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Abstract: The aim of this study was to establish the rate of
progression from mild cognitive impairment (MCI) to dementia
in patients with Parkinson’s disease (PD). PD patients without
dementia were recruited in 1997 from an ongoing prospective
epidemiological study. The assessment included neurological
and psychiatric examinations, a clinical interview based on the
Diagnostic and Statistical Manual of Mental Disorders, Revised
Third Edition (DSM-III-R) criteria for dementia, and a battery
of neuropsychological tests. PD was diagnosed according to
established criteria, dementia was diagnosed according to the
DSM-III-R criteria, and subtypes of MCI were classified ac-
cording to modified Petersen’s criteria. Seventy-two nonde-
mented PD patients were included. A total of 34 were cogni-
tively intact, whereas 38 were diagnosed with MCI (amnestic,
n = 6; single nonmemory domain, n = 17; multiple domains

slightly impaired, n = 15). Fifty-nine patients (82%) completed
follow-up examination 4 years later, and 18 (62%) of the
patients with MCI and 6 (20%) of the cognitively intact PD
patients were demented (P 0.001). Single domain non-
memory MCI and multiple domains slightly impaired MCI
were associated with later development of dementia (P =
0.003; P = 0.04), whereas amnestic MCI subtype was not (P =
0.76). We conclude that patients with PD and MCI had a higher
risk of developing dementia than cognitively intact PD patients,
suggesting that MCI in PD is an early manifestation of demen-
tia. However, these findings should be interpreted with caution
due to the relatively small number of subjects included in this
study. © 2006 Movement Disorder Society
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Parkinson’s disease (PD) is often associated with mild
cognitive impairment and dementia. The point-preva-
lence of dementia is 31.5%,! and patients with PD have
an almost sixfold increased risk of developing dementia
compared to healthy controls.? In addition, cognitive
impairment is common even in nondemented patients
with PD.3# Among the few prospective studies reported,
impairments on tests of executive functioning and mem-
ory have been found to predict subsequent dementia in
PD.>¢ However, these associations are based on group
mean scores and, thus, may be of limited value in as-
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sessing the risk of developing dementia in an individual
patient. Because up to 80%7 of patients with PD will
ultimately develop dementia, such information would be
of key importance for planning patient management,
because cognitive impairment in PD affects quality of
life,® contributes to caregiver distress,” and has been
associated with nursing home placement.!© In addition, it
would provide important background information for
future prevention trials of dementia in PD.

The concept mild cognitive impairment (MCI) has
been introduced, and a considerable proportion of elderly
subjects can be classified as having MCI.!! Subjects with
MCI have an increased risk of dementia, with an annual
progression to dementia between 6% and 15%.!% Re-
cently, the MCI subtypes amnestic, single domain non-
memory, and global MCI were described.!3 There is
some evidence suggesting that the different MCI sub-
types progress to different dementia disorders.!* Patients
with amnestic MCI usually progress to Alzheimer’s dis-
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ease (AD) at a high rate,'> whereas patients with single
nonmemory MCI (i.e., executive or visuospatial impair-
ment) are more likely to progress to a non-AD dementia
such as dementia with Lewy bodies,!> frontotemporal
dementia, vascular dementia, or primary progressive
aphasia.'* However, the diagnostic criteria for MCI have
not been validated for PD populations.

Different cognitive profiles may exist within PD. In a
study of recently diagnosed patients with PD,* 11% had
a specific frontostriatal type deficit, 8% had a specific
temporal lobe type deficit, whereas 18% had cognitive
deficits in both domains. In a community-based study of
PD patients with longstanding disease, over 50% of the
nondemented patients with PD had some form of cogni-
tive impairment: 20% exhibited predominantly memory
deficits, 30% a dominant executive impairment, whereas
50% had a global cognitive impairment.3 The importance
of different cognitive profiles for the development of
subsequent dementia in patients with PD is not known.

The aim of this study was to investigate whether MCI
is associated with development of dementia in patients
with PD. Furthermore, we wanted to examine the exis-
tence of different subtypes of MCI in these patients, and
their influence on the rate of developing dementia.

