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Reverters from PD-MCI to Cognitively Intact are at Risk for
Future Cognitive Impairment: Analysis of the PPMI Cohort
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1Department of Psychiatry and Biobehavioral Sciences, University of California Los Angeles. Los
Angeles, CA, USA

2Department of Clinical & Health Psychology, College of Public Health & Health Professions,
University of Florida, Gainesville, FL, USA

Abstract

Introduction—Past studies have shown that a large portion of individuals with Parkinson’s
disease (PD) and mild cognitive impairment (MCI) will revert to a cognitively intact (Cl) status in
the future. Aging studies have shown that individuals who revert from MCI to CI are at increased
risk for reconverting to MCI or dementia in the future. The current study examined if individuals
who revert from PD-mild cognitive impairment (PD-MCI) to CI will be at increased risk for future
PD-MCI and Parkinson’s disease dementia (PDD).

Method—The study utilized data from the Parkinson’s Progression Markers Initiative (PPMI).
The sample included 364 newly diagnosed PD participants who were followed annually for up to 4
years. Based on the first and second assessments, we identified individuals who were CI at each
assessment (Cl-Stable) and individuals who were PDMCI at baseline but then reverted to Cl
(Reversion). Analyses examined if participants in the Reversion group were at greater risk, relative
to the CI-Stable group, for cognitive impairment at future assessments.

Results—Participants in the Reversion group were at greater risk for future cognitive impairment
(PD-MCI or PDD) at the 2", 3 and 4t annual follow-up, relative to the Cl-Stable group. The
Reversion group continued to be at increased risk for future cognitive impairment when adjusting
for age, gender, education, depressive symptoms, and motor severity.

Conclusion—A large proportion of individuals with PD-MCI will not show evidence of
cognitive impairment within a year. However, these “reverters” continue to be at risk for future
development of cognitive impairment.

INTRODUCTION

Parkinson’s disease (PD) is a common neurodegenerative disorder consisting of both motor
and non-motor symptoms, including cognitive impairment. For over a decade, research has
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explored the concept of identifying non-demented PD patients who show evidence of mild
cognitive impairment (PD-MCI) and are at risk for developing Parkinson’s disease dementia
(PDD) in the future [1,2]. Although there have been relatively few longitudinal studies of
PD-MCI, findings have generally shown that individuals with PD-MCI are at greater risk for
developing PDD relative to cognitively intact (CI) PD patients [3,4]. Specifically, 20-60% of
individuals with PD-MCI will develop PDD within a span 2 to 5 years post-PD-MCI
diagnosis, with conversion rates being higher among older individuals with a greater
duration of PD symptoms [1,5,6].

While the concept of MCI has been shown to be useful in identifying individuals at risk for
future dementia, both in PD as well as other populations, MCI has been criticized for
instability over time [7]. The longitudinal Norwegian ParkWest study showed that
approximately 25% of individuals with PD-MCI no longer met criteria for PD-MCI after 1
year [5]. A similar pattern has been shown in aging studies. Population-based studies show
that approximately 13-16% of non-PD individuals with MCI will revert to a cognitively
intact status within a year [8-10]. These findings may suggest that the risk of transitioning
from MCI to CI may be similar to the rate (2-31%) of transitioning from MCI to
Alzheimer’s dementia (AD) [8].

Despite the fact that a large portion of individuals with MCI may revert to a Cl status, these
“reverters” may still be at an increased risk for developing dementia in the future. At least
two longitudinal studies of non-PD elderly individuals have shown that reverters (individuals
who met criteria for MCI at an initial visit, but were cognitively intact at a follow-up visit)
were at increased risk (hazard ratios = 5.22 to 6.56) of reconverting to MCI or dementia at a
future visit relative to those who never met criteria for MCI [9,10].

Given the evidence that MCI diagnoses may be unstable and individuals who revert from
MCI to CI may be at risk for future cognitive decline, the aim of the current study was to
examine if PD patients who revert from PD-MCI to Cl are at increased risk for future PD-
MCI and PDD relative to individuals who were CI and never met criteria for PD-MCI.

METHODS
Study Design

Data were obtained from the Parkinson’s Progression Markers Initiative (PPMI) database
(www.ppmi-info.org/data). Data was downloaded from the PPMI repository on April 11,
2017. The PPMI is a longitudinal multi-site study of newly diagnosed (two years or less),
untreated PD patients. Further details of the study have been published [11]. The study was
approved by the institutional review board at each site and participants provided written
informed consent.

