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ABSTRACT: There is growing interest in identify-
ing Parkinson’s disease (PD) patients with mild cognitive
impairment (PD-MCI), but widely disparate criteria have
been used. We assessed 143 PD patients and 50
matched controls on 20 measures across 4 cognitive
domains (executive function, attention and working
memory, learning and memory, visuoperception).
Twenty-four patients met criteria for dementia (PD-D);
nondementia patients were classified as either with nor-
mal cognition or MCI for 12 neuropsychological criteria.
We compared the influence of these criteria on the dis-
tribution of global cognitive performance in the resulting
PD-MCI groups relative to the control and PD-D groups.
Different criteria produced substantial variation in the
proportion of PD-MCI cases identified. Fourteen per-
cent PD-MCI was found when using 2 scores in 1 do-
main at 2 standard deviations (SD) below normative
scores, with no controls identified as MCI, through to

o
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89% PD-MCI with 1 score in 1 domain at 1 SD below
normative scores, when 70% of controls were identified
as MCI. The balance of cases with impaired cognition
but not those with generally intact cognition was better
served by using criteria that required 2 specific deficit
scores or deficits across 2 domains. As comparisons
with external normative data may have greater applic-
ability across centers, we suggest that 2 scores at —1.5
SD within any single domain (830% PD-MCI) or 1 score
at —1.5 SD in each of 2 domains (37% PD-MCI) pro-
vide suitable criteria to minimize the inclusion of cogni-
tively well patients. Clinical dementia rating did not
improve the relative identification of cognitively impaired
and unimpaired nondementia PD patients. © 2011
Movement Disorder Society
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Recent studies have shown that Parkinson’s disease
(PD) produces a 75%-90% cumulative prevalence of de-
mentia (PD-D).! Consequently, there is interest in a poten-
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tial transition stage, PD with mild cognitive impairment
(PD-MCI), to identify those at increased risk for PD-D
and to facilitate intervention studies.”> Most researchers
emphasize psychometric criteria for PD-MCI and sample
impairments in multiple cognitive domains because sev-
eral deficits are implicated as predictors of progression to
PD-D.>” The difficulty facing clinicians, however, is that
markedly heterogenous criteria have been applied.” This
study directly compared the influence of different MCI cri-
teria in a large sample of PD patients.

The predominant strategy in PD follows that used in
the wider MCI literature,®” which is to identify
patients with minimally impaired everyday function
whose cognitive test scores fall 1.5 standard deviations
(SD) or more below the mean of age-adjusted norma-
tive data or a control group (ie, below the seventh
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TABLE 1. Group characteristics (mean = SD)

Controls PD (nondementia) PD-D (with dementia) Analysis (adjacent comparisons)*
Number 50 119 24
Age 67.1 = 9.0 66.7 = 8.3 729 = 71 F2190 = 5.6, P < .01 (Con = PD < PD-D)
Sex, M/F 3317 80/39 19/5
Education (y) 13.6 = 3.0 129 = 29 12.75 £ 3.0 Fr190 = 1.5, 18
Premorbid 1Q (WTAR) 1119 = 94 1109 = 85 107.5 = 10.7 Fo190 = 1.9, ns
Symptom duration (y) N/A 52 + 4.0 122 =738 MW Z = 4.27, P < .0001
Hoehn and Yahr stage N/A 2.05*+ 0.8 3.35 0.7 M/W Z = 5.64, P < .0001
UPDRS (motor) 25.3 £ 13.6 49.9 £ 175 M/W Z = 5.55, P < .0001
MMSE 285 *+ 1.6 275 £ 2.2 229 = 28 H, = 53.0, P < .0001 (Con > PD > PD-D)
MoCA 271 £ 20 258 £ 2.7 173 £ 40 H, = 63.4, P < .0001 (Con > PD > PD-D)

MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; WTAR, Wechsler Test of Adult Reading; F, ANOVA; H, Kruskall-Wallis; M/W,

Mann-Whitney;
*post hoc P < .05 for each adjacent pair.

