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Abstract

We examined apolipoprotein E (ApoE) genotypes in relation to Parkinson disease (PD) among
786 cases and 1,537 controls, all non-Hispanic Caucasians. Odds ratios (ORs) and 95%
confidence intervals (Cls) were derived from multivariate logistic regression models, adjusting for
year of birth, sex, smoking status, daily caffeine intake, and family history of PD. Compared to
participants with ApoE €33, g4-carriers (€34/¢44) had significantly lower odds for having PD
[OR=0.75 (95% CI: 0.59-0.94), p=0.01], whereas £2-carriers (¢23/ €22) did not [OR=0.95 (95%
Cl: 0.73-1.24), p=0.71]. Subgroup analyses showed similar results. In addition, we conducted a
meta-analysis which confirmed our primary findings (€34/€44 vs. £€33: OR=0.90, 95% CI: 0.81-
0.99, p=0.024 and £23/€22 vs. £€33: OR=1.10, 95% CI: 0.97-1.23, p=0.13). In PD patients, the
prevalence of dementia appeared to be higher among e4-carriers (compared with £33, OR=1.59,
95% CI: 0.98-2.58, p=0.06), but lower among e2-carriers (OR=0.75, 95% CI: 0.40-1.42, p=0.38),
although neither test was statistically significant. Our study suggested that the ApoE ¢4 allele may
be associated with a lower PD risk among non-Hispanic Caucasians.
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Introduction

Parkinson disease (PD) and Alzheimer’s disease (AD) share some clinical and
neuropathological features (Hughes, et al., 1993). Apolipoprotein E (ApoE) is the best
established susceptibility gene for late-onset AD with &4 as the risk allele and €2 as the
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protective allele (Farrer, et al., 1997). This has led to epidemiological studies to test the
hypothesis that ApoE &4 also increases PD risk, but the results have been very inconsistent.
Two recent meta-analyses suggested that €4 was not associated with higher PD occurrence
(Huang, et al., 2004, Williams-Gray, et al., 2009). On the other hand, several prospective
studies (de Lau, et al., 2006, Huang, et al., 2008, Simon, et al., 2007) recently showed that
higher plasma cholesterol was associated with a lower risk of PD. Since ApoE plays an
important role in cholesterol metabolism and transportation, it necessary to investigate
further the relationship of ApoE with PD. We therefore examined ApoE genotypes in
relation to PD among 786 cases and 1,537 controls, all non-Hispanic Caucasians.

1. Methods

1.1. Study population and PD case recruitment

The Parkinson’s, Genes, and Environment (PAGE) study is a case-control study within the
large prospective NIH-AARP Diet and Health Study cohort (Schatzkin, et al., 2001). The
cohort was established in 1995-1996 by the National Cancer Institute for cancer research,
and collected comprehensive dietary and lifestyle information at baseline. Potential PD
patients in this cohort were first identified from self-reports in its follow-up survey in 2004—
2006, and then were confirmed either by their treating physicians or by medical record
review (Chen, et al., 2010).

We began in 2007 to collect saliva samples from surviving PD patients via mail using the
Oragene™ saliva collection kits (DNA Genotek Inc., Ontario Canada). In this contact, we
asked patients to confirm their report of the diagnosis, and to give permission to contact
their treating physicians (Chen, et al., 2010). We then contacted the patients’ treating
physicians, and asked them to fill out a short diagnostic questionnaire, and also send a copy
of relevant medical records. A PD case was confirmed if the diagnosis was either confirmed
by the patient’s treating physician or via medical record review by a movement disorder
specialist. For PD cases, we also asked for the date of first symptoms (onset) and diagnosis,
presence of dementia, and family history of PD defined as having at least one first-degree
blood relative with physician diagnosed PD. Only confirmed PD cases were included in this
study.

Potential controls were randomly selected from cohort participants who did not report PD in
the follow-up survey, frequency matched to self-reported cases on year of birth, sex, and
ethnicity. Information on family history of PD as well as saliva samples was also collected
from controls. In total, 838 of physician-confirmed PD cases and 1,703 controls were
genotyped. To avoid population stratification, we excluded 30 cases and 80 controls who
were not Non-Hispanic Whites or who did not report ethnicity. We further excluded 22
cases and 86 controls whose genotyping failed at either of the two ApoE loci (rs429358 /
rs7412); this left a total of 786 cases and 1,537 controls for the final analyses.