The current sample included 364 individuals newly diagnosed with PD, who were followed
for at least 2 years and up to 4 years (baseline, 15t, 2nd, 3" and 4t annual follow-up). We
excluded non-PD controls and PD patients who scored <22 on the Montreal Cognitive
Assessment (MoCA) within the first two annual assessments.
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Cognitive Status

Participants completed the MoCA and were classified as Cl, PD-MCI, or PDD at each
annual assessment. Cognitive status was determined based on the following criteria: CI if
scored >26 on the MoCA, PD-MCI if scored between 26 and 23, and PDD if the MoCA was
<22 [12,13]. It is important to note that PD-MCI was not determined based on the five
neurocognitive tests administered as part of the PPMI. This decision was made a priori
because 1) classifications based on one test per domain would reduce the ability to detect
impairment, which severely increases the chance of committing type Il error, and 2)
measures of functional status were not administered until part way through the study, thus
we would not be able to differentiate PD-MCI from PDD (as PDD requires evidence of
functional impairment) without significantly reducing the sample size.

Based on participants’ cognitive status at baseline and year-1 follow-up, we identified 4
groups: individuals who were CI at the first two assessments (Cl-Stable), those who were Cl
at baseline but converted to PD-MCI at the second assessment (Conversion), individuals
who met criteria for PD-MCI at each assessment (PD-MCI-Stable), and individuals who met
criteria for PD-MCI at baseline, but reverted to CI at the second assessment (Reversion).

Depression and Motor Severity

Symptoms of depression were assessed with the 15 item Geriatric Depression Scale (GDS).
The GDS is a self-report questionnaire for older adults, where participants rate the presence
or absence of depressive symptoms over the previous week. Total scores range from 0-15,
with a score of =5 indicating clinically significant depression in PD [14].

Severity of motor symptoms were assessed with the Unified Parkinson’s Disease Rating
Scale, part 111 (UPDRS-III).

Statistical Analyses

Ordinal regressions were computed to examine if individuals in the Conversion, PD-MCI-
Stable group, or Reversion (relative to the CI-Stable group) were at increased risk for PD-
MCI or PDD at future assessments. Specifically, in the unadjusted models, cognitive status
at the 2-year follow-up (CI, PD-MCI or PDD) was entered as the dependent variable, and the
four Conversion/Reversion/Cl-Stable/MCI-Stable groups were entered as the independent
variable. The CI-Stable group was set as the reference group, therefore risk of being
classified as PD-MCI or PDD at a future assessment was relative to this group. Analyses
were repeated with cognitive status at the 3-year and 4-year follow-up entered as the
dependent variable.

In addition to the unadjusted models described above, we repeated the above analyses, but
also included baseline age (years), gender, education (years), depressive symptoms (total
GDS scores), and motor severity (total UPDRS-111 scores) in the model.
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RESULTS

Sample Characteristics

Sample characteristics are shown in Supplemental Table 1. At baseline, 257 participants
(70.6%) were Cl and 107 (29.4%) met criteria for PD-MCI. The distributions of baseline
MoCA scores for each group are displayed in the Supplemental Figure. At the first annual
follow-up, 184 (50.5%) participants were CI at both assessments (i.e. CI-Stable), 73 (20.1%)
converted from CI to MCI (Conversion group), 65 (17.9%) met criteria for PD-MCI at both
assessments (PD-MCI-Stable), and 42 (11.5%) participants met criteria for PD-MCI at
baseline but then reverted to Cl at the second assessment (Reversion group).

Regarding attrition between the 3™ and 4™ annual follow-ups, of the 364 participants who
were followed for the first 2 years (baseline, 15t and 2" annual follow-ups), 302 (83.0%)
returned for the 3™ annual assessment, and 262 (72.0%) returned for the 41 annual
assessment. Participants who were not available at the 3" annual assessment were more
likely to have less severe motor symptoms (i.e., lower UPDRS-I111 scores) than individuals
who were retained (4362) = 3.38, p=0.001), but otherwise did not differ in age, gender,
education, GDS scores, or MoCA scores at baseline (all pvalues > 0.05). Participants who
were not available at the 41 annual assessment were more likely to have more depressive
symptoms (i.e., higher GDS scores; {141) = 2.08, p= 0.039), but did not differ in age,
gender, education, UPDRS-I11 scores, or MoCA scores at baseline (all p values > 0.05).

