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ABSTRACT

Introduction. Cognitive impairment is common in Parkinson’s Disease, but the impact of predictive factors on incidence and
rate of cognitive decline is incompletely understood.

We aimed to determine the effects of sex and APOE allele status on cognitive performance in patients with Parkinson’s Disease (PD).
Material and methods. We conducted a retrospective analysis of 325 clinically diagnosed PD patients who underwent one or
more cognitive screenings with a Mini-Mental Status Examination (MMSE) or Mattis Dementia Rating Scale (DRS-2). We used
proportional odds regression models to estimate odds ratios for higher versus lower cognitive scores in association with age,
sex, education, disease duration, and APOE allele status.

Results. Higher cognitive scores were independently associated with female sex on the MMSE (OR 2.43; 95% Cl 1.14, 5.14) and
DRS-2 total (OR 4.14; 95% Cl 2.01, 8.53). APOE €4 dose was associated with lower DRS-2 totals (OR 0.42; 95% Cl 0.22, 0.81), but
there was no evidence of association with MMSE. Higher education level was also associated with higher scores on the MMSE
(OR 1.22; 95% CI 1.07, 1.38) and DRS-2 total (OR 1.31; 95% Cl 1.15, 1.50). Disease duration was not associated with cognitive
performance on any measure when adjusting for age.

Conclusion. Male sex and APOE €4, along with age and lower education level, were associated with poorer cognitive perfor-
mance among a population of predominantly non-demented PD patients.
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Introduction

Parkinson’s Disease (PD) is a neurodegenerative movement
disorder with substantial phenotypic heterogeneity extending
beyond motor symptoms. Cognitive impairment is common
among those with PD and is associated with reduced quality
of life (QoL) and increased caregiver stress/burden [1]. Mild
cognitive impairment (MCI) is present in approximately 27%
of non-demented individuals with PD and can occur within the
first years of disease [2]. PD-MCI has been identified in 10-42%

of patients within the first years of disease [3-6]. While PD-MCI
is associated with an annual dementia conversion rate of approx-
imately 6-9%, some individuals remain cognitively stable, and
others even revert to normal cognition [6, 7]. Numerous studies
have aimed to characterise the PD cognitive profile; however,
definitive conclusions remain largely elusive due to co-occur-
ring pathology, varying study methods, and intrinsic disease
heterogeneity [5, 8]. The establishment of diagnostic criteria
for PD-D and PD-MCI has significantly improved the quality
of data, allowing for more cross-study comparisons [9, 10].
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Numerous studies have aimed to identify risk factors
for the incidence and progression of PD-related cognitive
decline. The frequency of PD-MCI appears to correlate with
increasing age, disease duration, and disease severity [2]. PD-
MCI, increasing age, male sex, and severity of PD motor signs
increase the risk of PD-D [11] . The effect of these risk factors
on continuous variables of cognitive decline and domain-spe-
cific decline are less well characterised. The impact of various
genetic mutations on PD-related cognitive decline is equally
complex, and definitive conclusions are often lacking. GBA
mutations are associated with cognitive impairment in PD;
however [12], the role of other genetic factors is incompletely
understood. APOE &4 allele increases the risk of dementia
due to Alzheimer’s Disease (AD); however, results are mixed
when assessing the relationship to PD-related cognitive de-
cline [12-15].

Clinical rationale for study

We aimed to determine the effect of sex and APOE al-
lele status on cognitive performance within our PD cohort
comprising 325 individuals who were predominantly demen-
tia-free and who had had one or more cognitive assessment.
Our findings reveal the impact of these variables, as well as
of age and education, on cognitive function in PD patients.
This work has implications for both future research studies
and clinical assessment of cognition in PD.

Materials and methods

Participants

We previously described the motor features of a cohort
consisting of 1,028 individuals with clinically diagnosed PD
[16]. We reviewed the medical records of these individuals to
identify those who underwent cognitive testing with at least
one Mini-Mental Status Examination (MMSE) and/or a Mattis
Dementia Rating Scale-2 (DRS-2). The majority of patients
were followed routinely in our movement disorders clinic and
underwent cognitive testing only when it was deemed clinically
necessary by the movement disorders specialist. A small subset
of these patients (n = 106) also had annual testing as part of
aroutine screening battery, regardless of their cognitive status.

