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A B S T R A C T

Introduction: Better awareness of the cognitive domains affected in non-demented Parkinson's Disease (PD)
should improve understanding of cognitive disease mechanisms. A complete understanding of the cognitive
areas impaired in non-demented PD is hindered because most studies use small clinical samples without com-
parison to healthy controls. This meta-analysis examined cumulative evidence across studies to determine if
there were impairments in non-demented PD in the three cognitive domains thought to be most widely affected
in PD: frontal executive, visuospatial, and verbal memory. Because there are well-documented sex differences in
PD, a second objective was to explore sex differences in these findings.
Methods: MEDLINE, EMBASE and PsycINFO databases were searched (1988–March 2017). Random effects
models were used to compute and compare effect sizes of differences between PD patients and controls within
cognitive domains. Sex differences in effect sizes were also examined in these comparisons. Moderating factors
including age, disease duration, motor symptom severity, levodopa dosage, and depression were examined
through meta-regression.
Results: PD patients showed deficits of moderate effect sizes in all three cognitive domains relative to controls.
Significant sex differences were observed only for frontal executive abilities, with male PD patients showing
greater deficits than female PD patients relative to controls. No moderators of effect sizes were identified in the
domain specific overall or sex-segregated meta-analyses.
Conclusions: Results indicate that non-demented PD patients have deficits of moderate magnitude in frontal
executive, verbal memory, and visuospatial abilities. Our findings of greater frontal executive deficits in males
warrant further confirmation.

1. Introduction

Parkinson's disease (PD) is the most common neurodegenerative
movement disorder, affecting 0.3% of the general population and 3% of
individuals over the age of 65 [1,2]. It is well known that motor im-
pairment in PD is due to loss of nigrostriatal dopaminergic neurons
associated with intraneuronal Lewy body formation [3], and that ex-
tranigral Lewy body formation is associated with non-motor symptoms
[4].

There are three cognitive domains thought to be most widely af-
fected in PD: frontal executive, verbal memory, and visuospatial [5].

Attention and working memory abilities are typically included under
frontal executive function [6]. While a previous meta-analysis reported
frontal executive impairment in non-demented patients with PD re-
lative to healthy controls [7], there remains considerable incon-
sistencies in findings regarding deficits in non-demented PD relative to
controls in visuospatial abilities and verbal memory. For instance, some
studies report impairment in visuospatial functioning [8,9], while
others do not [10,11]. Similarly, verbal memory has been shown to be
impaired [12,13], as well as preserved [14,15], in non-demented PD.
While a previous meta-analysis of longitudinal studies reported cogni-
tive decline of small magnitude in non-demented PD patients in the
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three domains of interest [16], itD did not examine cognitive deficits
relative to healthy controls of similar age. It is critically important to
demonstrate that any changes in non-demented PD patients are due to
PD mechanisms and not normal aging. Therefore, the main goal of the
present meta-analysis was to examine differences in cognitive perfor-
mance in PD patients without dementia across these three domains

relative to healthy age-matched controls. Unlike previous meta-ana-
lyses in the field, we also examined the role of potential moderating
factors, including age, disease duration, motor symptom severity, le-
vodopa dose, and depression, on differences in cognitive performance
between PD patients without dementia and controls.

The second goal of this meta-analysis was to examine sex differences

Fig. 1. Flowchart of included articles.
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in the cognitive profile of non-demented PD. There is a well-established
higher prevalence and incidence of men with PD [17,18], and evidence
of a more benign motor phenotype in women with PD [19]. However,
findings regarding sex differences in PD cognition are also inconsistent
[20]. For instance, one systematic review suggests a more benign cog-
nitive phenotype in women relative to men [20], while some studies
show more impairment in visuospatial abilities in women relative to
men [21,22], and others show no sex differences in visuospatial abil-
ities [23]. Therefore, we also conducted a separate series of meta-
analyses to examine sex differences in the level of cognitive deficits
relative to controls across frontal executive, verbal memory, and vi-
suospatial domains. Findings from the present study will improve un-
derstanding of the disease specific cognitive profile of non-demented
PD, important information for clinical and therapeutic intervention.

2. Methods

Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) [24] recommendations were followed.

2.1. Study selection and screening

EMBASE, PsycINFO and MEDLINE databases were searched on
March 30th, 2017. We restricted the search to articles published after
1988 since this is when the standardized Gibb and Lees PD criteria [25]
were established. A full search strategy is provided in Appendix e-1.
Reference lists of relevant reviews were searched for additional articles.

