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Abstract
The aims of this project were to determine the risk factors for and clinical characteristics of mild
cognitive impairment (MCI) in Parkinson’s disease (PD). We performed a retrospective record
review of 72 non-demented PD patients (age: 57.79 ± 10.57, duration of PD: 7.32 ± 4.97) who
completed a standardized neurological assessment, including a full neuropsychological battery, as
part of their diagnostic work-up. Of these participants, 47.2% were cognitively normal and 52.8%
met criteria for MCI. The majority of MCI patients had single domain MCI (23/38), the affected
domains being memory (n = 9), executive function (n = 6), visuospatial skills (n = 6), and
language (n = 2). The MCI group had longer duration of disease and higher postural instability and
gait disorder subscale scores than the cognitively normal group. This report provides further
support for use of the concept of MCI in PD research. There may be certain disease characteristics
that could alert practitioners to the emergence of cognitive changes in patients. Future studies
should focus on additional risk factors for MCI subtypes and their possible progression to frank
dementia.
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Parkinson’s disease (PD) is a progressive neurodegenerative disorder typically characterized
by motor symptoms including tremor, rigidity, bradykinesia, and postural instability and gait
dysfunction. It has become apparent, however, that non-motor features also play a key role,
with dementia representing the greatest unmet need. The prevalence of dementia in PD as
defined by neuropsychological testing has been estimated to be between 37 and 44% [1],
and PD carries an approximately six-fold increased risk for dementia compared to the
general population [2]. Dementia in PD is associated with older age and greater overall
motor dysfunction [3]. Additionally, motor symptoms less responsive to dopaminergic
drugs, particularly postural instability and gait disorder, appear to have a higher association
[4].

While dementia is frequently a late feature of PD, subtle cognitive dysfunction can be found
early in the disease course. Cognitive impairment not reaching the level of dementia is
typically characterized by executive dysfunction, and these subtle changes have been
reported in approximately 30% of non-demented PD patients [5]. While some suggest that
cognitive impairment may be predictive of the development of later dementia [6], it is
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unknown whether these early difficulties represent frontal and/or subcortical processing
changes that might be stable and part of the spectrum of dopaminergic dysfunction or
whether they are the prodrome of a progressive dementing syndrome. This is an important
question to answer as it could lead to prediction and prevention of dementia in PD.

The concept of mild cognitive impairment (MCI) as defined by Petersen proved fruitful in
furthering our understanding of early phases of dementia, particularly in Alzheimer’s
disease (AD) [7]. Although originally focused on memory impairment as a risk factor for
AD, the definition of MCI has since been expanded to include other domains such as
language, executive functioning, and visuospatial skills. Different subtypes of MCI are now
hypothesized to represent the prodromal phase for several different disorders (e.g., FTD,
vascular dementia) [7].

Whether the application of this MCI concept to PD is appropriate is largely unknown, but
the idea has sparked much recent interest. Several studies now label the early cognitive
change in PD as MCI by the Petersen definition. Estimates of MCI in PD vary widely,
ranging from 18 to 52% [8–10]. Caviness et al. found, in their brain bank population, that a
transitional state between normal cognition and dementia could be defined in PD just as in
AD [8]. The majority of their cases had single domain MCI (67%) with either executive
dysfunction (39%) or amnestic deficit (22%). Janvin and colleagues found that single non-
memory domain (44.7%) (mostly executive dysfunction) followed by multiple impaired
domains (39.5%), and then single memory domain MCI (15.8%) were the most prevalent
subtypes in PD [10]. MCI was a risk factor for development of dementia within four years,
and the results suggested that MCI represents the initial stage of a progressive cognitive
decline in PD that leads to frank dementia [10]. Recently, Mamikonyan and colleagues
noted that even in a cohort of PD patients with intact global cognitive functioning as
measured by the Mini Mental State Examination (MMSE), almost 30% were classified as
MCI through neuropsychological testing [9].

The above studies represent important first steps in applying the concept of MCI to PD, but
further study is required. Only one published study to date has utilized an extensive
neuropsychological battery assessing all cognitive domains to characterize subtypes of MCI
[8]. Also, no study has explored the relationship between MCI subtypes as defined by
Petersen and their relationship to subsets of motor symptoms in PD. In the current
investigation, we utilized a neuropsychological battery assessing all cognitive domains and
examined the clinical characteristics associated with PD–MCI. Of particular interest was
whether the relationship between postural instability and gait disorder (PIGD) and tremor
and dementia in PD would also be found in PD–MCI. We hypothesized that MCI affecting a
single domain involving executive functioning would be the most prevalent subtype. In
addition, based on previous findings linking clinical characteristics to dementia in PD [2,6],
we hypothesized that PD–MCI would be associated with longer duration of PD, greater
overall severity of motor symptoms, and greater non-tremor symptomatology.