The MMSE and DRS-2 tests were chosen because they
were the most commonly administered cognitive screens
in our entire clinical cohort. MMSE and DRS-2 total scores
were extracted, as were DRS-2 domain scores (i.e. Attention,
Initiation/Perseveration, Construction, Conceptualisation,
and Memory). Demographic information, including sex, age,
years of formal education and disease duration (defined as time
from motor symptom onset) were extracted from the medical
records, and APOE allele status was determined by Tagman™
assays. This study was approved by our institutional review
board, and all patients provided written informed consent for
participation in this study.

Statistics

We used proportional odds models with patient-specific
random effects to estimate odds ratios for high versus low
cognition scores in association with some or all of age, sex,
the interaction of age and sex, follow-up time and APOE
genotype. The model was constructed using all available
MMSE and DRS-2 scores. The proportional odds model is
typically used for ordinal response variables and is similar
to the more familiar logistic regression model with a bi-
nary response variable that categorises patients as having
a high versus low cognitive score according to some fixed
threshold. With the proportional odds models we do not
need to specify a threshold; rather the model assumes
that the odds ratios apply to any threshold. The odds ratio
estimates from the model can thus be interpreted in the
same way as those for a logistic regression model. A linear
regression model was not appropriate primarily due to
ceiling effects of the cognition scores with many persons
achieving maximum or near-maximum scores (Fig. 1). More
specifically, we let Y; be the cognitive measure of patient
i at visit j, we let age; and duration; be the corresponding
age and disease duration of the patient at the same visit,
and we let be a binary indicator of female sex, the years
of education and be the number of copies of the APOE
¢4 allele. We then modelled the log odds so that the score
will be above versus below any threshold ¢, for example, as

P(Yy = i)

log| ——= | = a; + Bisex; + B,age;; + Byfemale;
g(P(Yij < Ck)) k ,81 i ﬁz g ij ﬁS i

X age;; + Byduration;; + Bseduc; + BcAPOE; + 7y

where the r,terms are normally distributed random effects
for each person. The random effects are included to account
for correlations of the multiple cognition measures of each
patient. Variations of this model were used for each analysis
according to the cognitive outcome measure and covariates
of interest. For example, the above form of the model was
used to assess for evidence of an interaction of age and
sex; to estimate the associations of cognition with age for
males and females separately, the model was re-expressed
by replacing the terms involving age with: 5,* male; X age;
X By* female; X age; where male;= 1 — female, so that
Bt =B, and B;* = B, + 3, are the log 0dds ratios for females
and males respectively.

Results

Cohort demographics
Our study cohort consisted of 233 males and 92 females
with clinically diagnosed PD (Tab. 1), consistent with the
higher male prevalence of this disease [17]. The mean age
at study entry was c.70 years for both males and females.
There was no significant difference in the percentage of
individuals with > 1 APOE &4 allele in males vs. females.
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Figure 1. Histograms of all cognitive scores. Panels show score distribution for mini-mental status examination (MMSE), Mattis Dementia
Rating Scale 2 (DRS-2) total, as well as each DRS-2 subscale stratified by sex

Table 1. Demographics of patients at first visit

Variable Males Females P-value
(n=233) (n=92)
Age, years 70.4(9.9) 69.4 (9.4) 0.394
Formal education, years 15.6 (2.6) 14.5(2.3) 0.001
APOE €4 presence 64 (31.3) 26 (30.9) 0.946
> 1 epoch testing 133 (56.8) 41 (44.6) 0.047
Duration of follow-up, days 420 (625) 405 (900) 0.218
Disease duration, years 8.56 (6.99) 8.5(5.75) 0911
MMSE: Total 27.0(4.3) 27.7 (3.3) 0.181
DRS-2: Total 128.8(12.9) 132.1 (14.5) 0.105
DRS-2: Attention 34.7 (3.1) 350(3.2) 0.536
DRS-2: Conceptualisation 34.0(3.8) 35.0(4.2) 0.080
DRS-2: Construction 5.5(1.1) 5.5(1.1) 0.751
DRS-2: Initiation/Perseveration 334(5.2) 34.9(4.8) 0.037
DRS-2: Memory 214(3.2) 21.7 (3.6) 0.569

*Mean (standard deviation) or number (percent) are shown as appropriate

APOE ¢4 allele heterozygotes and homozygotes totalled (57%) vs. females (45%). Among those patients with more