Following duplicate removal, abstracts were screened in-
dependently by two raters [AFC, Trained Research Assistant 1 (RA1)].
Full text review of included articles was conducted independently by
the two raters. If articles contained duplicate samples with the same
neuropsychological test measures, the article with the larger sample
size was selected. Discrepancies were resolved through discussion with
MCT. Articles were included if they met all of the following criteria:

1) PD diagnosed according to the most widely accepted standardized
criteria, which rule out other neurological conditions as part of the
diagnosis [25–27].

2) Included PD patients who were non-demented (directly stated).
3) Included an age-matched healthy control group with no neurolo-

gical or psychiatric conditions (directly stated).
4) Assessed performance on at least one valid and reliable neu-

ropsychological test, which measured visuospatial, verbal memory,
or frontal executive ability.

5) Provided raw means, standard deviations (SD), and sample sizes for
neuropsychological test performance for patients with PD and
healthy controls. If articles did not report these data, corresponding

authors of included articles were contacted via email and asked to
provide them.

Articles were excluded if they met any of the following criteria:

• The study focus was not on neuropsychological assessment and thus
a selection bias may have occurred related to disease severity or sex
differences in participation because the study excluded PD patients
who did not complete the intervention or measurement of interest to
the study or did not agree to a subsequent longitudinal follow-up.
For example, the focus was on the effect of a medical treatment, MRI
or cerebrospinal fluid testing. Because disease severity and sex dif-
ferences affect driving cessation [28], and driving ability in PD has
been associated with cognitive performance [29], studies that fo-
cused on driving ability in participants with current drivers' licenses
were also excluded.

• Included patients or controls who were illiterate (directly stated)
because this would invalidate the neuropsychological test results.

2.2. Data extraction

Data were independently extracted by four raters (AFC, HD, RA1,
RA2). For each article, we recorded raw mean scores and SDs for PD
patients and controls for every standardized neuropsychological test
within the three cognitive domains (visuospatial, verbal memory, and
frontal executive). Identified neuropsychological tests were classified
into one of the three domains (see Table e-1). We also recorded avail-
able data for both PD patients and controls, including mean age, edu-
cation, sample size, and number of men and women. To further char-
acterize patient samples, we also recorded the average scores of scales
assessing PD symptom severity [(Hoehn & Yahr (H&Y) scale, Unified
Parkinson's Disease Rating Scale-III (UPDRS-III motor scale)] [30,31],
duration of symptoms (in months), PD dopaminergic medication dosage
(i.e., levodopa equivalent daily dose, LEDD). Additionally, we recorded
available information regarding the depression status of patients (e.g.,
whether studies excluded depressed patients or provided information
regarding diagnosis of depression or symptom severity as measured by
a depression rating scale). Because many comorbid medications cur-
rently prescribed to treat non-motor symptoms in PD are known to
affect the central nervous system (CNS) and can be associated with
cognitive disturbances [32], we also recorded available details re-
garding any comorbid medications currently taken by the PD patients.
Finally, we recorded how the dementia status of PD patients was clas-
sified (e.g., diagnostic criteria such as the Diagnostic and Statistical
Manual of Mental Disorders [33] or Movement Disorders Society Task
force criteria [34], cutoffs based on dementia rating scales such as the
Mini-Mental State Examination [35], Clinical Dementia Rating Scale

Table 1
Effect sizes and heterogeneity of full meta-analysis and sensitivity analysis of studies of cognitive performance of patients with Parkinson's disease relative to healthy
controls across three cognitive domains.

Domain N (PD/HC) Effect size (g) 95% CI p I2(%)

Frontal Executive
Full Meta-Analysis (k=55) 3067/2648 −0.479 −0.547 to −0.410 < 0.001 68.9
Sensitivity Analysis of studies that only included standardized diagnostic criteria to rule out dementia
(k=24)

1646/1521 −0.419 −0.483 to −0.356 < 0.001 33.5

Verbal Memory
Full Meta-Analysis (k=27) 1768/1452 −0.517 −0.583 to −0.451 < 0.001 24.2
Sensitivity Analysis of studies that only included standardized diagnostic criteria to rule out dementia
(k=15)

