
Contents lists available at ScienceDirect

Parkinsonism and Related Disorders

journal homepage: www.elsevier.com/locate/parkreldis

Review article

Conversion to MCI and dementia in Parkinson's disease: a systematic review
and meta-analysis

Dimitrios Saredakisa,∗, Lyndsey E. Collins-Prainob, Daria S. Gutteridgea, Blossom C.M. Stephanc,
Hannah A.D. Keagea

a Cognitive Ageing and Impairment Neurosciences Laboratory, School of Psychology, Social Work and Social Policy, University of South Australia, Australia
bNeurodegnerative Disease Group, Translational Neuropathology Laboratory, Adelaide Medical School, University of Adelaide, Australia
c Institute of Health and Society, Newcastle University, UK

A R T I C L E I N F O

Keywords:
Parkinson's disease
Cognition
Mild cognitive impairment
Dementia

A B S T R A C T

Objective: To systematically review and meta-analyse conversion rates from normal cognition to Mild Cognitive
Impairment (MCI) and dementia in Parkinson's disease (PD) patients. Reversion rates in patients with MCI (i.e.
PD-MCI) were also investigated.
Methods: Electronic searches of PsycINFO, Medline and EBSCOhost were conducted in January 2018, with 1833
articles identified after duplicate removal. Articles were included if they assessed conversion/reversion in PD
patients between normal cognition, PD-MCI and PD dementia (PD-D).
Results: In total, 39 articles met the inclusion criteria, representing 4011 patients (mean age range 58–75; 61%
male). Within three years, in those with PD and normal cognition, 25% (95%CI 20–30%) converted to PD-MCI
and 2% (95%CI 1–7%) converted to dementia. Of those with PD-MCI, 20% (95%CI 13–30%) converted to
dementia while 28% (95%CI 20–37%) reverted back to a state of normal cognitive function. The conversion
rates to MCI and dementia were higher, and reversion rates lower, when follow-up was ≥3 years. When
International Parkinson and Movement Disorder Society (MDS) criteria were used to diagnose MCI, Level I
criteria were associated with a greater reversion estimate from PD-MCI to normal cognitive function.
Conclusions: These findings summarise the trajectory of cognitive impairment in PD and highlight that MCI is
common in this patient group. Understanding cognitive trajectories in PD patients is important for patient care in
terms of prognosis, as well as for identifying windows for intervention for cognitive symptoms. As the number of
PD patients increases with an ageing population, this information can inform future policy and planning.

1. Introduction

Parkinson's disease (PD) is a neurodegenerative disorder clinically
defined by motor dysfunction [1]. A key non-motor comorbid symptom
is cognitive impairment [2], which can have a greater effect than motor
symptoms on the quality of life of the patient and carer [3], as well as
being a risk factor for early mortality [4]. Mild Cognitive Impairment
(MCI) is an intermediate cognitive stage on the continuum between
normal cognitive functioning and dementia, and is associated with an
increased risk of dementia [5]. Fifteen to forty percent of PD patients
meet MCI (PD-MCI) criteria at the time of diagnosis [6,7], and this
increases to 20–57% at three to five years [8,9]. PD-MCI is therefore a
critical state to consider as it develops early in PD [10], and as the
disease progresses, patients with PD are up to six times more likely to

develop dementia (PD-D) than the general population [11] and the risk
is greatest in those presenting with PD-MCI [12].

It is estimated that 19–38% of patients with PD have PD-MCI [13],
and 17–31% have PD-D [14]. The prevalence and severity of cognitive
impairment increases with age and time since diagnosis, with over 80%
of individuals developing PD-D within 20 years of diagnosis [15]. Many
different diagnostic criteria for MCI exist [16], of which the most
commonly applied in clinical and research settings are the Petersen [5]
and the International Working Group MCI Criteria [17]. However, in
PD patients, the most frequently applied criteria are those developed by
the Movement Disorder Society (MDS) [18]. In addition to a diagnosis
of PD based on UK PD Brain Bank Criteria [18], these criteria require
assessment of cognitive function using either an abbreviated Level I (LI)
or a more comprehensive Level II (LII) assessment [18]. Each level
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includes suggested tests and cut-off scores, between one to two standard
deviations below norms, for defining impairment specific in PD patients
[18]. LI criteria require either impairment on a global cognitive test
validated for use in PD or impairment on two tests within any cognitive
domain (e.g. memory, attention, language etc.) [18]. Contrastingly, LII
criteria require two tests in each of five cognitive domains (attention
and working memory, executive function, language, memory and vi-
suospatial function), with impairment on at least two tests in one
cognitive domain or on two tests in different cognitive domains [18].
Compared to LI criteria, LII criteria are a more conservative classifica-
tion of PD-MCI and capture more severely impaired individuals.