SUBJECTS AND METHODS

Subjects

One hundred forty-five patients with PD from an on-
going prospective, community-based study of PD in the
county of Rogaland, Norway!® were invited during 1996/
1997 to participate in the baseline evaluation of the
present study. They completed a comprehensive assess-
ment consisting of neurological, psychiatric, and neuro-
psychological evaluations. They were re-assessed 4 years
later with the same evaluations as performed at baseline.

A group of healthy elderly controls with similar age,
education, and sex distribution as the patients with PD
performed the same cognitive test battery at baseline to
obtain normative data. They were either relatives of the
patients or relatives of inpatients in the psychogeriatric
ward at the Stavanger University Hospital. None had a
history of alcoholism, drug abuse, psychiatric illness,
central nervous system disease, or head injury, and none
were currently taking centrally active drugs. Individuals
with evidence of intellectual deterioration (Mini-Mental
State Examination [MMSE] score < 25) were not
included.

Independent raters who were blind to the diagnostic
and motor evaluations performed the neuropsychiatric
and neuropsychological assessments. The study was ap-
proved by the Regional Ethics Committee for Medical
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Research at the University of Bergen, and all subjects
provided written informed consent.

Diagnosis and Clinical Evaluation of PD

Information on disease history was obtained in a semi-
structured interview conducted by a neurologist. A diag-
nosis of PD required the presence of at least two of the
four cardinal symptoms of PD and at least a moderate
response to levodopa. Patients with clinically significant
cognitive impairment at disease onset, other neurologic
diagnoses, or drugs that could cause parkinsonism or the
presence of radiologic structural brain abnormalities
compatible with diagnoses other than PD were ex-
cluded.!” PD was staged using the Hoehn & Yahr scale.!®
The diagnostic evaluation was performed at each evalu-
ation, and only those patients who fulfilled the diagnostic
criteria for PD at each examination were included. None
of the patients with PD used either anticholinergic par-
kinsonian medication or cholinesterase inhibitors. Au-
topsy has been performed in a subgroup of 22 patients of
this cohort, and in all cases, the neuropathological diag-
nosis was consistent with PD.1°

Assessment of Cognition

Patients and control subjects were given a neuro-
psychological battery consisting of the following tests:
(1) The multiple choice version of the Benton Visual
Retention Test (BVRT), designed to assess short-time
visual memory: subjects recognize one or more de-
signs that they have seen before.?? (2) The Judgment
of Line Orientation test (JLO), designed to assess
visuospatial abilities: subjects estimate angular rela-
tionship between line segments by visually matching
angled line pairs to 11 numbered radii forming a
semicircle.?! (3) The Stroop Word Test (SWT),?? de-
signed to assess selective attention/executive func-
tions. Subjects name the colors of colored patches
(first card), read printed words (second card), and read
printed color names in which the ink used for printing
is a color different from the color designed by the
printed name (third card). These neuropsychological
tests were selected to identify cognitive deficits typi-
cally occurring in PD?? and were as much as possible
independent of motor abilities. The tests were admin-
istered by a neuropsychologist, and scored according
to conventional procedures outlined in the test manu-
als. In addition, two cognitive screening instruments,
the MMSE?* and the Dementia Rating Scale (DRS)?5
were administered. Severity of depression was mea-
sured using Beck Depression Inventory (BDI).?¢
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Diagnosis of Dementia

The diagnosis of dementia according to the Diagnostic
and Statistical Manual of Mental Disorders, Revised
Third Edition (DSM-III-R) was made by 2 of the authors
(D.A. and J.P.L.) based on an interview administered by
an experienced clinician to a caregiver using the DSM-
III-R?7 dementia criteria as a guide, and the performance
on the cognitive rating scales. Population-based, age-
and education-corrected normative data for the MMSE?28
and DRS?® were used, and scores below the lowest
quartile (MMSE) or below 19th percentile (DRS) were
considered as cognitive impairment. In cases of incon-
sistencies between these measures, all the available ma-
terial was reviewed, and both raters made a diagnosis of
dementia or not independently according to the DSM-
III-R criteria for dementia. In cases of disagreement, a
consensus diagnosis was made.