1. Methods
1.1. Participants

The Emory University IRB approved the research protocol, and all participants signed a
consent document. We reviewed the records of 103 PD patients who were invited to
participate in a research study investigating cognition in neurological disorders and who
completed neuropsychological testing. Patients were consecutively recruited from a
movement disorders clinic independent of whether they had cognitive complaints. All were
English-speaking individuals diagnosed with PD by a movement disorder neurologist based
on the presence of 2 of 3 cardinal features and absence of features suggestive of atypical
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parkinsonism. We excluded individuals with a history of other neurological (e.g., stroke,
head injury, N = 9) or psychiatric disorders (e.g., current major depressive episode, N = 4)
that may have affected cognitive functioning. Additionally, we excluded patients with a
diagnosis of Lewy body dementia (N = 1) defined as those with documentation of onset of
cognitive and motor symptoms within one year of the other. Seventeen other participants
were excluded because they did not have complete data for each neuropsychological
domain.

1.2. Clinical assessment
Patients completed an extensive clinical evaluation, including review of medical history,
informant interview, assessment of functional abilities, neurological examination, and
cognitive evaluation. Data analyzed from these assessments included demographic
information (duration of illness, age at onset, age at testing), motor ratings using a modified,
shortened, version of the motor portion (Part 3) of the Unified Parkinson’s Disease Rating
Scale (UPDRSm) [11,12], scores on neuropsychological tests, and functional information.
As hallucinations have been linked to dementia in PD, we assessed the presence of
hallucinations by reviewing a research questionnaire that documented the presence/absence
of this symptom as reported by the patient and informant.

1.2.1. Cognitive and functional assessment—The standard battery included
cognitive tests in the following domains: visuospatial skills, language, attention, executive
functioning, and memory. Visuospatial skills were assessed by having patients determine the
angular orientation of lines (Judgment of Line Orientation) and copy the intersecting
pentagons on the MMSE [13,14]. Language was examined via the Boston Naming Test and
completion of letter and semantic verbal fluencies [15,16]. Attention was evaluated by
having patients repeat digits forward and by the number of seconds needed to sequence
numbers using a pencil (Trails A) [17]. For the evaluation of memory, participants
completed either the CERAD Word List or the Hopkins Verbal Learning Test-Revised
(HVLT-R) [18,19], and we also used their three-item recall from the MMSE. Executive
functions were measured by ability to sequence numbers and letters using a pencil (Trails B)
and by ability to spell the word “world” backwards.

Forty-two patients completed this standard battery with the CERAD Word List, while an
additional 30 were identified who completed the Hopkins Verbal Learning Test-Revised
(HVLT-R) due to a change in the cognitive battery. Comparisons between the proportion of
patients considered normal or MCI did not differ significantly between those patients
receiving the CERAD or the HVLT-R (χ2 = 0.006, df = 1, p > 0.05), and thus the results
reported include all 72 participants. Standardized, published normative datasets were used as
comparative references to determine impairments [16,19–22]. As suggested by Petersen [7],
we did not rely solely on a strict cut-off score to determine impairment but made a clinical
judgment as to whether performance was deficient for an individual in the context of their
estimated premorbid abilities.

For determination of cognitive status, two neuropsychologists (ABS, FCG) provided
independent diagnoses classifying patients as cognitively normal or MCI. Discrepancies
were resolved via a consensus conference. Study partners (family/friends serving as
informants) provided information on the patient’s functional status, which was assessed
through Lawton and Brody’s self-maintenance and independent activities of daily living
questionnaire [23] and/or a clinical history form assessing problems with everyday activities
(e.g., impairment in hobbies, impairment in finances, etc). A clinician interview was also
conducted to further probe for functional difficulties and to discriminate the extent to which
any decline was attributable to cognitive, not motor, impairment. We defined mild cognitive
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impairment according to Petersen criteria, including subjective (either participant or
informant report) and objective cognitive impairment in the absence of associated functional
limitations [7]. In addition, in order to document consistent impairment, we required deficits
on at least two measures in a domain before that domain was considered abnormal. For
example, we considered visuospatial functioning to be impaired in individuals with both
deficient performance on Judgment of Line Orientation and their copy of interlocking
pentagons from the MMSE. We further divided participants with MCI into four categories:
amnestic MCI-single domain, amnestic MCI-multidomain, non-amnestic MCI-single
domain, and non-amnestic MCI-multidomain based on the pattern of cognitive results [7].