While patients with PD-MCI are at increased risk of converting to
PD-D [18] it is also common for patients to revert back to a state of
normal cognitive function (i.e. PD-N) [19], similar to findings in non-
PD groups [20]. Although reverting back to normal cognition from MCI
may be due to factors during assessment, such as tiredness, being ner-
vous about taking a test, stress [21] or, in the case of those with PD,
dopaminergic replacement medication [22]; MCI is also known as a
transient and (slowly) fluctuating state [23], increasing the difficulty of
assessment. However, MCI is now considered a clinically meaningful
state and is being increasingly diagnosed in the community [24]. It is
therefore important and timely to synthesise and evaluate findings re-
lative to MCI trajectories.

Cognitive decline in PD can occur relatively quickly, with 50% of
patients showing significant decline within three years [25]. Previous
reviews have focused on the prevalence of PD-MCI or PD-D; that is,
percentages of patients classified at one point in time. Although useful
for policy and planning [14,26], these are not as useful in providing
information on prognosis (in terms of longitudinal change).

Therefore, the primary aim of this systematic review is to sum-
marise conversion rates from PD-N to PD-MCI or PD-D, and from PD-
MCI to PD-D, as well as reversion rates back to PD-N from PD-MCI. The
secondary aim is to investigate how MCI classification criteria influence
conversion rates. While MCI is an important intermediary cognitive
state that is difficult to classify, it is also an ideal time to implement
interventions to reduce risk of more severe cognitive decline and de-
mentia.

2. Method

2.1. Search strategy

This review adheres to the Preferred Reporting Items for Systematic
reviews and Meta-Analysis (PRISMA) statement [27]. An electronic
literature search was performed on the 14th January 2018, using Psy-
cINFO and Medline through Ovid, and EBSCOhost. The search terms
included: Parkin* AND mci OR mild cognitive impairment OR mild
neurocognitive disorder.

Articles were included if they assessed conversion to or from MCI/
mild neurocognitive disorder, from or to PD-N, or to PD-D. Studies were
included if they were longitudinal; had operationalised definitions of
normal cognitive functioning, MCI and dementia; examined one or
more of the conversion stages; were peer reviewed; and, published in
English. Articles were excluded if participants did not have a clinical
diagnosis of PD, and had parkinsonism symptoms due to other causes
[28], or if PD-MCI was not captured (i.e. study only assessed conversion
from PD-N to PD-D without assessing PD-MCI).

Titles and abstracts were screened to identify articles that were
eligible for inclusion. If the article was not rejected in this preliminary
assessment, the full text article was obtained to evaluate against the
inclusion/exclusion criteria. Eligibility of articles was assessed by two
independent reviewers (DS and DG). Fig. 1 shows the results of the
electronic search and article selection as per PRISMA guidelines [29].
Data extracted included: author and date, sample type, sample size with
sex breakdown, age, diagnostic criteria used for PD-MCI and PD-D,
follow-up time, sample size at baseline for PD-N and PD-MCI where

applicable, and conversion rates for each stage. Diagnostic criteria for
MCI using MDS criteria [18] of LI or LII with standard deviation cut-offs
were also extracted when provided. In studies that included more than
one follow-up period, data were extracted from the previous follow-up,
not the baseline. For example, if baseline and two follow-up periods
were included, first, data between baseline to first follow-up were ex-
tracted, then data between first follow-up and final follow-up were
extracted.

