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Abstract

Background—Apolipoprotein (APOE) e4 allele status has been linked to clinical presentation
and progression in Alzheimer’s disease; however, evidence for a role of APOE e4 in Parkinson’s
disease (PD) remains largely inconclusive. In this analysis we explored potential significant
associations between APOE e4 allele status and characteristics of clinical presentation in patients
with PD.

Methods—Data came from 424 subjects evaluated using the Uniform Data Set (UDS)
assessment collected by the National Alzheimer’s Coordinating Center. Subjects had a known year
of diagnosis of PD and experienced change in motor function prior to any change in cognition.
Linear and logistic regression were used to model the association between APOE e4 carrier status
and clinical characteristics including measures of cognitive decline and motor and
neuropsychiatric symptoms. Amyloid burden was also evaluated for a subset of patients who died
and consented to autopsy.

Results—Odds of dementia were higher in APOE e4 carriers (OR=5.15), and, on average, APOE
e4 carriers scored two points worse on tests of episodic memory and the Clinical Dementia Rating
Sum of Boxes assessment. There was little evidence to support an association between e4 carrier
status and severity of motor features, and, of the four neuropsychiatric symptoms evaluated, only
presence of hallucinations was significantly associated with APOE e4 carrier status (OR=5.29).
Neuropathology data revealed higher frequencies of neuritic and diffuse amyloid plaques in APOE
e4 carriers compared to non-carriers.

Conclusions—APOE e4 allele status is associated with dementia and severity of Alzheimer’s
disease pathologic features in PD.

© 2014 Elsevier Ltd. All rights reserved.
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INTRODUCTION

Apolipoprotein (APOE) e4 allele status has been linked to clinical presentation and
progression in Alzheimer’s disease [1-3]; however, evidence for a role of APOE e4 in
Parkinson’s disease (PD) remains largely inconclusive [4-6]. In 2012, researchers at the
National Institute on Aging found that the frequency of the APOE e4 allele in subjects with
PD was not statistically significantly different from dementia-free controls [5].

On the other hand, smaller studies, using different measures of cognition, have found
evidence of an association between e4 carrier status and cognition in PD. Tsuang et al. found
higher rates of APOE e4 allele frequency among subjects with PD dementia compared to
non-PD cognitively normal subjects (OR=3.1) [7]. Similarly, Gomperts et al. found evidence
of an association between APOE e4 and cognitive but not motor decline over time in PD [8].
Thus, additional research is needed to shed light on the seemingly complicated and
conflicting associations observed between APOE and cognition in PD.

The National Alzheimer’s Coordinating Center (NACC) houses a large, multicenter
database on subjects with a wide range of cognitive and motor features, several of whom
have a clinical diagnosis of PD. Data collected include subject demographics, health history,
performance on neuropsychological tests, as well as presence and severity of Parkinsonian
and neuropsychiatric symptoms. Therefore, these data provide an excellent opportunity for
studying clinical presentation of progressive neurodegenerative diseases such as PD. In this
analysis, we tested the hypothesis that cognition, but not motor or neuropsychiatric
symptoms in PD subjects, vary by APOE e4 allele status.

METHODS

Study sample

Data for this analysis were obtained from the NACC Uniform Data Set (UDS) funded by the
National Institute on Aging [9,10]. All data came from the subject’s initial UDS visit,
recorded between September 2005 and March 2013 at one of the 34 past and present
Alzheimer’s Disease Centers (ADCs). Study inclusion criteria were (1) a diagnosis of PD,
made by an ADC neurologist, at the initial UDS visit, (2) a known year of PD diagnosis, and
(3) motor function was the first predominant change as opposed to cognition or behavior, as
judged by a clinician. Research using the NACC database was approved by the University of
Washington Institutional Review Board.

APOE e4 genotype, the main exposure of interest, was available for a subset of subjects and
was categorized as either e4 carrier (hetero or homozygous) or non-carrier (no e4 alleles).
Characteristics of clinical presentation used in this analysis included the presence of
dementia, Clinical Dementia Rating Sum of Boxes score (CDR-SB), Logical Memory
delayed score, motor symptoms measured by the Unified Parkinson’s Disease Rating Scale
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(UPDRS), and select neuropschiatric symptoms measured by the Neuropsychiatric
Inventory (NPI-Q). Cognitive function was assessed as a continuous measure using the
CDR-SB [11]. The CDR grades subjects’ cognitive and functional abilities in six domains:
memory, orientation, judgment and problem solving, community affairs, home and hobbies,
and personal care. The clinician, incorporating input from the subject’s co-participant,
evaluates impairment in each domain as none (0), questionable or very mild (0.5), mild (1),
moderate (2), or severe (3). The scores for each domain are summed to create a Sum of Box
score ranging from 0 to 18, with higher scores indicating more severe impairment.

