E.Y. Uc, MD

M.P. McDermott, PhD

K.S. Marder, MD, MPH

S.W. Anderson, PhD

I. Litvan, MD

P.G. Como, PhD

P. Auinger, MS

K.L. Chou, MD

J.C. Growdon, MD

On behalf of the
Parkinson Study
Group
DATATOP
Investigators*

Address correspondence and
reprint requests to Dr. Ergun Y.
Uc, Department of Neurology,
University of Iowa, Carver
College of Medicine, 200

Hawkins Drive-2RCP, Iowa City,

1A 52242
ergun-uc@uiowa.edu

Supplemental data at
www.neurology.org

Incidence of and risk factors for cognitive

impairment in an early Parkinson disease
clinical trial cohort

ABSTRACT

Objective: To investigate the incidence of and risk factors for cognitive impairment in a large,
well-defined clinical trial cohort of patients with early Parkinson disease (PD).

Methods: The Mini-Mental State Examination (MMSE) was administered periodically over a me-
dian follow-up period of 6.5 years to participants in the Deprenyl and Tocopherol Antioxidative
Therapy of Parkinsonism trial and its extension studies. Cognitive impairment was defined as
scoring 2 standard deviations below age- and education-adjusted MMSE norms.

Results: Cumulative incidence of cognitive impairment in the 740 participants with clinically con-
firmed PD (baseline age 61.0 + 9.6 years, Hoehn-Yahr stage 1-2.5) was 2.4% (95% confidence
interval: 1.2%-3.5%) at 2 years and 5.8% (3.7%-7.7%) at 5 years. Subjects who developed
cognitive impairment (n = 46) showed significant progressive decline on neuropsychological tests
measuring verbal learning and memory, visuospatial working memory, visuomotor speed, and at-
tention, while the performance of the nonimpaired subjects (n = 694) stayed stable. Cognitive
impairment was associated with older age, hallucinations, male gender, increased symmetry of
parkinsonism, increased severity of motor impairment (except for tremor), speech and swallowing
impairments, dexterity loss, and presence of gastroenterologic/urologic disorders at baseline.

Conclusions: The relatively low incidence of cognitive impairment in the Deprenyl and Tocopherol
Antioxidative Therapy of Parkinsonism study may reflect recruitment bias inherent to clinical trial
volunteers (e.g., younger age) or limitations of the Mini-Mental State Examination-based crite-
rion. Besides confirming known risk factors for cognitive impairment, we identified potentially
novel predictors such as bulbar dysfunction and gastroenterologic/urologic disorders (suggestive
of autonomic dysfunction) early in the course of the disease. Neurology® 2009;73:1469-1477

GLOSSARY

Cl = confidence interval; COWA = Controlled Word Association task; DATATOP = Deprenyl and Tocopherol Antioxidative
Therapy of Parkinsonism; DLB = dementia with Lewy bodies; DST = Digit Span Test; MMSE = Mini-Mental State Examina-
tion; NDT = New Dot Task; OMO = Odd Man Out test; PD = Parkinson disease; PDD = dementia in Parkinson disease; PIGD =
postural instability and gait difficulty; SDMT = Symbol Digit Modalities Test; SRT = Selective Reminding Test; UPDRS =
Unified Parkinson’s Disease Rating Scale.

Cognitive impairment can be present in the early,"? even yet untreated® stages of Parkinson
disease (PD). The current criteria for dementia in PD (PDD) require cognitive impairment in
more than one domain, representing a decline from premorbid level with deficits severe enough
to impair daily life (social, occupational, or personal care).® Depending on the baseline age,
severity of parkinsonism, and cognitive function of the studied population, 20% to 83% of
patients with PD develop dementia (PDD).>!! Known risk factors for PDD include postural
instability and gait difficulty (PIGD), hallucinations, advanced age, male gender, depression,
and poor performance on baseline cognitive tests.*®” The annual incidence of PDD ranges

*The list of DATATOP investigators/coordinators can be found in reference 12 as well as on the Neurology® Web site at www.neurology.org.
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Table 1 Baseline characteristics of the

analysis cohort (n = 740)