2.2. Quality assessment

Quality of studies was based on the combination of two existing
checklists used for cohort studies [30,31]. This was performed by two
reviewers (DS and DG), with higher scores indicating higher quality
study design, with scores ranging from 0 to 14.

2.3. Statistical approach

Comprehensive Meta-Analysis V3 (CMA) was used for meta-ana-
lyses. For studies with multiple classification criteria for MCI (e.g. MDS
LI and LII), all data were entered, i.e. relative to each classification. For
studies with multiple follow-ups (e.g. cohort assessed at 2, 3 and 6
years), conversion data were entered relative to each follow-up.
However, due to the way frequencies and percentages were presented
across the included studies, the follow-up period was relative to the last
assessment, not study baseline. For example, if a cohort was assessed at
2, 3 and 6 years, they had 2 (baseline to 2 years), 1 (2–3 years) and 3
(3–6 years) year follow-ups.

For studies with multiple outcome classifications (i.e. MCI or de-
mentia) and/or follow-up periods, event-rates were averaged across
outcome definitions and follow-up periods within studies (i.e. in-
dividual studies were entered only once into the pooled statistic); this
was done within the CMA package. A random effects model was used.
Pooled conversion rates of normal cognition to PD-MCI and PD-D; from
PD-MCI to PD-D; and, reversion from PD-MCI to PD-N were calculated
separately. Conversion and reversion rates relative to MCI classification
criteria (any MDS, MDS LI and MDS LII), and follow-up period (any,
under 3 years, and 3 years and over) were also calculated separately.

3. Results

A total of 3099 articles were identified for initial screening. After
removal of 1266 duplicates, 1833 articles remained. After screening
titles and abstracts, 142 articles met inclusion criteria and were selected
for review. One-hundred and three articles were excluded with reasons
provided in Fig. 1. In total, 39 articles were included in this systematic
review and meta-analysis and are listed in Table 1. A critical appraisal
assessment found all the studies to be of good quality. The average
score was 8.7 (ranging from 7 to 11), out of a possible score of 14 (see
Table 1) with no studies excluded due to poor quality.

3.1. Description of studies

All 39 studies measured conversion rates that either included one or
more of the following; PD-N to PD-MCI, PD-N to PD-D, PD-MCI to PD-D,
or PD-MCI reverting back to PD-N. The earliest study was published in
2006 [50], with the remaining 38 studies published between 2010 and
2018. Sample sizes ranged from 24 to 390, with 62% of studies with a
sample size below 100. Follow-up times varied from one to sixteen
years. The most common follow-up period was two years (n=10 stu-
dies; see Table 1). Seven studies measured follow-up at multiple time
points [10,11,19,38,41,47,53].

There were studies included in this review where there may-be
some overlap of samples. Attempts were made to confirm this with
authors, however we were not always able to get a response, or when
we did, the extent of overlap was not confirmed. As the sample
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characteristics differed, the studies were included. This consisted of
three studies conducted in Italy [10,42,58], five Korean studies
[39,48,54,63,67], and three Singapore studies [43,52,64]. Although the
PPMI (Parkinson's Progression Markers Initiative) sample was used for
two studies [51,62], they were both included as they had different
baseline characteristics (including sample size and diagnostic distribu-
tion); further, one study was a one-year follow-up and the second study
was a two-year follow-up.

Studies came from: Norway (n= 2), Canada (n=4), Japan (n=1),
Sweden (n= 1), Italy (n= 4), USA (n= 5), Netherlands (n=1),
Singapore (n= 3), Spain (n=3), China (n=1), UK (n=3), Korea
(n=5), Australia (n=1), India (n=1), Germany (n=1), New
Zealand (n= 1) and the PPMI sample that included sites in USA,
Europe and Israel (n= 2). Thirty-four samples were clinical based (see
Table 1). They included patients from hospitals or specialist PD centres
and university clinics. The largest clinical study, consisting of 390
participants, was the PPMI, which includes newly diagnosed PD parti-
cipants from over 30 different sites [62]. In contrast, only three were
population based and two were community based (see Table 1).