1143/909 −0.462 −0.530 to −0.394 < 0.001 0

Visuospatial
Full Meta-Analysis (k=21) 1644/1387 −0.555 −0.680 to −0.431 < 0.001 50.8
Sensitivity Analysis of studies that only included standardized diagnostic criteria to rule out dementia
(k=14)

1124/1028 −0.509 −0.626 to −0.391 < 0.001 12.8

k=number of studies, N=total sample size across studies PD = Parkinson's disease patients HC= Healthy controls.
Note. Negative values of effect sizes indicate worse performance in PD patients relative to controls.
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[36], etc.)
To achieve our second aim of examining sex differences in cognitive

profiles, we recorded available raw mean age and neuropsychological

test scores and SDs separately for male and female PD patients and
controls. If articles did not report these sex-segregated data, corre-
sponding authors of included articles were asked to provide these

Fig. 2. Forest plot of performance on tests of frontal executive function in patients with non-demented PD relative to controls.
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additional data. If no response was received from contacted authors
after two weeks, an additional follow-up email was sent. Data received
from authors were entered independently by two raters (AFC, RA2).

2.3. Statistical analysis

Inter-rater agreement of included articles was assessed using the
Kappa (κ) statistic. Inter-rater agreement of data extraction was com-
puted as percentage of agreement. Hedges' g (g) was computed as our
measure of effect size, defined as the difference in cognitive perfor-
mance between patients with PD and healthy controls, divided by the
pooled SD. Values were coded so that effect sizes greater than 0.00
represent worse performance in controls, whereas values less than 0.00
represent worse performance in patients with PD. For each individual
study, effect size estimates were calculated for each cognitive domain
(frontal executive, visuospatial, and verbal memory). If studies included
more than one neuropsychological test per cognitive domain, effect
sizes for all tests within that cognitive domain were averaged. Thus,
each study contributed only one effect size for each cognitive domain.
Separate meta-analyses of Hedges' g values were then conducted for

each domain, using random effects models to compute the pooled effect
size across all studies. Statistically significant differences were de-
termined by assessing the corresponding Hedges’ g 95% confidence
intervals (CI). Effect sizes were considered statistically significant if the
95% CI did not include the neutral value of 0.0.

For the meta-analyses examining magnitude of cognitive deficits in
PD in each domain, effect sizes comparing entire patient and control
samples were computed. In addition to examining differences between
patients and controls on these domains, we examined several moder-
ating variables, through meta-regression and subgroup analyses [using
the Q-between (Qb) statistic], that could potentially influence the
magnitude of the observed group differences. These variables included
age at testing, education, disease duration, H&Y score, UPDRS-III score,
LEDD, continent where study took place and depression rating score of
PD patients.

To examine sex differences, effect sizes were computed separately
for men and women with PD (relative to their same-sex controls) for
each cognitive domain. Subgroup analyses were conducted to de-
termine whether effect size estimates differed between men and women
(using Qb). Available sex-segregated patient characteristics were

Fig. 3. Forest plot of performance on tests of verbal memory function in patients with non-demented PD relative to controls.
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examined as potential moderators through meta-regression.
P-values less than 0.05 were considered statistically significant.

Publication bias was assessed using Egger's test. Between-study het-
erogeneity and publication bias were assessed using I2, and I2 values of
30% or higher were investigated further for sources of heterogeneity
[37]. Comprehensive Meta-Analysis (CMA) version 3 was used to con-
duct statistical analyses.

3. Results

3.1. Literature search and screening

As shown in Fig. 1, 7895 articles were identified in the initial
search, 1089 articles underwent full text review, and 100 were included
in data extraction. There was good inter-rater agreement for articles
included for data extraction (κ=0.67). Neuropsychological test data
measuring one or more of the three cognitive domains for PD patients
and controls were available for 50 articles and authors from nine ad-
ditional studies also provided these data, resulting in a total of 59 ar-
ticles [8,10,11,13–15], [38–50], [51-65], [66-89] included in the main
meta-analysis. Sex-segregated neuropsychological test information was
available in only one of these articles [38] and authors from 23 of the
included articles (see Table e-2) provided the requested sex-segregated
data, a response rate of 40%. Inter-rater agreement for data entry of
extracted data was 98%, with the majority of items having 100%
agreement, and the worst agreement was 92% for PD male and female
sample size and H&Y scale score. All discrepancies were discussed until
100% agreement was achieved. Inter-rater agreement for data entry of
sex-segregated neuropsychological information provided by authors

was 100%.