84 and six, respectively. There were more males with than one evaluation, there was a wide range of follow-up
>1 evaluation, reflecting not only the higher number of male times; however, the mean follow-up time was similar for
participants but also the greater rate of follow-up in males both sexes. Mean disease duration was 8.5 years for both
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Table 2. Association of variables with cognitive test total scores

DRS-2 Total

(260 patients, 463 visits)

MMSE Total

(217 patients, 433 visits)

Variable OR (95% Cl) P-value OR (95% Cl) P-value
Female 4.14(2.01, 8.53) 8.30E-05 2.43(1.14,5.14) 0.018
Age — 1 year (Females) 0.91 (0.85, 0.96) 0.0016 0.86 (0.80, 0.92) 4.80E-06
Age — 1 year (Males) 0.87(0.83,0.91) 2.90E-10 0.93 (0.89, 0.96) 3.00E-05
Disease duration — 1 year 0.96 (0.91,1.01) 0.12 - -
Educational level — 1 year 1.31(1.15, 1.50) 3.80E-05 1.22(1.07,1.38) 0.0018
APOE €4 (dose) 0.42(0.22,0.81) 0.0077 0.78(0.40, 1.51) 0.46

A proportional odds model with patient-specific random effects was used to model the odds of a patient having a DRS-2 score above versus below an arbitrary threshold as . The ’s are log odds ratios; thus their
estimates and confidence intervals were exponentiated to obtain odds ratio estimates. The model for MMSE was the same, except that disease duration was omitted due to a lack of convergence when fitting

the model with it included
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Figure 2. Trajectory of cognition with age by sex and APOE genotype. Estimated odds ratios from proportional odds models described in

manuscript were used to obtain fitted trajectories of DRS-2 and MMSE with age, by sex and APOE ¢4 allele count

males and females. Males were more educated than females
in this cohort, with 15.6 vs. 14.5 mean years of formal ed-
ucation, respectively.

Cognitive scores

Baseline cognitive scores obtained at first cognitive
evaluation were similar for males and females (Tab. 1)
with the exception of the DRS-2: Initiation/Perseveration
sub-category where females scored higher than males.
There was also a trend for higher mean baseline DRS-2:
Conceptualisation scores in females, but this did not reach
statistical significance. Applying the commonly accept-
ed MMSE dementia threshold of 24, we found that 91%
(n = 199) of participants were non-demented PD patients

(Fig. 1) [18]. This was mirrored by baseline DRS-2 total
scores, in which 81% (n = 211) participants were above the
dementia threshold of 123 [19].

We first assessed the association of sex, age, disease du-
ration, education and APOE with DRS-2 and MMSE total
scores (Tab. 2). Females had higher cognitive scores on both
the MMSE (OR 2.43; 95% CI 1.14, 5.14) and DRS-2 (OR
4.14; 95% CI 2.01, 8.53) (Tab. 2). Age was associated with
lower DRS-2 and MMSE scores in both males and females;
estimated effect sizes were similar in both sexes for DRS-2,
though there was evidence of an interaction of the effects of
sex and age on MMSE (p = 0.035), with a lower odds ratio
estimate for females, on the MMSE (OR 0.86; 95% CI 0.80,
0.92), corresponding with faster decline (Tab. 2, Fig. 2). Ed-
ucation was associated with higher cognitive scores for both
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MMSE (OR 1.22;95% CI 1.07, 1.38) and DRS-2 total (OR 1.31;
95% CI 1.15, 1.50). APOE ¢4 dose was associated with lower
scores on both tests, but reached statistical significance only
with DRS-2 total scores (OR 0.42; 95% CI 0.22, 0.81). There
was no evidence of association between disease duration and
cognitive performance.

We also assessed the DRS-2 sub-tests for their associations
with the same variables (Supplemental Material). Females had
higher cognitive scores on all sub-tests, reaching significance
for Conceptualisation (OR 3.07, 95% CI 1.64, 5.76) and Ini-
tiation/Perseveration (OR 7.60, 95% CI 2.94, 19.65). Age was
significantly associated with lower scores on all DRS-2 subtests
both for males and females, with the exception of the DRS-2:
Memory subscore in females. As with the total DRS-2 scores,
after adjusting for age and the other variables, disease duration
was not significantly associated with DRS-2 subscores, even
though the effect estimates were suggestive of lower scores with
higher disease duration. Education had a significant positive
effect on all DRS-2 subscores. APOE ¢4 dose had a significant
lowering effect on DRS-2 Attention (OR 0.59; 95% CI 0.37,
0.97) and DRS-2 Initiation/Perseveration (OR 0.44; 95% CI
0.21, 0.95), along with lower but statistically insignificant
effects on other subtests.

