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Abstract
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Dementia in Parkinson’s disease (PD) is a serious health issue and a major concern for many
patients. In most cases mild cognitive impairment (MCI) is considered a transitional stage between
normal cognitive functioning and dementia which is of potential importance in the early
identification of patients at risk for dementia. Recently, the Movement Disorder Society (MDS)
proposed diagnostic criteria for MCI in PD (PD-MCI). These criteria comprise two
operationalizations: Level I (based on an abbreviated assessment) and Level II (based on
comprehensive neuropsychological evaluation permitting MCI subtyping). These criteria need to
be validated.
This paper describes a project aiming to validate the MDS PD-MCI criteria by pooling and
analyzing cross-sectional and longitudinal neuropsychological databases comprising ≥5,500 PD
patients and ≥1,700 controls. After applying the MDS PD-MCI Level I and Level II criteria, rates
of conversion to PD-dementia and predictive variables for conversion to PD-dementia will be
established. This study will also assist in identifying whether revisions of the PD-MCI criteria are
required.
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Patients with Parkinson’s disease (PD), compared to the healthy population, experience an
increased risk of dementia (PDD) [1], which has a substantial negative impact upon patients’
wellbeing and caregiver burden [2]. Mild cognitive impairment in PD (PD-MCI) refers to
the stage between normal cognitive functioning and PDD. Establishing the diagnosis of PDMCI is important for the identification and management of at risk PD patients and future
studies concerning the etiology, course, and treatment of PD-MCI and the delay or
prevention of PDD.
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Prior studies found that cognitive functions in PD deteriorate over time: 24% of the patients
have cognitive disturbances at onset [3]; three years later 50% show cognitive decline and
9% develop dementia [4]. Although dementia is present in about 80% of patients in studies
of long-term follow-up [1], little is known about the rate of change in the different cognitive
abilities or the pattern of change of cognitive deficits. The brevity of follow-up intervals
(often one year or less), limited assessment of cognitive functions (often just global
dementia screening measures), and lack of control groups hamper the ability to draw firm
conclusions about the nature and extent of cognitive decline in PD [5]. With few exceptions
[1, 2, 4, 6–12, 20], most longitudinal studies have examined prevalent cases with longstanding disease. Selection bias in those studies probably led to underestimation of the true
extent of cognitive decline in established patients [12]. In addition, most studies have
evaluated cognitive change at a group level, not accounting for individual variability in the
trajectory of decline, which is probably large given the heterogeneity of PD. Furthermore,
there are opposing views on PD-MCI being solely part of a continuum from normal
cognition to PDD versus the existence of a stable subtype of PD-MCI [13]. Hence, it
remains to be established how different cognitive domains change over time after the onset
of disease, who will exhibit cognitive decline, and what factors predict cognitive
deterioration.
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An important requirement for answering these research questions is a set of uniform criteria
defining PD-MCI, particularly to aid the comparability of different studies across different
PD populations and sites. In the past, the MCI criteria used across PD studies have varied
considerably in several factors including the number of required cognitive tests and different
cut-off points for cognitive impairment. These factors can affect the proportion of PD-MCI
cases identified [14]. To address these issues, PD-MCI criteria based on a literature review
and expert consensus [15, 16], were recently proposed by the Movement Disorders Society
(MDS) Study group on PD-MCI criteria [16]. Validation of the proposed criteria, and if
necessary, refinement, will further facilitate research on the epidemiology, clinical
characteristics, and prognostic value of MCI in PD. This paper describes the proposed MDS
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PD-MCI criteria, recent studies using these criteria and the aims of the intended validation
studies by the MDS PD-MCI Validation Study Group.
MDS PD-MCI criteria
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In brief, the MDS PD-MCI criteria include: 1) diagnosis of idiopathic PD, 2) gradual
cognitive decline reported by the patient, caregiver and/or the clinician, 3) deficits at
neuropsychological testing, 4) deficits not significantly interfering with functional
independence and 5) absence of dementia or other explanations for cognitive deficits [16].