Characteristics

Age, y

Age =65y, %

Male, %

Education, y

Education >12y, %

Family history (present)
Alzheimer disease
Psychiatric illness
Depression

Systemic disorders (present), %
Pulmonary
Renal
Liver
Gastrointestinal
Blood
Endocrine
Ophthalmologic
Dermatologic
Urologic
Gynecologic
Cardiac
Extensor/equivocal plantar response

Parkinsonism history
Years since diagnosis
Years since symptom onset
Hoehn and Yahr stage Il, %
Left side Parkinson disease onset, %
Initial symptom tremor, %
Initial symptom gait disorder, %

UPDRS
Motor score
Asymmetry score
Factor scores

PIGD

Bradykinesia

Rigidity

Left-side tremor

Right-side tremor

Bulbar dysfunction

Dexterity loss
Neuropsychological testing

Symbol Digit Modalities Test

Selective Reminding Test, total recall

Selective Reminding Test, delayed recall

New Dot Test

Digit Span forward
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61.4+9.6
39.7
66.5
144 =37
62.3

7.2
16.5
2.0

14.9
6.4

4.3

24.3
6.4

10.3
54.2
18.0
224
12.0
25.5
13.0

12x11
22*13
48.7
45.0
76.1
12.6

16.8=88
0.71 = 0.28

40=27
5.7 +3.9
3.0=x24
22=*24
24 +22
28=*21
34=23

39.3+10.9
445 +10.2
71x27
128=14
9.0+26

—Continued

Table 1 Continued

Characteristics

Digit Span backward 6824
0Odd Man Out test 17332
Verbal fluency 27.7 =9.6

Psychiatric aspects

HAM-D 2729
HAM-D =10, % 3.4
Apathy (=2 on UPDRS part l), % 83
Hallucinations (=2 on UPDRS part I), % 1.0

Values are mean *+ standard deviation unless otherwise
indicated.

UPDRS = Unified Parkinson’s Disease Rating Scale; PIGD =
postural instability/gait disorder; HAM-D = Hamilton De-
pression Rating Scale.

between 42.6 and 112.5 cases per 1,000
person-years depending on the baseline char-
acteristics (e.g., age, disease severity) or setting
(hospital vs community based).>®%1° The
only community-based incident PD study on
PDD reported an annual incidence (95%
confidence interval [CI]) of 30.0 (16.4-52.9)
per 1,000 person-years, with 13 out of 126
patients (10%) having developed dementia
when tested 3.5 = 0.7 years after diagnosis.>
Identifying important risk factors for
cognitive impairment in early PD would
enable clinicians to target those at highest
risk when a disease-modifying treatment for
dementia becomes available. We investi-
gated the incidence of and risk factors for
cognitive impairment in the Deprenyl and
Tocopherol Antioxidative Therapy of Par-
kinsonism (DATATOP) cohort, a large early
PD cohort with frequent evaluations (every 3—6
months) and long-term follow-up (up to 7.6
years) starting with the untreated (pre-levodopa)

12-14

phase.

METHODS Subjects. The DATATOP study enrolled 800
subjects (30—80 years old) within 5 years of symptom onset,
who were not yet requiring symptomatic therapy.'>!® Further
information on DATATOP" and its extension studies' can be
found on the Neurology® Web site at www.neurology.org. Sub-
jects were considered to have clinically confirmed idiopathic PD
if the investigator maintained =60% confidence in the PD diag-
nosis' across all visits. There were 57 subjects for whom the
diagnostic confidence level fell below 60% at any visit or for
whom no confidence data were available; of these, 7 were sub-
jects in whom the alternative diagnosis was dementia with Lewy
bodies (DLB), but with the onset of dementia more than 1 year
after the onset of parkinsonism. Therefore, these 7 subjects were

considered as having maintained a diagnosis of idiopathic PD

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



per DLB Consortium'” and PDD Task Force® criteria and were
included in the analyses. Of the 750 subjects who maintained a
diagnosis of clinically confirmed idiopathic PD throughout the
study, 6 were found to have met our criteria for cognitive impair-
ment at baseline (see below) and 4 did not have any follow-up
Mini-Mental State Examination (MMSE) data. Thus, the final
analysis group consisted of 740 clinically confirmed patients
with PD free of cognitive impairment at baseline and with longi-
tudinal MMSE evaluations.