percentile). The uncertainty is that some groups identi-
fied PD-MCI if a patient obtained at least 1 test score
within a cognitive domain that was —1.5 SD or worse
(1.5SD:1 score),'®" whereas others required either 2
measures (1.5SD:2 scores),'®'® a  consistent impair-
ment,'” or an average score that fell 1.5 SD below that
obtained by controls in 1 domain (1.5SD:Ave).?**! We
interpret consistent impairment as 1 score meeting 1 SD
and a second meeting 1.5 SD below the norm
(1SD:1&1.5SD:1). Another complication is that 1 group
employed a score of —1 SD or worse within a domain
(1SD:1).>%** Conversely, others have characterized defi-
cits in nondementia patients at —2 SD, again with either
1 measure (25D:1)**% or 2 measures (2SD:2)*® in 1 do-
main. An additional layer of uncertainty arises from the
use of a clinical dementia rating (CDR)*” of 0.5 or clini-
cal judgment as alternatives to psychometric classifica-
tion,*8!

The frequent use of a small number of tests or a re-
stricted range of cognitive domains presents further
challenges. In particular, an isolated deficit in only 1
cognitive domain may encourage false positives
because of an existing but unrepresentative weak-
ness.®”3%3% In contrast, PD patients experiencing the
transition to dementia are expected to show poor cog-
nitive performance overall.>* Impaired activities of
daily living associated with deficits across at least 2
cognitive domains are required for a PD-D diagnosis.
Heterogeneity of impairments and multisystem brain
changes are associated with progression to PD-D.*%°
We therefore assessed multiple cognitive tests across
the 4 domains specified as relevant for PD-D by the
Movement Disorders Society (MDS) Task Force.>®
These domains may be pertinent to PD-MCI cases at
increased risk of dementia.

We compared PD-MCI criteria that relied on poor
performance in either 1 or 2 of the 4 domains to eval-
uate their impact on the composition of the PD-MCI
group. External normative data were used to express
cognitive performance, and a global neuropsychologi-

cal score was derived from the 4 cognitive domains.
This global psychometric measure illustrated the rela-
tive distribution of MCI cases identified by the differ-
ent criteria. Comparison with a normal control group
and with a group of PD-D patients facilitated the
assessment of whether individual criteria are unneces-
sarily liberal or relatively strict.

Patients and Methods

A convenience sample of 156 PD patients (UK Par-
kinson’s Society criteria)®” > 1 year since symptom
onset were recruited (beginning in March 2007) through
the Van der Veer Institute for Parkinson’s and Brain
Research (Table 1). Atypical parkinsonian disorder,
other neurological or major medical conditions (eg, head
injury, stroke, early-life learning disability), current psy-
chiatric problems, or poor English (precluding testing)
provided a general exclusion. The 52 age- and educa-
tion-matched controls were volunteers responding to
community advertisements who reported no subjective
cognitive decline or problems on interview. A clinical
report (R. Keenan, Hagley Radiology, Christchurch,
New Zealand) on 3T MRI structural brain scans (con-
trols, 75%; patients, 73%; limited by funding) resulted
in the exclusion of 5 patients and 2 controls for 1 or
more of: moderate to severe white matter disease (5
cases), atrophy and ventriculomegaly (4 cases), thalamic
lesion (1 case), and cerebellar infarcts (1 case). The pro-
portion of MRI exclusions suggests that only 2 more
would be expected in nonscanned participants.

The study was approved by the local Ethics Com-
mittee, New Zealand Ministry of Health, with
informed consent provided by all participants (and sig-
nificant other when required).