The criteria contain a two-level operational schema of PD-MCI depending on the
comprehensiveness of assessment. Level I is based on an abbreviated assessment (e.g.,
global cognitive scale validated for PD or limited battery of neuropsychological tests) and
Level II is based on comprehensive neuropsychological testing of each of five cognitive
domains (i.e., attention and working memory, executive, language, memory, and
visuospatial). Impairment on neuropsychological tests is demonstrated through scores
approximately 1 to 2 standard deviations (SD) below age, education, gender, and culturally
appropriate norms, significant decline as demonstrated on serial neuropsychological
assessment, or significant decline from estimated premorbid functioning. Examples of
suggested neuropsychological tests are described [16]. Classification of PD-MCI into single
and multiple domain subtypes is optional in Level II assessment.
A number of issues with the proposed criteria remain unresolved, including which level of
the proposed criteria best captures the PD-MCI construct and how impairment on
neuropsychological tests is best defined [14, 17]. Questions such as these provide the basis
for this project to validate the MDS PD-MCI criteria.
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Studies on MDS PD-MCI criteria
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Recently, several studies using the MDS PD-MCI criteria were published [7, 18–20]. These
studies reflect the emergence of applying the MDS PD-MCI criteria in cross-sectional and
longitudinal cohorts and provide preliminary exploration of the criteria’s validation and
operationalization. Pedersen et al. [20] applied Level I criteria (limited battery of
neuropsychological tests), using 1.5 SD below appropriate norms as a cut-off, to assess a
population cohort of newly diagnosed drug naïve PD patients who had a mean PD duration
of 2.3 years. One hundred eighty-two patients were assessed at baseline, 178 at one-year
follow-up and 167 at three-year follow-up. At baseline, patients with PD-MCI (20.3%) were
significantly older, had less education, longer disease duration, lower Unified Parkinson’s
Disease Rating Scale scores, higher Hoehn and Yahr stage, and lower MMSE scores than
patients without PD-MCI. Twenty seven percent of these PD-MCI patients converted to
dementia at three-year follow-up, versus 0.7% of non-MCI patients. MCI at one-year
follow-up was equally predictive of dementia with 27.8% conversion at three-year followup. However, the reconversion rate from PD-MCI to normal cognition was high as well
(21.6% from PD-MCI at baseline to normal and 19.4% from PD-MCI at one-year follow-up
to normal). Of those with PD-MCI both at baseline and at one-year follow-up, 45.5%
converted to dementia and only 9.1% reconverted to normal cognition. Only age, attention
(Stroop color) and verbal memory (CVLT-II immediate and delayed total free recall) were
significantly different between the PD-MCI patients who converted to dementia and those
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who did not convert. Because not all cognitive domains were tested, however, impairments
may have been overlooked and the prevalence of PD-MCI might have been underestimated.
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Broeders et al. [7] assessed newly diagnosed PD patients using Level II criteria with 1.5 SD
below appropriate norms as cut-off. One hundred twenty-three patients were available at
baseline, 97 at three-year follow-up and 73 at five-year follow-up. Of the 123 patients,
35.0% fulfilled the criteria for PD-MCI at baseline. After three years 48.5% had PD-MCI
and 9.3% had progressed to PDD. After five years 38.4% had PD-MCI and 23.3% PDD.
These numbers might underrepresent the development of PDD and PD-MCI given attrition
of the cognitively most compromised cases [7], a problem occurring in many longitudinal
studies. Reconversion rates from PD-MCI to normal were 9.3% from baseline to three years
and 6.4% from three- to five-years follow-up. Regarding the PD-MCI subtypes the majority
were multiple domain PD-MCI (baseline 65.1%; 3 year 63.8%; 5 year 42.9%). This is in
contrast to other estimates [15], which might reflect the effect of the new MDS criteria.
Additionally, Broeders et al. [7] examined the inter-rater agreement, which was high
(95.6%; kappa = 0.91). These studies not only provide information regarding the frequency
of PD-MCI with the MDS PD-MCI criteria, but also their use in estimating stability or
progression of PD-MCI in longitudinal follow-up.