Standard protocol approvals, registrations, and patient
consents. The DATATOP study and its extension studies were
approved by the Institutional Review Boards of the participating
institutions. A written informed consent was obtained from all

participants.

Potential risk factors for cognitive impairment. Our
statistical analyses considered numerous factors across 8 do-
mains. 1) Demographics: age, age =65, gender, and years of
education >12.2) Family history: family histories of Alzheimer
disease, psychiatric illness, and depression. 3) PD history: Years
since diagnosis, years since symptom onset, side of PD onset,
and initial symptoms of gait and tremor. 4) Motor features: Uni-
fied Parkinson’s Disease Rating Scale (UPDRS) factor scores
based on parts I-III were obtained from a principal component
factor analysis with orthogonal (Varimax) rotation using data
from the DATATOP baseline visit. This analysis identified 8
factors that accounted for 60.8% of the total sample variance
(table e-1). As factor 8 was essentially UPDRS part I (mental),
whose items were considered as separate independent variables
(see below), the other 7 factor scores were considered as indepen-
dent variables: PIGD, bradykinesia, rigidity, left-side tremor,
right-side tremor, bulbar dysfunction, and dexterity loss (diffi-
culty with manual abilities such as handwriting or using uten-
sils). We also considered an asymmetry score derived from the
UPDRS Motor subscale as previously described.' 5) Cogni-
tion'®": MMSE (every 3 months), Digit Span Test forward and
backward (DST-attention), Symbol Digit Modalities Test
(SDMT-attention and visuomotor speed), Selective Reminding
Test Delayed and Total Recall (SRT-verbal learning and mem-
ory), Odd Man Out test (OMO—set shifting-executive func-

tions) using total correct in trials 2 and 4, New Dot Task

Figure1

Kaplan-Meier curve showing the cumulative incidence of cognitive

impairment in the Deprenyl and Tocopherol Antioxidative Therapy
of Parkinsonism cohort

Cumulative
incidence
(95% CI)

10%

5.8%

(3.7%,7.7%)

2.4%
(1.2%,3.5%)

Years 0
No. at risk 740

T

1

601

T T T T T

1
1
1
1
1
:
1
:
2 3 4 5 6 7

550 520 496 427 207

Values below the years indicate the numbers of subjects at risk for cognitive impairment.

(NDT-visuospatial working memory), and the Controlled
Word Association task (COWA-verbal fluency/language, execu-
tive functions). Neuropsychological tests were administered at
6-month intervals. However, DST, OMO, and COWA were
not administered after the first 2 years. 6) Psychiatric features:
depression (HAM-D'® score =10%), apathy (UPDRS part I,
item 4 [motivation/initiative] =2), and hallucinations (UPDRS
part I, item 2 [thought disorder] =2). 7) Systemic disorders: a
comprehensive neurologic and general medical evaluation was
performed at baseline including whether a disorder was present
in each of 11 organ systems. Neither the specific disorder nor its
severity or significance was recorded.!* 8) Medication use: use
(yes/no) of deprenyl, agonists, amantadine, or anticholinergics,
and cumulative exposure to levodopa (expressed as 100
mg-years).

The variables with available longitudinal data (UPDRS,
SDMT, SRT, NDT, psychiatric features [depression, apathy,
and hallucinations], and medication use) were treated as time-
dependent covariates in the statistical analyses. Baseline values

were used for all other predictors.

Analysis. The primary outcome variable was the time from
randomization to the development of cognitive impairment. We
defined cognitive impairment as performing at least 2 SD below
the age- and education-adjusted population norms on the
MMSE,?! as operationalized by others.?? We did not use the 3
longitudinally available cognitive tests for diagnosis because of
potential confounding of SDMT results by motor dysfunction'®
and unavailability of adequate norms for the NDT, leaving only
the SRT as a suitable test with established norms.