3.2. Study characteristics

Descriptive information for each article included in the meta-ana-
lysis for the comparisons of PD patients in each cognitive domain is
provided in Table e-2. For the cognitive domain meta-analyses, 55 ar-
ticles provided relevant neuropsychological test data for the frontal
executive domain, 27 articles for the verbal memory domain, and 21
articles for the visuospatial domain. Average age of onset for PD pa-
tients across all articles was 57.1. Within included articles, PD patients
(64.1 years) and healthy controls (63.7 years) were of similar age at
testing.

For the sex-segregated meta-analysis, data were obtained from 22
articles for the frontal executive domain, 9 for the verbal memory do-
main, and 10 for the visuospatial domain. Women with PD (63.9 years)
were of similar age at testing as female controls (63.9 years). Similarly,
men with PD (64.0 years) were of similar age at testing as same sex
controls (64.5 years).

3.3. Meta-analysis of domain specific overall cognitive deficits in PD

As shown in Table 1 and Figs. 2–4, we observed worse performance
in PD patients relative to healthy controls across all three cognitive
domains, with effect sizes that could be classified as medium in mag-
nitude and which represent milder deficits of approximately 0.50 SD
below the healthy control values [90]. Egger's test revealed no evidence
of publication bias in the frontal executive (p=0.43), verbal memory
(p=0.33), or visuospatial (p=0.33) domains. Between-study

Fig. 4. Forest plot of performance on tests of visuospatial function in patients with non-demented PD relative to controls.
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heterogeneity is considered [91] moderate to high for the frontal ex-
ecutive domain, small for the verbal memory domain, and moderate for
the visuospatial domain (see Table 1). Because studies varied in the
diagnostic criteria used to exclude patients with dementia (see Table e-
2), we conducted sensitivity analyses which excluded those studies not
using standardized diagnostic criteria. As shown in Table 1, effect sizes
did not change in the sensitivity analysis for any cognitive domain,
although the heterogeneity was substantially reduced. Because effect
size results were replicated in the sensitivity analysis, all subsequent
moderator analyses were conducted using the full dataset.

Meta-regression results for each cognitive domain are presented in

Table 2. Age at testing, education, PD duration, H&Y score, UPDRS-III
score, and LEDD were not significantly associated with effect sizes in
any domain (all p > 0.05). Similarly, sub-group analyses revealed that
effect sizes did not differ by continent for any domain (all p > 0.25, see
Table e-3). Depression level was examined as a potential moderator of
effect sizes, as 48 studies (81%) provided depression information for PD
patients (see Table e-2). Raw mean scores on depression rating scales
were categorized into normal, mild, moderate or severe groups ac-
cording to guidelines of their respective scale [92–96]. Patients in
studies that excluded patients with depression were categorized as
normal. According to these criteria, all 48 studies included patients
with mean depression ratings that were in the normal or mild category.
Subgroup analyses revealed that depression level did not significantly
moderate effect sizes for any domain (p > 0.05; see Table e-3). Only 27
studies (46%) provided data on comorbid medications that could affect
the CNS and therefore this variable could not be examined further due
to insufficient data.

3.4. Meta-analysis of sex-segregated data

Because sex-segregated data were only available from 23 of 59
studies, we first determined whether these 23 studies could be con-
sidered representative of the larger dataset. We compared the pooled
effect sizes of deficits relative to controls across domains in the subset of
23 studies to those in the full dataset and found that these were all of
similar moderate magnitude (Table 3). We thus conducted separate
meta-analyses for the sex-segregated data. Men and women differed in
their level of deficit relative to their same-sex controls in the frontal
executive domain (Qb=4.21, p=0.04), with men showing a greater
deficit than women. The magnitude of deficits for men with PD relative
to controls can be characterized as moderate, i.e., approximately 0.60
SD below controls. Whereas, the magnitude of deficits in women with
PD relative to controls was mild to moderate, i.e., approximately 0.40
SD below controls. Sex differences were not found in the level of deficits
relative to controls in the verbal memory (Qb=1.65, p=0.20) or vi-
suospatial (Qb=1.51, p=0.22) domains.

Given the observed sex differences in the frontal executive domain,
we perfomed meta-regressions examining the effect of age at testing for
men and women with PD on this domain. Age at testing was not as-
sociated with effect sizes for men (p=0.81) or women (p=0.70). Sex-
segregated data for other potential moderators were not available and
thus their effects on this sex difference could not be examined.