Participants completed neuropsychological assess-
ments over 2 sessions using 20 measures (Table 2)
across the 4 cognitive domains proposed by the MDS
Task Force. Mental status tests (Tables 1 and 3) were
not included in these evaluations. As shown in Table 2,
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TABLE 2. Individual neuropsychological tests and domains (mean *= SD) with PD-MCI
classified by the 1.5SD:2 criterion

PARKINSON’S DISEASE

Controls PD-N PD-MCI PD-D Controls vs PD-N: PD-N vs PD-MCI:  PD-MCI vs PD-D:
Tests and domains (n = 50) (n = 83) (n = 36) (n = 24) AUC (95% Cl) AUC (95% Cl) AUC (95% Cl)
Executive function
Action (verb) fluency 0.66 = 1.0 013 =12° —0.81 *09 —1.80 =06 065 (0.56-0.73) 0.75° (0.66-0.82)  0.82% (0.69-0.90)
Letter fluency (D-KEFS) 0.80 = 1.2 074 =12 007 +13 —1.24 = 1.1 0.50 ns (0.41-0.58) 0.659 (0.56-0.74)  0.77° (0.64-0.87)
Category fluency (D-KEFS)  1.31 = 0.9 076 + 1.1 —0.08 + 1.0 —1.46 = 0.9 065 (0.56-0.73)  0.719 (0.62-0.79)  0.85° (0.73-0.93)
Category switch (D-KEFS)  0.86 * 1.2 016 =10 -0.63 1.0 -2.09 =09 0.709(0.62-0.78) 0.719 (0.62-0.79)  0.85° (0.73-0.93)
Stroop interference 052 = 0.5 0.38 = 0.7° —0.94 + 1.3 —254 = 0.7 056 ns (0.47-0.65) 0.81° (0.73-0.88)  0.85° (0.74-0.93)
(D-KEFS)
Trails B 0.69 = 0.5 017 + 08 —1.07 +11* —274 = 0.6 0.68°(0.59-0.76) 0.819 (0.73-0.89)  0.919 (0.81-0.97)
Executdive domain 0.81 =05 0.39 + 06 —058 +07 —1.98 = 0.5 0.69°(0.61-0.77) 0.869 (0.78-0.92)  0.96° (0.87-0.99)
Attention
Stroop word reading 0.28 = 0.8 0.20 + 0.6° —0.37 = 0.8 —1.65= 1.1 0.56 ns (0.48-0.65) 0.70° (0.61-0.79)  0.83 (0.71-0.91)
Stroop color naming 014 = 0.8 0.04 = 0.8° —049 = 0.8 —2.04 = 0.9 054 ns (0.45-0.63) 0.68° (0.59-0.76)  0.89° (0.79-0.96)
Digits forward 0.85 = 1.1 0.43 = 0.8 0.07 = 0.8 —0.60 = 1.0 0.61 ns (0.52-0.69) 0.65' (0.55-0.73)  0.689 (0.55-0.80)
plus backward
Digit ordering —-059 +09 -059+09 -163*08 -220+ 06 0.52ns (0.43-0.61) 0.819 (0.73-0.88)  0.75% (0.62-0.85)
Map search 0.81 =09 —0.24 =09° —1.48 = 09* —2.27 = 0.7% 0.80° (0.71-0.86)  0.829 (0.74-0.89)  0.75° (0.62-0.86)
Trails A 0.35 = 0.7 0.05 + 0.7 —0.93 + 0.9* —257 = 0.7 0.62 ns (0.53-0.70) 0.809 (0.71-0.87)  0.92° (0.82-0.97)
Attention domain 031 +05 —0.01 =04 -081 04 -189+ 05 0.68°(0.60-0.76) 0.89° (0.82-0.94)  0.949 (0.84-0.98)
Learning and memory
CVLT-Il SF
Acquisition 095 = 0.9 032 +09 -078+09 -202=+10 069°(0.61-0.77) 0.819(0.73-0.87)  0.82° (0.70-0.91)
Short delay (30 s) 092 +1.2 025 +11 —079+1.0 —181 =07 066 (057-0.74)  0.75° (0.66-0.82)  0.79° (0.66-0.88)
Long delay (10 min) 0.72 = 0.8 031 =08 —050=*09 —1.15=07 066 (0.57-0.74) 0.75° (0.66-0.82)  0.70° (0.57-0.81)
Rey Complex Figure
Short delay (3 min) 1.08 = 1.2 024 +1.4* —076 + 1.4 —1.81 = 0.9° 0.66' (0.57-0.74)  0.62 ns (0.53-0.71) 0.79° (0.66-0.88)
Long delay (30 min)° 084 = 1.4 01+15 —0.85+12 —195+ 1.0 0.62 ns (0.50-0.73) 0.70° (0.57-0.80)  0.75° (0.61-0.86)
Memory domain 091 = 0.8 029 + 0.8 —067 =07 —1.77 = 0.6 0.72°(0.64-0.80) 0.829 (0.74-0.89)  0.87° (0.76-0.94)
Visuospatial/visuoperceptual
Rey Complex 0.24 = 0.8 011 £+ 08 —0.85+ 13 —2.08 = 1.3 0.57 ns (0.48-0.65) 0.739 (0.64-0.81)  0.75° (0.62—0.86)
Figure—Copy
Judgment of line 0.68 = 0.6 0.53 = 0.6 0.03 =09 —0.74 =1.0 0.57 ns (0.48-0.65) 0.679 (0.58-0.75)  0.73° (0.60-0.84)
orientation
Fragmented letters 0.60 + 0.7 054 = 0.6 0.15 + 09 —0.88 = 1.1 0.47 ns (0.38-0.55) 0.62 ns (0.53-0.71) 0.75° (0.62—0.85)
Visual domain 0.50 = 0.5 039 =04 -022+07 -123*08 0.61ns(0.52-0.69) 0.779 (0.68-0.84)  0.829 (0.70-0.91)
Global neuropsychological 0.63 = 0.4 026 = 0.4 —057 +04 -172+05 0.76°(0.68-0.83) 0.949 (0.88-0.97)  0.97° (0.89-1.0)
Z score