Diagnosis of MCI

A diagnosis of MCI was made according to a modified
version of the criteria proposed by Petersen and col-
leagues'3: MCI was defined as impaired performance
(i.e., 1.5 standard deviation or more below the mean of
the control group) on one, two, or all three neuropsycho-
logical tests. In addition, information regarding memory
complaint or other subjective cognitive deficits was gath-
ered by means of the caregiver-based interview and the
mentation item from the Mental subscale of the Unified
Parkinson’s Disease Rating Scale.3 Cognitive impair-
ment should not be severe enough to affect activities of
daily living; thus, the criteria for dementia were not met.
Three subtypes of cognitive impairment were identified:
(1) amnestic MCI, i.e., individuals with impaired perfor-
mance on the BVRT but who are performing reasonably
well on the other neuropsychological tests; (2) multiple
domains slightly impaired MCI, i.e., impairment on two
or more cognitive tests, without requiring memory defi-
cit; (3) single nonmemory domain MCI, i.e., impairment
in a single cognitive domain other than memory, on JLO
or SWT.

Statistics

Comparisons between groups for normally distributed
continuous data were made using Student’s ¢ test and
one-way analysis of variance. Categorical data were an-
alyzed by using the x? test. Type of MCI at baseline were
entered in a binary logistic regression model together
with factors possibly associated with incident dementia
(i.e., age, sex, education, and Hoehn & Yahr stage), with
the dementia diagnosis as the dependent variable. The
forward stepping method was used. The P value for

TABLE 1. Demographic and clinical characteristics of PD
patients without dementia and control subjects®

Nondemented Control
PD subjects P

Variables (n = 72) (n = 38) values
Sex M/F 32/40 11727
Education, years 9.6 (3.4) 9.8 (3.3) 0.77
Age, years 71.0 (8.1) 68.7 (9.4) 0.19
MMSE score 28.7 (1.8) 29.0 (1.1) 0.40
DRS total score 139.4 (5.1) 141.3 (3.6) 0.04
BVRT score 10.5 (2.3) 11.6 (1.8) 0.01
JLO score 21.0(5.1) 23.2 (4.1) 0.02
SWT, time, seconds 101.8 (46.0) 79.2 (25.2) 0.007

2Values are mean (SD). The P values are from Student’s ¢ test and x>
test.

PD, Parkinson’s disease; MMSE, Mini-Mental State Examination;
DRS, Dementia Rating Scale; BVRT, Benton Visual Retention Test;
JLO, Judgment of Line Orientation test; SWT, Stroop Word Test.

entering a variable was 0.05 and for removing a variable
was 0.10. All analyses were computed using SPSS ver-
sion 12.0.1 statistical software.

RESULTS

Baseline Assessment

There were 11 patients who declined to participate, 58
(43.3%) of the remaining 134 patients with PD had
dementia, and 76 (56.7%) were without dementia, but 4
of these did not perform all the neuropsychological tests.
Thus, 72 nondemented PD patients comprised the at-risk
population. The control group had similar demographic
characteristics and MMSE scores as the nondemented
PD patients (Table 1), but performed better on all the
neuropsychological tests. Of the nondemented PD pa-
tients, 34 PD patients (47.2%) were cognitively intact,
whereas 38 (52.8%) were diagnosed with MCI. Twenty-
six (68%) cognitively impaired PD patients also reported
memory complaint or other subjective cognitive impair-
ment. The following MCI subtypes were identified: am-
nestic type (n = 6; 15.8%), single nonmemory domain
type (n = 17, 44.7%), and multiple domains slightly
impaired type (n = 15; 39.5%). The demographic and
clinical characteristics of these subgroups are shown in
Table 2.

Among the patients with single nonmemory domain
MCI, 10 patients had an executive impairment (i.e.,
impaired SWT), whereas the remaining 7 patients had a
visuospatial impairment (i.e., impaired JLO). Within the
group of patients with multiple domains slightly im-
paired MCI, 1 patient had executive and visuospatial
impairment, 6 had executive and memory impairment, 4
had memory as well as visuospatial impairment, and the
remaining 4 patients had impaired performance on all
three neuropsychological tests.

Movement Disorders, Vol. 21, No. 9, 2006



1346

C.C. JANVIN ET AL.