The pooled mean age of participants was 66 years, with the

youngest sample having a mean age of 58 [61] and the oldest having a
mean age of 75 years [11]. Thirty-eight studies included both female
and male participants and one study did not report sex distributions
[10]. The total 39 studies represented 4011 PD patients; out of the 38
studies that included sex distributions, 39% were female, consistent
with literature reporting a higher prevalence of PD in males [68].

3.2. PD-MCI diagnostic criteria

Most studies (n= 27) used the MDS criteria for classifying PD-MCI
[18]. Of the studies that used MDS criteria, nine studies used LI criteria
and 14 studies used LII criteria (see Table 1). Four studies used both LI
and LII criteria [12,53,57,63]. The PPMI protocol, which follows MDS
criteria, was used in one study [62]. Of the remaining eleven studies,
three studies used Petersen criteria [35,47,50]; the reasons given for
this, were that one was not able to adhere to MDS criteria, due to
limited testing used in a retrospective sample [35]; another was due to
cultural reasons [47]; and the final study was conducted before MDS
diagnostic criteria were established [50]. One study [46] used a com-
bination of the International Working Group and Petersen criteria for a

Fig. 1. The article selection and screening process using the PRISMA flow diagram [29]. Databases searched included PsycINFO and Medline through Ovid, and
EBSCOhost.
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MCI diagnosis [17]. The Seoul Neuropsychological Screening Battery
[69], was used for two Korean samples [39,54]. Two studies [51,60]
used the MoCA [70]. Criteria by Caviness and colleagues [71] were
used for one study [65]. The Mini-Mental State Examination was used
for a study administered by a neurologist without reference to MDS
criteria [61]. Finally, one study did not state PD-MCI criteria [40].

For defining cognitive impairment four studies used a 1.0 standard
deviation cut-off [33,46,48,54], fifteen studies used a 1.5 standard
deviation cut-off (see Table 1) and two studies used a 2.0 standard
deviation cut-off [37,65]. One study used a 1.0–2.0 standard deviation
cut-off [32], and another used 1.5 and 2.0 standard deviation cut-offs
[56]. Two studies used three cut-off points (1, 1.5 and 2 SDs) [53,66].
Fourteen studies did not specify what cut-offs were used (see Table 1).

3.3. PD-D diagnostic criteria

MDS diagnostic criteria [2] were used for dementia in 24 studies
(see Table 1). Two studies [50,61] used DSM III criteria [72]. One study
[47] used the Mini Mental State Examination [73], two studies [39,54]
used the Seoul Neuropsychological Screening Battery [69], one study
[35] used the Clinical Dementia Rating Scale [74], one study [51] used
the MoCA and a final study [62] used PPMI protocol [75]. Six studies
[42,43,48,57,58,64] did not specify PD-D criteria, as conversion to PD-
D was not part of the study. One final study recording conversion to PD-
D did not specify diagnostic criteria [53]. Dementia in this review is
considered to be a permanent state, and therefore there are no reversion
rates provided from dementia. One paper did report reversal to PD-MCI
and PD-N from PD-D [49], however this was found when using MMSE
screening cut-off scores, and the same pattern of results were not found
using MoCA screening cut-off scores.

3.4. Conversion rates: PD-N to PD-MCI

Twenty-seven studies included conversion rates from PD-N to PD-
MCI over follow-up times ranging from one to 16 years (see Table 1).
The pooled conversion rate, averaged across all definitions and follow-
ups, was 28% (95%CI 24–33%). When follow-up was restricted to
within three years, the rate was 25% (95%CI 20–30%) and this in-
creased to 29% (95%CI 22–37%) for follow-up ≥3 years. See Table S1
in the Supplementary Material for full results, including those relating
to MCI classification. Heterogeneity for these overall estimates was
relatively high (I2 68–73). Heterogeneity was lower when only in-
cluding studies using MDS LII criteria. The type of classification system
did not appear to affect conversion rates from PD-N to PD-MCI, with all
95%CIs overlapping.