Deficits in episodic memory were assessed using the Logical Memory I1A-Delayed Story
Units Recalled test, which tests subjects’ story retention ability [12]. The only tests of
executive function in the UDS neuropsychological battery are the Trail Making A and B
tests, which require preserved motor function [13]. As many PD subjects have substantial
motor impairment, we were not able to assess executive function independent of motor
impairment.

Motor features were evaluated using Levy summary scores derived from the UPDRS [14].
The Levy A score is the sum of the Levodopa-responsive symptoms, including facial
expression, rigidity, and bradykinesia domains. The A score ranges from 0 to 80. The Levy
B score, ranging from 0 to 20, is the sum of the Levodopa-nonresponsive symptoms of
speech and axial impairment [15]. Subjects who did not receive the UPDRS or had any
‘untestable’ items were considered to be missing the Levy A and/or B score.

Neuropsychiatric symptoms were evaluated with the NPI-Q, in which physicians interview
the co-participant about the subject’s symptoms [16,17]. For this analysis, we included the
items on depression or dysphoria, hallucinations, anxiety, and nighttime behavior (awake
during the night, rise too early, or take excessive naps), since these symptoms are commonly
associated with Alzheimer’s disease and dementia with Lewy bodies [18-21].

Statistical analysis

Linear and logistic regression were used to estimate the association between APOE e4
carrier status and each individual characteristic of clinical presentation and cognitive
decline. Generalized estimating equations (GEE) were used to account for clustering of
subjects within an ADC [22]. An independent correlation structure with robust standard
errors was employed. Since symptoms generally worsen as PD progresses, the analytic
sample was split according to years since PD diagnosis: subjects whose initial UDS visit
was less than five years after their first PD diagnosis were grouped into the <5 years group,
while the 5+ group comprised subjects whose initial UDS visit took place five or more years
after PD diagnosis. This dichotomy allowed for a stratified analysis, where associations
between e4 carrier status and clinical presentation could be evaluated separately for disease
periods with potentially different patterns and severity of symptoms.

Each clinical characteristic was an outcome measurement in a model with APOE e4 status
as the main predictor, resulting in nine separate regressions for each strata. Models were run
both with and without adjustment for age at PD diagnosis, years since PD diagnosis, sex,
and education. Frequencies of reported use of an antipsychotic medication or dopaminergic
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agonist (ropinirole, pramipexole, rotigotine) were compared between APOE e4 carrier
groups using a Chi-squared test. A significant difference in the reported use of either class of
medication would prompt inclusion of these indicators in the models for neuropsychiatric
symptoms.

The GEE approach assumes that all missing data are missing completely at random,
meaning that there are no patterns or trends making some subjects more likely than others to
be missing data. While this is likely a reasonable assumption for the missing data on APOE
genotype, we performed both a complete case analysis and an analysis using multiple
imputation in order to avoid overlooking potential biases introduced by these missing data.

In the complete case analysis, only subjects with non-missing data on APOE e4 allele status
and the outcome measure were included in each regression model. For the imputation
model, missing values were estimated using multiple imputation with chained equations
[23,24]. The cognitive scores, neuropsychiatric symptoms, Levy scores, years since PD
diagnosis, age at PD diagnosis, sex, and education were used to estimate missing APOE e4
status and measures of clinical presentation. The imputation step was run 20 times, yielding
20 complete data sets. Coefficients and standard errors were combined using Rubin’s rules
[25], producing a single regression coefficient with corresponding confidence intervals. The
complete case analysis was considered the main analysis and the imputation model a
sensitivity analysis.