TABLE 2. Baseline characteristics of patients with MCI-PD and cognitively intact PD patients®

MCT single domain

MCI multiple domains

MCI amnestic nonmemory slightly impaired Cognitively intact

Variables (n = 6) n=17) (n=15) (n = 34)
Gender M/F 3/3 8/9 7/8 14/20
Education, years 8.4 (2.1) 9.6 (2.4) 8.5(3.5) 10.2 (3.9)
Age, years 71.5(5.7) 73.4 (6.9) 74.8 (5.4)* 68.1(9.2)
Disease duration, years 10.6 (4.0) 11.4 (4.4) 11.6 (4.7) 12.2 (4.6)
Age at onset, years 60.2 (6.9) 62.2 (8.1) 62.8 (7.9) 56.0 (11.7)
Hoehn & Yahr stage 2.2(0.4) 2.6 (0.5) 3.3 (0.1)**# 2.3 (0.6)
BDI score 12.0 (9.6) 11.5(6.2) 13.0 (6.8) 8.7 (6.0)
MMSE score 29.0 (1.5) 28.7(1.9) 27.3(2.1) 29.2 (1.5)
DRS total score 140.8 (4.0) 140.2 (4.2) 134.1 (6.0)** o 140.9 (4.0)
BVRT score 7.8 (1.1) 11.4 (0.8)## 7.4 (1.7)%*0x 11.9 (1.5)
JLO 20.1(1.9) 18.7 (5.4)** 16.7 (4.2)** 24.0 (3.8)
SWT, time seconds 73.6 (24.1) 123.9 (39.9)#** 146.6 (56.1)#H#** 76.0 (19.3)

“Values are mean (SD). The P values are from one-way analyses of variance comparing the groups. Different from cognitive intact patients: *P <
0.05, #*#P < 0.001. Different from the amnestic MCI group: #P < 0.05, ##P < 0.001. Different from the single domain nonmemory MCI group: #P <

0.05, P < 0.001.

MCI, mild cognitive impairment; PD, Parkinson’s disease; BDI, Beck Depression Inventory; MMSE, Mini-Mental State Examination; DRS,

Dementia Rating Scale; BVRT, Benton Visual Retention Test; JLO, Judgment of Line Orientation; SWT, Stroop Word Test.

Follow-Up Assessment

Twenty-nine (76%) of the patients with MCI (2 pa-
tients with amnestic MCI, 7 with multiple domains
slightly impaired type MCI, and 9 with single non-
memory domain MCI) and 30 (88%) of the cognitively
intact patients completed follow-up assessment (10 pa-
tients had died and 3 declined to participate further). A
total of 18 (62%) of the patients with MCI were de-
mented at follow-up, compared to only 6 (20%) of the
cognitively intact PD patients (x> = 10.81;df = 1; P =
0.001). There were 7 (63%) of the patients with multiple
domains slightly impaired type and 9 (69%) of the pa-
tients with single nonmemory domain impairment type
who had developed dementia at follow-up, compared to
2 (40%) of the patients with amnestic type MCI (Fig. 1).
The difference between the three subgroups with regard
to the proportion of PD patients developing dementia
was not statistically significant (x? test = 1.32; df = 2;

BPD demented
B PD non-demented

Amnestic MC1 Single domain non= Multiple demains  Cognifively infact

manmery MCl alightlyimpaired  FD p atisnts

MC1

FIG. 1. Dementia status at follow-up according to cognitive status at
baseline. PD, Parkinson’s disease; MCI, mild cognitive impairment.
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P = 0.51). There were no statistically significant differ-
ences between the MCI patients who became demented
or not with regard to baseline demographic and clinical
variables, except that MCI-PD patients who became de-
mented had higher baseline scores on the BDI (Table 3).