Unadjusted Odds of PD-MCI and PDD at Follow-Up

At the 2-year follow-up, 217 (59.6%) of the sample were CI, 122 (33.5%) met criteria for
PD-MCI, and 25 (6.9%) met criteria for PDD. An ordinal regression revealed significant
group differences in cognitive status at the 2-year follow-up (X2 =127.9, df=3, p<0.001;
Figure 1). Specifically, participants in the PD-MCI-Stable (odds ratio; OR = 26.31, 95% CI
=13.3-51.9; p<0.001), Conversion (OR =9.45, 95% CIl =5.1 - 17.4; p<0.001) or
Reversion groups (OR = 7.27, 95% CI = 3.6 — 14.9; p<0.001) were more likely to be
classified as PD-MCI or PDD at the 2-year follow-up relative to the CI-Stable group.

The proportion of participants meeting criteria for Cl, PD-MCI and PDD at years 3 and 4 are
shown in Supplemental Table 2. Analyses of cognitive status at the 3™ and 4™ year follow-
up revealed similar findings (Table 1). The overall model significantly predicted cognitive
status at year 3 (x2= 80.2, df= 3, p<0.001) and at year 4 (x2= 64.5, df= 3, p< 0.001).
Relative to participants who were CI the first two assessments, individuals in the PD-MCI-
Stable, Conversion, or Reversion groups were more likely to be classified as PD-MCI or
PDD at years 3 and 4.

Adjusted Odds of PD-MCI and PDD at Follow-Up

Additional ordinal regression analyses were conducted, adjusting for age, gender, education,
depressive symptoms, and motor severity at baseline. The overall adjusted model
significantly predicted cognitive status at the 2-year follow-up (XZ =149.1, df=7, p<
0.001; Table 2). Participants were more likely to be classified as PD-MCI or PDD at the 2-
year follow-up if they were in the PD-MCI-Stable, Conversion, or Reversion groups relative
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to the CI-Stable group. Older age and more severe depressive symptoms were also risk-
factors for being classified as PD-MCI or PDD at the 2-year follow up.

Adjusted models of cognitive status were repeated at the 3" and 4™ year follow-up (Table
3). Findings were generally similar, such that individuals in the PD-MCI-Stable, Conversion,
or Reversion groups were more likely to be classified as PD-MCI or PDD at years 3 and 4
relative to participants who were ClI the first two assessments. Additionally, older age was a
risk factor for being classified in a more severe cognitive status at Year 3 only, but not Year
4. Gender, years of education, depressive symptoms, and motor severity at baseline were not
significantly predictive of cognitive status at years 3 or 4.

DISCUSSION

Previous research has shown that a large portion of individuals meeting criteria for PD-MCI
will revert to CI status within a year [7—10]. This study provides evidence that individuals
who revert from PD-MCI to CI continue to be at risk for future cognitive impairment.
Specifically, individuals who reverted from PD-MCI to CI were 7 times more likely to re-
develop evidence of cognitive impairment (either PD-MCI or PDD) within a year relative to
PD participants who were consistently CI. Findings suggest that any diagnosis of PD-MCI
may be clinically informative, even if subsequent evaluations fail to find evidence of
cognitive impairment.

In the current study, participants who met criteria for PD-MCI at any point during the first
year were at risk for future cognitive impairment, with participants who consistently met
criteria for PD-MCI at the first two evaluations (i.e. PD-MCI-Stable) being at greatest risk
for cognitive impairment at future evaluations. This is consistent with past studies showing
that PD-MCl is a risk factor for PDD, and supports the utility of PD-MCI as a diagnostic
category [3,4,15].

A unique aspect of the study was the ability to identify individuals who reverted from PD-
MCI to CI. The finding that “reverters” continue to be at risk for future cognitive impairment
is consistent with findings in non-PD aging samples. Two population based studies have
shown that individuals who reverted from MCI to ClI were more likely to either re-convert
back to MCI or develop AD within 3 years relative to individuals without a history of MCI
[9,10]. Individuals were more likely to revert from MCI to CI (as opposed to consistently
meeting criteria for MCI) if they met criteria for non-amnestic, single domain MCI, or if
they had lower severity of cognitive impairment as measured by the Mini Mental State
Examination (MMSE) or low Clinical Dementia Ratings (CDR).