Discussion

Understanding the factors related to cognition in PD
helps to inform clinicians to better counsel their patients
and researchers to more reliably appreciate deviations from
the typical disease phenotype. This also has implications for
monitoring treatment response in clinical trials. We sought
to contribute to this understanding by reporting cognitive
screening results of 325 individuals clinically diagnosed with
PD, of whom more than half had longitudinal follow-up
data. The majority of our cohort were non-demented and
had mean disease duration of 8.5 years. Hence, our results
provide information on relatively early cognitive changes
which occur in PD.

We found females to have higher scores on MMSE,
DRS-2 total and DRS-2 subscales, that were most pronounced
for Conceptualisation and Initiation/Perseveration. These re-
sults could not be explained by disease duration, duration of
follow-up or APOE &4, which were not significantly different
between the sexes. Further, males were more educated than
females in this cohort. Baseline cognitive scores were also not
different, with the exception of DRS-2: Initiation/Perseveration
that was higher in females.

Collectively, these results suggest that male PD patients
may be more susceptible to cognitive decline, especially in
executive domains, and that these cognitive changes may be
occurring relatively early in the disease course. Our results
highlight the importance of monitoring and formally testing
for PD-related cognitive decline, which may be more pro-
nounced in males.

Our results differ from the conclusions of the Chinese
Parkinson Study Group, which found that males scored higher
on the MMSE, although males also had lower depression rates;
education level was unreported [20]. Our cohort consisted of
a roughly 2:1 male-to-female ratio, which is consistent with
previous sex-related prevalence differences [12]. Our findings
are consistent with other studies which showed sex-related
cognitive associations in PD [11, 21, 22]. An Italian study
of 6,599 idiopathic PD patients found male sex to be an
independent risk factor for the development of Parkinson’s
Disease-Dementia (PD-D) [21]. This was validated by a recent
meta-analysis of eight studies that showed independent asso-
ciations with male sex [11]. A separate study of 84 PD patients
found males to have greater impairments in executive function
and processing speed, as well as a steeper rate of cognitive
decline, compared to females [22]. This same study did not
demonstrate a sex-related difference among controls. Future
studies in longitudinally followed PD patients with no base-
line dementia are needed to establish sex-related differences
in cognitive decline, especially early in the disease process.

Despite being one of the most studied genes in PD, the
effect of APOE allele status on PD-related cognitive changes re-
mains unclear. This is partly due to the heterogeneity of meth-
odologies, specifically the use of different cognitive measures
and inconsistently defined cognitive endpoints across studies.
Several studies that have assessed cognition with the MMSE,
albeit with different cutoff scores, have found no association
with this cognitive measure and APOE genotypes [23-28].
In contrast, others have identified an association between
APOE ¢4 allele and the development of PD-D [29-30]. One
study concluded that the MMSE was an inadequate screening
measure for PD-MCI [31]. Studies using more detailed neu-
ropsychological testing suggest that APOE ¢4 is a risk factor
for PD-D, and specifically for lower cognitive performances
on measures of memory, attention, executive function and
language processing [32, 33]. Most recently, a meta-analysis
of 57 studies found that the presence of an APOE &4 allele was
associated with PD-related cognitive impairment (Risk Ratio
3.04) [34]. More broadly, we have previously shown that the
APOE ¢4 allele is associated with lower baseline memory and
increased decline in non-demented individuals not selected for
the presence of PD [35]. It remains unclear whether an APOE
€4 dose effect is greater in individuals with PD; however, recent
work has shown that APOE &4 exacerbates a-synuclein [36].

Our findings in this study demonstrate the adverse effects
of APOE &4 on cognition in predominantly non-demented
individuals with PD relatively early in their clinical course.

