairment index using these
four test scores. The summary index was calculated as the
total number of scores in the impaired range (as determined
by the ROC plots) for each participant. Index scores ranged
from zero to four.

Each of the predictor variables and the summary index
performed significantly better than chance in correctly clas-
sifying the PDD and PDND groups (allp , .05). CVLT
Trials 1–5 proved to be the most sensitive individual mea-
sure, with 89% of PDD patients exhibiting baseline T-scores
less than 40. Similarly, 89% of patients with PDD dis-
played impaired test scores on two or more of the predictor
variables included in the summary index. Specificity (i.e.,
the percentage of PDND participants with scores above cut-
off ) was comparable for each of the measures, and ranged
between 65% (WCST Perseverative Errors) and 72% (CVLT
Trials 1–5, CVLT Recognition Discriminability, and WMS-R
Digits Backward). Overall predictive power (i.e., ratio of
all true positive and true negative instances to the total num-
ber of test scores) was satisfactory, with values ranging
from 68% (WCST Perseverative Errors) to 81% (CVLT
Trials 1–5). The summary index provided the greatest pos-
itive predictive power (i.e., the ratio of all true positive
instances to all test positives), with the PDD group account-
ing for 85% of all summary index scores falling in the

impaired range ($ 2 of 4 tests impaired). Although nega-
tive predictive values (i.e., the ratio of all true negative
instances to all test negatives) remained relatively un-
changed when corrected for prevalence rates, estimates of
positive predictive power were slightly lower, ranging from
51% (CVLT Recognition Discriminability) to 67% (WCST
Perseverative Errors).

DISCUSSION

To elucidate the prodromal cognitive characteristics of in-
cident dementia in PD, we retrospectively examined the
baseline neuropsychological profiles of PD patients who
were diagnosed with incident dementia at one-year follow-up
(PDD) as compared to demographically similar non-
demented patients with PD (PDND) and normal controls
(NC). Relative to NC participants, the PDD sample dem-
onstrated impairment on measures of executive function-
ing, working memory, and verbal memory. When compared
to the PDND group, incident PDD participants exhibited
a greater number of perseverative errors on the WCST,
poorer digits backward performance, and less efficient im-
mediate auditory-verbal list learning and recognition dis-
criminability (CVLT). Effect sizes (Cohen’sd) derived from
differences between the PDND and PDD samples’ neuro-
psychological test scores at baseline were large, as values
ranged from 0.93 (CVLT Recognition Discriminability) to
1.08 (Digits Backward).

While statistically discrepant neuropsychological perfor-
mance between groups is important, such findings are of
limited utility in diagnostic decision-making dilemmas in
the individual case. Follow-up diagnostic efficiency statis-
tics revealed that scores on CVLT Trials 1–5 and Recogni-
tion Discriminability, WCST Perseverative Errors, and
WMS–R Digits Backward efficiently classified individuals
within the PDD and PDND groups. Overall predictive power
estimates for these measures fell between 68% (WCST Per-
severative Errors) and 81% (CVLT Trials 1–5). A summary
index comprised of the four predictor variables was highly
sensitive to incident PDD (89%) and provided excellent
positive predictive rates (85%) using a cutoff score of two
or more measures impaired.

Table 2. Classification accuracy of neuropsychological measures and a summary index for predicting incident PDD

Variable ROC Sens. Spec. PPP NPP OPP PPP-p NPP-p

CVLT Trials 1–5 (, 40T) 0.798** 0.89 0.72 0.76 0.87 0.81 0.58 0.87
CVLT Rec. Discrim. (, 88%) 0.728* 0.67 0.72 0.71 0.68 0.69 0.51 0.69
WCST Persev. Errors (. 28) 0.768** 0.71 0.65 0.67 0.69 0.68 0.67 0.69
Digits Backward (, 6) 0.766** 0.71 0.72 0.71 0.72 0.71 0.52 0.71
Summary Index ($ 204 tests impaired) 0.849*** 0.89 0.67 0.85 0.70 0.75 0.53 0.86