There has been at least one other study in PD that examined the risk of cognitive impairment
among individuals who reverted from PD-MCI to CI [5]. A sample of 178 PD participants
was followed for 5 years. Although only a small number (n = 10) of individuals reverted
from PD-MCI at baseline to CI within a year, these “reverters” were at increased risk
(unadjusted odds ratio = 10.7) for re-developing cognitive impairment within a year, relative
to patients who were CI.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2019 February 01.
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Past studies have speculated about explanations for reversion from MCI to a Cl status. One
explanation is that reversion may reflect an improvement in cognitive abilities due to
interventions [5,10]. If an efficacious intervention, such as cognitive training, is
implemented between evaluations, then it is expected that some individuals may no longer
show evidence of cognitive impairment at subsequent assessments [16-18]. Alternatively, it
has been suggested that cognitive performance fluctuates over time [9]. In PD, acute
neuropsychiatric fluctuations (including fluctuations in subjective cognitive abilities),
similar to motor fluctuations or cognitive fluctuations in Lewy body disease, have been
reported to be relatively common.[19] It is possible that PD-MCI reversion may be partially
related to these acute cognitive fluctuations. Although the current study did control for
depression, future studies may benefit by accounting for fluctuations in other
neuropsychiatric symptoms, such as apathy, as past studies have shown apathy to have a
stronger relationship with cognition and overall disease severity.[20-22]

Perhaps more likely, reversion of PD-MCI may represent normal, non-pathological
fluctuations in cognitive abilities or may reflect measurement error (including practice
effects between the initial and subsequent assessments). Past longitudinal studies have
investigated the stability of the MoCA. Two studies of healthy older adults or individuals
with PD have found that MoCA scores were generally stable when tested 2-5 months apart,
with a test-retest intra-class correlation of 0.81 in healthy controls and 0.79 in individuals
with PD.[23,24] Both studies found that MoCA scores increased by approximately half a
point on average when retested, with a standard error of measurement of 1.5 (reported
among elderly controls only). While these studies support the MoCA as a valid and stable
assessment of cognition, mild improvements in performance are common. Therefore,
reversion from PD-MCI to CI may not reflect a “true” improvement in cognitive status or the
disease process, but rather measurement error, particularly among individuals who’s scores
are just below the cut-off. Despite the reasons for reversion, over time as the underlying
neurodegenerative process continues to progress, these individuals (i.e. reverters) may be at
increased risk for re-converting to MCI and eventually dementia.

Limitations of the current study include the classification of PD-MCI and PDD status based
on a short cognitive screener (the MoCA). The Movement Disorder Society (MDS)
previously published diagnostic criteria for PD-MCI and PDD [25,26]. The recommended
evaluation consisted of two tests per cognitive domain (attention/working memory, executive
functioning, language, memory and visuospatial functioning), which were not administered
as part of the larger PPMI study. Although it would be possible to classify PD-MCI using
only one test per domain, this would likely result in a high rate of type 1l error due to the fact
that it would be impossible to detect individuals who meet criteria for PD-MCI, single
domain (which is approximately 67% of individuals with PD-MCI). [27, 28] Furthermore,
assessment of functional abilities is required to differentiate PD-MCI from PDD. PPMI
implemented a categorization of functional status after study initiation, and utilization of this
categorization would have significantly reduced the sample size.[29] However, the MoCA is
a recommended screener for PD-MCI based on MDS Level | guidelines, and the proportion
of participants with MCI at baseline (29.4%) is relatively consistent with a past MDS review
of PD-MCI (19% — 38%) [1]. Additionally, a past study showed the MoCA had good
psychometrics, with a sensitivity and specificity of 95 and 87, respectively, for identifying
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PDD, and a sensitivity and specificity of 90 and 75 for identifying PD-MCI [12]. It is
important to point out that although the PD-MCI Reversion group’s mean MoCA score at
baseline (mean = 25.2) is close to the 26/27 cut-off point, and the PD-MCI-Stable group’s
mean MoCA score at baseline (mean = 25.0) is similarly close to the 26/27 cut-off.
Therefore, it is unlikely that the difference between these groups (i.e. why do some
individuals revert, while others remain PD-MCI stable) is not due to one group performing
closer to the cut-off. The current study was unable to examine different MCI profiles (e.g.,
amnestic versus non-amnestic, or single domain versus multi-domain). Future studies may
benefit from examining whether risks for reversion or future cognitive decline differ as a
function of MCI profiles. Furthermore, the sample consisted of participants newly diagnosed
with PD. As such, the sample may be atypical and non-representative of the community/
general PD population, which may limit the generalizability of findings. Also, there were
only a small proportion of participants who developed PDD (<7%) during the course of the
study. Due to the small proportion of participants with PDD, cognitive status was treated as
an ordinal variable (i.e. CI<PD-MCI<PDD), which limited us from analyzing PDD as a
separate dichotomous outcome (i.e. PDD versus not PDD). Future studies may additionally
benefit from examining the role of starting/stopping medications (particularly cholinergic
medications or other medications that may affect cognitive functioning) on PD-MCI
reversion/stability.