4. Discussion

The findings of our meta-analyses demonstrated that non-demented
PD patients showed deficits of moderate effect sizes in frontal

Table 2
Summary of study sample characteristics, and meta-regression results ex-
amining the effects of several moderators on cognitive performance of patients
with Parkinson's disease relative to healthy controls across three cognitive
domains.

Regression Results

Cognitive domain/Moderator M SD k Co-efficient p R2

Frontal Executive Domain
Age at testing (years; PD) 64.3 4.7 55 0.011 0.13 0.04
Education (years; PD) 11.9 3.0 47 −0.022 0.09 0.05
Education (years; HC) 12.3 2.9 46 −0.026 0.06 0.08
PD duration (months) 69.2 35.1 50 0.001 0.28 0.00
H&Y symptom score 2.0 0.40 40 −0.116 0.37 0.00
UPDRS-III motor symptom
score

20.9 5.5 35 −0.004 0.62 0.00

LEDD 449.0 261.0 28 −0.000 0.89 0.00
Verbal Memory Domain
Age at testing (years; PD) 62.9 4.8 27 −0.000 0.95 0.00
Education (years; PD) 11.8 3.1 22 0.004 0.71 0.00
Education (years; HC) 12.0 2.9 21 0.007 0.56 0.00
PD duration (months) 67.4 34.6 27 −0.001 0.49 0.00
H&Y symptom score 2.0 0.40 22 −0.007 0.96 0.00
UPDRS-III motor symptom
score

20.5 5.6 20 0.011 0.12 0.00

LEDD 453.0 216.4 17 −0.000 0.25 0.03
Visuospatial Domain
Age at testing (years; PD) 63.6 4.9 21 0.003 0.82 0.00
Education (years; PD) 11.1 2.9 18 0.011 0.62 0.00
Education (years; HC) 11.7 2.7 17 0.013 0.60 0.00
PD duration (months) 76.7 41.4 20 −0.002 0.18 0.00
H&Y symptom score 2.1 0.47 17 −0.106 0.45 0.00
UPDRS-III motor symptom
score

21.7 6.2 15 −0.003 0.73 0.00

LEDD 430.8 283.0 10 −0.000 0.44 0.00

k=number of studies included in analysis, PD = Parkinson's disease patients;
HC=healthy controls, H&Y= Hoehn and Yahr; UPDRS-III = Unified
Parkinson's Disease Rating Scale part 3, LEDD=Levodopa Equivalent Daily
Dosage.

Table 3
Pooled effect size, effect size differences between men and women and sex-segregated effect sizes for studies containing sex-specific performance of patients with
Parkinson's disease relative to healthy controls across three cognitive domains.

Pooled effect size Effect size differences between men and women Sex-segregated effect size*

Domain k N (PD/HC) g (95% CI) I2(%) Qb p (Qb) g (95% CI) I2(%)

Frontal Executive
women 22 513/544 −0.478 (−0.667 to −0.289) 65.3 4.21 0.04 −0.382 (−0.511 to −0.254) 60.1
men 22 854/587 −0.575 (−0.708 to −0.443) 63.8
Verbal Memory
women 9 236/322 −0.509 (−0.667 to −0.352) 45.0 1.65 0.199 – –
men 9 377/403
Visuospatial
women 10 270/340 −0.686 (−0.902 to −0.471) 64.9 1.43 0.23 – –
men 10 484/441

PD = Parkinson's disease patients; HC=healthy controls.
Note. Negative effect sizes indicate worse performance in PD patients relative to controls.
*Effect sizes not examined by sex when Qb was non-significant.
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executive, verbal memory, and visuospatial abilities compared to age-
matched controls. Our finding of frontal executive deficts in non-de-
mented PD relative to healthy controls is consistent with a previous
meta-analysis [7]. While a previous meta-analysis found longitudinal
decline of small magnitude in verbal memory and visuospatial abilities
in non-demented PD [16], our meta-analysis of cross-sectional non-
demented PD data adds a unique aspect to the understanding of deficts
in these domains. We examined deficits in non-demented PD patients
relative to healthy controls of similar age in verbal memory and vi-
suospatial abilities, and found deficits of moderate magnitude in these
two domains as well. Furthermore, the finding that age at testing, dis-
ease duration, motor symptom severity, LEDD and depression did not
moderate effect sizes in any domain suggests that the deficits reported
here are independent of these variables in PD patients who had not
progressed to dementia.