Logistic regression was used to identify whether MCI
and MCI subtypes were significantly associated with
incident dementia in multivariate analyses controlling for
age, sex, education, and Hoehn & Yahr stage. MCI at
baseline was strongly associated with later development
of dementia (P = 0.006; odds ratio [OR], 4.8; 95%
confidence interval [CI], 1.58—-14.8). The significant ef-
fect on dementia in MCI was evident even after control-
ling for the BDI scores at baseline (P = 0.01; OR, 4.2;
95% CI, 1.3-13.3). The initial regression model with
age, sex, education, and Hoehn & Yahr stage as covari-
ates was repeated to identify whether the subtype of MCI
at baseline (i.e. amnestic, single domain nonmemory,
and multiple domains slightly impaired) was associated
with the development of dementia. Single domain non-
memory MCI (P = 0.003; OR, 12.9; 95% CI, 2.44—
68.97) and multiple domains slightly impaired MCI (P =
0.04; OR, 5.8; 95% CI, 1.04-33.223) were associated
with later development of dementia, but not amnestic
MCI (P = 0.76; OR, 1.41; 95% CI, 0.11-19.05).

After a detailed search through the medical records of
the 13 patients who did not participate at follow-up, we
were able to establish the dementia status for 9 of these
patients: 3 patients became demented, whereas 6 patients
did not. For 2 patients, there was no information avail-
able, 1 died 1 month after the baseline interview, and 1
had a severe cerebrovascular incident. When all 68 sub-
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TABLE 3. Baseline demographic and clinical characteristics of MCI-PD patients with or

without incident dementia®
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PD who became demented PD who did not become demented P

Variables (n = 18) mn=11 value
Age, years 73.4(6.3) 73.9 (6.9) 0.85
Sex M/F 10/8 4/7 0.31
Education, years 8.5(2.8) 8.9 (2.9) 0.71
Age at onset, years 61.7 (7.9) 62.0 (7.5) 0.92
Disease duration, years 12.0 (4.4) 10.8 (4.0) 0.48
Hoehn & Yahr stage 2.9 (0.6) 2.7 (0.1) 0.52
MMSE, score 27.8 (2.4) 29.1 (1.0) 0.09
DRS total, score 138.0 (5.0) 138.3(6.9) 0.89
BVRT, score 9.5(2.3) 9.5(1.9) 0.95
JLO, score 17.5 (4.5) 18.5 (4.7) 0.57
SWT time, seconds 127.6 (45.8) 108.9 (37.1) 0.26
BDI, score 14.2 (5.1) 8.3 (7.3) 0.02

2Values are mean (SD). The P values are from Student’s # tests and x> tests.
MCI, mild cognitive impairment; PD, Parkinson’s disease; MMSE, Mini-Mental State Examination; DRS,
Dementia Rating Scale; BVRT, Benton Visual Retention Test; JLO, Judgment of Line Orientation; SWT, Stroop

Word Test; BDI, Beck Depression Inventory.

jects with information on dementia status were included,
the difference in dementia among cognitive intact and
MCI patients was still highly statistically significant (x>
=10.38; df = 1; P = 0.001). The difference between the
three MCI subgroups with regard to the proportion of PD
patients developing dementia remained not statistically
significant (x> = 2.54; df = 2; P = 0.28). In the regres-
sion analyses, MCI at baseline was still associated with
later development of dementia (P = 0.005; OR, 5.1; 95%
CI, 1.51-16.24). Single domain nonmemory MCI (P =
0.006; OR, 8.3; 95% CI, 1.8-37.5) remained associated
with later development of dementia, but not amnestic
MCI (P = 0.7; OR, 1.6;95% CI, 0.16—-19.03) or multiple
domains slightly impaired MCI (P = 0.46; OR, 1.8; 95%
CI, 0.34-10.42).

DISCUSSION

The main finding of this study was that 62% of the
patients with MCI-PD developed dementia during the
4-year period between baseline and follow-up assess-
ments compared to only 20% of the cognitively intact
patients with PD. This is a novel finding, showing that
the conversion rate of MCI to dementia is at least as high
as in non-PD individuals with MCI in the general pop-
ulation. Thus, our results suggest that MCI is not a stable
condition in PD but, rather, represents the initial stage of
a progressive cognitive decline leading to dementia.

These findings support and extend the results from
previous longitudinal studies showing that impairments
on selected neuropsychological tests are associated with
later dementia.>-¢ Furthermore, although the mean rate of
cognitive decline in PD 1is stable over time, there is
considerable interindividual variation in the rate of cog-

nitive decline.3! Thus, the presence of MCI seems to be
a key factor in identifying patients with a high risk of
developing dementia.