1.2. Assessments of potential confounders

Information on smoking and caffeine intake was obtained from the cohort’s baseline survey
in 1995-1996 (Schatzkin, et al., 2001). For most cases, this information was collected before
PD diagnosis and therefore suitable for etiological research. Participants were asked whether
they had ever smoked more than 100 cigarettes during their lifetime; and for ever smokers,
the typical amount of smoking, current smoking status and years since last smoking (Chen,
et al., 2010). Caffeine intake was derived from a food frequency survey that asked for
consumption of coffee and caffeine containing drinks and foods in the past year. In addition,
the baseline survey also collected information on date of birth, sex, and ethnicity.
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1.3. DNA extraction and ApoE genotyping

DNA was extracted from saliva samples and genotyped by BioServe Biotechnologies, Ltd.
(Beltsville, MD), using MassARRAY iPLEXTM platform. Two SNPs were genotyped:
rs7412 for ApoE €2 and rs429358 for ApoE 4 (Grupe, et al., 2007). We randomly included
51 duplicates to which the genotyping laboratory was “blind”, and the reproducibility was
100%.

1.4. Statistical analyses

Hardy-Weinberg equilibrium was examined with chi-square statistics. Odds ratios (ORS)
and 95% confidence intervals (Cls) were derived from logistic regression models, adjusting
for year of birth (in four groups), sex, smoking status (never, former, or current ), daily
caffeine intake (quintile), and family history of PD (yes / no). All statistical analyses were
performed using SAS version 9.2 (SAS Institute Inc, Cary, NC) combined with Plink v1.06
(Purcell, et al., 2007). Two-sided p<0.05 was considered statistically significant. The
primary analyses involved three independent tests (e4-carriers, e2-carriers or e24-carriers
v.S. €33). Therefore, after Bonferroni correction, p<0.017 should be considered statistical
significant in the primary analyses.

To examine the robustness of our primary findings, we conducted subgroup analyses
according to year of birth (< 1931 vs. > 1931), sex (men vs. women), smoking status (never
vs. ever), caffeine intake (below or above the median) or family history of PD (yes or no).
As PD patients with longer disease duration were more likely to have dementia or other
health conditions that had prevented them from participating in the study, we further
conducted a sensitivity analysis according to the year of diagnosis (before or after 2000) to
examine potential bias from this source. As no date of diagnosis was available for controls,
we used the same control group in this sensitivity analysis.

Finally, we conducted meta-analyses to pool our data with those from published studies
(pdgene.org). We only included studies of Non-Hispanic Caucasians with Hardy-Weinberg
Equibrilium among controls. To keep consistent with our analysis, for each study, we
calculated the crude OR and 95% CI comparing 44/ €34 or £22/ €23 vs. €33 from published
genotype frequencies. Pooled estimates were quantified using the inverse variance method
based on the random-effects models (DerSimonian and Laird, 1986). Heterogeneity across
studies was assessed using Cochran’s Q and 12 statistics (Higgins and Thompson, 2002).
Meta-analyses were performed using STATA (version 10.0, StataCorp LP, College Station,
TX).

1.5. Standard protocol approvals, registrations and patient consent

2. Results

The study protocol was approved by the Institutional Review Board of the National Institute
of Environmental Health Sciences and all study participants provided informed written
consent.

As expected, PD cases were less likely to smoke or had lower caffeine intake than controls
(Table 1, p<0.0001). Further, compared with controls, PD cases were more likely to report a
family history of PD (p<0.0001). Among PD cases, the average age at onset was 65.7 £ 7.5
years and age at diagnosis was 66.7 + 7.3 years; further, 131 (16.7%) of them had dementia
as reported by their physician or documented in medical records. ApoE genotypes were in
Hardy-Weinberg equilibrium in both cases and controls (p>0.05).
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Compared with ApoE €33, ApoE e4-carriers (¢34 and €44) had a significantly lower odds for
PD (Figure) [OR =0.75, 95% CI (0.59-0.94), p=0.01]. This association remained
statistically significant even after Bonferroni correction (p<0.017). In contrast, PD
occurrence among g2-carriers (€23 and €22) was not significantly different from that of £33
carriers [OR =0.95, 95% CI (0.73-1.24), p=0.71]. We analyzed €24-carriers as a separate
group because 2 and ¢4 may have opposite effect on PD. Although the number was small,
g24-carriers also tended to have a lower PD risk compared with €33-carriers [OR = 0.70,
95% CI: (0.37-1.35), p = 0.29]. Stratified analyses generally showed similar results (Table
2). In a post-hoc analysis, we further compared €34/¢44/¢24 with £33 and the OR was 0.75
[95% CI: (0.60-0.93), p=0.009].