Given that PD is a progressive neurodegenerative disease, our
findings that disease duration did not moderate performance in the
three cognitive domains in non-demented PD patients is somewhat
suprising, as it suggests that cognitive impairment is seemingly stable in
these non-demented patients. A previous meta-analysis reported a
constant rate of cognitive decline in non-demented PD patients which
was independent of disease duration across the same three cognitive
domains that were examined in our study [16]. This meta-analysis,
however, did not compare PD patients with a healthy control group.
Given that our effect sizes and moderators were based on cross-sec-
tional data, it is possible that a selection bias contributed to the absence
of a moderating effect of disease duration on cognitive deficits in the
present analysis. That is, with increasing disease duration, it is likely
that fewer patients volunteer for cognitive studies, and the ones who do
are more likely to be relatively high functioning. Clearly more long-
itudinal studies of non-demented PD patient cohorts relative to controls
are required to examine the effects of disease duration on cognitive
decline.

Whereas we found no association between education and cognitive
deficits in non-demented PD relative to healthy controls, two previous
meta-analyses found that more education was associated with better
frontal executive, verbal memory, and visuospatial abilities in non-de-
mented PD [97], as well as less decline over time in verbal memory and
frontal executive functioning [16], and visuospatial functioning [97].
However, our meta-analysis differed from these prior reviews in two
important ways. First, our analyses included more studies with a greater
number of patients and therefore had higher statistical power. Second,
we examined the effect of moderating variables on effect sizes of cog-
nitive performance of non-demented PD patients relative to healthy
controls of similar ages. This allows us to more accurately attribute the
associations (or lack thereof) between patient characteristics and cog-
nitive deficits to disease specific mechanisms. Therefore the findings of
our meta-analysis, even though based on cross-sectional studies, are
more likely to reflect disease specific cognitive performance and their
moderating influences. According to our results, cognitive impairment
in all three domains appears to be an important characteristic of PD
patients without dementia, and this impairment does not appear to be
related to the potential moderators herein examined.

Another unique aspect of this meta-analysis is that we examined
whether sex differences in PD patients relative to their age-matched
healthy controls existed in frontal executive, visuospatial, and verbal
memory domains. Previous work only qualitatively described sex dif-
ferences in PD cognition, and did not compare performance of patients
to healthy controls [20]. Importantly, we directly examined sex-specific
cognitive deficits relative to healthy controls of similar age, which al-
lowed us to investigate how sex-related factors might interact with PD
mechanisms rather than age-related mechanims. Taken together, our
results do not support the conclusion of a previous systematic review of
a more benign generalized cognitive phenotype in women [20], and
instead suggest that sex differences in cognitive deficits in non-de-
mented PD are restricted to a certain cognitive domain. That is, relative

to controls, men showed greater deficits than women in frontal ex-
ecutive functions, but both men and women were similarly impaired
relative to controls in verbal memory and visuospatial abilities.

We propose several possibile explanations for these findings.
Regarding the sex differences in frontal executive deficits, estrogen
neuroprotection or neuromodulation that contributes to dopaminergic
neuron survival may play a critical role [98,99]. One of the earliest
neural mechanisms mediating motor impairment in PD is the loss of
dopaminergic neuronal terminals in the striatum [3], and the frontal
executive network is thought to be mediated by the frontal striatal
pathway [100]. Thus, it is possible that women with PD show less
deficit in frontal executive function because they have more dopami-
nergic neurons relative to men in the earlier stages of the disease, which
may protect women from more severe frontal executive impairment.
We encourage future studies to investigate how sex-related factors
might selectively interact with disease mechanisms, particularly in
early disease stages, in order to provide insight into possible targets for
intervention aimed at improving cognitive or other disease symptoms.
LEDD is a potential area of interest, given its varying effects on ex-
ecutive function [101], and reports of higher doses in men relative to
women with PD [102]. However, LEDD did not moderate performance
in any domain in the overall meta-analysis. Thus, it is unlikely that
higher doses in men with PD account for our observed sex differences in
frontal executive function.

It is well established that there are sex differences in the prevalence,
incidence and motor phenotype of PD, and our findings further support
the notion that sex-related factors play an important role in PD ex-
pression as they suggest that sex might also be associated with cognitive
phenotype expression.