Neuropsychological test values are Z scores (mean = SD) based on age- and education-adjusted norms. Controls, age- and education-matched controls; PD-
N, Parkinson’s disease patients with normal cognition; PD-MCI, PD meeting the 1.5SD:2 single-domain criterion; PD-D, with dementia; AUC, area under the
receiver operating characteristics curve (chance = 0.5; perfect separation = 1.0). Either, but not both, delay measure was allowed to contribute to a single
impairment at 1.5 SD for each of the CVLT-SF and Rey Complex Figure tests. Not all cases tested on every measure, as follows: ®sample size = n — 1;
bsample size = n — 2; °sample size = n — 6; Yattention, working memory, and processing speed; ®assessment made on a subset of control (n = 34), PD-N
(n = 41), and PD-MCI (n = 27) cases; CVLT-SF, California Verbal Learning Test-Il Short Form; D-KEFS, Delis—Kaplan executive function system; P <.01;9P <

.001; ns, nonsignificant at 0.01, adjusted for multiple comparisons.

all age- and education-adjusted normative scores but 2
(Rey-short delay, fragmented letters) discriminated the
PD-MCI group meeting our institute’s current MCI cri-
terion (1.5SD:2, single domain) from the remainder
classified as having normal cognition (PD-N).'® There
were substantial differences on all measures between
this PD-MCI group and PD-D patients. The PD-D diag-
nosis required a clear decline in everyday functional
activities not attributed to motor impairment, with a
significant deficit in at least 2 cognitive domains (in
practice, all met the criterion at 2 SD below normative
data).’® The Reisberg instrumental activities of daily
living®® and CDR were obtained through interview

with a significant other for all PD-D patients, 64% of
nondementia patients, and 72% of controls (Table 3).
To avoid confusion between MCI and dementia, 8 PD
cases missing functional assessments and with cognitive
test scores of —2 SD in 2 domains were excluded from
analysis. Incomplete assessments resulted from the lack
of a significant other or insufficient time.