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In a cross-sectional study, Marras et al. [19] investigated the frequency of PD-MCI and its
subtypes in a population cohort of 139 PD patients who had a mean PD duration of 5.2
years. Level II criteria were applied using 1.5 SD below appropriate norms as cut-off.
Thirty-three percent of the sample was classified as PD-MCI, of which 93% had multidomain MCI, which is comparable to Broeders et al. [7]. When requiring two abnormal tests
per domain (which is a modification of the proposed MDS PD-MCI criteria), 31% of the
patients were classified as having PD-MCI, of which only 19% had multi-domain MCI. The
elimination of the necessity to have subjective complaints of cognitive deficits led to a small
rise in PD-MCI from 33% to 41%. However, when including cognitive decline from
estimated premorbid levels, as is suggested in the MDS PD-MCI criteria, 79% were
classified as PD-MCI. Cognitive decline on a neuropsychological test was defined as an agecorrected z-score 1.5 SD below the estimated premorbid intelligence z-score, as estimated by
the Wechsler Test of Adult Reading (WTAR). It should be noted that application of the
WTAR for this aim is still under discussion [21, 22]. Furthermore, Marras et al. [19]
compared three global screening tests (MMSE, MoCA and Scopa-Cog) with the level II
neuropsychological assessment. They concluded that none had a good combined sensitivity
and specificity, which suggests that these tests are not well suited for Level I PD-MCI
determination.
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In another study, Goldman et al. [18] examined the issue of defining optimal
neuropsychological test cut-off scores for PD-MCI using the MDS PD-MCI criteria in a
cohort of 76 PD patients with a mean PD duration of 9.3 years. Level II criteria were
applied, and impairment was examined across different SD cut-offs relative to appropriate
normative values to determine the influence of the different cut-offs (i.e., 1, 1.5, 2 SD below
appropriate norms, as well as an exploratory lower limit of 2.5 SD). Sensitivity, specificity,
positive predictive and negative predictive values, receiver operating curves, and
concordance of the MDS PD-MCI Level II criteria were calculated for each of the different
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cut-off scores, compared to the classification of PD-MCI by consensus diagnosis. In this
cohort, the best sensitivity (85.4%) and specificity (78.6%) measures for PD-MCI by MDS
criteria were achieved using a cut-off of 2 SD below norms. At this cut-off, 61.8% of
patients were classified as PD-MCI. Using a 1.5 SD cut-off yielded high sensitivity (93.8%)
but lower specificity (60.7%). In addition, with the MDS PD-MCI Level II criteria, multiple
domain PD-MCI was more frequent than single domain impairment at all cut-off scores,
similar to Marras et al. [19] and Broeders et al. [7]. Executive function deficits predominated
in PD-MCI across all definitions used. Further validation of these observations in larger and
diverse cohorts, such as in the MDS Study Group, will be important in determining optimal
definitions for PD-MCI.

Author Manuscript

These four studies using the MDS PD-MCI criteria demonstrate several findings: the
operational applicability of Level I and Level II diagnostic criteria in community-based
populations [18–20] as well as in a newly diagnosed hospital population [7]; high inter-rater
agreement [7], a high prevalence of multi-domain PD-MCI compared to earlier studies [15],
and differences in frequency of PD-MCI with different operationalizations of the criteria
[18, 19]. These studies provide a basis for the MDS PD-MCI Validation Study Group’s
efforts to further examine the MDS PD-MCI criteria, thereby building upon the observations
and use of the PD-MCI criteria in these studies and further extending it to much larger
datasets of PD patients.

MATERIALS AND METHODS
Aims of the validation study
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Initial studies reviewed above demonstrate applicability of the MDS PD-MCI criteria but
they need further validation and possibly refinement. The aims of the proposed study are: (1)
Validation of the MDS PD-MCI criteria (examining the concordance of PD-MCI
classification according to Level I and Level II criteria and their ability to predict conversion
to dementia); (2) Definition of the best cut-off scores on the suggested global cognitive
scales and on neuropsychological tests for the separate cognitive domains (to discriminate
patients with and without PD-MCI; to predict conversion to dementia); and (3) Generating
epidemiologic data (defining the frequency of PD-MCI, comparing the stability of this
frequency across different cohorts and defining the prevalence of different subtypes of PDMCI). To answer these research questions, a study group was formed in 2012 which has
been endorsed by the MDS as the MDS PD-MCI Validation Study Group. More than
twenty-five specialized movement disorders centers in twelve countries over the world
participate (Fig. 1).