Note. Classification accuracy statistics were calculated between the PDD and PDND groups. ROC5 Total area under the receiver-
operating curve; Sens.5 sensitivity; Spec.5 specificity; PPP5 positive predictive power; NPP5 negative predictive power; OPP5
overall predictive power. PPP-p and NPP-p reflect positive and negative predictive values adjusted for an estimated 30% PDD
prevalence rate.
*p , .05, **p , .01, *** p , .001
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The neuropsychological findings observed in incident
PDD are unlikely to be secondary to generalized cognitive
deficits as no significant group differences emerged on the
baseline DRS. Discrepant neuropsychological performance
between PDD and PDND cannot be explained by the ef-
fects of depression, demographics, or disease characteris-
tics given that these variables were controlled for by
matching. Although Unified Parkinson’s Disease Rating
Scale (UPDRS; Fahn et al., 1997) Motor section scores
may have allowed for more stringent control of disease
severity, the Hoehn and Yahr ratings utilized in this study
consistently show high correlations with the UPDRS (e.g.,
Martinez-Martin et al., 1994; Stebbins & Goetz, 1998).

Overall, the neuropsychological findings are consistent
with the initial research hypotheses and prior investigations
indicating that subtle frontal0executive dysfunction is evi-
dent during the immediate prodromal phase of dementia in
PD (e.g., Jacobs et al., 1995a; Mahieux et al., 1998). Con-
sidering the known pathophysiology of PD, the current
neuropsychological findings are interpreted to reflect a dis-
ruption of prefrontal-subcortical circuitry, with particular
involvement of the basal ganglionic-thalamic-cortical loops
associated with the dorsolateral (DLPFC) and anterior
(APFC) prefrontal cortex. Digits backward, for example, is
often characterized as a measure of working memory and is
associated with activation of the DLPFC and APFC (Fletch-
er & Henson, 2001). Although the WCST is typically iden-
tified as a complex measure of executive functioning that is
sensitive to a variety of cerebral pathologies (Spreen &
Strauss, 1998), perseverative errors on this measure are con-
sistently linked to dysfunction in the DLPFC (e.g., Lom-
bardi et al., 1999).

At issue is whether verbal memory deficits observed in
this study are also attributable to executive dysfunction and
frontal pathophysiology. Memory deficits in PDD have tra-
ditionally been attributed to retrieval inefficiency (for re-
views see Tröster et al., 2000; Tröster & Fields, 1995), yet
recent research has highlighted the heterogeneity of PD mem-
ory profiles, and thus, in the cognitive mechanisms pre-
sumed to underlie memory deficits in PD (Filoteo et al.,
1997; Stern et al., 1993b). Given the pattern of CVLT dif-
ferences evident between the PDD and PDND groups in
this study (specifically in immediate recall and recognition
of a word list) one might hypothesize that an encoding or
consolidation (rather than an executive) deficit is operative
in PDD. Among these two possible mechanisms, the con-
solidation hypothesis is less attractive given the absence of
significant differences among the NC, PD, and PDD groups’
forgetting rates (contrasting short- and long-delay free re-
call on the CVLT, and percent retained for Logical Memory).
Certainly, encoding has been reported to be deficient in PD
(e.g., Buytenhuijs et al., 1994), and a contribution of tem-
poral lobe dysfunction to deficient encoding cannot be ex-
cluded given evidence of reciprocal connections between
temporal lobe and basal ganglia (see Middleton & Strick,
1996). Present clinical test data do not, however, permit
disentanglement of “pure” encoding deficits from deficient

executive controlover encoding and retrieval processes.
Given that functional neuroimaging research reveals that
both encoding and retrieval are associated with activation
of the prefrontal cortex (see Fletcher & Henson, 2001 for
review), and because other functional neuroimaging and
psychometric research supports the role of executive func-
tions and prefrontal-subcortical circuitry in learning, recall
and recognition of word lists (Johnson et al., 2001; Ricker
et al., 2001; Spreen & Strauss, 1998; Stuss et al., 1994;
Tremont et al., 2000; Vanderploeg et al., 1994), the idea
that executive control mechanisms over encoding are defi-
cient has merit. This explanation also has parsimony with
the overall neuropsychological profile of PDD revealed in
this study.