Follow-up times were censored at the last available evalua-
tion for subjects who did not experience the event of cognitive
impairment. A Kaplan-Meier curve was used to describe the cu-
mulative incidence of cognitive impairment over time; 95% con-
fidence intervals were calculated for event rates at selected times.

Cox proportional hazards regression models were used to
examine associations between the potential risk factors (indepen-
dent variables given above) and the time to cognitive impair-
ment. Our basic strategy for analysis was to first perform separate
analyses of the associations of each potential risk factor with
outcome. We then constructed separate multivariate models that
did and did not include the neuropsychological test results as
covariates. All variables retained in the final models were signifi-
cant using a liberal 20% significance level, with the exception of
age (p = 0.58), which was forced to be included in the model
that did not include neuropsychological test results.

To explore the consequences of cognitive impairment on
daily life, we defined functional decline as a score of 2 or more on
UPDRS part I, item 1 (intellectual function),* or a score of 2
(marginal function, major assistance) or 3 (unable) on cither the
occupational capacity or the handling finances question on the
DATATOP disability progression form.'®

In exploratory analyses, mixed-effects regression models were
used to describe the changes over time in cognitive test perfor-
mance in subjects who eventually did or did not develop cogni-
tive impairment. Details of all statistical analyses are provided on

the Neurology® Web site at www.neurology.org.

RESULTS The subjects in the analysis cohort (n =
740) were followed for a median of 6.5 years (inter-
quartile range 1.9-7.1 years). At baseline, they had
mild parkinsonism and scored in the low-normal

range on neuropsychological tests (table 1). Of the
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740 subjects, 117 reached the primary endpoint (re-
quiring levodopa) before any follow-up studies for
DATATOP were in place (early endpointers). These
“early endpointers” were included in the analysis up
to the point of their last follow-up evaluation.

Compared to the remainder of the cohort who
participated in the extension studies, the early end-
pointers had greater severity of parkinsonism, more
symmetry at baseline, a larger proportion of male
subjects, and a higher percentage with left-sided on-
set of parkinsonism (table e-2). There were no signif-
icant between-group differences in the scores of the
neuropsychological tests, depression, apathy, halluci-
nations, comorbidities, age, and education.

Over the course of the study, 46 (6.2%) of 740
subjects reached the cognitive impairment endpoint
at a mean age of 67.7 = 10.2 years after a mean
follow-up period of 3.3 *2.5 years. The incidence
(95% CI) of cognitive impairment was 2.4% (1.2%~—
3.5%) at 2 years and 5.8% (3.7%-7.7%) at 5 years
(figure 1). The incidence rate was 12.7 (9.0-16.4)/

1,000 person-years. There was a strong association
between cognitive impairment and functional de-
cline: although there were 366 subjects with
functional decline (including 282 who showed limi-
tations in occupational capacity) without cognitive
impairment, all 46 subjects (100%) with cognitive
impairment met functional decline criteria (p <
0.001, Fisher exact test).

The evolution of performance on longitudinally
available cognitive tests (SRT—verbal learning and
memory, NDT-visuospatial working memory, SDMT-
attention and visuomotor speed) is shown in figure 2.
Subjects who eventually became cognitively impaired
by the MMSE criterion (n = 46) had worse perfor-
mance at baseline than those who did not become
cognitively impaired (n = 694) (p < 0.003 for all
tests) and also had greater decline over time on both
verbal and nonverbal tests (» < 0.01 for SRT and
NDT; p < 0.05 for SDMT), suggesting that our
MMSE-based criterion was able to discriminate well
between subjects with progressive cognitive decline

Figure 2

A

Evolution of cognitive test performances over time

w
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The plotted values are adjusted group means derived from a mixed-effects regression model that included linear and quadratic terms for time. Subjects
who eventually developed cognitive impairment (n = 46) had worse performance at baseline than those who did not develop cognitive impairment (n = 694)
(p < 0.003 for all tests) and also had greater decline over time on both verbal and nonverbal tests (p < 0.01 for Selective Reminding Test and New Dot Task;
p < 0.05 for Symbol Digit Modalities Test).
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Table 2 Associations between individual potential risk factors and time to
cognitive impairment (n = 740)