Data Analysis

The externally derived standardized scores were used
to classify each nondementia PD patient on each psy-
chometric criterion, and then the global neuropsycho-
logical performance was used to illustrate the resulting
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TABLE 3. Dementia assessments (mean

+ SD) with PD-MCI classified by the 1.5SD:2 criterion

Controls PD-N PD-MCI PD-D Controls vs PD-N: PD-N vs PD-MCI: PD-MCI vs PD-D:
(n=34) (n = 44) (n=32) (n = 24) AUC (95% ClI) AUC (95% ClI) AUC (95% ClI)
Clinical Dementia 0.00 = 0.0 011 +02 038+02 —129=05 060ns(0.49-0.71)  0.76" (0.65-0.85) 1.00° (0.94-1.0)
Rating (CDR)
CDR sum of boxes ~ 0.03 = 0.1 047 =11 142 =141 7.27 =25  0.65ns (0.53-0.75)  0.79° (0.68-0.87) 1.00° (0.93-1.0)
Reisberg IADL 0.19 = 0.2 043 =05 067 =05 2.00 = 0.4 061 ns(0.50-0.72)  0.66 ns (0.54-0.77)  0.98" (0.90-1.0)
DRS-2 (AESS) 129 +23* 125+ 19 99 £ 19 50 + 27 056 ns (0.45-0.67)  0.83" (0.72-0.90) 0.93" (0.83-0.98)

Controls, age- and education-matched controls; PD-N, Parkinson’s disease patients with normal cognition; PD-MCI, PD meeting the 1.5SD:2 single-domain
criterion; PD-D, with dementia. ®Control (n = 38). AUC, area under the receiver operating characteristics curve (chance = 0.5; perfect separation = 1.0); CDR,
Clinical Dementia Rating; DRS-2 (AESS), Dementia Rating Scale-2 age- and education-adjusted standard score; IADL, instrumental activities of daily living; °P

< .001; ns, nonsignificant at 0.01, adjusted for multiple comparisons.

PD-MCI groups by comparison with the control and
PD-D groups (Fig. 1). Global performance was
expressed by an aggregate Z score for each individual
by first averaging their standardized scores within each
cognitive domain and then taking the mean of these 4
scores. This Z score provides a common indicator
across all participants. As the whole nondementia sam-
ple was used to classify MCI versus relatively normal
cognition for each criterion, nondementia PD cases fea-
ture in 1 or more dot-plots. All controls were included
because variation due to the criteria was the primary
interest. For example, a control scoring 1 SD below

All controls

. / (n=50)

Global mean Z-score of each individual

normative data might be considered MCI on 1 criterion
but intact on another. Only 1 control showed poor
overall performance, although unimpaired memory, but
he had low education and no history of declining cog-
nition. The 2 broken lines in Figure 1 show the 1.5 SD
(+0.05) and 2 SD (—0.14) values below the mean
global Z score (+0.63) for the control group. For con-
sistency, the primary analyses provide proportions rela-
tive to all nondementia patients (95% confidence
interval  [CI], http://faculty.vassar.edu/lowry/Vassar-
Stats.html). The cognitive profile analyses examined
proportions within a given criterion.

-1.0+ . . 3 — L : . . : : —
& & $ & $ & 3 & B & & & & :
1.5 All non- 3
dementia PD dementia i
PD (n=119 =24,
20 (umAi iats
1
Ve .
25 ‘an der Veer s
Control MCl:  70%  38%  24% 22% 20% 14% 6% 0% 2% 8% 0% 4%
PD-MCl:  89% 8% 69% 45% 60% 48% 30% 14% 57% SI%  37%  45%
[95% CI]  [82-94] [59-76] [60-77) [36:55] [50-68] [39-57] [22-39] [9-22) [48-66] [42-60] [28-46] [36-55]
f \ 1 1 T 1 I 1
N By e N > o ¥ v o> g o N
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TEE ¥ FFeE vy 89
N N Sl N7
& & @
— Single-domain MCl criteria  — Two-domain criteria