Neuropathology

RESULTS

APOE genotype has been linked to levels of amyloid beta in cerebrospinal fluid (CSF) and
brain deposition captured via PET imaging [26,27]. Although CSF biomarker and imaging
data were not available to evaluate amyloid burden, neuropathological data were available
for a small number of subjects included in the analytic sample who died and had an autopsy
report (n=29). Using Fisher’s exact test, we tested for statistically significant differences in
CERAD neuritic plaque frequency (none or sparse vs. moderate or frequent) [28], as well as
diffuse plague frequency (none or sparse vs. moderate or frequent) observed at autopsy by
e4 carrier status. Braak & Braak neurofibrillary stage [29] was also examined in order to
evaluate the overall severity of AD neuropathologic features. Finally, Lewy body pathology
was evaluated according to criteria from the Consortium on Dementia with Lewy Bodies
[30,31].

Of the nearly 600 subjects with a diagnosis of PD at the initial UDS visit and a known year
of diagnosis, 424 (71%) experienced a decline in motor function prior to any decline in
cognition or behavior. Approximately 55% of these subjects had APOE e4 genotype data
available; there were 61 APOE e4 carriers and 171 non-carriers. There were also 192
subjects for whom APOE e4 genotype data were not available. A Chi-squared test
comparing the proportion of demented subjects with APOE e4 genotype known vs.
unknown was performed. The test yielded a p-value of .74, suggesting that subjects with
dementia were not more or less likely to have a known APOE e4 genotype compared to non-
demented subjects.
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More than half of the subjects were diagnosed with PD five or more years prior to their first
UDS visit; however, the proportion falling into each group was fairly even between e4
carriers and non-carriers (Supplemental Figure 1).

Subject demographics and clinical characteristics are displayed in Table 1. Overall, the
groups were quite similar. APOE e4 carriers were slightly older than non-carriers and more
often men. Across, all groups, the main reason for participation in the ADC study was to
participate in research; a much smaller portion (7-13%) enrolled in order to obtain a clinical
evaluation, thus suggesting that the sample was not comprised mainly of subjects who
enrolled in order to evaluate a cognitive complaint.

There was also no difference in frequency of antipsychotic medication or dopaminergic
agonist use among APOE e4 carriers and non-carriers (;(2, p=0.2272 and p=0.8168,
respectively). Therefore, adjustment for these factors in modeling neuropsychiatric
symptoms among APOE e4 carriers and non-carriers was determined to be unnecessary.

As the presence of multiple diagnoses could also influence the results, the frequencies of
probable AD and dementia with Lewy bodies (DLB), in addition to PD, were calculated.
Upon investigation, only two subjects had probable AD (one APOE e4 non-carrier and one
with e4 status unknown). Several more subjects did have a diagnosis of DLB in addition to
PD (13 APOE e4 non-carriers, nine e4 carriers, and six who did not have APOE e4 allele
information). A Chi-square test was performed to determine whether or not the frequency of
a DLB diagnosis varied across the e4 allele status groups. The test yielded a p-value of 0.46,
thus, inclusion of these subjects is unlikely to influence our comparisons of APOE e4
carriers and non-carriers.

Regression model results

In the complete case analysis, adjusted and unadjusted models yielded similar results. The
complete case adjusted models are presented in Table 2. In subjects seen within five years of
their PD diagnosis, the odds of dementia were approximately 5 times higher for e4 carriers
compared to non-carriers, and for those seen 5+ years after their diagnosis, the odds were 3
times higher. Statistically significant differences in cognitive function were also seen in the
CDR-SB, where the e4 carriers averaged nearly 2 points worse than non-carriers and
recalled fewer story units on the Logical Memory Delayed test. APOE e4 carriers evaluated
within five years of their diagnosis also had higher odds of hallucinations compared to non-
carriers (OR=5.29, 95% Cl=2.47-19.00); however, the odds of hallucinations were similar
for carriers and non-carriers evaluated 5+ years after their diagnosis. There were no
statistically significant differences for other selected neuropsychiatric symptoms or Levy A
and B scores.

In the model run with multiple imputed data sets, the results for those evaluated within five
years of their PD diagnosis were similar to those obtained from the complete case analysis:
odds of dementia and hallucinations were increased for e4 carriers, and e4 carriers
performed worse on the CDR-SB and Logical Memory test compared to non-carriers
(Supplemental Table 1). However, for those evaluated five or more years after their
diagnosis, the results from the imputation model differed from the results obtained from the
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complete case analysis: using multiple imputation, only the odds of dementia differed by
APOE e4 carrier status.