HR 95% Cl p
Demographics®
Age,y 1.04 (1.00,1.08) 0.03
Age =65y 2.00 (1.12,3.59) 0.02
Male 2.95 (1.32,6.59) 0.009
Education >12y 1.36 (0.73,2.51) 0.33
Family history*
Alzheimer disease 2.06 (0.87,4.88) 0.10
Psychiatric illness 0.51 (0.18,1.41) 0.19
Depression 0.84 (0.12,6.08) 0.86
Systemic disorders*
Pulmonary 0.56 (0.20, 1.55) 0.26
Liver 1.47 (0.45,4.72) 0.52
Gastrointestinal 2.28 (1.26, 4.09) 0.006
Blood 0.33 (0.05, 2.40) 0.27
Endocrine 0.85 (0.30, 2.36) 0.75
Ophthalmologic 1.63 (0.89, 3.00) 0.12
Dermatologic 1.15 (0.55,2.38) 0.71
Urologic 1.99 (1.09,3.61) 0.02
Gynecologic 0.37 (0.09,1.53) 0.17
Cardiac 1.71 (0.93,3.14) 0.08
Nonflexor plantar response 0.84 (0.33,2.12) 0.71
Parkinsonism history”
Years since diagnosis 1.14 (0.89, 1.46) 0.32
Years since symptom onset 0.89 (0.69,1.15) 0.37
Left side Parkinson disease onset 0.59 (0.31,1.14) 0.12
Initial symptom tremor 1.16 (0.56,2.41) 0.69
Initial symptom gait disorder 0.96 (0.38,2.44) 0.94
UPDRS
Motor score 1.05 (1.02,1.08) 0.0001
Asymmetry score 0.21 (0.08, 0.55) 0.0002
Factor scores
PIGD 1.15 (1.08,1.21) <0.0001
Bradykinesia 1.09 (1.03,1.15) 0.0002
Rigidity 112 (1.01,1.24) 0.04
Left-side tremor 0.94 (0.82,1.08) 0.41
Right-side tremor 1.03 (0.91,1.16) 0.70
Bulbar 1.35 (1.23,1.49) <0.0001
Dexterity loss 1.28 (1.16, 1.40) <0.0001
Neuropsychological testing
Symbol Digit Modalities Test 0.90 (0.87,0.92) <0.0001
Selective Reminding Test, total recall 0.90 (0.88,0.93) <0.0001
Selective Reminding Test, delayed recall 0.68 (0.60, 0.76) <0.0001
New Dot Test 0.69 (0.62,0.76) <0.0001
Digit Span forward* 0.96 (0.86,1.07) 0.48
Digit Span backward* 0.74 (0.64,0.86) <0.0001
0dd Man Out test* 0.89 (0.84,0.95) 0.0005
—Continued

on detailed, domain-specific cognitive tests and those
with stable performance.

The baseline and time-dependent (longitudinal)
univariate risk factors for time to cognitive impair-
ment are shown in table 2. Variables that were indi-
vidually associated with time to cognitive
impairment included older age, male gender, severity
of motor impairment (except for tremor, consistent
with previous observations), increased symmetry of
motor impairment, poor neuropsychological test
performance, and hallucinations. Novel risk factors
for cognitive impairment included presence of gas-
trointestinal and urologic disorders and UPDRS fac-
tors on bulbar dysfunction and dexterity loss.

In the multiple regression analyses, when all vari-
ables, including the neuropsychological test results,
were considered, the selected model included the
SDMT (p < 0.0001), NDT (p < 0.001), SRT-
delayed recall (p = 0.04), UPDRS-bulbar dysfunc-
tion factor (p = 0.001), and baseline gastrointestinal
disorder (p = 0.04) as nominally significant risk fac-
tors (table 3). The findings in the multiple regression
analyses of risk factors for cognitive impairment in
table 3 (upper half: when neuropsychological tests
were included) appear to counterintuitively suggest
that older age and lesser education were “protective”
against cognitive impairment. These results, how-
ever, need to be interpreted in the context of multi-
ple regression analysis, i.e., holding the values of all
other risk factors (e.g., scores on cognitive tests) con-
stant. This result means that if 2 subjects have the
same scores on neuropsychological tests, the one who
is younger and better educated is at higher risk for
cognitive impairment, as he or she would have been
expected to score better than the older and less edu-
cated subject. Furthermore, in the univariate analyses
(above), older age was significantly associated with
cognitive impairment, as expected. Education was
not significantly associated with cognitive impair-
ment in this cohort in univariate analyses. When
neuropsychological test results were excluded from
consideration, hallucinations (p < 0.001) and UP-
DRS-bulbar dysfunction factor (p = 0.02) were the
nominally significant risk factors (table 3, lower