We identified subtypes of MCI and their conversion
rate to dementia. The majority of patients with MCI had
nonmemory subtypes, that is, single domain nonmemory
and multiple domains slightly impaired MCI. These sub-
types were associated with later development of demen-
tia. Although the proportion of patients with PD and
amnestic type MCI who progressed to dementia was
twice that of the cognitively intact patients, the differ-
ence did not reach statistical significance. The small
number of subjects with amnestic MCI in our sample,
resulting in a low statistical power, precludes any firm
conclusions regarding whether the different MCI sub-
types have different risk of developing dementia.

Depression is associated with cognitive impairments
in subjects with’? and without PD.33 In this study,
MCI-PD patients who developed dementia had higher
BDI depression scores than those who did not. Thus, the
progression of cognitive decline may be secondary to
depression. However, the multivariable analysis showed
that MCI was associated with incident dementia even
after controlling for depression, and depression was not
an independent risk factor for dementia. Similar findings
have been reported in most previous prospective studies
using multivariable analysis.>3* Thus, although depres-
sion clearly affects cognition in PD, it is unlikely that the
relationship between MCI and incident dementia can be
explained by depression.

One of the strengths of this study was the recruitment
of subjects from a community-based cohort of patients

Movement Disorders, Vol. 21, No. 9, 2006
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with PD without dementia who had been followed up for
4 years before inclusion and assessed with a comprehen-
sive battery of neurological, neuropsychiatric, and cog-
nitive rating scales.? Second, the diagnosis of PD was
consistently made at neurological examinations by the
same study group at three consecutive assessments and
was confirmed by autopsy in 22 cases. High diagnostic
accuracy, up to 90%, can be achieved in expert groups,3>
especially in patients assessed by the same neurologist in
long-term clinical trials using accepted clinical criteria.3¢
Third, the long follow-up time allowed us to detect
cognitive changes in PD patients that would have not
been detected by shorter follow-up times. The attrition
rate was low (18%), and it was mainly due to death.
Explicit and standardized criteria for dementia, MCI, and
PD were used, and the assessment of dementia was
performed blind to the motor evaluation. Finally, tests
were chosen that were independent of motor functioning
and were focused on cognitive domains known to be
affected in PD, such as executive, visuospatial, and
memory functions.

As most clinical studies, the current study has also
some limitations that should be addressed. The sample of
PD patients did not include patients with early PD, and
our results, therefore, may not be representative for early
PD. Each subgroup of MCI-PD patients included a small
number of patients each, resulting in low statistical
power to detect differences between MCI subtypes. Stud-
ies including larger numbers of patients are needed to
further explore the relationship between the type of MCI
and the risk for developing later dementia. The relatively
high drop out rate due to the long test-retest interval
might influence the results. However, when the 9 addi-
tional patients were included in the analyses, the results
did not change significantly. The neuropsychological
battery was rather brief; thus, the full spectrum of cog-
nitive impairment in PD may not have been covered.
Non-PD patients were not included; therefore, firm con-
clusion regarding the rate of progression from MCI to
dementia in PD relative to the rate in non-PD subjects
cannot be made. Finally, with the long interval between
baseline and follow-up, a substantial proportion of pa-
tients were lost due to death. Because mortality in PD is
associated with cognitive impairment,3” the attrition may
not be random and, thus, may lead to an underestimate of
the conversion rate of dementia in the MCI group.

In summary, our results indicate that the presence of
MCT is associated with subsequent dementia in patients
with PD. However, the results should be interpreted with
caution due to the relative number of patients with MCI.
Dementia is a key determinant of quality of life of
patients and caregivers, nursing home admission, and

Movement Disorders, Vol. 21, No. 9, 2006

mortality in PD. Thus, our findings have implications for
patient management. Patients with PD should be regu-
larly assessed with neuropsychological assessment. Even
brief test batteries may identify patients at high risk for
dementia, and these patients should be carefully moni-
tored for progression to dementia. Treatment is now
available for PD with dementia,3® and future studies
should explore whether the progression from MCI to
dementia in PD can be reduced.
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