FIG. 1. Global Z scores for all participants derived from performance across 4 cognitive domains. All controls and nondementia PD patients are
shown on the far left, and the PD-D patients are shown on the far right. The main body of the figure plots controls and nondementia patients classi-

fied as MCI using 12 neuropsychological criteria. For example, (1) “1

.58D:2” classifies a person as MCI if they have at least 2 test scores at or

worse than 1.5 standard deviations (SD) below normative data within any domain, and (2) “1.5SD:Ave” refers to an average domain score that falls
1.5 SD below the domain scores for the control group in either 1 (left side) or 2 (right side) domains. Percentages indicate the proportions classified
as MCI by each criterion (with 95% confidence interval [CI] for PD-MCI). For reference, the dashed lines indicate —1.5 and —2.0 SD below the con-

trol group mean.
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Results

The 2 dot-plots on the far left of Figure 1 show the
distribution of global cognitive scores for the 50 con-
trols and 119 nondementia PD patients. The Z scores
of the 24 PD-D patients are provided on the far right
of Figure 1. Relative to an aggregate Z score at 1.5
SD below the average for the control group, 61 (51%,
CI 42%-60%) of the nondementia patients could be
regarded as showing relatively poor cognition and 58
(49%, CI 40%-58%) as showing intact cognition.
Clearly, the proportion of cases identified as MCI var-
ied markedly across different criteria.

When a single-domain criterion was used (left side
of Fig. 1), the criteria 1SD:1, 1.5SD:1 (single score rel-
ative to normative data), and 1.5SD:Ave (average of
domain normative scores below 1.5 SD of the con-
trols” average score) identified all or nearly all patients
whose global cognitive score fell below —1.5 SD of
the control group’s mean (ie, 51%, CI 42%-60%, of
all nondementia patients; 49%, CI 40%-58%; 50%,
CI 41%-60%, respectively). This high sensitivity was,
however, at the probable expense of too many false
positives because these criteria captured a high pro-
portion of nondementia patients showing intact cogni-
tion by comparison with the —1.5 SD global value of
the controls (39%, CI 30%-48%; 21%, CI 14%-
30%; 20%, CI 14%-29%, respectively). In addition,
70%, 38%, and 24% of the controls were also classi-
fied as MCI on these 3 criteria despite all but 2 of the
controls achieving an aggregate Z score above zero.
The single-domain 1SD:2 criterion was similar to these
first 3 criteria, identifying 60% of nondementia cases
as PD-MCI, including 14% (CI 9%-22%) of the sam-
ple who had relatively intact global cognition and
omitting 5% (CI 2%-11%) who showed impaired
cognition.

As shown on Figure 1, the remaining 4 single-do-
main criteria (2SD:1, 1SD:1 & 1.5SD:1, 1.5SD:2,
2SD:2) identified fewer PD-MCI cases. These criteria
included few patients with relatively intact cognition
(8%, CI 5%-15%; 7%, CI 3%-13%; 2%, CI 0%-—
7%; and 0%, respectively) but at the expense of omit-
ting patients with relatively poor overall cognition
(13%, CI 7%-20%; 8%, Cl 4%-15%; 21%, CI
14%-30%; 36%, CI 28%-36%, respectively). They
classified between 0% and 20% of controls as MCI.

MCI criteria requiring impairments in 2 domains
(right side of Fig. 1) may identify patients who are
starting to show more diverse changes in cognition
expected of those at risk of dementia. The 1SD:1 &
1.5SD:1 2-domain criterion (1 of either value below
normative data in each of 2 domains) identified a high
proportion of PD-MCI cases, many with relatively
intact cognition (11%, CI 6%-18%) and omitted few
cases with low cognitive scores (3%, CI 1%-9%).

CRITERIA FOR PARKINSON’'S DISEASE

Twenty-two percent of controls were identified. As
shown in Figure 1, moderate proportions of PD-MCI
cases were found using the criteria 1SD & 1.5SD:Ave
(1 of each in separate domains, based on the individ-
ual’s domain average relative to the control group’s
average domain score), 1.5SD:1 (1 score below nor-
mative data in each of 2 domains), and 1.5SD:Ave.
These 2-domain criteria included low proportions of
PD-MCI cases with relatively intact global cognition
(8%, CI 4%-14%; 3%, CI 1%-8%; 3%, CI 1%-
9%, respectively) and omitted a low to moderate
number of low cognitive scores (5%, CI 2%-11%;
15%, CI 9%-23%; 8%, CI 4%-15%, respectively).
They also identified control cases with global scores
in the lower range.