half).

DISCUSSION This study found that the annual in-
cidence rate of cognitive impairment in the
DATATOP study was 12.7 cases/1,000 person-
years; Kaplan-Meier estimates were 2.4% at 2 years
and 5.8% at 5 years. This incidence estimate of cog-
nitive impairment is lower than reported dementia
incidences from hospital>® or community-based®*!!
cohorts of subjects with existing PD, as well as a
community-based incident PD cohort.> However,
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Table 2 Continued

HR 95% ClI p

Verbal fluency* 0.94 (0.91,0.97) 0.0003
Psychiatric aspects

HAM-D =10 1.74 (0.42,7.22) 0.45

Apathy (=2 on UPDRS 1) 1.82 (0.65,5.11) 0.26

Hallucinations (=2 on UPDRS |) 11.03 (4.57,26.60) <0.0001
Medication

Deprenyl 0.70 (0.35,1.43) 0.33

Cumulative exposure to levodopa 1.04 (0.99, 1.09) 0.15

Agonist 0.96 (0.28,3.31) 0.94

Amantadine 0.64 (0.09, 4.68) 0.66

Anticholinergic 1.04 (0.32,3.44) 0.94

*At baseline only; other variables are time-dependent.
HR = hazard ratio; Cl = confidence interval; UPDRS = Unified Parkinson's Disease Rating
Scale; PIGD = postural instability/gait disorder; HAM-D = Hamilton Depression Rating

Scale.
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informal comparisons suggest that the annual inci-
dence rate of cognitive impairment in the
DATATORP study is higher than the observed inci-
dence of dementia in comparable age brackets in sev-
eral general population cohorts.?> For example, an
Olmsted County, MN, cohort with similar demo-
graphic characteristics followed during approxi-
mately the same period as the DATATOP study
showed lower incidences of dementia for the age
groups of 65-69 (1.7 cases/1,000 person-years) and
70-74 (5.2 cases/1,000 person-years).>

Factors that may account for the relatively low inci-
dence of cognitive impairment in the DATATOP co-
hort include recruitment bias inherent to clinical trial
volunteers (e.g., younger age, higher education, better
general health),' shorter follow-up in the early end-
pointers (15.8% of the original analysis cohort, worse
parkinsonism at baseline), the retrospective nature of
our study, and potentially low sensitivity of the MMSE-
based cognitive impairment criterion.”” The mean age
at baseline in the DATATOP cohort was 61.0, similar
to the mean baseline age in other clinical trials in pa-
tients with early PD (range 59—64),'22%3? whereas the
peak incidence of PD in the general population is be-
tween ages 70 and 79 years.® In the only study of PDD
in incident PD, the mean age at baseline was 69.6, with
an annual incidence rate of PDD of 30.0 cases/1,000
person-years.> While the generalizability of our inci-
dence results may be limited, our study provides knowl-
edge on the cognitive prognosis of patients with early
PD who participate in clinical trials, which may have
implications for future clinical trial design.