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The MDS PD-MCI Validation Study Group will pool extant large PD databases including
clinical and neuropsychological measures. Both community and clinic samples and both
incident and prevalent cohorts will be included. This broad representation is a unique
reflection of cognition in PD world wide. The combined databases from the Study Group
sites contain more than 5,500 PD patients, of whom 89% are participating in longitudinal
studies, and more than 1,700 controls. Level I criteria will be applied to all patients for
whom a global cognitive measure or a limited neuropsychological battery was performed.
Level II PD-MCI criteria will be applied to approximately 1,600 patients who have had
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comprehensive neuropsychological assessment. Just over 1,200 (75%) of those Level II
patients are followed longitudinally with measurements at one and two years, just over 308
are followed for 5 years and just over 120 for 8 years.

DISCUSSION
The intended study will provide a comprehensive and informative analysis of the
applicability and validity of the MDS PD-MCI criteria. This study will help answer several
questions regarding how to best operationalize the proposed MDS PD-MCI criteria and will
shed light on PD-MCI as a construct and transitional state. The intended study using already
collected databases from the Study Group sites is a major step forward in the validation of
the MDS PD-MCI criteria.
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The MDS PD-MCI Validation Study Group database includes the pooling of datasets from
multiple centers across the world to examine PD-MCI. A strong point of the proposed study
is the large number of PD patients in the pooled database and the length of follow-up
available. This is an important requirement considering the slow and variable progress from
normal cognitive functioning to dementia [2], the stable MCI construct [13] and attrition
rates of 10–15% per year in longitudinal studies [12]. Therefore, large numbers of patients
in longitudinal studies are needed to determine the predictive value of PD-MCI for
conversion to dementia. This validation can be done by pooling existing databases. In future
prospective studies additional validation issues can be resolved.
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Author Manuscript

In our study design, we will also have the opportunity to examine the potential challenges of
defining PD-MCI and its subtypes across various databases, combining studies of
heterogeneous populations and using different clinical and neuropsychological tests, and
investigating rates of progression of PD-MCI to PDD. This approach was successfully
pioneered in an eight-center PD-MCI study by Aarsland et al. [23]. Our study will describe
and examine the use of different methods of assessment for the presence of cognitive
complaints, functional impairment, and selection of neuropsychological tests. Analyses such
as these will help advance our understanding of uniform definitions of PD-MCI and how the
criteria can be readily applied across multiple centers. For instance, a difference in methods
for assessing the impairments in instrumental activities of daily living (iADL) is expected,
although a difference in the number of dementia cases due to assessment method seems
unlikely [24]. We will evaluate comparability of the obtained outcomes with different
methods before pooling data for combined analysis. When systematic differences appear, the
intended analyses will be done separately or where possible correcting for iADL assessment
method. In addition, we will examine the various methods used for assessing the gradual
decline in cognitive abilities (e.g. through subjective complaints of the patient, their
caregiver or by observations of the clinician) as well as for the determination of functional
independence. We will assess the influence of these different methods on the measurement
of PD-MCI. Furthermore, our study will permit the examination of different rates of
progression of PD-MCI.
Uniform reliable criteria for diagnosing PD-MCI and PD-MCI subtypes are an important
step forward in the field, and the proposed study will be the first to apply these uniform
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criteria for PD-MCI across large, pooled cohorts of PD patients. Validation of the MDS PDMCI criteria will help future research concerning etiology, disease course, and trials
assessing treatments for symptomatic improvement or for delaying or preventing onset of
dementia. Furthermore, validation of these criteria will aid clinicians, patients, caregivers,
and researchers in their communication by providing a common language.
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Fig. 1.

Participating countries in the MDS PD-MCI Validation Study Group are marked black.
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