In our cohort, we determined that APOE e4 was associated
with lower cognitive scores, which achieved statistical signifi-
cance for DRS-2 total as well as subscale scores of attention and
initiation/perseveration. Our results are consistent with anoth-
er study which identified that the APOE ¢4 allele was associated
with lower cognitive performance on the DRS-2 among PD
patients [37]. More recently, a study showed steeper declines on
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the Montreal Cognitive Assessment in patients with clinically
diagnosed early PD AOPE 4 allele carriers [14]. The DRS-21is
one of the most commonly used global cognitive assessments
for PD, and has been recommended by the Movement Dis-
orders Society Task Force for the evaluation of PD-MCI [9],
although the exact cognitive screening test most suitable for
assessment in PD patients remains unclear. A recent study
found that a DRS-2 cutoff of 138 was estimated to be 87.5%
sensitive and 68.9% specific for PD-related cognitive impair-
ment, with single domain impairment sensitivity highest for
executive dysfunction [38]. Trends of cognitive impairment
and decline were similar on the MMSE and DRS-2 totals for
our cohort, although score distributions reveal less of a ceiling
effect with the DRS-2, suggestive of a greater utility in detecting
cognitive decline especially early in the disease process.

We found that a higher education level was associated with
higher MMSE, DRS-2 total and all DRS-2 subscale scores.
There is some disagreement regarding the protective effect of
education against PD-related cognitive impairment. One study
found that education level did not predict the occurrence of
PD-D during a five year follow up [39], whereas others have
associated lower education levels with poorer cognitive per-
formance [2]. A protective effect of higher education against
all cause dementia is generally accepted [40].

This study has several limitations, most of which are
intrinsic to its retrospective chart review design. Cognitive
screening was not routinely performed on patients within our
cohort as evidenced by only 325 patients with > 1 MMSE or
DRS-2 among 1,028 total PD patients whose charts were re-
viewed. Therefore, our data is subject to sampling bias for those
patients with a pre-test suspicion of cognitive impairment.
Nevertheless, cognitive score distributions indicate that our
cohort was largely non-demented based on traditional cutoft
scores (i.e. MMSE > 24 and/or DRS-2 total > 123). This skewed
distribution of cognitive scores towards the non-demented
range may have limited our ability to detect some risk factor
associations that occur later in the PD-related cognitive decline
process. Only a subset of the patients had > 1 cognitive testing,
and the average follow up time was less than 1.5 years with an
average disease duration of 8.5 years. One study found a non-
linear rate of PD-related cognitive decline with an early phase
of < 1 point/yr on the MMSE followed by a more precipitous
rate (~3 points/yr) beginning after the thirteenth year of dis-
ease duration [41]. Our short follow up interval at a relatively
early disease phase may have been another limiting factor to
detect a statistically significant association of cognitive decline
in PD with disease duration. Previous studies have indicated
that patients with PD-MCI may remain stable, revert to normal
cognition, or progress to dementia. The latter occurs at a rate
of 6-9% annually [6, 7]. Influences on progression are likely
to be multifactorial, including genetic and lifestyle factors in
addition to those directly related to the underlying pathology.
Inclusion of MMSE as a metric for cognitive decline in PD
may be viewed as a limitation, given previous reports that

this is not a sensitive measure for detecting PD-MCI [31].
We included MMSE in this study given its common usage in
the clinical setting but also incorporated DRS-2, which has
been recommended by the Movement Disorders Society Task
Force for the evaluation of PD-MCI [9]. Moreover, our results
were congruent between these two cognitive tests although
the study was not powered to formally compare them. Lastly,
our model did not include medication details relative to the
timing of cognitive testing. It is conceivable that this may have
had some impact.

Clinical implications/future directions

We conclude that age, male sex, APOE &4 and a lower
education level are associated with poorer cognitive per-
formance among a population of largely non-demented
PD patients relatively early in their clinical course. Our
findings have implications for screening in PD for cognitive
impairment by formal neuropsychological testing, even in
the absence of clinical complaints. Such screens will provide
further information on the trajectory of cognitive changes
in PD and both risk and protective factors, that may be
critical for the counselling of patients. Male PD patients
may be more susceptible than females to cognitive decline,
especially in the executive domain, something which cannot
be explained by sex-differences in disease duration, age or
APOE. Importantly, this susceptibility occurred despite
higher education in males in our cohort. These findings
should prompt future studies to explore the role of envi-
ronmental and genetic factors in driving sex differences in
cognitive decline in PD.
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