Logistic regression revealed that all average cogni-
tive domain scores (attention, beta coefficient =
—2.98, P < .01; executive function, —1.64, P < .02;
memory, —1.48, P < .01; visuoperception, —1.91,
P < .05) were significant predictors of MCI status in
the nondementia sample when using a relatively leni-
ent criterion (1.5SD:Ave, 1 domain). However, only
attention (—3.82, P < .0001) and memory (—1.81,
P < .01), not executive function (—0.49, P = .43) or
visuoperception (—0.42, P = .55), were predictors
of MCI status using the relatively strict criterion of
1.5SD:2 in 1 domain.

In terms of cognitive profile, 22% of PD-MCI cases
(7% of the whole sample) who were classified using
the Van der Veer 1.5SD:2 criterion'® showed “multi-
domain excluding memory” deficits, and 25%
showed “multidomain amnesic” deficits (Fig. 2).
Patients showing multiple-domain deficits using this
criterion had worse global performance than those
with only single-domain deficits. “Attention, working
memory, and processing speed” was the most fre-
quent single-domain impairment, and no cases
showed single-domain “‘visuoperception”  deficits.
More lenient criteria (ie, 1.5SD:1 and 2SD:1) tended
to identify patients with single-domain deficits whose
global cognition was relatively good. Use of 1.55D:1
normative scores in 2 domains resulted in a close
split across the 2 multiple-domain categories, but the
multidomain amnesic subgroup exhibited more do-
main deficits (medians, 3 vs 2; Z = 4.26, P < .0001)
and worse global cognition (Fig. 2).

Of the 76 nondementia patients assessed on the
CDR, 59% had global cognitive scores that suggested
impaired cognition relative to control values (nonas-
sessment was more common in early PD cases). The
CDR and CDR sum of boxes were significantly higher
for patients with impaired cognitive scores (median: 0
vs 0.5, Z=2.85,P < .01; 0vs 0.78, Z = 3.78, P <
0.001), but 40% of these impaired patients received a
CDR of 0.0. Conversely, a CDR of 0.5 was made in
19% of assessed patients achieving relatively intact
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FIG. 2. Proportion of single and/or multidomain deficits in PD-MCI cases identified using 4 of the criteria. Numerical values represent the mean
global Z score for those patients in that category. Three criteria were based on scores within a single domain: 1.5SD:1 includes those with at least 1
test score at 1.5 standard deviations (SD) or worse below the mean of normative data; 2SD:1, those with at least 1 test score that was —2 SD or
worse; 1.5SD:2, those with at least 2 test scores —1.5 SD or worse. One criterion was based on 1.5SD:1 but for 2 domains.

cognitive scores. For both the 1.5SD:2 and 1.5SD:1
single-domain MCI criteria, a zero CDR sum-of-boxes
score produced approximately 80% sensitivity but
only approximately 67% specificity, whereas a 0.5
CDR sum of boxes produced approximately 64% sen-
sitivity and approximately 86% specificity.

Discussion

The concept of PD-MCI has become highly relevant
in PD,>*** and an MDS Task Force is currently
addressing this issue. The array of different MCI criteria
used across different PD studies is a source of potential
confusion and may hamper targeted intervention to min-
imize progression to dementia. This problem was illus-
trated in our study because markedly different
proportions of PD-MCI were found when different crite-
ria were implemented. These differences were evident by
comparing global neuropsychological status and the per-
formance of controls and PD-D patients. The number of
tests used and the addition of PD-D and healthy control
groups provided a sound perspective on the relative
impairments shown by various PD-MCI groups.