3.5. Conversion rates: PD-N to PD-D

Twenty-one studies included conversions rates from PD-N to PD-D
with follow-up times ranging from one to eight years (see Table 1). The
averaged conversion rate, across all definitions and follow-ups, was 6%
(95%CI 4–11%). For follow-ups under three years, this rate was 2%
(95%CI 1–7%), and for follow-ups ≥3 years, this was 8% (95%CI
4–13%). See Table S2 in the Supplementary Material for full results,
including those relating to MCI classification. Again, the type of clas-
sification system did not appear to affect conversion rates from PD-N to
PD-D, with all 95%CIs overlapping; and heterogeneity was generally
high, except when only assessing studies using MDS LII criteria.

3.6. Reversion rates: PD-MCI to PD-N

Fifteen studies included results for reverting back to PD-N from PD-
MCI (see Table 1). Follow up times ranged from one to six years. The
averaged conversion rate, across all definitions and follow-up periods,
was 24% (95%CI 17–34%). For studies with follow-up periods under
three years, the rate was 28% (95%CI 20–37%), and 21% (95%CI

13–33%) in those studies with follow-up periods ≥3 years. See Table
S3 in the Supplementary Material for full results, including those re-
lating to MCI classification. Heterogeneity was the lowest for studies
using the MDS LII criteria. The MDS Levels did appear to affect esti-
mates for the overall (i.e. all follow-ups) and<3 years reversion rates.
Across all follow-ups, using LI criteria, 35% (95%CI 22–51%) reverted
to PD-N from PD-MCI, as compared to 15% (95%CI 11–21%) for LII
criteria. For follow-ups under three years, using LI criteria, 34% (95%CI
24–45%) reverted to PD-N from PD-MCI, compared to 16% (95%CI
11–24%) using LII criteria. Although rates also varied between Levels
for follow-ups three years and greater, confidence intervals overlapped:
LI 31% (95%CI 14–54%) and LII 16% (95%CI 9–25%).

3.7. Conversion rates: PD-MCI to PD-D

Twenty-nine studies reported conversion rates from PD-MCI to PD-D
(See Table 1). Follow-up times ranged from one to seven years. On
average, across all definitions and follow-up periods, 31% (95%CI
25–38%) of those with PD-MCI converted to PD-D. The rate was 20%
(95%CI 13–30%) for studies with follow-ups less than three years, and
34% (95%CI 27–43%) for those with follow-ups ≥3 years. See Table S4
in the Supplementary material for full results, including those relating
to MCI classification; however, MCI classification type did not appear to
affect conversion rates (with all confidence intervals overlapping).
Heterogeneity was consistently high, even when looking at studies
employing MDS LII criteria, which showed lower heterogeneity in other
conversion calculations.

All conversion and reversion rates are summarised in Fig. 2.

4. Discussion

This review and meta-analysis is the first to systematically pool
conversion and reversion rates from normal cognitive function to MCI
and dementia in PD patients. It was found that, within three years, in
those with PD and normal cognition, 25% convert to PD-MCI while only
2% progress to PD-D. Further, 20% with PD-MCI progress to PD-D over
the same time period. These results support findings of what is seen in
non-PD groups, where the risk of converting to MCI is higher than
converting to dementia in those with no cognitive impairment [76–78].
Of those diagnosed with MCI, the reversion rate to normal cognitive
function was high: 28% within three years. Lower rates of reversion
(18%) have been found in non-PD groups [79].

Differences in conversion rates between the two Levels of the MDS
criteria for PD-N to PD-MCI, along with PD-N to PD-D, were un-
remarkable. For example, when assessing conversion between a state of
normal cognitive function and PD-MCI, the MDS-LII criteria produced
slightly higher (2–4%) estimates than the LI criteria (25% versus 23%
for< 3 years; 31% versus 27% for ≥3 years); all confidence intervals
overlapped.