Choosing an outcome measure for this study was
a challenge as DATATOP was not designed primar-
ily as a study on the cognitive course of PD. Al-
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though cognitive impairment was significantly
associated with functional decline, our ad hoc func-
tional criteria were not suitable for dementia diagno-
sis as recent studies have shown that the intellectual
impairment item of the UPDRS has low sensitiv-
ity*** and is not appropriate for screening or diag-
nostic purposes.® Furthermore, the responses on the
occupational capacity and handling finances ques-
tions on the DATATOP disability progression
form'® can be confounded by motor dysfunction.
The truncation of the DATATOP neuropsychologi-
cal battery after the initial phase limited our options
for the objective assessment of cognitive impairment.
As we only had one reliable cognitive test that was
longitudinally available (SRT—verbal learning and
memory), we used an MMSE-based criterion for
global cognitive impairment. The limitations of this
approach included potential practice effects due to
repeated administration of the MMSE despite using
alternate versions of 3-word list during different vis-
its, and heavy reliance of the MMSE on verbal abili-
ties and low sensitivity to detect dementia, especially
when the frequently used cutoff score for dementia
(24/30) is applied to highly educated individuals.?”-3¢

However, using age- and education-specific
MMSE criterion?'?? for cognitive impairment, our
MMSE cutoff score was =26 for the most common
demographic group in DATATOP (ages 61-65,
>12 years of education). This cutoff is consistent
with the recommendations of a recent study which
found that the =26 cutoff had a high sensitivity
(0.89) and specificity (0.91) for detecting dementia
in highly educated individuals with cognitive com-
plaints screened with the MMSE and followed up
with neuropsychological testing.*® Furthermore, our
cognitive impairment criterion was able to discrimi-
nate well between subjects who showed progressive
decline and those who remained stable on all longitu-
dinally available neuropsychological tests (figure 2).
Those who developed cognitive impairment started
at a lower baseline level on average and showed pro-
gressive decline in performance on the SRT—total re-
call (verbal learning), SRT—delayed recall (verbal
memory), SDMT (visuomotor speed and attention),
and NDT (visuospatial working memory), while
those who did not develop cognitive impairment dis-
played stable performance during follow-up.

We have confirmed a number of previously iden-
tified risk factors for PDD such as older age, male
gender, poorer performance on neuropsychological
tests, hallucinations, worse motor function, PIGD,
and increased symmetry of motor severity. We found
that the risk of cognitive impairment in early PD did
not appear to be associated with the use of medica-
tions to treat PD. We also identified potentially
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Table 3 Multiple regression models for time to cognitive impairment (n = 740)

HR 95% Cl p
Neuropsychological tests included
Demographics*
Age,y 0.92 (0.89, 0.96) <0.0001
Education >12y 4.03 (2.08,7.81) <0.0001

Systemic disorders®

Gastrointestinal 1.90 (1.02,3.53) 0.04
UPDRS

Bradykinesia 0.96 (0.89,1.02) 0.19

Bulbar 1.24 (1.09,1.42) 0.001

Neuropsychological testing

Symbol Digit Modalities Test 091 (0.88,0.94) <0.0001
Selective Reminding Test, total recall 0.96 (0.92,1.01) 0.10
Selective Reminding Test, delayed recall 0.84 (0.71,0.99) 0.04
New Dot test 0.83 (0.74,0.92) 0.0009

Neuropsychological tests excluded
Demographics*
Age,y 1.01 (0.97,1.05) 0.58
Male 1.96 (0.85, 4.50) 011

Comorbidities”

Urologic 1.77 (0.95, 3.31) 0.07
UPDRS

Bulbar 1.18 (1.03,1.35) 0.02

Dexterity loss 1.11 (0.98, 1.25) 0.11

Psychiatric aspects

Hallucinations (=2 on UPDRS |) 5.05 (1.96,13.01) 0.0008

Education and age were forced to be included in the model when neuropsychological tests
were included in the model. Age was forced to be included in the model when neuropsycho-
logical tests were excluded from the model.

*At baseline only; other variables are time-dependent.

HR = hazard ratio; Cl = confidence interval; UPDRS = Unified Parkinson's Disease Rating
Scale.

novel risk factors such as bulbar dysfunction, early
difficulties in dexterity, and gastrointestinal and gen-
itourinary disorders at baseline, suggestive of carly
autonomic dysfunction. Alternatively, one could in-
terpret the genitourinary disturbances as related to
common disorders in this age population such as hy-
pertrophy of the prostate or prolapse, and the gastro-
intestinal disturbances, specifically constipation, as
an early prodromal symptom in PD.