The present findings are generally consonant with those
of previous studies of incident PDD (e.g., Jacobs et al.,
1995a; Mahieux et al., 1998; Piccirilli et al., 1989); how-
ever, the insignificant verbal fluency results differ from ear-
lier investigations and warrant further consideration. The
absence of verbal fluency differences is surprising, partic-
ularly since this task requires the initiation and persistence
of retrieval strategies and is often associated with frontal0
executive functions (Spreen & Strauss, 1998). Further-
more, several cross-sectional studies have described letter
and category fluency deficits in PD with dementia, but not
in patients without dementia (e.g., Testa et al., 1998; Tröster
et al., 1998). In the present sample, however, the three groups
performed similarly on animal naming and letter fluency
(all p $ .10). Despite conflicting with the work of Jacobs
et al. (1995a) who reported adequate predictive values for
verbal fluency, these results are consonant with the work of
Mahieux et al. (1998) who found only a trend for letter
fluency and non-significant results for category fluency in
predicting incident PDD. Further longitudinal research is
needed to reconcile these inconsistent verbal fluency find-
ings, which are likely related to several factors, including
differences in methodology, sample size and composition,
global cognitive ability, and0or task complexity (Piatt et al.,
1999a). Measures of action (verb) fluency might be useful
to this end considering this instruments’ sensitivity to PDD
and its convergent validity with other measures of fronto-
striatal functions (Piatt et al., 1999a, 1999b).

Certain limitations to the current findings deserve men-
tion. The PD and NC samples consisted primarily of highly
educated Caucasian males, which raises concerns regarding
generalizability.Although the one year interval between base-
line and follow-up neuropsychological evaluations pro-
vides a clearer picture of the cognitive deficits immediately
prior to the formal diagnosis of dementia, one cannot con-
fidently assert that the neuropsychological tests revealing
dysfunction at baseline representprodromalPDD rather than
the early stages of PDD itself. Additionally, without neuro-
pathological confirmation one cannot rule out the possibil-
ity that the incident PDD participants developed concomitant
AD or another dementing process rather than a PD-related
dementia. Yet participants with suspected comorbid demen-
tia other than PDD were excluded on the basis of compre-
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hensive clinical evaluations at baseline and follow-up.
Furthermore, the profile of frontal0executive dysfunction
described above differs from the neuropsychological pro-
file associated with incident AD, which, in addition to a
rapid rate of forgetting, typically includes deficits in seman-
tic memory, object naming, and verbal abstract reasoning
(e.g., Jacobs et al., 1995b; Peterson et al., 2001). In the
absence of specific treatments for different dementias, the
most salient clinical issue remains prediction of dementia
in the patient with PD, rather than the prediction of the
neuropathologically confirmed etiology of the decline.

In summary, results from this study indicate that subtle
frontal0executive dysfunction is apparent during the imme-
diate PDD prodrome (that is, at least one year prior to for-
mal diagnosis) and is useful in identifying those patients
who are at greatest risk for incident dementia. Early iden-
tification of PDD is of clinical importance because demen-
tia in PD is commonly associated with increased mortality
(Marder et al., 1991), caregiver distress (Aarsland et al.,
1999), poorer quality of life (Schrag et al., 2000), greater
medical costs due to nursing home placement (Aarsland
et al., 2000), and poorer treatment outcomes (Fields &
Tröster, 2000; Jacobs et al., 2000; Marder, et al., 1991).
Comprehensive neuropsychological evaluation may facili-
tate early identification of incident PDD and subsequently
inform appropriate therapeutic regimens, caregiver prepa-
rations, as well as legal and financial planning. When cou-
pled with appropriate medical and psychosocial management,
early identification of PDD may ultimately serve to im-
prove patients quality of life by delaying the onset and0or
impact of this debilitating disorder, thereby also potentially
curbing direct and indirect clinical expenditures associated
with PDD (Peterson et al., 2001).
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