With regard to the MCI group, the results show relatively high
conversion rates to dementia (31% in all studies combined) and that
MDS criteria type – LI or LII – appeared not to dramatically affect
conversion rates from PD-MCI to PD-D (all confidence intervals over-
lapped). This supports findings found in the general population (i.e. not
specific to PD) that any cognitive impairment is a risk factor for de-
mentia [80,81]. For conversion from PD-MCI to PD-D, rates were higher
for LII than LI criteria for follow-ups less than three years (15% v 13%);
while rates were lower for LII criteria than LI for follow-ups three years
and greater (27% v 36%). This pattern reflects the LII criteria selecting
more severely impaired individuals, who convert to dementia more
quickly. However, again, all confidence intervals around pooled con-
version estimates overlapped, so the differences between the Levels are
not of clinical importance.

Reversion rates from PD-MCI to normal cognitive function were also
high (24% overall) and in contrast to the dementia conversion results,
there were large differences between estimates using the two Levels of
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criteria (confidence intervals did not overlap for overall estimates re-
gardless of follow-up period, and for< 3 years). Specifically, LII criteria
produced much lower reversion estimates: 16% v 34% for< 3 years
and 16% v 31% for ≥3 years. These results could be reflecting the fact
that LII criteria, by definition, select more severely cognitively impaired
individuals, who are less likely to revert back to normal cognitive
functioning. This provides a strong justification for using LII criteria;
however, it needs to be considered that, in a clinical setting, LII criteria
may not be practical due to the additional administration time.

The instability of MCI presents a major challenge to intervention
studies focused on dementia prevention. One of the reasons for limited
progress in developing interventions for PD-MCI is a lack of robust di-
agnostic criteria [82], highlighting the need for more uniform criteria
in PD-MCI research [83]. This will assist with the design and devel-
opment of non-pharmacological interventions such as cognitive
training, as well as improving the measuring of efficacy of (pharma-
cological and non-pharmacological) clinical trials. Other challenges
include non-cognitive predictors of conversion between cognitive states
may have clinical utility. For example, akinetic-dominant sub-type of
PD is associated with a higher prevalence of conversion to PD-D than
tremor-dominant subtype [61]. Biological predictors of conversion to a
more impaired state, reported across included studies, were atrophy in
brain regions of frontostriatal [54] and subcortical areas [43]; along
with amyloid burden [46] and low serum uric acid [58]. In addition to
biological predictors, the influence of depression also needs to be
considered as a predictor for dementia [32,61]. Screening for these
biomarkers in conjunction with cognitive testing and/or imaging mar-
kers including Fluorodeoxyglucose Positron Emission Tomography
(FDG PET) [84] may assist with improving diagnostic criteria.

Adding to the challenge of intervention studies are factors that
contribute to heterogeneity, which includes sub-types of MCI in PD.
Multiple sub-types of MCI in PD have been proposed, including, non-
amnestic single domain, non-amnesic multi domain, and amnestic
single domain [85,86]. In a large cohort of PD-MCI patients, 39%
presented with non-amnestic single domain, 31% with amnestic mul-
tiple domain, 23% with non-amnestic multiple domain and 7% am-
nestic single domain [86]. This illustrates the heterogeneity in MCI
classification systems.

As expected, the conversion rate to dementia was higher, and re-
version rate to normal cognitive function lower, in PD-MCI cases when
looking at follow-up times ≥3 years.

These results are important in demonstrating that cognitive decline
is relatively quick in PD, and that we need to take this into account in
the design and timing of interventions. Another factor that needs to be
considered is that conversion rates may differ in patients with dementia
with Lewy bodies, this can contribute to an earlier and faster rate of
cognitive decline [7]. Intervention in a state of normal cognitive
function, or in the earliest stages of PD-MCI, will likely have the
greatest benefit in terms of reducing risk of cognitive decline and in-
cidence of PD-MCI/PD-D. Particularly with findings demonstrating that
reversion from PD-MCI to normal cognitive function was lower when
follow-ups were greater than three years, as compared to less than three
years. Two studies in this review [42,48] demonstrated that those with
subjective memory complaints were more likely to convert to PD-MCI
from PD-N than those without, further highlighting the importance of
early diagnosis and intervention. Examples of interventions include
cognitive training and exercise. Cognitive training has been found to be
effective in PD, with combined effect sizes ranging from small for
overall cognitive outcomes, to large effects for working memory [87].
Exercise has also demonstrated significant results in improving atten-
tion and working memory in patients with PD [88]. Intervening before
a dementia diagnosis has the most pronounced effect [89].