Neuropathology

Autopsy data were available for 10 e4 carriers and 19 non-carriers (Table 3). Among e4
carriers, 90% had moderate to frequent neuritic plaques, while only 42% of non-carriers had
moderate to frequent neuritic plaques (p=0.02). Similarly, frequency of diffuse plaques was
higher in e4 carriers compared to non-carriers: 80% of carriers and 37% of non-carriers had
moderate or frequent diffuse plaques (p=0.05). Differences were also observed for Braak
stage where e4 carriers had higher frequencies of advanced tau pathology (70% vs. 42%
with Braak stage I11-1V and 20% vs. 11% with Braak stage V-VI). Figure 1 shows the
frequencies of both CERAD neuritic plaque scores and Braak stage among APOE e4
carriers and non-carriers. While APOE e4 non-carries has a wide range of CERAD scores
and Braak stages, the e4 carriers tended to have high scores for both features, suggesting a
higher burden of AD pathology in carriers than non-carriers overall. Yet, it is important to
note that some APOE e4 non-carriers had very high levels of both amyloid and tau
pathology.

While all autopsied subjects had Lewy body pathology, there were also trends towards
differences in the location of the Lew body pathology. Overall, e4 carriers had higher
proportions of diffuse and brainstem predominat Lewy bodies compared to non-carriers,
who had higher proportions of subjects with limbic and unspecified Lewy bodies.

DISCUSSION

Our study found that the odds of dementia in PD was 5 times higher in APOE e4 carriers
compared to non-carriers. In addition, we found increased odds of hallucinations for e4
carriers within the first five years of diagnosis; however, APOE e4 status was not associated
with other neuropsychiatric or motor features. Despite having a small sample of PD subjects
with neuropathology data, these limited results do suggest an increased burden of amyloid
and tau pathology in APOE e4 carriers with PD compared to e4 non-carriers with PD. As all
autopsied subjects had LB pathology, there is strong evidence for co-pathologic burden of
AD and LBs, especially among e4 carriers.

The findings of our study are similar to those of recently published analyses of APOE in
clinical PD. Irwin et al. examined prevalence of dementia in a cohort of PD patients and
found APOE e4 allele carrier status to be a significantly associated with dementia
(OR=4.19) [32]. Tsuang et al. compared rates of e4 allele status among subjects with PD
dementia (PDD) and those with normal cognition and found a strong association between
PDD and the presence of an e4 allele when compared to controls [7]. While the control
group in this study comprised normally cognitive subjects and our study compared PD
subjects with and without impairment, both studies provide evidence of an association
between e4 allele status and dementia in PD. Similar to Gomperts et al., we did not find
evidence to suggest a difference in motor symptom among e4 carriers and non-carriers [8].
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This study has both strengths and limitations. First, the analytic sample comprised subjects
from a relatively large prospective national cohort. All UDS visit data were obtained using
standardized forms, diagnostic criteria, and test administration. In addition, by limiting our
sample to only those subjects who first presented with motor symptoms, we had a more
homogenous sample of PD patients. In addition, we applied multiple techniques to handle
missing data and potential confounding by years since diagnosis and other clinical
correlates. On the other hand, these PD patients were seen at Alzheimer’s Disease Centers
and may not be similar to other PD patients. Still, most subjects reported enrolling in order
to participate in research, not to obtain a clinical evaluation. In addition, the percent of
subjects reporting a family history of dementia was similar across the APOE allele status
groups (37-44%).

It is also possible that use of non-uniform methods of diagnosis influenced our findings for
although the PD diagnosis was confirmed by the ADC neurologist, the initial PD diagnosis
was most made before the subject enrolled at the ADC, meaning that different diagnostic
criteria could have been applied. Multiple diagnostic criteria could also have been used to
diagnosis dementia. The UDS Coding Guidebook specifies that dementia should be
diagnosed “in accordance with standard criteria for dementia of the Alzheimer’s type or
non-Alzheimer’s dementing disorders.” Thus, we cannot be certain that all subjects were
diagnosed using the same diagnostic criteria, only that they met at least one set of
standardized criteria. In addition, due to lack of data on onset of neuropsychiatric symptoms,
we are unable to tell whether the presence of hallucinations were related to APOE e4
through biological mechanisms independent of cognition, or whether they were a
consequence of cognitive decline. Finally, we did not have access to ante-mortem
biomarkers, images, or information pertaining to subject characteristics and symptoms at the
time of PD onset.