4.1. Strengths & limitations

One limitation of studies included in the cognitive domain specific
overall meta-analyses was a lack of reporting of patient characteristics.
We were unable to examine several important potential moderators of
the cognitive deficits observed (e.g., comorbid medications known to
affect the CNS). Further, while we found no association between cog-
nitive deficits and motor symptom severity, as measured by the UPDRS-
III score, a prior study [103] has shown that cognitive performance of
patients with PD correlates with axial aspects of motor dysfunction, as
measured by the postural instability gait difficulty (PIGD) score. Thus,
it is possible that PIGD may be associated with level of cognitive deficits
in PD. Unfortunately, only 4 (7%) included studies provided either
PIGD scores or the UPDRS-III subscores which could be used to calcu-
late the PIGD. Therefore, there were too few included studies to ex-
amine whether this aspect of motor dysfunction moderated the find-
ings. We encourage future studies to provide PIGD information in order
to examine its potential influence on cognition in PD. Given that we
observed low to moderate levels of between-study heterogeneity across
domains and found no evidence that any of the examined patient
characterics accounted for any of this between-study variability, it is
likely that our results reflect cognitive characteristics of non-demented
PD. Our focus on studies examining neuropsychological deficits in non-
demented PD patients likely resulted in the inclusion of a majority of
patients with mild to moderate motor symptoms, as they would have
been more likely to complete the cognitive testing. Therefore, the
cognitive deficits reported here are likely characteristic of early stage
PD patients with mild to moderate motor deficits.

Another limitation of the studies included in this meta-analysis is
the lack of information regarding patients’ independence or quality of
life. We were unable to examine whether the cognitive deficits found in
the study were associated with functional problems because only 5
(8%) included studies provided information on measures of in-
dependence or quality of life. In order to better understand how the
moderate deficits reported here impact activities of daily living, it will
be important for future studies to measure and report these outcomes,
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so that future quantitative syntheses may examine the association be-
tween these values and cognition in non-demented PD.

While a main strength of our study is that it is the first to quanti-
tatively pool results of cognitive deficits separately for men and women,
we note that this was challenging due to the lack of sex-segregated
reporting in the included articles. Because we were unable to obtain
sex-segregated data for all of the included studies in the domain specific
meta-analyses, a potential limitation of the current study is the possi-
bility of insufficient power in our sex-segregated meta-analyses to de-
tect sex differences in cognitive deficits in two of the three cognitive
domains. For instance, only nine studies could be included for the
verbal memory domain and only 12 studies for the visuospatial domain,
whereas 23 studies were included for the frontal executive domain
where sex differences were observed. Empirical guidelines exist for the
minimum number of studies required for adequately powered meta-
analyses (i.e., a minimum of 5 studies are required to obtain higher
power than the primary studies contained within the meta-analysis)
[104]. However, it is nevertheless important to be cautious when in-
terpreting results with a relatively low number of studies and more than
30% heterogeneity. Despite this potential limitation, however, the
pooled effect sizes observed in the sex-segregated meta-analyses (see
Table 3) are similar to the domain specific overall meta-analyses (see
Table 1), thus supporting the generalizability of the sex-segregated re-
sults found in the smaller meta-analyses to the broader patient group.

Although we observed moderate between-study heterogeneity in the
sex-segregated analyses, we were unable to examine effects of potential
moderators beyond age at testing due to lack of sex-segregated re-
porting of other patient characteristics. Therefore, we encourage au-
thors to report all measured variables separately by sex, so that future
work can examine the replicability of our findings in a larger set of
studies and investigate potential sex-specific moderators of cognitive
deficits. Finally, it will be important for future studies to analyze sex-
segregated longitudinal data to examine the association between sex-
related factors and cognitive function in patients with PD, relative to
healthy controls.

5. Conclusions

Our findings of deficits of moderate magnitude in frontal executive,
verbal memory, and visuospatial domains, which were not moderated
by any examined variables, suggest that wide-spread cognitive im-
pairment is an important feature of nondemented PD profile. Sex dif-
ferences were observed in the frontal executive domain, suggesting that
in addition to the benefits of reduced motor symptom severity reported
in other studies [19], sex-related factors (e.g., neuroprotective effects of
estrogen against dopaminergic loss) may also protect women against
more severe frontal executive decline in non-demented PD. Our results
contribute to a growing literature on sex differences in PD [105], which
ultimately, could facilitate sex-specific clinical treatment of PD.
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