Overall, findings from the current study suggest that even though a large proportion of
individuals with PD-MCI will not show evidence of cognitive impairment within a year,
these “reverters” continue to be at risk for the future development of cognitive impairment.
Clinically, a diagnosis of PD-MCI may serve as a harbinger of future cognitive decline, and
reversion from PD-MCI to Cl may only be temporary for a large portion of patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Mild cognitive impairment is a risk factor for future cognitive decline.
. A large portion of individuals “revert” from PD-MCI to a cognitively intact
status.
. Reverters continue to be at risk for future cognitive impairment within 2-4
years.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2019 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Jones et al. Page 11

100%
90%
80% -
70% -
60% -
50% -

40% - = PDD

0 _
;80;3 | N PD-MCI
10% - mCl

0% -

Figure 1.
Cognitive status at 2-year Follow-up by Group. CI = Cognitively Intact; PD-MCI =

Parkinson’s Disease Mild Cognitive Impairment; PDD = Parkinson’s Disease Dementia.
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Table 1

Unadjusted Odds of Cognitive Status at Years 3 and 4.

Year 3 Year 4
Odds p Odds p
Ratio Ratio
Conversion ™ 729 <0001 6.27  <0.001
PD-MCI-Stable* 16.35 <0.001 17.41  <0.001
Reversion ™ 3.52 0.002 5.14  <0.001

*
Odds relative to the Cl-Stable group;

CI = Cognitively Intact; PD-MCI = Parkinson’s Disease Mild Cognitive Impairment
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Table 2

Adjusted Odds of Cognitive Status at 2-Year Follow-Up

Odds p 95% Confidence
Ratio Interval
Age 1.03 0.046 1.0-11
Gender 0.79 0.380 05-13
Education 0.93 0.100 09-1.0
UPDRS-1II 1.01 0.410 09-11
GDS 1.18 <0.001 11-13
Conversion® 841  <0.001 45-159
PD-MCl-Stable* 23:33  <0.001 114-47.7
Reversion ™ 770 <0.001 36-163

*
Odds relative to the Cognitively Intact-Stable group;

Page 13

PD-MCI = Parkinson’s Disease Mild Cognitive Impairment; UPDRS-111 = Unified Parkinson’s Disease Rating Scale, part I1I; GDS= Geriatric

Depression Scale.
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Table 3

Adjusted Odds of Cognitive Status at Years 3 and 4.

Year 3 Year 4
Odds p Odds p
Ratio Ratio

Age 1.06 <0.001 1.02 0.161
Gender 0.60 0.093 0.72 0.362
Education 0.95 0.245 0.91 0.085
UPDRS-I1II 1.02 0.250 1.02 0.382
GDS 1.08 0.157 1.10 0.120
Conversion® 585 <0001 518  <0.001
PD-MCl-Stable* 11.53 <0.001 1418 <0.001
Reversion* 320 0.005 488 <0.001

*
Odds relative to the Cognitively Intact-Stable group;

Page 14

PD-MCI = Parkinson’s Disease Mild Cognitive Impairment; UPDRS-II1 = Unified Parkinson’s Disease Rating Scale, part I11; GDS= Geriatric

Depression Scale.
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