1.2.2. Motor assessment—Sixty-nine patients had a modified UPDRS Part III [12]. This
modification of the UPDRS included items assessing tremor, rigidity, gait, rising from a
chair, stability, bradykinesia (face and body), posture, and speech, with scores ranging from
0 to 76. We combined single item scores from the UPDRSm based on clinical
symptomatology to create two subsets of motor symptoms: postural instability and gait
impairment (PIGD; rise from a chair, posture, gait, and postural stability) and tremor (head,
upper and lower extremity tremor at rest, and postural/action tremor of the upper
extremities) as described in Williams et al. [24].

1.3. Statistical analysis
Patients were divided into two groups, normal cognition and MCI. We compared the groups
in terms of demographic (e.g., age, education, etc), clinical (e.g., age at PD onset, PD
duration, etc.), and motor characteristics (e.g., UPRDSm total and subscales). We utilized
parametric statistics (independent t-tests) to compare groups on continuous variables when
the data were normally distributed and nonparametric statistics (Mann-Whitney U) when the
data followed a non-normal distribution. Chi-square tests were used to compare categorical
variables.

2. Results
Seventy-two participants fulfilled study criteria and were included in the analysis. We
classified 34 (47.2%) as cognitively intact (CI) and 38 (52.8%) as MCI. Table 1 displays the
demographic and general clinical characteristics of the groups.

Significant overall differences were found between subgroups in duration of PD (t = −2.56,
df = 70, p < 0.05) and MMSE scores (Mann-Whitney U = 273.5, p < 0.001). There were no
differences in education, age at testing, age at PD onset, gender, or handedness. There were
no differences between groups in use of levodopa, dopamine agonists, antipsychotic
medications, antidepressant medications, anticholinergic medications, or use of amantadine.
Data on hallucinations were available on 70 participants, with 5/38 of the MCI group and
1/32 of the CI group displaying hallucinations. This comparison was not statistically
significant.

Within the MCI group, participants displayed impairment most frequently in the domains of
memory (n = 18) and executive functioning (n = 17), followed by visuospatial skills (n =
15), language (n = 12), and attention (n = 5). The majority met criteria for single domain
MCI (Table 2), the affected domains being memory (n = 9), executive functions (n = 6),
visuospatial skills (n = 6), and language (n = 2).

In terms of motor functioning, UPDRSm and tremor subscale scores did not differ
significantly between the groups. Differences were seen, however, in PIGD subscores,
(Mann-Whitney U = 393.5, p < 0.05) (Table 3) with the MCI group showing higher scores
on this measure than the CI group.
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We further divided the MCI group into the following different clusters: single domain (N =
23) and multi-domain (N = 15) MCI and amnestic MCI (N = 18) and non-amnestic MCI (N
= 20). Comparisons of these groups did not reveal any statistically significant differences in
demographic or motor characteristics.

3. Discussion
Our results support the notion that a state of cognitive impairment intermediate between
normal cognition for age and dementia can be identified in PD using Petersen criteria [7]. In
this sample with a neuropsychological battery assessing all cognitive domains, we found that
52.8% of cases met criteria for PD–MCI. Of the individuals with MCI, the mean duration of
disease was <8 years and was as short as 1.5 years for some patients, suggesting that these
subtle cognitive difficulties may be present very early in the disease course. Several factors,
including definition of impairment, number of domains assessed, and the specific tests
comprising the neuropsychological battery, are likely to significantly affect the proportion of
PD patients found to have MCI in any particular sample. Although our techniques differed
in these aspects from several other authors, the rate of MCI in our sample was within the
range of that found in prior studies. Specifically, our findings are consistent with two reports
of Janvin et al. who found that 52% and 55% of their samples respectively had cognitive
impairment without dementia [10,25]. Similarly, when Caviness et al. required an
abnormality of only a single test in a domain, they found that 51% of their sample met
criteria for MCI [8]. Finally, using a more limited battery, Mamikonyan found 29.2% of
their large cohort showed evidence of MCI [9]. Thus, as has been previously suspected, MCI
is prevalent in PD and would benefit from a unified definition and system of categorization.