The global psychometric performance of the matched
control group confirmed the expectation that many cog-
nitively normal individuals may be classified as MCI
when criteria rely on a single impaired measure,®”3%33
In general, poor performance on multiple tests is more
likely to detect worsening impairments over time.®” This
observation may be more relevant in PD, so criteria such

as 1.5SD:2 and 2SD:2 are more likely to identify cases
at greater risk of dementia. These 2 criteria also mini-
mized the overlap of global scores in PD-MCI cases
with those obtained by the control group

The 1.5SD:2 and 2SD:2 criteria are conservative, as
they omitted several cases whose cognition was poor.
Detailed neuropsychological assessment and exclu-
sion criteria made it unlikely that they included mis-
diagnosed PD-D patients. The 2SD:2 criterion, in
particular, may classify cases who could be consid-
ered advanced MCI or with prodromal dementia.
This question is relevant to intervention studies
because disease-modifying treatments may need to be
tailored to different patients and different pathologi-
cal processes at different times in the course of PD.
Our findings suggest that single-deficit measures, but
in 2 domains, may provide a suitable, less stringent
alternative. Of the 2-domain criteria investigated, the
criterion 1.5SD:1 against normative data produced
an effective balance of identifying cases who showed
poor cognition while avoiding those with relatively
good cognition. Our preference is to use external
normative data, which are more applicable across
centers.

A recent study pooled data from 8 centers and ana-
lyzed 1346 patients with the 1.5SD:Ave criterion, using
a combination of normative data and control data.*'
The proportion of MCI was 26%, although signifi-
cantly variable rates were evident across centers (range,
20%-39%). The proportion identified by this criterion
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was 69% in the current study. Sample characteristics
may explain this difference, but neither age nor dura-
tion of PD appears to be markedly different. Aarsland
et al*! found in their study that dopamine agonists did
not influence their findings, but UPDRS motor scores
and Hoehn and Yahr stage were important factors,
with low scores evident in their unimpaired group.
Motor severity in our nondementia sample was similar
to that of their MCI group, so this could explain the
higher MCI rate in our study. Nonetheless, many of
our MCI patients using 1.5SD:1 or 1.55D:Ave within a
single domain showed relatively intact cognition. We
used a more extensive battery of tests and more
domains compared to the 8 research centers described
by Aarsland et al,*! so isolated deficits would be more
likely in our study. We could not discern any particular
measures that were more likely to identify deficits, and
all measures appeared sensitive to impairment. Regres-
sion analyses suggested that all 4 domains were sensi-
tive to PD-MCI with the 1.5 SD:Ave criterion, whereas
attention and memory deficits became more discrimi-
nating with a more strict criterion (1.55D:2).

The cognitive profile shown by PD-MCI cases meet-
ing the 1.5SD:2 criterion revealed frequent multiple
cognitive deficits when weaker criteria were employed
in these cases (data not shown). Single deficits in visuo-
perception were rare in the absence of other deficits.
This evidence supports the use of multiple measures, as
deficits that reflect both frontal and posterior brain net-
works are expected to predict a decline to PD-D.> A
larger sample could in the future test a deficit model of
both general and specific factors for PD, similar to that
described for Alzheimer’s disease, where a general fac-
tor maximizes the detection of dementia.*”

Although the sample size was limited, a functional
criterion based on the CDR produced many misclassi-
fications judging by their cognitive performance.
Recent evidence on predictors of future dementia in
large community samples supports the value of using
neuropsychological criteria.*’

Longitudinal follow-up is needed to confirm the pre-
dictive value of different PD-MCI criteria. Many of
the MCI criteria produced too many false positives, at
low risk of dementia judging by their performance rel-
ative to normative data and healthy controls. We pro-
pose that using 1.5 SD below normative data for 2
measures either within a single domain (1.5SD:2) or
across 2 domains (1.5SD:1) provides suitably balanced
criteria for PD-MCI. The criterion 1.5SD:2 could be
especially useful for a PD-MCI sample at more imme-
diate risk of future dementia. @
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