As expected, more cases diagnosed before 2000 had dementia (21.1%) as compared with
cases diagnosed 2000 and after (12.9%). ApoE e4-carriers tended to have lower odds of
having PD for both case groups: the ORs comparing €4-carriers with £33 were 0.83 [95% ClI
(0.61-1.12), p = 0.25] for cases diagnosed before 2000 and 0.69 [95% CI (0.51-0.92), p =
0.01] for cases diagnosed 2000 and after.

Among PD patients, ApoE e4-carriers tended to have a higher prevalence of dementia as
compared with £33-carriers (OR = 1.59, 95% CI: 0.98-2.58, p = 0.06), whereas 2-carrier
tended to have a lower prevalence (OR = 0.75, 95% CI: 0.40-1.42, p = 0.38). We observed
no difference in age of PD onset or diagnosis across ApoE genotypes, the average ages at
PD diagnosis were 66.3 + 7.4 years for of g4-carriers, 67.1 + 7.4 years for 2-carriers, and
66.7 + 7.3 years for €33 carriers.

The meta-analyses confirmed our primary findings that ApoE ¢ 4 carriers had lower risk
than €33 carriers (OR=0.90, 95% CI: 0.81 — 0.99, p = 0.024, Supplemental Figure 1) while ¢
2 carriers was not associated with PD risk (OR=1.10; 95% CI: 0.97 — 1.23, p = 0.13,
Supplemental Figure 2).

3. Discussion

In this large population-based case-control study among non-Hispanic Caucasians, ApoE €4
was associated with a lower odds of having PD, although e4-carriers, as expected, tended to
have a higher prevalence of dementia among PD cases. ApoE €2, on the other hand, was not
associated with PD occurrence. Neither €4 nor €2 seems to affect age of PD onset in our
study population. Our primary findings were consistent with the supplemental meta-
analyses.

The exact physiological and pathological roles of ApoE in the central nervous systems are
not entirely clear, but ApoE protein is produced in abundance in the brain by glia,
macrophages, and neurons (Elliott, et al., 2007, Pitas, et al., 1987). It is well-known that
ApOE &4 is a major genetic risk factor for late onset sporadic AD (Farrer, et al., 1997), and
has also been associated with poor clinical outcome in patients with acute head trauma and
stroke (Nicoll, et al., 1996, Slooter, et al., 1997). On the other hand, the ApoE &2 allele was
associated with lower risk for AD (Farrer, et al., 1997) and is over-represented among
centenarians (Rea, et al., 2001, Schachter, et al., 1994).

The hypothesis that ApoE &4 also increases PD risk has been investigated in over thirty
epidemiological studies (www.PDgene.org) with inconsistent results. Most studies reported
a null association, although few reported either a significantly lower (1997, Blazquez, et al.,
2006) or a significantly higher risk for PD among €4 carriers (Ghebremedhin, et al., 2006,
Papapetropoulos, et al., 2007). Most of these studies were included in two recently published
meta-analyses: first by Huang et al. (Huang, et al., 2004), and then updated by Williams-
Gray et al. (Williams-Gray, et al., 2009) In both reports, ApoE &4 was not associated with a
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higher risk of PD. In contrast, ApoE &2, the allele that protects against AD, was associated
with slightly higher odds of PD. While these meta-analyses are informative, conclusions
must be drawn cautiously. First, previous studies were often hospital-based with
heterogeneous study populations, had small sample sizes, and did not consider potential
confounders. In addition, publication bias could not be easily excluded for publications on
ApoE &4 given its well-known adverse effect on AD and cardiovascular diseases (Stampfer,
2006). Nevertheless, results from previous studies appear to exclude a detrimental role of
ApoOE &4 in PD.