The variability in prevalence rates of PD-MCI and PD-D are likely
due to age, subtype of PD, sampling strategy, and diagnostic criteria
[18,90,91]. Distinguishing cognitive impairment due to the ageing
process from cognitive impairment due to an early dementia in PD
requires accurate diagnostic methods [18], which requires further work
in the field. The prevalence of classified cognitive impairments in PD
are also complicated by the cognitive domains that can be affected, and
those that are measured within studies, which can differ between PD-
MCI and PD-D [92]. For example, executive function is a common early
impairment [93], but is not a requirement in MDS LI testing [18].
Differences were also observed between studies with population versus
clinical samples. A clinical sample is more likely to consist of patients
that have a higher degree of severity in their condition, giving a biased
impression of condition at a population-level [94], although their

Fig. 2. Graphical summary of meta-analysis of conversion and reversion rates. These rates are averaged over all Parkinson's disease Mild Cognitive Impairment
classifications and follow-ups. PD-MCI= Parkinson's disease Mild Cognitive Impairment; PD-D=Parkinson's disease dementia.
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estimates can be well applied within similar clinic settings.
Interestingly, the risk of eventually converting to dementia has been

found to be higher in those that have reverted back to a normal cog-
nitive state from MCI [95]. We were unable to assess this using our
group-level meta-analytical approach. Using individual-level data
would enable this and would be a good avenue for future research.

Although the MDS criteria were commonly used by most of the
studies (n=27), there was a lack of consistency with regards to which
level of criteria were used and the cut-off scores. The MDS has a list of
recommended cognitive tests; however, there is little conformity with
the type of tests used. The Montreal Cognitive Assessment (MoCA) has
demonstrated higher sensitivity to executive and visuospatial function
impairments associated with PD than the Mini-Mental State
Examination (MMSE) [96], and is a recommended test by the MDS
[97]. Despite this, the MMSE is commonly used in PD research [98] and
was used in many studies included in this review
[11,12,19,32,33,35,38,39,41,43–50,52–56,58,60,61,63,65,]. Although
most of the studies did use MDS criteria, 11 studies didn't, and this may
have contributed to the heterogeneity of results (for overall pooled
estimates). For example, conversion rates in studies that used either
MDS LI or LII criteria were generally lower compared with those that
used any classification. Differences between follow-up up periods and a
small number of studies for some analyses are other contributing factors
to heterogeneity. Although studies were grouped as less than three
years or greater than three years, follow-up times varied considerably.
Shorter follow-up periods are more likely to have lower conversion
rates, with longer follow-up times not only having higher conversion
rates, but also making it difficult to distinguish between changes due to
ageing or the disease process.

A limitation of this review/meta-analysis is that there are no mat-
ched groups of healthy controls, however this was not the aim of the
review (nor studies included in this meta-analysis). Secondly, in as-
sessing conversion rates to PD-MCI or PD-D, age is an important factor
that needs to be taken into account, as conversion rates are likely to
increase as the age of a person with PD increases [13]. A meaningful
age analysis was not possible in this review primarily because of the
similar mean ages of selected samples. A critical appraisal found all
studies to be of good quality. The most common reasons for papers not
scoring maximally were; no procedures in place to minimise attrition;
and information on qualifications of assessors.

With the increasing rates of PD [99], prognosis and the im-
plementation of preventative measures become of great importance. We
report conversion and reversion rates, a meta-analysis carried out fol-
lowing a systematic search of the literature, between normal cognitive
function, MCI and dementia for the first time. Given the high rates of
MCI and increased risk of dementia in MCI-PD patients, these results
highlight the importance of screening and management (including
treatment and prevention) of cognitive impairment in this patient
group. The high reversion rates (PD-MCI to PD-N), particularly within
three years, highlight the need for more refined criteria and better
methods of cognitive assessment particularly in early disease stages.
This will have important implications for treatment and prevention of
further cognitive impairment and dementia in PD.
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