Bulbar dysfunction appeared to be more strongly
associated with cognitive impairment than PIGD,
the most commonly reported motor risk factor for
cognitive impairment.2*¢ Both PIGD and bulbar
impairment reflect axial dysfunction.® Bulbar dys-
function has not been investigated as a separate entity
because previous factor analyses of the UPDRS*3
and UPDRS item groupings® have combined items
from the bulbar dysfunction and PIGD factors into a
single axial dysfunction factor. The large sample size

of DATATOP is a major strength of our factor anal-
ysis and might have enabled us to better separate the
axial functions into 2 factors.

Gastrointestinal and genitourinary (and, to a
lesser extent, cardiac) disorders at baseline were risk
factors for cognitive impairment. We cannot say with
certainty whether they represent specific diseases or
just symptom complexes referable to these systems.
Presence of these disorders as severe specific diseases
is unlikely, however, as unstable medical comorbid-
ity was among the exclusion criteria in the
DATATOP study.'® Considering that symptoms
such as constipation, difficulty with gastric empty-
ing, urinary urgency, and erectile dysfunction are
common nonmotor manifestations of PD,* it is con-
ceivable that these disorders might have represented
autonomic symptoms. An association between auto-
nomic dysfunction and time to cognitive impairment
is compatible with results of cross-sectional studies
showing increased frequency of autonomic dysfunc-
tion in patients with DLB or PDD compared to pa-
tients with PD without dementia.®
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Classification scheme requirements for therapeutic questions

(Classl. A randomized, controlled clinical trial of the intervention of interest )
with masked or objective outcome assessment, in a representative
population. Relevant baseline characteristics are presented and substantially
equivalent among treatment groups or there is appropriate statistical
Ladjustment for differences. )
I E———
/Class|l. A ra ndomized, controlled clinical trial of the intervention of interesﬁ
in a representative population with masked or objective outcome
assessment that lacks one criterion a-e in Class | or a prospective matched
cohort study with masked or objective outcome assessmentina
representative population that meets b-e in Class |. Relevant baseline
characteristics are presented and substantially equivalent among treatment

: groups or there is appropriate statistical adjustment for differences. :

Class I1l. All other controlled trials (including well-defined natural history
controls or patients serving as their own controls) in a representative
population, where outcome is independently assessed, or independently
derived by objective outcome measurements.

Class IV, Studies not meeting Class |, Il, or Il criteria including consensus or

Editor’s Note to Authors and Readers: Levels of Evidence coming to Neurology®

Effective January 15, 2009, authors submitting Articles or Clinical/Scientific Notes to Neurology® that report on clinical
therapeutic studies must state the study type, the primary research question(s), and the classification of level of evidence assigned
to each question based on the classification scheme requirements shown below (left). While the authors will initially assign a
level of evidence, the final level will be adjudicated by an independent team prior to publication. Ultimately, these levels can be
translated into classes of recommendations for clinical care, as shown below (right). For more information, please access the
articles and the editorial on the use of classification of levels of evidence published in Neurology.'”

1. French J, Gronseth G. Lost in a jungle of evidence: we need a compass. Neurology 2008;71:1634-1638.

2. Gronseth G, French J. Practice parameters and technology assessments: what they are, what they are not, and why you should care. Neurology

3. Gross RA, Johnston KC. Levels of evidence: taking Neurology® to the next level. Neurology 2008;72:8—10.

AAN classification of recommendations

A = Established as effective, ineffective, or harmful (or established )
as useful/predictive or not useful/predictive) for the given condition
in the specified population. (Level A rating requires at least two
consistent Class | studies.)

B = Probably effective, ineffective, or harmful (or probably
useful/predictive or not useful/predictive) for the given condition in
the specified population. (Level B rating requires at least one Class |
study or two consistent Class |l studies.)

C = Possibly effective, ineffective, or harmful (or possibly
useful/predictive or not useful/predictive) for the given condition in
the specified population. (Level C rating requires at least one Class ||
study or two consistent Class |11 studies.)

U = Data inadequate or conflicting; given current knowledge,

expert opinion.
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treatment (test, predictor) is unproven.
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