One potential link between ApoE and PD may come from the role of ApoE in lipoprotein
metabolism (Menzel, et al., 1983). The ApoE &4 allele was associated with higher plasma
cholesterol (Weisgraber and Mahley, 1996), and ApoE €2 allele was associated with lower
plasma cholesterol. Several recent prospective studies suggested that higher plasma
cholesterol was associated with a lower occurrence of PD (de Lau, et al., 2006, Huang, et al.,
2008, Mascitelli, et al., 2009), although the evidence is not entirely consistent (Hu, et al.,
2008). It may very well be useful for future studies to include serum cholesterol in the
investigation of ApoE in PD pathogenesis.

We briefly asked for the presence of dementia as part of PD diagnostic confirmation and
therefore was not ideal to assess the relationship between ApoE and dementia/AD among
PD patients. We nevertheless evaluated ApoE genotypes in relation to dementia among PD
cases to make sure that our data are compatible with previous knowledge. Although not
associated with higher PD risk, ApoE &4 tended to be associated with about 60% higher risk
of dementia among PD patients, which was consistent with the previous two meta-analyses:
OR=1.6 [95% CI (1.0-2.5)] (Huang, et al., 2006) and 1.74 [95% CI (1.36-2.23), p= 0.0001]
(Williams-Gray, et al., 2009).

The current study was based on a large number of participants. We controlled for several
known PD risk factors in data analysis, and conducted multiple sensitivity analyses to
examine the robustness of study results. Nonetheless, our report has several limitations.
First, although the diagnoses were confirmed either by each patient’s treating physician or
by medical record review, a few PD cases might have been misdiagnosed due to the lack of
standardized clinical examinations. Second, our study included prevalent cases with various
disease durations. It is conceivable that individuals with dementia might have been less
likely to participate than individuals without dementia. This, however, might have affected
both cases and controls. Further, because dementia is more prevalent among elderly
participants and PD patients with long disease duration, we conducted stratified analysis by
year of birth (Table 2) and year of PD diagnosis. Both subgroup analyses showed similar
results across subgroups and therefore we expect limited impact of this bias on our analysis.
In addition, ApoE genotypes tended to be associated with dementia among PD patients in
the expected direction.

In summary, in this large population-based study, the presence of ApoE ¢4 was associated
with a lower occurrence of PD. Although this is somewhat unexpected when viewed in
isolation, it is consistent with what would be predicted based on recent reports of the
association between higher cholesterol and lower risk of PD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Odds ratios (OR) and 95% confidence intervals (Cl) of Parkinson disease by ApoE
genotypes, adjusted for year of birth, gender, smoking status, daily caffeine intake and
family history of PD. P values were not adjusted for multiple comparison. With Bonferroni
correction, P<0.017 should be considered statistically significant.
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Table 1

Population characteristics according to case-control status

PD cases, n (%) Controls, n (%) p

All 786 1537
Year of Birth 0.04
1925-1929 281 (35.8) 603 (39.2)
1930-1934 262 (33.3) 544 (35.4)
1935-1939 159 (20.2) 253 (16.5)
1940- 84 (10.7) 137 (8.9)
Men 600 (76.3) 1211 (78.8) 0.18
Smoking <.0001
Never 366 (46.6) 537 (34.9)
Former 385 (49.0) 893 (58.1)
Current 24 (3.1) 91 (5.9)
Missing 11(1.4) 16(1.0)
Caffeine intake (mg/day) 295.2 +335.2 361.3+361.5 <.0001
Family History <.0001
Yes 111 (14.1) 84 (5.5) <.0001
No 668 (85.0) 1318 (85.8)
Missing 7(0.9) 135 (8.8)
ApoE 0.32
€22 6(0.8) 12 (0.8)
€23 100 (12.7) 198 (12.9)
€33 522 (66.4) 952 (61.9)
€34 133 (16.9) 316 (20.6)
€44 11 (1.4) 25 (1.6)
€24 14 (1.8) 34(2.2)
Dementia
Yes 131 (16.7)
No 589 (74.9)
Missing 66 (8.4)
Year of diagnosis
Before 2000 360 (45.8)
2000 and after 426 (54.2)

Means were compared with t-tests and proportions were compared with chi-square tests.
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