Despite these limitations, this study adds evidence to support statistically and clinically
significant associations between APOE e4 allele status and disease symptoms in PD
patients. The knowledge that cognitive symptoms are more likely to develop in PD patients
with at least one e4 allele can inform clinicians and patients on how to treat and plan for
disease progression, as well as inform biomarker research and clinical trial design.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Tablel

Subject characteristics by APOE e4 carrier status
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Characteristic

APOE e4 carriers® (n=61)

APOE e4 non-carriers (n=171)

APOE e4 carrier status unknown

(n=192)

Age at PD diagnosis

<50 5 (8%) 18 (11%) 15 (8%)

50-59 11 (18%) 49 (29%) 43 (22%)

60-69 21 (34%) 48 (28%) 79 (41%)

70-79 17 (28%) 45 (26%) 44 (23%)

80+ 7 (12%) 11 (6%) 11 (6%)
Age at initial visit

<50 2 (3%) 5 (3%) 1 (1%)

50-59 4 (1%) 28 (16%) 13 (7%)

60-69 16 (26%) 51 (30%) 76 (39%)

70-79 29 (48%) 60 (35%) 75 (39%)

80+ 10 (16%) 27 (16%) 27 (14%)
Years between visit and diagnosis

<5 28 (46%) 74 (43%) 74 (39%)

5+ 33 (54%) 97 (57%) 118 (61%)
Sex

Male 48 (79%) 124 (73%) 145 (76%)

Female 13 (21%) 47 (26%) 47 (24%)
Years of education

High school only 10 (16%) 35 (21%) 41 (21%)

1-4 years of college 33 (54%) 84 (49%) 82 (43%)

Some graduate school 18 (30%) 52 (30%) 69 (36%)
Race

White 59 (96%) 163 (95%) 180 (94%)

Black 1 (2%) 4 (2%) 9 (4%)

Asian 1 (2%) 2 (1%) 2 (1%)

Multiracial 0 (0%) 2 (1%) 1 (1%)
Reason for participation

Participate in research study 57 (93%) 148 (87%) 174 (91%)

Clinical evaluation 4 (7%) 23 (13%) 18 (9%)
First predominant motor symptom®

Gait disorder 10 (20%) 24 (21%) 37 (23%)

Falls 0 (0%) 0 (0%) 6 (4%)

Tremor 20 (39%) 51 (45%) 66 (40%)

Slowness 21 (41%) 38 (34%) 54 (33%)
Family history of dementia®

No 34 (56%) 100 (59%) 119 (63%)

Yes 27 (44%) 70 (41%) 70 (37%)
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Characteristic APOE e4 carriers® (n=61) APOE e4 non-carriers (n=171) ~ APOE e4 car(rri(irlgtza)tus unknown

Antipsychotic medication used

No 153 (89%) 51 (84%) 166 (86%)

Yes 18 (11%) 10 (16%) 25 (13%)
Dopaminergic agonist use

No 36 (59%) 98 (57%) 111 (58%)

Yes 25 (41%) 73 (43%) 81 (42%)

a

Includes 7 APOE e4 homozygotes
b10 APOE e4 carriers, 58 non-carriers, and 29 with e4 carrier status unknown were missing information on the first predominant motor symptom
Cl APOE e4 non-carrier and 3 with unknown e4 carrier status were missing information on family history of dementia

1 subject with unknown APOE e4 carrier status was missing data on antipsychotic medication use
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Table 3

Frequency (%) of neuropathologic characteristics in clinical PD

Characteristic

APOE e4 carriers (n=10)

APOE e4 non-carriers (n=19)

Neuritic plaque frequency
None
Low
Moderate
Frequent
Diffuse plaque frequency
None
Sparse
Moderate
Frequent
Braak stage
0
I-11
H-1v
V-Vi
Lewy body pathology
Not present
Brainstem predominant
Limbic
Diffuse
Unspecified

0 (0%)

1 (10%)
4 (40%)
5 (50%)

1(10%)
1 (10%)
1 (10%)
7 (70%)

0 (0%)

1 (10%)
7 (70%)
2 (20%)

0 (0%)
2 (20%)
2 (20%)
6 (60%)
0 (0%)

7 (36%)
4 (21%)
3 (16%)
5 (26%)

6 (32%)
6 (32%)
3 (16%)
4 (21%)

1 (5%)

8 (42%)
8 (42%)
2 (11%)

0 (0%)

2 (11%)
6 (32%)
9 (48%)
2 (11%)
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