In terms of the cognitive characterization of PD–MCI, the most prevalent subtype was non-
amnestic MCI-single domain, with frequent executive and visuospatial dysfunction.
Executive dysfunction has formerly been demonstrated in PD patients without dementia and
was frequently seen in our MCI sample (44.7%) [26]. However, we found a slightly higher
rate of memory disturbance than reported in previous studies investigating application of
Petersen MCI criteria [8,10]. This variance may represent differences in the definition of
MCI (statistical cut-offs vs. clinical determination of impairment), measurements used, and/
or population characteristics. On the other hand, some previous studies of early cognitive
dysfunction in PD have documented similar high rates of memory dysfunction [27]. The fact
that in our study memory disturbance was largely accompanied by executive dysfunction
may suggest that PD memory impairment is secondary to executive difficulties. It has been
shown, however, that memory impairment in PD is variable, with some studies
demonstrating subcortical patterns potentially arising from executive dysfunction, and others
showing rapid forgetting and poor recognition memory, a pattern much more often
associated with cortical dementias such as AD [28]. Further study is needed to determine
whether these subgroups of memory dysfunction can be replicated, whether they are stable,
and if they have different outcomes and pathology.

We found that, despite the occurrence in some patients early on, longer duration of PD was
associated with MCI categorization, and this has been previously reported [2]. Additionally,
we found that a subtype of motor dysfunction, PIGD, was associated with increased
cognitive dysfunction, as the PIGD subscores were higher in the MCI group relative to the
CI group. Several investigators have reported that patients whose motor phenotype is
predominantly characterized by symptoms less responsive to dopaminergic drugs, such as
PIGD, have greater risk for development of dementia [4,6]. While visual hallucinations have
been associated with dementia in PD, we did not find a statistically significant relationship
between MCI categorization and hallucinations. This may have been due to reduced power
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given the small sample size as 13% of the MCI group had hallucinations and only 3% of the
CI group reported this symptom.

In relation to MCI, subtypes have been hypothesized as representing the early stages of
different dementia processes [7]. Hypotheses regarding the pathological basis of PDD have
included three main possibilities: 1) pathology directly related to PD in the brainstem, 2)
cortical Lewy bodies, and 3) Alzheimer’s disease pathology. It may ultimately be found that
PD–MCI subtypes reflect these different pathological processes, with their diverse cognitive
outcomes and clinical courses. Further investigation is required.

This study has several limitations, including retrospective nature of the data collection and
the use of a truncated form of the UPDRS. Additionally, there may be some concern that we
did not utilize a strict psychometric cut-off when defining MCI, and thus may have
introduced bias in defining the groups. As there are no agreed upon cut-offs for defining
MCI, we chose to apply clinical judgment based on the recommendations of several work
groups focusing on the diagnosis of MCI [29,30]. Moreover, we required impairments in
two tests comprising a domain, as well as a consensus diagnosis of two neuropsychologists
to reduce the possibility of bias. In reviewing the data, all participants judged to have MCI
fell at least one standard deviation or more below the mean on tests that were considered
impaired, thus providing some objective support for our clinical impressions. Finally, the
fact that the study was conducted in a university setting specifically investigating cognitive
difficulties in neurological diseases may have inflated the proportion of patients with
cognitive deficits, although this seems unlikely given that the rates found in this study are
consistent with those previously reported. Nevertheless, this study offers further evidence of
the utility of the concept of PD–MCI and the possibility that subtypes exist. Future work
will require further attention to the motor characterization of subtypes and longitudinal
follow-up to investigate the outcome and potential pathological correlates of each.
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Table 1

Characteristics of the PD groups.

Cognitively Intact (N = 34) MCI (N = 38)

Age at onset of PD 58.2 (9.9) 57.4 (11.2)

Age at testing 63.7 (9.5) 66.0 (10.0)

Education 16.0 (2.5) 15.4 (2.5)

Duration of PDa 5.8 (4.3) 8.7 (5.2)

% Male 67.6% 81.5%

MMSEb 29.0 (1.2) 27.1 (2.1)

a
p < 0.05.

b
p < 0.001.
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Table 2

Subtypes of MCI.

N (% of MCI)

Amnestic MCI-Single Domain 9 (23.7)

Amnestic MCI-Multiple Domain 9 (23.7)

Non-amnestic MCI-Single Domain 14 (36.8)

Non-amnestic MCI-Multiple Domain 6 (15.8)
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Table 3

Motor ratings of the two groups.a

Motor rating (range) Cognitively intact (N = 32) MCI (N = 37)

Total modified UPDRS (0–76) 10.7 (6.6) 13.7 (6.0)

PIGD subscale score (0–16) 2.1 (2.3) 3.2 (2.3)b

Tremor subscale score (0–28) 2.0 (2.0) 1.8 (2.2)

a
Sixty-nine of the seventy-two participants had available UPDRSm scores.

b
p < 0.05.
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